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SU},LUART

fbis thesls Ls eoneerrred with an ex¡lerlmental lnvestfgatlon of sma1l

scale rrlnd stnreture 1n the uesosphere and loçrer the:=aospheæ. Eqrhasls ls

plaeed. on the obselsatlons natle rlth a nultl*statioa raôio-reteor syster.

in the b.eight range ?5 - 105 km, Obse:¡¡atLons lrere made of the llne-of-

sight w1nC. at a nlnl-m¡m of three and. a nardrilrr. of flve reflectl-on points

on a slngle rneteor trail. Oceaslonal separatlons of up to 1l+ km q'ere

posslble but rellable statlstlca-l measuretrEats '.¡ere only nede for separatlo:

up to aboub 5 kn.

Prevlor:s obseryatLons of rrlnd. shear have been co.Llsted. and Lt has been

for:ncl thet the snall scale wlnd. strtretr:re ln the region ?0 - 110 km ean be

regerdetl as ilr:e to anLsotropie turbulence v1th horlzontal seales of uB to a

least 10 kr. and. a vertieal seale of abor:t 2 kn. fbe enerry for this turbu-

lent reglræ 1e eonsl.derect to originate from the bachgror.¡nd wlncl flelcl of

lnternal gravity lraves aact tÍctal waves. Íhe statlstleal neasureuents of

wLncl shear deserfbecL ln thls thesis shov that this concept nay be too

silçle. I,lhlle tr:rbuienee cerbainly ls responslble for the rapicl. tlifft¡sfon

of a ehenical release bel-osr abor¡t 110 kra, there stilI remains an uneertaLnt

ln the extenslon of tr¡¡br¡lenee theory to measurerents of v"lncl shear by the

radl-o-¡eteor teehnf.que even thor¡gh the resulte fron the two methocls a,:le

eoneLstent.

Two vlnd proflì-es dete:mined by tracking contsmÍ¡ant release tralls 8r

couparecl vitb sinultaneous radlo-neteor wLnil observatlons. Both sl¡tllarttl



aacl tllfferenc€s are evlclent in the rindl proflJ-es aatl the latter are not

fully e:çlainecl., but a nl¡mber of poesible can¡ses har¡e been exælnedl. T!:e

turbr¡leat pheuoæna vhich appea.recl. on the tratls aæ clieeussedl br{efly antl

corçarecl vith the nuttl-statlon vinct shear measu¡ernente.

lrtre variation Ln the dir.¡¡nal and eeaidll-urrls.l tidte.l rrlntls over the trro

year per{-oa f968-f969 Ues also been dete:minecl, It appears that the theory

of atmospheric tides 1g stll.l incouplete aa nany diserepancies bettween

obeerr¡ation and theory are for¡rô. Íhe cæelsteary of the seasonal dtanges

1n the prevailing rluct ls euphasisecl by the results for the years L966-

L969.

The posstbiltty of neasr¡rdng rlnd shears over sea.les of the orcler of

Z kn yith the fatllng sphere techalque has been examl.netl andl shorn to be

rLnttecl by obeervatLonar errors to heights belon 6o an'
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1.

EIiÁPflER I

DTT'A}{ICS OF flEB ATMOSPffiRE Bgfb¡Effi 30 kn Ä$D 120 kn

1.1 T1TIRODUETTOS

l'¡e stn¡etu¡e and. eiret¡latlon of the atnoephere ôove the letels

aeeeeslble by reteorologlcal ballooas bas been e eubJeet of eonsfderable

l¡terest chrrtng the last tro tleeades. [be rapltl tLevelopnent ln raÀlo,

roùet aatt ssÈelJ.ite technl.ques over thls perlodL has enabletl neletfrely

eophlstfeatedl sotmcls.ng nethotls to be dtevlsed. The accuntrlatLon of experl-

nental ttata has ln tr¡nr stLmrlatedl much theoretleal lnterest 1n tb.e dyaa-

d.es of the reglcm.

fhe r¡ltlnate souree, of eaerry for the notlon obeen€dl ln the atmospher

Ls of eour:se the stm. The mæner in çhleå solar energr 1s úeor¡betl ln andl

transnlttetl thror¡€b varLoue levrels 1n the atmosphere Ls of pdne Íryor'Èanee

.An lattl.:¡ect ¡nethoil of heatLng the atmoaphere le the eventual dllseLpatlon

by turbulenee of the klnetle ener'¡gy of varlor¡s t¡res of rrave motion. flrie

contrlbr¡tlon 1s of lmportanee ln the energ¡¡ burlget of tbe nesosphere antl

lover thermosphe:re. flhe relatlve amounts of enerry diselpatecl. by turbulent

Lnterral gravlty rsyìeg anil ttclal ravea are not rrell egtabllshecl ln this

regl.on. Hence slmuttâneous obseffatlons of tldee s¡d. amsl-l seale stnrcturc

nry enable a better rnde::etancllng of the clfstrlbutlon of euergr arcng thest

for.me of nortlon.
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In order to separate the tid.al end. small seale vlncl motLon from the

total wlnd. fle1d. eontlnuous obserratfons a¡e requfretl. A racllo-meteor

system is ideal for this pu:rpose over a I1¡rited. region in the nesosphere

aacl Lower the:mosphere. Ttrls thesis desczd.bes obserratlons of titlee aatl

srna.11 seale gt:nreture nacle rrith sueh a system.

Tbrougbout the thesls, erçhasis ls put on small gcale w1ntl st:metr:re

in the nesosphene and lower thennospheæ. After a theoretieal eonsidera-

tLon of small seale phenonena due to turbulence ancl intenral- aeor:stic-

gravlty v'arìes, prevlous observations ar€ dfeeussed. Obsewations of the

prevalllng €ncl tÍd.al rrincl corcponents dete:mlnetl wlth a redlo-meteor

systen ar€ presented-. lGasuresents of w'Lnd. sbear nad.e ¡ri.th a sultl-

statlon systen a:re also cliser¡ssed. A cLlreet couparlson rith obeer¡rations

of chenj.l-r¡mÍnescent tralls 1s a-lso macle. The posslbtllty of uslag þ¡1'ì6s11

and. paraebute sensors for sma"Ll ees.le vlnd. æa.sr¡¡euents ls also examlned-.

In the rrematniler of tbls ehapter the p:resent knorlectge of the energr

bud.get of the uesosphene ancl lorer the::nosphere l-s sumarised. anil a brlef

d.eseriptfon is gfnen of the varlous ex¡reriuental uethoils vhleJr have beea

wed to clete:sl.ne both large and snall scal-e stmetu¡e 1n the atnosphere.

fheee teeh:nlques can be broadJy elassieied lnto tvo t¡rpes; dlireeb uethods

whlch tlepend on sensors to be lnJectetl ctirectly into the reglon of lateres

and. lnillrect reasu¡euents which rely on ground based. obse:ratlon of eoue

naturalþ oecunlng sensor. Sone of the technf.ques useci a¡e deserLbeti ln

$1.3 aa<l 51.lr.
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L.2 SOURCES AIÍD SIFKS OF EI{ERGY TIÍ TEE MESOSPEERE Á]TD LOT{ER

rhe the:mal etnreture of the mesosphere aad lcnrer thermoephere (50 -
120 kn) ls tLeterEinetl by the loeal sourees and sf.nks for solar energr. r¡
actclltlon atllabatle ex¡ransf.on an<l eoryressÍon assocl.atett rrlth vrez.tieal

rctLon 1n the clrsrrlatlon systens ean nottiff te4rerature st!'uetr¡¡e sfentfl
cantly.

lhe nerlcllonar teutrnrat¡,¡re stnretrrre for eu¡mer and. vl.nter are shoïa
ln Elgure 1.1 (after lterell, 1968). Ihe nost srrrprd.sfng feature ls the
extreæþ 1or te4perstu¡e at 85 krn obgerre¿ over the sr¡mer pole r¡hfeh ig
cætÍnuously suallt aad heatetl by rattiatlve effecte, vhl.le et 600¡ at
thls hetebt 1n rl'nter hfgh teryeratr¡¡ee oeeur Ln the presenee of radtlatlvre

eoollng' A satfefaetorv explanatlon of the teu¡leratur¡e pattenns has been

proposecl 1n te¡me of the adiabetfe heating assocl.ated rrtth the atnospherle

eLrer¡].ation. Ihe nafn featuæe of the patterns belo¡r 90 h a,æ a sumer
na¡dnun at 50 ku or¡er the pole andl equator andl e r¡Lnter ua¡d.urn or¡er the
equator at 50 kn.

Leoty (rq6l+) ana IYeverL (1968) have pro¡roseal sueeessftú firnnnrcal modl

tbfven by railiatlve heetlng rrhleh can mal.ntaln cold. æsopeuse teuperatu:ree

or¡er the Eumer pole. the rdnter teryeretu¡e st!:uetu¡e ls oaly par:tfalty
r¡rfleratood but Lt appeers that the effegts of large geale åc¡lles a¡¡st be

Lneludecl.

Belcnr about 8o tn noet re@me of the atnospheæ ean be consldere¿t

to be ln a etate of rediatfve eqrrirl.brlum, the absoratLon of solar



250

summer
400

270

)rso

il0

50

?o 50 30 10 10

tatitude (' N )

(al MERI0IONAL TEMPERATURE ('K ) CROSS - SECTION

IN SUMMER.

il0

50

m503010ü)
tat¡tude ('N )

(b) MERIDIONAL TEMPERATURE (.K I CROSS 'SECTION
IN WINTER.

Figure 1. 1: Meridional- nean ternpera'uure d.istribution
, fcr Sr:mrner and. Winter (after Newel-I, 1968).

îgso
ù
!t
=
=-lual

UI

E
-r

90

o!t)
.=
rr 70

220

w¡nter

2t0

350

250

250 ffr"t



lt

r¡ltraviolet Þy ozone befag balaneect to a large extent by euÍeslon of

lnfraæ¿. radlatl-on by earìon ttlo:d.cte. IæovJr (fg6g) has tllseussect the

varlor¡e goì¡rees antl sfuiks of energ¡' that a¡re cørelstent rlth the gross

features of the vlntl flel.cl ln thLs regLon'

,âÞove 8O tcn the atmsphere tlepa,r*s slgnlfieant\y fron ratllatLve

eqr¡ttLbsLtm as a nrrudber of non-radlatLte p¡oeesses begin to lnfluenee

the clfstrlbutlon of heet sourcea anil efnke. Thus the fo]-lor{rlng sou]iees

of energr mr¡st be eøslilerett in the :regl.on 8o - tto t¡t:

(f ) úeo:¡ptlon of eola¡. r¿ttLcrtlon by moleerrlar olrygen (n' th ergsl

"t2 - see) 
"

(fi) tranø¡rort of energr by thernm-l eæcluetion; âncl turtulent heat

t¡a¡rsfer f:¡ou hlgþer ln tbe theræspheæ ('t, ! ergs lr 2 - sec),

(fff ) release of chenlcal enerlgy by reemblnatlon of atosd-e ol$rgen

transpo*eit fuon hlgþer levre].s (T' 1 ergs 1" 
2 - see),

(iv) cÉeslpation of tr¡rbulent enerry generateil by vave noûlons sue'h

as gravLty rfaves ætl tlctal vaves (ru, m .ræl*2 - see).

Tbeee Bourceg mr¡st be balaneedl by lafraretl e¡dssfon by carbon cllod-tlt

(n, 28 "rg"l*.2 - sec) anct ntgþtgIor ed.eelon by the Ìrydroryl ra'tlleal
.o

('v 2 ergslú - eee). Both large anil suall seale motlons ean have a

elgnl11Lcant effeet on the beat eoufcee andl sinks o so that a¡r ulderstaacllnl

of these noùlæs Ls essentla.l 1f rellable efrer:latloa models a¡e to be

tlevelo¡nc[.

Beeause of the variúIe nature of heet sourcea ætl sLnks, f.t Ls not

s¡r¡rr{.slng that the ter¡nratu¡e stmctr¡¡e of the atuosphere has the
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varl.atlons sho.lm in Ftgure 1.1" These tem¡lerature dlfferencee nust

proctrrce J-arge pressu¡e gractJ.ents that glve rLse to the æan'¡rlnds

obseryed. Sr4rerinposecl on these mean trinds are meteorological tllsturb-

a,,eeg (e.S. Ì{e.¡¡e1} andl. Dlclclnson, 1968) antl above 70 hß tldal- ancl gravity

ïarres of varlous nocles beeo¡¡e fryortant.

L.3 SNPERIITÍEIÏT.âJ, DIBECT }tr"IHODS

Flgure 1.2 tl}:stratee the hetgþt range eneortrpassecl by gone of the

experimental technLques used. In general dlrect netbocls ea¡not be usecl

on a ror¡tine basls becan¡se of the hLgh eoet of each sor.ndfng. Ilovever

they d.o nake possible controlle.ct ex¡rerirnents e.d, ln Seneral, 8iY'e

egsentially an lastaûtaneol¡.s vettle&l sa4rle of the paraneters belng

reesure¿. û:r:¡ent nethoils belng ¡:setl nost extensively are dlescri-beit

below.

1.3.1 ldete cal s

Smal-L and. relaË|veIy lnex¡rensir¡e neteoroLogleaL roùets

eapeble of reaching 8n altitude of abor¡b 6, ka are being r:seit fn

increasing nunbers to neasr¡re the main æteorologlcal paraneters of vl'nd.t

telqleratgre antl denslty. The wlad sensors ïhleh have been euployecl

include rad.ar chaf,f êlpoles , infJ.atabJ-e spheres aacl parachutes. Tlrese

aenaors are tracheti. wlth an accurate raclar go that ¡rl.nd.s can be cleter-

¡rfnect from¡ the measr¡red dJ.splacenents. In the case of the falJing

sphere the at¡rospherf.c denslty ca¡r aJ'so be fo'ond. from the drag aeceleratLr

The fa1ling sphere technlque vas clevrelopecl by Ba¡tna¡r et 41.

(;¡gS6) and has been in operatlon sLnee 1952 uslng boÈh lnfletable balloont
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anit rigid. spheres. Essentialty this teehnlque Í€a.sures the nean rrinil

and. tlensity and lts extension to DeasureüFnt of gma.lI scale str:ucture

lnvolves earef¡rl assessuent of the accuracy of the systen. fhie aspeet

1s Aiscussed 1n Chapter X.

The uost general teehnique euployecl at the present tiæ 1s

to lower an actlve padsage through the region by a parechuüe. Tt¡e falJ-

rates obtained" vlth thls ty¡re of system are generally acceptâble for

accurate radar traeking. A beetl the¡mistor Lg nom,ally usecl to ueasure

the temperature. Thls system Ls eurently usetl by the Meteorological

Rocket setr¡ork (wett et aL. , 1961).

1.3.2 Acoustlc Grenacles

f'his technLque ls appllcable to the upper stratosphe:re andl

resosphere (¡O - 100 hn) antl 1s capable of itetermlnlng both teu¡rerature

ancl rdndl. A sequence of grenades ¿re fl.retl from an ascendfng rocket at

lntervaÌe of a few kllonetres. Ttre exaet tlne a¡rcl locatLon of each

e:çlosf.on le cleterrlnedl by photographlc mrl photoeleetrlc technLques and

the tlne anil clLrectlon of arrival of the acoustfe wavig at the ground. ls

recorcled. by an arrry of ntcrophones. Each r¡a¡re front 1s traeed. back

throrrgh a model atnosphene to flntl the tnvLrtualt' posltion of the e:çlosion

and. by graclually nodtffftng the wlntl and. tenperatr¡re stn¡cture of the uoclel

a closer and cJ-oser approxfmatlon to the tn¡e clístrlbution of rrlnil ancl

teqperatu:re cau be ac&¡1eved. (Stroud et a1., 19fi6). Groves (f960) tras

emslderóly noclifLed. the technique to give greater aecuraey ancl lufo¡matlor

on verbical wlncl strengths.



7

1a)J-¡JrJ Contesl-nant Eeleases

The nost ccnvenlent nethod. for d.eterrlnlng rríntls above lC

kn is to enþlov sonÊ forn of artlftcial traeer. flre usuel teehnique h.as

been to eJeet selected chenlcals fuon hleb altltuile roekete' Alkal-t

vspours, per:tlcularly sodlun, haæ often been used sinee these reeonent\y

eeatter sunltgtrt æil hence can be traehed photograpbleally provJ.ded. the

baekgror:nit sky fïLr¡r¿lnatlon j.s sufflelently snalJ-. Thls latter requlre-

nent restrlets the r¡ee of theee chenicals to a 20 - h0 ntnute perlod, at

t¡düght nhen the trall 1e er¡nllt and. the baekgfouncL l.s d.ark. Observa-

tlons of these trall-s are r:sually macle by eeveral eqmera,a on the €trotmcl

a¡rdl the r¡"Lncls are detlueedl by tr{.anguÌatlon of partleuJ-ar featuree Ln the

trall (¡rs¡d.ns et a-1. , L959\.

By 1¡glne materla].s rhtch undergo photoehenleal reaetlons vith

atonfc orygen, trafls ean be natte lrmlnous at ntgþt. Rosenberg et 41.

(fg6S) Uave tlevelopedl a technique for produefng tratls of trlnethyl-

afumlnfin vhieh Ls nov usetl. by many experfunenters for wlnd rneasurement

over the helght rsnge 85 to abor:t 160 h. Fr:rther ctetalLs andl sone

¡esults for¡nct. ¡slng thls teehnlque are cllseuseeil ln Clrapter IX.

1. 3.1+ Gr¡n-Lar¡nchecl Probee

Gr¡n-launchecl nrobee are beLng ueecl to lnJeet sensors up to

an altltuile of 150 kn. Beceuee of the extreæ aeeeleratf.ons lnvolved.'

typtcally hOOOO g, actLne pryloacls whidr teleneter Lnfomatlon baek to

gror¡nct have noù yet been gueeegsfir.ll-y clerelopedl for general use. fire

norral pq¡rÌoatts usecL to date have been packagee of radar ehaff ¡¡ltlch are

expellecL anc!. trackecl by radar, a¡rct tanke of eheul.eale r+hich can lay

vapour tralls (nrrf , 196h). Mu:¡phy et a].., 1a966) havie use¿l thls teehnlqu
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to lry trirethylaluntnLr¡m trails througþorrt ser¡eral n1$rts. This elçerl-

uent fs attractlre becan¡se of tbe coneidùer$J.e rethrctlon ln coat eow¡la.red.

to an equlvalent roeket progralltlæ.

1.¡+ EXPERIMHFIÂL ÏECENIQIIES: IÎÍDIBECT MHIEOffi

Grormtl baseil obse¡nratlæs of rlucl end teuperature at altltucles above

3O kn have been aadle wing Dany dlifferent tecùalques. The ¡rain aôvantage

oner ðL:¡ecË æthodg ls the poaslblüty of routLne neasurenents vhlch eannorü

be earr{.etl out rlth rockets becau€e of the hfgþ cost. One dllsadvaatage of

many groundl basecl obserrations Lg the ltnttect helgþt resollt¡tl.on often

aval]-ab]-e.

Soæ of the Lnclfrecô ¡nethotts shon¡ ln Elgure 1.1 are no¡r seldom u.sedl

beeawe of the ttiffLcr¡lty of lnter¡lretlng the baslc neasurenents. Ûther

technlques, Ín pa,r:tleular ra,clf o-ueteor systeus ' are beLng usedl more

fiequentJy to obtaln routfne neasurements at naqy sltes distd.butetl rrlcùely

in latltutle mcl longltutle.

1.1+.1 fmospherd. e Drifte

lflren racLi.o rrayìea a¡e reflectetl frou the ionoslhene a cll.ffree-

tlon patte:ra l-e fometl oa the gror:ntl. By sa4tltng vfth three or Eore

close-spacecL recef.Têrs, paraucíters vhtch ileeerl.be the behavlour of thie

pettern can be fo¡ntt. lbese en$le a neasure of the drift veloclty ln the

lonosphere to be tÌeteruinecl.

fhe teejhnlque has u.alnly been 4lplletl to the E-reglon at

hetghte near LLO km. Kent anil }rrtgþt (1968) hare ¡evfevetl naa¡r of the

observatlons ma,cle andt. pointed. out the varlow aseuqltf.ons neceasery at
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various sta4es during ihe enailrsis ' some of these assr:n4rtions have

only reeently been e4erinentatly tested with the aíd. of a large aerÍal

arrary near Adeiaide (Feigate, 3l97}z, GoILey and Rossiter, 19?O)" fhe

nain diffier:-1t¡r 1n interpretlng ùhe resr:fts ls the rmeerbaLnty es to wben

the drift of the charged pa.rbicles is the s¿une ¿rs that of the neutral

air.

.A- rirost inte:resting d.evelo¡ureat of this teehnlque has been

in lts applieatlon to the weak partia1 refleetions flron the D regfon

(Fraser " 1;965 and 1968; Rossiter, 19TO). Depending on ionosBheric coa-

dltions, drlfbs ean be obtained at about 5 kn lntervals over the helght

rânge ?O to 1OO kB. for tv.o or three hor:rs arornd. noon each day.

l.l+.2 The Radl.o-Mete or !,tethod.

The first treÊsur€trents of rrinds by traeking a ueteor trall

byradiotechnlquesûeremadlebyllannlng,Ylllardasrct'Petergon(1950)

e-lthough tþtection of meteors by ractar rras aceonplfshect ¡nueh earl-fer.

Sínce neteorold.s enter tbe ea¡:thrs atnosphere througþout the cley the

tracking of ¡leteor tralls ig an e:rtremely useful ¡nethod of r¡lncl t4easure-

ment in the helght reglon ?5 kn to LLO kn. Ðetalls of the seattering of

racllo îraTìeB f:rom a neteor trail a¡e descr{becl ln c}rapter rv.

Ttre baslc Eeasurernents required a:¡e the loeatlon of the

reflectlon polnt in space antl the radLal veloclty of the ueteor trall

at this pofnt" ldany technfques have been de',-eloped- for thls pur-pose

br:t they ean be elassiflect lnto tvo naln types: phase-coherent pulse
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nethocirs wlth nerrnov bea¡ entennae and utth sirqrle tlfrectlon flncllng

teehnlques or contLn¡:ous ¡rave method.s w'lth nore soohlstleatedL dllreetlon

flntting systems.

The f!.rst eontinuous wavre eystern we.e tlevelo¡led. by Manning'

Vi]-lard anô. Peterscn (t950) at Stanford, U-S.A- Ttre angle of arrfval

of ttre slgnal refleeted fron a ueteor trafl r¡as detemined usLng a

speclal tlLreetl-on flndtng system whlle the Doppler shlfü Ln frequency of

the reffeeted va-.'. :elstive to the transnltted vave (flequeney 23 MEz)

gar¡e s rneasur¡e of the radlat ¿Irlft veloclty. f'he sense of the ¿lrtft

(torera or eçey fron the obserrlng slte) vas forntl b;r beatlng the slrSr

rrave rdth a phase-sb.lfted. grouncl lta\re"

A sl-1eþtly nore sophlstfeated Sf{ eystem r¡as derelo¡led. at

Adelalde by F.ober-beon, Lf.clity ancl El-ford. (1953). thls system is dtescrlbe<l

ln ¡rore detail Ín Cheæter \'. The ðL:reetLon of ar::lval- of the :¡ef,Leetetl

slgna,l 1s etetermlnect b;' eouparlng the phase of the signa-l at an array

of aerfe.ls. f'he range of the eeho Ls found ustng a separate pulse tra¡ls-

mlttlng syetem. Tll¡s eehoes are obtafnedl at aeer¡rately knornn hetgþts

(t 1.5 kn) f.n the helgìrt 
"a¡lge 

fO - r10 kn. The mexfnum usable echo rate

achleneå rrlth the lresent trensmittfng pone:r (f .t l<¡¡ at 27 ffiz) fs about

60 echoes/ttolr.

grlzztchlno et eJ-. (1-)6!) ¡ave clevrelopedl a different ClÍ

tecürnlque at Garehyo Franee uslng three tra¡rs:nittLng frequeneLee (ft =

2g.gT2 !ffi2, f, = f1 * \"8 XRz, f3 = ft * 5.h kEu )" A directlon fLndlng

syaten sfmllar to that Ln use at AdelafcLe ls er4rl.oyecl except that phase



Lt.

eoluxtarls@g Êtìe nade st the radlo-tequene¡r !'teelf lnstead' of the ]-o¡

frequency Doppler beat. Ibe clÍresblon of arrl.Yal. la fotmd. to aa aceureßg

of t 0.5o. By pha.ae cø¡rarlron bctrrecn tbe three frequenetes receitedl,

tha elant rangê of a¡ echo Ls iteterd.necl to an sceurtß5r of abouù 300

ætæa. A r¡sable eeho raûe of, abor¡t 10O cchocs p€r hor¡r ls achfewil vlth

tbLr aqulpuent but onls oae cotq)oaeat of the wlnd (eaet*ïest) tc æ¡suFedlt.

lbe pbaee-eoharê-trt pulee mthod. ras tlermloped. by Grecnhor

(fg:¿c) aad. has been uecd, at a large nr¡Ñer of LnstoLlatÍone Ehce.

Pdr*raps thc n¿tn neeßons for the poprrJ.ar{.ty of thia eyltcu ¡re that lt

caa bc o¡rerateit f?æ. c afngle stte anrl thc ralatlæ ease of d.fserl¡d.natlng

agatcet ref;Lectlone frm alrcrsfl. Ilarrrow beam antenuaf are norilally usail;

rË$ge ie dÊtenmlnedl by stsails$d ratlar tedrnlguea, ðlnectlør of arrlval fe

deter.¡alneà either Þ3r si4rly reay*ing on tbe antennac bean or elge by siuplo

phase corça:risons Þetween aer:la.ls trtth different ç¡tlcal radfetl.on

pattenat. lt,c ortglne"l syEtes of Sreonhw anil Seuf:Iö relted qrcr tha

nes¿u¡ed deeqr ruÈcs to dletqrral.ne +åe heights aad onlg hac an accuracy of

t 5 kn. lía,ny stetførs in the iÏ98F Co noÈ actte4t heteÞt æagurenent'

fi1gh ratec em be achteved rrith this ty¡le of systen 6ro{ag to the 6aln

possttrle in th,e eÊrJ.al beau but at the e4rense of a¡r aeeentuated dlfiumal

rate, aaå aeeurae¡r.

SouthrrorLh (1968) at Havana, Illlnoig haß dbveJ-ope<l a

b1ghlT aeeurate phase-coherent pulse eysten for oÞEerning a linltcil rcglon

t Aa f¡ou Apr{.l 19T0 the north-south coqrcnent 1¡ also dlctemLnecl.
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of the atrnosphere. A very hfgh power transmltter (3 megeirett) ls usea

ln emJunctl.on rtth a serles of eight reeeiving sitee' By cm¡rarlng

trÏeenel dtfff?aetlon pattems of the echoes reeefvedl at each of tbese

eLtes the orlentatlon antl helght of the tralJ. eaa be cleteznLnetl. fn lte

fi.nal fo¡m tbl.s system ehor¡ltt be able to measute the corplete veetor

rrfndle 1n a voltæ 50 kn x 30 kn x t6 bn.

The raitlo-systeus er:rrently knorm to be operatLng tùlng

routine wlntl observatlons are shorm ln Table 1,.1. Infonnatlon on the

eysteme o¡nratlag 1n IJSSF- f.e norb as reeent a,s for other cor¡ntrLee but le

based on the latest availab]-e publleatlons. lhe nLnirm¡m hourly rates

given vhene poesLble are estLuates of the mialnr¡m number of usefirl echoea

obtainect ctr:rfng the leaet ferrcurable tl.ne of the ctsy (usuatly near

18O0 hor¡rs 1oeal tfue). Other stetlone plnnnecl, wlth equlvalent syetem

or{entation, a,re

C'eorgta Teeh. , Atlanta, Georgf a, U.s.Â.. (¡aef¿ae, Âlaska)

!trashlagÈon State It. , U.S.A. (Stanfora)

Britfsh met. gtettone (2), U.K. (S¡efftefa)

Janafea, w.I. (suertrera)

Unlrrersfty of Soto, Jspari (Stanfora)

University of Saskatchenan, Canacla (prob*ly C!Ìf )

Unlversfty of Ìfeatela Ontarlo, Canatla, (Brobably pu1se)

(Roper, 19TO ; pr{vete eo¡mr¡rleatlæ) .

1.1+.3 ûther Methods

Ehe oeeaslonal appearance of, noetllucent clouils at a helgþt

of 80 kn obgerveci at higb latltuttes enables a quite ctetaflecl etufly of the
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horl.zætal rrlact ftelct to be aceoqrllshed (Wftt , J;ú2). EofleYEr sinee

thege cloucts oeeur Lnflequently routine l¡Fasluernnte c8¡not be naðe.

An lntereetínt possiblllty of neasr:rf.ng vfnd.a ln the hefgþt

range 1OO - 120 kn ls by the use of the lncoherent backscatter (Tlonson

scatterlng) techniqr¡e. Êy observlng the slnctnm of a retr¡r¡ pulee the

Doppler ehifb th¡e to the ions rcviag along the fiel<l 1:laes ean be tþter-

nJnedl (Carrl et a-1. , L96T). Over the heigbt range 1OO - 120 kn the

eolllslonfreqr¡encYtehtehenorr¿hsothatthelonsehoultlrclevithtbe

neutral a1r. Thus 1n prlnclple the wln<[ cm be ¡neasurecl.
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CEÄPÍER If

TffiORIES OF TRREGUI,AR STRUCIIIFS I}T TI{E ATMOSPffiAT

2.r DESCRTPTTON OF TTE PROBüEM

Any atterryt to ex¡rIaln the movenents and structure of the atmosphere

belorr 12O km itor¡ld. be f.nco4rlete vlthout sore diseussion of turbulenee ancl

internal gravtty warres. In parbicul-ar the obselsrations to be òl.seussecl in

Ctrapter IIf ÍnclÍeate that the ln=gular rincis of the nesosphere ancl lower

thernosphere eontaln a slgnlflcant fraction of the enersr 1n thls r€gloß.

Both the theory of atmospherie tr:rbr¡lence ancl the theory of intencal

gravlty Ìraves mrst be used. to explaln the obse¡rrations. For exan¡lIe the

fine-scale motlon obserr¡ed v.ithin a partier.rlar globrrle of a drenrleal trall

can be e:qrlained. by the apBlicatlon of tr:rbr¡lence theory vhereas the larger-

seale baehground. fluetuations of the tra^il mey often be er¡llained. Ln te:ss

of motion clue to Lnternal gravity ïaves.

the pur¡rose of this útrapter is to present an outllne of the theories

of atnospherlc turbulenee and interna^l eravfty waves. Rather than pre-

sentíng mathematical cletall, physleal idees and. interpretation ¡rÍ11 be

espha^sised.

A eomon problen in a dlscusslon of turbulence in the atmoephere 1s in

the definition of t¡:rbul-ence 1tself. Pasquil]. (1963) ;tates that n'in all

Its physlcal essentials a turbr:lenee eondJ.tlon fs aclequately cüascrLbed as

one of lrregule.r motion ln whieh ni:dng of flulcl properbies oceuts at a rate

meny orders of magnitucte greater than that oceurring by mo1eculatr mofion".
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A more fortal tle*lnitioa hes been ræect by Lr:n-ley (fg64); "turbrrlence is

an¡r random, three <liænsional velocÍty field rrith a eontinuous spectnrm'

tllsplaying spectra,l transfer anct dtlssÌpatlon at bt@ rrave nurnbers". Íhte

6eftnltion of Lun-leyts, vlrlch inclutl¡ee a veloeity fletct due to ranclom

lnte::na} gravity yav€s ls mst r¡sefill 1n fts applleatlon to the æsosphere

ancl lorer the:moephere.

Gravity rüavee are basically natnral mo¿les of oseillatlon of the

atnosphe:re rrhlch ean be excl.ted. try eone extenral drtvlng forces. In

general eonpJ-ing bet¡¡een varior¡s nodes is not lryortant ancl hence the

6ist¡"|br¡tlon of eaerry 1s tteterndnett nainly by the clrlvlng forees. In the

ease of turbnlence, interaeÈion betrreen varlow moilee has becone so strong

that in an eqrriltbr"l.r¡m state the èistributlon of enerry 1e cleteld.netl

prtnarfly by lntenral enerry transfer. The clrlvlng neebanisn ære1y

tþterælnes the totel a¡rount of energy avall*].e andt ultlnately the reglon

of vLeeor¡s tllselpatlon.

For both theories preaente<l he¡¡e the governlng equatJ.ons of notLon are

the saæ ås for most elasses of problem ln Atnospherie Plrysice. Ihe

equatlons are those for the eonsersation of moæntr.rn, ¡nase ancl energr for

a rrlecor¡s, eo!ry)ressible, Ilerrtonian flLuidt ln a r¡niform gravltatfonal fLelil

(see, for e:ra,mple, tandlau antl. Llfghitz" L959). Both theorfee a¡re coneetnecl

rrlth the ctevletion of neteorologlcal paraneters f:rom tbelr ilean vaLuee antl

henee perturbatlon technlqr:es ere atr¡plletl to the baslc equatl'ons.
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2.2 ffil{EBAt gffioRY OF TURBULE{CE

ftre stmctr¡re of, e tr¡rbuLent fiel,d can be iliscl¡ssed tmcler three

c]-asslfications:

(i) A déscriptíon of the coatinuor¡É¡ eharacter in the stn¡cture ancl

tbe effeetg of turbr¡lence througÞ the r:se of the eoueept of en energr

spectnrn;

(if ) the enerry balanee involr¡ed ln the generation, transport and

ttecay of the turbuleaee i

(fff ) the dlffi¡slne nature of turbulenee-

The preeent dl.ser:ssion will nalnly be concerneci rrith the flrst tvo classl-

flceticms abore.

Usefirl texts which eo'ver tr¡rbr:lence as a problem ln fluidl $:ramles

are those of Batchelor (1953) aad Blnze (fgfg). The proble¡n of turbr¡lenee

in the atrcsphere l-s velI covened by Lr:.nley end. Pariofsky (1961+) to vhieh

frequent refe:¡ence wiLL be nacle ln the foltorfng df.ser:sgLon.

2.2.1 Statlstl.ca-l Dee CÍII

Any e:çlertæntal fnlestfgatlon of turbr¡lence requfree obserya-

tloas of soue fluctuatLng quantlty elther as a funetion of tiæ or space

and. sonetlres both. lhese fluetuatfons al¡e notma]-ly tleecribed- by the auto-

correlation fr¡netlon. In the case of a rrind. fteldl ¡rtth velocitles u'

e:ç:ressetl as a <le-vletlon frou a æan r¡lntl speecl ü tne correl-atlon firnetlon

for the pofnt at r ancl et tlne t is gl.ven by

p(r) = q'(r, t)u'(r, t + t) /u,'(r, t)z 2.t
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vheæ t fa tbe tenporal l.ag" An eltenzatltu <ìeserdptfon rù¡lcb atoitl¡

so'G of the eouçrlLeotlons r¡tren the dLata le non..statloûa¡T ts by æana of

the st¡:uctu¡e l\mctlon, deftned a8 the verlanee of the dlffe¡¡cneoa

¡(r) = l-u-'(t) - g'(t * r)12 ?.2

In botb (Z.f) anA (e.?) thc fndlepenilent varlabla r eor¡1d equal-ly weLI be

æglaeed by a spatf al dlsplaceænt ã. Ehus a veloelty fleltt V.(r) ean be

eharacterlsedl. Þy a set of nf.ne einllar struetu:Fe fi:aeùloae,

Dj¡(E) = lvr(-ä+-E) - vr(s)l lvr(g+ r) -v*(s)l r"t * 1, âr 3

2.3

A descraptioa of e fluctuetlng quantfty by æånB of the struceure

fi¡nctlon a'løe ¡ror¡l.cl not be parÈ,leuJ-arly usefr¡l. Lisuatty the clietribr¡tlon

of encrg¡¡ 1n tlæ a,nel apaee lg of nost fnterest. The apeetral energr

d.engity ü(r) ean be calculatetl fton el.thor the st¡r¡cùr¡¡c l\meti.on or tho

correlatfon fr¡sctlø r:slnß the appmprtate relatLon'
a

{(r) = --l [l|f "t,, 
(x.r)vn(r)dr

a5uz*z lll
2.h

2.5

or
.t

Ð(r) *
(2ç) 3

nhera r is the nate-nrmber.

Ð

|Ir(r) 
exp (- r't)dr

The epeetral energ¡ itenelty tensor has aany etattatlc*l andl

geonetrlcal- lqpllaetl.ons but by ftself tù¡ce not exllnËss anythlng about the

phyalcaì. p¡¡ocessea lnvolrredl. tïrc ¿tetrlbr¡ùlon of the avatlùle klnetlc

energr arou6 edldles of varlouE slr.ea, the eÞneratLotl of thls energy ancl ltc
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r¡ltluete diesipatlon haræ al1 to be Lnvestlgated 1f tbe basle physieal

procesees are to be r¡nderstoott. Tl¡e uethodls of productlon of turbul-ence

Ín the atnosphere a¡e not f\Ity rnrcleretood but probably tlepentl on instabl-

llty rechsis¡ns. fhe energy buctget fn firlly dlevelolncl turbulenee 1s

tlfseussed f¡r 52.2.2 belo¡¡.

2.2.2 lhe Enermr Balanee

1\ro uethotls for the productfon of turbulence are

(f ) breakdLom of the æaa flo'¡r in the presen.ee of shear, and

(ff ) vertleal notion assoclatecl vith the:mal effeets f.n the

nedlitm.

As yet ls 1t fuapossible to p:neðiet pæct ee\y the draraeteris-

tics of a tr¡rbr¡lent flelct dlneetly fro¡o the draraeterieties of a pa,rülcr¡lar

energr eouree. Eor¡evrer o4cethe tr¡rbr:lence has been establleheil it ls

possÍbLe to tleseribe the energy balance of the turbulent fl.eLcl.

I-,rm1ey andl Panofery (f961+, p6T) derir¡e a¡r erq)r¡esgf.on for the

rete of change of kinetle enerry vhlctr eaa be cleeerl.beil tern Þy tert as

follorß:

(f ) an t'eclÐ Btresgtt te:m r¡hleh deecrf.bes the transfer of

enerry from the æa¡¡ notlon to the ed.dy notion sr4leriuBosedl

on thls æaû;

(11) rerÈleal enerry excbaage ihp to the aetlou of bnoyancy

forees;

(fff ) transfer of energr encng eoupøents by pressuÌìe forees

u"lth no <llsslpatton oecr:rLng;
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(fv) trar¡sfer of klnetle enerry a.ÍIong eolçonents by viscous

str-esses ',vhieh r:ltlnately are responsibte for the dLsslpatLon

of the energri

(.rn) conr¡eebion ancl rrlseou*c trans¡rod (no net galn or loss of

enerry).

1'he rel-ative iuportanee of these te:ms ln the energr buclget

tlepends on the parbl-eular ¡noclel of turbulenee eonsldered..

2.2.3 T'l:e fne al Subran

1,1:e ultimate sink for turbulent enerry is conversion to heat

by vfscous actj.on. Ihie dÍssipative meehar¡ism oceurs by progressir¡e trans-

fer of kinetle enerry fæn large eddles to snaller edclles r¡rtil eventually

the ectdies are suffieiently snaIl that viscous forees can extract enerry

from these etldl-es. Consideratlon of these terms in the enerry bud.get led.

Ko¡oogo:rcv (fgl+r) to aevelop tbe hf$ly suceessftrl- n'sLnilarity" theorar of

turbr¡1ence . The basis of this theory is that ln the tra¡refer of enerry

from larger to smaller eildies, a range of r¡avre numbers should. be reached

ln which energy transfer ls isotropie. ÍTris equillbrfi¡n range f.s seLf-

adJr:sting througþ ihe operatj.on of inerbia forces ancl ur:st tlepeno only on

the paraneters whfch dessrLbe exten:al effeets. These effects ane siry1y

the lnsertion of energtr at 1oç wa've nu¡dbers and the removal of energy at

hlgb nì¡übers by viscol¡s dlssipatíon. Ebe two para.ueters concerned are

the rate of enerry dissipatÍon e ancl tbe kinenatLc vl-scostty v. If

fir¡.bher an extensive range of waræ*nrmbers ed.sts ln dlleh no o¡odluctlon

or dllssfpatlon occur€ (an lnertial sub-ranee) t¡en notlon assoelatect vlth

thls subrange 1e indepenclent of both the enerry eontainl.ng edltlÍes and the
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ed.dl.es respoasfble for the ctissipatf.on (andl henee lactependent of the

vtscostty). In sueh en lnerÈlal sribra¡rge the enerry spectnrm for nave-

nunbers, K, must be of the fo:m

E(r) = or2l3*-513 2.6

r¡her:e a is a r:nl.versal constant (fl"olnogpmv, 19\1). fhe corresponctlng

structure fi:netlon also has e eharacterlstle poÍer law for the lnertlal

arrbrenge, for exa,4lle

Drr(g) = (ut(xr + Et xz, x3) - u¡(xr ¡ r.2, x3))2

= g.2l3rz/3 z,'l

vhere S ls an absolute constant (see also Lrm.ley and Panofsþ, 1p6l+).

1?re va,h¡e of the ex¡ronent ln the power lew for an lnertial

snbrange has been confirued. fn the atrcsphere (e.g. by MaeCneaOy, 19623

Pondl et &1., 1963), in the ocean (Orant et al., L962) anet ln the l-aboratorT

(ç1tson , L962 atr¿ 1963). The nrærical valræ of the r¡nlvrerea.l conetant tn

the e:çregsíon (2.6) abor¡e has been the subJeet of eore debate auil Ls

dllg cüsse¿t fir¡:bher belor.

For the longitucllual eomqronent of the ravie-nunber e:qlreesÍon

(2.6) fe vrltten as

s(k) = æ:211i-513 2'8

çhere S(t) fs noï' a one-tllmensl-ona1 energr speetrnm. As rneaeu¡eænts are

freqnently nade of only æe eorqrcnent of the notLon thls fonn of the porrer
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la:¡r for an lner"tial sr¡brange ls generalJ-y r¡secl. A siniler e:cpneesLon

e:dsts for the lateral coqronent vfz.

t\-5t3

Varlous estl.ms.tes of the nu¡rerieal value of the constant

a ln e4r:resslon (e. A) abo'v"e heve beeu diseussed. by Penofsky and Fasqufll

(fl6S)i the more r€cent detencinat!.ons suggest that the value lies bet¡reen

O.\5 ana 0.5CI (spectral near¡urernnts in a tid-al eur::ent, Grent et al., Lg62

spectral ureas'Jteoents of r¡LnC. speed." Pond et aI., 1963 and. Ag66i tabora-

tory neasurelrents, Gibson , L962). The relation between the constaat ß in

expresslon (z"f) and. the eonstæt a Ln expression (e.g) is I = l+.8ea

(gatetretor, 1953).

It ls appa.:rent thãü tf Eâsr¡rellronts of, say, wincl epeed ean

be uade f.n a¡r iaertia.l subrange antl the spectrur deterrinedl then the value

of e, the rate of tllssipatfon of energrr cer¡t be tt¡eter¡d.ned. fuon the

ree.e¡¡reil speetn:æ, on substitution of the appropriate eonsta¡lts.

2.2,1+ f'he Br¡s:¡anc:r Sub¡ance

In general the Kolnogorror spectnn shoìrliL onþ epp\y to m

atmosphere rrlth neutra.l stratlflcatlon beean¡se of the negleet of br:oyaaeSr

effeets. I'fost parts of the atnospbere can have sone degree of stable

stratLflcatlon and. henee the effeets of buoyaacXr shor:Ict be consLdered Ln a

eonplete analysls of turbulent notlon. lhls p:robl.em has been illseuesed. by

a nuber of authors for the cese of snaÏL rean shearing notlon (Bolgfano,

1959 and f962; Shur, a962; t'fonln,]!62; Lu:a-ley, 1961+). Elre forn of

the energr spectnm pneilicted. ls

s2(k) = | .r'
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E(r ) -rb 2.9

r¡here the va.lue of the ex¡ronent b J.ies betrreen ' 513 and' - 3 tlepeutllng oa

the assumptÍ-ons rade.

lf¡e urcÞrlying eoneept which gives rise to polrer lelrs of the

fom of e:çressioa (Z.gl ig that of a "buoyanc,y subrangeu'. Tbis te¡m

applies to that region of the spectnm ln r¡hich the energ¡r of the turbulent

ftelð is suppressedt by the action of negatilæ buoyancy forees assocfatedl

vlth a stable atmospheric envÍronænt. flre range of etldles tn the buoyancy

snbrangg is deteminetl by tJre condition that tþ.e ed.ctles shoulal be sñFll

enougþ that aay mea¡r shear present has ao inflr¡ence but large enougþ that

buoyancy forces are irPortant.

provírt¡edt that the tnrùr¡lence Ln the br¡oya¡rc,y subrange remaLns

apBrcxinately isoitropic in spite of the anisotropie lnfh¡enee of the

environment, then the one cllsensional eaerg¡r speetn:m should also have the

fom

s (iç ) qrb

sinee a relat11ely smafl amo¡:nt of the turbutent enerry cascading from large

to snall wavelengths 1s being æroveil by buoyancy at a gitren vaYe-ilEber

lu the b¡oyancy sgbraagB. fh.e valr¡es of the e:çonent b preclictetl by

vìar"i.ol¡s theorles are gl'vea in Table 2.1.

When the bucryancy effects are ine-Iuclecl, the enerry spectnm

ts dltvlclecl lnto four regions aa sbovn 1n Elgrrre 2.1:

(i) large scale fluetuatlons for r¡ave-numbers k such that

0 -< k -( koa these f,luetuatione carrSr the turbulent enerry

ertraetetl frrom tbe nean flon,
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(ii) the luoyane¡r subran&, ko < k -< k" for whicir the

spectr.:n has the forn E- kb

liif ) the lnerbial subrange, LÌB -< k -< k#' Ín çhieh the enerry

ls siq>Iy passl-ng f::on "l argpr to snal l-er ed.df es vlth g*y513

(iv) the viscor.r^s dtssipation regÈon, lc* -< þ < æ vhere the

hinetic energr of the emaller ed.dies is dlssipated by viseous

forees.

2.2.5 Trrrbulent Diffì.rsion

In generel na,ss, monentr:n and. heat are trensported. rmreir more

effeetively by turb'¿lenee than by noleer¡ler notion. ll¡e tl¡o fo:ms of

transpozt are sinilar in the ty¡re of notion lnvo1ved. but the teuporal

and spatfal scafes of eaCr are g::eat1y ðlffereni. lbe seales of turbu.l-ent

notlcr¡ a"re of the sare order a-s the teupora-1- and. spatial seales charac-

terlslng the dlstrlbr¡blon of the scalar being transpor:bed. The fluid.

consequently interacts wfth itself or€r a v-lder ar"ea than purely local

properties c€rn deeerlbe.

eoæ e965 ) discr¡Êses severel theoríes of turbr¡lent dlffusion

and- flnd.s that sone of the relatlons eoncen:ed csn be wrltten ln the fo:m

-r 6-znd.'cv
o

n-2-nEI 2. L0

¡shere d. 1s the ¿tlaüÞter of the ðlff,usÍng eloud, at tiæ t after fornation

anô v_ ls the rrns turbulent veloeity. lhe va.h.re of the exponent n 1n the
o

ex¡l:ression (Z.fO) ilepends on the fo:rn assunecl for the trrrbulent enerry

speetrrra. tabl-e 2.2 ¿¡lves the fom of the dHffuelon law predlicteci by

var{ous theories.
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ff olserrratfons of aetual turbulent ðiffi:slon yield a tlæ

exponent eora¡ratible t'Lth eqlression (Z.fO) tnen the vaÌue of e ean be

ea,]-eu]-atetl"

2.3 I}¡TEBN.ÀL ACOTJSTTC- GFAVITY T{AI/ES

PossLble solutlons to the equations of notlon for the atnosphere

lnelude a set of wa'ves. In prlneipJ-e a couplete set of natural mocles can

be ctetermlneil; ho¡rer¡er the propertiee of a partlstrlar elass of r¡ar¡es aJîe

usually investigatett by naking certaln assur¡Èl.ons fn the equa,tions of

notlon. Ifaveg with perlods of the ortt¡ar of clrys and seales of the ortler

of the clrcwfereaee of the earth are teretl planeta:qylÍares a¡rd are

assoeiatert *ith large scele meteo:¡olodcal d.leturbences ancl contlnental-

sea-le orographie perbrrrbatl.ons. The:mal- antl gravltatlonal tides fo:m e

seconcl rather speeial clase of waves sLnee the perlods antL ctz{.vtng forcee

ane vell knorin. Waves vlth perlotls of a fev mlnutes to a few houre ancl

horlzontal scales of the order of a fev hr¡ndred. kilonetree fort a thircl

class norme.lly ter"med. lnte:naL acoustle-gravity vaves. Tt¡e present seetlon

is only conceruecl wtth thls latter t¡pe of ï'a\¡eÒ

Inte:rra1 acor¡stLc*.gravlty lraTes fo].]-ov natural-Iy fro¡r the conelderatLon

of sor¡ad lrare propagation ln a gravitatlonal fLeltl. In a sousð ¡rane there

ls a continuous exehenge of enerry betveen the kinet!.c enerry of the lrare-

notLon and the corçressLonaÌ energ¡¡ of the neðLrlm (the storedt enerry). In

the p:resence of a gravitatlona,l fLelti potentlal enerry ls storedl by raisfng

tbe fluicl na.srg. If there l-s also a variatlon vith heleht ln the denelty

of the neðil:m then there nry be a¡r exeha¡rge of less dense flultl- vtth fJ-uld.
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of gæater denslty henee storlng eneÌgr. It ls thlg latter lnter¡eel energ¡r

storage vhleh is lnpor.bant in the consideratl-on of internal acoustLe-

gravlty 'n'&ves.

Gravtty rrave6 in an ineou¡rresslble flLutd r¡ere flrst Clscusseô by

Bayleleþ (f88S). Larrib (fgfO) extenrted. the theory to eonpressible fltuids.

Iâcre recently interest has been rene'weit ¡oainly ft:e to the work of Illnes

(fç60) in applleatlon of the theory to the irregr¡lar v'inds observed in the

mesosphere ancl. the¡rrosphere -

2.3.1 General. Characteristlcs

Ttre essential featu¡es of intemal acoustlc-gravity raves esrl

be l]-lr:strated by consldering an lsothermal atrcsphere rith no Í€an l¡lnd'

Wlth tirese siqg11flcatloas a dÍ-spersion rel-atlon ean be tletenalned from the

linearlsed goveming equatlone(Eiaes, L96O). Althougþ this dleBerslon

r.elatLon is extrerely useftrl in tlescribfng neny of the properties of thege

ï'aves a m5re reallstle atmoepherie nodel m¡gt be conslriered. lf r¡seftrl

quantftåtf,ve results a.:¡e to be obtafned.

T'he itlsperslon re1atlon (equation 1l+ of lllnes, 1960) is pne-

sented ln dlagra.natfe forra 1n Etgu::e 2"2(a). T{ris is a plot of eurves of

eonsta¡rt angul-ar frequency, o" ln the üro-cltnensional k*, k" spaee (t* ana

k belng the couponents of the vare number veetor 1n the horizontal a¿tl
z-

vertfeal direetlons respeetinely), Íhese eurves show only propagatlng

!ù,a\¡gs for whl-ch k_ and. k, are real; evaneseent'¡r'&r¡es n'ith lnaginarT verblcal

nar¡e-nr.mber ean aLso e:rist. &ro freqr:eneies aæ llqrortant on thls clfagran:
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acousti c, gravityl,raves
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(1) uJ = û,- = I#al+e

wher"e ^( = rstlo of specf-flc heats;

g = gravltatlonal aceeleratlon;

e = sDeed of sounðt

thls ie the acoustle cut-off f,requenc.y ancl rep::esents the

lower frequency l1nit at vhieh t'sound' lrauee vlIl propagate

in the atnosPhere.

(il) t=.s=(Y-t)%å,

thls ls the Bn¡nt-Valsäfä freqtency anct ls the natr¡ral freqr¡enc.y

of osclllatLon of the atrcsPhere'

Etre hlgh frequencTr (rrl > o") va,\¡es are te:mecl acouEtLc ïaves

slnee energr storage 1s pnedtonlnantly clue to the eolç:ressibtlf.ty of the

atuosphere. l^,raves rrlth frequencLes t . .g are tetuedl lnternal CravtW

r¡ayrss since energy storage is predorJ.nantly due to gravltatlonal effects.

TLre fneqrreney regloo tg . t . t" ls prohlbited' lf only propagatlng var¡es

are to be emsldlered.. Table 2.3 gfi¡es r¡al-r¡ee of the eeowtlc eut-off

perlocl ancl. Brunt-Vafgiilä per{oô for varLor:s hetgþts ln tbe atuosphere.

The two serles of waræs ere itletlngulshed' clearly ln Eteure z'!(a) ' the

fnrn{fy of ellipses ln thts cltagrâft represents the sequence of acor¡stl'e

ï,arÊso wbf.le the srr¡lerLnposed. f"nrÎly of hglerbolae rep:resents lntema.l

gravlty IraYeE.

If the eoorûi.nates 1n trìtg:rre 2.2(a) are no¡mallseil to

n = k e/r¡ ancl n = k_e/o rrhene e 1s the phase velocíty of the wane ' then-xxzz
Fteure 2.2(b) results (only one quadrant of the plot Ln n*r n" sPace 1e

shoÐl).



2A

6o

70

80

90

100

110

r20

m (m)

310

æ0

280

250

250

e8o

350

T, (aecondts)

Aeoustlc cut-off

s4o

330

310

280

280

æ0
l+OO

\ (seeæds )

Bnnt-Valssä1-ä

TÂ¡LE 2.3 VATI.AfTOIf OF BAUNT-VÂßS.ATA PERIOD

I

}fTfH AI,ITTUDE Til I.ÍESOSPHERE ^AITD
LOHER TEER}OSPITERE



30

frrese cìirres can be eonsf dered. as propagation surfaces and.

ha¡e been diseussed, bt' Hfnes (]-:g6o), rc:cert (rg6o) an¿ Tolsto;r (rg6S). ltre

circle (n2 = 1) reBresents var¡es which propagate vith tbe speed of sowrd.

while acoustie traves (o = (o*2 * ont)% . f) haye phase speeds faster than

the speed of souncl anå lnternal gralrj.ty vaves travel- slolrer.

A nu¡lber of interesting faets energe fl:om eonsideration of these

cì.uves. A partl-cr:læ eonbination of k* and. k" (or n* and. nr) lmlfes a

partleril-ar ôlrecÌ;ion of phase propagatlon. ff r+aves rrith f?equencles mreh

Ìess than the Erunt-Vaisåi1ä f::equency are considered. then 1t fs appar.ent

kn
that the ratlo çë = f is nearly conetant orrer uost of the þ¡¡perbolae.

zz
Ítrus waves nlth these fnequencies ean only propagate fn certain ålnections.

In pa^:Élcular, for inte¡mal gravity !Íavìes of lon frequency, the valle fronts

ane sllgbtly tl]-tedl fron the horlzontal rovlng uprartL or tlormrarrl, Further-

uore the pa::ticle motfon assocLated vlth sue.h a ¡rave Ls nearly a etraigbt

lLne oscLllatlon no:rual to the '¡rave front. It ls r¡ell knoriz¡ that the

ê1¡rectlon of energr propagatlon for É wave packet 1s the a$ûe aa that of

the group veloefty. lhus the clíneetlon of enerry propagatlon for lntemal

aeou"stl.c-gravlty wa,TËs ean reecllly be for.mcl from the dlnectlon of the

no:mals to the prcryragatlon surfaces sholû! 1n Eigr¡re 2.2(b). It le appa.:rent

that clornr¡arcl phase progresslon for an lnternal gïavtty r¡ave can be

accompân I ecl by rrptrartl ener6r propagatlon .

Another lnterestlng eheracterd.stic of Lnterzral gravlty ç&lres

Ls the fact that the aupÌltude of these \raves inereases wlth altltutle

lnnerseJ-y as tbe square root of the tlenslty. TlrLs Lnerease conpnneetes for
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the t4lward. deerease of atrcspheríe denslty and henee nalntal-ns a constant

energy fluc u¡xrard.. Dlsturbenees that are qufte anall in the tnoposphere

ney be qtdte slgnlflcent 1n the ¡esosphene (prorrtding they can prcpagete

that far) i e wa\¡e rqLth an av'q:rJjtuite of 3 emlsec neeff the gror:nC. would.

have a¡r a'nFlitude of 3 n/see at 68 km and 30 ¡c/sec at 95 È,n,

A pfctord.al representatlon of en lnterral gravlty r.ave

incllcetlng the naln featu¡es èleeussed above is shown tn Hgrrre 2.3. Maay

of the features of lnten:al gravltylre.r/es have been dernonstratecl ex¡rerd.-

nentelly by Mowbray and, Earlty (fg6f).

2.3.2 DuctLne of fnternal Gravlty Ìlaves

T{hen no:re reallstle ¡noilel atmospheres are r¡.sed. wlth tbe

equations of rnotfon then nev phenonena appear lrttb the lntroductlon of a

varlable telçerature and rrlnci proffles. These phenomena Lnclude ¿uetlng

or trepping ofraves and reflectisn ofvaves at so called. rcrltleal ler¡e1sr.

Tne prLnef.ples involvecl in the d'rctfng of these waves can be

ðiseussed. uslng a sLmpÌe three 't ayer rcd.el eonslstÍng of the gropnd. (the

Io¡er Þor¡rtlary)n en :i.sothemal ]-a*,-er (i¡ ruhieh the ellol.¡ed. l¡ave modes a¡e

trans¡ritted verbicdly) and an r4lper 'l qrer at a differnent teuperature from

vhleh Feflectlon can oecur. Certain eo¡abinations of horÍzontal vavelength

aad. fnequency eaû r:ndergo :epeated. refleetlons betv.een tire læper layer aail

the grormtl a¡rcl henee ean be trapped ln thís duct. The prccess is analogous

to the behaviou¡ of ligþt whieh undergoes repeeted. total inter¡a1 reflec-

tlon in 'o1i¿ht plpe" fibres.
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Pfeffer and Zarlehry Íg6Z) ana (fg6¡), Press a¡rd Harkr{.cler

(tg6Z) have used. nr:ltilqyer approxl¡ratlons to the atnosphere anil have

eomputed the expeeted behavtour of the various sodes alloned. Pferee (L966')

has shom that this ur:lttleyer approxlnetlon ls va.lld provlctect thaù the step

size usecl Ls sufflcientl¡r sme.ll. r,,I.eston (tg6Z) las used, the alternatfvre

procedu::e of usfng I ayers of eontlnually vaziflng but analytf-e te4reratr¡re

proflles.

In sorne eases the refleetlng layer nay be of lLrLted tblekness

and. veakly refleeting allcnrín€! sone enerry flux throueþ thts regÈon and.

l.nto uppelJ.ayers. Tn such eases the duet ean be eonsLrlered. ttlealry" aiace

a wave een propagate a-long tbe duet br¡t wi.th gradually tleereasfng arylltucte.

Frelãüqn (]1966) t *s shor¡n thai; the themal lneline ln the thermosphere 1e

1r¡lortant 1n establishing a tiuct and. that in fact waves can propagate for

nany hund.recls of kilometres wLthout suffez{.ng severe attenuatlon.

fhe bsckgror¡rd rrind strueture of ihe atrcsphe:- ea¡r also be

ir¡lortaut fn ducbing of gravit¡r rraves prinaz{\. for waves r.¡íth sl-ower phese

velocitles. The mean wina is mst easily ineluC.ed in the basfc equatlons

of rctLon by transJ-ating the coord-ínate systeu. into a fra¡ne of refe¡enee

rnoving wi-th the neari r.'Lnd. &'e fntrj.nsie fteo_ueney of the var¡e 1n thls

uovl-ng fYame of reference then beeornes the iryortant frertrueng¡ parnmeter.

lhere is the possÍbll1ty that d.uctlng may occur dire to a J-ayer of lov

intrinslc frequeaq'being særd',.rleheC. bet-u¡een lqyers of hi6þ Íntrinsíc

f:reqriency. fhe paraueter çhích is iuportent ln ôetezulnlng vhether the

vare ie reflecteil f.s the ratl.o of intrdnsLe fuequency to tbe Brwrt-VatsäIä

freqrreney (gretnerton, 1966).
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2.3.3 Gvlttcal Lqre::s

Another lnteæsting phenonenon of lntenral graviff varËs

occurs at a lerel (a terltlealt level) ïher¡e tbe lntrlnsf.c firequency ls

ze!sc,. fTre einguJ-arlty of the ns,thenatfeal equatlone at such a leve1

dnea rise to soæ corrpledty. Än arg¡¡¡nent based on the coneept of a

rrave g¡o.r4) leads to the r.ealf.setlo'n that the varrge clo not penetrate such

a tevel.. Ihe vartlcal. corponent of the gnorr¡r veloclty 1n the vlcfnity of

the critical lerrg1 ls proportlonal to the square of the vertlcal tllstæce

fron lt. Tln¡e an rpvarti prcpagating gror¡p vorrlcl take an laflnlte tfæ to

neaeh lt eo that nothing ean be tranealttedl (Bretherton , L966'). Ttrfe le

æal.ogous to the behavl.or¡r of quantræmechæleal rravêa ln the preeenee of

lnfLnfte potentlal barrLers i no t'tunnellngt' fs posslble ægBrrlleee of the

thl.anees of the berr{.er.

Booker and Bretherton (]tg6ll havre conelucted fron a moæ

r{.gorous stu{y of crltleal levgls thet transmLsslon rfAI be ftnlte bub

neglLglbly smal-I l-n nost eases of Lnterest. If the atnosphere near the

eritical lenel srrpports tllsslpatlon by vfscor¡s or the::nal effects then the

absorytlon of enerlgy nqr be f.ntense. Sueh a llnltetl hetgbt ægl.on ls a

poosible a¡ea Ln vhleh extensl.ve tr¡¡br¡lence Dtgþt be ex¡recùecl.

Hines antl Redldy (tgøl) heve coneldered varlor¡s atrcspher{c

norlele 1n dlscu.Bsfng tJre general problen of lnter¡al gravtty vaves propa-

gatf.ng throWþ reglons of varlable rdnrt antl. teupereture. Íhey conelufle

that ln general the vavres rrltþ s¡¡l] borlzontal phase veloclty a,re ¡ooet

affectecl. lülncl lnclucecl rreflections l4loee a ðiæeùlonal fLlter on the
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e¡aviff-ïare Epeetnm. Ìlaves propagetlng ln the tlíæetlon of the back-

grourd. rrlntl nry be strongly æf,lectædl thereas thene nry only be neak

neflectione ln other ttlrectlons. Eougþton æcl Jones (]rg6g) treve clesigneil

more sophisticatet!. norleJ-s in an atteryt to deserd.be the tiæ-dtependeat

propertles of lnterra.l gravlty weves.

2.3.b Sources æd Effeets of Interaal Gravlty Ilapq

thllke ttdal oeeLllatlons the sourees of lnte¡mal grevlty

raves a¡e rmeertaln. Because of the e:çonentfal grortl¡ fa'etor Lt seeng

reasonable to ex¡lect generetlø at lover Lerrele or at least Ln sl.tu rather

than to plrotr)ose a souroe at a higþer altltucle. Poesfble æeÌ¡mlsus sugges-

te<l Lnelutle qlrdlor ovcr Eormtaf.ns, tropospherle fronts r e:<tæne ¡rf.ndl

ehears euch as for¡rrt ln the Jet strean (gtnea, 1960), epd turtulent ntxlng

(Tormsentl, 1966). The effi.clenclr of nuclear ex¡rlosloue ae gravÍty vave

generators hae been ttl.scì¡ssed by Baker andl Davls (f968), Rov (f968) ana

ELnee (i96il. Rory (19øe) ua= also eonslileretl the posslblllty of earth-

quake generatfon of aeougtlc-gravlty wares. Lfndlzen (f968) has srrggestect

that nø-lfnearltles ln the atnospherlc tltles nd.$t geaercte hf.Eþer

harænies r¡hleh ror¡1d behale ln tbe sare ue¡rner as inter:ral gravtty rrayes.

lhether or not a gravlty ïsve ean propagate from lower level.s

lnto the tlhemsphe¡e Ls stfll an open questlon. As cliseuseedl earlf.er the

rmcterlying teuperature ancl vlntl st!'uctu¡e mry eause reflectlm at a lover

].evel. The energ¡r of the vaÌe mc$r also be tlÍssfpatett by the effeete of

erltty rrlscoelty a¡rtl of theloa.l contluctlvlty slnee these becone gradua.Uy

rcre Lqrortaat ae the wer€ propagates qnrard.. llre heating effect protlueeil
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by tbese cllssípative effeets ln the thermosphere mqr be qulte l4rortant ln

tbe general ftmnmles of the region (gines, 1965).

ïIodgee (tg6l) has suggesteð tbat the lapse rate aseociatetl

vith lnte:mal gravlty waves mry becone st4ler-adf abatle soælrhere ln the

lorrer thermosphere. Ihis woulcl be a posslble source of turbulenee ln a

reglon whe¡e normally stable cond.itions mf.eÞt be e4reeted. The observed.

etldy dl-ffr¡sLon coefflclents (Colegrove et aI. " a966) can be e4rlalned. uslng

only this reehaalsm for the prodluctlon of tr¡¡b¡:Lence (Eodgee , 1969 ).

2. I+ APPI,TCATTOTV OF TMORIES TO gtß MESOSPHENE Æ{D THER}ÍOSPHERE

As yet ineufflcfent tenporal anct spatial resolr¡tion lu the rrlncl flelcl.

has been achlevecl to enable unar,biguous ltlentifieatlon of turb¿l-ence or

gravlty vane phenoren&. The follorrlng chapter (Orapter III) out1laes sone

of tl¡e obser¡atfons that han¡e been ¡rade. The general prcblem 1s one of

neasurlng ener&1" spectra ancL tben tlecLdlng whether the speetra ean be

clescribedl ln teræ of turbr¡lence or grevity $avres or posslbty both.

Lindzen (].:g6g) Uas ðlscussecl sone of the require¡rents for the tletec-

tlon autl dtel-ineation of gravity vaves. fn partlcular Llnclzen states thet:
*tone lri].I need. ctata rrith tine resolution of the order of 20 uln

vertleal reeol-utLon of the orcler of 1 krn antl hor"i-zontal resolutlon of the

ortler of 10 - 100 küt'. I{o observlng syetem curnently being r:sed. ea¡r æet

both of these reqr:1:sements but e eonbl-natLon of a æteor-railar system

(ttue :resolutlon of the order of 15 mf.ns " spatial resolutlon of the order

of 2 hn) rrfth a eontamïnmt release systen (spatta-l resotutlon of the order

of 50 n, tiræ resolr¡tLon lfntteti by eost of rochet ftriag) maf pnove

extrernely weftrl.
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Some of the cùraracterístlc properties of a tr¡rbr¡lent regiæ haræ been

outl-Lned la 52.2. fhe ¡raln properbies i¿elude a caseade of energr througþ

ecldies of tllldnÍshing size and transporb of mass, uoæatr:m aad, beat. The

proper"bles of internal gravity waves cllscussecl in 52.3lnclicate that, 1n

princlple, it shoulld. be possible to ctlsttneutsh between rction due to

these vavea a¡id. notion d.ue to tr:rbulence. Fo¡¡ever as *"he lorer tberc-

sphere is generally stably stratifled- t ere ls the posslbll-lty of havf.ng

the two ffires of motÍon lntenrtngled. in this regfon. Sone of the dLffi.-

cr¡lties associated. rrith tbe intezpretatlou of the resul-ts to be ctiscussecl

ln Chapter IfT ane due to the Ínabí11ty to dlstlneulsh betr¡een these üro

types of notlon when the seales inrrolved. are of the sa¡e order.

A conrnon difflcuJ-ty ln even a prellndnary intezpretation of the

obeervations 1s the lael< of eufflclent temporal and. spatial resolt¡tfon.

Wltb the observationel techniques cr:rrently availEble a pronisf.ng uethoð of

lnneatigatfon nigþt be an interplay betveen theory s¡ld observation

(Lindzen, 1:9tÒ9). I(lro¡ring souething of the æen rfnd end. teu¡rerature stmcùr¡:

of the atrosphene it nxieþt be possible to precllct the nature of the t¡'ind.

(anplitutte and vertleal structure) at a gfren tLne anaheigþt resnlting tuom

eay the transmission of en tnteraal gravlty lrave. A slngle observation

wor¡lcl then suffice to cleclde the applicability of a particular theory.



CIïAPTER ITI

OBSERVATTOfrS OF IIRIIG{JI,AR, SMALL SCATE WTiITD VATTATTONS
TIi THE }E.SOSPEEEN ÆÐ ICI.¡TR THSRMOSPfiEBE

3.1. TEE GE}TERAI IÍIIVD FTHÐ ASD OBSERVÀTTOTIA], TECHNIQUES

Varlous e:çerLnental technf.qr:es for cletezrd.nLng tlre r¡'lncL fl.eJ-d ln

the regt'on ?0 to tl+O tn have been otrt}lned ln Ctrapter 1. lthe trrportant

teehniques for the dteterrtnation of sm¡l]. seele struetur¡e ln the r¡lncL

fLel-cl inclucle photogpaphic obsenration of eontenrJnant ælease trells

aacl radio-neteor stud.fes. tr\¡rbher ctetalls of these latter ¿sehn{qrÞs

are 6lven in foJ-lowing seetLons.

lhe rrlndl fte1cl tleterrnlnetl. elther by the raclio-reteor or seatnn{¡¡s¡t

ælease technlque can ofben be deserl-bed. in te:rEs of a superpositlon of a

nr¡mber of dlfferent slryle vlnd. patterns. For contfnuoust obser:yatLons

(for ex"*l''].e by the radio-æteor teehnlque) tr'orrrier analyeis is frequently

usect to separate the data lnto various tLne scales (ntortt, t959; Greenhor¡

ancl Neufeld, i-961; SpJ-zzlehÍno, 1968; Doyl-e, 1968). Obse::rratlons matle

rdth poor tine resol-r¡tion but gooil heiebt resolution (for exæple eontn'nl-

na¡t releases ) are usually cllseussed l-n terus nf the vertlca-l waveJ.ength

of the phenorena (KoehansXl, 196)+; Rosenberg, 1!68; Wootln:m anct Jwtr:s,

1968).

The usua-l eJ.asslfleatlon scheæe iltsttnguishes the follorring coqronents

(f ) the pævalllng rrl.nilo vhich ls nornatly pneaentedl a¡ the eonstant

corponent of the wlnd. but ean al.so lne.Lude varl.atlone .lrith quasi-

perLocls of uan¡r dlrys (uoyfe, 1968).
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(lf ) Gre,r¡i.ta"tLonal enC- them.al tldes, prlnclpally solar in orlgln

end. wíth period.s of 2\ hour, L2 heur, I hour ete.

(iff ) Snaiì-seaJ-e verie.tions, r,rþìsþ produce a eontinuous spectnm

of perÍods verrylng from a fev rninutes to a few bours. ftrese hal¡e

been varLously attribr¡ted. to turbr¡lenee anf intenaal gravlty v'aves.

0beel:vatlons made wltb a radlo-ueteor s¡¡sterÌ ere restrl.cted ln that

onl¡r the lLne-of-sfgþt coryoner:t of the drlft of a ræteor trall- ce¡: be

¡æasured. cllrecûiy. Eorlzontal wlnd. r¡eioelty coryoneats cam only be

obtalnetl by eodbining several line-of-slgþt obsenratlone. The largest

spatfal sealee that eesr be deternlned are llnlted elther by the bes

rrldth of the aerial system used (for sÍng1e statío¡r rsessrJrelleats) or by

statfon geornetry (ff mrfti-statlc'n r4easì.rreñents are naðe). flre lar¡est

tlue scales a$e vlrtua]-ly rnlimited., sinee contLnuow operatÍon 1s

possLble. The mlnlnrm tlne ecale 1s detennlnecl by the tlne requlred to

obtain a æanlngñrl average and thls 1n tr::ra depentls on the eeho rate

(see later 53.2,2). nre s¡qallest distance over whlch ¡rfnd æasurenents

ean be matle 1s deterrcned by the size of the reflectfng æglon (oout

700 m, see Ctrapter l+)*.

As cllscr¡ssecl Ln CIrapter 1 pbotographfc tracklng of coatern{nar:t release

trells ylel-ds atnospberle wLnd proflles -*'tth good height resolr¡tLon. ff

the tine depenclent motlon of fnclivldr¡a.l featur€s on a traLl Ls also

* But eee also the <llseussioat 1n $6.1+



follolreil tåen the horlzontal and vertlea1- eorryonente of the fluctuatlng

rrlndt can be dlete¡mf.ne¿ (Jr¡str¡s , L966). The maxlmr.¡m teuporaL utl. spetf aI

se&les a¡e tteter¡lnetl by the tluration (tO to 15 niar¡tes) an¿ phyeteal

ilLnenslons of the cont¡r'rlnant elouê (t¡rpfeaffy rc kn). The ¡dni¡aun scales

a¡e dþterulnett by the tlne lnternal between suceeeefæ photogre¡ihg antl the

nesolvlng porer of the optteal s¡rstens usecl.

lßeasureuents of the grorrÈh rate of contarrlnant release trails eaa aleo

yielrt r¡seftrl lnfo¡øation úout s'nall-ees.1e str:ueture of the atuoephere

(gtæont and cþ Jager, L96L; Blamæt , L963; Justus , 1:967e1' Bees et al.,

19T0). Slnf.Iarly tbe rate of dtff\¡slon of photographl.e æteor tralls ean

a.lso be r¡sedt to fnfer pa.rametere of the emall-scale stnretu¡e (UfU-nan,

Le59).

I{ttb t"he exper{.nental technlqÌ¡Els curr€ntly avaflable tåe <leterulnatlou

of smalþecale structr¡¡e ln the nesosphere aacl l.otrer themsphere has been

ltnltett to obselratlons of the fmegular coqponeat of the rrlntt f[e].dL anct tbe

tlffftrsion rate of eontælnaat r¡elease tralls. Otb.er neteorologlcal pars-

meters such as teryerature aæ not yet evafl-ùIe v-lth suffleient resolutlon.

lll¡e olserratLons presently avallúle a¡e tliEar¡seed 1n the followLng

sections. fnteryretatlon of these observatlons wlIL be atteuptecl ln the

flnal- sectLon, f.n whlctr a posslble nottel for the enall scales rlIL be lntro-

ducetl.
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5.¿ R.ADIO-I.E"IE:OR ¡æÂSUrE'lvElfTS

3.2.L Heaeïremente of 1¡Iind. Shear

ÞIlren raåio refleetlons from ¿neteor tralls vere flrst detectedL

it lras fould. that the eehoes fron long endr:rlng tralls edrlbited. large

¡mFlltude fluctuetlong. Gree¡ho¡ (f:g¡Zo) ana Manning (]:g=g ) , amongst

otbers, have satisfaetorlty ex¡rlained thls faaüng !.n te:ms of Lnterferenee

betç'een'ï'aves reflected. f¡om tr¡o or nore refleetLon polnts" [l:ese e:rùra

refleetlon pof.nts oecur on a neteor trall due to the cllstorÈfng effeets

of a wlnd. shear. By eoru¡rarfng the obsenre¿l fading retes rrtth those

oçected. from varLor¡s model rlnil proflles soæ lnfornatlon on the nature

of the 'rind shear can be founiL. Revah et aJ.., (fg6g) and Phillfps (196l)

have proposed various uo¿lels vhlch shor¡ reasonÈIe agreerent vlth e4perl-

nental obset:vatíons. In partier¡lar Revah and Splzzlehfno (fg6l+), usl.ng

a fors¡ard seatter U*, have decluced. eeasona-l and. height r¡ariatLons Ln

the frequenc.y of occurrence of rrlad. shea¡s (maJrlnu!û. Ln ¡+lnter ar¡¿l nea.r

100 kn). Sfu.ee the actual va]-uee of vlnd. shear dete::mined. fron thls

nethod. depend. on the par[icular nodel chosen, quantitatLve neasureuents

may be unreliable.

Tiie vfnd. sheâr ean be deterrnlned. more ilireetly by æaeurlng

the rate of chalrge ln the Ðoppler freqr.rency as the reflection pol.nt noveg

along tbe ueteor trall (see Sh.3.2 for ctetalls of the reflectLon process).

flr1s teehnlque 1s mst ueefirl fon smal-l- cllsplaeeænts along the trafl

(]-ess tha¡r 1kn). ¡li¿ter (1968)n using the Sheffl.e].cl. radlo-neteor systen,

hae deterglned root lpan squsre racllal veloeity clffferences for speelfie
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values of refleetlon point separetl-on, Flgure 3.1 s?r_cc¡s the resdt of

sueh an analysls over a perlotL of h.5 hor:rs. The vincl shear is sltg,tt'!3'

no¡r-rlnear sinee the slope of the best flt stralgyrt tlne Ls 0.9. Mälter

Ìras furbher a:rguedl that the Doppler frequene¡¡ r.r111 deerease s.l.th tlne if
the neteor trall i.s movrgd by a 

"rlncl 
wLth non*linear shear. Eo*¡evsr erÞn

¡rlth a lLnear wfnd. proflle the Doppler frequeney easr Lnerease or deerease

rdth tlne depenàing cct vhether the trafl is novlng tcnra¡ds o:r away f1om

the reeeiving station (Boper" L966\. T'hus sone of the resr:lts presented

by Mü-LLer ¡rust be vi.e'red. r,¡ith cautlon.

Mtrlti-statLon observetLons, uhleh enable siu¡ltaneor¡s

rlee,su?ements of Ll.ne-of-sigbt tÉna veloelties at tl¡o o? lloæ poLnts along

a neteor traLl, har¡e been mede by Gæenhon and. lfeufeJ.cl (lg:gb) ana Ro¡rer

(1966). !e the orlentatLon of the trafl eaa be for:nd. f¡on the time of

eorl'nenceænt of the eehoes at each refleetl-on polnt (see $6.2 fot cletatle),

bo+å hord.zonta-l- aÐrL \rertlcet H"lnd. ghears ean be Íeasu¡ed. Data fs generall]

presentetl in the form of eorreletion functlons or stnretræe funetlolrs (s.e

deflned- ta 82.2).

Greenhow end. Eeufeld. r¡secl two atlðltiona1 reeelving statLons

r^rlth the Joilrell Ba¡rk rad.lo-meteor strstem aad were ab].e to measure tbe

Ilne-of-sight eolçonent of the lrlnct at th.r€e pof.nts on a ueteor tralI.

Ftgure 3.2 shovs the eorrelatlon f\¡netions obtelnedl for separatLons

measured both along the tratl enct ln heÍght. Íhe beharriour of the spatial

separatlon eurre ln f'lgure 3.2(a) ean be e:rplalned. if the fatl_ off in
eorrelatlon .lrlth horizontal separatS.on l-s less repld then wfth vertleat
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sepa.ratlon. Greenhor and l{eufeld. ùettueed. that the lrrep¡rlarltles beLng

æa,snrect had a verbfeal e:rtent of 6 ke and. a horlzontal edent of the

or¿ler of 100 - 200 kn.

Ïn an earll"er survey r.sl-th the Adelalcle radlo-¡oeteor system,

Roper (fg6Z) o-btalnetl neasur€nents of the vlnd eÈ +,hree ::efleetloa points

along a tralI rÐ to a na.:dmr¡n separatfon of 3"5 kn. Etgr¡re 3.3 a¡ld

Itgure 3.1+ shor strtretu¡e fi¡rctl.ons for helght ctiffereneee a¡ril for clLetanees

rneasured aì-ong the trall for 169 reteors t:eeo"ded !-n l{e¡r 1961. T}re t¡ro

best flt stralght lines to thls clata hsvrs dll.fferent slopes 1nèl.eatfng a

posslble anisotropy. Tlrere 1s no slgnlfleant deparbure from a l-l-near

trend in these log-l-og pl-ots ìæ to the tlnft of neasr:renent and. henee it

1s lnter€st!.ng to ertrapolate the best flt straLght 1lnes to the obserr¡ed

!!ean squsre æ1-oelty fluctuailon for aJ.l the d.ata. Thfs proeettu¡e gfi¡es

I kn as an estlnate of the vrertleal seale of the lrregîrlad.tles and. 150 1.-!t

for the horlzontal seal-e. An extærne extrapolatlon sueh as thls must

obvlor:sly be vLe¡¡ed. vlth eer¡tlon but lt is fnte:=stlag to note that the

vah¡es so obtalned. a,ne not Ln disagreeuent .rrlth other tnctependent obeerva-

tLons (Greenhov and Neufeld., 1960; Jr:stus and. Roper, 1968).

3.2.2 Gross Ranclon Eluetuatfons

One q-ulte slrçle obsenration that ean be nacùs with a slngle

statlon radllo'neteor s;rstem Ls to investlgate fluetuatl.ons l-n the wfnrt

over ælatfve1y smal]- tfune lntervals (l - fO ¡nfns) and in a relatfvely

small- voluqe. Greenhov a¡rd. I[eufekl (fg6O) an,å. Zadoriua et EJ.., (196T)

have subtracùecl the prevafling anct 2l+ and l2 hour nerlod.Lc eorçonents from
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the r¡lntt neasu¡:ed et tlues of hlgþ neteor rate. Stetlstieelly re1:[able

eetl.matee of the tlme eonstants of the residlual r¡fn<l were obtatnedL by

averagLng the results ovEr sevìeral recordLng l-ntelsals of l+8 h,or¡re ilr¡ra-

tfon. The tlæ conetants forrntl are about l-00 Din ç'ttlr a r.m.a. veloelty

fluctuatlon of abor¡t 2J m/eec so thet scales of 100 kltr - 200 ttm eaa be

cledlueed. rt 1s useful to plot the auto-correlatLon fimetlous (e) in the

fo¡rn 1- g aa suggestetl by Elford aadt Roper (rggZ)n plg¡ure 3.5 shorg the

rresuLte of Greerihor and l{eufeld.,anct Zaclorlna et al., plotteil ln thLs fom.

fhe tno sets of reaultg aæ fn erËrenely gooct agneenent rùlch lteelf ls

aurpr{.afng for a geophysleal neasu¡enent. Ehe ro].rme of space over vtrlch

the wlutl @âsuret*nts rrere n¿tle ras tleterrlnetl by the bean-rrldtth of the

aerlal ancl çae elmtlar for both obeerre!ìB (lO t¡a to lFO kn along the

ho*tzætat and 20 km vertLcally).

Zad.orlna et a1., perforect a fr¡rther experf.nent to measure

the rlntl fa a uueh sma'ller tolr¡oe (l+ tn 1n hefght anct 12 kn along the

horlzontal) by seleetlng e tfæ vhen the echo plaae of the Ursldt shorrer

nas¡ perpenillcrrlar to the ilLrectlon of the preveltlag rrlndl. IIhe resulte

of thls fi¡rther experlænt eæ also ghorrn oa trìtgure J.J, the tlæ eonstaat

deducedl f¡on thls curre ls 15 nln rtth a comeaBondlug horlzoatal eeale

of 20 km. At the spn tlue daçta obtalueil uaf.ng the fi¡Il aerlal beap-

vidth gave a tlæ eonetant near the 100 nLn value forrntl. prevlously. These

resuLts can be i¡adlerstooit lf a rrhole range of scales l"e assrætt to ed.st

at tbls heigbt. fben those scales of the order of the dLnenslons of the

Eeñtìllng voh¡ne vlll clete¡¡dne the shape of the ar¡to-eor¡elatlon fi¡netfon.
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Tt is a¡perent that sor:qe of the eonel-'¡sions 'ì¡a-.,a. fro¡t thís type of

obse:¡¡ation mrrst be vi.eired r¡ith eaubion.

Rer¡-ah (tg6ç), uslng the radLo--rreteor systeu. at Gerehy has

'been able to determlne the zona,L wlnd. eoryonent vLth an aversge height

resoh¡tl.on of t 2 icn antt a.n e,'\rerage terryoral resolutlon of 10 nríES ¡

prowided that the meteor rate ie sufficlent.* i'lhen these resuf-ts are

presented. 1n the fonn of eontour ôiagra.ns s.s 1n Plgure 3.6 tTtere is

strong evldence of a d.omlnant eemi-clirrraal tide r¡ith do'¡rnvard- phase pro-

gression. Ðr:ríng the tLme lnten¡el encoIrpassed by Flgure 3.6 ttre neteor

rate varled f::oru ?5 neteors/hour to 18 ¡oeteors/hoÌrr so that the apparent

veriation ln smnll sea.]-e struetu¡re in the ùiagren is rnost probably åue

to thls variation in rate.

The anera€çe auto-coryelation Íìrnetion for:nd by Revdr for a

nean beigþt of 103 km for Deeember ag65 is shovnr in Fteulre 3.T. lbe

fvçortance of the se!ûi-ðÍu:rre.l tLde is obli.ous frorn inspection of H.guæ

S.7(a). If the seul-rllurneJ- eouponent is ¡enovrsd. from the d.ata anct the

auto-correlation fimctlon neeonputed. then the resr:lts shown l-n llgure

3.?(b) are ol:tained. I'hís tatter dÍagran indlcatee the presence of a

per{.odlc eorçonent x'ith a verbical. wavelength of 23 km, a irerfocl. of 2 hours

and. a do¡¡nward. phese progression of 10 k-¡r/hor¡r. fnis couponent is eieiJ.ar

to tbat for¡nd by Greenhow and lfer¡felrt (fg:p¡) ana Roper (lç66\.

*Àt least üro neteors at each helgþt within a 10 nin. tlme lnte¡val.
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As a resr:lt of a, po¡¡er epeetn:m analysis of the Garehy d.ata

Revah (i 6g) *tn¿s evLdenee for other perJ.oilf c corçonents ¡rhieh he

attr{.butes tc Lnternal gravity waves progagatlng through the region.

Hor,revar the eonponents forrncl al-l- have frequeneJ.es elose to hernonl-cs of

the d.lurrral- t1¿le, vertleal wavelengths of l+ to l-5 kn and renain phase

eoherent for abor¡t two ilays. * lhese factg eugg,est that the çaves for¡rd.

are p:robably generateð. in sltu dr:e to non-linear effesbs Ln the d.fu¡ral

tlcte (Llndzen, 1968). Splzztehlno (].g6g) tras sug.gested en alternatLve

errolanatLon ln terrns of lnteraetLon bet'reen the dl.urnal tid.e anC. lntenal-

gravlt¡.r vaves.

3.3 O3-qEP,ÏATIO}IS OF CONTA}frNAJIT BTI,EASE T3¿]LS

At least t¡¡o sf¡nrltaneous photographs from separate sites çith

accrrrately kno'rn positions are required" to loeate the posltions of a

eoata¡¡inant release feature in space. fþpical eq)osì¡re tiues used. a¡re

one to ten seconds. Absolute aecuraeies of 0.L to C"3 kxû at -1-13 kn are

claÍred, vhile rel.atfve ueasr¡rements lnvol-vlng the separation of t',¡o polnts

in a trail nay be made with htgher preclslon. The largest souree of

error in positiou ís usually dr:e to a fhrctuating badcground. intenslty

whleh ma}ee the climenslons of the c].outi uneertain.

*the ciata vas collected and ana.lysetl in groups of tro or three days.
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3.3.1 Stnretr¡re fnferretl fron TflncL Measu¡enents

The rcet obvloue featureE fn a photogratrih of a eoat¡rnl¡s¡t

ælease trall are a tery lrneeular or rougþ q)pearanc€ belov about 110 kn

and, a relatLvely srcoth trall at hlgþer a-ltltut!.e4. Ilre rrlncl proflles

obtalnett by photogrqrhle traekf.ng of a ælease shor frregular varlations

belor AtO krÂ v:[th a ttonlnating ¡¿¡çlrrllFl rrinil speeil bet*reen 100 kln ancl 120

kn. fhe clLecrrsslon Ln thle seetlon Lg cent¡¡etl arounil the varlatLone Ín

the notlon of the eloutl, the foll-otÉng sectf.on 1s maln1y conee¡metl rlth

the tleveLoSruent aad elorrth of the {t¿tÊ ltself.

llhe r:esolublon f.n most photographs of eont.mlnant release

tralle ie euch that the enåLleet ttbntlfLable feeûure on the tra.tl hae e

seale of the order of 500 net:ree. T'lî.e wlnd proflles obtainetl rith thfe

1æ resolì¡tlon photogrqphy are r¡sually consLdleretl to be <hre to the Eupelr-

posltlon of three t¡reo of notlon; a prevafllng rlndl, tLcla.l rrl.ntl eor

ponents andl a resithral eoqgment rbtch fnclutùes lnternal gravtty çaves andl

tr¡rbulence. Beeause of the llmttett tfne æsolutlon avallable dlue to the

relatlvely short tturatfon of the tratl (fO - 20 r¡lne) theae thr¡ee cm-

ponente eannot usually be eeparatedl. Hovever by averagl.ng a large numtber

of sueh ¡rlncl proflles, a ntmiber of authore havre lnvestigatetl the statl-
gtlcal propertlea of thece three eou¡ronente [fo.n.o"tt (fg6l+), general;

Roaenberg a¡rdl. Juetus (tg66), tltles; Roeenbere (r968a), prevelllng anrt

tliþe; Rosenberg (f968U), realilual; TÍooclnm anil Jr¡stus (fq68a), ticles;

Iloorln¡m ancl Jr¡stua (fge8b), residual]. fn generel these stuctles shor that

the averege value of the dlonlnant vertleal rarælength ls 20 km. tlhe
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profllee also describe a circula¡ hellx progressing cloeicwlse rrith

Lnereasíng helght (for the i{orthern hemisphere). Tliese facts are con-

sÍstent rith the diurnal (f ,f) roode of the therse-l atnospherie tÍde

(Lindzen, A96T). lhe r.n.s. lrregr.:Iar wind. for¡rd. ls about !0 n/sec rrltb

the r.m.s. r,rincl shear ln the range 0.OOl- - 0.02 
"""-1 vith na¡d.na betrreen

100 aad. 110 Þ,:n.

A fev r¡orkers have carrieC. out hlgþ resolutlon (eea-les

> 6 netres ) stuitles of trail-s ead. have ghonn that conslderable cþtaile<l

lnfo::zratíon can be obtalned. on the nature of the lrregular component in

tbe wlnct proflJ.es. Btamoûb(fq6¡) has coryuÈed. stn¡ctr¡re fi¡nctLons for

the rlnds æasu¡ed orer v€rxr sna.l]- heigþt renges; Etgure 3.8 shorre the

struetu¡e fì¡nctlon coryutecl for a soallum cloucl at 95 kn. A naxlnr¡m

qppeers for a separatlon arouncl l- kn. In contrast the st::trctr¡¡e frmctlons

coryutecl fton lorr resolutlon stucHes are r¡neb1e to cllstingulsh aEJr

featu¡es at separatlons of the ord.er of 1 kn ancl generzlly have uaxlma at

vartleal eeparetion of 6 to I tn. Bla¡ront hes suggestecl that the notl-on

in the sna.lL sea^le reglon (of the ordler of 1 kn) ls due to lsotroplc

tu:rbr¡lenee rrlth the larger scale (of the ortler of 10 t¡n) r,rLna shear.s

belng a posslble enerfg¡ souree.

tr\¡rther hlgþ resolutf on stuctLes by Blaænt anct Barat (f96?), a

(1968) inclieate that at the transltlon reglon between the rough ancl e¡nooth

1nr-ùfou of the tralJ. near 110 kn a dra¡rge Ín the characÈer of the r¡ind

proflJ-e also oeeurg. These authors conclucle that the rou# natu¡e of the

trall ts tlue to tr¡¡br¡lent pbenoæna. Evien Ln the reglon belorr 110 kn
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tntlfvlilual tr"alls eoretl.¡¡es shorv an abnrpt transitloa fron snooth to

lrregular (tn¡tr¡]-ent) norr at several hetebte (ntanont antl Barat, ]]967;

8ees,1968).

Ánother nethorl of stu{yfng tbe small ecale etnrctuæ Ln a

se¡lnm{¿st ¡¡elease cloudt has been itevelope<l by Justus (tg66). By tracklng

lncllviitual featuree wlthln a cloudl or traLl he has tletertúnedL lrregu]-ar

rrlnrls rlth a reaolutLon of the ordler of l+OO metres.f lltreee lrzregrúar

rrlnds ean be attr{butett to turbulenee becar¡se the gtmqlure fi¡retlons

eoryutett fton then have the form expecteil. ñorn turtr¡lence theory (see

s2.2. 3) .

3.3.2 Dlffi¡glon Measureænts

In prlnclple the rÞasunenent of the grorrüh rate of E sor¡t¡nr¡f -
nant release cl.ouil or trafl ls slqlle antl ahor¡ld J-ead dlreetJ¡ to a

neaaure of the paræeters vhlch clesc¡"l.be tbe dllffiral.rc Brocess. Horrever

ln practlee a varlable backetrormcl lllrnfnatLon, pa.r:tteularly for erçerL¡nents

perforætl at trrtltgþt, ænns that coneiilerable eare Ln æaau¡erent is

reqnlred. lf a rcl:lab3.e eetfuate of the ef.ze of a globule or rlf.¡'neter of a

trall le to be nede. tr\¡rther lf the eloutl fs optlcally thlek o pa.rÉLcular

ca¡e ¡m¡st be taken 1n cügcltllng the posltlon of the ectgee.

One æthocl of ap¡roachlng this ittfflcr:lty Ls to n*e earefi¡l

dbnsitonetrLe neasurenente of the elouil. It fs then posslble to ileterrlne

a par¡nreter sueh as the Gar¡sel.aD half-vt¿lth (or the effective radl.us) of

tFeatures lese than 200 metres f.n size eonjld not he resohtdl.
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the trall vhf eh eert be ugecl as a rea,sìü'e of the size of the clouct (Lfoya

and Slreppardt, 1966t Gol-odb end l{aeleod-, 1966). An exaræIe of the -r¡a¡ta-

tlon of the effeetive raclius of a [IfA trail with tine after relea-çe 1s

shol¡ri in Elgr:re 3.9, these neesureilrents were made f:rom plates taken ç-ith

a Baker-l{r¡n¡r csmera rrlth ex¡losu¡es of 0-2 see a¡rd. a frarne rate of l per

second. l{easr¡reænts of effeetive radLr.¡s vere only rnad.e r4r to a tLre of

55 seconds afber reJ-ease sLnce the ehaotic nature of the trall after thLs

tiæ nade it iø¡rosstbl-e to cletemine a meanl-ngfiù estllûate of the effee-

tine rad.ir¡s (nees et al-., 1-9?0). Ttre a¡roms-lor¡s htgh gro\rth rate up to

I seeondg afber release ca¡r be regardeil e,s the ælease phase 1n vhich the

behavlo-rr 1s ctefinlte\y non-a¡TbLent. T'be gro$rth rate betveen B a¡rd. 32

eeconda after release could be ilue to ¡noleeuLar ttlffuslon but the

lnaeeuraeies Ln the deter¡dnatfon of the effectfve racliü.s Þrevent a

rellable estinate of diffr¡slon eoeffllefe¿t being uade. At 33 seeonds the

trail has begi:n to break r¡Il sual eroçth proceeds * ".t 
. t3 untll the

maxi¡n¡n observing tlne of 55 seconds; Ttris fom of tbe grow-th curve is

ex¡rected. for dlffi¡slon in aa lnertíal subra¡oge of a ti,¡rbuLent fielcl.

Other cleasitonetrie obsewations of the grorth rate of tralls

at altitud.es belor¡ 110 klr alrd up to L00 seeonds after release shoï that

Ians of tr¡rbr¡lent d1ffl¡.sion a,::e usueJ-ly fo]-].owetl (¡la¡nont and Ba¡at, L96T

and 1968; Golonb encl t{aeleod, 1966; Rees et al., 19T0). In ad.ditlon,

other obsen¡atfons of the grorth rate of tralls or gJ-obulee based oa the

observable dl¡rrpter of the trall (u.e. Justus, L966) tn¿lcate thet the

lsrs of turbulent dLffuslon a¡e sti]-l obeyeå for t1res mueh gneater thæ
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100 seeonds after release. Ilorrever ctetaiJ-ecl lnter¡rretetion of these latter

resufts are stlll ln cloutt (Zfume:nnan" 1968). Reeent measur€aents of the

variatlon of lnterglobrrler dlsta¡rees with tlæ (Justue, A969) ean al-so be

lnter¡lreted. Ln te:ss of turbulent illflñrelon r'lth sone tlegnee of sueeees.

Above about 120 kn the obserr¡ecl g¡rorth rates ean be satfe-

faetortly e:c,ola!.ned ttsLng moleeu.Lar tlffñ:slon. Although a trafl usually

eppeare smooth above 110 lnn the grorth rates sf, q.'l'l heighte up to 120 krn

are generally greater than woulcl be e:çeeteil for noleeular df *fuslon alone.

Belov 110 k¡n the oÞserrctL groÌrth rates are almost lnvarlably g:reater than

vould be e:çeetetl for ¡roÌeeular clLffuslon alone ancl cen more neadily be

ex¡rlalned. rrsing the lel¡s of turbr¡lent d-lflFr¡slon. (Hanrtng et al ,, L96I;

In eontrast to the tllseuseloa above and. to the eonelueLons

of other r¡or{cers ln the fLe1-<l, Manrlng andl Betlfnger (f968) and. Lqyzer and

Bedlnger (1rg6g) clat¡l that the lrreg¡rlar qlpeaira¡lce aucL raplil. ex¡lansLon

of contauLnant release tralls 1s entirely tlue to the pa^ssa€e of the

Iauneh vehlcle together wtth ehenlcal heating of, the release materlal by

soæ unspecLfleil exothe:mle reactl,on. Ttrf.s conelwfon fs basetl nalnly on

thelr obsenratlons of the dfffer€nse 1n appearanee betveen a trall forrecl

by the reslilual ched.ea.ls on the dovn-leg of a roeket ftlgþt anct that

fortecÌ on the up-leg fmm the same nochet. Hovever other ex¡lerLnenters

uslng a numbe¡ of dffferent chetd.eals and. nelease ræehanls¡ns, antl wlth

varJous photographi.e s.vstezrs o'bserving both up-trafls and d.or,m-tra11e

do not st4lpor* these eIal¡ns "
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Ás lndLeateil ln Chapter ff vertlee-l ¡'ntLon in the atmosphere ean be

affeeted by buoyancy forees. In the lover the:nnosphere ntreæ the mea¡r

tempereture increasee rdth helght, the ærtLeaL notLon of a pareel of alr

ls tnhlblted. an<t hence any f.rregular notlon shou-ld. have a I-l¡atted. vertlea^l

extent.

Stnrctr¡re functlons coryutett for the heteþt range 8O to 100 km fron

rrlncl proflles tleterd.necl by the contnnlnarrt release teehnf.o-ue e.'ll shoç

sL3lÌar behavlo¡:r; for height dfffereneee betrreen 1 and. I lco the stnrctu¡e

fì¡netlons have the form of a poî¡er lerr rrlth aD. exponent of ebout 1.h. A

naxln¡¡n value for the strueture firnctLon usua[y occurs nesr a vertLcal

separatf.on of 6 kn. Beear¡se of the lnhlblting effect of buoyaney foreee

at these altltuctes 1t ls unreallstlc to propose that vertLcal structule

¡rlth seales of thís orcl¡er (a few kilonetre") t" due to tr:rbulence. Rather

these seales are probabl-y the souree of ener6ry' for sns,ller scales. Cate

shoultL be exereisetl ln draving sry coneluslons fron the value of the

e:rponent (f.U¡ in the po\iler lav for the stnrcùr¡re fr¡netlon. It is lnterest-

lng to note that a proflle coasfsting of a single sl.nusol.dal. rrave voultl

glve slnilar charaeter{.stles to the obserrred. stmctr¡re finctLoas, Ln

par.tlcr:lar a pover 1æ¡ rrarLatlon wlth exponent 2 antl a maxLm¡m clet'e:mlnedl

by the vertleal warreLength. The obsenratLons of Greenhov andl äeufeld.

(fç:Et) and Roper (fgee ) of r¡ertLcal struetr:re wlng the redLo-meteor

technlque are conslsteat rdth the eonelusion that ærtlcal seales of the

orcter of the geale helgÞt are clue to soæ form of otseml-organleeð" rrincl

fLeÌtl sueh es lntemal gravlty rral¡es or a non-lfnear tldãI reglne.
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Vertícal scales less thsn one kilonetre appear to -0e part of a

èÍffereat ty¡ie of notlon (gte¡¡ont, i963 and Blasront e¡rd de Jager, 1961).

It 1s feeslìle that buoyurcy forces couJ.d. can¡se stratifieatlon into

J-aye:rs rrltb a thLcleness of the ord.er of one kllouetre (vertlcal ¡aotl-on

being possible withln the layers). [bis eoneept ls eonsistent çith

obsenratlons of grenade glorr elouds by Rofe (]-}6]-) and Rees (]:ç69) ¡¿"fcU

show that uotlon is confined. to layers varXrf"ng ín thielcness from 500

netres at 90 km to 2 km at 1l-0 k!x. lviotfon t¡"lthin these layers is

apparently turbr¡l-ent in natr:re since the dlffusion rate is eorrpatible vfth

tb.Ls h¡rothesls.

Strlcture fr¡¡etions eorryuted. for horLzontal separatious folJ.or tbe

pover larr

o(E) * E2l3

at least Up to separatfone of a ferr kllonetres. Íhls ægult has been

for:ncl by the radlo-neteor nethodt (Roper, L966) for sepa,ratlons r4r to 3.5

ku ancl by Justus (1:g6ll uslng che¡nlcal elourls. Evlctence that thfs ler ls

oteyecl at sueh larger horlzontaL separatl.ons le provltteiL by the t¡eatnent

of El:forct anð Roper (1-:úll of the auto-eornelatLon f¡¡nctloa of Greenhov

antl fi'eufeld (1960). ffolrerrer thle evlctence m¡et be regarcted vtth regerra-

tLon 1n vie!. of the tlLeeueeLon on the rna:d.lur¡n obserreble seÀle ln 93.2.2.

Observations of tro slÍn"l taneous raIÞr¡r tralls separatecl by large horl.-

zontal clfstaaces (..e. Juetus anrl Roper, 1968) aÌso fnttfcate that la¡ge

seal-e borizontal etructr¡re can exist. It eppe&re Ln general that the



53.

horlzontal notl-on 'rith seales ut) to nany tens of kllonetres 1s ebarac-

terlstle of an inerAial turbulent regfme enen thougþ buoyaney effeets

severely restriet rcrbical uotion.

The diffr:sion rate of grenad.e glow cloucls encl chemlcal trails is

generally much g:reater than nolecrilar dlffr¡slon up to helghts of 120 ìrm.

nhis htgb ùiffuslo¿ rate is considerett to be due to turbr¡leat diff\rslon

1a a,a ineztj.al subrange, althougþ as intlLcated in Table 3.1 sone d.iff,l-

eulties sttü remaln 1n tbe lnterpretation of the early tiæ behavlour

of a contam{p66t release.

A posslble uodel of the lrregular struetrrre in the nesosphere anû

lorrer the:mosphere Ls a turbr¡jlent cllssipatlon æehanLsm lnvolvlng a hori-

zontal, inertia.l cascade of enerry thrcugÞ highly aaisotropLe eddlLes.

Such a form of turbulence moy be sf¡lllar to the t¡¡o-clinenslonal tu¡bulenee

d.iseussedl by Kralchnan (11967) for eondltlons when the forelng fi:actlon Ls

of Llmtted sBectral çtdth. Turbulent lryers may be ðue to fnstabilltles

fn the tlrdal rtnd fleld, (lfnazen, 1968) or to srperadiabatic eoniHtLons

ln gravitf \{ave, propagation (nodges, 196?).

The apparent ceseation of t'rrrbuJ.ence at the "turbopauee" at heights

of 105 kn to 110 h, is most probably clue to the nery rapid laerease ln the

t!.me conetant of the Kolnogorov ¡olcroscale at thts level (Bees et al.,

L97Al. The effLeiency of ooleerrtar transport lncreases rapÍ.åIy above LLO

kn and near 120 k¡r the contr{bution by tr¡:ùr:lenee ls insLgnifleant even

though the absol-ute value of turbr¡lent diffr¡s1on na¡r be as large as the

vali¡s at the turbopause.
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Ä1J- a-oparent 1:ree1ularities in the spa.tial and teryora.l stnretu¡e of

the .lrlntl flelcL are not clue to turbuleaee. High order modes of the tldlat

rrlncl fi.e]tl (LÍndzen. 196T) a,nd interrraì- gravtty ]r'{tves (Utnes, 1960) also

eontrÍbute to the lrregular stnreËure. ïIonever " as pointed. ou-t ín frapter

IT, tbere is no teehnique nfrleh een unlquel;r indentify the various contrL-

butions to the irregular motLon. The moet nronising line of lnvestÍ.gatf.on

appears to be in observa+-ions of e oassire seala?. 'l{aves are not capable

of transporblng a passlvrs sea-ler whereas turbulenee ís an extr"erreJ¡

efflei-ent nethod. of tra¡rsoort.

T,ihlJ.e a turbr¡lent dtlssipatLon r¡eehanlsm wtll be the ultlnate slnk

for mueh of the rrave ener€l'Ln the mesosnhere end lower ther:nosp.here, the

transLtlon betneen turbulent beheviour a¡rd wave-Iik-e behaviour is not

clletlnct. Enerry een flow between the trro ty¡les of motLon by non-l1near

effeets; turùulenee e€ut gr.ow at the e:<oense of the enelgy fn waves by

wave-breahing phenouena whtle sone turbulent ene"Kf ean be trensfol=red.

lnto çaves Ln etrattfted. regfon. Stewa¡t (fp6g) a¡rd Brethedon (tç6.9)

have recently cliseussed. nar¡y interestLng ideas eoneerned rrlth the posslble

ciisttnetlon bet$een turbr¡lenee and. waves in etratiflecL f]-r:ltls ar¡d. vhich

mE¡ be appllcable to eone of the obsersrations Ln the loner the:mosphere.



56.

CEAPTEE IV

rEE REFT,EETIOT T{AVES

FRO}I II{EITIEOR TRATI*S

b.1 rr{TnoDucrroil

In ordl¡r to a¡rpæciate the r¡eefulaese æd. ltnltatløs of æt€or tratls

aa senaora of etrcapheric notlø, a brlef outllne of the foruatlon of tbe

tratl aadl of tJre reflectim prooesB lc reqrd.redl. Bre dieer¡sslon p:resenteil

fn tå1a elapter ls e Eoæïbat oversf.rçIlfleil vlerr of tratl fo¡mntloa andl

ra,illo rane ¡eflcetlon proeesset baseil on thc eJ.aesLeal physlcal theory of

ætcorg (Ucffnfey, L96tl. fn tåe llgþt of nev observatlona.l ilata the

ela.eslcal theorly has becn questimed. ftrrlng the past ferr yeam, hoveter

this thcory fr adequate for a cllseuEeLo[ o? neteor tral.la as Íln¿l sensorìs.

A sr:una,ry of the plxreestes of fo¡m¿tlon ud (leery of the neteor trall ls

gÉren 1n 5l+.2. A noæ ttetelled. pæsentatlon fc 4vea by MeKfnley (1961).

In aay real ca¡e thc dHgtr{butlæ of LonLsetlon alrdl J.lght almg the

reteor trafl is not rnifom but Ínereaaes es the æteo¡¡oitl (bseentls througþ

thc atnospherre nachlng a DsJd.mn nea¡ the entl of the llfc of the rcteoroLrl.

Fr¡:thcruor¡c the ætcoroLtl nry fr¡gnênt æil pædluee dlfscontlnuÍtfee 1n tbc

lfiht mdl fonleatlø proflles. llbcse effects aæ aot o¡ nrJor luportanee

la the iletcrd.natlø of thc veloeity of the fncod.ag æteorcltl anil the

locatlon of the potat of closest e¡pæach.
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\.2 IEE TORI{AEIOII AtrD DECAY OF Tffi TRAIL

Äs e æteo¡ofdl enters the ea¡Éhts atnoapheæ eolllsfone rrlth air

rcleer¡les rüEerease ltE fo¡rra¡d rcrcntt¡u. The eoillfgfon prûccsses prccluce

heatfn8 of thc æteorof.tl andl rben the tcuperatr¡rc la ralseil eufffefent\y

atons of the æteoroltl ase vqrourlsed fïon thc su"frce of the pa.nent boff.

It|he ablatedl atoæ nore rlth tbe rrcloelty of tbe ætcorplil antt bencc herÈ

kfnctLc cnergles ranging frron a ferr tene to gonc huadl¡ecls of elect¡on

volta. Ibese energfeg are large eo4raætL rttb tåe f.onfeatlon poteatlale of

the ætcor ædl alr etoæ aad ¡ubeeqneat coll-llsfo!¡ betneen the t¡ro prodluee

a eelf-hnlnor¡s lonLsed. co1rm nhoee lnttfal dlLaæter fe ùout 1 net¡e at

a hetgþt of 100 km.

ltlhe. deeqr of the lmigeô tral1 1s ù¡e to e conbfnatlon of illffurlon,

recoôinetlm anrl ¿ttachnent. In uoet cases aùlpolar tllffre1on ls the

noat fryortæt fector. lhe dturatlon of thc raÄl.o ceho depcn<ls ø the vale-

leugth of the lacldþnt ratU.Etlon as vell. as the æcha¡Íau of dlseipatlon of

thc lonlsatíon.

For the Ailelaldte Ratllo l,bteor Systcu the nlnlm¡m detectùle neteor has

a llne ibnslty of thc oribr of 10P electrons/ætra and nost echos obserteil

ln the preeent suffey hate th¡¡etfons of le¡s thæ e geeond..

¡+.3 SCAEllffiItrG OF RÁDIO I{ÀVES BY I{EEEOR |[R[ITJS

A nnúer of rorl¡ere bavr treated the prrËleu of railfo reflectfon by

lonlgeil neteor tralle (Ecrlofgon (fg:f); Kaleer andl Cloes (tg¡Zli

Eshle ¡n (].:gS¡l; IcbetlLnec andl Sognovs (f968)). Itre ¡reflectlon coeffLclentr
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havrr been dlcdluce<l by for:nal=\y redlrrcLng tìre problcn to æ eqtú.ta-lent elactro-

atatfc sltr¡¡tlon (Kateer ædl Cloeg, L9J2; Iebedtnec and Socnove, 1968).

The nrln pa,raæten ïhlah detemlne the ¡oagnttudle of the rcfleetlon eoef-

fLef.ents are the eleetrca llne dsasity aail the polarlsatlon of the lneliÙrat

IATè.

Coafi¡¡lon bas ed.stetl ln ra,ilLo neteor theory regardlng the phase eoa-

rentløe ueedl by r¡a¡la¡e autbors. If the vatre træenlttctl f¡rom the eerlal

1s vrftten Ln {rhe fon

At Ft lot

the phare egle, 0(. ot), rotatcs fn æ antl-clockrrlae dlæetlon on a phasc-

aqrlltuctre dtfagrau. llhis 1e the cmn eævutfon fn eleetrlcel englneer{ng

but o¡pooite to tbat r¡seat fn æst text-booka on optles (e.g. Born andl lfolf,

196[) *btch rrfte the rsrr ln the fom

A - 1¡-ltlt

anå deflne the pbase egte as Lneneaslag ln the eloeh¡fge ðtneetlon.

Beean¡se Bhase coqrarlsoas are a raJor eæGern ln a CI^I systen 1t ls Ð8t

tuportaut thet a coneistent æthocl of ¡ihase laråaulreænt ls usecl. llhe

electr{.ca.t aaglneerlng conrentlon f.s r¡seal ln the follorlng dlLsouElon.

l+,3.1 Statlonaqr Trall

ConsLiler a neteonoid. traJeetorT as 1n Etglr¡¡c \.1 nùere P

represents the polnt of, clogeEt apprcaeå of the netcoroið to the observlng

slte, O. Let ¡ be tåe tll.stanee ftou the speeu3.ar ¡rclat, P, on the trall
(uaualfy tc¡netl the to ¡¡otnt) to the polnt M, æasunecl potltivcly tn the

a - \ "to,
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dÍrection of motion of the meteoroicl. The ware reeefi¡etl from en elerent

tls of the trall at the point M trar¡els a tota-l d.istance 2R antt its phase

on reception is t* - l+rR/f - Ê vhe:¡e S ls the phase retarctatl@. on reflee-

tionn o 1s the frequencry of the wave and. tr is the vavelength. Thr¡s the

amFJ,ltude of the wave at the necelver cÉun be written as

A*c\l 2p-
cLA" = 

- 

e(s) enp i(t^rb - hnR/r - ß)as \.r
4THo

rrhe:¡e g(s) = refleetion coefficient for the poínt M; g = gain of :rec.eiving

antenna; p = lnput resistanee of the ::eeeÍver; 5 = anpJ_ltucl¡e of the

traasnlttecL wave. ftrus ¡¡tren the ueteoroid has ¡reachecl the poLnt M, (a

ttfstasee s1 aloag the trall) tne anrçHtucte of the slgnal reflLeeted by the

¡oeteor tratl (Kaiser, 1955) ts

\ex6 s1

\ InR2
s e:cp t(ot - ho* - g)*

À

\=rn.rü(c-is)

* = I_:'"iof a*

-oo

\.2

l+.3

wheæ the lower lindt of the integral has been taken as -o sLnce as

s+- or cLA"+9.

^Assr:ring that the reflection coefflcient varles only slowly

a-Long the trail- ln the vleinity of the polnt P and rr.sing the approximatLon

^2R = Ro + 2fr- then ex¡rressioü \.2 ean be ¡¡r'Ltten as
o

¡¡here

. = f--t "o" $ dx )
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\ar62s
Fnx-- ç

:bfnr
o

hçR2 2o

û=ot-T*"-ß.
ff tbe optlce eonrrgntfoa heil becn r¡aeð we rror¡Itl have arr{.vudl,

at tbe ex¡rreselon

A, o F, 
"fÓ(c 

+ rs) b.l+

Illls polnt has not been ucác clear in the past (e.g, McK!-aley (f96f)¡

Kafscr (Lgrr) ) an¿ can 1cad to eoafi¡sf æ ln lntertrrætatlon of æcortts

obtafuctl ln the ca¡e çher¡e a refcæncc efgnal (for exa4ùe a g¡¡ormit rsæ)

Ls corôLned rrlth the sfgaal rreflectcü from thc æteor.

In a 6Y ¡ sten the transd.tter anel æee1tEr a¡ne ueually

separatetl by a short ðlstance D, (D ( n), Just larga enor:€þ to redluee tbe

level of the grountl rrave Þelsrr the overload. polnt of thc reoelvure. Then

there la an s,ðtll.tlonal fteld, F¿ 
"r,p 

1(o¡t - +), preaent at the reeelv{ag

aar{.al. Aildllng the üro fl.elcl vectors aad averag!.ng over one raÀfo-

frequency cycle ve a,¡=lvir at tbe folloring erçresslon for the poner

recefrtð f¡on the trall r4r to the ¡nlnt M¡

pnd =S [tt +sz:l +rf,+zFnF¿ [c coag- s stnf-] \.5

rheæ rÞ . 2¡ [eRo - u] ô f" the phasc ailvancc of the abnrarc rrftb respeet

to thc grouoil vane et thc lnctæt of cJ.o¡cct qlprcach.
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l+.2.2 Tral]- 1n P¡resence of a Wínd-

The discusslon ín 5l+.3.L relies on the assr¡mptioa that al-I

segpents of the trail retain their o:rlgJ-nal positions ín space after fo:ma-

tion, that is the path differenees to eacb segrent of the tralI 1çmsJ¡1

eonstant. KaLser (]-:95,) n"s treateiL the probler where the path clifferenees

varry with tirù: clue to the notion of the tratl. Ln e uLnd..

Ma::È¡rn (rgfE)n Clerrnnon et al. (]:g¡S) ena í(ato (1959) nane

shown that a çfltnilrica-l trregrrlarity of lonlsatl-on (such as a meteor

tral].) rill rcve with the veloeity of the neutral a,lr belorr ]20 kn.

If there ís a line-of-slgþt wind, u, at the speeular reflec-

tl.on polnt then the power receir¡ed frou, the neteor trail ls:

p*rd = vz*lcz + szl + rfi + ár"rulc(v) eos (,p - e)

- s(v) sin (û - e) I n (Kalser, 1955)

where

h.6

h.8

u=u +du/<tx=u *u-oo

ô = 2u.Ro/v .

Et¡e varlable V ls a lleasure of dlstance alcnrg the aetual trall as dl-etlnet

fuom the tlLstance s rreasured. along the r¡nåLsturberl meteorcicl traJeetorl¡

ancl Ls given by

2-ô Y'll t+.f

[he angle 0 Ls a ÍÞasure of the e:rtra phase shf ft f.ntrctlueett by the wlntl

aatl ls gircn by

!=
Inox(r - 6.}l4

2t
e

u2J
ê),

I . (z _ O) O2r¿tz Ro

loo' jr. 6i- - EE=e)n; - 1r - ôl- -
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Ttre variation in pha'se due to the tems containing 0ln (l+.6)

gives rise to a èoppler beat of frequency f = # / 2¡ winlreh can be inter-

preted as due to an apparent rreJ,oelty u of the trail with respect to the

transrnltter-receiver system. fnus

uo(z - o) 
oz..,nzt (Kalser, L955). h.g4(1 - 6)Ro

l{hen there 1s no wlnct shear (6 = O), u = uo anil henee the reeorctett ve1oclty

det
" = ä Ê Ls equal to the aetual line-of-slgþt eolrrponent of the qlncl"

The form of the slppa.l reeeLved fron a rneteor trall in a rrlncl

fl-eltl. rtrlth a ty¡rieal Ìl.ne-of-sight rel-oeity of 50 ¡q/see and a shear cf

20 mlsee/km 1s shown ln Flgrrre h.2 for the ease vhere the sky vave at the

tlne of elosest approach (ttre to polnt ) feaAs the grouncl "¡avre by lOo f .e.

þ = ¡lZ. The rapicl varLatl.on 1n slgnal ]-eve1 befo:re (andl afber) the to

polnt ls usuatly temed the "'w?rlst1e" orrlng to tbe autllble dleseending tone

generated. rrtrea the orrüput of a ¡reeeiver ls eonneeùed. to a loutlspeaker. The

post to vhlstle ls r:sually ctf ffleult to ctetect orlng to the obscuring effeet

of the cloppler vavefo:rn.

ÍLre lrlnct shear ul ean be tletenninetl by æacurLng the veloelties

u1 and. u2 et tlnes t1 and. t2 respectlnrely and. slnce, Ln general, ð{<1 thea

from e:qgresslon h.9 o

\'2= 
uI-u2

- FJt,-¡,f h'ro

Ttrus it appears posslble to cleterd.ne tbe wlnd. shear at a singÌe statÍon

by neasr:rÍng the cloppler tuequency. Müll.er (f968) has useô this technlque

ln a surryey eontlucted. at Shefflelct tluring the I.8,S.T. Howevrer the lnabl-

lfty to cleterntne the orlentation of the trafl ltnits kaowl-etlge of the fom

deu=E L

-=4r 2(1 - ô)
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of the trail shear. rn pa"::ticular shears can only be neasured. oîer a

llmitea dÍstanee along the traiI. Despite these ltnitations usefirl statl.-

stfcal data ean be eollectetl as has been shoçn in 83.2.1.

l+.h gHE Er¡'uctr oF A ÍrtND on rEE MEASIIRts{EI{T OF RELATTVE POSITTOilS OF
t POTNTS A¡TD TEE VEOCTTY OF THE MEIEOROTDo

fn ortler to cletemlne the flLlght path of an Lnconlng neteoroid. r,ulng

a unrÌti-steÈion system, neasurelænts must be ma.cle of the nelocfty of the

inconfng meteorrcl.cl and. the tlnes at vhich the varLous specr:Iar reflection
pol'nts a¡e reechecl. these tines aæ the to polnts for the eehoes reeeivrsd.

at eaeh neeel.vlng slte. For eonnenLenee thrr"f.ng the appearanee of a.n eeho

et any one of these sLtes tfne fs r¡sua'l]y ¡:eferrecl to the to pofnt as

origin.

rn the absenee of a wl.ntt the æteor trall lies aJ-ong the flight path

of the meteor^oid ancl heace the posf.tfons (tn ttrne) of the diffraetion
patterrr ma¡dma antl urlnl¡ca can be relatedl. ctl.rectly to ctlstaace along the

fl1eht path. Ît¡e vreloeity of the neteorofil ean be cleter¡nined from the tLne

of oeer:rrence of the na¡dna a¡rcl nlnina, of the am¡llf.tude fluetuatlons prior
to the to point.

tr'lhen a wlncl nones the oeteor trall after fo:matLon, tbe cliffractlon
2uR

patteno ls cllspracect ln tiue by an a¡eount : o 
- 

(Kalser, Lgrj) (trre
#(e - c)

synbols har¡e the ssfle neaning as in $l+.3.2) e¡ra the tine betrreen the

dlffractlon m¡rlna, a¡ld nlnfrna eo¡1¡€sBontl to an ep3arent veloelty

v- =4 v(2 - o)(r - 6)-% .a
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For a tytrri.cal case (u- ,= + l-O on "".-1 1r:!.-1, v = b0 km sec-l, R- = 200 kn)'o
êifferences of approxiuatelï 5/, in deterninatlon of tbe lnsitioa of to

poiat a¡d. 1Í 1n dete:mlnatÍon of the velocity eân oeeur. l{easu¡enent of the

shear enables eo:sectfons to be uade.

l+.5 sule\ßRT

fn thls ehapter e brlef Lntroôr¡ctl.on has been givea to the proecss of

refleetlon of a radlo rravè f¡¡m a æteor tral].. The tlíser¡sElm has been

blascd fn conslalerlns only thc fom of the ittffractfon elgna]. slnac thl.a

fs the rna{¡ 6þssrratlon¿1 requlrenent of the aysteu.

Beforç tlre æteo¡old te1oefty eaa bc ealculated frou an obaerreô

ilfffraetlon slgna]., a knosletlge of the ¡ihasa of the sþ vare æ].atLve to

the grormil rarre ls requÍredt. t¡l¿tnstøe (fg6O) has ibvelo¡red a tectrnfquc

for thÍs, utllfsing the phase Lnfbrretlon contaLneiÌ in the do¡rpler beat.

llhe¡ the trall 1s firì'þ forætl the aegænt of the tretl. about the

a¡ncrrlar reflesÈlon polnt 1s responslble for mat of tÀe ¡cflccùed porer.

This aegænt ls effectlrely the first hesncl sone anð for thc pærcnt

ayaten Ls of the oÉcr of ?00 uetres 1n lengÊh. fhe ref,Leetlon polgl
a,æ sluply the geoætrleal nidt-¡nlnts of the fl.r¡t Fregnel uone. fq tha

p¡!ìasence of a rrlntl Ehear tbe ruflestlon ¡nlnts r¡111 aleo rcre along the

trall. Tlrese tno effects fqrose a llnlt oa the uLnlu¡n r:seftrl separatlon

of ¡refleetlon polnta.
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C,IIASIER V

rFE .âDELAIDE FÁDTO.METEOR SYSTEM

,.L SYSTE.M DE\TETOPMEFT

Ttre baelc prineiplea on lrtrich the preeent system ls basetl har¡e been

dleserlÞeci by Robertson, L'1¿¿" anit Elford (1953) 1n eonnectlon with the

llrst protot'gre system for neasuring neteor clrifts. Ä. network of renote

recelrring sites was ad.ded. to the systen tn 1959 (Welss and. Elford,, L963;

Roper, ag62z ]il]-sson, 1963) and. thj.s netr-ork has been fu::ther extended.

enit luçrcr¡ed. ln the years L967-1969. At present the systern eonsLsts of

tr¡o trærsmitters (contfnuous war/e and. putee) lnstarred 1n the DeparÈrent

of Physles at Aclelalde, a recefvLng ancl reeordfng statlon at St. Klltta

(e3 tn. nòztb of Acl.eJ.alde) antl four rercte receivLng sLtes each equJ.ppect

wlth a teJ-enetrA llnk to St. Kl1da.

The rad.lo-meteor system ls r¡sed. for the foJ-lorrlng str¡d.l.es:

(f ) Measurenent of the rate of clrifÈ of neteor tralls to deter^mlne

ð1uma.l ancl seasonal varlatlons 1n the notfon of the 'atuosnhere

betveen 75 and 105 kE.

(ff ) Ibasurement of the relatlvre ynotl"on of three or tnore segnents

of an lntllvlctuaÌ neteor trall- ln order to lnvestLgate snal-I

scale notlon of the atuosphere.

(fff ) Ror¡tfne measureûent of the orblte of lndÍvtttual sporaðLc anil

shover meteors tlo¡m to raðio nagnltutle + 8.
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(1v) A stucly of the cÉstrlbutl.on of lonf satl.on along æteor trafls.
The vort rlescribedl ln thls thesle reLatea to proJeet (ri). f1re

bagLc data reqr:læd aæ:

(1) the relatke <l¡lfü reloelty of three or nþDe eegnents of a

efngle ueteor trail;
(ff ) the ¡relatÍve separation of theee aegnents almg the trall ead

ta helgbt;

(fil) the ùeolute hetgþt of ary øe of these segænte.

Obgerrretl.:rp eå e slngle slte only enùIe tbe dþte¡rnlnatlon of tbe

follorlng:

(a) the reloeity of the lncooLng neteorol.d.,

(t) the posftLon of the æfleetlon point (range andt illreetloa),

(c) the radlal eoraponent of the itrlfù ræloclty of tbe r.efleetlon

point,

(a) the varletfon In the stt€ngth of the æflecteil eLgnal,

Wtth this lnfo¡matlon only proJeet (f ) above ean be earzladL out ln
fi¡ll' ho¡rever a l:Lmlteil amrmt of lafo:mstl.on regerru.ng proJect (tv) ean

also be obtained. Í.Le other etudf.es úorrE qll dëpendl on a knorleclge of

the ttlght paths of the lntllvttiuel ¡eteoroicls. ltrls reqr:lres at least

tço eal¿Étlonal reeelvlag sltes.

5.2 MEÀSItRm{nm TECTTESITE

he scatteriag of raill.o rrares fr.om a ueteor trall has been dlscusgeô

ln Chryter IV. lllre geoætry of the rry paths for e suftably ord.entaÉecl
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trall that protlucee eehoes at all of the neeeLvlng stations 1s sho!üa Ln

Etgure 5.1. To loeate a trail- in space the positfon of the refleetLon

obeerrecl f¡on the St. Kfldg stetlon (see $ 5.2.1) is conbined. rith the

tLnes of corcneenent of the specular eehocs from the other statlons (see

55.2.2).

,.2.L locatfoa of one Reflectlon Point aacl. the Dete:ndnatlon of the
Llne-of-Sleht Wlnct

The ðLreetLon of arrlvraL of the refleetedl rrave at the St. Ktltla

reeelvlng statLon fs for.nct by corpar{.ng the phase of the a$r-ware at flve

elose-spaced receiving aerd.als. The J-ryout of the srtenna system et

St. Kl].dta fe sho¡m la ELgure 5.2. The aatennae are ord.entatecl go that the

grormcl-ware alvrys pæsents a va\re f:rcnt par:¡lleJ. to tl¡e antennae vhleh

-are ha-lf-r¡ave ttlpoì.es mor¡ntecl one quarter-Ìüare above ground. J.eveJ.. Ttre

ill¡rectLone 0E and 01[ rleflne tb.e positive axes of a carbeslaa eoorclinate

rystem and the dllreetlon eoslnes of the shy n'ave are cleteminetl reletfi¡e

to theee ãKes. .An analysls of phase dtagrano for eaetr aerlaì- sho$s that

the four posslble w€asurements of ¡elatlvre phase are sufflcLent to

dete¡mlne una.rnblgr:ously the cllreetion of arrLval of the skSr-wave.

TLre range of the ref,lectloa polnt fro¡a the St. KtI<14

receLviag eite f.s tþterrntnecl by neasur{.ng the ttne tllffereaee bet'ween
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the errlval of a ground-wale prrlse antl the assoclatecl s\y-vave pulset

meklng an appropr{"ate eorreetion for the separation of the tranemlttlng

ancl reeelvlng sftes.

tlre ilrtfü of the trall ls obtalnetl from the measu¡enent of

the phase shift of the sky-varæ reJ-atlæ to tåe phase of the gnountl varrc

as cleseribecl ln 5\.3.2. Th.e sense of trall drtft (torar'¿s or æray from

the neceLvers) is detel=ûinecl by using a trnr{.oclf.e (50 Hz) ssn-tooth phase

uotlr:latlon of the tranenlttetl eontLnuous vave. f'be phase ie retardedl

by 9Oo tn 80 usee an<[ Le then restoretl to zeno in 20 taee. IÍomal1y thls

pbase rnoch¡latl.on protlucea no recel-ver outpr¡t sl-nce conventlonal half-vave

dlocle tletectors atre useð. Tbe slov advance of phase is vtrtua[y spa-

ch¡sonow tn the g:ror¡nd aacl sk¡r",+aves at the reeeivlng sites, but the raplcl

retaritatlon Ln the grountl r¡ave reeehes the reeeiterg abont one millisecoad

(for a t¡tieal range of 150 fn) tefore the phase rreta¡<latfon in the ety-

ïave. ÍItus ttsenoe spfkeso' at 20 nsec lnterrals ancl approxlnately l- msee

tn clnratlon a$e procluced on the cloppler beat rravefo¡m. Theee ttepikeett

tlellneate a phantom trece shlfEetl in phase by 9Oo vlth respect to the

nal.n rravefo:m. Íhe eense of the shlfb (leading or laggfng) depentls on

vhether the trall ls advanclag or :reeedllng from the reeefvlng site.



6g

5.2.2 Orfen+-atfon of the d Fi-ight Path and the Sepa^Tation
of Refleetion Polnts

Consideretion of the refleetíon Ðroeess as a ùllfraction

problen as ln 5h"3 taateates that as ]-ong as a meteor trall remel.ns

stratgbt then a unique speeular reflectlon point e:dsts for each reeeivlag;

station. The tÍres tG, tE, tM, tN, tB shornr on Elgr:re 5.1 refer to the

tfunes at ¡'rhictr the æteoroiil passes the specular reflectLon point for

each reeeivlng slte. f'hese tLnes are tletemined fron an analysls of the

cllffractíon slgnals at the eonr¡eneerent of tbe respectfve eehoes. The

veloclty of the ineornlng meteoroid. ls formil from the frequeney-tlme

relatíonshlps of the ôlffraetion slgnaÌs " Ttrr¡s the spatlal aeparatLons

of the approprlate refl-esbion polnts are reedíly caleulatett by eombining

the neteorold- reLoclty wtth the knonn tt¡æ differ€nces tC - tU, tG 
-tM,

ete. The dlrectfon cosines of tbe meteoroÍd. traJectory a¡e detemined. Ëy

trC.angulatfon r.rslng the geonetry of the obsenring systen end the aeparetion

of the refleetlon points along the trai.3..

w?len the tra^ns¡oittl.ng ancl reeelvlng sltes are separated. then

the eonclltion for specr:J-er refl]ection fs that the bisector of the a¡gle

betneen the lnelcient and. reflected. wave f.e normal to the tra.ll-. Provlctedt

that thls angtre !g sma'l I then the non¡sl to the trat1 cen be essrmed. to

blsect the transnitter-r¡eceir¡er basellne. Uelng thls "mid-point" approxl-

mation lt caa be shor+n that the maximun separation of any ùro reflectLon

points on the trail le ha1f of the cllstance bet¡reen the respeetLve neeefvlng

eites. Thr:s rrith the pnesent nrrltí-statlon systen shovn 1n Figure 5.3 the

mawlmtm. posslble separatlon along the trall 1s about 20 kn. Although 1t
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ls useful to assume that the refleetlon oecurs at a þarbler:lar polnt lt

¡nr:st be realfseci that uost of the refleeted. DorEer Ls returned. ftom a short

segpent of the trafl, of the order of one ,Fresnel zone ln length, eentred

on the speeuler refaeetfon point. At 2l !,ffi2 and for a ty¡lleal range of

150 k¡0', the length of thls segnent is appro:Cmately 0,7 t¡r. It ls thls

cl3.stanee that cleter.¡d.nes the nininraq r¡sable separation of any t¡ro reflee-

tlon polnts on a streigþt tral].. Eowever once the trall has been slteþtly

deforued, trail lengths of about 50 rretres een procluee usable refleetlons

entl it ie uncerbefn rùether 700 ¡aetres represents a¡r absolute lower ltmlt

to the separat!.on.

5.3 DESCRTPTTOI{ CIF EqUæMENT

5.3.1 MaLn Transnl-tters

fhe Cr.,I transnltter operates on a frequency of 26.11= MHz ar¡d.

the pulse tra¡smltter cn e frequenc¡¡ of 2'1.51+A lmz. Each transnLtter

feeds a sl4rIe half-r¡ave dlpole nounteil one quarter-rrevìe aþove the flet

netal roof of one of the bulldings of the Ðeoarbnent of Pttyslcs at

Ad.eLald.e. Blocir dJ.agrame of eacTr transrïitter ere given ln Flgr¡re 5.h.

F\¡rbher detalls ane gfven by Roper (t965) 
"

The output of the Cl-l[ tra¡rsmftter fs phase rcilulatett by

netarcling the phase of the slgnal tuom the crystal oscil-lator (Tl+3.7 kHz)

rfth a 50 Ez earr-tooth vaveform to gire a ma^:Cmr:¡r dewLation of 2.5o. Since

the output frequency of the trensnltter is 36 tlnes that of the erystal

osel-L!-ator the pbese d.eviatl-on in tbe output ¡ravefo:mr ls 9Oo. Ttre useftl-l-

porer output ts 1500 wattg.
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T.%.e dr'rver and final stages of ihe pul-se ¡r,ra:nsllítter are

notiulated sith a I1ne type rruJ-ser that generates B psec pulses at a repetl*

tlon ¡aûe of 200 =u"-1, lhe pulse transnftter Celivers pulses wlth a peak

poarer of 6.5 x 1Oq "nratts to the aerial.

,.3.2 27 llliz ReceLvers

For optimum operation the reeelrers used. shorrld hare noLse

fígr:res of 3db cr better so that galaetie noise ls the liuittng faetor 1n

the d.eteetion of signal.s, It is al.so necesss,t;l¡ +-hat the reeelvers shoultt

hanàle the large dyna,r'ic ran€çe of slgTrals, t¡rpieaIly nore than 30clb. fre

bandr*ldth of the reeeLvers sho'¡ld- also be suffLeient to pernit the "sense

splkes" to be d.eteeted. l:-ithout gross dlstorblon of shapes.

Tl:.e reeeivers in use at the ¡raln receivlng slte have nof.se

figures better then 2db, an overall- ban&ridth + !+.C kEz at the 3db polnts

a;rd. h.ave a l-ine¿r resoonÊe ræ to an lnput of 3C pV vlth a snooth or¡erloa{

up to 55 vV lnput. fhe reeeLvers at eaeh of the rennte stations -.rere

st4rpliecl by a contraetor to the authorrs specificatlone. Tn the interests

of reliabíl-ity these rreeeir¡ers are of e-]1 soliC.-state eonstruetlon" The

reeeiver bandr¡'idth is t 3.C kHz set by a necha¡icaI fllter, the nol_ee

figure lLes bet'reert 2.8¡¡ - ¡",+aU, The linearity of these outstatl-on

receivers vas not as good. as those at the ¡cain statlon, overloaC. oecu¡s

a,t 25 y1i lnput despf.^ue nod.ifications to -,"he f .F. steges.

For a t¡çieal recelver benùnictth of t 3 kHz the galaetie baek-

ground. noí se poTÈer at ?7 l,ffz is approxinatery 3 r io-15 vatts. For the

Adelalde Raclio Meteor System the total polfler colleeted. by a half-rra.ne
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tllpole one qua^r.te?-lrarr abor¡e gtrormcl from a trafl with an electron line

denslty of q eleetrons t'l t" gtven ty Pn * 6 * ro-ho q2 vatts.

Tt¡le 1s the total pover avaLlable to beat rttb the grourdl

vave to protluee the bo{y dloppler. Eor¡ener at any lnstant prlor to the

neteorol.il passing the eBeeular nefleetLon poLnt the power Ls much lese

than thls as ean be seen by lnspeetLon of etgure h.Z. For a neteor trall

rlth a }l.ne cleneity of 1013 eleetrone/m, PR = 6 x 19-1h vatts antl lt le

only vhen the neteorolcl has reachetl the sl)rth or eenenth llesnel zone

that the pover refJ-eetecl frrom the trall- Ls t'¡¡Lee the badrgrountl nolse.

Thr¡s a trall wlth, a line tlenetty of 1013 elesbrona/m represents a loner

Ilntt to the cletectl.on of the ctlffractfon pattem.

5.3.3 The Outstationg ancl Telenetry Lfuke

A bloù clfagran of the equfpnent lastelled at each out-

statfon 1s shorr¡r ln Fleure 5.5. Ihe 2? MHz receLvlng aerial ls a half-

rrave il3.pol.e nounteci one quarüer wavrelength above grouncl level anct ls

connected. to a 1ov noLse super*reter.odl]me reeeher. fn orcler to eallbrate

the systen galn auto¡ratiealllf , a slgnal- of a knonn voltage (fO uV) fron a

eryeta.l eontrolledl oselllatot (26.??3 MHz) fs 4ryIledl to the lnput te:mL-

nal.e of the recelver onee per hour.

I{hen no ueteor ee}ro ls pnesent the output fton the tletector

of the 2T Wz reeeiner ls a D.C. voltage (alproxtnately 1 volt) repre-

sentlng the auplltuile of the grounrl vave. In ortLer to trenemit thls

lnforration badr to the matn reeortlÍng statfon an aucllo frequeney süb-

earrl-er 1s generatedl by ehopplng thts vþltage level to grountt potentlal.
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After passlng the ehoppedl slgnal througþ a sinaple bantl-pass fLLter the

gub-ca¡rier 1s r¡sed. to fuequenc'¡¡ mothrlate the telenetry transmltter. For

a neteor llne denstty of 1Ol3 electrons/netre the clfffractlon signal

represents a,u effectlrrc rcctr:latlon of the sub-card.er of sore 27/ - 3fi.

Beeause of the snall cLevfatlon (t 5 fgz) nov a.]-lovecl. ln the

t5O ldEz bancl, the telemetqy reeelver noLse 1s suff,lciently large to repre-

eent an eqrdvaLent noch¡letlon of the sub-earrLer of about 21, If the

slgnal to noLee ratio le not to be tLegrad.etl by the noLee generated ln the

telenetry link, the cllffractLon signal shoulcl be arrplffLedl prlor to trans-

nfsgion. Beeauee of the <l¡ma.nlc range lnvoJ.æcl ln the elgnals at the

outpr:t of the reeefver, the itiffraetl.on elgna.l (eonmon-ly ternetl f'the

wlrl.stlelt ) ts a¡rptf fletl by a frequene¡r seleetl.ve netrrork vhleh boosts

frequeneie¡ betveen 30 Hz ana 6OO nz (the coryonente of the "vhf stl-e" ).

I'he fl.lter net¡rork used Ls shovn 1n Ftgure 5.6 toeether wlth the auplftudte

neEponse.

Each of the four outstations 1s eoqrletely self-eontalned. ancl

n¡ns ì&attencledl exeelÊ for routlne melntenance ancL eallbratlon. The aetual

uethocl of hor¡slng an lndllvtùra.t outstatlon varl.es with the elte. fhe

trro elosest oìrtetatl.ons (Sheedys anct Dlrek) are enelosecl 1n the same

eteel ta¡ks brrr:lect ln the grould as rrere useil in a previous survey (Roper,

3)62). Honever Lryrovements have been made to each for fi¡:rther proteetf.on

against the veather and. r¡arrala'l{sn. ¿11 a,er{al eonneetlone aj¡e nor¡ eneaeedl

1n epory-resLn an¿L atl other eonnesbLona ar€ firl]y enelosecl (nteure 5.7).

In an atteupt to reËluce the tenperature varlatlon rrtthtn tr¡6 tanks a false

l1d pe.lntecl gloss vhfte has been aclcled.



+12V

t00 t(

2 20pt

i-l

[3'-l
¡rA7û9

-12V

10 0K

0{J

0'c34

7.r K
OLJTt1{

IOUK

0.05 3

Iriu l(

22Ai

8

ma

=(9 l.

2

30 E() :ì0 150 3U0

FRIOUENICY (IIT:RTZ)

r;0t)

Figure 1.6: F11ter (and. response fì-uretion) used. to boost the whistle
waveforrn before transnission over the telemetrlr 1ink.

5



EPo.xY
en cas r ng

Resin
aeri¡l ls¡rni¡¡[5

'ltiTi,lhz YACI

BAI.UI.J

BAt Ull

E 27Mhz DIP0LE

:=

I il

tØ
I

ó
I

I
ô

I

J,
AIR INLE'I

CONCRETE
SURROUI.ID

ARt'{0URED
FOWER CABLEGROUNI] LEVEI.

NEAR OUTSTATION

Schematic d.iagra.m of the method. of construction
at the Direk and. Sheedys outstation sites.

Fieure 5.?:



?h.

f'!:e nedfi¡u anil long d.lstanee outstations (Arcn-antL Park ancL

Glenthorne) are not sr:bJeet to the sa¡ne threat of va¡rclatisil. aB the others

a¡d. henee dff,ferent nethods of h.or¡sing the eeuipment were adopted. At

Bækland Parls the e,erla.l eables are brougþt lnto the uain hut used for

o+'her experinents in progress at thls slte, whereas at Glentbonre the

equf.puent 1s howed. und.er the llnk trans¡ntttfng tower ltself.

Co¡merelal FM transmltters and reeeivers a,te used fn the

telenetry system" ìdoctlfl-eatLons have been madle to both rurits to suft

the requlrements of the reteor systeu. The aud.io stages of both the

transmitters a¡rtl :reeeívers have been rcrHff.ed to obtain a unifo:ru

f:nequency response 1æ to l+.2 Ugz, henee iuprovf.ng the overall llneartty

of the systen' Ttre final RF stage of the traasxnitters has been rcðlfled.

to alJ.o¡r eontinuous operatlon at J - l_0 watts outprrt poÌrer.

For:r elenent Yagl a¡rtennae are r¡sed. for teleuetry, lhe front

to slde reJectlon ratio of these aerLals ls 36eU. Beeause the link pathe

for Sheedys and Direk are at risht angJ-es thLs enebl-ee a eonrnon frequeney

af L67 "a2 MIIz to be used. at 'r,hese statlons. [he slgnar strength of the

r¡näesÍred- stgrral ls sufflciently gpn.ll that the ltul.ter ln the Il! reee:'.ver

only operates for th.e nuch stronger cl.eelredl slgnal. Tbe other Balr of
outstatlons, BueJrlantl Park antl Glenthorne share the 162.31+ læz flequency

allocatl.on. Eør¡ever because these statLons are apptþ:Cnately on the ssne

ltne (see Flgr:re 5.3) the neeessaï'lr ettenuatlon of the r¡nrauteC. slgnal ls
accolpllshett by r:slng dlfferent pol-arlsatl-ons for the tvo link paths as

ve1l as relylng r4ron the front to back reJeetion ratlo of the recelvlng

antenna.
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Vol.ce cowr:nlc¿tfon 1s also poeelb1.e betveea each outstatLon

ar¡cl the maln tecord.l.ng station usLng a nobLle lEF rad.lo-teleplone. Ttre

state of eac}r telemetry lfnk ls nonLtored by clfsptaying the strength of the

recel.vecl Fl'{ signa]- (the eLæal ]-evel at the ltret linlter) on panel

nountetl metere et tbe m¡l¡1 stsfls¡.

The main paranreters of the telernetry Bystem are give;f-Ln

Table 5.1 belo¡r.

h¡ekl-and. Pa¡k

Sheedys

Dlrek
Glenthorne

felemetrXr
LiDk

1:623\
t6T.oz

t67.o2

t6z,*

ï!equency
(wz)

Hor"Lzontal

Horizontal
HorLzonta^l

Yertfea]-

Polarlsatlon

2.O

2.O

?q

3.5

Sub-Carrler
Freo-uency (kEz)

35

10

10

35

!',etgbt
of Tx
Aerlal

Above Grouncl
(reet)

TABLE 5.1 PÁ-F.A¡{$[ERS OF TEÍ,B,{IilRY SYSfEî,f

5.3. \ Regor-cltng

At the ¡rain station (S¡. KlLda) the stgnals tetenetrecl from

the outstatfons are fecl througþ band pass ffltere (t 6OO Ez at the 3db

polnts ) centr^ed. on the pa.:Éierrlar sub-carrl-er frequency for the l1nk

conee¡meil. Ttrese bantl. pass fLlters fuprone the signal to noise ratlo

sb the output of the te3-enetry receivers. Íbe output of one of the

27 lffi¿ receLve::e at the nain etation is also choppedl anû fllterecl.
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IIence at this stage info:matlon from the fir¡e reeef.vJ.ng sites 1s carrlecl

on five separate sub-ca¡rlers as fol.l-ows:

2 kRz, Slreetlys sncl Buoklancl Pallc

3.5 kEz, St. KII¿La, Dl.rek ancl Glenthorme.

Th¡ee lnilepentlent clispJ-ey systeue are wetl to reeorcl the <lata oi

35 nm fl.ln. One illsplay system (tUe æan rrincl reeortll.ng systen) ls useil

to reeoril tbe d.Lrection of afftr/a.l andl range of the edto neeefved at the

St. K1].iÌa site. flrfs eilspl-qr ls used for routlne qincl measurernnts vhlch

d.o not requlre signals firom eny other necelvlng slte. Tlre other tno

cltsp].ay systere (ttre ç1n¿ shear anil velocfty dLsplss) a¡e requlretl to

record tbe edro'waveforss rec''eLrzetl at each reeelvlng site.

The æan ¡¡lnd ancl vlntl shear reeortllng systene we a gJ.o¡¡

speed eanera (o.SA ing/eec) as onl-y the lor freqr:ency (o., gz - 2o Ez),

farge aq¡J.ltutle itoppler beat narrcforme need. be recordecl. Horrever the

hlsb frequency (30 IIz - 300 Ez), sr¡all aqrlltucle, generally ehorter

duratl.oa "'Ìrh.fstlelt 'ravefo:m requlnes a hlgþer casera speecl. fn orcter to

we the setlable ff.ln effLclently the trrrhletJ.e" r¡avefo¡ms fro¡r al1 recelvtag

sltes are recorttect rrslng e htgh speed (f.9 fns/eec) es,æra. Flte¡¡¡e 5.8

illr¡strates hor tbe fL'ye sUb-ca#fer€ ere tÉstrlbutecl to the veloelty

and shear reeor-ilfng eqrdpænt vle the ehaanel tlÍstrlbutlon unit. Ttrls

dlagrara also shorrs the manner la vhlch the nean vlntl reeordlng equlpænt

J.s o¡reratecL"

Íhe fll¡r drlve rrechanism of each of the earneraa f.s eotp].eil

to the notor through a ma¿netic clutch. Tbe ctelay betveen aetfvating
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the clutch and the fl.lm ¡eachf.ng ccrnstant speed. 1s 20 m sec. f'hese

clutches ane only operated whea the tsequence r:nltt shorn fn Ef.g¡¡::e 5.8

Ëensea that the or:tput of one of the æeeivers assoeÍetect w.tth the æan

rlntl" equlpnent varlee about its ræan 1er¡el b¡¡ uone thaa a preset amourt.

The f cluteh prrlser gBneratecl by tå1s event Ls used. to start *"be æeorètng

sequenee in eaeh of the tLtsplry systere.

To aseLst ln the eorre:l atLon of, the fLl:cs obtalnetl from tbe

three cemêras a elx ðtglt eornter fs inetallec!. 1n eaeh dfsplay. 'rlheneær

a recorcllng sequenee Ls initlated. all cor¡rters &re Íncrenented'and sub-

seqræntly fllr¡dnated. by an electronie fLash to r.eeorcl. the nr:mber on the

fll:n. A elock faee nry aì-so be llÏd.natecl so that the tlne of oecurrenee

of the r¡ecortled slgnal 1s knorrn.

(r) l{lntl Shea¡ ReeordLng EquLpnent

Ttre slgnals finom the ctraaneJ- dletr"Lbutl.on r¡nft are

erçllfleti before belng tleuoctulated. a¡ril fllterecL to re¡nove the

sub-ea¡rler eorponent, Ttre de¡noctulator wedl 1s a ba.lanceil

r{.ng t¡re vlth exeellent llnearlty over the output range

0 - 20 V. f{re 1o¡¡ ¡rese fll.ter r:sed has aa uIÐer cut-off

f:æqræncy of 1 kEz to all-ow the 'feense øplkesrt of appnoxf-

nately I m eec duratl.on to be recortl¡9tl.

The orrüputs fuom the tlenoilulator rrnLt eonslst of DC

levele nepresentfng the groundl vave an¡rlltuile at the out-

stations I¡lus tbe slgnal dne to any neteor eeho whl-ett sdght

be pnesent. These voltages are monitoreC. on flve panel
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ao¡zrted. neter€ and are açp1ied. to the r¡e¡tleal deflec-

tfon platee of three double beam lelefimken oselllLscope

tubes by DC atçl1fÍers, Ttrese anq'lfflers ar¡e basteally

dllffe:¡entlal palr"s with eonetant er:rrent sources ln the

enl-tter elrcult; varietLon of the el¡ount of eurrent feedt-

ba& betveen the ü¡o halves of the cfrcuit eont:¡ols tbe gain,

Whll-e eveqf attearpt hae been natle to preserre â. reaeon-

able d.egree of llnearfty 1n the systen, regular ovrera-ll rTF'}[-

tude eallbratlons ar¡e perforçett to deterrine any deparrtrrres

from the lcteal linear ea¡re. Correetlons are applled. when

D.eeessar1r ln the fLnal clata :¡etlucblon. ltrlth the adnent of

noilena fast coqlutlng nethocls :reguJ.ar calfbratlon can over-

eone noet of the dl.fftcuf-tles aseoelatecl lrith noq-linear

eqrdpneat. Ttie aysten, has not been ealLbratett for phase ae a

whole, bú the phase vaz{.atlons ln each: ltem of equLpment ha¡re

beey¡ eheclcecl to ensure that grosa phase dtelays iùc not oeeur

orrcr the flequeney range of fnterest.

Ttre reeord.f.ng seqrrenee lnitlatecl r¡hen a reluteh pulsef

ls ileteetecl ls es foJ.lors;

(a) the oscllllseope tribes are br{.ghtenecl md the eernera

eluteh ie engaged.,

(t) the recorcting cørtlnues for a prerleterul.nett tiue

'¡trleh ean te ailJwtert bet¡¡een the Il¡ntts 0.5 see to L0 sec



79

(c) efÈer the recordl-ng lntenral the ei.x ëf6tt eow¡ter

le Lncreænted, the eluteh ilfaengapçed. anü the elecûranlc

flash tllund.nates the counter,

(a) thc clock face l.s i.tlr¡nln¿tedl by another eleetronle

fla¡b and the oscllllseo¡re üübes darteaeil. rcadly for t¡he

ne:ct eebo.

lte no¡nal racorôf ng lnte¡ral ls about 1.1 seca , horever

oceaeion'lly longer lntcrrrals a¡re uscil vhen tong andl,urlng

eCroee ¡¡¡e to be reeoriled..

(sr ) Ve]-oclty Bceorðf NE

Fonnally the reeorôlng eeqrnaea dcacrlbcd. fn thc prevloue

seetfon ls lnltlated. by thc la¡@ auplftudle body {lofpler

afgnel fros a æteor (or lnterfetrence, ê.g. frra eircrâf,ù)

bectrse tÞe pres-et, lerul referr¡et!. to fa tbe abotç ls
norønlJ.y cbosen to bo æl - 50Í of the æa¡¡ slgnal. Stnce

the post to dllffraeti.olr sfgnal ls nor*:al\y obceuæal by the

d,oppler w¿lrsfulrr (see Íb.3), lt l.s neeerEer¡r to æcord thc

dllfractlos sayËfoIlu (rrblstle) oceurrlng beforc the to point.

Thl¡ eor:ld Þe dlona elthcr by nmnlne the f,Llrn æntf.nuowÌy,

æ rmccorroød.e ¡rrroccdlure o or else by uøfug sore ûona of

æËo4r dcvlæ a¡rrl ¡acorrt only tha ¡lre- to "vhfotlctf , fn

the present sycten a tapa loop la a nn¡,ltl*channel tq¡o

raeor€er ts uaed aB a tsupora¡T stora6e neilh¡x.



BUCKLA
PARK

Np

SHEEOYS

sï

OIREK

GLE NÏHO

LDK

TRACE

la,

2

3

1

5

Tr + 1.5 sec 0N Tr + 2.3 scc
VELOCIÏY

(b)

wrN0
ON

Ir sec

SHEAR

FtG.5.9 TIMING OIAGRAM
REAL T¡M E W¡TH
T0 ( a).

OFF ON

Tr + 0.02 sec

FOR RECOROTNG EqUIPMENT. ïHE
RESPECT T0 (¡), SEQUENCE (b)

SEOUENCES lN (c)
IS OELAYEO BY

(d)

ANo (d) occuR tN
I.5 SEC WITH RESPECT



80

fnfo:metlon from the fh¡e reeef.ving sites ls contl'nuously

r¡eeorcletl on the tepe loop $hlclt no\res at 30 lns/sec. [he

length of the loop ls suelr that the dlelay between necoriling

ancl subseqrænt playbadr ls 2.3 sec€n¿Ls. A ttnlng cllagran

r¡hich shovs the orcler of enents ls g{.ven 1n Figu¡e 5.9. I{heg

the nean wincl eqr:lpnent 1s trlggered at ttne t, then the

reeorctfng seguenee for the veloeity ca¡lera ls inLtlatecl at

t1 + 1.! sees. Thus reeordllng of the rrhl,stle has aLready

begr:n 0.6 sees befo:¡e the signa-l rrhleh lnltiatedl the whole

seqìlence Ls recorclect at t, + 2.3 see.

A bloek ttiagran of the ta¡re ttelay system 1e shoYn 1n

Flgure 5.10. Íbe outputs fron eaeh of the four teleuetry

reeelners pl.us the ehoppecl antt fLl.tereô vereion of the out-

put fiom the maia statLon ¡ecelrrer aæ flrst cte¡notlt¡latedL wtth

a stand¡rdt ilfotle ring netmork anct then fL1tered. rlth an

actlæ 1ov pass netç'or:k (f lcnz cut off frequency) fo]-]-orect by

a noteh fl-Lter centrecl on the sdb-carrLer fieqlæncy. l['he

tter¡octulebecl slgnals, whose fireqlreaciee ra¡lge fron 0.1 Ez to

6oo nz, each control the freqrreneJr of sn oËeillator (nean

frequency þ kfz). The tlnearlty of these oecillators is

excellent orer the large frequency range usedt (5 kEz to 20 kEz)

The elgnals fuom eaeh cha¡r¡eI (non fn fæquency noctuJ-ateci

fo:m) a"æ æcorclecl on *[ve traeks equally spacedl across the

one lneh magnetic tape used.. fhe rnagnetlc heatùs har¡e beeu
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allgnerl so tha+, tb.e tf.uing errÐrs (< eOO ¡rsee) betveen the

t'¡¡o uost vÍtlely separated trachs are umeh snaller than the

tld.ng aecuraelr required ln ttre ûeastu¡e¡þnts (J 2 ur see).

On repIry the rctlulaËed slgnals aæ an¡rlifiedl by eør-

ventlonal playbaele nrqrlilLers ancl fecl lnto a zero-erosslng

cteteetor. ltre rrl<lth of the pulres at the or:üput of thls

detector Ls eet to hal-f of the per'!.od. of the r.uclevlatetL

earrLer. The positLou of these pulses 1n tine clepenels on

the ortglnal mch¡latlng slgna-l. 1'he pulse trala 1s passed!.

tbror:¿þ a lor¡ pass eethe fllter rlth a 1 kEz eut-off

fneqræncy. lhe oubput fron thle flJ.ter is of tbe gaæ fora

as the ortgfnal slgnal at the lnpr:t to the voltege eontrollecl

oeclllator. ltee elgnals are fLnally dlsp1ryedl on three

oseLlJ-Lseope tubes.

fbe Shadcnån eamera usetl for thls <ttspIry has been

uoilifietl tìr gfve a fi.lm epeedl of 1-.9 Lns/sec' 1¡ all other

reepeets this canera is identleal to those ueecl in the rdndL

shear anct nesn rind recordLng systeæ. flre æcordll.ng

sequenoe fs sU.ehtly dtfferent to the çlntt shear sequenee

becar:se of tbe de1ry ctue to the tape loop. lhe rclutch prrlser

c&uses lllr¡mlnation of the cloch face cluring the 1.5 see

dle1ay perlocl befo:re the osclllLscope trÈee are brlgþtenecL an¿l

the ea.nera clutch engagecl.
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Ttre pr:rpose of the tape elelay r¡rLt is to acÈ nerely as

a terçora:ry sto¡e for the elpgrals -*hich ord.elnslly appearecl

at the outpuü of the ?-7 ?ffi2 reeei¡rers; tbus tJre slgnal to

noLse rat!.o ct the cllsp]-qy etage lcleally shouldl be as good.

es the eignal to noiee ratlo at the lnput to any of the

reeeivrgrs. In the ease of the reeeLver at the rnefn statlon

this ls eesenti.al\y achieted: hovevrer the signa-l to nofse

ratlo for the other statlc,as 1s degracleil' by the llnl tele-

EetrT systen. For the rercte statlons, reåsonable reeords

of the "ïtrl-stle" are poseible for trall-s eåove a llnlting

eleetron l1ne ilenslty of ebor¡t 5 * t0l3 electrons/ætre.

f'he maf.n frequencles of interest w1th the veloclty

neeorctl.ng equfpænt are betr¡een abor¡t 20 Hz antl 150 Hz.l

Ofier thfs frequency range the equlprent has a llnear aAFII-

tucle response to wtthin 5f ; the phase var{atlon over thls

frequeacl¡ raage 1s lees tban 20o. Ttre cl¡manle range f.s

restr{cterl. and onl-y eolers so!þ 16 db ao that eltpplng of the

later parte of the vhf.stle vavefo:m can oeeu.r for the larger

echoes.

iTtre r¡pper 1lnit 1s set by the sethod. of iteta recluetlon. A IEaxl¡n:¡t

of nl.ne fulI eyeles of the çhfstle ere useð in tbe tùeteminatlon of the

veloeity of the reteorold.
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(iil ) Mean lfincl Reeordlng

Slgnals frorn the th:ree princlpal cllreetLon flndlng

aerlele (nr:nbered. I, 2r 3 ln Etgure 5.2\ are swltcheö

asyuetrieally tretrreen tço reeeivers. Ï'lreir outputs are

ctfsplayeä on a double bea¡'r oecllllseope tube encl hence

appear as ttlig¡t" aÐd ttdatrk" traees on the ftla. Ttre

supplenrentary clireetlon flndtlng a,er{ats b antt 5 are eon-

nected to the tvo doppler reeeivers and- the outputs cll-s-

plqyecL on enother <loubJ.e becm oseillLseope tube as shonn

ln the block tliegram (f'feure 5.8). One of these doppler

neeeivers ls al-so r:-eed to sense the oceurrence of a neteor

eCro as ttegeribetL earller.

The range of the :reflection polnt 1e reeordecl u.slng a

conventlonal lntenslty nottulatecl A-scan tllsplay. A wiile

bsrd rrecetver (f5o tHz) is connected to a sÍxth tlLpole ancL

Ite orrt¡rut lntensi.ty rnoclr¡lates another oscÍLllscope tube

l-n the ðlsplay. The tine base arid. ran€ê marker generator is

triggerett by the output of an adcll.tioaal ¡ride band ¡eeeLver

eoaneetetl to a hozd.zontal three eleuent Tagi arrry benmedl

on Adelaldle. fhfs ensulies that tbe tl¡oebase is always

trd.ggerett on the grorurd. vave pr:lse eîen vhen the sþ wave

e'ni'lLtucle (as receir¡ed. on a ctlBoJ.e) exceeds the grorrnchrave

level.
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The r.ecortling sequenee is q.lnost lclentleal to that l¡secl

ln the wLndl Ehear recordfng equipuent. For a short fntelral

torar<ls the end of tl¡e Bequenee the laput to the clJ.spJ.ry ls

ssitd¡ed. to grormtl. Thie euóJ-es eorrectl.ons for trace

a-llgnnent to be natl¡e cluring fLl.n readfng as çeLL a,s lndies-

tlng any chaages ln signal leveIs.

5.4 EILM RECORDS

Ttre ftl¡n recorðs fr'om the veloelty tltsplry (a), t¡e ehear ttlspky (Þ)

ancl nean wlnd cnsp1ry (e) aæ eho¡m ln ELgurne 5.It. fhe traces (readfng

fircm top to bottom) tn fteure 5.1-l(s) ena (U) are Btrehlancl Pad(, Shee$s,

St. KÍlcLa, DLreko S¡la:re (noma.].ly St. Ktlða repeateê) and. Glenthorne. The

r¡hlstle pattems of PLgr:re l.ff(a) sho'¡r that this ecbo ças reeeivetL Ln

tJre order Dlrek, St. Kllcla, Sheerlys, Buehlanct Padr. The tlne scaÌe is

lndlleatedl by the sense splkes nt¡tch a,:ne quf.te evlclent pa:ticr:lar1y ilurlng

the cloppler beet vavefo¡æ. fhese splkes (O.Oe sec apa.rt) nave been con-

slclerably cllstortecl (unforbrnately) by the varlous fllter netçorks usecl

ln the l1nk teLelnetry anct tape æcorcllng procees.

The æcorct of El.g. 5.Lt(b) shows the presenee of wlncl shear. llhe

tnttfal rhlstle does not appear, elnce lt preeedtes the r¡atn eeÌ¡o ïhlch

trd.ggere the ea*rrra. Tt¡e lf.ne of stgþt <trlfüs are (fron top to botton)

- 88 ætresleec et Buekland. Pal.k

- 85 ætres/see at Sheetlys

- p0 natæslsec at St. I(t1t[e

- 93 uetreølaec at Dl.¡¡ek

netree/sec at Glenthome (no ecbo present).
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The Ìower trace ehowe the varlation 1n the 'rylltutle of the eebo receirecl

by tbe raclar reeeLr¡er,

Befone the æteor veloelty and. eeparatlon dLetslcee caû be tletemLnecl

fron Etg. 5.11(a), a knonletlgp of tåe range antl dlneetlon cosínes of at

least one reflectlon pofnt a.æ rrequf.rect. flris inforuatlon le eoatafned

ln Etg. 5.11(e), the eeho:¡eeeivecl on the nain stetlon (St. fffA¿)

eqrdpænt. The upper trace is a conventloaat rad.ar scan' the equJ.epacecl

ilotteet hord.sontal llnee belng range ner{<ers (ZO tn lnteryals). ltre elsat

range at 150 km is cJ.earlly vlsible. Íhe ne¡ct trro tracee are the outpuÈs

of the trro ttiloÞTtLertt rece!.rers. The ttsense splkeett on the trace caused

by the phase rcdulatLon of the transtltter are platnlV vislble. Slnce

the ¡rave tracecl out by these spikes lags the eloppler beat, the trall- itrifü

ls tdrardig the obserfler. llhe lo¡¡est for¡r tracee shov the rclatlve phase

at the three D.F. serials. fhese three aerlals a:¡e arltcbetl asymetr"L-

cally betveen tvo reeelvers, the npper brd.gþter trace anfl the Io¡er

lLgþter traee are both clerivedt from the eanre aerf al (aerlal 2 ln ELg. 5.2).

Ttre Dresence of thLs extra traee siuplifies filn reattJ.ng andl helps correet

for any snatJ. nls-allgnnent of the eanera antl oecl1liscope Ln the clisplry,

Iocal tlne ls recorclecl by the clock 1n the orblt cÉspIry anil elEo

separate clocks ln each of the other cllsplays. IncllvLtlual echoeB a¡e

corneletætl by neans of the eLesü¡onically fla.ehedl corm,ters.
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5.5 SUtfl{ARY 0F SYSIEM P.AA.A}4g[ERS

For eese of referenee a, corçl-ete set of speclficatLons for the

Aclel-atde Badio-Ìvleteor Q¡stem fs glven belov:

r,oeaçÈion: 3bo b3' g, t38o 35' n

Main Tra¡rs¡dtte:s
(a) c,w.

(t) Pr¡Lee

Maf.u Reeeivlne Station

OutetatLone

([ off)

Freqræncy: 26.??3 lfüz

Porrer at antenna: 1500 ¡ratts
Moitr.ûatfon: phase - retarelerl. Ilnearly by

90o ln 80 ¡rsec and. ræetored.
to ze:¡o ln 20 neec

Antenna: half-rrave Étlpole, I/\ above ground.

Frequencl¡. 27.51+O m¡z

Por¡er at antenna: 5! x 193 watte
Pulse vt¿tth: I ¡rsee

Repetitlon rate: 200 sec-l
Anten¡ra: ha].f-vave rllpole, \ll+ above grourtl

F.eeeiver Bmctdtlth: Doppler anil DF - 7 kEz

l.Iolse fl.eure: < 2 dlb

D¡man'l e range: 3h db

Recelvrer Bandniclth (naner): 150 kHz

.Antenna: half-vave <tlpoles , \ll+ above grcr¡atl

2T lrflz Reeefver Ba¡rdbrtdlttr ¡ 6 ]cF;z

fiolse fl.gu¡re: < 3 dlb

Antenna: ha-lf-wavê tlipole , \ll+ ùore gror.lod
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Telenetry Ll¡ks
(b off) Flæquenry z 1:67.O2 Wz

ot L62.3[ tgz
Pører: 15 ratts nax

Devíation: 5 kflz

Srib-ea!-iers: 2 kEz and 3.5 kEs

.Àateana: for¡r eleænt Tagls.

lllre s¡rateu accepta rcteor ecbæs fron nrl ezimrths ærl fuon elevdl.oae

Ylthttx 600 of the zenlth. For ôetal1.s of æteor rate aÊtl s¡reten ancu-

rac,r see later (Chqrter Vf ).
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CHAHTER VI

M THODS OF DATA FEDUCTIOS

6.t FILM REÄDI¡¡G

Ttre large number of eehoes reeorded. by a raclio-æteor si'stem presents

a problem in deta hand.Ilng ¡rhleh ea¡r only be solved. satisf,aetori\y vith

the aldt of a large ctigital- eouputer. AIL of the lnfo:matlon obtaf.necL by

the Adetalde Radiel'Íeteor Systen ís reeorded on fil:n and. henee ¡n¡.st be

dlefttsed.. ff the fll-n ls to be reacl and. the data p nchetl onto eard.s

vithln a reasonable t1re some fo:m of seml-autonatie facllLty is requirecl.

The vind aatl shear fllæ vere read. on a speeia1ly clesigned. flh-reacler

(Stone, 1966) whf eh converted the lnfo:mation on the fL]-n to cligltal

fo:mr and. purached. this info¡roat1on on computer eard.s. The veloeLty filrns

requirecl better :resolr¡tion and were :¡ead on a Teler:eadler at the ]feapons

Research EstabJ.lshment n Salisbu:ry. Tempora.l eallbration of the recortls

was possible using the "eense spikes" whÍeh appear on all of the ftln

reeortls. lhese spikes a¡re loekett to the malns frequenq¡ so that'on the

average, flve spLkes a^æ equS.valent to 100 ¡asec.

fhe seleetlon of suitable reeords for reductior, antÌ subsequent

tletailed fllpreacllng lrere long anil teilior¡s tasks. [he overall sequenee

of operations, alL lnvolving tiæ neasu.renent only, Ls dleseribed. belotr:

(i) TLre fll"ns fron the mean rrincl cllsplay vere read 1n the stand.ard.

manner to produce the llne-of-sigbt con@onent of the wind. end.
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tlirection eoslnes of the reflectLon point. In orcler for

an echo to be aeceptcible at least one cyele of tloppler beat

had to be present so thet the phase clifferences eould. be read

uniquely.

(ii) ç!¡s fllrlrs fron the veloeity dlfs¡¡Iry were reecl ff the:re vas a

usabLe ntrlstte from at least three statfons, and the wfncl

fLl-n had. been reacl for that eeho. A note vas taken of any

other r¡sable eehoes for wtrieh tbere lf'as no r¡ind infonoatlon.

(fff ) fhe shear fll:n was reacl for the llne-of-slgþt motlon at a-11

the ref,leetíon polnts.

(fv) Those echoes which had been notetl fn stage (ff) as having

r¡sabl-e vhlstles vere Fe-reacl for wlnd. info:m,ation where

practleable.

q,uÍte ear\y in the cügC.tlslng stage it vas reallsed. that the reesons

for neglecting a¡r eeho at stage (1) aUone se¡rerely restrlctect the nt¡rber

of eehoes that eorrltL be re¿ô ln stage (ff ¡. Srort dr¡ration echoeg were

ofben exeludeô at stage (i) er¡en thpr¡eþ whlstle waveforms vere :reatlable.'

Beeawe of a rrarLable sigrrat to noíse ratlo !n the teleuetry system a

severe seleetlon effect was also placed. oa the r¡sab1e ectto rate. At

least four cXycles of the diffractíon war¡efor:m at th::ee receLving sLtee

r^Êreætlt¡ired for the echo to be considereci eeceptúIe and henee many

smail-l arryrlitucùe eehoes hadl to be reJeeteil.
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6.2 DETERIfiT{¡.TIOII OF BEFI,ECTIO}I POI¡¡T SL?AP.ATION

Âs dLser.:ssed, in gl+.1+ tire yeloefty of the ineornlng meteoroid nay

be cletenr,Lned. from the åiffraetion wavefo:m. In the case of a C![ systen

the analysis is macle ¡rore compJ-icatecl by the presenee of a ground wane

reetor whleh rem,ains stationarSr while the slçJrwave vector rotates slonly

due to the presenee of a vind.. Tbe phase angle of the reflected sk5r*

wave relatine to the direet gror¡rcl Trarrc can var?- greatþ over the åif-'

fractLon pattern ttependlng as tt iloes on the rate of d¡lft of the trall.

Eowener this variatlon 1n phase angle ean lre founð fro¡a the Dop;rler

beat between the gror:ntL war¡e anrl the skyrrave and henc'e ean be extr*-

polated. baels into the dlffraetlon van¡efo:m as cteserlbed by ldalnstone (fp6O

Ehe åiffraetion vanrefo:ss observ¡ed prLor to the speerrlar refl-eetion

poJ.nt ruouf-d. be ex_oeeted. to foll.or theoretleal preilie+,ions reasonably

eJ.osely since illstorblon of the trall by wincl shear arid. dLfflrslon are

only sna-1l effeets at thls early sta*ge in the llfe of the tratL. Tlre

veloeity of the meteor l-s found by detendning the one to one cor?es*

ponclenee betrqeen poLnts on the eeho çarreforrr a¡rcl on the theo::etlcal CovTtu

spfral. In praetlee onl:¡ the maxima ancl r¡j.nlu.a of the siglra.l are u,sed.

slnce these points are most easil;r identified. in the Ðresenee of noLse.

t¡Ilth the notation of equation l+.3 the posltfon of a parbieular polnt on

the Corrru splral 1s ¿Ieelned. by the value of x, x belng negatírrc prior to

the t pofnt. To dete::mine the val-rle of x for a partleula,r dlffuactiono'
matdun:øo or rinlmrm it is onþ necessa4¡ to knor.¡ the order of the Fresnel

zone eorrespond.ing to that polnt (by eor¡rting the nr¡uber of maxi¡ra or
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nLnLma between the poín'r, and- the to point ) ana the value of the pha.se

a,ngleo {u over the spiral-.

ProviäetL that the phase of the skyrrave at the to Foint, ûo, is

knor¡ then a pJ.ot of the set of points (*t , Ti ) , whe::e T, is the tlne of

oeeurnenee of e partlcular ¡aa>rima or ninf¡sa, should. Iíe along a straigþt

I1ne the slope of vhich is proportÍonal to the velocity of the meteoroid.

a¡rd. the intercept To 1s the tlæ at rrhleh the specular refleetlon oolnt

1s reaehed.

ßre method of analysis usetl on th-e records obtal-ned is based on

that proposed by }ILlsson (l-96eJ. An estlnste of the value of rfo Ls made

by inspeetion of the reeord. T'l:is value Ls used. as a dattro ln ealer-úating

the e:çeetetl posltion, x, of the varlous ma:clna anrl rninina (n,llcwlng for

the varyÍng phase of the sk¡rwave due to the wina). If úo is 1n error

then the best fllt eurve to the value of x agafn*<t tine of oecurrenee T

Ls no l-ongfr a stralght Line but a eurve r¡hieh approaches a stratght llne

for large values of x. Flgure 6.f tflwtrates this for one irertlcular

eeho.

fnspeetion of equatl-or (\.6) inaicates that the positlons of the

flrst few m€xirra and rnfnlna on the tlreoretical spiral s.re ver1r sensltive

to the value of úo r:sed, rrhe:¡eas, asi ean be eeen ln ltlgure 5.1, Ifttl-e

ehange oecurs for later maxina and. nfnima. Thfs fact suggests en

iteratlne proeedure to dete:mine the best value of ûo. I senFuter

progrem ha"s been d.eviseil wh.ich conpares the slope of the best fit straight

J-ine to the flrst three data po!.nts wíth the best fit stratght line to
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the :¡enaLning points. Tl:e estimate of üo is then varied. ln dlscrete

steps until the t'ç¡o slqles agree to rdthfn speeLfled error Il¡rlts. This

value of tþ- Ís aeeepted. as the best esti¡rsbe. he correspond.fng slope,,o

V, of the best fit straight llne to aJ-l- the d.ata ÞoLnts ls used as a

llessrJre of the neteorold. veloelty for the parbier¡lar outstatl.on reeord

eoneerrned, vhile the eorresponcl-íng intercept To loeates the posf-tlon of

the speeular ::efleetion point in tíme.

ff the disere¡ranc'y betrreen the slryes computed for each of the out-

station records (:ro:maIly tour) is larger than l-0.% of the mean then the

d.ata for that parbiculer meteor eeho is considered. of tloubtfi:l retl-abíItty

Often suc}r dfserepeneies ere due to exeessive anounts of seatter in the

positLons of the first few data points. A nean slope for a part'leular

eeho l-s deterrÉnerL by weigJ:ting the slope tlete:mined. for eaetr reeord. by

the nr¡ober of cliffraetlqr Baxlna and. ntaina Ìrsed. The reloeity of the

ineonlng neteorold. ean then be d-eterr¡ined fron thLs ¡nean sl,ope sfnee

the range of one reflleetlon polnt ls knorn. Tisre ðifferenees betr¡een tbe

specular refleetion points for the various reeeLvlng sites are deter¡nLnecl

uslng one parbieular "sense spiket' as a tiæ reference.

Ttre seÞaration of, the refleetion pof.nts a1on6; the tral]- ls gl:æn by,

b = v(t t3), i = L,2,\,5i I

where v is the veloel-ty of the neteorold anct the t, are the tfrnes of

arrival of the neteor at eaeh æflection poLnt uslng: the tine of arrlval

at St. KíJ-d.a, t", as a referenee. These refleetion polnt spaeinge clepend.
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on the ground. geonetr1r end. the directlon eosÍnes of the trail. flhe

tllrection cosines of the trall car¡ be detezuined uslng the solution^s

dr¡en by ullsson (fç6h) for three refteetlon poínts. Usually four

refleetLon polnts r¡ere '*sed. ancl the erbra reclundanc¡¡ enabled. a "begt

fl-t'Î set of tra-ii clirectLon eosinee to be d.etennlned by allcn*ing the mean

veJ-oelty and values of t, to be varied. wlthLn prescrlbeil llnits.

A con¡bination of the veloelt'¡ of the ¡reteorold. and. the clireetion

cosl-nes of the -r,rail naice it posslble to deterrdne the ele:nents of the

orbit of t]:e neteoroid.. fn fact tbLs nrethoC. fs belng useC. to d.e+-ernlne

southern herdsphere meteor stre$tg wins the d.ata colleeted. ln the

curent suryey.

63 DATA srATTSTrcs

the relieû¡itfty of the wlnd. anC. sheer næ€rsurenents mad.e '.dth a radio

neteor systen ean only be assessed. if the d.lstri-butl-on of meteors 1n

helght and. tiue 1s knom. l\:ry ehan8es or varlations in either of these

distrlbutlons nay lnfluenee the aecuracy of the resr¡lts.

Because of the large anount of tirne required. for d.ata reduetlon

tbe equipment l-n Ct'apter V has only been operated. for ffi¡e to seven days

each month. The multl-statlon equionent was operateil from Dece¡nber l-968

to Jure 1969 an¿ again in October A969, althougr the nean vind equip-

ment Ín lts present fo:m hes been in regular uonthly operation sinee

Jrine 1966.
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Sone 22,000 feet of fl-lm Tras exBosed. clurlng the ¡nulti-statLon

surrey. Abort 6O% oî thts ftl-n vas used. in the fast recorctlng eaæra of

the ve]-ocity tltspì-ay system (iteseribed- in $ 5.3.h). ttre total_ nr¡¡aber of

neteor echoes reeoriled over the train perlort of fnterest vas about

50 9c00 of ¡rhlch approd-mateþ L?,000 were useful for r¡'Índ measurernents.

Tab1e 6-l- shos's the pereentage of eehoes reJected. for the categories

listed.. CnIy about il+00 eeÏìoes vere r:sefi¡l for shear ctetenn-ination, tbe

naln ll¡rttatf on belng the requlrement of r¡sab1e cliffraetion wavrefo:ms.

Decry too re4:ic!.

DistorbeC. vanrefo:m

Amplitucie too small
DoppJ-er frequency t6e gpnì l
IneonsLstent phase

Range I nd.erÉerrrlnable

.arplttude too big

Ty¡re of Eeho

3l+

t7
10

h

1

1

1

Pereentage ReJected.

TABLE 6.].; PERCET{TAGE OF ECEOES FSJECSED FOR I.¡TFD
I@ASURM{M\M. DAIA S¡I4PLE USEÐ COHTAI}TED
2520 ECHOES

Beeause of the ðlfference fn nunbere, the statlstics for the mean

r¡1ntl. cleterulnatlon wiLL be presentecl separately f:rom those reÌatfng to

sbear ctete:maLnation. Table 6,2 shors the total nu:nber of usefu-l echoee

recorcù=il on eaeh of tbe cLqws in the perfod. Decenber L968 to 0ctober t969.

The retes glven d.o not repaesent the tn¡e lnflux of neteoroLcts sLnee no
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T5E IIU}ßER OF USJLBLE I,$TEOF'S ,IECORDE.Ð Oi{ EAC,{ DÀY OF
OPERATTOil OIER TEE PERTOD DECEÞÍBER 1q68 TO OSIOBER 196q

a^/ã,ec. Iyoo

Jan. l:969

Feb.

Mar.

Apr.
l,lff
Jr¡re

Ju1y

Aug.

Seot.

Cct.

l'{onth

10 - 16th

20th - 25th

10th - uth
18th - 23rct

1l+th - 19th

L2th - r-8rh

8tn - rl+ttr

20t]n - 26tt'
10tb - 16th

Ljt]n - 22nð-

'th 
- 9th

15rh - 19th

Dates

90

188

e8o

l+æ

2L8

336

389

181

138

tnq

203

L6T

No. on Each Ðry

2I+6

l+Ag

JU.J

287

t+i9

?9?

20Â

557

6:r9

2Tt
l+Br

7!+9

226

l+oT

35'
l+08

359

l+fo

398

561,

627

rhh

34û

782

2l+3

250

hl+3

l*ru

t95

36h

hSlt

569

569
10')

39l+

,ITL

323

330

501+

6or
l+06

coL

l+tS

J]:6

5?0

88

=62
6r,

239

".51+
IrSz

)+S¡+

3l+3

2l+l-

l+Sz

688

67t+

262

L69

3\2

a6z

\6s

269

zLg

LBl¿

333

237
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allor¡ance ls nade for variations Ln the sensitivity of the s;rsten. In

parûfcrrlar ðuríng sore cqys severe forrs of interference Ì¡ere eneounterecl

vhieh s'übstantÍallv depressed tha nr¡cber of usef¡rl reeorés.

The dlu¡rral variatioa in ueteor rate Ís pJ-otted. in Ftgr:re 5.e t¡nieU

shows th.e to'"al nu",ì¡er of usabl-e echoes reeorcled. d.urinE a given h,our of

ioeal tine for the perioC. Decenber 1958 to "Ti:¡e 1959. he total- nr:nber

of hours d,uri-ng -,¡hich the equliiznent rras operating is el.so shor¡n. The

ratlo of tìi.-, nexlnrm at 06CO hours loeal tire to the rinlnr¡n at I-BCO hor:rs

local tlme 1s about 5. Tbis diu¡naI varietLon in ineteor rate is due to

the passage of the eerbh throrigh the baekgroun.d. of sporaclLc neteors. Ítre

dLruioal variatl-on in the rate ôf ¡qeteors useC, l-n wl-nd sh.ear d.etersinatlon

is also shcr*n in Si.eure 6.2. fÌ:e number of r¿l-tj.-station echoes has been

nultiplled- by ten before being plotted. so that a eornFarison csÐ. ee-sily

be made betveen the tvo eurves. The d.ifference in the shape of the t¡ro

cì¡rves is åue to the infl-uenee of Ínterferenee on the nul-ti-station

eoulpment.

Tko types of interferenee were encountered, local man-made i¡apulslve

Lnterference a:rd, lnterferenee due to ionospheric effects. The ir:pulsive

fo:si of interferenee eaused. the naln receiving eqi.rl-pnent to trigger

rancloniy and. durLng the recoråing qr'cle vh-1cùr foÌ].oved. the C.tffractÍon

var-efo¡:¡¡.s from genuine echoes were often lost, Th.e vorst forss of

interference weredue to the lresence of sl¡pals Íìnon an 1lJ-egal trans-

nitter operatÍng in Ind.onesia and a^l-so to ground bacliseatter of sone CI;I

transroítter Döl¡er via the lonosîrhere, Beeause of the 1-ong range ínvolnecl
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Ín this latter case the 'osense spiires" for the re+,'llÍn slgral '*ere quite

vtde (5 * ]-C r,sec) and of sígnlflcant amolltuAe (lC*aOß) courpareC.'.,rith

the groun,I r¡ave signal strength. Í,fhen sue.l a signal l+as present together

*:ltl: a refleete.d signal fron a roeteor trall considerable confision coul-d

res'¿I-t particularly for the r¡histle wavefors. F¿is badrseatter ¡henomena

ha.s oeeu:reå i-n the past near the na¡rinrma of the solar eunspot entele+.

'l3re va:d.atlon in lrelght of '"1:e reflecÈion ¡ofnts for tl:.e usd¡le

rneteors recorcÌed. over. 'bhe interval Ðeeember Ð6;c to Jr:ne i969 is shown

tn Fíg';re 6.3" T?re nea:i helgb.t for tb.ese r.eteors (a to-r,al of 1?15X) is

89.3 ]çn eorçared. rrith the nean helgþt of, 9Ð.2 ?st for aJ-l neteors reeorded

cryer the period a966-L96e. fbe d,istr!.Þr:tion 1n height of the ineteors

used. for vind shear ileter:rination 1s sllghtly d.ifferent and is shcrn'n 1n

Elgure 6.4" tUe nean helght being 92 kn. The sIlght åifference ín the

heigþt dfstrlbutioas prolabl¡.r reflects the selectioà effeets in the data

reduetlon proeêss wbiù tenàs to er,phasise th* nuaber of over-C.enee

eehoes. l-lre latter ty¡le of echo ls of longer dura.tion and thus nore

llkely than an r¿nder-dense eeho to have the requlr\:* ïluriþer of cycles in

the òiffractloa r¡avefor¡r. Ttrus the distribution of echoes fYom ihe

rm¡-lt1*station netn'or{ç woul-cl ten,l to be shif+-.ed to greater altltud-es reflee

ting the 1-arger nrmber of over-dense ¡reteors.

5 " 
l+ ÐiTERlrflïATICii OF TliE '¡rm¿g t¡l¡¡¡

The baslc tlata availabla froin the St. Kll-iLa reeelvlng slte for a

sJ.ng1e meteor eeho 1s:

* The Atlelaide Redfo-ÌLeteor Systeû wa¡ inoperativre frcm 1955-1958 ctue
mal¿fy to thls effect.
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(f ) The <tl.rectfon cosLnes (1, m, n) of the epecular refleetlon

polnt (error t O.O2)

(fl) the heiglrt of the refleetfon point (t z tn)

(fft ) the llne-of-sf ght coqronent of the traíl- d?ifb (t 3il)

(fv) the tlne (].ocat cfvil) vhen the echo was reeorclett (to tue

nearest 15 rai.ns ).

The horLzqttal çiucl at a partleul-ar hefgþt ancl tlæ can be cleter-

mlnecl, 1n prlnclple, lf, t¡ro tine-of-stgþt veloeLties are measr¡recl elmrl-

ta.neous\y at the po!.uri conce:s.ed. Thls is rareþ possible nlth the 1aæge

bea¡r-wltlth ueed ln tbe Aclelaicle eystem; the lcûea1 eaa only be approachecl

et tlnes of very htgþ rneteor rate. The r:sual method. of analysls ls to

flad a "best fit" model to repnesent the deta uslng a J-east-squares

methocl clsvelopett by Grones (tgSg). A model wlnð V*(2, t) ie ex¡rresseci.

Ln terns of zonal, neritllonal ancl ver-bleal co@onent,s, (Uo V, W) respee-

tlvely sueh that

or=at!*h**o
whene U = U(zo t, al_rnl)

V = T(2, l, a.rn.-)

W = H(2, t, a3,n3

wlth the Arrrn (k = 112,3; ok = 1,2, .,.. Nk) tetng the parqïr'eters of the

uotlel. Usually a pol¡rnonf al varlation in heigþt with a perlocllc varlation

fn tfne ls ¡lloçed. For a ty¡rteal- rcdel eonsietLne of NO haraonLcs of a

fi¡r¡cla,nental frequeney o rltb polynonial varlatlons of tleg:ree

component, the wlncl eouponents Uo V, W have the fom

A
ILl(

1n each



oo

wbere

u(a, t) = uo *
ìtr,k
I Uo coa (nro(t - qn))
n=1

u"=f,rfr("1 **o)lh

sJ
J

Ao
U ef, uoJÉoo

a
A(ft-

L
)1*J)r *u

a rþ tL,¡*
SJ

'J J4

eo(u) - ". areta¡r (uo(z)/ul(z))

mdt rhe¡se s le a nonaallaeð helght for the hetght raûgè 
"o{o 

to a""* and.

1s doflneô as

s = (?r - (rr"* * *rfrr))/(zro - rrulrr),

S{ntlar expreesl.ona e& be vrltten for the eonçcnentr V æd W Ln teræ

of Vrrr rìu üDt1 Won6* rerpaetfwly. fhe fi¡rôæntal frequcney la wr¡atly

ebosen æ hft.l+ bor¡ïe-l end. the \ are uøual-ly chocen to be 3, gir{nß 2l¡,

1Ê ¡net I hor¡r perfodlfe eola¡roneutc. .ltrlg cl¡olce nf \ ean be Justtfl.edl

elthar on tha ba¡la of tlûaL theorT tr by luøpectlø of per{odoßrs¡B

obtalneet prevlorrsly (see Ctrapter VIT).

the order of the polynonfals usecl fa thc mdeL íe deteuninad. usla¡¡

the folloçIng erlterL*,:

(f ) lhe coefflcfents %,,tr aøaocf ated. wfth hietr ordlcr telras f¡ the

potrynod.als shor¡1,d. be at€nftlcaat eorçarect wlth thelr Et¡nôa¡d devÍatfons.

,=0
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(if) fhe verbieal wlnd should be no gneater than 20 to 30 nsee-1

since lndepenclent observations have indicated that the vertieal

wind" in general, is small (r¡sualIy less than tO nsec-l).

(fff ¡ fhe omþI1tude of the I hor:r tidal corcponents shorrjlil be small

eo4lared to the aøryIitude of the 2h tror¡r ancl 12 hour perlodLe

eoryonents sinee previous observatlons have shown that the anplt-

tud.e of the I hour eouponent Ls about a tenth of tbe 2\ hour

component.

In general the lorest order polynomial varlatlon ¡¡hich aclequateJy

represents the d.ata 1s u€ed.. If a po\,,'nqalal of too htgþ an order is

speclf!.ed. +,he fitting proeess ean become r¡nstable in regfons (tn eLther

heigþt or tine) ¡¡he¡re the::e a¡e relatlnely few eehæs. Seeoncl or thl"rd

ord.er polynonLals for the zonal a¡rd merf.diona3" eomqoonents are norua-l-Iy

suiiÐle ',çh11e fÍrst order po1¡ponials are generally rrsed. for the

verbical eomponent"

Ðq¡Ie (fggg) has shcn'm that a HinÍsrum of at'out l-00 rneteor eehoes

distributed. thro',rghout the d4r proviile sufftclent data to give a stable

mod.el for the hetght range betueen 8O anA 100 k¡r" Enen in the presenee

of a four hou¡ breek in the ilata the anrolltucle antl 'ohase of the l-2 hour

cu;. pûrrcnt rernained stabl-e.

6., Ðrr¡enurfiATrolf oF EIE rFREcr]LAR vrr,ocrtr F:tETiD

The lrnegr:lar wind fteld. is generally ealeulated from ^,"be tota-l

vincl field. by ellnlnating the mean wind.. The mealx vf.nd, in the cese

of l-nterest, should fnclucie eal fluetuatLons wlth periods greater than
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about six hours, Ijsually the nodel u-ind. eoryuted. for one d.ay as des-

crlbed. ln fåe prevlous seetion Ls ad.eo-uate. rïor¡ever 1t ls sometLrnes

neeessa.rTr to conbine data for sever€I d.4ws to luprove the re].labtltW

of the model-.

The lnitlal- step 1n the analysis Ls to caler¡late the helght of

each refleetion point on a pa::tlcular meteor trail rrsing the St. Kll"cla

reflection poLnt helght as a referenee. ,4s the dLreetion eosines of

the tralJ. and the separatlon of the refl-eetl.on points along lt are

knorn, tbe helght differentia.ls car¡ be readíly ca-lcr¡lated lrlth an

aec'úracy of sbout t 50 ¡netres, The ¡earr vínd. velocity eorresponillng

to eacb refl-eetlon poLnt een then be calel¡l.eted. fYom the nodel. The

mean llne-of-sigþt wi.nd eonponent at eaeh reflection ¡oint Ls then

calculated and subtraeted. fþom the nessu::ed. line*of-eigþt wind. to glve

the val-ue of the iræegu!.ar eomponent.

fhe struetr¡re funetion (nea¡r square velocity differenees for a

given separation) hæ been used. a^c a descriptlon of the irregirlar wlnd.

a¡ld. i s for¡ncl fron tlre fol]-ouing expression
t{

o(E) =
rI1(u(". + g) - u(rr) )2

where u(r, + l) and u(rr) are the llne-of-sieþt turbr:lent veloeities

measured. at t¡v-o re:'l-eetf.on pof.nts separated. by the clista¡lee E, a¡rd. 1Í

is the nrm.ber of o-bservatlons r¡L+"h thi"s value of E. In praetiee the

obserrations veÌe d.ivided into grorps of separatlon Lnte::veJ- as follcr*s;

alJ. obserçed separatioas J-ess than 100 rnetres forsr one group, ell vfth

separatlons betrreen l-00 retres and. 300 uetres belong to the next group,

}T



LOz.

and so on. EstLnetes of the variance for each value of D a¡re madt¡e

sinee thf s varies rrith the nu¡dber of observations, S. ff $ ls J-ess

than about sLx the va-lue of D for that partlcular separatlon ls r:sually

igno:retl beear¡se of the uncertainty assocf ated. rrlth the mean for sueh I smq

sa¡çIe.

Sone Justificatlon for rrsing separatlons of 100 metres has to be

presentetl sinee ln 5l+.5 it vas poLnted. out that the size of the reflect-

ing regfon ltself rras about f00 netres. However the assr:rptlon used

to obtain this estimate is that the trall cloes not clepart signtfi.cantly

from llnearity over the length of the flrst Fresnel zone. ff the tratl

is ¿H.stortetl focwiug effeets oecur and. segrnente of the trafJ- of only

a fev wavelengÊhs fn length can give rlse to echoes with qræIlturles

very nearly equal to that from the orlgfnal fLrst Fresnel zone. Greenhsçr

anct Neufe]''.d, (L959a) trave clemonstratedt that thls effeet places a lorer

J-1¡dt on the seperation of tllscrete echoes of sone 50 - 60 metres.

Another factor rrhich ean lnfluence the measur€rent of :refleetlon polnt

separation ls the movement of the refleetlo'n polnt elong the tralJ- ln the

presenee of çindl shear. Uslng the info¡metlon 69Lven in 5h.3.2'rtth

typfeal values of id.ntl shea¡ (tO ¡l/eeelkn) a¡¡d nean rrLnd speecl (30 n/see)

then it ean be seen that tbe reflectfon point vor¡ltl move about 150 netreg

ln the tine necessarïr to traee out the Drypler cycle neeclerl for the ¡¡fnil

measureænt.
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The llnltatt ons Ateeusse¿l abose are most ímport,a¡rt çhen the

seoa¡atl.on betveen reflectlon points fs sma1l. In parLicuJ.ar for

separatLons less tb.a¡r about )00 netres the uea.sulenents of mean squ.sre

veloci.ty öifferenee ar€ not generally ne1lable. ltris point i.s dieeussed.

further 1n Ch.a¡lter VTII where 'ohe strîuetr¡re funetions ar¡e eonsfalered.

ln cletaiL.
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CHÄHTER \TTI

OBSERVATIO]VS OF TTIE PFEVATLN[G ,A$D TTDAL I{INDS DI'RIIVG

1968 - L969

T.T INTRODUCTTON

Tltfs chapter tlescribes the prevalling an¿t ticlal vinds neasr¡red with

the radlo neteor system ch-lrd.ng the perioct Norember ]-?67 to Octobet A969.

Resr¡lts for the periott [vne ]t966 to lfovenbe:. ]t967 have been clescribed.

by Dq¡Ie (1968). Ttre trÊasurements of rrlntL shear presented. in the follon-

ing chapter requl-re the ellmLnation of the tmean vindr from the data,

hence lt ts natur*l to d.fseuss thfs trean rrindt (the prevailtng antt ttrlal-

eou¡rcnents) at thls stage. The author w¿¡s responslble for d.ata collectf.on

ancl, analysis over tbe r¡hole of the interva-l. The ctay to day varlabllíty
ln the ¡rÍnd. neasurements vlLI not be d.iscr:ssert ln ctetatL since the varLa-

tions for:ntl are simLlar to those tleserLbect by Doy1e (fggg). Beeause of

the longer perlocl over r¡hieh ilata has been collectetl nore euphasls will
be given to seasonal variations.

The tlata for each of the 137 dqrs on vhleh the equiprent r¡as opera-

ting rras analysed separately uslng the Grones nethod. of aaalysis cleserlbe¿L

tn 86.2. A totsl of 99 d.ays proved eultùle for re]-iable ¡rind ctetermiùa-

tlons, the nlnlnrrm number of rneteor echoes on a¿y one of these clrys vas

163 ana the n¿d.nnm nu¡aber ?02. rhe 38 <[eçrs reJeeted r¡sually hact gaps

ln the dlata eoverage beeause of eqr:fpneat ¡oal.f\¡actlon or severe inter-
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ference whielr prevented. gueeessfi¡l reacllng of eehoes. l"fethocLs of

enalysing these broken d.qys are stilJ- belng lnvestigated..

fhro'agbout the ilfscussion of the resutts the vector eonvention 1s

lrsed to deseribe the wind eorryonents; the wfnd. is d.efinect to be towards

the dlreetion speetfied.. Thus vhen the vlnd. r¡eetor is resolvecl lnto lts
geographic eornpcnents, a positfve lrind. arln]-ltucte refers to a eorr¡:onent

cllrected. to',rards the east or norbh for a zona-l or neriCional eomponent

respeetlvely. Tìre phase of a tidet eorponent fs defined. as the loeal

time of ma:<1ml¡¡t positl'ne velocity and. ls e:rpressed fn horrs afber 1oeal

ni¿lnight.

7.2 TEE PFTVAILTIqG Ì{tiVD

ïn an earlier lnvestigatlon of the wlnd pattenr, Do5'1e (rq68) found

¡nreh variability ln the day to ctqv n'Índs neasured- over the perlod June

L96,6 to lÏove¡nber 1967. ivlost of th.e varl.a+,ions appeared. to be c.ue to

fluctuatlons in the reletj.ve strengbhs of the perlodlc eonponents (Zt+

hour, 12 hour and. I hour). Hor,¡.ever longer period. oscillations with

quasi-periods of the ord.er of two clays vere al-so found. ln the d.ata; there

r¡as also evLdenee of shcrter perlocl variations. Sl¡ni].er varlations have

been found. 1n the d.ata for Dece¡aber L96T to l[ovember l96qx but are not

Clseussed. here.

Beeause of the variablllty of the l'l-nd. d-lseussed abone ttre pre-

valllng wind. dete:mÍned. for a single daõ' ¡aay not be a true measÌrr€ of the

* More recent data (ræ to May 1970) is only available for a few days
owlng to ileLays 1n fll¡r readlng.
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rÞâñ or prevaLlfng lrind. st that tine of year. Hower¡er by averagfng over

groups of three nonths of tlata eentred. oa the solstiees antl equinoxes a

relÍable lleasure of ttre prevail-1ng l.ind. ean be obtaLned.. ïf data for

no:æ deys (at least stx) in each month ve:¡e avallablerÊ* less severe

averaElng ndg¡t be posslble. Ehe seasonal arrcragBs at 90 km are gJ.ven

ln Teble 7.1 for each season sLnee'lrlinter L966. The number of davs

used 1n corrputibg the ¡oean prevalling wincl !.s glnen 1n eolrrnn 2. Co¡.mrs

3 a¡rd lr give the znnaL (eastvards) ana merldl.onal (northwarcls) eonponents

respectfvely of the r¡incl. Ttre elose slmilarlty Ìretween the seasons for
different years lnd.Leates that suffLclent aneraging has been clone to

elLnlnate the rando!Ì eomponent from the d.ata.

Ïn general at these hel$rts the ma¿nltucte of the zonal vlnd. eouponent

f-s Ìarger than the nag¡rltud.e of the neridf onal eomponent, thie ls to be

e4geeted. from other neasÌrrements and. the varlou,s wintt ¡aoclels that have

been d.eveJ-opecl (see Grorres (]196g) for the ¡sost recent nodel for the

hetght range 6O to 130 k:r). The curent measrl¡rements, shor,rlng a e@.sf stent

reproclueibiltty from year to year, strongly suppoz.b the model of Groves

(]96g) for the latitude 35o. Helght-season eross-seetLons for the zonal

and. neridionar w'lnd. coryonents aæ shorm ln Flgr:res ?.1- ancl 7.2 respee-

tively" Tl:e d.ata is presented at four kÍl_onetre heigþt lntervals. The

Lntrr¡sion of the r'rinter westward wlnds abone abor¡t 95 lf,t 1s evld.ent ¡flth

lct Data is only availeble for about three clays per month th:rlng 1968 a¡rcl
about slx d.ays per nonth clurlng A969.
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Winter,
Spr!.ng,
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the ileep penetration in t969 teing of considerable interest. Be1ow 95 kn

lt eppears that the varl.ation in the zonal- winds is prectoninantly clue to
the monsoonal elrer:-lation ln the nesosphere çlth na:rimr¡m velocitles aror:nd

6O - 6¡ tlr. The nerldional pattern is eharaeterlsed. by a fT-ow ùi.reeted.

away fron tbe pole (ncr*hçarcts ) during the sÌ¡nrmer and. poleçard d.qring the

vinter

7.3 PERIODOGRA}{ Á]S.AT,YSIS

the use of neriod.ogrsms in tine series anelysis has not been .ve1y

witiespread-. Most of the critieis!ß of the teehnlque has been eentrecl

around its use when strlct prelodicity is not p¡esent in the d.eta. In
sueh a situation perlodoggam ens-lysis proC.uees a spectral d.enslty esti-
nate wlth irregular fluctuetions of large arplitude. Inc:¡easfng the

1engf,h of the orlglnal time series cloes not :reiluce tire nagritucle of these

fluetuations. Hoq¡ever lt ls possible to irE'rore the stabil_ity of üre

spectral estimates by averagÍng over a;Uaeent frequencies (Jones , ag65).

Thfs proeedure ea¡r also lqprove the speetrr.rm by reducing the effeet of

the side-lobes clue to the sampllng rw'indowr " The praetice of est!-mating

the speetra-l d.ensl.ty by takÍng the Fourier trar¡sforun of the velgbted.

autoeorrnetation ftinetlon (Braarmeæ and, Tukey, Lg5g) ts an equlvalent

proced.ure. Since the developænt of the "fast Fourier transfo:m" algorJ-thm

by Cocley ancl Tukey (])65) eonsiclerable lnterest has been re-esteblished.

in a moäifíeti fo:rn of períoclograro analysis where the d.ata ltserf fs

smoothecl tnitleily"
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The rs¡ tiata oltefned fron the Adelaltle radi+-neteor systen is nort,

ln the fon¡. ef a rtfstlnet tlre serfea so tllot no¡r¡raI nethods of nerl.oclo-

gra.ra aoal¡'sfs ea¡not be apnlled, luræcliately. Hor¡ev¡rr the r.rethocl of

analysls rLevelrrped bv ßrol¡es (fç:ç) ts wej-l sr:Jted to êete:mlne the

aryJ,ltuile and nhase for a^q¡ frequene-v n, anð. ean le u.6e(å to d.eterrlne

a perf.oilo¡,¡Eü as deserlbed" below.

. e roùel fltteil to eaeh vinC eon-noaent u, for eaeh frequeneF ¿ri

by the $ethocl of l-'east squaÌ:es has f,!le for*r

ur(zn t) - uo. + u, cos (tot - ,¡tr ), f = 1"2,3
r- tt tl

s.bere rorr \r, ,r, ha'r¡e the sane fonn as fn 36.2. ?}te nonrallseil

hetgþt, S, is coq¡]uted for the helg}¡t range T5 tc 110 k¡n. By trlat anil

er¡¡or the follovtng crlteria Ìrere estêbllshed. for the oriler of the pol-v-

nonfalg for each wfacl corponent ueed. Ln the analys{s; (f) rreval.Ilng

and perloùlc zonaL coaponente - o-uadratlc; (ii) prcvalJ-fng anit

perlodle vseridlonal eonconents - euþlc: (ltf) vertical corçonent -
cqstant vlth hetgrt but a Lfaear varl.atl-on lq tina.

Á,s ¿latE ls avallaþlc for tlve to ten d"ays eaeh nonth the resoluÈ1on

possible fn the perfcdogren Lg A.2 - 0.1 eX'61ss/aq" .Aqplltudee and.

phases of perlodllc eonponents wer¡e ea.ler¡J-atert for the frequenc¡f:rs¡rge

0.5 qfcles/dry to h qretr-es/drv (perl,octs h8 rrour to 6 hour) *itt a

resolutf.on of at Ìeaat 0.2 c:¡el.e/dìqf. to e¡aphesLae the feet that tbe

methodl of aualysLs used. i.s eoævhat df fferent frora the ueua.l perLodlogra,n
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analysis the results are presented. 1n tems of tbe a¡rolltu¿e, A of the

vector whleh best fits the data at the pa"::tlcr:J-ar per!_od, t, of interest

thus

A(t) = "l(') *.å(r) n,r3(').

The resurts of this fom of analysis for the mo¡th of Aueust 1966

are shown Ín Figr:re 7"3 for heights of 8j-, !J_ and 101 k!û.. Íhe ttata for
thts particurar nonth vere colleeted. over an interval of 20 days, the

tote-L number of rneteors belng 5108. The resolution generally r.¡sed

(o.r rye1es/day) cen be iryrovect ln tbls ease beeause of the longer data

s,pan' ïn parbl:'.rl-a: the rcso-'l-ution around the naLn f:requeneLes of

lnterest (1 qrcle/clqy and 2.0 cryeleldqr) is erbenctec. to 0.0! eyeles/dsy*.

fhe main effect on the appearanee of the perlod.ogra:tr ean easily be seen

ln Ftgrrre 7.3 vhere the so]-ld line eonneets the points at lntervals of
0"01 c1¡eles/day, the extra ooints <[o not alter the rand.om eharaeter of

some of the peahs. At 8t fn the preclo¡nlnant feature Ls the strength of
the 2h hor:r perloctic component, no other peak ean be regarded. as signlfl-

eant. At 9l k¡n the st:rength of the 2h hour conponent hea deereased. a¡ld

at 101 kn has cllsappearecl into the baelcground- noLse. [tre apparent tteeay

of this 2\ tror:r conponent with lncreaslng beight is i¡ i!1reet contrast

wtth the erçected. variation fron tldal theory antl, 1f real , eorrld. rean

that a signifleent a¡ount of ttd,al energr was being ctisslpated near 100

k¡r at this tire"

* The llmited. co4>utlng tfne available did. not pe:mit full reso}¡tlon
over the vhole frequeney range.
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Ïn the absenee of a rellabJ.e statistleal teehnique for deeidfng the

signlfieance of inctirrictual i¡eaks on the perlotlograJn, a, siErle non-

para,netrie prooeclure has been adopted.. Separate period.ogra.rns couputed.

'¡"ith ocld. ancl e-rer¡ nu*bered seteor echoes respeetlvely have been com-

pared. aror¡rd the apparent peak at a frequenclr of 1 cyele/d.4r¡ (conplete

perloclogrÊms rlere not eomputed. ow"ing to the J-arge e¡rount of eolqluÈer

tlne requLreclt). ELeru¡e J.l+ shows the relevent portions of the three

perioclogrqyns. The l-l-ne ¿lrava on these graphs ls for a]'l of the d.ata

(as tn Ef.gr¡re 7.3) and it ean be seen that the points for the oclit and

even nu¡lbered meteors 
"espeetively 

wor:J-d. not signifieantly Crange the

appeeranee of the peak at any height. Ir{oreover it appears that the

clLfferenees in a¡¡clitucte between the three polnts at a given frequency

are of the sane ortter as the fluetuatlons betveen acfaeent f:re-

queneÍes ln the perlodogrcms shovn ln E!.gr:re 7.3 an¿l henee lnd.ieates

the relf abtlity of the speetral estlmates. The ilecllne ln the lmorb-

ance of the dlurnal tttle with lnereasing height for thfs nonth ls thrrs

consldereil to be real and signifleent.

The variaÈ1on r,r'ith height of the d.lurrral tltle shorm in Elgure ?.3

for August !966 may not be +.ypieal" The periodogrnrne 6þ!a[necl for

Aug:r:st L969, Flg¡rre J.!, shov quite ôLfferent behavlourn the alrplftude

of the cliurnal co¿r¡conent inereases rrith heigþt and a slgniflcant serr:i-

ttlu:rral eorçonent is pnesent. ÍÎrls varleblltty of the tittel eolçonent

is ðlseussed. furbher ln the follorrlng seetion.

li The tlne to produce a full periodogrârn on the CDC 6l+OO ts aboub
26 mtns.
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T. h TIDA¡ rÆ,wÐs

Fhe fuaportence of the atros¡ùrerÍe tides 1n tl:.e vintt fiel-d- of the

læper atnosph.ere has J-ong been recognlsed and 1ndee,1 the raeasurenents

of tid.ar wlncls ceduceü from raù1o ræteor observetions bave greatly

stimrlated theoretical interegt. Slrfflclent ctata on both the d.iunaJ-

and. senf diu:rral titles near 90 km has beeone avallable that nucûr ex¡reri-

æntal efforb Ls næ clfueeted ln determlning the varlablllty ln the ti.dal

cor¡ronents" rn parbicular, the reeent meeuurements of Ðoyle (rg68) ana

Splzzlehlno (t969) ar. of Lnterest 1n this negarct.

Spizziehlno flnds that ât Garehy (l+to$) the seuldÍunal tfde ls a

stabl-e regrùar oscirlation whldr is se11 d.eserl.be¿l by theorl'. rn con-

trast ' the d.furnaL tide is sma-ller 11 nrE:L1tutle, very irregular, ancl cloes

not flt the reLatlvely slryle theoretLeal noclel. Dcyle (at Actelalde,

S5oS) has for¡acl that both the diurtral antL serd.diurnal tiites sllow 1arge

fluctuatloas in aq:l-ltuC.e and. phase, 'rdth the se!ûiillu¡nal tide gen:rally

havlng f,,þg s,ì'.ellest ery¡Iitude. She for¡rd. that sinilar fluctuations

oceursed. fn both tidal- coryonents irith oeeassional phase ancL alr¡rlltucte

Jwps ï1th seâson, partfcr:]er1y near the equlnoxes. For ZO% of the clata

the sense of rotatlon of both ttttal eo4ronents 'was opposite to that from

tida-l theory.

fn vle¡¡ of the fluetuations obserrred ln the Adelatde results tt vas

clecicied to naÞ'e a nelr atten'pt to obtain statlsticatly æIJ.eble estlmates

of the tids-l colçonents wlth nore reeent d.ata. The æthocl of ar¡eraglng

the obsen¡atl.ons ls descrfbeê flret together with an lnveetlgatlon of
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the statistiea-l relierblü-ty of tbe mean values formtl. A cor¡rarisot¡ of

the observatltrral data Ïrlth theoretleal prredietlons fs n¿tte ln 5?.\.2.

7 .l+.L Tl:-e Data

Beeause the nu¡rber of da¡¡s per nonth for -.,rhich tLata is

avallaürle ls snall (S - t+ oâ a\¡erage) tue clata 1s conblned. fnto the

three tl,]-oyclr seasons (anci the vhole year) ileflnect as folloçs:

llaroe Syrnbol Months ïnc1ucþcL

December solstltial D Nove¡iber to Febnrary

June solstitial J Mry to AWust

Eqrrtnoetial E Mardr, Apr{.l, Septetùer, Oetober

Tearly Y .trI1 Data

' Prob*Iy the best method. of presentl.ng the lnilivlclual

ar¡rlltude anil phases from the Grovres hamonl.e analysls is to r¡se the

ha:monle clfat ctescrlbed by Chapnan and. Ba¡:tele (fghO) an¿ strongly

advocatecl by Hau:rrftz (fg6h). The tnêlviclual polnts on euch a plot

ean ecetter widely a¡ound tbe nean anð hence it fs ln¡rortant to ciecicle

rrhether the mea¡r nnç¡lftutle antL phase eorçuted. fro¡n a glven nr¡¡lber of

d.ata polnts, m, has any pbysieal slgnifleance. A sinple statlstical

paraæter nhlch can be usecl to aE¡sess the re1lablJ.lty of a ueaa nrnI'lLtucle

Ã. ts tne recliue of the probable-errctr eireJ-e rn.

fhe pnobabilfty P that the eoryuted uean a4rÈtucte Ã could

have arisen from the aaa.lyels of ranttou.ly distrlbubeil clata 1e exp (- q2)

¡rhe¡e

q.2 = r(r + 1.1+5 r 
"n2ltÃ)z)-t
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Chapnan (lç5f ) t"" sr:gg.ested that a deter:rd.nation nay be eonsiderned.

satisfaetoqr if - = 3 "o. It is apparent that ',.¡hen n. ls snall care

nust be exercise,:l i" ..*i.rrg nean values.

flre a.rupì-itude end phase of the åi',r-z'naJ- zona,L and neridlonal-

vind coloponents e,re shcrr.,.zl Ln Tel¡le 7"2 lot th::ee hefghts 8C bn, 90 kn ælrt

100 lç¡r. T}'e observatlons are conbined as shc¡rrn ín the ftrst eol_r:na of

the table. The gecond. colrr¡m gi¡res the number, lT, of deys used. 1n eael:

cleterd-natlon. Íhe thlrd. arid. fourbh coLunns gíve the enElltud.e Ã end.

the radius r of the rrrob$le erÌor eírele. In the fifüh colr:na thep

tire of the ma.rdnu¡t positi'¿e r¡j-nd. is shc,hr¡. Colums 3, h anct 5 appl-y to

the zona.l component while 6, 7 and. B apply to the rrerldlonal. Tab1e T.3

gines the resul-ts of a síniler ana.lysis car'rieC or¡b for the senidfu::rnal

wlnd. eotçonents. lhe tlnre of the ¡raxirn¡m vind refers to the loea1 tlne

of the first naxi¡nun.

!'igures 7.6 anë. T.T shor the lncttvidual data points plotted

on havrmonle d.fals for the d.luznal a¡rd. semlcll.umai eoqconents at 90 kE

only. Before applying the statl-stlca-l- test for rel!.irl:tltty it ls

neeessaly to tletennine r¡hether the polnts a¡¡e nor:nally dlstributed.. fhe

probable-error in an lnciivlduaL point (r*) is *t' o great es the probable-

eror in the l¡enïì, and. if a eircle of radlus rlË 1s clrsyn wlth the me€Et as

eentre then for a no¡:na-1 d.Lstrlbutlon haJ-f of the points should. lle out-

sicle thls circle. Thls criterlon fs met for the &istributlons ehonn in

Flgures 1.6 and. ?.? a.s cen be seen usLng the clata 1n Tables ?.2 an¿l ?.3.

The results for altftuttes 80 kn and 100 km elso satlsfleit the crlterion.
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SB.{IDIURI{AI, SOT,AR TTDE

Table 7.3: TITE SBÍIDIUPSAT SOLAR TIDE DETERMINED AT

aL6

FOR

. N TS lrFE IÍU]IBERkm km 100 kn FOR

INDIVIDUAI DETERMIfrÀTIOI{S FOR EACH SEA,SOW.

D, 1968
J, 1968
E, Lg68
Year, 1968
Ð, tg6g
J, ]-:969
E, Lg6g
Year, 1969

D, 1968
J, tg68
E, 1968
Year, 1968
D, tg6g
J, Lg6g
E, 1969
Year, 1969

D, l-g68

J, 1968
î,, Lg6B
Year, 1968
D, 1968
J, A969
E, Lg6g
Year, ii6Ç

1l+

12
13
39
2t
20
L9
6o

1l+

L2
13
39
2L
20
tg
6o

1l¡

12
13
39
21,
20
19
6o

N

13.3
12.8
21.8
13.6

h.l+
u.3
L6.2
12.0

10. ?
1".7
8.0
l+.2
2.5

12.8
3.2
l+.t

2l+,9

,.2
26.t
10.8
7.6
0.6
1.9
3.3

.Aru¡rlltucte
(n/sec )

ZonaL

11.2
L[.]¡
Lr.5
7.5
6.o
6.3
h.6
3.3

\.r
6.9
7.9
3.8
3.7
3.L
3.9
2.2

70

10.1+
10.5
6.2
6.9
l+. o
l+.6
3.1

rp

ïr.3
10.6
8.9

10.9
6.9
8.2
p<

8.2

,.6
10.5
L.7

10.8
5.0
9.lr
9.0

2I.I

6.1+

6.t
2.6
4.8
3,5
5.7
2.1+

3.\

Phase
(tror¡rs )

t?o
L6.'l
L6.T
7.2
7.'

It.?
l.v

9.2

L't1.2
6.ll

r-l+. l+

3.2
5. ¡+

6.3
2.5
,+.2

14.2

5.1+
15 .l¡

5"3
6l+
to
0.9
2.9

Ar¡rlltutle
(¡r/sec )

Ì'þrLtlional

7.9
8.3
9.0
,.6
6.0
7.2
5.2
3.7

l+.9
h.5
5.t+
3.1
h.r
3.6
3.7
2.2

6.o
l+.:
9.7
h.h
h.6
h.o
3.3
2.1+

r
P

11.5
5.6
1.9
1.0

l_3.5
3.1
0.1
2.O

10.5
6.0
2.1+

0.6
1.4
3.3
1.5
2.3

10.0

9.5
2.1

f.L.5
1.9
3.0
6.9
2.\

PLrase
(rrours )

Poo
Þf
EI
u¡

\oo
þf
E
U¡

æo
r3
u¡
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Ïf the d.etermlnatlon of a partlcular he,rrcnl"e cortr)onent 1s

eo¡rsLdeæ<!. to be satisfactory rr?ren Ã > ¡ r_ then na.rq¡ of the cletetsina-p

tlozrs ln Tables 7.?- and 7.3 are r¡nrellable. fn general the clÍuraat

ticle, lrlth a tr arger nrnplltuile, is better tþterrd.necl than the eeni-

ilr.urnpJ tldle but thls 1s eertalnly not the ease for a1.1. betghte antt a.11

f¡eâsons "

llhen the tlata for 1968 and. 1969 are eonbf.ned. ancL the seasonal

mesns Bgein tleterælned, the semi¿lLu¡tra-l ttcle 1s still not rrell deter-

ufnett at 80 a¡rct 90 k¡n whlle the cliu:mal tt¿te ls not vell dete:mfnett at

100 kn. The resu-Its of this averaging process are ehorn fn Teblee T.h

aacl 7.5 for the cllrr:mal s¡tl serrltllurne-l eoqronente res¡netilely. The

val'¿e of P 1n the,ge tables ls the probablllty of obtalning the r¡easr value

L purely by ihanee. To enabre the seasona.l varlatlons to be easily

vl.suallseel the ræanB for 80 km from tables J.l+ and T.5 have been plottecl

on ha¡rmonfe ilials ln r'lgures 7.8 andt T.9. The mean for al1 ttate are

markeil- .lrith a ercss on these cllagrans.

The clay to tl.ry varlatlone ln the auplltude and. phase of the

2l+ antl 12 hor¡r per{.o<llc eorponents dl.seuased earlLer ls the basle reason

why nany of the mean values cleterrnlneil abone a¡e statLstleally r¡orellable.

By conbfning 4,11 of the ilata avallable at Attelaide lnto Lloyct Beasoas lt ls

hoped that nellúle estimates ean be ¡nacle for qll ticlal eouponents (tnts

analysf.s ls in lts inltLal stagp).
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MeridionaJ-Zona,L

Phase
(trours )

Anplitutte
(n/see)

-5

^LLL DATA COLL!]CTED DURING B ¡wO AT

r Pp

2t.
1:6.
1T.
18.

9 .l+

T.B
7.6
T. r-

6.5
0

l_.0
6.6

2r.8
il.\
]-:6.z
18, l+

0
t-

9
l_

_?
9.2 x 1.O -

o.6l+
o.67
o.2'l

18. B
t<D

5.5
5.1+

5.6 x to-2
o.65
0"38
0.ú

.7

.7
2

eJ

o

L1-

4
6
B

6.9
6"9
7.6
l+.e

0
2
6
5

l+x l-0
.2-O
x10
x10

151.CJ

6
13

B

E

10-l
10* r

X

3B
x
x

t.7
0

5.0
3.6

2
h
h
0

11
L6
I

1.1

-3
-h

COI'ÍPUTED IIOR: THE DILIRN.AÍ, TIDIIT,4e*l-.lt
"Æ!$!e"

l¡lr
oo

Prp
Phase

(rrours )

-3x l-0

10
10

x
x
1B

*2
-2B.T

?.0
0

'1.6

h.B
3.8\.r
2.6

h

3
l+

2

1
9
0
h

h

9
B

3

22
9

L6
2T

6.Lr
6.h
T.T
3.9

N
Alrplltucte

(n/see)8o kn

^l-.3 x 10 :
9.2 x Lo'-l
1.0 x 10_;
1-.6 x 10 '

6.0
5.6
5.5
3.5

2.

2
6
0

Ll+

1_T

11
1_5

35
32
32
99

L6
Dq

L'
T'

1
1
3
2

D Months
J lt{onthn
E Months
All

9O lirr

z

5
9
L

20
l+

L5
v.

\.2
3.8
3.5
2.11

D l,íonths
.I t,lonths
E Ì'4onths
,41:r_

35
32
32
99

100 km

i5
32
32
99

B

5
1
I

Ll+

5.
9.
6.

D l,Íonths
J ì{onths
E Honths
.Ll1



35
32
32
ç9

$

.J'

32
alr)

99

35
a.o

32
!]5)

ÍIWTDII,IRI¡ÅL TIÐ¡T

Zonal. lÉerldlonal.

Btl tem

n l¡,on1¡hs
J l¡ontlrs
E ì4onths
Â11

93 lçn

Ð i/onthe
J i;lcnthe
Ë l,lonfåc
Ali

10û k¡r

Atuplltude
(m/see)

r"1.1

Fhaeo
(trours )

F

6.7 ' to
0.,fl[

T.O x 10'r.h 10

10

Auplltudle
(n/aee)

Phass
(¡ours )

r rp

I
L
6
3

a,J.
I
l¡,
a

1
5
qr

s

3
T
3
9

?

.f.
1

6.7
l+.9
ry.)1.4.

3.5

10
8.1 x

?.., x
Ö "78
0.53

5.',¡
9.5
0.6
8.5

0.6
b.p
I.2
r..6

5.1
5.6
l+.-q

3.1

l¡

7
I
1

1L
10
I
L{

(1.71 
^lr, Z x fl';'-Í

r"h x rûli
1,9x1o-

10.3
8.9
B.?
B.q

P

11.lt
1r.3
DA
0. fl

23 J.l x 10

!

5.6
6.r
2.6
l+.1+

5.ù
l+.6
5.h
3.0

?.3
Ll. B

5.9

-2

-2
.,2

^2
.-2

0
0
0
û

5
l)
c

?

31
9B
3h
36

L?
T
10

0.
5.0

0.

5
3
3
T

,2
.5
"1.
.1"

5.8
i.9
6.9
3"6

Ir

3
l+

2

7
6
a:

o

I
1
l+

2

5.
8.
c
2.

¡+

13
T8
11

h.
ô

1"

^910 '-

!ç,!4- ? .å: 3¡¡_q: "gls,_q-Ð-rl¿4t{-¡_.!. JIJì1l" -c_?JËlll}""p_ _ryr_Rr 4I,k Ð4:t'4" lrpJ,r,Elqf-EÐ- 
"FqRIII-q -r9{.8- $-¡! -19-_63*ê.T.

.â¡&*IÁfDTi

l.-r
l-t
\c)
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7LC Ccr:aC.son 'ç¡i.th T:eory

Sone astects of tlre theor.y- of tides es pertaining to Iatftuile

35oS a:r¿ the irel--þt range fC to l-l-0 kn rrill be briefly diseussed- before

eotrylarison r-¡i-i:h tb.e obser"ational ¡esuf-'r,s desc:ibed. in the previor-s

seetion. Lj-nåze;'* anC. Chaplaa (1969) irar¡e gÉven ârl eltcê..1-ent rer,'l-elr of

the t3:.eory cf a¿unospìrerLe tid.es. -.Tre nafn me'uhod-s of exeitation of the

solar tiCes are d.ue to the ebsorytion cf soler energl¡ by water vapour and.

ozone. Surfaee tenperature vaz'lations are eonsidered. r¡eIati.ræly uníræor-

ta¡rt end gÍve rd.se tc locaJ- effeets i.n the tld.al variations restriete¿l

malnly tc the tro:osphere.

In +-he ease of the solar se¡rídiurr:al tide the most fuportant

node ís +.he (Z,Z)'øhich assoeiated ¡rith Long vertleaJ- vavelengths (t l-50

kn): this rnode resÞonds to the excltation d.ue to ozone heating. fio*ye¡¡er

the (2=2) node is trepped belov the rnesopause so that ¡rtth a rl-lgþt

change in tÌ,e CistributLon of ozone the (2rh) node nay nake an lnryortant

con+,rib:rtl-on to the vlnd. field. above 80 kn. At 35o latÍtud.e the enpIl-

tud.e of the senidlurnal l,rind ls predicted. to l¡e about i0 n/sec at B0 k¡r

Lncreasin,g to about l+O n/sec at 1û0 k¡r r¡ith. a phase lag of about 2 hours

bet'r¡een these levels.

lÏo oerbieuJ-ar node of tiie solar &iurnal tide ::espond.s

efficlently to the exeitation fr:nction and. hence a m.mber of lrodee are

iugorbant ln d.etenrining the total wln<J. fleld.. Sllght variatíons in the

exei+,ation frrnetions (¡otU ",*ater vapour a¡rd ozone heating) ean ehangB the

type and. nunber of signlflcar¡t modes in the winci flel-d. .'îva$escent modes,



1?.L

partieuJ-a:.Ilt -'¡-e í1, - 1):m.oC.e5 are iropcrtant near tlie regions of exclta-

ticn -bui ccntri'cuûe iictle tc i;ire diu::naJ- oscilia-"ion at uilper levels

(r:rless lccal heat sourees cf suffieieat s+.rengbh extst). Ifost other

nodes propagate freely ilìå are noù trapped. beloe- -i;he iaesopan:se so -'hat

equa-bowards of e,bcut \0o tiru C.i'¿¡:ral- tiãe is ouci'i greater tira¿r tire

seriaiu:r:al ii,Le. lle s'e-iraction effects of the Ì:ackground. temperature

str¿eture are i¡aporte¡rt for the shor-b wavelength mocles and hence above

30 kn the d.iu¡raal tide ean be quièe variebte" T'¡rpical arplitud.es expeeted

ere 30 m/sec at 8O k¡rr and l-OC rn/sec at 1C0 km viih a phase lead of about

? hours betveen these levels.

The nain fact of interesi from tbe observationa.l clata is

thai the a'rçrlLtud.es of both the d-ir:mal and. senidiwrral titles are s¡ne-ller

than theory pre<l1cts for the ]atitud.e ar¡d heigþt. In parbicular the

alrylitude cf the ðiuznat tide o ..vhLch l¡cr¡-ld. be e4pected. to lncveese rith

hetght. Ín fact decreeses for alJ. sleasons. The seriðiurzra-l tld.e, on the

other hairô, genera-lly increasee with neight a.s ís expected but ls nnrch

sore variable tha¡r iheory- worrld. preåiet.

For the dluznal eonponent the naxini¡¡r çind. tqward.s the norbh

follcrr¡s the ¡rarim¡.n vLncl tosard.s the east by Sout sir hours as woul-tl

be erpected f,ron theonetf cal. coasíderatf ons. Hovever the senldliurlral-

co4ponent Ls less reliably clete:ruri.ned and. toes not shov the expected

phase lag of three horrrs betr¡een norbhçard. a¡¡.d eastvard- viad. corponents.

The varl_atLon of phase with height is also lrregular.
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The above facts inply that ¡rore thaa one nod.e is present ln

boùh the dl.uma.l anct senictlu:ma-t ttd.al eorponeni;s " It is interesting to

speculate that the varlabtl-ity of the senldfu¡nal tidle nery be due to the

fluctuatlng lryortanee of the (2rl+) nocle, while in the ease of the tliurnal

ticle the larger nr:¡lber of short wanelength modes nay va"ry in relatLve

irportance. Llndzen (fg68a) has shom that snal-I changes ln the bach-

gror:nd. ter,tI>erature profJ.le hanre an luporbant lnfluenee on the relatlve

strength of the varlous proBa¿ating cllu::nal rcdes. Varlatioæ in the

tlistribgtlon of ozone are eertainly obaervetl and. henee vs,riatLons ln the

impoÉance of the (Z,h) notle nlgþt be expeeted'. Speeulatlor¡s sueh as

these can only be eheekecl lf simrltaneou¡ obse::vations are made at a

nr:mber of loeatl-ons.

Seasona,l variatLons in the rean w.lndls ancl tenperatu::e belon

8O tn are erpectetl to caufie ehanges f.n the phase of the diurnal ancl

senidiurnal v'avies arrlving 1n the region 8O - fOO nn. [he observations

of the t[urrral ticle shcnr litt1e seasonal variatlon ln araplttucle (belov

100 kn), a,nd. a. smel1 phase verLatlon a.s can be seen fron Flgure J.B.

The veriatlon wlth serpon of the semitliu:rral tide is not clearly tlefined'

but ít woulel be l-nteresting to consLcler the effects of seasonal varla-

tlons !n the dLstrlbr¡tlon of ozone (tle ¡oatn exelting fl¡rctton).
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CIÍ^APTER VIII

MEÀSURM{MilTS OF WTND STE.A-R T$ TTIE Í,OI,TER TEERMOSPHERE

B.r I}ITRODUCTION

Às lnctleated- in Ctrapter Vf neasurements of rrinit shear ¡¡ere macle vlth

the mút1-station radlo meteor system oner the pez{-od December f968 to

Jr:ne 1969. Ttre cltstributLon of eeboes ln hetsht and tlne ls gLven ln the

aforeæntionect ehapter as are the nethotls of tlata retluetLø. The vlnd-

shear ctata is presentetl in the form of stnleture flmctlons couputeil as

cùes eribect 1n 96. 5.

Às the orientation of eaeh meteor tral.]. vLth respeet to the observlng

statLons {s knorn lt is posslbte to eonpute the horizontal a¡rcl vertleal

eoryonents of the reflectLon polnt separatf-on. Thr:s stnreture fi:netfons

are eouç¡rted. for horLzontal separatf-cns (inerenents of 200 netres ) anil

r¡er.tleat separatfone (inerements of 100 netres). Ho'¡¡ever lt shor:ltl be

rememberect that a sligþt anornt of eorpl.lng wlal oceLrr betveen these

funcùLons, Ðd Ls nore serLor:s for the r¡erbiea-l fr:netlon clue to the

lnellnatlon of the meteor trails to a horlzontal- plane (about 30o on

argage). Even if the separation Ls not conplete it Ls stl1l'usefiú to

pnesent the d.ata 1n the fo:sn of hortzontal antl r¡ertleal neasurernents of

rrinc!. shear Ln vlen of the stabiHsing nature of the baekgrouncl teuperature

veriation. It shou.]-d. be aoted that this bas noù been partieuJ-arly suceess-

fu1 ln the past beear¡se of the ltd.terl spatial separatlon of :reflection

polnts along the trafl.
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Tbe epproach in the cllscu.Bslon of the results 1n f8.ll w1lt noÈ be

to preeuppose çny nartleul"ar struetu¡e but rather to gtte¡æt to cbor

soisÊ ËeLatlonship lretr.¡een the ohaer¡¡çL stnreture functicns and. varlous

theo:¡etlca-l preûLetfons" A brlef clfseu.sslon of tha ststlstleal. pnopcrtles

of "*l.nd sheêr Elea"gur€EËnt,g Ln the lcnrer atmosphere ls given tn the foJ'lov*

lng eeetlon. T-be F'reaent ¡esü.Its fnd"lcate that the sâF€ eonsldlarctfons

are appllcahle to conðftl.c¡ns ln the J.orer therrmosphef,r.

8.4 gÛ}.TTSTICÂ¡ i{frÐ sTIE"Â,R REI.ÀTTCIÏTSIüPS

Essenvanger (fç69) bes shcnm erçf.råeally thet rlnd, shear Au ls

reJ-at*d. to the .ehear interv*L Ç bf a -ùs{rer i*v sg follans:

e1
3.1

ancl vith the stsnd.sril C.evletfon o 6iven by
Au

al
t-¡ =¡F+ A þ¡

L'.¿-

Au o

a,nd

=¡efo-^.¡:

ull
o

+A.lÂu" Qâ

The quantltfeg ao" c, Ao and, A1 ale the veriow eoefflelente or eonetentc

assocr.ated. vlth the pcnrer 1a¡¡ wltb ex.nonent a¡. fu a Lster publlcatlon

EcsenvangBr (]tq6ú) ttnired h1s results to statfstf co]- theorg and ahorred. thet

the exponent a1 had the velue t¿ for ¡-leatr shear rlue to the oerrelstenee

(øeso-eca-le structurt) tn tUe rrfnd. proftle. Extreme valuee of, sbear appear

to be l"nd,ependent of any partletrlar stérÈlsttcal dlgt¡.lbutlon and the

e:çonent teuda to¡a¡ûs 1/3 f¡çIytng thet the stn¡eture nair bc that of
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lsotropic turbr¡lenee. Ttre preeise vaÌue of the exponent depencls on the

parbleular reteorologteal condltions ln erCstenee at the tlæ of the

measurementg.

fhe porer lsr behaviour of the nean wÍnd. shear vlth ver'ùical separa-

tlon (e4ponent 0.5) has been confircd, by the balloon olcse:n¡'etLons of

A:mancta¡iz ancl Rirler (1966). It 1s al-so possible that the vintl shear

rrpa,surements of !,Ieinetein et a1. (8øe) nery also follow the pcnrer lan

bebavlon¡ (Essenwan ger, 1967) .

Itre relations gtven in 8.1 and 8.2 may be related to the stnrsture

f\¡nctions discr:ssecl fn Cbapter II. fn parbicular for an laertlal sub-

range of turbr¡lenee the trans'verse etnrcture fr¡netion has the fono

nrr(e) =t"(r¿)2/3

fhus lt ls appa"rent (Essen'nanger , L969) that the rerations at = 1/3 and'

8.3 Tffi OBSERVATTONS

Ttre basle measu-rerþnts for fh¡e rronths* of the srrrtey Erre presented.

as stl:ucüure fr¡netlons for rertieal anct horizomtal separatlons fn Elgr:res

8.f - 8.5 ¡¡bere the logarlthm of the squares of the velocity differenees

has been plottect agalnst the logarfthn cf the borfzontal and ve*lca1

separatf.ons æspectlvely (the stnrctr¡¡e fr¡nctLons for October 1969 are

* AB notecl earlLer in Ctrapter VI wlnct shesr tteta for Aprtl ana May 1969
áre not yet anallable oring to clelqrs in ::eadlng the velocity fi'lns
beyontl the authorrs eontrol.

^o = Æ t."'/3 shoulct holcl for conditlons of erstrene shesr.
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pnesentefl separately la the folloring cb4rter). fbe error bere shom for

a few polnts (snalI Beparatlon, separatlo¡'ì, 1km, aatl large separation)

are sirry1y the stantiard. error ln the nean square veloeity ttifferenee for the

partlcuJ-ar separatLon coneetned.. fn general- the mean squal€ veloelty

tlifferenee incneases mone rapi<üy with i¡ez-tical then vlth horizontal

separatJ.ons. The amnount of scatter in so¡ne of these plots makes 1t

illfftcirlt for an obJective d.eeisLon to be nacle as to the eloseness of flt

to a partlcular exPecteC. currle.

.Any tliscussion of these plots ¡lust be tenpered. by eonsf-tleratlon

of the foJ-lowlng factors:

(f ) At separations l-ess than about 300 netres anoßa.lor:s lelocLty

differentlaLs are prevalent clue to the lnaeerraclf assoclatecl vlth separa-

tion æasu:¡enent broræht about by the phenomenon of nefleetlon polnt

notior, &d also ttue to the lnherent inaeeuraey in læasurLng tbe origlnal

ltne-o f-sI gþt-velocitles .

(ff ) Re1iúle estimates of the mean square velocity clLfferenee are

only obtatne¿ ¡¡hen the nr.mber of ùlfferenees Ís lerge. As shown later

at least ten r¡eloeity dlffer€nces a.:re neqrrined to obtain a stgnlflcant

value. In general the totat nuaber of nr¡ltl-statl.on edtoes Ln eaeh montb

has to exeeeil ?O (yteldtng ebout l+OO veloetty differ€nees ) in ortter to

obtaln a eet of reliable mean square veloclty dlfferenees.

(fff ) Due to the nqr-r¡rifo:m ecÌ¡o rate (outltnect in Chapter tJl) tne

me€¡srrlements for a gLven nronth are blasecL tovards the high rate hor¡rs eent:¡e(

a¡or¡rdl 0500 loeal tlne.
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In order to mafte sorne obJeetive eonparlsons bet¡reen the horl-zontal

and vertlcal etnrcture f\¡rctions ând a1ï letween the obser:vatlons for

varLous nonths s, DoTre? lar¡ of the form Au2 = kxA" where k and. À.are the

constants to be tletermined, ls fltted to the d.ata by the nethod of least

squares. In vÍew of the factors tifser:ssed in the prerrLogs pa;ragraph a

weightlng faetcr I'Ias introd.ueeC. for eaeh ðata point as follolts ' Eaeh mean

square rreloci+.y clffferenee vs,s welghted. by a facto? 1r. = nr/o, where n,

ís the nlæber of difYerences at that se¡'aratl'on end o' is the 'stanilar'l

deviatLon. the appea.ranee of the faetor n. ls in a¡r atterpt to a-llow

dlreetly for varlations ln the nu¡nber of åifferences Ìcheress c, allorrs

for the aecuraey l-n the ðetezldnation ln the elassLeal ma¡mer.

Other paranetere wlltch have been dete:mlnecl from the irregular

veloclty f[e]-d ere shoçrn Ln Table 8.1. Cofi¡¡rr l gives the ntmber of ¡neteov

traål-s reeorded during the month, whlle eo1u6 2 glves the total nu¡lber

of reflection points reeorcled. (a naxtr¡¡m of flve polnts on eaeb trall).

I¡ is the root uean squatse veloeity 6f o.11 ihe llne-of-slgþt lel-ocl-tles

æasurecl dr:ring a gi'ven month. Tro and Trns refer to the noÈl-on of

refLection polnts olcng the traíl. Because the wind shear on 8:I lndivl-

dual tra-i.I ean be neasr:red. it ís possi-nle tc determlne tbe speeds of

eaeh refleetíon point as Lt aoves along the trall r:sing the formrrla glven

in Eh.3.Z. The narinrrn value (in i.-n/see) founå for each nonth is

entered. under the beadln6 Tmax. fl:e root ile€n ßquere speed' measured for

each ¡nonth is entered r,:nder the heading Trrrs. Thls notl-on of the



TABI;E 8.T: PAR.AI{grERS OF TEE IBBEGIILAR

EACT MONTH OF flEE SUFSEY. 1IEE

fEE TEKT

p8

WT][O FIELD .AS DSIERMIIÏED ¡OR

Sï\4BOLS ARE ïfi

Decenbern 1P6B

Janua^rry, L969

Febnnry , 1969

March, L969

Àprl1
May

Juoe, 1P6P

Oetober, 1969

ALL dcLa

Month

158

,8
ús
cÁo

266

2L3

1330

Nr

?80

288

1131

,09

1328

10b5

6æ2

Nn

26

36

31

29

27

27

29

?
(¡r/sec )

0.0081

0.019

0.00?5

0.011

0.0092

0.01-t

0.0096

+ 3.1
_ 2.5

- l+. l+

+ h.3

+ 2.9

- l+.7

6.It

T
ma:(

(tiln/sec)

0

0

I+

5

0.h
0.5

0.h

0.4

0.1+

Tïns
(tn/see)
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refleetion polnt can greatly affect neasureltrents of diffwion (Brorrn,

private eo¡munication). 
^VEh 

!s the r¡ns value of the wind shea¡

rneasur€d for eaeh tra,il.

TYre resul-ts rresented. in Table 8,1- are ver¡r sinilar to the earller

npesuref,ents of Roper (1¡ç62) obtained. durlng 1961. The present obserra-

tlons co not shovr any definite variatíons vith season or heigþt' in

parù1cr:lar eviC.ence for a maxintr¡n shear near the eguinoxes is not

apparent. tlnls null result ls in eontra.st with the results of Roper

ftgf1) br¡È i,.j-11- not be diseussed f\rrbher. It fs worbh noting that the

oresent resu-l-ts (r¡ith the exceptlon of Janua:ry, 1969) are statistically

r¡.ore rellable than those of Roper.

The var{ous eons'bants associ-ated. 'nritb the best fit por'rer lelrs to tbe

spatial, nertical a¡¡..i horizontal strrrcture f\-:netions respeetively are

given in Table 8.2. Standard. errors for each parsneter are gÍven in the

taÞIe I æ1r ðifferenees fn the paraæters gfeater tha¡¡ abor¡t trrice the

stsndarcl error are eonsitlereil sigllfieant .

Since tittle varLatlon between d,ifferent months 1s apparent aLL the

data bas been co¡sbineô. to procluce the spatial stn:.eture furebíon sho¡m ln

Figure 8.6 and. the verbical a¡¡å horízontaL structure fi:nctions sho¡rn in

Figure 8.T. The relevent paralæters helie al.so been ad.ded. to îab1es B'1

a¡Àd 8.2. Thie eo¡oblned date sili?Iy serres to eonfí::¡g the laek of varia-

tion betveen ðifferent months.



l4onth It
SpatlaJ. Vertleal Ilorlzonta-l

k Ex¡lonent k Ex¡ronent k Exponent

Deeedber, 1P68

January, L969

Febnrary, L969

l4arch, 1?69

.Apr{.I , L969

Mqr, 1969

June, 1969

Oetober, 1969

AAL data

158

58

385

269

266

213

1330

2\.7 r 0.3
101+1

5l+.0 t 0.1-

56.0 t .1

53.6 + .2
59.t t .e

5'.1.5 t .1

L6

9T

05

0\

.'lT t

.h6 r
,56 t
.?3 t

.M t .o7

.62 t .08

.60 + .ol+

36;2 t .3

953 t .6

62.8 t .z

?1.b È .2

62.'l t "3
?lr.l+ t .3

77.3 t .1

.76 t .09

.?o r .1b

.69 t .08

.83 r .o?

.l+6 t .og

.T2 r .11

.6h t .o¡

\h.a r .s
105r1

66,j t .z

7L.9 t .2

62.6 t .s

75.9 ! .2

73.7 t .r

.70 r .L5

.53 r .19

.56 t .o6

.|'.( t .06

.11 r .09

.46 t .06

.l+6 t .os

TA3T,E 8.2: P.AR.A¡,IEIIERS OF TIIE BEST FIT PO}TER I,AT{S TO TIM STRUCTUNE FUNETTONS FOR

ENRORS FOR EACTIMONTH. ITIE ,ARE THE

lJ
i¡
O
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8.h COMPARTSON TfJTII PFEÏIOUS OBSERVATI OI{S AT "ADELAIDE

Prevlous observations nade wlth a three station racio reteor system

during :-961 have been deserlbett by Roper (¡¡g6Z) and (f966). trtre main

observational dlff,erenee in the present vork ls the actdítlon of two

extra out-statlons whieh, when eor4pled. vith greater overall sensitlvit:r

of the system, lnereases the nr:riber of velocity dlfference cleteminations

that can be made 1n a glven tlme interval. l^Ilth for:r :refleetion points

there are six veloclty differences and vith five pof-nts the nu¡rber is ten'

tbus the rellabillty of ûean squa?e veloeity d'ifferences is iryrovedo

parblcular\r for separations greater than aboub 2.0 kB. Dlfferences caÍl

be obtalned- up to a naxi.l1nlm separatlon of aboub 5'5 lt¡s eoupared' r+ith 2'5

k¡r 1n the 1961 survey.

In oriter to make some quantitative assessilent of tbe rellabj-Ilty of

va-lues of D (the mean square velocity d-ifferenee ) vhen the nu¡nber of

veloelty differenees is s¡na-11 (particul-arly near the naxlmr:m separatlon)

for both the results of the present .1lg6g) survey a¡rd' the 1961 sru¡¡ey the

l-969 Aata ças treatect in the folloldng mall.ner. Data for only the three

elose-spacecl reeeivlng sltes as use<[ in the 1961 su::r¡ey (St' ftfaa, Direk

and. Sheedys ) were selected. a¡rci. strrrctr:re funetions eorçubed' It was for¡nd'

that some of these new strueture fi¡rctions dLffered. from the fr¡cetions

eoupubed. using all available statlons. In pa.::tleular the greater ur-

cer.balnty ln the values of D for separati-ons of the order of 2 kn tended'

to give lerger values for the ex¡ponent in the best fit power latr. !.t least

10 velocity differences appearecl neeessar'¡r for a stabl-e value of Ð' f'bis
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crited.on vas only met for separations less than about 2.0 k:n for most

months of the 1961 su:¡rey *-hereas for the l-969 surrrey this eriterion is

net up to a separation of about 5.5 kn f,or ell- months exeept January 1969.

Itre eonsideratlons abone have the greatest effect on the ver-bieaJ-

stnrcture firnctions con¡lutetl for the 1961 surwey. The ex¡ronent of 1.1+ for¡nt

in the 1961 survey (nax veztlcal separation of 1.5 kn) is not for¡rd. in

tine 1p69 sunrey (mær ve1{ieal separation of 3.0 km), the e4ronent in the

latter case beLng alwqvs less than 1.0. Thís ôiscrepancy fs probably due

to the r:nrellabl-e values of D tteter¡úned for the 1961- surwey for vertieal

separatlons greater than 1.2 km. It hes been for¡rcl that a veightetL lea.st

squeres flt on some of the 1961 data would. ::eðuee the value of the expo-

nent sllght1y. f,he struetu¡e fr:nctions dlete¡mlned fYom chemical release

trails, as ùlscussed. tn 53.3.1, often har¡e exponents elose to 1.\ r+hích

appears co4oatible with the results of the 1p61 sr:rwey. However lai¿u

variations ean occur ln the st:rrcture fì¡tctlons conpubed. for clifferent

helghts as shorn: by F.ees et at. (1IglO) and hence the present results ere

stlll eoryatlble with the analysLs of chenlcal trails.

One fr¡::ther feature of the scatter in values of D as ft affeets the

1961 resutts is 'wor-bhy of rnentlon. fhe mean square veloelty df fferenees

for the spatial separatlons in the 1961- su::vey were Ínter¡pr"eted. d.lrectly

as beLng due to an inertLal- sub-range of a turbr¡lent fiel-cl since a Dolrer

lav of the fo::m D * E2/3 flttted. the data r"easonably ve11. Zir¡urerma¡t

(tg6g) questioned. this interpnetatlon beeause of an apparent ilifference 1n

slope for smal.l separatlons (less than 0"8 krtl). Bowever it has been
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pointed or¡ü earlier ln thte chapter that the leloctty tllfferenees for

separations less than 0.5 kn are veIT utrellú}e. I'he nea,suæments of

neloelty cliffereneee for emêll seperatlons often fluctuate rrllclly vhen

the Þasle dlata are spllt into, saür, eyen antl odcl ntnberetl eeboes çhereas

for separatÍoas greater than ùor¡t 0.5 kn the neasurerents are relatlvely

stable. It has sln'æ been demonstratedl that the maLn varl.atÍons for

eeparatf.oas leee than 0.5 kn are tlue to the Lnherent lnaeeuraefee 1n the

neaaurerent of the lndtvfttual llne-of-slgþt veloclties.

8.5 DTSCUSSTOT OF PFESFJÎ{T OBSERVATIO$S

gnanbiguons evl<lence for the exletenee of a tr¡rbr¡lent veloelty

flelcl fs not avatlù].e fron the obsematlong. fbe ratlLo neteor teeh-

aLque eennot be r¡setl ln the sa¡æ wsy as an srrry of Bensors Btght be usetl

!n the tropoephere aad. henee lt ls cliffLer:lt to separate eoryletely the

effects of hortzontal ancl vertLcal- stnrctr¡re. fhe separatlon that

has been atterytetl for the ttata lnrlleates a cllstlng tlLfference betveen

the rer.tical aacl horlzontal st:nrcture. In er¡ery ease in Table 8.2 t¡e

ex¡ronent in the begt flt power 1ær ls larger for the verntleal stnrcÊure

f\¡netlon than for the horlzontal etnrctr¡æ fi¡netion althougb the

dlfferences for eoæ months are not statlstfcally signlflcant'

If the rrintl shea¡ neagureüents veæ thre to rrrhl.te noise r an erço-

nent a¡ = 0 (see 58.2) vor¡]-il be expeeËett (Essemranger antl. BLlllona,

L9651. Only the hord.zontal sttanetu¡e fi:netl.on for Jule 1969 vor¡Id be

explalnecl by this argrnent. A l.ínear trentl for r¡ln<[ shears rrould yteld

an exponent of 2 for the strnrctr¡¡e fi¡retLons æc[ hence ean be exeludlecl.
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As d.lscussed. eeslier ln 58.2 mean shears l''hieh eontain meso-sce.l-e

struc-r,ure as çell- as turbr¡lenee woul-d. give structr:re frnctfons with

exponents of aÞor-rt 1.0. 'r.Ielnstein et aI. (t966) have shcnrn that the

meso-scale structure observed. in vertical çind- proflLes above the tropo-

Dp-t¡se ean be er rlalnecl by the effeet of l-ntemal gravity rrar'ì3s. TuÉher'

the results of H:iLLlps (f968) shor¡ that struetr:::e fi¡nctlons rrith erçe

nents of 1.0 ea¡r be expected. for a spectrr.un of lnte¡nal gravlty war¡es for

eonditlons that apply in the p:resent case. fhe vertieal stnreture

firnctlons deterrnlned. by the radio ueteor systerc harie exponents near 0"8

ancl. thr:s are fn reasonable a€reenent vLth this idea.

Íhe horlzontaL structure fr¡netions have exponents near 0.6 ancl

thÍrg Lnd.i.eate the posslbill-ty of heing tlue to an inertial sub-rar¡8e of

turbulenee. -Ttrus. the inodel of small scale 'n'ind strusture prcposecl in

E3.l+ hold-s for the present observatlons. Eor,rever aoïe observatÍons are

needed. before a tieffnite statenent a,s to the existenee of an lnertia.l

tr¡rb'ulent regime out to separet|ons of abor¡t 10 km ean be nade.

ff tt is assuaed. that the results for horlzontal displaeements are

due entirely to turhulenee then the eonstairts k ln Table 8.2 ean be used

to de',,ermine velues of the d.lselpatlon rate as shsrn in S8.2. 'Values

thus obtained ('r,0.01 rratts^<S) are ncÈ inco:r¡latfble rrith the æsr¡lts of

Justus (]ç66). Tlre seasonal verlatlon of the dlsslpatLon rate found by

Roper (]rg66) (na¡d.sr¡n near the equlnoxes) is nort sr¡bstsntlatect althougþ

the per{-od cove:retl by the present d.ata ís not sufficLent to Jwtif} a

dleflnlte statenent.
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Etre enerry for the small sea-le motlon obsenedl probably cones ftom

the illunoal tldt's sinee, as diseussed. 1n CÌrapter l'l'JI, mue}r of the energr

Ln the clh::mal tlcle is lost In the lolrer therrnosplere.
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CEAPTER TX

A D BtsqT COMP.ANISON OF WI$D AI{D SEEA3

IfTIE BÄDIO-l,lHtEOR CEE{ILUM TESCEFT

9.1 DETAII,S OF TEE

A Jolnt experlænt to measu¡e neutral- rrtndls, f.on clrd.fbe anil teupera-

tr¡¡¡e !n the rpper atnosphene vas conduetett ôqr{ng October 1969 ty tle

Depa^rtnent of physlcs, th!-nerslty College, Londlon3 Max-P1anck-Inetitut für

Physlk urtl astropbyelk, ldrnleh; ancl the lfeapons Reeeareh Istabllshnent ,

Sagebur1,, S.A. fro S¡rylarÈ roelsets (¿egtenatetl SL 86t aaa Sf, 862) rrere

larueheê fron ltooære th:rlng ürfËebt at O\b6 C.g.T., 16th oetober,- 1969

antl 1915 C.S.T., 1?tb october, L969. Íhe Ractlophyslcs Grot4l of the

DeparËnent of Physlcs, llnLverstty of Aælatde partlcfpateil Ln thls experl-

uent by uaklng gronntt-based ra.ôlo obee¡¡ratlons of the neutral rfncl anfl

ion ¿rifüB ovel the larneh per{.od srcl for a ferr ôrys before andl after the

launchlnga.

Detalls of the roelcet experf'nente are as fol-loçs:

(f ) 5 kg of tr!.nethyahmtnium (fm) was r¡eleasecl a.s a trall betveen

85 a¡a 150 km la the ghadø¡ :regLon of the vehlcle traJeeto4f . ll'lrle

trall vae photographetl d three sf.tes uslng 12l+ ca¡¡eras and also a

seraee of htgh resolutLon plates i¡ere taken by the Bahep}:lurn

caæra sLtuetect at the Is].anit Lagoon traelf-ng stetloa'
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(ff ) For¡r higb e:çlosLve (mX) standaril 1 Ib g3enadee çeæ releasetl

in the ltldA tratl. ftle lelocity of the shock vave protlucecl by them

gave the terperature of the anblent atmosphere (Roeenberg, 1961+).

(11r ) staacl-artl alunlnfrn loadect 1 lb grena'des wer€ rereasefl at

inte¡¡rals betneen 150 kn antt 2l+0 kn a]-titucte ln surtf gþt. .[lt¡d'nÍum

rcnoxf.de (|]O) is proclucedl vhlch resonantly se¿tters sr-rnllght

(Johneon, Lg6ir. From tLue Èequencedl photographs of the Alo eloutls'

the iËff\¡slon eoefft eient a,ntl nerrtral vlncts nay be cleterafnecl

(uanrtne et aÌ.., L961). Speetral observatlone of the bantl etnrcture

of the resonaat rattLation enable the ten¡nrature to be determlnetl

(Auttler et al. , L962r.

(fv) Tno epecl.al grena,cles each cq¡taLning 3 kæ of a barLum' copper

oxide uixture vene releasedt at 180 kn anct 218 h respeetlvely. f'he

ni:rture r:ndtergoee an exoùhernic æacùlon rrhlch vaporiees the excess

bar¡.m prottueLng a clouil of neutra.l a¡rct fonisecl atone. treutral ancl

lon vlntts ean be (þtemLnect by tlne aequenee phoùographs of the

ner¡tra1 aacL lonLgetl bsrl.r¡r cloudls (Haerencte,l et al. , L967) '

gre ntrltl-statLon radlo-ueteor eysteu. deserlbeil fn Ctqlter V nas

r¡Eetl to tþternLne the p:reva11f.ng, perioil.lc ancl lrregular vintls ln the

helebt range '15 to Llo ke, nhile the Buclçlæct Park aerlal systen tles-

cr{beil by Brlggs et al. (lrg69) vas r¡seal to Deaaure LonosBheric cÞIfüs

ln the D, E antl F regfons rüen posslble. Obgeffatlons v'lth the racll'o-

neteor a¡rrtem çhtch 1s about l+50 len eouth-east of Ï{oonera ïere nad'e on

the clates shorm ln Table 9.1.



Detes Maan l{lntl Mrltl-statlon Conmente

5-::o-69
6-::o-69

'l-Lo-69

uro-69
9-1:o-69

15-10-69

t6-1:0-69

1?-10-69
18-10-69

19-1.0-69

Yes ( a"fter L000 )

Yes

Yes

Yes

Tee (to rToo)

Yes (e^fter 12OO)

Yes

Yes
Yes

Yee

Yes

Yee

Yeg

Yes

Yes

Yes

Yes

Yes
YeE

Yee

(afber lBoo)

(to r\oo)
(afùer lBOo)

(to zroo)

Multl-station data not yet
evallable

Transnitter faL1r¡re

Co¡menceil 1200

Larureh at 0)+l+6

Larrneh at L9l5; ftJm mechanLsm

JanmecL on shear eamera (eSoo-r5So)

Concludted 231+0

TASLE 9.1-: DATES ON'f{ffICH IvfgtlEOR EOUIPMEM WAS OPERATED DIIRING
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Irhe dLscuselon vhich follorß r¡lLL be coneernecl nainly rrlth a dlrect

cor¡rarisoa betveen the r¡incls tleterd.ned. by the recllo-meteor nethod' antl

those rteter¡inecl by trachlng tbe IIMA tratl-. flrls em¡rarleon ean be

usefi¡l ln the lnter¡rretstLon of both t¡pes of rrlncl measr¡rement. Àlso the

obserrations of tr¡rbr¡lent phenonena on the TIr{A trall give a Èasis for

inter¡rretlng the horlzmtal st:luctule fr¡nctlone iþtezsl'necL from the rn¡lt1-

statl.æ obserrations of rlnd ehear.

9 .2 ÌITÑD PROETI,ES

9.2.L f'!'fA 8Ae oÌrg

ftre noülon of tbe lIrMÀ tratl- ancl grenade glo¡ clouds rre:¡e

ueasr¡reû relatlve to the star backgrcr¡rtl. Reeord's fron three calnera sites

çene useð cover1ng a ¡nrlod of r¡p to 200 seeoaitis afber release. Eastly

lctentlflable polnts on the tr¿11 re¡e ueed as prd'narry tracer¡ of the

motlon 6eterulnedt by tlS.recù tr{.aneu1atloa. Motlon of the enooth porttone

of the tratl vae tletetîl.netl by ¡sing the beEt flt lfnes-of-sight fuon the

thæe ca,lnra sltes. The ernor ln the measuredl rrlncl veloclty ças about

10 n/gec betrreen 100 antl 200 kn aad lncleasecl to 20 - 2, n/sec near the

U.rnite of obselratlon ùor¡t 90 aa<l 220 ktût.

f,he lrlucl proflles for the monlng a¡rtl elenLng larmdreB sle

showta tn Etgr¡ree 9.1 antl 9.2. These profLles ahon the rather tvl¡leal

nature of the rrlntl proflles founal at these altltudles; a large scale

t I,lrle analyele vas perforæct by Dr. D. Reee at UnLverslty CoLLege, Iondor
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Figure 9.1: Wind. profile measured. by the contaminant release
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ïave-llke stfl¡eture on ïhleh ls sr4reqposecl smal-ler seale frregule'r

etrueture for hefghts belor¡ LZO Y,m and. . a relatLnely tmifom rdnd above

tbts helgbt. the altitucle seale in Ftg¡rres 9.L anfl 9.2 ean also be

expressed Ln scale helebt r¡nl-ts'above 80 kn, deffnetl by

r¡here E ts the (focal) eeale hele¡t. T!:1s seale is convenier¡t for estl-

matf.on of vertlcal wareLength by auto-eorrelatlon teehnio-ues sinee it

allorrs for the varlatlon in tlensity rrtth heigþt. The aut+correlatLon

and cross-eorrelatlon fr¡rctlons (calcr:lated over height lnter¡aI th kn

to 130 kn) for the mo::ninê; and enenLng proflles a,ne sho!fir tn Figr¡re 9.3

(ttoya, A97O, prLvate eonsn:nieetlon). As the value of shlft for whlch

the eorrelatlon ha"e fallen to zero ean be taken as one-que^rber of the

C.oninant wavelength 1t can Þe seen that the behavlor:r of the eastward.

anrl northr¡arcl eolryonents for each sounctfng arne slmller but tbe weveleng$h

of the eveniag proflle (? seal-e helghts or abou! hg t<¡o) ls considerably

greater than the normlng value (lr scale helgþts or about 28 kn). fhe

crogs-eorrelatlon fr¡rctlons for eaeh eormclS.ng show that the northvarcL

rrlnd cor¡lonent was in ailvanee of the eastlilerd. r+lnd eæ4ronent by about

a qua,::üer va'irelength. trls hel1ca1 behavlour progliessing antl-cloek¡d'se

1rlth altltude 1s to be e4)eeted for tldar wlnds; the çavelengÈh founcl

1n the moraing proftle (n' 28 rn) ts coryettble rrlth the dåurner (:'or)

node whfle the lravelength formd in the eveningç proflle (* \9 tcn) 1e

,=lui å*



<+
N-S

sh¡fted
dow 1.0

.+
N-S

shitted
up1.0

- 1.0

- 
N-S

-----E-W

0

z
9
J
l¡,
E
Go
L'

I 2 I 2

(a)

t.0

- 1.0

AUIO. CORRELATION CROSS 'CORRELATION

SL86t ( morning prof ite )

attitude shift €
lscat e hcights )

-2 -l

'2 -l

-1.0

t.0

0

=I

t¡,
c,
Go()

- 
N-S

-----E-W

AUTO - CORRE LAT¡ON
(b)

-t-0

CROSS . CORRELAlION

SLs 62 ( evening profite )

12

Figure 9.3: Correfation fu¡ctions determined from
(a) the profile of t6ttr octo¡er (morning)
(¡) the profile of 17th October (evening)



Date

00

01

02

03

0l+

05

07

08

0g

10

Lt
72

13

th
15

L6

1T

18

19

20

2L

22

23

Totale:

LocaL Tlæ

63

58

l+h

39

26

32

28

l+r

22

18

2'
3lt

2l+

22

L6

10

u-
1l+

2A

12

23

28

6l+r

llotal for perfoct: 3018

M
63

6z

l+g

l+b

66

l+8

t2
28

Ð
18

23

2A

16

18

t2

7

I
11

10

L6

37

¡+o

7s9

44

h?

5b

,t
hr
10

28

ú
t+S

29

3T

30

18

15

L'
20

T2

2t
3lt

2l
23

31

58

752

l+T

5'
50

h3

50

,t
,+Z

28

p
26

4
22

u
10

9

10

,
18

t2
13

L9

22

35

72].

LT

t5

9

3

9

6

I
I

13

L6

30

31

1:65

15 L6 1T 18 L9

rrABf,E 9.2: ECEOES I$ TTME

PIRTOD
E TGHTS

ALL
TÍÀS NOT

,APPE,AR



1l+0

com¡ratlble w'ith the senrl-cllumal. (Z,Z) uode but obvior.uly r:nique ldlentl-

flcation -rith a partierrlar tldal mode 1s lnposslble fron slngle station

clata.

9.2.2 TTre Ratllo-I'{eteor Obe errratlons

over the pertoct fron 1200, 1511:0169 r¡ntil 22\5, L9lL0l69

the rad.læueteor system recordetl 30],8 r¡sable meteor eehoes tlLstributect in

tl.ne as shot¿:a in iable 9.2. Unusueily large usable echo rates Ìfere

echLeveit near the tlues of eaeh roclcet launch by the siuple expedient of

recor¿1ng eontLnuouslr¡ for about an hou¡ centred on eaeh 1ar¡ncü¡ tine. By

b¡>asslng the sequence r¡nit (see 55.3.1+) in tbie manner nany small short

tluratLon echoee vhlch wou]-d. ¡6¡axa11y not have been deteeted. early enough

'¡rere able to be react. fne fnequency of oceurrence of meteors Ln height

Ls sbolm in Flgure 9.h; the mean height 89.r m is s]-lghtly lower than

the nea¡ for nrl ec}roes L966 - 1968, 90.2 kn.

f*wo nethotls of analysl-s were use¿l ln conJr:netion with the

raw reteor d.ata. A model- analysis (CnOUgS) r'¡as used* as d"eserj.bed in

$6.1+ ror each day end Ln parbier:lar for the tvo lnrlode l20O l5ltjl69 to

72oo L6lrol6g, snd 1200 LTlaolíg to 1200 l8ltol69 the reeults of thfs

analyeís , presented as contours on e helglrt-tiæ d.iagram, are shom ln

Ftgures 9"5 to 9.8 for the zonsL and. nerÍctfonal nlnd corryronents respectlvely

Thre -yarLatlon allonett çlthin the restrictíons of the mod.e1 are erritÙent;

Lnfo:gratlon or¡+"sl.de the helgh+, range 75 to 105 k¡n bas noù been usetl beeause

A Jr:sttfLeatf.on (tn pa¡t) for using a noclel rdth rean,2l+ trrr 72 hr
a¡rct I hr ecrnponeuts ls preeentecl later.

t
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of the uneerbalnty fn the ¡roctel at these exürenes of the helght rsrrge '

The other nethodl of analysis usetl ls a moðiflecl fo:sr of the GÎOVES analysls

no tLæ va^rlatj.on 1s a-llo¡re¿ (tfGn). UsLng neteors recorded. over a prfoct

of about an hor¡r eentrect on the launch t!.ne of eaeh rocket aniL tl'lstrlbutecl

ln tirne ancl heigþt as shon¡ 1a Table 9.2, rvlncl proflles as ehowrr ln

Flgures 9.9 antl 9.L0 are obtaineit. ftre large nunber ot ectroes (65)

reeorcled. cluring the perlod of the mornfng launch (Sf, 861) pe:mitf,ecl mueh

helght varlabtlLty tn the notþI for thls tfune' f'he a8reenent betveen these

proflles ancl the lor.rerrLncl ileternlnations from the ehernieal trafl results

aleo sbown on thege dlagrans 1s quite ::eaeonable eonel-ded.ng the seÞara-

tion betp,een f-he 'r:',ço negsur€ments. I'urther ecmments regarclÍng eoraoarison

of these proflIes rrt].l be founct tn 99.\.

A test of the consisteney of the two wlntl ¡reasurenents

(meteor an¿ ehenleal trall) ,fas to proJeet the ho:l_aontal wlndt veetor

rneasuretl b¡' the ehenfeal tral]. at a gfi¡en belght along the line-of-sigþt

for a"tr} ine+-eo?s wlthfn 2 k¡n of that height. Flgure 9.11 shows the

measured. Ilne-of-slgåt veloclty plotteil agalnst the value eryected from

the ehenieal trell eeasurerlents frcm ST,861 and SL 862. Í'he negatf.ve

eorrelatlorlt apparent on the dlagra:r's 1s ctue to the opposlte slgn con-

ventLon useit for the t'ç¡o ueasu?enents. lhe l-Lne-of-slght veloelty for a

neteor trail novlng alra¡r ãon the obsemer 1s gi".'en a negatlve sign whe:¡e-

as the che¡r.lea-l- trall results ha'ne tbe lqore notßal vector eonventlon -

positive æra¡r fYon tbe orlgfn" The eorrelatlon eoefflcLente foundl are

- 0.5\ for the uorrrlng profLte (St 86f) and. - 0"59 for the evenLng profLle
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(Sl 862) totU coeffieients belng signlfleent at the O.1f eonftilenee

level.

A nr¡nber of possibllitles exist for the relatLvely 1ow

conrelatlon found. The separation of t+50 km betveen the lar:neh slte and

the observlng point is of courge a maJor polnt. Ttre meteor echoes

recorcled cone from vlthin a raûius of about 150 k¡n of the recelvf-ng slte

at St. Kll-da. Ttre dfstrlbution oi the dlrectlon cosLnes for e,Il eehoes

recorciect for the morning (Sf 86f) proflle Ls shosm ln Elgure 9-12. The

coaeentratLon of eeloes to the south Ls to'be expectecl because of tbe

position of tbe radlants for the sporacllc ¡reteors at thie tirqe. lhe

separatlon betr¡een the tr¡o viacl nessuremeats cen therefore be as mrch a^s

6OO t<n at wblch dístance only tbe gross featr:res of the vlnd proflles

eould. be expected. to be slqilar. The strong shears evfdent fro¡n the

chemleal trail wfnd. proflles a.:re probably ::esponslble for nuch of the

seatter on the plots slnee r¡eteors over a 2 kn lntelva-l vere used. in a

couperison nith each chenlcal trail rlncl ceteræinatlon.

3y plottlag the vlnd proflles ln the form of hodographs,

whlch allolr eotrparlson of the total r¡'lnd vector d.etemLned by both teeh-

uf.qrres at a gdven helgbt, a better låea of the åifferences betveen tbe

neteor vind. proft-les a¡rd, chenleaL trail profiles ean be gained-. In

Flgr¡re 9.13 (ttre nornlag proflJ-e) the maln point to note is the differenee

ia a.lçil.tude of the trro çind veetors. This df ffer€nce neqr be aserlbetl

to the f-¿fI':¡e cf the model ana-lysf.s to follow very raplcL ¡rinô ehears

anct 1s ål.ser¡seed f\:rbher 1n 59.1+. The main dllffeænee Ln the tvo proflles
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sbo\Èt in Ftgure 9.fl+ (tfre evenlng profiÌe) is the 9oo tag of the ¡neteor

rrtnd. profil-e. It shoulô also be noted that the meteor wlnd- proflle in

Ffgr:re 9.13 ean also be eonsldered. to Lag the cbenleaJ- trail- proffle. A

phase lag of +,he order of 900 between the tlctes at Adel-aicle anil ÌIoonera

wor.:lcL not be expeeted. fro¡n tld.a-l theorlr alone and no satisfactory e4lana-

tlom exLets for the appa:rent dlfferenees.

In orde¡ to eheck the valldity of tbe GROI|ES mod.el used 1n

the deteroinatlon of the vlntl proflles ill.seussecl e8r11er a perlotLogran

enalysis ae ¿leserlbed. ln 5?.3 was perfo:med- ø all of the racllo ueteor

clsta for oeûober !969. [he results cf this analysis for the hetghts 81 kn,

pl kn anil t-Oi- kn are eho¡n in Flgi¡re 9.L5. The pertoclograrns 1n thle dla-

g:ren aJre oversa4>1-ed, the aetr¿a1 resolutlon 1s only about 0.2 c6releßlday'

Ithe peaks et perioits of 2h hour and 12 hour (1 eyele/cla¡r antt 2 cyeles/tlq')

are Eigni.fÍeant and indlea+.e thai the GEOWS nodel of a prevaillng eorçoneal

plus 2h hour, l2 hou¡ a¡rd I hour corçonents is ænllcable for thie clata.

Varlatj.on of the para,neters of the model assoelated r¡1th the eight hour

perlodS-e ecnaonent :nakes llttle ehange in tb.e resul-tant wind profile.

9.3 hTïrD $I{flAA ¡-1Ð FJFSULflÌCE I\45.4.S'u?E'lß,TlTS

tsoth of the 1344 tralls developed an extensive lrregular (turtu-lent)

regLon belo¡¡ 110 kn about 30 sees afbe¡ releaee. T\¡o frames from the

Baker-Nunn (fl1 , 50 en foeal length) of Èbe,---68 862 tratl show this develotrr

nent reasonably,rell. The ftrst frane (ffgure 9.16) ls taken 30 secs a.fber

the corroeneement of tralt release. Í'he gre¿ade bursts vlthin the trail

a,re elearly visibS-e at the uoper leveJ-s whlle J.orer clo¿¡ the trall- appears
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Figure 9.A62 The TIi{A trail from SL862 photographed.
30 second.s after rel-ease.



Figr:re 9.IT z The Tl4A trail frorn SL862 photographed.
)+O second.s after release.
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reasonab\y "snooüh". Eoverrgr ln Etguæ 9.1f taken l¡O secs afÈer release,

the loner portlon of the trall has beeone very chaortlc rrlthottt aay assocÍar

tton wlth a grenade buret.

Ttre breakdlow¡r from a rtsæoth" appea,rance to "turbr¡lentt' Ls I druatle

chsrge antl easfly reeognf.eable by rdsua^l lnepeetlon of the orlglaal phorÈo-

8raphg. fbe dtelry ln onset of tr¡rbr¡leace ls elearly shorm 1n Flg¡¡re 9.18

Íhlch ehovs lsodengltÌace scans of a porblon of tbe treLl- froa SL 861. The

transltlon betveen ttrougþtt aad. "gmoothf' ln tbe regfon near LLO k¡n lE easl\y

seen 1a the rp¡nr ilfagra.n. llbea the læer Bortlon of the tratl has broÈen

up tt can be seen that 'blobg" ln the trall ca¡r be snålJ.er thaa the trall

dll.a¡¡eter at earlter tfaee. Bn¡s 1t appears that the eriter{.on for the

cornreneeneut of tr¡rbr¡l-ence Le not neceesarlþ that the tratl muet gror to

the sl.ze of the snellest eddy. Reeg et al. (fgfO) obseryedl a slnllar

phencmena vlth tno tratls æ].eased. 1n Ma¡r 1968 antl they proposed that the

tþlry 1n the onset of tr:rbulenee fg e neÉLsure of the tl¡ne coneteat of the

tblnogonov nlcroscale. Elgures 9.19 andt 9.20 t*en frcm Reeg et al. (fgfO)

lllr¡strate the ilelqr 1n æeet of trrrbr¡lence ve4f clearly. lftre latter clLa-

grm sbæs that althor:gb the trall at 108 km rema.lng lemlnar, tbe ercw'th

rate of the trafl et thls polnt ls uuch faster than cor¡ltl. be proilueedl by

noleeular ilf ffì¡slon alme.

Eteuæ 9.2L, plottect Èou Lnformat!.on pruvtdtecl by Lloydt (fgfO), gho¡¡e

tbe best estiuates of the tlme of onset of tu¡Sulenee at varl-oue altttt¡dee i

for the St 861 tral]-. lttre oceurneuee of al-teraate Ia'nlnar antl tr¡rbrrlent

reglone 1e qulte Lnterestl.ng aadl has been obserred prevlously by other
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vortcr¡ (Blært endl Bar¡t, L96T; shstl AhnaÀ, 1969). Both Eahcr-tfinn

autt F2ù (tl?.g, 200 m focal lensth) phoùoßraDba nenr €x.Flûeil, thc tro

¡ats of vah¡c¡ for ths aleJ.ry ara plotteit on thc it5.ag¡æ. Caæ mut bc

exercÍscd ln laterpratlag; the Bhdogrqphr alnec the e4p1oa1æ of grcnadlea

at LL3 a¡rd ALB.5 kar ncprcaents a laree pær*urbatfoqi a turtr¡Ient rcg{6

near AL5 h ¡cÞaratetl fræ the ßrcnado br¡¡atr by laaina,r regloar lc

alrparent qr the photogra1¡hs. The tfnas of onset as dhtcrrlncrl aru not

fneou¡rctlble vlth tha h¡pothesf¡ of tbc tlæ eontt¡nt of thc Eot-uogoroy

nt croacale.

ft voulil, bc ex¡neÈed, lntrdtÍ,tuly thrt turbulcsce Tst¡l.ð ba noút lthc\y

to ocerr el,ther at e vuloclty uarLn¿ rrbcrc brcekitonr of a grevlty rr¡ve

n1Ét bc expaeted to oceur or else at rc6fona of nad.urm r¡lndl rhe.tr. Eo¡-

avcr there a¡)pÊars to be no corralatim bctnçen thc o¡rsct of tr¡rtulcncc

endt clther rrludt r¡nedl or shea¡ as ern be accn by fnspcetlon of ttre hodlo-

gr¿pb¡ (ffgurÊa 9.13 ¡¡rit 9.1L). llnfor*rnetcly no nGagunGtrÊut¡ of the

tcrycreturc atnrcùr¡¡e over thc rcg1on ol fnte¡cst ¡Fe srvatlablc ¡o that lt
lt lqnrribl¡ to at¡ta nhethcr snall ee :Ia tenpc:'et'.n'e lahoucßnaltfcr

cor¡lil expl,aln thc ocer¡r¡ence of turtul¡nec.

fu ordler to axautnc the rrfndt stnrcturc at, larlger çeeles the vertlcal

r¡lndl ¡hear¡ a¡re praeantctl Ln thc fom of strrrcrtr¡¡e fineÈløra as cþfl.ncll

e¡r1fcr (¡Z"Zl. Frcvtêcdt that thc atrnreùr¡¡a finctlqr f¡ con:rputaô ovar at

lee¡t the co¡nrelatlæ dllstæce 1n the yfnil profl.Ier (t 1 ¡c¡le hcfsht)

than e raa¡onùle æraunc of '-he rdnd shc¡r l¡ obtafncd. Then f¡ o
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eonsiderùIe dllffeænee betçeen the struetu¡e fimeÈlms at 110 km couputecl

for the rorning aadl evenl.ng rrfntl prcflles as ean be geen ln ÎLgure 9.22.

fbe dtifferencea nay be clr¡e to e dllfferlng spectnrm of lntenoa-l gravlty

Ìralres belng present on the t¡ro oeeaslons.

Ihe ueasu¡enents of rlncl ehear tnatle yith the nrltt-etatlon ratlfo

æteor eqr:lpænt ar€ preesentedl fn the forn of stnrcture fi:netLons Ln

Eteure 9.23 for vertlea-l a¡rtl horlzontal separatfons respeetlvely. The

æthoct of obtalnf.ng these fimctLons hae been dLeeusseel ln Chafier ÏtfI.

fhe ctLffeænee ln elope of the best flt stratght linee ts reaålly

rpparent by eye rrtth the vertlca]- slonre belng the greater. Uslng the

velgþtedt least Bqurxres fLtting nethotL deserlbetl 1n the pævLoue drapter

the slo¡ree of the begt flt etrafgþt llnee a¡e 0.8 t 0.1 for the nertical

structure fi¡netlon ædt 0.5 t 0.1 for the horlzontal stmcture fi¡nctlon.

Ilelther of these slopes can be tùen as prorrlng the ed.etenee of aa

lneÉ1aÌ st¡b-rangp of turbr¡lenee for ïfr1ch a elope oî 213 f.s expeetecl,

horever the tltfferenee betseen the slopea ls stettsttea[y elgalfleant

anil must reftect a ttlffer"l.ng structure. Fo]-].oring the cH.eeussLon ln

g8.e tfre vertica]- stn¡ctu¡e fi¡netlon ean be interpretetl as beLng th¡e to

the nean shearwhereas the horfzontal stnrctuæ fi¡netfon mry be tlue to

exbrere va.lues nf shear and even to turbulenee.

Because of tbe knorn edstance of tu¡:br¡lence at 90 kn fnom phorto-

grqphs of the eontamlnaat nelease traLls 1t ls lnterestlng to asstæ that

the horlzontal stn¡etì¡æ ñ¡¡ctLon for¡ncl by the ratlLo-neteor teohnlque ls

ttue to a¡ fnertla-l sub-ra¡¡ge of tr¡¡br¡leaee. ft 1s then possf.ble to
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decluce soæ parâætere of tbe tr¡rbr¡lent flel-tt rr?rleh can be eorqrarretÌ with

pararetere cleterd.nedl from the cøtnnlnant releases. flre only parernater

rhlch can be tletertfnecl tlÍrectJy fron the raÂto-neteor obse::\ratfone le

the rate of tlfssipatLon of tr¡rbr¡lent enerry e, vhieh fs consLdered. to be

the value at the nean beight of the neteors r g2 }tm,l.ts vaLue ls 0.0h5

vattÂg. llre parameter most neattl.þ neasr¡¡ecl ñom the eont¡rnlnant release

tralls ls the tlne of onset of tr¡rbulenee rrhl.ch fron Eigure 9.21 has tbe

valr¡e of ebout 15 sees at 92 kn. Rees et a-1. (rgto) heve pro¡roeedl that

the tlæ eonstant of the l{oJ-mgorov mieroeeale, whl.ctr has the veh¡e

¿* - (v/r)L ,

1s the parnrneter assoclateal \fith trall b:realc ræ (v ls the klnematle

vieeosity). The kl¿enetic vlseoslty fs cleternl.neil frou the vlscosity p

a¡rcl densfty p of the û.S. Sta¡rdteril Atnoepberre Sr4rpleænte r 1966 anclhas

the valr¡e 7.7 m2laee et 92 hn. Uslng the vatræ .t* = 15 eees cletÌuced.

ùove, Rees et aÌ. for¡nd the value e = 0.03 ratt/kg. Tlrls fs very

efnllar to the vah:e formcl fron the radlo-æteor stuilles and. ls eo¡r¡lstent

rrlth the va.lue obtalneil. by Justus (f967U).

9 .l+ SUIIMABY Al[D CO$CLUSIO$S

Sluultaneow wf.ntl teasureuents Ead€ rrlth a radlo-æteor systen and.

eontnr¡lnant release trafls have shotm tllfferences vhleh are probñLy ih¡e

to the separatlon of the tvo neasurenente (hoo - 500 kn). flre large wtnû

shearg neasr¡¡ed rlth the eøte'nlaant trafle have not been tleteeÈeil rrlth

the radllo-neteor syetem. ftrig cllfferenee Ls most probebly clue to the
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nethoils of analyeLs useal rlth the radfo-neteor clata. A eou¡rarlson of the

Ilne-of-slght ræloclty fron tndkiduell neteors vlth the vfntl veÌocfty

'deterrl.netl fro¡a the eontamlnant releases glves qulte gootl agneeuent

(eor¡:elatfm eoeffLelents greater than 0.5). ftn¡s the foru of snoothlng

used on the radleneteor ctata nr¡st be eæeicþreil Ln nore dtetall.

llhe æthott of aaalysls derreJ-c¡petL by GROVES tÐpea.rs to be an exeellent

nethott for tleterælnf.ng the pævalllng and perlodle eoryonents of the r¡lnil

f!-eltl. (f,or ¡rhlch ft vas cteslgneal), honever the a¡rpltcetl.on of a time-

lndlepentlent (ffCl) rcctel appears rmcertala. VerT re¡ritt varlatlons 1n

vlntl vtth helgÌ¡t, as for exanþIe ch:rlug the t1¡e of the mornJ.ug chendea,l

:îelease , cannot be folloneð suceessfrùIy vlth the moctel (lfCn) analysle.

ÍÏrte fgL]-ure tlerh¡es fiþD trro sourees, the tlne lntersral neeessalry to

obtaln euougþ neteors for a stable motl¡el andt the tH.etrl.butloa of eehoea

tn belght. Rapitt varlatLons fn rrla¿ ve].oelty ln a regfon of fev neteors

usually leatl to instablllty ln the nodþl. I{o gatLefaetory altematlve

aaalysLs has been formct althougb slryIe averaglug over 5 km heÍgh+. lnter-

vale nry be adequate for sotæ purpoEes (e.g. coqparlson vlth D region

pa.::tta-l refleetlon clrlfü Ípasureænts ) .

Photographs of boùh chemleal trails (mnrtne antt evenLng) reveal the

e:detence of e:rtensive aæas of tur¡bulenee below 110 kn. The structure

fr:netlms dþtermlned. by the raillo-æteor system lntlfcate the poselble

exietence of tr¡rbulence at least for horizontal cllsplecenents. Tlre rate

of èlsslpetfon of tr¡rbulent enerry ([.5 t 10-2 çatte/kgr) that ean be

tletennfned. f.s not lneoqrsf stent rlth prevlous neasurenents. Ttre eource
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for this tr:rbulent ener$r is r¡nkno¡m although the fallu¡e of the ttd.al

corqronents (as rleclucedl fron the perloclogran analyslg) to inerease rlth

altitutte Lnclieates that eone of the tictal energ¡r mrrst el-ther be cllssl-

patetl 1n the regfon or be conveÉeil lnto other fo:ms of notlon.

Many of these areas of clíserepancy ean only be cheekect by repeatlng

tbe experlneat agaln preferably rlth a railLæmeteor system at the same

site or at least r¡f.th trro sueeessive ehe¡olcal tralls about an hour apa,::t

so that sonæ ¡ne€xure of teupora-l changes 1n the wlncl fleltl can be cleter-

rninetl.



150.

SHAPTER X

BOGTCET MEASUBEMEflTts OF TfiSD .AI{D DE¡ISITY ÎT TEE
I,IESOSPffiTE .AIÍD SIA.ATOSPHENE

10.1 rfl[noDuqtrolç

&ts chapter Ls lncÞpenclent of the rest of thle tb,esls antl. 1s

eonce:metl rrlth uethotls of tl.ata rreductfon assocletedt rrltå e ueteorologleat

roctcet plrogf,nrnnp. Slnee 1962 the ¡Íeryøs Researel¡ Estú'1shænt,

Se.llsbu:r1¡, S.A. hag beea engagetl. ln neesr¡rl.ng neteorologfcal paraætem

in tbe stratosphere aad uesospheæ (l+O - 90 kn). ftre most coñnon Eeasure-

nents avallable a¡e vlncl proflles obtalued. by tracktng sone felltng obJeet

vitb an acer¡rate radlar (AetaUs of the neasurenent are glven 1n the

follonlng seetlon).

Seeause the ua¡d.n¡m hetgþt for rrhldr the vlnd can be neasur.etl by

the roelcet teehnique J-les vltåln the helgþt ra¡rge eoverecl by the Attelelde

radlo neteor system ilJ-¡eet co4rarLsor of the trro æasuææuts ls posslble.

Rofe, Elforcl antl Doyle (f966) hare shcnm that excellent agreeæat Le

Bossfble bettreen the nea zone-l rrinils cleterrntnect by the tro retåocle. f1n¡s

Lt was aatr¡ral to atteryt to exüentl thie comparleon to the srn¡l'l seele

vlntl stnrctr¡re. Eorever lt was for:ncl that knonlecl,ge of the errors lnvolvetL

ln tbe r¡lntt profiles rras }lmltect at that tfune (fge6) anil hence æthocls of

ctete¡mlnlng these errors rveæ lnvestlgatetl flret. lhle stutly shorett that

the errorg ln the wlntl proflles aborë about 6O fn vere too large to perd.t



151.

dteterd.natlon of aay stnretu:¡e vith eeales of 2 k¡r or lees aadl henee no

coryartsøs vith the reteor results ver'ìe posslble.

The error analyeis whlch hacl been tlevelopedl provecl to be rrerT easy

to lncortrrorate lnto the gtanrta¡rit ilata analysls proeettr:¡e anrl õfaee 1967

has been part of tbe routl.ne dlata ¡ethrctlon. As far as 1s knorm tåe

nethott of tlete¡mlaiag the raclar er¡or descrl.betl ln this chapter has. not

been usetl elseïhene.

10.2 EXPERTMET{T.âIJ TdETEOffi

llþo r¡ethotls a¡re r¡eetl to tleterrfne tJre wlncls a¡rcl clenslty (or

teqleratr¡¡e). Oae æthoct ls to eJeet a ætalllse<l epheæ (e netre ala-

æter) flom a rocket nes¡î q)ogee and track the sensor vlth an aeeurate

radatr. The other nethoil us,es an actire roeketeondte package attachecl to a

netelllsetL paracbute vhlch ageln Ls trackedt vith an eeeurate radar.

lbe sphere is released f¡om a tro-stage sol.lcl propellant roeket

near q)ogee (alæmd.Eate1y 1f5 kn) a¡rtl !.s then inflatedl to a prìessur:e

of ùot¡t 0.2 lrlltlbar by ?0 gn of l-so-pentane. Ibe lnfletecl sphere

aecelerates essentia.qy ln e fnee fal'l eonrlltion wrtll úout 95 km vhere

the drag retartLatlon beeones æa,su¡eó].e (2 n/sec/gee). Mad.¡nn sphere

veloelty of 6l+0 m/sec Ls ¡¡eached near 8i tæ ¿r¡,11 mn-.<lmrn rlrag cleceleratf.on

oî 25 mlaee/eec oeeura aear ?5 kn. An lPsil6 rrclar ls no:oalJy r¡eetl to

track the sphere ilurlng Lte cleeeent anrt henee enables tbe veloclty anct

aceeleration of the spheæ to be tleterd.necl,
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The rocketgonde package, rrhl.ch contaLas sensors to æasu¡e the

teqrerature antl pnessr¡¡e of the etmoephere f.s releaaeil f¡¡ou a m¡ch sual]-er

¡¡ocket near T5 kn. The rocketeoade Ís attachedl to a net¡1,l1setl pa.rachute

ïhtch 1g aleo trackett rlth an FPS16 rad.a¡. The rnaxl,m¡m veloelty of the

parachute Ls about 200 n/eec.

10.3 DATA AI{ALYSTS

fhe EPS16 red.sr provldee positlonaì- ttata of range, azl.rnuth enil

elevation at hO polnte per seeontt (tUe prtnaq¡ tleta). A llaear tll.eerete

anoothLng teehnfque Le used. to provldte a secoacla,rXr set of data at 2 pointe

Ber seeoncl vltb any polnts f.n the priua.rXr ttata devlatlng f¡on the nean

by rcr"e than three etanilartl clevlatlons being lgnoredt, ThLe secouitary

ilata is also eonrèrteô to a Ca¡*eaLan coord.Lnate systen rsith an or{.gln at

the lar¡rch sfte.

TIre vslodty ancl aeceleretfon of the falllng obJect eæ detemtneal

ñon thls secoarlar¡r clata r:sf.ng tbe nethoit ortefna,Uy prcposed by Rr¡f.er

(tg6S). Beeawe tbe vertlca.l eo4poaent of ræloctty of tJre obJect

gractually tþereases vith clecreaslng hetgþt g clecl.sion mr¡st be maile rrhether

to uee a eonetant hetght lntelraÌ vlth a varLùle nu¡ber of clcta ¡nf.nts or

a flxeil nr¡nber of polnts and a varlable helgþt range. It fs generarly

a'rguett that in order üo p:reserve ctetallecL etructure at lorer helgþte a

flxetl nrmber of polnte should be used. rbe veloelty of the sBbeæ or

Barachute ls fotuð by epp\ytng a s].ldlf.ng ]'1.near fl.t to 31 data ¡nlnts ft^ou

tbe seconclar¡¡ ta¡n; the slope of the begt flt 1Lne ls tùen as the
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veloclty for the n1ü¡otnt of that gror¡p of polnts. A fi¡rther llnear flt
is aaale oner 7 veloclty points to rletemine tåe aceeleratlon.

The atmospherLe denslty 1s for¡rd frcn the veloclty and. acceleratlon

r:sfng the follovfag elpresslon (ryBlteùl-e only to a ful.ly fnflated

sphere) aerive¿ fro¡n the equatLon of notlon.

n(s-Ë¡-2(oxt)¡)
9= 10.1

r¡:her.e :

cùeteralned firom the æletf.on,

,*¡ (
wf=ir-

kconlul (*c - w3) + gv

2(ro x v)S 1s the eoryonent of the Cor{.o1ls aceeleratLon la

the rertf cel, tlÍ¡¡ectloa ;

lsl is the veloclty of, the sphere relatlve to the vlnit;

eD ls the drag eoeffleÍent of the ephene;

.A ancl V a¡e r¡especttvely the area of erross-eeetl.on alld

voJ-uæ of the sphene;

A is aßeeleratlon rlr¡e to gravlty;

m lg m¡qs Of spheæ;

x3,*3 are the ærtleal acceleratlsn and veloclty of the

sphere;

ÏI3 le rrcrbieal wlatt co4nuent.

lhe ea.et-vest and north-soutb co4ronents of the rinil can be

*r. +c1-Bt)
t=Lr2 ]-:o.2

Ï3+C3-83
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vhere: i, a¡e the coraponents of the velocity of the sphere;
1

Cn,C3 ere the eomponents of Corlo.Lís aeceleratl,on;

BrrBS a¡e the buoyancy terms.

Ihe acLclltlon of the Cordolls te¡m can be lrryortant at the btgþer altitutþs

(t 8O tn) ¡rttte the buoyancy tern nay be f4>ortaat at lover altftuctes

(belov 35 Ën),

fn the ease of the pe"nadrute tbe bor"Lzo¿tal ¡¡lail conponents are

fountl uslng the ¡elation

x.
l_

L=1r2 10.3
x3xÍ

wr. = )is-e
fre emor lntrotlueedl by neglecting Cord.olls ancl bucryancl¡ effeets 1s only

a fìev per cent.

For eae}r falLlng sphere sor:ndiag lhe atnospherfc clenslty ls ealcrÞ

latett for helgþts from near 95 kn (whe¡e +"he <leceleratlon ftrst beeoæa

æasr¡reble) to h5 kn. (where the sphene ftrst sterts to ctef]-ate) whlle the

horizontal '¡rlnct eouponents a.re calculatedt for helgþts fro,rn 85 ku itonn to

30 ku. gintls a¡e cleduced. from the parachute obsel:Tations ovr3r the hetgþt

range 6: tr to 3o kn.

rc.h ERRoas nq ¡{E.AsnREMEflir

10.h.1 Er:rors 1n '!{Lnd. f. Irban Radar E:rore

For the pÌrrposes of eru prrecllctfonr. exprîessto'n (f0.3) fs

sufflefentJy accurate for both the ephere and. parachute obaerratlona. By

applyiag an elementar¡r theoreu of statietles to equatf.on 10.3 anct negtectLng



second order terse the ve,rianee in the ¡síncL couponents Ís for:ntL to be

L55.

1
o 2 i=L,z r-o.l+

31(at)2[ P e 2(¡t)4
^

*r

J=L J k=1 J k=l-

ls tLne f.nte¡:vaL betreen dlata pofntg (0.5 sec),

= J - 16, resrrlts from the linear fLt of 15 secoads of
posltion coord,inaües,

Pk=k-l+, results from the llnear fit to 3 seeonds of rælocity
deternlnates,

.,
tc3-

ot*,. +
T2lP

?1

T
2

rhere ¡ At

P
J

are verlance of tbe positLon coordLnatea xr.

Sr¡bstituting for the varlor¡e coosta.nts r èxtrr¡ession 10.1+ beeoæs

s21,{.
l_

= (t.6t-'9 x ro-3 + LL.gg6 * 1o-? i3 )oz t l.-1,2. 10.5
L

llhe fl.rst telm clepends on the length of the smoottrfng lnterval (fn tf¡e)

mc1 the seeoncl te::n inclucles the effect of srcotbtng the r¡eloeities, anrl

the fúl ræJ.oeity iteel-f. fbe secontl te:n tlod-nates over ¡nost of the

heleht range beear¡se of tÌ¡e hlgþ va}:es of f¡r'l velocfty (. ZOo rn/aec).

To calculate the actual enror€ ín the rlntl it gl¡q\y ¡sme{ns to deterd.ne

tloe varf a¡ree in the positf.on eoorcllnates.

Trro IPS16 radara aæ in use at l{oonera, one rad.ar (n:8) ís only

a fev klloæt¡¡es to the north east of tbe launch elte vhlLe the other (ngg)

lE úout 200 km to the rrest of the launch slte. W co¡ryariag tbe positÍona

of varior¡s targets detersinetl. by these rad¿rs and by balJ.lstle esilEras

2o
l-



Enane end Errane (fg6¡) bar¡e been aþIe to estfmaÈe the ernor Ín the tvo

rad'ars (toth systenatíe and. randon). These erærÉ e¡e shoÌm 1n TúIe 10.L

antl zep:resent values arera€ed or¡er a nu¡nber of target flfgbt paths anct

rad¡r bendrrldth settings " SlÍgbt tüfferences 1n the errorË for the trvo

radars a;rc apparent wfth R39 betng the less accurate.

ÎABLE 10.1: Errors in I"516 Radars at Trro Stetl.one et l{ooroera

These neen erron¡ ca¡r be usect ln equatloa 10.5 to cletemine

the er¡rors ln a ¡rlad proftle. Uslng the trro radars to traelc a fal.ling

sphene tvo lnclependent zonal rrinct proflles ean be cleteruluecl as ehotm 1a

El.gu¡¡e 10.1. flre trro wlnd. prcfl].ee a¡e eonsistent belov 55 kn r¡t¡e¡¡eas

Ðove thle helgbt næ¡r dllffeænees a¡e obeels?al. The varia¡rce cor4nrtecl

fron exlpægsl.oa (rc.5) is shorrn for a few pof.nts on the surves. It tppears

that the variancee (perttculer1y for the R39 profl.J.e) a¡e greater than

neeesssrlr to ex¡rlaln the illaennepaney betneen the tvo proflles. It le

posslble thet the reaa radar errora ueecl nry not be the best eetLmetee

lnsslble for the partlcrrlar traJectory coneermed. Evans (fg6S) has shown

that consldereble variation ln the rað.er error ean be e:çeetecl ttetrlendllng

o¡r tihe poeitfon of tbe obJect antl the banthriilth of the radar eerr@edlanisrn

r¡seal.
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R39
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1
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Raa6e (feet)

ERRORS TN TPS16 FSDARS

]_t

11

Random

0.c6
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0. l+o

Ranclom

0

0
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Bias

Azimuth (øfs)
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Figure 10.1: The zonal wind. eompone.nt measured. vith the falJ_ing
sphere technique. The error bars are .measured of the
variance for each profile.
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10.h.2 Errcrg ln l{lndl. II. fncHvttlr¡¿I Radar E:rore

fn vleç of the discì¡ssfon ln 510.h.1 abore an alte¡aatiræ

rnethodl of estinatfng the radar error nas a.doptedl so that the ernors

associeteil rrfth eaeå souricllng coul<l be tleterrLneil more :se]-fûly. I'he

baslc assrqrtlon le that the seeondarry posltlon clata (as ttesedbetl Ln

510.3) ean be conslderetl to be eoryoeect of sore analytte fi¡netlon tles-

cr{bfng the poeltLon of the obJeet vlth tlne together r¡lth sqnr-lupoeecl

nofse. llt¡e terms ln the For¡rier ser{es ïhlch tleecr{.bes the malytle

fimetion shor¡ltl conarerge r¡blI-e the tetms descrLbing the nofse shoultl

dllærge e¡ld hence separatlon of tbe nofee fron the tlata should be poaslble.

Ihus the technlque r¡setl to ectLnate the rader error is to fft

a tnncatecl. Four{.er serles to the eooralÍnate tlata antl then estlmate tlhe

verLæce by coryaring the tn¡neetecl ftt rfLth the or{gfn*l rleta. 1[be

nu¡iber of teme (n) æqutreit ln the e:çanslon ls cteelcled by the natr¡re of

the fineù1on. 1Io l.ryrcve tåe conergeace of the terms clescrlbfng the

rotLon lt ie neeesaar¡r to rremove the dllseontlnultlee at the beglnning andl

enrl of the funsÈton (aad its fLrst tleriwtlæ) ttesertblng the notlon of

the fal1lng obJeet. llbl.s 1e ilone af¡aply by renovlng a lLnea¡ trencl f¡on

the obseryatLong aatl repnesentfng the nenafncler as a pur€ efne serl.ee.

The order of nagnltuiÌe of the Fourler terme undrar euch eondltions varlee

"t t'3 rrhlch Le a gatLafactorT ctegæe of convergence (tanc zos, ]1957').

If there a¡e n data pof-nte R, at tLæa t, thenr a,fter sub-

traetl.on of a Ilnear trend, a set of norqallcecl vahns E ce be formd

rrheæ
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Bl=Ri- þr.
(Ro - Rr)(tl - .r)l

I = Lr2¡ ... E 10.6

10. ?

10.9

(to - t1) J

the Fourter serles representatlon:, of gt ls then

sÍn
r(t - tr)1
to-trJt)=Is( b-

.kk=1

vhere the For¡rler coefficleats bO a.:re glrrcn by the contlLtlon that at the

d.ata points the f\¡netloa ehall glve the norns.lLsetl values, tTrus

bk = G+TI il *r., "t" t#a], k = L,z,"' n - 2 rc'a

Tn¡ncaÈion of the series at te:m m f.s no::oally dlone sucb ths.t m/n .< La.

fhr¡s the tnurcatecl series rep:esentation of the noraallsed. ctata ls

m

e(t) = I
1þ=

A neasure of the pneclsion of the flt of the fi¡netion is tJre staclard.

tleviatlon of the :raslðuals, n
T,

L=1 10.10g= n-1

antL thls is uged. €¡a an estiuate of the ranelon er¡ors fn the obsenratloas.

Evsns (1963) has shoïE thet a almllar For¡rler series teeh-

nlque prsodluces eetLnates of the ranilom errcrs rhich agæe well rrltih

estlnatea nade from couparJ.son of tallfetLc canera trac&1ng andl radar

traeklng of alrerafË.

The randtom error ln the rrlnrl proflles from each soulcllng le

esttnetedl using the reöar errþrs detlucecl frou the tn¡rcatecl For¡rLer eerf.ee

(*, - Ë(tr))2



L)Y.

fl.t. B¡r eonsl.cleratloa of a nu¡iber of proflles <ledlt¡cefl from spbere eorm,il-

lngs it hes beea establlshetl tbat the rlertleal stnrcture vith Eeales lese

tha¡r 1 - 2 km can only be ¡el1ù\y lnvestfgatecl for helgþts belov 55 kn.

11re rrlndl profllea shcñm tn Elgure 10.1 lncltcate this 1:tntt qufte rrell.

Becan¡se of the slorrer rate of faII of the pa.raehute aysten

the raatlon errors ln the çlncL proflles oÈtalned by tracklng tbis tlevlee

a¡e corresponcllngly sñal1er than thoee obtaLued rrith the spbere. IiLgure

10.2 clenonstrates thls for a zona.l rrfnd Broflle obtalnetl by tracking a

parachrrfe rlth the no¡e accurate radar, R38.

10.\.3 Er¡or ln ltv

An erçresef.on for the coeffleLent of varLauee 1n cleaslty cm

be formd from equatlon 10.1,

2o- o...(+)'.Ë)'
x3

+ 10.LL

vhere a,'11 ssse¡d ortler te¡ms have been negleetsi. antl rrhere

po

ocn

ú.
x3

1s the stæilartl dlevlatlon fn clenefty;

1E the etanclartl devlatlon ln the drag eoeff,Lclent;

andl o.. are the etanclarrl ilevlatione Ln tbe vertt ea.l
x3

valoelty and. aceeleratfon respectf uely;

o*,

The

ex¡nrtnenta.l error ln the detardnatlon of the tl¡ag eoefflcLent for dven

f.e stan¿la¡<l dlevlatlon ln the rcrttcal wÍntl.

fl.rst tern Ln the abore ex¡rressl.ou, t+' *, * to the
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Beynolcle autL Macb. numbere aacl henee al-so lncludes the errlor ln the deter-

mfnaÈlon of the Reynoltle and Maeh nrmbere for a gf.ven spbere notlc¡n and.

posltlon. The error 1n the clrag coefflcients ean be eetlnated. from the

pubJ.fshed dtata whll.e the ReynoJ.dls end Mach number errors can be rù=teinlnetl

f:rom the sphene traJectory. Above 6O tn thls tern clonLnates the

ex¡ræsslon 10,L1. [be secondt anil thirtl teræ,

2 2

antl t

a¡e dh¡e to the radar error æc[ ean be ealer¡leteit ln tJre maaner ilescrlbeil

Ln $10.\.1. ftre fLnal tem
2owo ,
( "')

*3

La ueualJy negU.glbJ.e ln negnltutb since the vertlcal- rlnil. Le s,rnalJ.

(]-ess than 5 n/see).

Figure 10.3 ehovg a typlca]- varlatloa of the pereentage error

ln dlenslty rrtth height. Slnee tbe er¡or ln the tlrag coefflcient ls

rlonlnant orer uuch of the helgþt range llttle tllffereace fn the dlenslty

error 1s forntl for other seurñlngs. Be].o¡r Ðout 4¡ fn the radar error

beglaa to be fuçor-bant encl ls partlcularly notlceable 1n tbe case of the

rad.a¡ et R39. For thls slte the elevatloa angle of the obJeet has becoæ

suall henee Lntroducf.ng a larger error in posltlon.
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rc.' oTmR MmEODS ITEE ERRORS

tr¡ers and &rgler (fg6t) hale evah¡eterl the error ln the wlntl BrofÍ.te

antl elso the cllstortLoa itr¡e to the nethotl of clata. aaalysfs by e tlffferent

technlqrre. The nethott uses a rctleJ. atmoephene r¡lth a elulisoiðal rrlntl, the

relevant equatløsof morül.oa a,æ EoJ.lecl for the poeltLon of a h¡rothetleal

obJect rtfsllLngrr ürroWb the roctel. Tt¡e posftlon ôate ls then tleated ee

actual deta (qlp\ytne typteal rerlar errors) an¿ a new rlnd proflle proclueecl

çhtch can Þ.: ¡ç¡¡rnaæd. çith the orlglnal notlel proflle.

The actwntage of thls teohnlqrre ls that an estlnate of the o¡¡tlnun

æthocl of srcothlng can be for¡rtl together wlth poesible correetlm faetors.

fn praetlce the níncl fteJ.tl 1s not slnwoLclal anil æy epatial perl.otllcftLes

a¡e rnkaorrn prlor to clata ¡eduetLon, heaee the o¡ltlntrn retluetl.on nethocl.

cænot be cleeictetl beforebancL. Agaln trlat aad error æthode have to be

eryloyetl.

fhe slrpJ-e nethotl of errcr aaalysis dþserlbeil ln 510.1+ ts of rcre

fnrneilLate use pa,rtlcularly fn vlev of tÌ¡e ].arge ''nornt of dlata alneady ln

erietenee.

r-0.6 cþ$crusro$s

At hefebte above about 6O fn the rtntl BrofLles reasu¡etl by radtar

tradring sf fql l l¿g spheres antl pa,raehutes eannot be used to ileterulae rrl.nrl

etructu¡e çtth sceles of 2 - 3 km or lees un].ess rcre aceurate radla¡s than

tåe EPS16 t¡pe are usecl. Belov 6O tn rrheæ the variaace 1n the vindl ðeter-

ulnatlcn is generally Ìess thaa J n/see it 1s poaslble to ctete¡mlnc the

vfnrl ehear ovrer 1 km lntenrale \dth a reasonable cleglee of eonfldenee.
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the methotl of tleternd.ntng the rarlar errîor diecrlseed ln 910.h.2

f.e qnlte gpueret sntt Eppears to be a eøvenient nethotl of estiùattng the

error f¡rom the dlata ltgelf. The rarlsr errorìs for¡nd. for va¡:f.ous traJee-

torieg (totn fa]'llng slheæ ancl parachute) a¡¡e consLstent vith other

tþter¡únatloas. Eorener vhen the slngle to nolse ratio for the raclar ecù.o

fs Lor for soæ reanon, for u¡arÐle a partially (þfletedt s¡lbe:re at la.qge

range, then tbe Fourler results õeem to be noæ re1iabJ.e.

The d.ata ana{ysis systen, rith accoryanylng error anal¡rsfs,

ctreserlbetl ln thls ehapter has been part of the no:mel ¡e(hretLon proc-edlr¡re

sfnce Gld 196T.
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CEAPIER XT

co$ctusr0l{s .AI{D FT]TT]RE T{ORK

T}ris thegls has been coneerrecl rrtth an ex¡lerinenta"l Lnvrgetlgatlon of

aÌ'a1l scale rrlnd str:uctu.æ in the resosphere and loner themoephere. Ihe

relatlonshlp betveen these r¡incls and. the prevaf IlnB, sntl ttô41 r¡lncÙe has

been stressecl, par-bfeularty througþ the use of radlo-reteor obserratl.ons.

T¡e results pneaentett 1n thie thesLs corer a larger raûge of sc8.1ee than

has pnevlously been the case.

A cÞtailedt co4rarlson of the rrlntls ctetemtne¿l lrith e}e¡dh¡mtnescent

tra1ls, and radfo-neteor clrlfts tturing October, L969, ls the firet eom-

parative experLænt of this tYPe.

Ehe poeøfbtllty of reasurlng rrlnct shear¡ rltb the falllng spheæ teeh-

nf.qr:e has been exæLnecl and eholm to be llnttett by obsenratlona.l err¡ors to

helshts belon 6O fn.

11.1 SMAT,L SCÁ],E T{IffD MEASURH{HT'IS

A revlerr of the ll.teratune in the fl-eltl of the lrregular, snnll sea.le

vincl etructune ln the nesosphere a¡rd lorrer themosphere has ævealeil that

althorrgb e large anor¡nt of obaerrratlonal ¡laterlsl ig available the æaolu-

tf.on, efther spatlal- or teryoral, ls usually lnsufflclent to enable an

runequfvoaable tleser{.ptfon to be glven either 1n tems of Lnternal gravity

vares or turbuleaee.
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The Adelaicle Radfo-Ibteor System in l-ts p::esent fotm has been shorm

to give rellable ne¿¡,surenents of ï'lnd. shear for reflection point separatfonl

betveen 0.5 kn and 5.5 Iun, this latter separation is considerably larger

than hacl been possible previously. Tt appears that the stn¡cture fr.uetlon

ls the best æthoct of presentlng the resrrlts of thfe t¡re of obsel:vation.

Pover lst¡s are found. aclequate io repr:eseat the stn¡.cture frrnctLons for

vertical and. horizontal separatLøis. lle e¡qconents for the vertieal structr

funetlone for the radfo-neteor clata a:¡e 1n eLose agreenent I'Lth the value

found. by other workers for æso-sea1e strueture in vertlcal wi.nd. profites

ancL vhleh can be explained. in terse of Ínertla-L osclllatLons. 0n the other

hancl the e:çonents for the horLzontal structure ff¡aetions for the radio-

rneteor clata a:re close to the value eryeeted. for an lnerbial sub-range of

turtulenee.

I'lre horlzontal structÌ¡re fi¡netlon dete:mlnecl for October, 1:969 S|ves

a Bea,sure of the turbulent dÍssipation rate r¡hlch l-e ln exeellent agreeænt

çlth the vah:e that een be decluced. fron the tlne of onset of tr¡rbr¡lence fn

tvo TMA tralls æleased. at Woonera dlurlng the obsenrlng intenra-l. In

lnvestlgation of the trregular appearanee of these tralts shows that the

turbr:f-ence ca¡nd be assocLatetL lrltb any features on the wintt profl.les antL

at the present tfne no satfgfaetory e4rlanatlon of the cause of the tr:rbu-

lenee has been for¡ril.

It ls apparent that the t¡res of observation tllscussecl 1n thfs thesfs

flo not perult an aecurate aaseasment of the relatlve llçortanee of fnternal

grêvlty val¡es 1n the ¡rind fLelcl. of the Lorser thermosphere. UnLess Ínternal
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g?arity varês can be tracecl from eone apeeifle souree qp to the leve1s rrhere

obserratlone are na,cle antl theoretical predlictl.ons ehedtetl, the ed.stenee or

sbberwise of these vavÌea ln the lorrer themosphere nust remaLn an open

queetf.oa.

The energr necessan¡ for the structu¡e (tottr amall-scale anct neao-

eca].e) observetl ln the wlncl fteld ean be provtded adeqr:ately by the dtfasÍpa-

tlon of ttdal. eaerry (pa.rttcr:1ar\y the ilfi¡nal coryoaent). On the assurp-

tlon thet the horizontal structu¡e fi¡¡ctlons are dr:e to a tr¡rbulent regLne,

a value of abor¡t 0.01 r¡atts/kg fs a æasonable eetl.nate of the rate of

tllsslpatlon of eners¡ near 90 Ìø ancl henee eor¡ldl represent the mount of

heatlng ih¡e to the tlÍsslpatl.on of ttttal eneqgy. .As the mass of atnosphere

ln a co}mn of r¡nft a¡ea abotr: 90 kn 1e noughly 7 glnz, the heatlng effeet

ðr¡e to the dJ.eeipatlon of tr:rbr:lent energ¡r ls qrpro:dnately 0.0? n rlatl,,el

m2, rrhLch le almost tnq orders of rnasnitude lees tha¡r the solar enerry

abeorbecl nea¡ thf.s hetgb.t (t SO n vatts/n2).

Lt.z TUE PREYÀTLII{G AIÍD TTDAT, ÌIII{DS

LI.Z.I General

TIre obeersatlone of the nean seasoaal prevalllng ¡ríncl over

the helght range 75 - 1:O5 km presentecl ln úbapter VfI are smryatfble nlth

the rrlndt noitel proposedt by Groves (fg6g). Eoverrcr there a.re slgnlftcant

yeer to year ctlffeæneÊa, parÞlcularly for the r¡lnter nerLrlLonaì. rrlndl

patterm, ancl theee suggest that the heat soureee mal slnke outllnetl 1n

Ghepter I a¡e not stationarJr. IJ¡rfoztunateþ no coryarable serl.es of

rpasureñênts exist at theEe hefghts at other latltudea ln the southem
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henisphere so that it ls lu¡rosslble to deterul.ne whether the rrarlatfons

obserqed. are repr€sentatl.ve of eondLtLons over the rhole hernf.spher"e.

Isoleted. eomparlsons of the radfeueteor ¡rintls rdth reteorologlcal rocket

observatlons from woomera (rretehts up to úout ?5 kn) inöicate general

egreement ln spite of the 5o latftuttlnal differenee, ancl a conbLnatfon of

al l existfng roeket obser¡rations aad rartlæneteor obsenratLons should lead.

to a better unct¡erstanding of the sLnd flon in the nesosphere.

The observatLone of the tltlal rrlntl eouponents pof.nt out

qulte definltely that both the dfi¡¡nal aad semiclÍurna-I tictes s.re nore

varLable than present theory r¡111 aram{t. the lrregr:larlty of the tides at

theee altl.tudee nfght be due to varlation f.a the baehgror:nct contlltlons ¡rhlch

ean esuse refractive effeets aacl can also alter the heigþts at Ìùlch clLssL-

pative effeets are lrportant. Eonever a.s Llntlzen (fg68) has shon¡r Lntro-

tluetfon of dllsslpative effeets lnto the tl¿lnI equatlons nerely alters the

eryrlltucte of the tltl.aL eorçonents eadl, as d.ght be expeetedln the phase

changes are relatlvely uriuportant. Further rrork, both obsetsratLoral ancl

theoretLcal, ls neee€sar]r before the effect ancl possf.ble eauses of the ttdel
r¡erlatlona are to be undlerstooci.

Diselpatioqr of illurnal tttlat enerry at hefghts neatr 1-OO kn

nust be eonsLde¡etl a strong possiblllty, slnee ¡5s q'qplltudles of the dfurnal

ancl seúLcliumal- rdnd. cm¡ronents clo not lnerease vlth height. l{ootlnn et at.
(ltg6g) have reached!. a sfnllar conclusion fron an analysts of rocket released

chenÍcal trafls. In vieç of the fact that such a source of heatfng, whieh

csJr varlr seasonelly, can notfif$ the teuperatuæ stnrctì:re above the neso-

pau6e 8t ¡ddl latltutÙee lt ls l¡rporÈant thet the variatlon of the tictal vlncl
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couponents vlth helgþt shoulil be etud'f.ecl. 1n gæater tletall.

The perloclograu anatysls, orlgá.nally usecl by Ro¡ler (1966]o) '
has been ehorrn to glve reJ.lôIe eletermlnations of tt¿te1 cæponeats. There

fg an absence of sfgntfLeaat perlodle eouponeats rtth perlotls less than

etgþt hours, and. heuce thls form of anal¡rgis 1s nort gr¡ltable for exanluLng

the motfon Lnducecl by lntema.l gravity ¡rares.

Ll-.2.2 ÎIre Octobec, L969 Coul¡arf.son

Ibie e:qnr"l.nent vas the flrst, as far as ie knorno' to

ccgpa¡e the ç'fntls reasurect by the ratlfo-æteor technlque clíreetly r¡tth the

ï'lncis neasu¡ed by the chemical release techni.qne. Hor¡ever the separatlon o

b5O m betrreen the tvo Ecasurernnte pleces 60@ u¡rcer:bafnty Ln the eoo-

elnelons that can be tl¡a¡m slnce 1t ls luposslble to cleclcle unlquely

rrhether the cllfferencea la the observìecl. rrlncl profiles a¡se due prdnarily

to differencee in the ueasurenent tecbnfques thenselves or to the exista,nce

of soæ large seale horlzontel eddy.

If the treaguretæntg of the ttfi:na.l anct seû1alÍunral ttcte

tleterrnLnecL by the redLeæteor syatem a.!e to be taken aa t¡ellable anfl

roughfy eppll.eabLe to llocmera then lt ls æasonùle to dettuce that the

rrintls observed by the eæta¡n{nant releaee nethod. are littl-e influeneetl

by the relatlne\y gmalI tldal rctLon ('r,20 n/eec). If this sr4rpogÍtion

is eo¡reet then the ttlffereaeea in the ¡rlncl profiLes must be e:çlainecl.

either Ln termg of the lnfluence of large seele hor{.zontal etlilles ln the

vintl f[e1t[, or ctlffe¡ences ln gravtty vele actLvtty et the tço sLtee

Eo¡rever the clLffl.crrlty rthleh theu arfses is hor to explaln the spiral

stnretr¡re ehcnm ln the chemllunlneseent rrlncl hotlographs. Although the
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arrplltutle 1s mueh larg,er than e4pectetl the spiraJ. ehareeter ís conslstent

lrtth tLd.s.l theory.

Yet another possibtl-tty is that the method of analysls useil

to obtaln the raåio-neteor rlnd proflles nay not be adequate to follotr

reasonabþ raptcL ehanges ln wind. speed. --r!.th altltucle. This ls st4rpor-ùed

by the relatlvrely hlgh correlatLon beüreen the vlnd vel.oelty f:¡om Lntllvtctua

peteors and the wlnC. veJ-oei.ty clete:culned. by the ehenleaÌ trail ¡reasurements

It ls not ur::easonable to pro¡rose that the deerease Ln alr¡rlitucle of the

radLo-rneteor obserratÍons Ef Sht be tlue to the aborre eause, Eonever sirr¡rle

averagf,ng of the radio-neteor wlnds over ! kn helght Lnte:rals does not

produee ¡rlnd. profiles r+*rleh dlffer greatly fi:on tbe resrrlts of the nocl¡a1

aaalysls. Nev uethods of analysls - parbleularly ln relatlon to the verLa-

tlon of the 'rlncl ï1th helg,ht - aræ undùer lnuestlgatlon.

The exoer"Lrent is to be repeateil sonetLæ fturing Febrrrary,

1971. ft ts hoped, that a¡r lnproved. data :¡ecluetLon orocetlt¡re for emall

a4>11tude neteor echoes rrlì-l be ln routlne operattm by thts tf.me so that

the r¡saÞle echo rste vtl-1 be ine:reased.. l\¡rther, Lt woulcl be an attvantage

to obta.ln measureñients of the ¡rlnd. in separate quadrants at tlmes of htgh

ueteor rate leadlng to ê. rcre detalled. comparison lr.Íth the 'r''Ind. proflÌes

fron the FMA release. Meanrhlle an atterupt Ls ¡,o be qade to nodf.ff an

exfstlng tra¡lsmitter at h?oornera to procluce 20 kr¡I phase coherent pulses at

25 iGfz fn order to set -,4r a 1on poner seteor railar. Suih a faelllt:r'roultl

be exb:-neþ valuùIe for the eolryeríscn.
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l-1.3 1,,ffNÐ AND DÐ\iSffY l\@ASTlRmmTTS BY RADÁP. T:RACKING CF SPE-ÉFES AfiD
PA-BACEIIIES

A sr¡q'l1 f.ndepenilent r¡esearch proJeet bas servred. to cleternLne estl-mates

of the errors in the rdncl proflIes neasr¡red. by the ratlar traelcing of fallin¡

spheres antl parachutee. It appears that al.thou@ meen çLnd.s esn be deter-

ninect up to alout 85 U any favestlgation of ver.tLeal winct shears for se&le¡

Lees than 2 k:n is llnLtect to helghts be]-orr about 6O fn by the errors in the

rtnd proflles. ft vorld. be of eonsiclerable interest to m*e a statistleal

etudy of rrlnd shesr belo'¡r 6O ¡on usLng alJ. the wlncl pnofi.les no¡r avalJ-able

from lfoonera.

Íhe nethotl of estlmating the erro?s in the tracklng radar denelopecl

for thls proJect me¡r be rrsefi¡l Ln other areas of Qeepþysles where a sf-gnal

of linlted. batctr¡tctth exlste ln the presence of a large ban&¡'idth bacJcgrountt

noLse.

It.h SUGGESTTOÌ{S FOR TÏ]"IURE WOBJ(

11.1+.1 Egulpnent IwJor¡enent

Providett that the grouncL vave sl.gnal ls kept near f.ts

present level (* lZ ¡V across 72 A), the meteor rate eur¡rently being

achier¡ecl for elngle etatlon vork is qr:ite aceeptable for the tteternLnatLon

of the prerralllng and 2)r hour and. 12 Ìrour perlodtÍe rdncl conponents on a d.ry

to tlay basis. The rnqln lloftatlon in the use of the syetem at the rnouent

ls the amor¡nt of tl¡ne æor:lretl to æad. the fiJ.n reeortls (at present ttata

for some seven monthg åg stt]-]. to be reatt). Installatlon of a¡r automatte

data recordfng fael1:lty w1th the d.ata r'rrltten clÍreetly ln btnaqf fo:m onto

rnagnetie tape vould certafnly faellltaÈe dlsta hanctllng.
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An exbremely usef\rl atltl,ition to the systen woul-d be a ilevle¡

whíeh discrlninatecL agalnst false echoes dire to interference siace, partl-

eularly during d.aylígrit hor,¡rs u ranclom triggering of the equipment ofben

eauses tnre meteor eehoes to be lost. itre possible use of a system

d,eveloped. fo¡ the Earvartl Racti.o Meteor ProJeet (Sc¡naf¡ner, prd.vate coËr-

ur¡alcatlon) is ¡eing ln'restigatecl. ff a.11 the avaflable infottatLon, both

CÍl and pulae , Ls irsed it shoul-d be possible to e:mLoit many eore snel'l

arplltucte meteor echoes tnr:s inereasiag the ussþle echo rate.

fbe mri-+,i-statLon equipuent cou-Ld. be sigiflcaatly iuprovecl

by ehanges in t e teleuetry systeu. fhe presen'" fYequenq¡ allocations Ín

the i60 1.:fi2 ba¡rd. have alLol¡able banchrÍctths vhieh severely restrict the

signal to noise ratio for records froli the renote sites" Slloeations ln tl

\ZO t"mz band." r¡here a maximwr deviation of l-5 kilz ìg alIorred. (instead" of

5 lkfrz as ueed. at Bresent), wouJ-d. be idea.ì.. Deterni.netion of the range of

the reflective polnt et eaeh out-statlon slte voulcl be ver¡¡ useful beeause

of the e:cbra nedund.arcy this irouicL introduce in the cleterulnatLon of the

åirection coslnes of the traÍI. W!.th the iuprorements suggestecl the nuùer

of nr:ltl-statíon echoes shou-ltl. incnease drænaiically aad. sho-¿ld. also aLl-ow

the system to procluee reJ-Labl-e results for seperations nmch cl-oser to the

tbeoretleal- mq':¡i¡run of Ll+ t¡n.

11.\"2 !'utu.æ E:meri¡eats

fne most irrportarrt extension of the present 'nor{l is co-

operatÍon with other rorkers using sounding rochets as pa.r-t of a l-atftucll.n

surl¡ey of vinds in the southem hemlsphere. l,îa¡y of the problems assoeiat

wlth lnterpretetlon of the tlda,J- and. preval11ng wincls neecl ser{es of
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observations at oifferent l-atítud.es. ït is hoped. that a neteor-radar net-

vork in the latitude beì.t 3Oo - &5ott cr:rrently beJ.ng set r:p under the

ausplees of iliCS'fP ilorking Groi4t 10 viIL adà signÍflcantly to a kno'wledge

of the rind. systeüs near 95 kn. By operatlng the Ade1at¿le Racllo-Meteor

System ín eonJunctlon with stations l-n the nor:bhe:¡l heslsphere, a study of

posslble d.ifferences betreen hemlsphenes eorrld. be carrled. out.

Periocls of extend.ed. operatfon dr¡ring the equinoetial mcrrths

voul-d. enabl-e a rtrore detailed etu{y of the change between the sr:nner and

winter circuLations. Àlthougþ oÞsenrations from a single site are of

liniteô use 1n investigatlng sueh a conpLex phenomenon, it t's thought that

a iong serles of obserrrations ear¡ be used. to supplement a ¡neteorologleal

rocket progråruæ.

F\¡rther operatlon of the m:-1ti-statlon equipment shouJ-d. be

contenplatecl partfculerly if the slgnaL to noise ratfo in the telenetry

l1nk ean be ínprorred. ff the echo rate ean be inereesed. suffLciently then

the Lrregular irlnd fleld. can be better clete¡mineil a¡rd. nry lead. to routlne

rnesaulrelrents of the r¡ind. fLeld Ln cllfferent parts of the observlng volune.

ïf the teuporal resolutÍon for the radLo-meteor system can

be fuprorect 1n the n€rnner outlinecl above, then e eombLnatj.on of this tech-

nigue rith the che¡al}¡¡rlneseent trail technJ.que ehor.¡jld. be eqrable of

nesolving gtructures rith scel-es of i P,m or less and qr:asi-period.s of the

order of 10 nins. With thet type of obser:rration the reiatlonship betn-een

the varlor¡s eca].es of motíon should. beco¡re elearer.
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