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t •• ~'lt, tba' ,be tb.,l' •• '1'1" -'.10'S', 
08011.1.'1 •• II , .. Bol., A' •• ,U,.-., Mr. 1.1. 

:atftta_ t ... .... tl .. r ... " .f ,.aear." work 

oarrl.. .ut " Ills at ,~ 101&\-.111 O-..,..'.r, 'a 
,.11 ,..,,,11"."01 .f 'be tb.D •• ., .. • t , .. ".t" .... ,., 
.f Keral.. Tbt ..... , .. ,. baa ..... 4 ••• 111. 'be.te 

uDdttr ., .,.,.111... t ... la ... ,bat ,be , ..... ,. baa 

•• , ' .... I ... al' hr ... , ... "al. t.,. ,_ • .,aI"4 ,. ,_ 

oaDdl .. ' • • f .., Decr." Dt'l.... A .... t.' •• bt', 

r.l1 ... bl, .r .... r a'_tlar t"le .t .., .''-r 

Ualftl"al', or '.""'_' rIM , .... t .... '.1_ ...... ... 
of , ... '.' .... "bl ........... 'l ... _do b, ,be .... , .... . 

wi'" ,be ..... 1'-.1 •• lar '_"I' ,.l ... ,. aad 

""'"Ih,1l al ... w1 'Il , ... "'.11" ... ,.,." ... • r 
.... 100t." ... ,., ... It, tle1.4 .... ., "ta •• , ........ . 

of , ...... , ..... "... tile •• , ............... n_ 
",,.'a t.. , ..... .,1.,.1, ' ......... , .,fe,. .f , ... 
.... 1 ... '. ,. ' ............. 1 .... i.e .......... f _I. 

,,,,.lea .t _1. ... 11.. ,.,leal , ...... . 
nl<-V~ ~Dr-

'I. L ,., • ..".) 
.DI .. "., 

......... 1a1 0 ... "* .. ,,· 
IM._ 1_1' ... • t ... ..,.., ... 
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the work .... epo.l"tecl ill thi_ tbllus18 v •• chll.l"r184 out 

uaing tbe t&0111'1 •• of the 104alkaoal Ob •• rvatorJ. 

! owe aft l:1r1l1uUJ8 debt of "ratt tude to Dr •. M.,K. 

Vainu ~pu, who t81ti.fred ,.$ irato tbe .. iud, of tbe 

."eot1"'a of the 1I1,gl, liD... I" vall hi. de., lnter •• ' 

aad. 4irectloft tbat blllv. _d. tbls illv.ettaatica pO.lltbl. 

a' all. the llulpiratloft and tbe .'lph .. 818 'he provided, 

are behtnd. ."er.1 aa,eot ot tbe work CGlIltecte4 vtth 

thl. lAV'fUJtlptlcuh 

Ih-. 1.1. Bbarp'f'., D1reotor an4 Mr. D. Ha.4b. .... 

!crt.hna Rac of tbe IadiaD Inatitute of aeo_anett .• 

p". me help witb ro ~~. prol:ra:'l ••• tor all tbe 

aaal,..ta. l.a •• tr •• 1, cra1u.t\l1 ,. tb.ell for tbl. 

klftd belp. 

I bave sre.' pleasure ,. ex,r ••• '., ~ .ta,er. 

'haau to Mr. V. "001"'''' who wa. wltb •• al._ froll 

tb. bestaninl ottb,l. 18 ••• tlptloll, ,. aAl.' tb.r(na~ 

tbe labor1,.-. ... "eloolt,. IIH.ftre •• '., I. '1'00 ••• 1_ ., 

,_ 4at., 1. ,10"1_ ., 'be 1' ••• 1' • • to. 



Mr. i~. hel 2. ift 

't'r tbt\ ~tr. ';;i.QI. 

~' , 
~. valul\b'l. 

"'Nfduot1 of t. I !!LID Ilttrllllll,. 

1: ;~t!l .1CtNae1, ~h!iiftktul to 

for bavi~ ;,llo+dd '. \0 UI"" 30_ 

h.l~ 

1,;',!",J~4' 1Il1catb::alD*f fer d 1.cuaillliolu~J b. 

80 to '~r. A. Ku:bloel. 

aa eot. 

a~ and. 

in 

to t.b.!.J. 

fb. WIl,. 'ju·.pared 'b, ~~ • .M.. Obolise 

"bo'OIk~f'~,;)btc WG ... e «lOCi. by .. 

M~. M. JaD. '1,1 

bav. 
y.l,lu;~bl It,) 

".",aered til ~r. C. G. ' •• ".r:tilh:>\Y:lift r.tal" ~I". .. at 

Irllluliiutoonby. 

M, 1'1.' .fUl t bau. .r. 4ue to HI'.. :0. 

!III'. Aatbtul,nj tor 'Mlr b"l, ~t tho ,.1 ••• 1)_" 



~"'U'·10D. 18 the oh.e:nrtifuu',. 

1 ft t be 0 t'" rllllG n., 
& .• ,,1 w8(tcwer I waftt .d. tBratet_l s· .. oknowl.d •• 

help_ 





pro_clare •• 
,.4 a •• ral propel"tl •• of '". 

•• oill .• " .... •• ,., '.wer ., •• tru. anal, ••••• 
,.6 Vower: .p •• 'ru2 •• l,a'. 

of • Ht.. ae.lllt t •• ' •• 
,.7 eo.,,,'_'I •• o.ma to,. '1M 

.. 1ar 11 ... •• ,.8 Di ...... i08 of , ...... 1 .•• 1.,. 
pove,. ., •• 'r. •• 

CUp'." I' • COH~~::Ne;~ AliD ~ftASE lHOPEfttl $I;S 
OF 'rHI V.::LOCl't! na.na 

4. 1 Oe.eral •• 
4.2 Cro .... ,.., .. .a. aul,81a •• 

4., ,rop.rt' •• of ,be Y.l •• t" 
tiel.. •• 

Cb.".I'" - Y ~ctTr AID BRIGHTIED 
Gael l.LAft 0 ... 

,., 'Del,e'e.' -..lata' .... 
... tll."... .. 

,.1 C,. ....... ,ral ... l,a' • • , I.' ... ", tiel'" •• 
,., en ... .,.. .......... ,.1 •• t ,.1 •• 1i, .... t ..... i.' 

ttel.. •• 

III., 

I1.t-1' 

'Itt-• 

IrJ:-20 

ttt-" 

1'·1 

tf·t 

'·4 



•• 
6 • .2 If.yt ... 0" ,be ...... 1'. 

6., so •• ~ro'l ••• lor ta,ur • 
•• 



tft U~l. "b •• l., 1 b.J.v.'.de a. aic,t •• p\ to atudl 

the 'e .. !lporal a.11 spatial ~u"opfu·\l •• of tbe v.locU~, 

1. oftsl to, fl.lda u81 tll.pb.o'.lr .. ~b·lo teobnlqQlllht 

I bii. ... bri .• fl, outlined. tbe earl i IIiU" vork ira ttit. 

field. In Cbafjter I.fb.l. inolQ(h,. both the tbeer.tical 

aad o'b.erYatloftt!11 ".In~.t. of ... loo1tl and lnt.rudt, 

fle14,.. 

III aMptUJ!" It, t b.ave « •• crtMd brletl, the "hr •• 

_tboa. tD "sue tOI" the stud, of yelo01', ft.ld, 0'* ,be 

.li1lr aurt ••• yls. 'be .,eotrohtl1.tosrapbto. "bo'.el.c'r!o 

snd I"IIl~i4 ttu lap •• l>boto,:ra~b¥t au dt._lIUJ.d tb.elr 

,.latl" ••• rit.. ot tbea., tbe •• thod. of' rapi4 tillt laplle 

~bo'o,ra~b't whlcb ... bl •• ,be .t~ultaQ.OQ. 8&udl of tbe 

I)ro,ulrtl •• ott. "e1.001t, aft. tatonalt, £111148 ., 

41ff.,,.e.' le",ela ' •. , __ lar a'._PMr. ba8 '-'_1. " ••. 4 1. 

tbe pr ••• "t tlIO&-lIt. 1_ baal0 _'ertal for 'bt •• '"d" 
OOlu,t.,. of 'br •• tl •• Mq,\&e ..... ot108", dur.tl.oo IOb, .. 1._ 

WlClet ••••• 41..,11 &ood .11.-.,,1.,. •• cU.'l.... 1 ba, •• ,1v •• 

.. ".Od' of ., o' •• rvlq ' .... lqu... rollowlq ,kt., 

I .Y .••.. 1"1""4 til. pl"oo •••• for ,-. •• 1081t, _a.v .... 

ma.'. w1'" t. »Op,l.roo.,.,.,o .. eo •• 'nae' •• tor '''1. 



11 

purpo ... l~. ~.rtOt .. n •• aft4 aGoura., of ., sea.ute

_nta. 

Caap'.r ttl de.la with 'be .pa'Ial •• 4 '''pOral 

,ro1"ertl.a ot t.bt1 .. -1-p.1'10410 •• 1.01 " 0 •• 111a,t ••• 

ta d.tal1. The tour' •• D .p •• '~l lin •• _tud1.4 Iro. tbe 

'br.. "41"'8... bay. • &004 oo.,.ra,. of bet ab'. ,. ,"
ao1.1' .,.apil.l'a. Tu Cl '587 11 .... p ... vld •• lftlo ..... '10. 

08 'b •• ar, cta.p pho, •• ,hart. l.,era .1' •••• 1o. '"'C • +0.2. 

g'bel' w.ak aDd •• diu. .'roD, It ... atudt.d bay. • ... 

•• ,._ of tora'l •• rUil., tro. 101 ""( • -0.6 ,. 10,'1;" 

• ·1.2. lb. ,10'. of •• 100t'1 •• vl'_ ret.reeoe ,. &1 .. 

tel' 61 ....... 1.8 pot.,. 0 .. ,be aaa t.r all 'bell ... , 

aile. aD. a •• ra,. at ••• f 8000 _ tor ,be .80tll." ... el1. 

anda lit. 'l~ ot 10.', at.a' •• "or 'he in4ivl4ual ... tl1~ 

,to... !~ ••• ill.,toGa at; ,be titt.r,.t 1 •• ,1. bay •• 

bisk •• ,,.. ., •• ber ••••• 

fbe pow.r ..... ra 01 •• 100"1 •• bay. , ... Go.pu'.d. 

t. 'b1. _.l,_t.., J bay. 0 •• ,., ••• p .. t,hl •• ,s.., ...... at. •• 

tt •• 41tt.r •• ' n.l ••• tor ,be J. •• 1 ••• 1eal.,S. .. 'lui .. , .. 

torr.l.,S. •• ,.. .. 1.... fbi ... 'bod ... ,a.4 ,. ."ala & 

b1_ ,. ... 1.,to. fr., ••• ., wl .. tor ,It. ",.'nl •• '1.' •• 

• eel , ..... ,.,.t. .. ,lie ,.., ••• , , ..... 1Mt." •• ol11." ••• 



111 

wtlb. all aootlrao, of 5 •• oora4.. I'be eI 658'1 ltne 

abOw. a period ot ,04 •• 0. wbll. ,be blib level It ••• 

bay. a period ot 295 •• c. 

III ella,'er IV, J ba,y •• "'11,, •• tbe .. 'bocla ot 

oro .... ~.otra1 aaal,.ta. Th ••• ba •• beaa ap,l!e4 to 

o~p.t. tbe cOhereoo. aft4 pba~ •• peo'ra betw ••• V8100ti, 

tle14. ot 41fterent ~alr. or 11 ••• btloesl., t. tbe .... 

.. ·1 ..... 0 •• to .ttld, thtr .,.'la1 properll... Th. 

O.bereDoe '-'w ••• ,be •• 100tt, tlelda la 'ba dlfterea' 

la ... 18 ,. "81', llt.sIl. ot ,be 01'4." ot C).9B. Tbe .80111 .. 

11 •• e 1. ,be bl ... 181'81 It. ••• 1 .. _hla" 'bo •• t. 'b. 

low 18 •• 1 li.... fllte pba .. las vari •• wltb '"<1"."'. 
la 'b. r •• _DOe ra.,. 'be las t8 or tbe or4er of , •• 0. 

",,,. ... It .... bavlD, '''eir ••• a "aptb ot forlla' t •• t 110 

ta a,ar'_ fbi • .us, •• '. a ataDdl., atde .t 0.0111a,'.a 

1. \111. ....... At bi", t .. e,ueaot,. '". p ..... lacs 
t.,r •••• ta.' ... ba ...... 1 .... appl'o',"a'. tor ,be pro,.&&-

'loa ot ..... wa ... . 

C_p' •• Y at.. M •• tevo' •• ,. ,_ ., •• IraJ. """'1'.1 • 
• t 'M l., ••• t., n •• ,.,l ... ,. , ... oo.,t ..... ,. , ... 
II .. wi .... u , •• eo,.. of hI ,,,. 11.... %bt. CM".,. 

al .. 1 •• " ••• be • ..,.,.,to •• f , .... n .... ,..',. .t 



lotena! t.vtl\lotWltl0... tb.. Oo,Dt1&\I"::I ,'i,QG tbe :U,fte wlrag 

t~t.n~itl fl~o'UQ~loft •• bow ~1~.' ld •• ,,10.1 power 

.p~o'r¢lt w1 tb .'U"i1Ml17 detectable power 1. tb. 080111a-

1$1011 raqe. lb. ~ow."j I,.etra of tbe l1nG .01'. abow. 

well tbe ~u,0111 .. tt(nu5. 

Xbe OObtU."ClDC. and. ,ba .. *i:?eot.ra ",wefUI •• 1ooft" •• 

~Dd illt ••• ttl •• bay. bee .. ooapute4 tor fouf' repJllI'lI •• 'a
tl". l1n... lbe 8p.,'ra al'lI al •• lll •• 'teal alld abow 

ttmt tMupwar4 yel.01 tl •• II; tbe lb ••• la, belliNI Ibe 

1>1"1.,ht •• tq8 18 tbll o~Ift'" •• ". b, abo ... , ".Io.a. Tb.e,. .. 

i,a 111gb CObflU:'.no. h"tw ••• tbe "Btl.uUII aad It •• wta, 

iDte •• i " tl'lotuliltioa"" ttl. leI 6358 lie. wt.1lI t.' ••• lt,. 
1,,11 betllad 'tbe •• 't8"yg b, Ill.u' 14- lItat.l. ,be .eft 

1.t ••• l'~ lead. ,be •• D'l.~wa ., '1-. 
t baytl -.1. «Ien.put.1I tM cober •• ce aa4 ,balM 

., •• 'ra of 1M .eloo1tl •• 1n r.I ",. liM wlth 1'. wlac 

brtelltll" •• a.4 8O" .risbt •••• t111.'U.tS.... 'lae ... ,,10-

81'1 •• lall ltehta4 ,be •• " brisk' ••••• , "t. ·:.rrda 1. 

t ••• !I.e •• &4dt,I._.1 ."i4 •• oe til up,."t ot 'be .xl .... 

'.a ••• f .I •• ,U ...... or •• il1 .. tte. t. 'M ,oo-Me. 
",:rIo ....... 



1ft conOlQllJtoD, eMpt.!' vt lI"surla •• 'the 1" •• ul'. 
of tb. QreMIlt. et.ud, aDd 8"UD01 .. , •• $0'10 of ttle {,)ro'bl.flma 

tor tutur.e 10. 11 tb.ta field.fb. illpOl'taftc. 

8tu.41 of tbe "eloctt, and laitUlllt, ttelc.la oaQQot 

bt OV~U' •• !)ha.l •• d.~~or. 11104 1IOl"$ OblU!II"atloD8 in the 

ieal ran~~ "nat:d,lar •• 'bethl o O","U" 1 aS bl,b enrollee-

kaowl.d~;e to tbea. 1*1.,,1. ill tbe .olll.r atmolObeJt>e.. 'fbi. 

l1up,le"lultute4 vitti ohaflu·vattena. t .• tb ... alld O'JI ;r&D,elOl 

wa"elealthl -t be "''''1'1 bel:pfl.ll h'l uaoJeratandlq Ute 

pb,81cUl of tbe •• 110111&tl0 ••• 

'f bui,oMt.rial eft "blob tbe pre~iul't, irJ:w."iaa

tioD 1s 'baa.H1, OOl'Uii8'1I t)f tnt •• t1_ •• '4,Uctftce apeotl"a 

metbo ,6 34ft'iU' • .01.1' towel', tel •• "~. 

aftd. 19 •• tI,.. Ll"l'Ov epeotrogaj,Jb of 'be u4a'Ucaul 

o bluu·y.'ot',. fa. o.*~Q'attoD of tbe pOWI' 8p •• tra of 

'be yalool" aDd tat" •• lt, _ •• UI' •••• ,. to1low t. B •• er~l. 

the oat.bll.bed •• tbod. of power .pee'rua aDal,al.. 1. 

'ht8 a.oal,at., ,he tlet_4 ot Uti!" lI.tlltl-lap tor a •• uri., 

a 111_ re.olution to,. 'he .p •• ".l •• 'I.t." ia ort,I_&1. 

t. ,hAt co.putat!oft of ,be ·eoMreao. AUei ,haaG -pMt ra, 1: 

ba ••• ,pl tea ,be &0.8" ... _,be. of *""".P"'l"al 



... 1. 

alal,all to ., data. rbe oo.,u'a'lo18 were 40.. wl.'b 

• COC-,600 O,o.,y,." ., , .. ;ra' .. :t •• ,tt,y,. of lund .... tal 

1:<, .... ob, lfO • .,. All , .. r •• "l,. obtai .... , ,be. 
anal, ••• aid 411 ••• 1.0 •• oa tlt_ .... ,n_' ., ortpDa1 

work 18 tbta tle14. 

-



-truot tar. an4i d,_~to:. of the hlfl!cl' !!§;il108,'n,ere 

O·flUl be de:lol'i. bed ift, tlU'"!d '0.1 the loft .., 

crud" i;!"rcxliilatloa. tbe ••• rg b.rUtf':li.t the cere bl' 

l)"hlle88 - tne ,.p. OhaiR" ta bI 

lit. lOut bl Goavaotioc ia tbe 81lir-pho$oapi1cl"lc l.a7el"1 

:~ftd bJ' ra(i\IJ.tlOD In tbe Ilnltiiilur lal.1'8. AO.Of'~UftS to be 

ola •• t.aal pietut'., .'l"tlO'aAl'lI ot 'be _tAl" 

1* b~d OR ot .. ea .. :!tbl. ~bo. 'be~ 

equlllbrl\Ull , 
bl. y.lo01 

tbarllDd:rnf4110 eql1tl.t 'brhls 11:'18« bV 

It! •• ~,d t, tb. ra4tatto8 tlel. ad 

fieJ.dlle 18 .ob .. a uat,ate of "'be 

"1.1" .,.,IJpbe:rllh tM .tteot of ".1001 t, fle1.«8 otber "~ 

'berM!. I.e ' • .it.A 1.'. acoou.' •• 1, ....... D4 orde,. 

a!)proJl:t_tloa, .tlD, tbet,. ._ •• tu •• ,11·81 t. t.;b8 

tber2041fta:ll1o .ta'_ of ,be ., •• ,hnh 

T-' ~14'1. of "apr.Geft' .e.tar, w1' •• 8 •• 4 _ 

••••• 'tual ,Map til ,be pre" •• • t ,be •• ,1118 be, •••• 
• o ... _opte .14 'ural •• 10,1"f1.148. We DOV twllllllW'e 



i1l. ooupl,t betw •• " ::IIlOl"OaCltli'i,10 

il:.Ii.",:liU'\l.YI[~,"""C oftbe $ 

1. DO lOQ~er QO rolled 

.ld. lb.. l:!flOl't~'! •• of "be 

th .• t ott be ho:lOseneous .mod.-1. 

iU1CCe.llJiI 111 at-tli'Uptli to .x~1Q.1ft a 

of L l~.t ,.ilitl.. ii.lint. (if tbe 

, onrOJlO ilpherl0 ~l!ld O:lro~l. tnsf .b\~~Ii •• of 

1":11, l"on~:~ lituta or1g11l~4tni ill 

, and lilac in ttut of t»d.l aptlltl'lUh 

aleo vi 'ne~.ed 411"11.' tIIh!1JU\Illi"'l"·'·'.~t.i,cUl* of the 

I,n 1utlclli U, •• 1n tbe g.I"'ti.ntllation .. 

~;t::l of luten.if. iona ,.lnti ".loott;y :lbltt. tn tb. 

1 i ft·(jll.. at riult ul'e. ..~q. 

1ft thei:'''rli.tUlnoffu· ltra •• und.er cOGdi~l,oa8 of ••• log, 

tbe aptctd... off tn. lh~b, are vlaibl. _ette.ta-

tionll ot tbe lnbo»efu,.t\l •• ext.til'll lA' tU.ttereat 111".-1. 

1ft tbe ilol~u' J.1i.tilO &,,0.1' •• 

tn. 18" •• ",ga'loIlUI ot ttlt pert"r-"'loll .~'f •• tli of 

tbe ••• 8100t" tield. 08 tbe tberilOt,laaS.o .t .. ,. of tbe 

.. , • ..,be,. •• Oll. "_e ... ,he 016' • • t ur'hJy ... !dopb •• o. __ 

t. the 801ar .t.apbel"lfh lb. 4., ... :IIt._tt.Gn at 'b .••• 1.e1', 

fteld ••• , .... 'MfA b.., 41t •• ' ouen&tio"lI, t. .. 



OOS1).!l1"1.8on or th~ ~b.O:r.'1.Cl;"l 'line .;>.I'ot11 ••• and tbe 

ones b:i8f:u:i on obaotYdt ion.. tbt. to. tuZ'n roql.l: ir •• a 

0011,1.'8 aDd "reo1.e knowleu/i:i8 of tbe ob.llc~l 001l,01l1t101l 

~.uul tbe .~eotl"o$oo?10 .stl;t.te of tbe aliilo4;>be,.e. leI', 

otten t.ti& ~\t~:mrOtit"h na.tJ$en to 'inter tbe .xt .. ,."OO of t. 
a. rod1rhtnl0 i~b.eno Ie non wniab,llouttl •• tbe t.barJlO4i,vnw..lto 

ij,"lt., or thtllt.:lo8;>*'tire o'lert~t }'t.~U.,.4 on 01.810.1 

' • .1' •• , b, looklni tor te.tu.r •• Goa*1t:ier.4 ... 0_10". Qilder 

"1. 01.810'111 prediot.ion •• 

A ooaplo'. ~lo'Qr. or the •• 1toitl ••• apr.~ •• d 1. 

' • .1'.' or f. •• 11n.-oI.5\,.' .. 'loa oan __ 4ertved fro. a 

••• ura ot ,be ·a.trofto:!lloaJ.' ... rb~l ••• •• In sueb a ata'., 

t.be .tton la '1udnt:lilaad b, 80 •• ort of 'l:fjr~~ ..... o~l.. 

tft$t~btl1', of the y.lool', tield who •• aoer" 1. 'r.D .. 
'11',e4 to .\lo •• ~.t'V'.l, •• all.,. ,l_.ent. b",ylaa ob. .... r*o'.r-

1.'1 .• cu._n.t.oaa. to 'be lI1'1.,.1, 4 •• ,,.01.4 b, "t •••• t\, 

aM 41a.lpl.t" In'. b ... , 'bra_Ill _.11.8 .... 1. _it .... 

'lb ••••• allr, •• ta of ihe tlil ... \il .... will b .. .,. '0 be 

\100.1'.'004 til ter'l.. ot ,_ -.«11.1. of ,,, ...... 1, •• - r.18Y •• ' 

'0 all par'tQul~r ."a.'toa. rakill L .. ,be .bar.o, ... 

ta'to va'l'lllllPb of , .. ".loott., tleld 18 tM aolar 

.'.apu .. , (1; Ie "al,al1, ........ , ..... , ,be .... order 

a. ,.. • •• 1.. bt'Ii" 0 t ,. at ... ,.,.) 0 .... vtd.ob ,. 



i 

10 

lon (D.f:t:lcltu~t... 'fA 

th:rOU6b 't~ii,ftl ale·llifulta 

oOt'ulleltUU'Ui,ly U,1l 

tli.1t portion of ,_ lit v1d.t.tl. 

~l~ve tn.' ftP,lIIn'l oted fo.$!' 1 iDe. 

_t. ion. alOgAth 

it) j.')(~,,/, h it 1.1 do. ca •• of :_o:to''''l'b~l.lu •• 

h'. 1, reg1GI !~Utt,Hu·'l .• DO." ., frAcllolil '.ttoD 

lin. t •• rain!" 0.;'19110 .. '.11 aaMr. S,.l •• om tbe o.D&r .... 

11:ab ,,-.r1.;dlon. of 'he 11 •• ,rott1. bf Al1 •• ,wa4dIl11, 

~" •• '.f Un •• ,. 3..,." 9.D4 I •••• , pr • .,". 1.'01'.\101' •• 



,be .'rue,ur. of ,be -•• 'roao.l081 'urbul •••• - aid 1'. 

y.rlailoR wl'" b4Jleb' to t ••• 01ar' "' •• ph.,.. de'._ 
slut Sue.'. h!l.v ..... atal1ar .,,...,. I •• u Obro •• pben 

uaiq .01tp •• ct.,.. Si4. b, aid., BOUt cI. Jatrier. Votp 

a ... 'blre ai_4 a' all • .,1_'1 •• • , ,be .b.,,." 

abap,. of It •• pl'Otl1 •• $. .. 1.., I.' ..... ta., 'M t. ........ 

S, •• l'l •• , ~tDd b.va 00 •• ''''0' •• ,u ,.,. .. "" ... at ,.,. •• 

001", .. """.pMI'I. _del •• 

Th. ~'bod ... , aut,.d ,. , ••• ,~ ., , .. k1 ••• **I •• 

of 'be tabo_" .. "' •• or , .... 11: ••• tOIl l""J~.r , ..... 

..... 4 of are In 'lie .. 1&1' .'._ph •• 1. D, M .. 8U8 •• '. 

of 'be looaS. Ooppl, .. sbit'. Ie , .... ,. •• ,.1 11 ••• f 

tll'.r •• '_ tbe Doppl.r ebln_ •• , ••••• 4nd ..... r.4 ta , ... 

• " •• ;~, ep •• '" ,.,il •• ,. ... (1909) 'e 'Mft ... , .. s. ..... 
ot , .... l., ... ~ or _ .... ,t ••••••• ,tft nato •••• 

,.. .... ApI.. , ... e .. rl1." ........ " •••• t , ... --.11 

_.le yel .. ll' •••• , ... _ are 'M •• • , I .. " .... (1921). 

vIM. bAt ..... ,..,.. , ..... t .... , ...... ua11 dl.pla ..... '. of 

'1M 11 •• ' ., .. I..al ... , , .... 1M,,1 •• • t 'M _n .... f • te. 

, •• , .... r .. Idle.," per ........ , .. ell. li ••• ,n .. 
• _11 •• fl_ 1 .... f , ... _-. 

'III tll'" _,.,,. ., .,.,,&1 ,...J.." •• • ttle'.' 
,. ,. .. 1" '''t.'''tlUll1 , .. , • .,.11.. ,.,..-1 •• W" , .... 



obt .. l .... 4 b, iUcbarch,o. at 111011.' tlll.olio fro, U .. 8W*e-

2eD'. of local j)op,l~J" .birtus o •••• xo.lle.' -, •• tN •• 

.lUcbartl$on Bod i.ioi'lwlAr:aotlild (1950) fU~tal •• 4 a "al_ .t 

." kfl/ •• c. tor tbe .elooit, (,..pr •• tu" •• bl "$) 'Of U. 

turl'mle,..t _tlon ia' __ td."l, It ••• aad. 'It 'b , ....... 

rio&l ttaft810lUt bt,ur thaD tlla' .f tbe ", .. aula,t.,. 

lb., a1" toulld aveaa correlat108 ""w .. a tiM •• 1001tl' 

alld. br1gbtne.1l va:rt:~tt.u. La'.:r :it_." aod :4tu.k (19,.4) 

fU,ttrlnl out tbe 1 .. "., lI.al. tlliotuatloa. ift 1M ",.lo.ot" 

tro':l 'beot iUo.1'4aOIl au bIu •• ~ila, to,," tu 

80rr.latto •• _1'1 billiet'. At Oxfor4. irla.Ie." (19"4) 

114., ••• '11 a:ra-lftti a.' , •• _ Gfluwluelolh t'flu Hal" 

t ",6) tollowtaa~,)luke"'" werkt o' •• "e. ,be iud.te._ 

or a l1i.l"g"Htll.~t'.l"ft of •• 1 •• 1'1 •• ,. , ... ".1" l ••• le 

ot th ,botoa,tleR. •• 'be IItS-lttfHUIM or tbe ".l,ottl' 

pa'ten -'.1./18 .1f1t" •• )., at'.r ,. a"dra ••• • t L-et,bt •• '" 

ve:tt tbat 1.4 '.'be 14 •• t111.'I." .f ,Ito MJ»$,."...lar 

.,"work. 

fae •• hde ,.,11.,,181 ,... .r' .t Ri_.,,4MII .. M 

IOb_Heldl. '11' •••••• 8, .rt •• • t,, ___ •••• ,. or •• 'U. 

lMle 119,,181' .1.,1 •••••• , •••• ., l1M8 'ro" ,,1.' •• 

• ,.., ........ ltO'" a' , •••• ," ., t •• tM U _11 u .u ,be 1,.,. "'.It .... t .... , .. Me _til_lid" .,..,.e 



, .. d. their ", •• QUII a~'Utota·oi:r.l)b BM '" :i:~Y& •• aa4 1U .. obf'd 

(1962) at S&ora:1i\Ilnlto ,~.ak t'HN1V'ide tDtoJ'~'l •• o. tt. 
4'H)$~' •• o. 01 3, 08 t._ ll ...... ',. ••• 'b alld po.t'hJ. Oft tbe 

dtlle. 

, the .t"41 of tlMl .o;ro.. .. .lfUi 10 •• 

&lad tllf'Dul.Dt ".loe1t t."k .. rUII '"ra wb. ,be it •• 

waa lDt.rodllOtul 1ft ,,,. aO~1\d,.1'"6. of ,be uta. 

'lhe -ift &'t:I111.11'" tOf' ttll. w ... tnet;beo,.4tttoal ~r.41.tlo •• 

of ,be tlHJelll .. tor, _t loDa tltfbe Hiar .t2io.~_:r. bl 

WbU~ft.' tn 1958., 

At ;40".' 'wilileili. I •• l,b' •• ''-lib' ••• B.,OIl aa4 

~t_D 1962) 'IIod'tt1<td tbe 00.,.81U,oul _p •• t:rohalio",&p_ 

t. obtai. $lllult"aecnull, two .Mohd'.tto r;l.,., •• • t ,be 
Uft, 1ft ,_ op;>oa"'. v1a. of ,u 11_~ .. otU...r .. _ " 
pa1r ot #lNeh. at_lt ••• oua plotnlr.a. lie _ol .. 1u4 .. , ,., ..... 

lU".phio .gb'r •• ,1 •• 018&11 8 ..... 11a« • ""pl., plat •• •• 

lb ••• ,las •• sho",., .1,,1'1, t .... , ,be tt.l. 01 .'loa .a 

''" ••• ''0 •• 1.' ... • t Ii 1.,.,....&1. ,a".n .• r btJ .. l ••• ,al 

".lMU,l •• "tlbS& •• 118, wbt,b U 'e,.ed .a -•• ,trj".alll.lI

'1 •• ". '''N_ .. urt •• of .l.~'_" •• ,t.'lft. 1 •• _ t • 

•• .d,1I: •••••• 10R, J.,el,., •• j.ri".a -lea'bl., ... 11M .r 

Pep~l.r .iff.,.._." plath't;h the 18"le" .Utt.,... plat. 

W ,_ ... .,..' ... of , •• 'i ...... Ie ", .... ,. ••• 1' .t 



,he ttal'. 't~ l"eD , ••• 'ala a .pe.'~b.li'lr .. aid 

Lelsbtoft 4taoo •• red fro ..... ,1.' •• (18 Cat "0, ... + 

4". ,~4 •• t 5d96 11 ... ) ,De y.r".a1 0 .. 111.'.rl 
illot lODe III 'be aol ......... ~bera. He al.. olNt"a. '.1' 
'he tira' '1~. al.11.~ ••• lll.,orr tl ..... ria'toa .f ,be 

tnt ••• tt, tl.14 lD the .ore of .al lt81 w1" bla 

brtBb' .... 41tt.r .... pla'... fbi .YbI.que.' work .t 
I., •• u4.".tgb'.B (1'6') OlD .,btI .. 11 ..... '.tili Ib" ,_ 

8.1t.' •• h of ... 100 it, ... U.l.tlona an"Del ,00 ..... • .. 

"'Pl"Oar8I1a1 .. d •• N .... vii. al'ltIl4. 1ft , ... Alar 

.'·10.' ..... 
.... , .. , .;,;pre •• '. , .. Ie .... 'al ... a ........ • t ,t •• 

.. :t".'. apeotl'Ot)rau (wn;. ,t_ .. ' ..... '10 •• , ao ... . 
aid J:> MO. ...,,, ........... t ".; eap ••• , •• ) .r ItS_ 1' ... 1 ... 

'toil, &re'" ,til.' ","1 •• ' ., , ..... , .... , '1M .. lar _rf.... wi'" pod t .... ,.11',. r ..... " ....... _. 
1 .. ,.4 tor ..... lr .... It ... _.,. ............ p.,nl 11 •• 

"'.H' ."... • r_ .f l1li ... "". ,. ,... _lar ., • .,..... ',. 

_1.,.1 •• f~ '.M " .... ,_ .... , .. , ........ Jll." .. 
'''', ~ ...... Mt. ......... hfft.l .. ,M,. , ........ OI'N11, 

'",. ..... ... , Mt .... d ..... ".., ... tl6t) ' .... 1 .. , .. 

f.ll. .. , .... '1 ... ' • .,. ,.ft ... ".. .. ,... ,""11' •• • t 
'M .. 1 .. " ..... 1.,_",. ... tlJ,. ... ' .... 



1) lit. 'ow.,. 'peet!""_ ot~M ".l'o1t1' fie14 abo • 

.. IlIba!'p pe.' 1ft tbe powe .. tD tM ,tolO&&DOe raft~!:e aroUd .. 

• Alhlll per10d .f 300 a4aoon4". 

2J tbe ~.rto4 ~!"C&:r •• aly.l1 deol"." ••• vlell 1.11'1 ~,*d. 

ift tbe eola,. atull)1)b$riCh, 

,Jibe i\iAJ)llla .•• of individual cUf~.lll.&tloD. are of 

about 0.4 k"; •••• ia v.ale lil.e. aad 0.8 k~_ •• 1. ilitr.a, 

lia~lh 

4) rile aiM .ti tke ••• t11alllC 81 •.•• ,. lao,. •••• 

vt'" beluf,'lt tnll aNti' 16Oi,) tal 'e '.'.1,,02 l1h \. 

&)0.' 'SOD _ ill tIM 1&1 liM. 

') tber. ta .1~ttlo.Qt pow.r 1. 'be low tr.' •••• , 
dO:.1l9.tal, tM tl_.D' i.ol' •• ". W1Ul d.,t'" ....... ,-., •• ,-. 

., •• "\1:11 r.r t.aw low l,.i-. ct. SO', It., wtd.e. "'r •••• '. 

#& .. ..,.'1". to:.""., ta ,be ".I.HU" tle14_ 

6) lroa a co.,arl .... f 40 pre.l.,., ... 111.,to •• 

Lft ...... Mi., .. ,4 _'1 ••• ,11&, 'I'M hI." le .. 1 11 •• 1a_' 

"'''184 '.a ta ''he ".,e" 1.1_ .., ."., I • __ e. tala 

1 ..... 1" .... '"_ a _i._ ya1_ A' , ..... , .t ... 
•• il1." •• , •• e,. att.,. at." "1"1.... Illia .... ,. 

'Iia' .... &1.1.14' ••• ..,... u ,. , .. pe.8t" " .. _ ,..,141, ."m., ia'. a.,,,,,,,, , .. tllu, .. _ 



fle145 fol" pair. ot llDiilul ~MW 808 ,ro,'.8 .. 1 •• :'Illo,1011 

in t .reeoaaIlC. raaS.t v:t.th :;;n,asaU.oft ".le01t' •• 

taste" tba. ,be aODle •• leo1 'i" Outlld4a ,. nHfumoa 

the l)b~.. 1ncr, •• $ wi~" ''''''';1"800, .ttl .. _,t .. 
of ordibal"l SOQoa w~y.a. 

1) 'rbe oontiD\UJ. iDlea.t" tlQ,.,.,tO.1a 8.wlnlll,.1-

tlcan' ,ower 1. ,b. Yeloo'e,' "e •• h ••• fr.' •••• , raq •• 

~;d:l(n.d.. '4tcbard liM ~naJ.d (1965) to.di ,bat '.JI. ie 

atlJftlttod' •• _, ..... _ 1M' ••• tlie "l •• tt,. ft.1. 'rl ,_ 
It ...... «uatlnWl fl."lIiatSe .. ta ,Ita r ..... _ nilp 

wi'''. '''' 'V,loo1l,. l&II&;ln, Mald ,_ 0 •• '11\'$1". iateuitt,. 

I) tb. '(tver _'NlI of tu brlsb' •• _ tlU.'U:&II1 ••• 

to ttl •• "8 or 'ita. t.1.' OJ 1. iDe .l.ld, •• tbe aoa,.perledle 

ooa_'atJ •• flu ... " •••• , wt ,II a"",," 1&,. '1'_ flu,wt

,to. Sa ... " •• ,110. _ ...... 11111.'1_. la , ..... 

IUll'toca ft •••• , 'be '1'.1"1 '1 •• ,ll1atl .... 

'.raIder ('96") stadl •• ,. ".llu.'" d' ' •• "I'ature 

nutlt".'t ••• ta tbe •• 16'1' ,.t •• ,_,. vi'" a 1 ... tl_ 

M, __ of .,"'1". 1 •• '1_ fe, it' lIl.H8 '8 , .. , .... 
1t. ... lilt 6", t ".1 '''4 aUht "'5. 1_ ,.ve,. ., •• ,,. 
.t ,_ ftl"'~I •••••••• l_a~.l_ ' ... que •• , .1" ..... 
" •• 'i ••• .,. ... , 18 all ,_ 1i •• , , •• _l_hi_ t •• 



!-11 

lia •• sbowd tv. OOJ$~.MD'., Oil. wi' •• period ot 26, 

•• 0. sad a. veake:r Orl8 of t)llfu"S04 '4' MO()Qde. The t'U~ ..... 

tluotWlt'Uule eDe prl_rU.1' tbl- ~u.".'l". eo.,.. 

.oot at all le.els aDd a weak oloI11a,or, OO~b8.t. 

I~ow.:rd (19621 ullin, t_~cu ... ' lIIU.HD:IIqu'06l'&pb 

ttl tbe :00,;),1.,. :_uobs.rve' tb •••••• t1.1atlop ., 

4i •• r.'. ,oint. Oft tbe .-lar 41'1. Hi. ext ... i •• ob •• rfa

U,Oftll (19"1), oa ,be 0.8111a'i,0.8, 111It .. tbe 1t •• '.1 
'250 ... Crl '247 .~.d tbat ,be ••• tllater, .. ,lO.8 

......... t. "11 a.tl_d.IlQ",.'., .acta 1 ... "1l, for _.rl, 
)0 1d .• '... Ht •• '",U,e ••• ,be pbaM r.l .. \t. •• b, .i_l

taae.u.l, obMerylq ,ke oaotl1a.U.oclI •• tw liMa. -.., 

,be reault' .. &l of B"ItAD$lla4 l'UO_d. • 

.o.",'ballf (19"l) ... lit .... "._ .'fnlC1· •• of , .. "le.t', 
•• il1." ••• aM ,be tafl_ .. _ .t _,...18 flald ••• t_ 
••• tl1.,t ••• altac ,~ C.,rt..,..t_.,.,a. 

T ....... " ,,1 (19G9) uMd 9u-dt ••• ,0"'" :8 .... , .. 

,rapll _ ... wit.. "arl1,.. .,.rtur •• (tro. I .• J- ,. '0· .t 

an) _ •• ,,,cte" ,. ,..1.' .... 1 •• '" o •• l:U ... 'i' •• ~.d 
'bell" , __ rel .. tt.e. v," 11......,,1., .... 11 __ " "1'1,,, .. 
•••• at ... "1M ht '250 .... la! '"' 1 t.a. I_II' 



a~lya • .r , •• 'ud., tbe .. 11 •• 1.'", pM. 

bebl.vio"1' or Ule 5-31.'. cn.,111 .. ,leil8 over 1 ... ,. 11.1* ••• 

( X W of ar.) •• tM _I .. ,. 4 ••• aRt 'bei .. r.l.tioll 

to ,btl rather .'.'" cUll_po.ent ot tb. lh.e-Ol-fli,wh' "810-

Btm."ao_rI1. (1912) "Ill" tile 104¥id .• '' OUtI,.,..,.r, 

.u.petogl"',ll:cb 1ft '1&8 Do!!),l.", _te aal '111'_ .. a apfll'tu • • t 

5.6" :I 1.'- 6 ... '.11 .'"4J of ,_ "1old .• , 

••• il.l.'len". 11'1 It. .,.hr of .',e.'r-.1 It ••••• .,.,,1-. ., 
p.d ruse .r "lab', :in ,be •• 1&,. .. ,._,.1'.. Sll .,., 

t"_4 •• ",l •• tt, ••• na,'e ••• I~. .,1. ... ,_ 
6ft'.se d~l'a'tcul of wr.'. 'a I'h.rO.,.bttrle 11 •• , ... _.rt.r , •• tb ••• til 'UpMI •• pbi.,l. 11_.. U. "'gel 

, ..... ,be '.1"04 .f ... llla" ••• ,,_.ta Y'null, ......... 

wl'" _ia'" t.a ,. ,., • ., .. " a •• low flbro •• ,_.e, MI' 
ald.n ..... 1 ... ,. ,erl •• anu4 M ~ 1..,.1. 



'I' t .... fail'l, .. 11 ac .... 4 "'.t 'M' , .. ti .. ,t. 
'''1' •• '0 ..... ta , ..... ,111 .. ,.,., ___ 'I ....... "d 1s 

'be pbo".p •• r, ... ,.. ebro •• ,.r. bJ .ar 088 of , ... 

...... ....... ".aa1 •• '-u,., '.'r ..... ' .... tll'.,.CU..,. 
,baM ta ,." ••• rg 1t .... , .... , .. o"e.\IOI ..... ad 

'be •• '.nea' .'.'p.,rl. l.,er.. lba ",pl. etaa.a.p til ,. 

n'_ ot loal .. ,t..a 01 .., .... p. 'ft 'Ia ...... , .. ' •• ' ... rl. 
1.,.1" •••••• ,. , .. , .... , .... ,rMte.' , ... "'sMI , .... 

'M adt ... " ..... u •• , lMd.l .. , ••• a ... " ... ,t... , ... 
,., •• ,It,,.io .....-al." •• S ... dt,.., .. I, •• '_'loa .f , .. , • 
...... ,,, ..... "... II ....... ("., "48) aa4 1 .... n ... 114 

('941) .... , .. , .... , , ... ' ..... " •••• _ .... ,., .. " ,"-

.,..1.'1 •• ' .... 1 .. ,be bea' t.apa' tor , ... ,", .n .... 
,ber. aU 'M eON.. .. .. ,_ (" •• ) _ ••• , .. , , • 

• ,11'." ., , ...... ., ••• '''11, 1 ... _ .. , .. _"_ 
p,.,...,. ",...,. , ... p "Sl ... • t ...... t ......... ,. 

"",.,.1, "fII'" ... ,_ •• r ..... ac .... , ... M'_ 
., .... , • ., ... " I.. _, .. " .... 41 .... ',." ... f , ........ -

....... t. , ..... 11 •• 1. ... ,'."_ .t Ii ..... aM 

........ 1111, , ... _,., .. _ ........... '" , .. 

...-.... tlU" ,. _ • • t , ___ I .... , .... ,.. 

_Sata"a"" , .. ' ...... 'v •• f , ... _n__ ........ ' 
.. n .......... ''''. eall ...... , ,an .t , .. ,.,lIal., 



e.erD, "blob ,. later oOftYer'.d Into lIloofiua_'ie ••• 1'17 • 

••. ~i' •• cU8alpattoDae boat at tbe _uree It.lt. 

top of t.be OOfllfIJO,tOft atu,. reilil\llt,ta. tf'.~ a •• a'bi.'lo" 

ot CODyeott".. f:iUld aoued va ••• ., til' two fu"H •• tftft;2Al 

.~lU.tlI)Bth The "lUOtUllttO, top of tbe 8cnw.ot.loD .0 •• 

10na 0;' tbe OY81'1,lft! 1a,.I'., ~l •• 1":,\1,," w.a., •• ~ 

Hi,. atead, .tat. aolutloDa of ,be W:;lye .~lutt.OU "bow tbe 

exi.'e80e of •• 1at_re .t GOap,. •• l.~l ... ~Yl'a't.aal 

wa" •• ot periodict" •• 1. ,. ,..ftt, •• f , ,. , slaut ••• 

Li,b.'blll (,95a. 19'4) do",.lo, ••• .,heO,.,. of ,be 

ured,r&allio' i~!Ul.rll.t.l~1l ot illOGu.'ilD _1 •• b7 1.-,,..,,. 
',u'lnll.lltaOlit 18 III 01>:Ip'Z"e.ulib18 _dius. tbe ,",*_18.' 
regtoDI •• , •• aeure •• of IOYDI, ,.dta'iDi like a ,uadra

,.1.. ·~·roud_. (1"2) .ariY. II -..-rleal ... ,,. •• t •• to,. 

,be &OO"8"e pewer .. pUN'd. 1' •• pp.r._' 1..,..1' • • r 
, ....... " ••• Il., , •• tl.e ,. a 'bie ___ of ••• , 60 tal 

ebar ... , ... i ••• ttl biatt, a.,.14 •• ..,_. U • • ". ......... 

, ... ant ., flu .t aood61e •• ~Q.Ltlh'ldll·. '.01', 
baa __ .,,It'' '0 'tIda tUll'_l., M_ . ." .., "ric •• 

•• lap.r aM Ku,.,.. (t96t), O.,.,itIM' (19'1), _ore &at 

Ipi.,.l( "I.) t Ie,ene (1"", ... .rt.. .. .... 1' .f 



-..It,,4. tor ,be _u.'10 tlu, vbS." .ppro.xl .... 1' 

tala .... tbtl ..... .,. ••• e .... , tor ,be "nw ... ,t. ... 

i.hacler tbe •• bl ... l.fl ....... f Cl'aYi'.t'oD&1, 

tor •• " aDd • _ .. '10 ti.ld, 'h.r ...... of ••• pt., .... 

'"oft ... e J)0 •• lb1_ ia .. "'.Ipn.IU.).. MdlUl 

1) Ordtftary •• WId. va ... CI.\.roll •• IV' • .,,..8 •• 1111.

ltt,. 0 •• ~rop ... t. 1. all 41,..'1 .... 

2) t.,.nal ...... t,,. _" •• , .1 .. ,1., • "" .. 1 n1. 

ta ,be 'rue"" ot ..... 1.111 ..... til , •• , .. , •• ,,,.,. 

aM ........ ft. 1.,,,'''1.11 (''''1) ... _on , .. , 'Il_ 
..... an ....... , .. 'a , ...... ttle laJ ........ , ......... 

'loa .'M, 'ttl' .,._ ••• f 'tal'_l .... • , ... 'r .. 'I.., 'a'. , • 
• ,.blo 1.,8."'. iIIld , .. ke. (116,) .. I wer.14 •• , 'b.e ,ro,.,.. 
,tOG ... d' •• lp.,t •• of ,be .. w. •••• 

') t. Alfria'. way... wlltell 'pn ..... '. alo .. , ... 

• , .. , '0 It ... 01 to,.M. 

0.'8 .. '"'. (196t) aM 1.1"""111. (1H1) ,.11,,"a. 
41IM_ .... 14.n. 'be ,",..'1 •• 'a , ... , ..... _ .r • 
..... ,. It.o14 ..... t." ••• f .... , .......... al ....... .... 

Allfta ._ ...... ..,.,.., ...... wa.... ' ... r ...... .. 



41atllrba,noeli are va."_ t.o a good. ."':)J'tud ... 

,tOft seftililrated 1ft tibe b,tdl"oS.. ·OOft""l·t i,.. ao.. trayel 

t the an4 tb.l~ 41$81p.'loD 18 the 

_to _aroe or ohrO~I'Ui/lb.:tto .';ltlag, 'Ihtl. 'bo coro ••. 

13 "'.:it.1i \)1 ry'. V~I"llUh, Ira .',l&S' ~.IUl~. th ".I!l"e 

g •• ratioD 1ft tbe ccn".ottcn 109. 1. 1.l'ger leadtn, ,. 

belltl.,. 

l'be,,. •• en, at.,. ot ttutor, 'bit'h.l, •• plaia.- 'ke 

vave pro, .. pU,OQ obarao'Ol"l'U.l •• • t ,De •• b. •• , .. tutphl"h 

HOWiI .. t, tber. are .... ro •• 4.'al1a ., o~ .. ~.a'lo. 'kA' 
be,'". N ••• ,.., .. 810a11t tAlMO"."'" 1'1 I'M •• ' ".A,.. fit 
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la_e'OIll"&:ob 1ft tbe DOipple,. ".f 81. .tt.r8 tn_ ,. 
_ •• ,U .... 4yania,e .. e Jr,1p, •• ·" .tbed, .lft •• ,. 111Gb' 

rro:a tbe two wi ... It ., .,..tral ltfte le.ew' to dori" 

~b •• el.elt, tte14 alld b •••• euu' ,Nyide .., Illtor_tl •• 

• ,.1Il4 ,-. .. paldttoru, 18 tile l'rofil. ot tbe 1911.1"1. •• 1.,. 

~l.. lb. • • ,..tl.1 rl!lulOlu\Uua Ie :U.atted .., the _ ... f 

Luge aile ap.rt"r,. "blob an ••••• rr I., obtai.'ac & 

('«.'uloMw'e 1 .... 1 .f .ipd. abo. ,be .. iM- 'rwa ,be pre

~.r'l ••• 'wlt •• I"epn ••• ' all avera_ beb..yUH,,. .t a ... , .. t. 

,,:rea •• 'be _ •• u .p •• ttt_, _ ,be •• ':raJa" ... ,._" .t 
~.. ....t . .,..'b. 1M UftUl, ........ t.,.et ,be ,. •• 'tltill', 

tt 41_'.:'11'., .. 0 •• '1 .... "M" .f ,. nl •• "t., .ft~ 
L ... ,.",.... fka , •• ral , ... ,.rt' .. • t ,_ ••• ill."lu 

.. ,_ ••• a' be .'.41et.,tta ...... ". btl' 'l. I'fu.l .... 

It ••• dtota ta 118"'" ... '1,. _, ,.,.'.al",lle" ata ... 

Il, • .,_rt. •• _1.,. I' 'e al. ,. •• ,"'. ,. al. at 1M' 
lee'n_ual. _"''ril, ftr ,_ 'NlM'", __ ,. ••• , •• 



obt.Yltnlq $:)eo'l'O ,1" •• 1 ... 1111,14 .. ~_.Q. 00 •• 1'1-. 

.1l\UltahoUI11 fMaJ ltn.... til. ap •• irolraph alit 

l~l.l'lfi ... 1(UII_ Darnw .'I'lp .f ,be •••••• ,l'ta.l. 

'r·bI tI.~iU.ftC. ,btl. ',rovtde, 4., .. U,1I latorMti08 oa 

,. ph18toal ., .. t.e ~.d 'he tt..-d.".lo,IIeQ' .f .. 10D • 

•• l"1'OW .'1'1 P ot 'b •• 1" _, •• pbe,.. Hia;ill r •• l .. \Soll 

..,lllll· apeotrodRj)118 lu~Wllll ••• btu .',. ... 1' 111_ 

•• O ... Old 01 are. t •• u.ob OU •• ,. apa'iu 

"_lut' •• is It.U ••• oal, ., t. .... lq 00841.'t8 •• 

'rbe .'1&1. ,"p.~l •• ot 'fie •• 1. •• '" fle14. an 

.twUed be., _ ttll. '.olndq"" .. s ••• e •• !lrin '''' 

lin .... t ..... libt ".1"'1, tt.14a a' 41t", •• t 1 .. 11. " 

'"I'll, 0.,.,lR1II ,be o.pp)..,. .btt'. 18 tbe 41tt.re.t 

oo.,t .... , \N' It.~'' ••• , , .. ,tse _",ra'I'Oft "'d" 
_eo ... l .. _oenNh... Btl.. ..b .. lll1il.Il,. ,. _n 

, .. oft-., '" 'be ., ......... ,. ,biG , .. 1m" • 

•• '- otts .. 'e ,be 81u,,,d,.t .,.,tal .at .. .,eN1 

,",en',. 81_ ... 0 •• " .f ,be "loot" ... 'Id.Dat'" 
ttel" wt.,,, .. .,.nil.led a .... ' ,. _1.,,0a. 



:t!-1 'tbat of the earl i.,. .trwit •• 

OD t9'!lpo.ral. ?~,.r't •• of tk. 1 •• 

, ~~ ,~ a_l l l.ul _" -... ooatt. ned , ••• 1, 

2 or , sp.,tr_l 11 ••• at oa. tl... Also, 10 .~ •• rYa'!.aal 

.,,14e.o •• are .'fal,lalde .a t ___ ylourot \b. 1aMu..-

•• :t'l~ul in the tell,eJ:"&"u·. IIlraIIlUJlet_ •• til til ... lid' 

.'M.,ber..I.t':r~I.'l.a eft , ... t.,.rt.l ... be.Yl0tlf ad 

.'ber ".hot.ria,tlll of' 'be W&"" like ,,. .. m.plt'.'. of 

••• 11,:1 .. '108 'a , ... '."'1''''''1'. '""'" are , •• 1,..1tl. t ... .. 
__ ".,. 1l ••• I'."M41 .. 'If ,. _'_.e ot ta. velool" 1'181 ••• 

Aar fr •• ' l.vlluati,.tl •• aboult, tuntore, ••••• ,"' .. , • 

• a t_ .'.4, ttt ,_ ... ttill IMM,,10lu' .t t_la •• ,.,,'-
,t •• d.pttrwl. 01 ,.lIlac 1.'.lllJlulo".' 8,$ _., .".'r-al 
It ...... ,. •• U,le .-"al •• 4 .t_l' ...... l'. 
1,1. fU.EDI&_ 

ta. .... ,.." •• _.,. _"'Ida" """ ,. " -',a 
_11 ••• ,111 _1..- ,.1 ••• ,. au , ......... _peG,"...,h 
., , ...... lb.lial, 0' ....... '."',. A ,_ all""" .eJ.oa"", .t 
h .. ",uta -t of " • .,."' ....... , .... '.p ., 1\\ 

, ..... ," '_.1' , ...... JIM ,_ .l .... ' .. tw ... • , " 

_,.8 heal 1--" ,,1& .. ,ed'" 81,,"1' ..... ~ ••• 
•• "tal ... ".. , ••• 1_ •• , '"11 .. -'rIM.hl .... 



firat :lfd.:trOr ta driyen "I a .,ft~DOli. _'or vbie" I. 

tUl'n ill ruB b, .. tr.~,u.Q.' " .. bl11 •••• 8,111ate,.. tu 

freel".".' of taG .a.111aifu" Oa8 be vRted .".1' ill --.11 

""R.i-, a' tbe wtll of ,be eMe"fU' b, opttn"B& 8; •• ""1, 
,. OOMpeOIl .. l. tor ,_ 4q \0 481 81MI' ",ariatl ••• 1a • 

... Deo. 1. ttl ....... poattl0.. ftl. _1u li1,,- OaR. M 

i,dd_ •• a ,be allt t8 :Richt •••• ru.l ..... DefJl1.tioa " 

,be o.'tola te" , •• _wI 811'1"01' .f _M ._loalat •• 

••• "".1 •• '1, '. ep",.., .. tn. ,. Ill' •• 41. 'iM 

1..1',,.,, _,"':r •• RP. bu .. ., •• " •• 1_ •• , ubnallt .t 

'$.i.' _t"e. r ••• ll •• "" _ad .... Me •• In'!...,. of ''11M 

aHa 135 x _ wt.'" l1.olu»l_ •• 4 'W. .... d t. the tlft" 

el'd., g ••• a. III 'hi '1 ..... ,.ect •• , _be pa""" 'b<IlS a 

r ••• 1Yl.,,. •• , ., 600,000. 

A .-MI' ., tiM Mq .... _ were o"\atM. il,."R4 

...... ., •• 'ral ftlt.o •• w" .. ,lie el" .t , •• ,.,""". .. ,b 

1 •• at.4 at, ,tae M_'I'. of ,. _lar 4t... 0& '1M •• " ... 

at ••• it ......... ,kat , .. "II." , .......... a-
.. ," ., , .... Val "." ,.f..,. f •• ',"," .. 1 .... " .t 
,be ell' WU ,,. ..... ,,""Ill ., 100 r" _,., .. 1._. ,. 
all t ... _ .... _. A ball" .'"'.W •••• ,_ .".'ropa,1l 



alit turl., it. .balI.tva" •••••. ,...,. u .. tI4"cl.1 1t •• 

aloq '~4t'~.I'''tO>fA. :rfte ."erlapp1qG:r£a,. ot lhtl Ilat

lD.l w.:r •• llJ.&i~'.4 0, toM "'H ot _. lil$tU'. _"Wl,,,4 1. 

troat of •• tr411. 811'_ ~~. 101.rtota\loft waa 

lo~p'l.a'.t bf & 11 ••• bift.r place. 1. fro., of tbe 

ell'_ III. 101ui-S. val _ftlf! r.lat'" '0 'b. lit.' " 

i)nptu" •••• ,. w1 ,til 'De &14 ot ,be 11 •• eblf'.J' iD ol'd.1' ,_ 

••• r. ,bat ,_ R!:II. pan of tb. ••• lAt _WI' ,Ile elit, 

t{b"u.&Uu\ 'bill f)orlo4 ot .-'e .. " .. ,I... r. ,be earl, .u .... 
• n.r •• rt ... ,. y .. lu. or.. I talls ,"1'. n,141, aM 

1'. _'rlftfd •• '0 'Ill tuna_ 1.lI1Irip,._ .f 'iM: .1. t.... 18 "1ft .i.-ttt. ••• ,. n.. up •• ,. \, •• w •• , 

IMretort, 00.'t8.117 "oNa.4 ,. OO!lf •• "'. tor ,,,. 

lu ..... ta 'rlp," •• of ,. _.'. 1_,.. ". ttlM t • 

• ,..18.f 11)~ '"" WN •••• ha a Ga_ra wi'lt ••• a'_1 
til. , .... ,.ri. faa. tilMwen ' ......... 1.' .. ttl" ,0 
.1 .. , .. 1. D-tt mat.'.l ... _, 118,. 

Of ". _., ,1. __ 41 ...... ,,"--qq. .... ot.,.t. ... 

.... r __ 4&.,1, .... _1. __ 41,1 •••• 'Ie n_ •••• 
t.~ ,. pra._ n..,. ,. .,-.tle penalai81 ,. , • 

.,..,,. an _, •• , t. t.-.le '11-'. 
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11-1, 

the HOiDi 00.4ttlon. a' lto4aUtanu Ira , .. *"1'8t .. , 

'i.". )1 ~jboV'. \il"'4Ira ciul"iq the winter :lOlith. 

(Uece nbe:r '0 t"ebrulAl"1) &lH lalliarob aDd. All!'!l. Aa 

1.t,~toalll OhrJlctert~u 10 ot 8Ou., .. in obalenalu)l'ltUI. 

,bAIl. "Di\lu'104$ ~r. c~ulftned ,. aboQt t.w. '0 ,tine beur. 

~ft.r ~rl.e. Tb, d.tlGliloA talla .tt rapt41, whee ,~ 

aolar •. Hl" an,l. t. 1 ••• tbaa tb.r" •• gr.. Jut_ dt.U·lq , ... 

:lOflttUI of M.rob ami April., tb. _1"811138 tollo"I" a da.r ., 

"e.l.vI 'bullder •• verl! cau GItlin." e:a: ••• 41dBl, ttfte eoMU.! ••• 

of ••• 11.,;- We bay. UIII' ftob apella of pel " .. iDl to .. 

'I$talalq 'H .1:tU,........ l19 bl", l:l_ ,.1t" abow_ 

t_ biBb _.tr ... ' I" 'U oo,"U, __ .,,,.lts ... 'be 11 •• 

Wtlll •• are _lo'al ... "'br .... u' ,be l ... 'ba of '.e 
a.q,1I4IUQO,1I "I,mn.' .' .. 1.11 ... , obaap_ A _Mue .1' ,he 

'.':101.'t08 .".1.4 11 ,,,, •• br tbe .,,",,"la'1 ••• ".". 
of ,be .,. .. u1 .. t1 •• b.'.hl',. tt.ld. fbt. bD __ M •• 'a 

'1p" IX-1. r. ... tn ••• ........... _.HII tor .ell .,ud" 

'''ft ... of vkte" were ".~7 t,pt.-l ot ,_ ,.d aMiq &ad. ,. 

tour'l! o ••••• &'raDd_ tNlIa •• p' ,lie la'." tra ... 

• , ,he •• qu."o •••• ,he ._1_ qwit, ba ••• ',."t.I"&'''. 
the full wiltlh_' balta_i,wlI (.rW,D) ot ,be A.C. ."n., 
wbl .... ' '"' .. ' all .,~.o.t" _uvea ., ,he •• 11. 4i ••• ' •• 

.... 8 •••• Nall' ••• 'ile" hiv ,..... 1. H •• ,. IN 



lpatt.l '"" ...... n· ... 1 .. '" •• ftau,'_ of oOD'i •••• 
1., ... t., tel" I.ur fl'u... rile altMl_ la 1. 
".ite of ,,,:e.. tile uu val_ of tbe tall 

vl"" ., ..ur aul._ (ftD) 1. 1tOO a.. 



·5 

·5 

Frame no.44 

FWHM-992km 

Fro me no· 48 

FWHM - 806 km 

·51---.... 

Fi g. II -I 

Frame no. 72 

FWH M - 1660 km 

Fro me no· 39 

FWHM-840 km 



1100 ae :IilIlWilillf":II(I,.£inIII val... 'r. , •• , 
oloa t. 1.1 

•• 00n4. of aro.. tbe a •• r., •• -.1 ••• f eta' •• qu ••• 'e 

lc1 •• U,oal ,11 tbaa' at the t1_ •• qlUUU .• ott,.:t.e4 ... IUI ... 

• xoe11., ••• i.., 41011(1\'"0.8 1qi ••••• , U.oru •• '. ' •• k 

_,,,,died h, i~iobar' aa4 h"a~_ (1",). lu 

sulatq exttlrllloQI oo~ld .'bave •••• d" t 0.,- .t 3roJ 

,bill aOOul"&01 beln. e"'INti bJ 'b. ,., •• 1.'1'1.0 ,utdt. .. 

qat' .:I~107.d 1 • ., oN • .,...'I •••• 

A v_, .t i1luaattt::att" ••••• '.'I_t of ,be qul", of 

lu141a, t. , ... ,,1d .... tbe eor,..lat,lOD •• ftiot .... or t ... 

".ao*lla'108 lnte"81t, fl.ld of 8"'_"'lIt". tr~. v.:to' are 

•• 9&,ate4 ~, .a la'.rval far 1 •• , ,baa ,~. 11,. '1 .. • , 

,be 8true'.r... fbi. eo_tttel •• , kaa a .-1., .t 0.99 ,,.. 

'he M~ul", \0 , .... • , ,. _'1" ...... 

tbe Dopple" 4t8p1ao_ •• '. t. ,_ 8p •• , ... 1 li._ .r 
,De 'tiNt .. q, ••••• ".N ... red, , •• 811,. , •• 81"1.', 

fle14a. fb, se.aur .... '. were .... wl'~ • OD"ler ... ~ 

htll' 8 ••• ',..' •• rer tIlt. ,,,,,Nth I.",. fhYi •• , .. 1._ .t 'lle,li., .... 'ft .. l' 'te .... 1& ,., ••• ,d',.. 
,"~ •• '.rf 1. pre, •• 'ed •• tIM ,1._ .t ... "., •• f ,. 



1 ••• '10&1 alita, vl'" 'heir ••• 'na 10ea'" a' !. A~ •• ,_ 

ltne ~rotll.. the widtbs .f , .. 811'. 11. 1. ,be dire .. 

ttoa 01 at.peretoa aad are -.p' .... all •• po .. tb1. ,. 

avoid conat4ersbl. d.pth a •• ra,s.as I. , .... 1&1" .' •• p",,,,. 
the l'.stlul .f ,btl alt'. valea lte 1110., ,. 1..-. 0' ,. 
li .. 8 1. oboae. tio GORtOr'S ,. ,be ..... d __ a"" "r , .... 
8,.&tal re.l"tto •••• tr .. bJ' ,... .......... tile lip' 

froa ,. vl.p at •• r ,11. •• t .. ,ia ... up , ... 81t' •• S.e nfl ... 

,.4 •• ,. ,wo 1t .. , .1,8.ue.' re.t., ••• (~'tlt'. ~Dj) ba11aa 

td •• 'lo~l r •• po .... ,. It,.,_ f. W),.t. an 00_.'.' ., ... ,. 
,.. "'1, .f .,.r pr •• la, •• Na'.,en t. len •. Wk"'.'." 
•• ,work." ... ,,. 1,_ ta ••• ,,. .. aoe ... ,.l, ..... , • 
• ltt., , ...... Waao ...... 1'.,. '''''.' tn. , ... LDRa 'e ....... 
rbe •• 11 ...... rt., t •• n_, t •• "..., ... , .... .., 

•• ill .... ,. .,. ... , ••••• D.C. ,.1' .. '.r t.. 'M tl .... 

....... V •• ,lie 11M t •••••• ,... " • 0."1....". .f 
,. 11 .. , , ... nihil"" • ..u ... n1 .............. . 

41.,1 ........ , ,he .... ' •• , ...... '11 ... ,. ........ f_ 
t ... • , , .. 11 .. t. ".,nt " tta,"'e' .. , .. ell' .,.,_ 

vateb 'I _, ..... Htl .. ,. .......... 1' .,... , .... '.'1 ..... 

• at tIl"'" .. , .... le .. _'., ..u. .Ia,a ••• 1_, 

- •• t 10 r aid "I ........ ,. ....... "", ... ,," .t 
,., .. ,,",_ ,. ,lie ,. ... 11 ....... ... ........t. 



of 

or U_ 111. 

a~. ob'~i .~c •• $.ly. pOl.,. 

to tbe re.oluttoa 4.~lr64 hI the 

I inltru~Bt 18 .~1'8d tor ,be 

"O~UQ of ttl_ ea. wt~b 1dbloh 

AHt ,. 11,a.ar ,. •• ,.....fbe 
t. :U .• lt.4 .11, 'lq' tbep,.~.rt 1 •• 

.'lIiSl.4,'"ift4 ''he 4U'N181ol; ••• 4 to 
,.,ord tn. ,""'''' ........ ''' r_ cot 'tt, th OOlilp»:r .. tor. 

a'~I_.~'II.I' ,UlI£lU,I',,,lbmtl •• Il511,,'. 
IIllIalll 

£~t ••• t". " •• , _".UJ'.~ •• '. "er. hr""." .Iilt wU;b 

,_ 0_._,.&'01' t. all" •• tbe l'epro4uolJal11" of ,. 

1)opI)1.,. .bift •• a.tAr"... 4,)00p1., 8bltt. toY: 81a "_*lBuf.r 
11 •••• t .wl~iu~4 i.at ••• t." ",ftli_ f, •• -1 ,. 8 "n 

•• wre4. tu_ .. _" •• _, 'N ..... ' ...... telL.a • 

.00",1_1' IIbl'&. 10 eull liD. 01 1M aM .. _, 01 lila .r • 

• a.weel ute .. t ••• ,t •• l ••• U.II ••• 0,.,..'1&1 ,.._1." •• 
I. ... 11p' .tpal le"ol, Ile ,. IN ., .. ,. ,. __ q_., 
'.".1""_'. 01 ,be \1_ H' ...... ,.",... 'fu .. _ ... -

t.1' , ... ,. 11 ... _i. '.e ........ t .... ,.,., •• 
OM __ .r ... ' .. l1.tl. ft.'. -",..,.,84 It. '1M_ tel' 



n:-17 

all ,he atx lin." cia. ftteasurfl:lle.' ,.ri •• tol1ovln, 

I.U\oth8lr .tter a lapl' or II da, or two. fM .bt _.au!'.-
•• 1"1..1)10' ted tot' ,be "he 11... .howed ".!larD'l. 

coruA1ateacy_ Th. ;'folMbl. errol" I'a.,." fro. 5 .'.ra/ .. -
tor 'he ~'r.n41 lis •• ,. 10 :'I"flU·./.I. lor 'q .,e", wak 

11a... Ilbe dalU>.ratHi l.~!IlJ. of " fla, or 'tvo la',04uell. 

b.t'W ••• ,be euoGeslIl" 1l.a:.UI'.~.n' •• rli1 •• _ '0 , •• , ,_ 
1t.~bU.tt' 'Of the lft.'r'l~D'. pa.tttc~larl, 'Of tbe .110'1"10&1 

.,11'.;1. 
\lh ••• -..\11"1.""8 011 lil. of 41tter,n,' ~wla" 

1.' ••• ", •• are nilu:ln4 .• it t •• /lIu.~,ira.bl. ,. ",d~m.' ,. 

1.el .f 11._' or '-be ~ro~.ot.1' lallp, •• a8 to ••• , ,q 

lip, li1Yetl 1' •• O'btn, t1l8L.018 1.~I.t 11"" •• ,..'1". It ,. 

atr •• "b of 'be 1 to. to __ ,ulure4. Ttl1. wU.1 ...... ,bat 

'b. opera't., "l.'e o. ,be " •• p •• 38 ,v.e .f '''LDa. 
a,. Mf. I.,. aU. , ... ate ......... ,.. Al'''. '~f.1 ... 
pe •• U,le ta ,. ,h •• ' "' YP. ,lie lip' level ..... 11 ... 

'ber&'.l, q" 4itt.,. •• , t ... 'we .t ,. _ ... ~., •• ,.1 ••• 

tile .. ut., • .., ot ,lie •• __ ft" wi" , .... t ,. h_ta-

t .. __ n._' Mrt ...... u·.4 ,he llt'laUl', 'It ,.' .,., •• 

fo , •• , ,. "ll.)11"" of ,be ... ar., ... , ,. 

Io"le .. eIllftl were 4.'.ral. ... t.d .• ,. .... 'l' b, ,b.. 



IX.'. 
,roo.dur •• f ift .... ad >tlotl ... ,_ two .... rot ••• tt. ..... '.r 
""O •• weI" :u4e parallel ,. 'be 1 •• " .. or 'be It .. , ... oll 

.D e't.bel' wll\l .f '0 11ao protl1. 1D tea. ... 1 •• ,1. •• 

.. a tbe two .11'. of '" Doppl.,. c •• p ..... ".... r., lHU. 

Do;ml., alltfta v.r. 'bea .val.a'." fro. t._ :alor ..... at.'''' 

.e'.r reoorda b7 'be ~ .... aa4 ~tohar4 .. 'bod (1962). r •• 
:1' •• ,,1'. obt.t ... troll tb. 00",..,.,01' fl.d II, t.u aMQ 

•• 'bod above. verr 1004 &., •• *-_,_ 

Two 0' ,_ •• qu ..... vaN r,.o"', ••• ,.. Iod. 

_lat. •• tya, vhiob .a • tl .. ". •• 1111'1',. 1:1le .. le • 

..... ltl.' trOll ,,. '.'0il".tf",l'lt. "."t. t8 , .. _ • • t .... 

A .... H,,. I ttlla, •• '1,.,.4 'ro_ s •• _,.. •• , •••• t ..... 

• f ,be ,1_ •• q, __ t.. t ..... ..... 40 .. , ... 11/ ... . 

A.'..... anrM .t .-1. t. ,... ,artfule .. e 'ut. .. 

,. , .. ,,".,..,._ lbe ." .. nlt .,.,,1,.. att'. ,. .,,,'nl 
li •• al" , ..... , • .s. OCt,p1*r .htn. 'a ,. II ... _41tt," 

.., ' • .r'INl •• n- -... , .. ,. tl .... , ....... la ,_ ..... epn 

..... ,.11.,.1. It..... M ......... ' •• t .. ,"", ••• en .... 

.. ... ,.11Ul. 1' .. IN • ......... q .... hI' &1.1 , • 

• .,....... fb. ... ,t..u. , ... ,.".n ., , ... IMIl .... al.., .. 



11-19 

.en loal ool ... Vt aDd. ... co.parieOIl .f in. 1)&i'en. troll 

Ira. ... ,. tl'(I'., .. plotu.r. of tbe '.11,0 .. 11 _rtat.loa 01 

turbulenoe 'PZ'anill_ 1 •• t4. ,. .,en ... ,npb. The 1' •••• 

yall.le ot ,be t-.at.teao ••• 'l:.'.cl .1 .... ,be 1 •• " .. or 
all" t.. 59r18,r.aI seo. 

rbeae e .. ror. belDS .. aull t wl.l1 bay. .. 

atll'ttloall' .tt •• , .D \" ••• 1,. t. __ .i ....... ,. ,be 

am oba" .... 



It 1 t Q,alEIl 

!be ' •• ponl obaraot.rl.,l ••• " .. .,.el .. t" 
Ite148 .,. .,u4t,4 vel1 wl'b • '1 .... qu .... 1 .. " .. 

tor a • .ueb durall •••• 0 .... ,"ai."·1. '1'''''.'. 
r .. 1r .,.,,&1 o"rao'.rla'lo. '0,6-"1' ar. __ ., "Gil" 

wi'" ., .. 'ra ..... '1 .. a • ..., 11 ... a. ,. •• t.w... 1._ 1. 

ye" ••• 1,.,1. ,. t .. l... II ••• of d1tt.r •• ' i., ••• ltl •• 

a ..... 0".'10a ;»o".'t.ala, .... , •• blala .. _04 rep,... 

... 'a"'. 01 ,. y.,'loal ." ...... ,t.o. of , __ J.ar 

.,ulIPben- Jut" ... DO' ..... D ,.'81""'8 ,. "'1.1, .'l.tr 
,be 1."1 .. "841.\' •• 1. 'n."... w ••• r .. a.'.r 11 ... 

wl'b kllb •• " •• ,lol,., •• tlal. ,,.., .... , ••• ,-. d •• per 

,.' • ..,.1'10 1.,. ... _ 4 •• .,._" .. 1 .... , .",.,.t .. __ 
li ••• , 'M .... ,.., ..... l'r:. , ............. , .f "1 •• ". 

aM l ..... S", wl.ll ,.aul, ta ....... .,. ...... f ... .... 

It ..... ,. _ tn.. , ...... ,., •• 't ___ .... ..., 

, .... Ie ... .,,..t .. 'a ...... t., • _"I.e"" "" •• 
........ t. .... .., 11 ..... ,.as.",. aM _I.., ... 11 



r.".ftably repl"tlUl.at " :I&Jor ,~rt of tbe ,bot •• p'ben 

Obro.o.~bel".. t.tor_tl08 of tht. klrultro.ll ''''' or 

thr.. .1".00.. ,a.ft b..lo ,"0 tNllld a ":1*,0.' ,. pi.'~r. 
or t_ c:da"aet.er1atlCfI of the •• 1CH~:1 " fle14a. 

III .. , o •• tlill •• 'etalled '10'01' .. '1080. t.be 

.'b80I";)'IOft ltDII' u: •• 4 1ft ,be _ ... HDt ., .. , trOll ,_ 

'one tl ..... ":1u.U. apeotra. 

1ft _qu .... A 1082. I .a.t.d tIM :i)e,pler atilt'. 

tor 8 _1&1' li .. e. Xtlt .• _fitle.e !.".6ul a 1.1 •• 

of hl_ •• 01 lOR pote.tlel _d 1.1 11 ••• f yarllq 

1." ••• ttl •• aa ... ", .. ,t •• ,,' •• t1&1.. t ••• GlUB. A 

1100 f I •••• ""4 tbe h4il1lll "lNltl •• ,.,. .. 801_ It.lI. 

fbi ••• \:tw.aae 1.01u •• ,,.1.6.121' of ... ' •• le flu.a toru4 

latbe •• ., d.ep pboiu".p.erlo 1..,.1'11. '1M bllb •• , ..... , 

.A w~i.. ",... twe _q.a ••• dN .".1.... ..0184 ,"-

..-.... _, .t --.11 .. ,,1 ... alft. ey •• 'a '.e _MMi, 

ba., ... ,.1,11&1 li ••• 11.. ex •• t 1111 11... ,-. _l •• 

le.eJ. 1., u"'OI", ., ·"'11-1.11'11, .. ,. , •• 'bel' 11. ... 

I a ".u •• lp'''. 'fa. '" Mq_"'- .A1OI2 aM 11100 ••• 

'.:U .• 1'1. It.. 18 ,. _ftl~" n ...... '.41 ... 
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lb. _tn la,.n.' III •• q" .... A11" 00". abO .. , tro. 

th. '.1i.O\ ,bat t' oOfttala 'b. 11 .. 4a'.~741 01 ,be 

eM :soleoul.. I bav. _de ..... r ••• at •• f •• 100t'1 •••• 

tbla .l ••• a,. line .ad i1t.l ••• a tbe .. 1 ....... 111'10. Cat 

ltH 428" 'be 1.".1" to Nne .... oo •• rlaoa. 

Tbe tour~ ••• 101ar lia •• obo ••• tor .'w~, ba •• 

'beil" ..... ft 4.p4b. or tor .. '.loa "elJ. 4t.'rllN,.d III Mt,b' 

ta the IOlar .'lIOaph'''8, 1'4.,1., &1_' t.roll , .. aratPll .... 

'loa 11&18ra 'bro\lp tM ph.'.epbe .. e QP \. ,be low ota.ro ... 

pbere. 'fbia t. IbovlI _, ,bet. ooa'rllM,111" oun,. ,. be 

41 .. " ••• « 1 •• e'atl 1 .. ,.1'. 

lbe alo,.,bo' ••• ,... ..a.. a1... ,be 4, ••• '1'8 ., 

411,eraloa ., ... haM t .... _b. ot , ... , ........ tt ..... s 

,,'I' , ... p ••• , , .. 11 .. ,n'll ••• f all. , .... 'I'd 

11.... r,.. , ..... 'I'M", t ........ iMe , •••• , •• , ... 

wid'''' of , ... ell'. , ......... tel' .... 11 •• tt ........... 

... ,. •• ,... Doppl.,. ... ,.....,.1' , .. , -..1. _"a" ,_ 

.... t.'l •• , .. , ,lie alt' ..... 1 ... , •••• , ....... , pan .t 

, .. , .. tile, ... , • • tt •• Ilt.,.. _t,t.'., 'a , ... 

.. _,.. ... , •• I ••• 1 ..... _. Ire., alt' wt4'''' 

""bta .. -..t_ .... 1... .. .. , ...... , .... .,'11 ••• nas.aa 



is 'be 801'iAf .'Hapbfu·. wttbia rea.oM'bl.ellml'.. th. 

o! 'he .It:'''8 10ft .u'·".~ ... n"dlq ~roftle. 

1.. • I 1 ".d.,. U •• cola. t..LlA aad tbe 

ot ,be alit. uDd.1" 'be CUtl1Ulal!lJdb tor ,be li_. 

~.a.ur.4. The 188itb of ,be all'. was a&l.tA1D~ ualfora 

'tU:'cni~boy' t.be aea.,,:re::u •• ' •• oorreaporuU-. to 10»0 k:.l O • 

.. rs ttlt. Vlia considered a .,d'fiote"t! 1"~lu. to,. 

,be ~.al ,. •• elu;tlol.fblll left_a for tbe •• ,ara'.r 

all ,. ~ ... _r."."'. of •• 1001 tt ••• t 61 plliat.e, 

:re,ula"l, .pAO." 1080 a apl\r\ f;or.ub .p8'\N1 11 •• 

610., tbe all' of ,be ap •• ,rosn;>b. 

~ ••• ~,..~tftt. 'be 
ao A (1:1 ) 

potot, "blob .ballp. fre_ It •• ,. 11_ 

fol" ,be ... 11. •• 

4,",,.d 
all a fUll.lon 

ooa8t., .t .. 

oOJl,\).,r.'ol' 

'ra:r, un 
trlii_ , • . t~ 

ftl. 11011 Mq.U. lB. 110 ~ ••• p •• 4 •••••• 1".1'. 
ha •• rtr .ell _,._,,,,1 11_ ,au. da' ••• 1.'. ot a 'we 

41_a.l.M1 8.1",.., repre .. ,,'.1lI " A '.,t ,~» wi'il • it 

Nallll .. m_ 1 te '1 _:rn*,. .. I.,.,. 'M 61 ,01 .. '. aloq 



t:;eq,unult A 1 t wtttl 4Ut,08"I".S. hall f.,. .Bob 

li,a. 62 colulla. 61 rowa tONiftltM arrA,. lor A 1082 

ud A1 ,.u •• ellll"'fbftll4 •• 0.£ "3 an 20 .. conde .. "art 

9iM a i;1tpart Oft the lI ••• i 

l1a. btl. 160 •• 1.:lrllJ :ill.H 61 "",a. ~".O.'IllUlll" _1 ..... of 

,~ an •• p.r.'.4 'Dr " .e •• 'II. "3 " •• aiai .. Ibe .-. 

:tu OtA" ... ,.t ,be .ppl.,. eOl1pa".'OI" tOIt .,l,l ,_ 

.,1&,. 11 .. 8 oon.l.'.d lit _1'8 ,baa to' ,.."U,.,,,. "bieb 

w.,.. ,he. ,a._. 08 oar48 tor hl".rpro ..... 1"'. 

tiHt A bd euIV •• veft plotted tol' ••• 11M til fla •• 

_,*tI ... te 4.' .. , ... ,. •• 1't;111', ., ., ••• U.'lo. 

d.rin nloll :_l'elt. " .. 11 .. a 4rin al ... , ... .,e.',.... 
gapb alt.' elm .. 'M _ •• ",,'''ou. t. 'lta.tal 1.1M 

al ... ,. ., .... '101 .t 'ia,.t ..... ,"",W " ". 

~v ot ,be _I .. 11. H" •• , .. ", .. , ...... ,tl e1.1'_ 

7' .. 't fOt.,. al ... tu 1 • .,.'.' ,lie •• ,NJ, 1, •• , 



wbloll v.lo~d.'" _aHr_.ata ." • .,. •• -.de a.re 10011.' •• 

w1 'Ii r.te,. ••• e t. tl:d. II t14~ol&1 11.. 'ru A (X) 0""_ 

of 8U.04lUUld,,,e 1I'04lU5 p10tto' Oil RIli-tnupa,...' ,ape". 

wbeD .,IJrp ••• tI, _'ohad ver"" "ell everr-where •• 4 41' 1l'O' 

abow .., alp of 41'1tt aloq ,be 811' wlUa18 4., •• ,.,,1_ 

l1mlta.rlll. II &1" ooatl,..' -., tile hiSb 001"1"111 .. " •• 

e._ttl011:.,' ot tbe &"".\&l .. ,toa. tle14 .''1 ••• 0._00." ... 
t ..... , r~tfU"I'H t. i'l OlvAp'e,. II. A "l.tlar •• rr.1atl. •• 

e •• ttt.te.t vOl"b4 .uti "'v,,_ iNCUUtilu,tve I~ .... tOl' •• 1e

e1'1 •• nap treut 0.', ,. a.IS. fb18 1. ,"_,I, .. , • 

...... 18 .eloeltr at iwUYldWil pttl.' ..... 1 .. ,. 10 

.... ., la'enal. 

tilt •• 1.01t, IIbtn. i. ,be twe '.ll.ilI"t. 11.8, _. 

1. A 1012 .ad 'be .,be,. ta A 1100 vera ,.'tlUIIIN« 18 , ........ 

war &. tor Ibe •• 1u 11.... futl" A he) _", •• re,re .. _' 

tM '.rWl ••• e t. , ..... art"·" ., • .,Mf ... at lUla. , • 

• , .. 'NIh'''. fMM A (.) _un.aWFe Ann,.. ,. r .... 
oa. tiDal I (x) _rYe. rat ... '1M _".rap of 110 _.."e. 

tor 11011 ... of ,. _nee tor 4'100. 'tId .• &"rapl (al 

_rye ,.,,14" ,. I'.f ....... I"f'8, •• n,,'l". 'rea w"'ek 

,.tel ••• Y81 •• t"... 1ft , .... • t ".1 .. '\1 •• , tile _"p • 
• t ,.'e nt.,. ... e .un ftlUi'. oa1t t... ... 1U'ft, .... 
• f 'lUI ,,"'N Ii ... , ,~ ... ,1 __ .,1111 •• 



tIl" 

aooou.' of ,be 01'1_. of au .tt •• ,t •• pooye .*,ara.10. 
tor Oblique raJ.. lor tbe •• qae.e A1"" 1. ,be .b .... 

ot a 'ellurt. It •• 'a ,be .p •• tral ... 10., tbe r.ter •••• 

'''I'V' va. 4Irl •••• , aYlras1118 ,lie 160 ,,'''It, _ry,. 

ot 00 •• f &I" 801&1' 11.... Tbla I'.t, ...... .... .. 

tl",. , ... ell A. (x) _"' At I'. _ .. 1 ...... taw 
dltt.r .... A (ai' '~l - t (x) • f (_" ,~) " .. ~, ,-. 

'1 ,ola',. Tbe V (Xl' '3) nla. t ... ... tl"., ... ,,_ 
00_"1".' .t ,be Y.loot~, M.areel wt'h :r.t.r ••• ,. ,be 

:'Iaa of .... , ,...... f' ..... ltA .. weI" th •• 00 •• ,n,4 ,. 

" ... ".al .81..",t. •• t • ., ..... 1 .. ,. Doppl.r ,.la" ••. 
.. li4 tor •• ,.,t ... r.r at ... ,..,.. fb'e vaa 4 ... vl'b • 

CDC-,600 """"1' t., .11 ,lie 14 ao1ar 1,... 1M •• ".' 

ot ,be •• ,., ... ca .. ,be 4 .. ,. pol .... ,. tors , ... • 'hI' 

, (Xl' ,~) fol' all 'be 1t.... II 1' ..... ,., .... rl. ••• 'all't 

... P" • , ,,) _,..,.e. lor • ., ••• 1' .. , .... aft 6' 

... Il , 't) .... 1. ...,1e ,1., •• , , .... ".lo.l,i .. .. 

, .. 'I ... • t ,.,t" •• &l ••• , ... all' ... 'i. t., 6 .... ,nl 

It. ... an ..... I. npre' %11-' ,. It1-4. 

'Ill ..... 1m', ..... re ...... , ...... h'.. ., ... , WI" 
............ _1. •••• arlier. WI'_ Na,.., ,. , .. _ 
, ....... e .. MOb t ....... ifld. , ..... ft " ... , ... '1._1, 



_d.. of l;jr:g* bort 

i tho_ t 

wa ... leqtb, 

eelle whioh 

bay. a, b·l)rlaon'al _ •• 1_.A1*" 

t.t,. ~)f'oo.d,\U"., 61 pol~t. Oft tb • .alit 

~te a~ar'. I woul~ filtered out tbe 

-.11 111'''$1 e 0&' bll tit t 'e ",.1 f»C '" •• ,,\In_ ,. &0_ ext eat. 

tbte ,. ''0' Hf'icu;UI. tbe IIi •• ot tb •••• 111&t1.., 

.811_. 18 _oft l~r.t1.J"t lila trlill be .bow. ebor'l,. 

fbe It ..... (:U:1., '01'(%-4) ot ,_ ye1081t, i~l.t • 

• bow tbe ,.po,..l pto,.r" t •• ot , .. _.111 .. '10.11 o.al' tb. 

a.,tre 1 •• CU, .t tbe 811' •• orr.a;,O,ftdlq to "'250 .... 
tbe 8,Ul. .., oae i.a, ... I, tlMt yelMlt, '~)lot. t • .,. 11 ••• 

ta 'a. M.S ••• ':!, ••• ". :lho" ,be .,ql, ••• ". be .... "I."1' ot 
,be .el •• tl, tleld. 41ft.I" •• ' 1.",18 1ft t. MI • 

• '!'IOII,.W.. rM _.111 .. , 1 ••• CU10Q" .. __ ., .. t tal ,ari 

of ,he _lilt aut .... wl".aAnl",*,l • .,11' •••••••• 'a'" 

'0'$1\ 1)1'$'11_,1,. fbtt up11'." a •• p.:rl04 .t ,_ ••• 111a-

'1... ..... tn" .. 1"1'1,.. 'I" ,..locl., pl., •• t ,_ 

e! '., li ... ft aoi.,.. ali •• ,be ••• 111a'S ....... 

"",.,.w... ta " .... _ of tile :U ••• ,. rat4 at kl~1" 

1 .... 1., tr. nll-. G.tl1 .. 'I·88 , ••• 1" ....... " 



..,1. ,1.' .t .. lM 1', •• tiM ant ,0.1'1 ••• Tb. 
""I. ",NM.' , ••• 1Mil, a' __ M" ... '1" ,0'.' •• .,."a'" ., 'to&') _ •• ,. _. tile 'lib Up11 '.4a 
te .. ,.,. at '1' ...... aH. 1. "" ..... I,,. 11 .. 8 t. 
rip" lIt.,. 



Fe 16338.588 Fe16330.859 

] 500 m/sec 

Fig. III-I 



Fe I 6344.162 FeI 6358.695 

i[ 
) 500 m/sec 

o 20 40 o 20 40 MINUTES 

Fig. 111- 2 



FeI 6336.837 

] 500 m/sec 

o 20 40 MINUTES 

Fig .111-3 



CH 4281.974 

] 500 m/sec 

o 20 40 MINUTES 

Fig.IU-4 



CObereAtl,. bOth with r.t.,. ••• 
tc tt~ are aot w.l1 dett tbat 

iiii.lld dl'iDg dov. of t 08.111I1.tl0 •• a.re at 

olltBl" •• ,. ttl _''111 ••• 'be.e 0.0111.,1._ with lid'S:. 

it are thOM wtth ... r, lrre..,w-ar ••• U.l.'10Da or 
a~11tud •• web 1 ••• tMIl _trea/lunl. 

WDII!l!rlll!l 080111at10n. b,:l.",o 41 •• ,--. 

a It rat.,.rt 10al1, ,. :j'lI of t lMt 

It,,,res(!!t., to TIt .. 4) 'ore,nHat , •• a'Ut, it ta 

po •• t"l. to GOUla' tbe ausber, ••• ou,t.. ,_, 

ItMtlla'a in .1 .. , • •• 'hl", WMH the o •• tl1a-

.a' do •• fol" "to,us of " ••• tr,dsbt e4". _.Vs 
.. a, ia.tdt. 'he "11 ••• 0.,111,,'1., iD ~-" 

4t._t ••• _lega ,_ all' .f .M"t 10 ,. 'I •••• 

• t lU'1h ownulipoadlAB ,. aa aftr. cu. ... , ••• f 8,0(1) Ita 

.a ,be alln. r. '-'"eetll , ..... ,,,eat ........ , •• v" • .,err 
wMk 0.111. .. ,to. of al. ___ ... ' 41_.alo.. Cou1M .. 

lac 'ttl,s ,. " a ",1_1 .iM t.r , •• t_'e,. of u 

0 .. ,11 .. ". Hll, I., t. __ 'M' ., .. ., tiM abO_' JOi' .t 

,bit .. '. IMl'fa" aN"Dt ,btl _'n te OMil1.'1 .. wl'" 
•• :r'lfltal Hl •• t'l ••• f d,lUn,,40. abO". ,,, .'Ns/ •••• 



the root _aft a,\lare of 'be .:1",11. '''.fle a.t..r,lt.. troll 

tbe .".ro'll ... ,,\ ... ill.lt.one tor ,he It •• an alv •• 1. 

lable 11,1-2. tbl •• 1 ••• ot 'be aaplltud •• do Dot .bow 

a daltal', t .. r ••• , wt'h belgh', allboulb 'be,. t ... 

• ~ •• 'Io. ot 'bla. A11O. ,be bel,b' 41tt.reao, ','w.,. 
'be 1tDea t. flO' I.arp elloush tor & IIlM'all'Sa1 deer,a .. 

ID •• oat" of ,be 80141' SQ,.rial ,. oa .... all.ltlca.' 

laona .. Ie •• ~ll'Q"'. til ,be CT '58" It_, ,be •• plt.,.-4. 

ha. ~a ~,attl.4 b, ,be aolae 11 tbe ,...,4 •. 
It. t. po •• t.~. ,. t.l1ow .be t.a41vldWil • .r.'. 01 

... 111." .... oout'I'S., .. , .'III., pol., ••• ,be .... tu 
_.tl1a'S ... vi'" uplt'."e or a» ..... ,1/ ... a.od ... .,. 

1 •• , I. ,. .. ral tor 10 ,. 15 al .. ,... fbi8..... ..... 

a'.'ted ,. lie • _.a.t of ,"ll' lit. ,t_ a' , ... leyele 

III ,be ., .... u... tM .. It' •• '. ,be. tall .ft 'apttl17 

••• ,.1t,lll. Yal.... ,,, ... 11 lap •• • , .... , ' .. 1' 
at .. , •• , , ...... 111.'1 ..... t1t tI, .,..8 ta ,Iae .... 

___ I... fblr. are ..., ex •• ,'1 ... ,. "'e ,. .. t'ilt'T, 

v ... " ... tt. ... ,bat ,be ••• lila" ••• ..-.t •• , 1 •• 1eal-

It ... , u,ll'. l.,.~ "1' _Il 1 ..... ,.rt ... • , '1 .. , 

"', .... , .., ., .. ttt. ... , ....... 



................ .......... U J ..... , ... IClj ......... tt ........... ....... 

r ••••• 
l,1_ u,lt.t •• ., .... 
.tet "".69S 
I'et "44.'62 
)~.I "".54S 
fat "'3.884 
Cat "12.19' 
iiet 6,,6.8,., 
III "S6.,19 
111 6,,9.18 
eft 4281.194 
Cal 428,.0" 

1.1 a'''.518 
'et "".aS9 
01 '511.621 

• Value tlt.aIa .. , ....... , ...... .. t., . 

.2t 

.21 

.21 

.2) 
.24 
.0 .a, 
.22 

.2' •• 

.11 

.11 

.41 • 

... 9. 1P.' •• 11.11 ••••••••• J., ........ , ••••• ua. . ... ' •• 1_111 I, •••• 



1M oooarrenoe of ... 111a'1001, la wra' •• Ibl .. 

pro:1"t.,! •• , workera to tayo",. tbe .4.1. vben ,_ 

araaul •• ao' ' •• lru:ltyldua.l pl.' .... Il'Vill, rl •• , •••• tl. 

lator, "'loall, ob.,",d .. \ ,b. ••• 1 .. ,1.. "tble Illpp ... r. 

t, ..,. .. Itlls>11ttoatloD of ,be Hal Ilt.'loa. Stao .. '.cli.· 

vtd\lal lS'I,>ul ••• .,lIe .... '.4 t.a a l'aacl •• __ I' Oft .. apan 

br 'be &ra_1ar 91.,0.a, oaaao' OWlO"81, •• ,,1, .""" 

tor 'b. oaoll1_'loa8 to OOOQr oonor,a'i, ... r a 80al, 

::I., tim,. ,be at •• of tlle ,ramal •• , .... 1.,.1. 

tb. ,1.' of .. loot" vl'b r.t.,.a •• '. " •• , ... va 

,be .1 ... "I't ••• ,. '- 1O" ... d wi'''' ••• tl1.'t •••• but .. 

oar.tal, .. r~'l., will re"eal 'b ...... il1.tl ... , ... 

,ul'. ...,lea t ... ,.re. Whla .~.e4 18 •• '.11, ,be 

... 111a,t ... ta .. I,b .... I. .. 1'8,1 ... ell .. , ft. ,. bay. 

a ... , ........... ,. ...... , .. , tal, ... .,. •• 'Wao-

'ert..I. •• ,. ...... 1' ........ l ..... f , ..... ,_1-
p.rl041 .... 111." ........ It .. dI .. rtbtt oal, 1 • 

• 'a,t.,t_ ,...... ., .... , ••• 1 ... • t , ...... tl1.'I .. 

" ...... , , ... lit. '1 ... , ,lie _ ... ,. _, •••• 'i.' ....... , 
... 14 .............. all to "'" ....... • t ''-I .. 

.... ral ...,.., ... 1." ....... , •• Ii.,. , ... "'.'1 •• 
•• ,s.., ••. 



~t_ 010111 .. '1008 1. , •• ak It. ••• ( •••• "30.8'9" 
aDd "58_PHl) .hOw 801,., .. a ••• flue'_'l .... il' .... 
poe,. oa 'be •• 0111.,10... in. bl8b 1 ... 1 11 ••• are tr •• 

tr.~ ,be... ~.O.lD'.' ••• 111.,10al ••• " ... 111 ,rat.d 

a' aU. lbe 1."el •• ,btl. "l .... t. a btl" .. , ..... f ...... 

•••• 1ft , .. va •• "i',.n .,."all,. 0 .. htp .. ,ll'd • 

• loi11attoll •• 'aodtaa to .. 6"'*' 8500 Ita ,. ,be reat •• 1H.l

oa,.4 " tA' (It .. re ttt-1) ,. ,be ,1.\ .f 6,,0.8,,, 

l1u 'e .180 ..... tra ,be ",a.588A It.,. Ju' 'b.l. te.tve 
I, ., ...... ..,..41, 'D ,be big. 1 .. ,1 11.... fbt.,., 

be cI •• ,. ,be til",.iac .tte.'. ta , .... lar ._ •• p.e ... 

'l'a. 11 .. 6,,,.8591 ba •• ao"l ... l., ••• lt, I, .. 

ezottuiililoft ,., •• '1&1 .r 4.7, ••••• a4 a" •• 1 •• of o. ". 
o "1' ,be lta •• ,,.. 58SA. l. CD ,r"I).niDi 'f'al ••• aN 2, 

4.19 ••• y •••• 0.42 ,.apeo,t •• l,_ rbe .. 1 •• ", plo,. t.~ 

,be 'wo 11 ....... " oal, ..... , 8tal14rt., ., __ , ..... 

• ,1".., .. "., ... .,. w"11 • ., .,tte .. 11... tiler. , •• 

...... ...... '1 ... t. , ... _"t.,.., .. , ,,, •• l.tl ... t.' 
tOM DO' .a ...... ". ,be .. 11 •• , ted.,... I' 1 ... -
......... , .. 1i ....... "' ....... ,t.al ........ aM aot.'" 

" •• oba,..,.rt.,l •• .., .. , .... 1".'1181 .. I ... " 

.', ...... 



tbl .ac111attona bavln& aapl1'ud •• ~r. tbaa I)J 

•• , .... , •••• h:l" been '\)t08d out a04 tbe ,ertod.. bay. be •• 

4et.r~tft •• tro~ auoh wave.. rbe r.~lt. ~r. pl.".d to 

lhe tor:1l of hi !8tol~ra.!I tn rlSUN 1 T T-5 101'9.11 ,be 1' •••• 

'I'ho bt.'o~r"!I. abow tba' 'he '»recio,ti.aa.,pertod. of .Iotl-

1 .. \108 1ft the 1 .... 1. \lnde" at",4" lie 1ft 'be rilq' ot 280 

'0 ,'0 .. 00.... Preol •• d.'.":I1._'10a of tbe p.,.iod. of 

'b ... 080111.tl0.1 requir •• d,'al1e •• 'a'la'loal anal,ll. 

vnlob .re ,u.eotla •• d 10 ,be tol1owlq paraar&_. 

'or • r.lla~l. ~a4 ,,.ot •• "'.raiaa,toa of ,be 

,ndollt ... ' -perio •• , I have do.. '(>0_1' .~ •• 'rWi a.al,.'a 

.t t. .... ,1"1', d.'a, for .11 1M It.... tbtl a", .. cox-rel .. 

'loa ", .. ,lou v .... ftra' oal •• 1 ... aft. , •• , .. lourt_ .. 

'rauto,..8&' ••• f ,be,. ' .... '0 •• ,t.el .. ,be ".'1' aPt.'" 
'ft ,be ,,.~," •• o, _at... '1M , .... 1', .... ."plt .. 'loa .f , .. 

, •• belqu •• • t ,.¥lr .p •• 'r. ... 1,.1. ba ...... dl.eu .... 

ta •• , ... 1 ., 11:10"'_ .. M Ttl., (,'~). 'M P ...... , 

_l,d. 81 ... 1, tol10w. ,Ile _, ..... 0' ........... .. 
r .... ' "'1, -.ri.tl, .............. 1 .. . 

A ... '1 ..... noo ..... r .. loe"" ., .., ,.1.' •• , ... 
.. 1ar .rt .... ,la.'I .. tor a It.a". leap" .f ,au f. 





63560695 6344162 6339125 6330859 63360831 

....-
r--I"-

;--

r-
r- r--

r-- r--
l"-

I"-
r- I--

0 
i2CI (6() 300 340 260 300 240 280 320 240 280 320 240 280 320 Sec 

6512. or95 6566319 65tH 622 6593884 4281.974 

r--1 

r-- r-- -r-
r-

r- rf 
220 260 300 340 260 300 240 280 320 220 260 300 340 240 280 320 Sec 
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r.pr ••• ~t.d hI' , (\) II oan 'M oOIl.14erllut to 

ar, tis. b:ri ••• 

-r"/ .. 

C (rr:) ~ .~ I J V (t) . V(t+'t).dt 
T,--..:::>o<. ,-1") .. 

tN ':~.v..n'7 

1s Ii"'. 

T"Co _ ( :::I1t ";)J'T 

P(21) :; J C l'l).e ot1' 
....... 0<:. 

1'811,:\10. "tv •• n e (1:) ... , (:2J) _,. 1M Mr •• 1.,,1, 
eJrr,tf ••• cul a' a. ••• _tt.,. "8t.M ,nuu.ton ,,11. 

c::It 

P l;))) -: ?- J C ( 't) Co1. :::."IT ~ 'l., d l (:,. ') 
o 

U ... 111. .8 lD ,~ ,re ... ' .... , 'bl 'at ••••• t.,. 
of y.lo01't.,. til clt,ttl." tor. 8PU" .. , ... 01 ••• 

'a'elVal. as lUlJri'lt" •• til o"""a'l.aal,H".tuNII, 



1.".,,4 Gt 

ar8 'he 
It 'tt 'a- " ... 'a 

.(l~is,a •• ' 1.'.r,,~1. 

or ti •• , UtllU\ 'be ,tlll.raJ. '81'll tor tic. a., .. tOvariaDoe 

tll.Dottoa CI" 1* ~, 

c...,. -=- _ Y\.Z"" Vb . V t-+" - ,-~;; Vf; )-:::.... 
!r\, - 'f \: 

title til 'be me:" 

m.aa, tor & t.t~l 

y.l ••• for ~. O. t, 2 
.eo •••• r,to &I'~ 'be 

••• 

_i.,.. It •• rl •• of & .. \0-

••• c. are •• lo~lat.4 vl~b 

a. 1 .• photl0.~ 1t "a 

Value of r' .. .-11 

tr~J.otloD of ft. \0 '1>1*.0"_ " I' ••• ola~_l. eta,111', t.,. '0 

.'U ... ,... I •. J:\. "alftl the •• V&lucIUI. '" fial ... li'I'6i •• 

•• 1"1 •• 'ralulltoru are •• loul.ted. alit. ike p •• :t"IIll , .... 1. 

,1 .... .". 

v •• ,.. 1J u: ,. ,be 10.""8.1 .. 'w •• , ••••••• 1 ...... ta 

,ot.,.. f~i. re,reat.'. 'be ...... t ... power •• '1 .. ,_ 

.tt..- .. rrel.\u ••• , or (rIb b.1:') .,.1 •• fer ....... the 

., •• 'nl •• t1.' •• ar. __ 'lied '7 •• t .. ;& aad\ .. W,. 



.. oo'htDl or • vlado,,' 'a.tor. t bay. " .. 4 • • ""lIel .. 

vlftdow' 1ft 'hit analyate. fbla .o41tl •• 'b •• ~o'ral 

o.'l~' •• -, tbe tol1owtna .'lab'tll ".ot,o ••• 
U 0 = O'S \}" -t Q. 5' VI 

u. V ::. o· 'l. r; V 'f- \ + o· S "'f + 0 . 1 S \J'f'" I 

_ I I 1 _ () • S V .. f- o· s V""", 
0\IVI.0t \..A 'VIA - '"WI --I } <....,. < "'IN\--1 

---- -
rb.a ,1_ •• '-llAeno •• ~y, be •• o"ialae •• , lra'.nab 

ot 20 •• ~.4. aftd " ... 0 .. ,.: ... 100s. '1 •• 01llt.&1." 

at 'btl 1.,,":&1 ba .... , ... 10 ••• r latoraU.... rbl. 
d ••• DOt.beV.,.' .. , att •• , ,be ,._lto •• 0 ,lie t.t ..... " •• 

,. 10.' 0.1, for , ... ~u ... l.. aboyo ,be ."Gl,* ,,., .... , 

"blob t. :lJ~ •. ~ b-t'. a x"-' HI. ...1 •••. ao .... ,. 
all '.' .... al '00 .. 11 CIO\tpal"e. ,. ,be perl .. • t ..... 11 ... 

'1... Al .. , "t'lI a eplloina ot 10 '.0 .... l' _. ,tit .. , t.. 

ao p .. o,l •• 4ao ,. alla.'as .t "., .... , ••• 

'I' t. ,be .OW , .... " .. ,. ob'al. ,be c-wer ap .. , .... 

vi'" ... nlu I.r , ..... ta. 1&1. h. eal8lllats. .. , ... 

• , ....... "la'io. ,..'Iou.rlli. ftl •• f , .. 1-. , •• 
obo ..... ,. ,ie14 •• tl •••• 18 , ..... 1 ........... , 



1."S'b of tbe pi:WfU' .""""At>' 

••• :U.I 4 11"",1\1$.'7 ..... 1\1,1". tor tb. 

r;,l •• tl,~t... 1. t'* ~re.llat 11 .. 1,all1, :r Ivi ... 

"e.rt.d U,. OO:llput ... 't" •• trl:i1 •• 'f.~i.' •• of •• le

o:i'U .• ' tctf'11l11 tbe 11ft •• , t.~ 11:r. tU,tlenat l&frlh tb. 
tt •• ftl~ •• obo~ •• Qrt OlOM '0 one Qo,bet, tift. are arGued 

.t 'be t.otal 14)1'.'" of thl: data. ~a.h lag giv •• 

po.r •• tIDtau" at tbe trel1\1Sriot .•• ap,l'Oi)rlate ,. it. ~1't1 

t.he •• tl~' •• tor ,be 4ttt.r.ft' 1 ... ,u' , ••• th.,. tbe 

th1lueao, 1'1/II._1"tl •• ou _ GOuld.raul" la.r.".... ttli. 

Wd don. tb. fol10w1., war. 'lite '0" .. 1 BUllb., of velooltl 

.,~lll •• or d,ata fI~:J1at. ill aQ •• I'OW .t 'be ;fJ.r:rq 1- 1:20 

tor •• q~ •• o. A1?12. fb. power .,~.,~~ Wi'h .a, 29 las-. 
pn 'tle (In.,ts ••• 141,' .'It' _e. 290 ...... fA' 2'2 .e •• 

vitti ,0 1..... , .... '1.' •• wen at 40Q .e.. JI)O ••• , aWl 

240 .0. It be,t (le • ." .'.1' ,.1'1... tar • ., 'I'M ,.. ,.""0" 
...... a of ,r •• a' i., •• , .. IIt''-" &1al1&1"1,. wl.'. ,", '1 aU ,. 

1,,8, '''' •• '1_' •• a' ;t8I"t04. ,,0 _ ... at' _0. t awl ", 

..... reu",,"'S:,.l, wre obia1 ..... lNult ... ,be •• 'ta' •• • t 

'pawl' •• ":tlO.8 abey. ud Mlw ,he .. ya1._. ta. po"'tnr 

.p •• ,rGl « ••• '" •• 1'1." t,.~all ,be five 1..- to~ , •• 

perl ... 290 MO. t "'-, 100. t J04 ...... ,10 _ •• • ,.. ,beD 



CIIrnllpoDdl t. ..tl,lI.ate be 

1/T'IJ.' wMr. 18 azl~. ,,~u. of la, 

fJ.e4. 'Xbul'.,or4h UlO 18 1.r)o:r.i!I~.dt 'b tre{lQ •• OJ 

o·".r whiob th ••• ,,1..'11. ObtlitDedt 4 •• I'.a ••• 

;i4DQ t tall.. 'rbta ,ower, due 

to 'bo 1ft b\\l.ndwldtb OilA .. aOllp •• II.ied tor. IJ)I !lUll-

tl by a t,lo'or to aba ratio of '1M 'k$dwt~Ub.* 

1 ••• t •••• 'I,a, •• ,o'a.l ... wltb lal 38 ...... oO.llpar •• 

wl'h tba' .r " I.t"*r ~til'tpl,l" "be fe:ra.,. .., ,_ 

t.otor ("1'1~ t. tl\epsl"lo. rd. of our 1.'.re.\. tbue 

,_ •• '1.' •• wit. ditter •• ' l~a. ve:re 'nul"" ,. II. eOil •• 

80111. aDd tIM. oo.,.ret. I' MlIia!'A. , ••• 1 b1. b1 ttde _'h04 

to 4.'.1"1:11 •• urlltq,llel, , '.1"1.4 of tbe .aolU • .-

tio •• for the dlttere.t 11.1, vi'bt. '.oorAd.. Yt ta 

... eaMI'"tb8.' ttae lap oho •• , lt. 010. '.,eUleri 

o,bel"wl. •• tor lac' tar aJAn ,_ .'&1$111', ., .1pltlodtl, 

ou.,. aM _Ie .e_ a oO:lpal'iGOA ':iI;Ml •••. 1l1 •• 

c •• ,,,! lMItl ......... tor otall' .f , •• ala .. 11 ... 

• "lil •• 1n tb, •• ',*d,J were ".'.'0111 • ,. -'.d of 



v.lah'lfti ~.o'lo... Tala •• tbod ttr., .... 1.p.4 " 

Ua.oldiAD4 :'UQ""en tor 'I." li .. a ._ eneael.d to .'nGS 

lla •• b7 '~ec"r. b, tbe 1.,,.4ao'IQft of ,be a.,utatl •• 

tufto'loa '1f' • 

fbe _del a'IOI,"8ro. 'l hay, ... ,.. tfJr 'b... oo.~ 

'a'to"8 t. 'be oaepro,cuied b,. ~1.'. (19'.,). 'fbl. _d.l 

1.8 a .. 4tftoa'io. of tbe J114.rber, oon't •••• at.apben

ll\e .... r-loal ",.lu. of ,be para.'.r. of tbe _del "la. 

,_ "!Jl,era' .. " t. el •• 'roa pr ••• tar.r. An4 tbe ''''ta .... 
O~. ablOrp'loD e.,ttlole.t '. '. are sl.e. aa a IuDall •• 

of 10. '"t' tor ,be va".l_ .. ,,,, 50001 in table 11%-,. the 

10, '1' ... 1 ••• rup t.... ·,.1 ,. + 1.0 .... '.p •• f 0.1 • 

... 
\ "0 l OJ,fA) -~ l.~}. l u~ ?) 

-{' - ---....... ,.".---.-.. ,.-.. , .... " ... _ .. -.,,-.--.... ,.-........... ---- (,. T) 

j" "0 r.. o~ j-A ) 



.. ,.2 -,.0 
.... 2.8 
-2.6 
-2.4 
-2.2 

-2.0 
-1.1 .1-' 
-1.4 
.. 1.2 

-'.0 
-0.6 
-0.4 
-0.1 

0.0 
+0.2 
.0.4 
+0.' 
+0.' 
.1.0 

IIlJ,t 1%1-:3 

~!UII~,~,&.!2IaUrl ,,:.,.alU!.,.~ 

459 • .1858 
4586 .2296 
4'14 .2918 
.S74 .'491 ,'14 .4'" 4S11 .,,., 
'6" .Mn 
4684 .8995 
4"17,· 1.», 
4314 ,.", 
499' 2.26, 

'1'2 ,.206 
'~;j4 4.1'2 
'490 1.516 '1,. ".11 
60" 11.04 , .. '2." 681' ,,1.11 
1'41 ,.9. 'II 
1802 7'1.10 
8112 1241.01 
84'10 1'4~hO' 

2.1446 2.6", ,.2,'1 
'.9'~ 4.16 
,.9428 

1.251:59 
8.91''10 

11.0619 ".'.2 
",. t001 

rn.640' 
1I.20t'I 

" .. ". 58 • .", '1.11'" 
'ItO ••• 
,41.9100 6.,.,160 

1, •• '460 
11,..8000 
14 '6.:."00 



, , 
wbere 0 ( T ) ta 'be "tcll'IDS h,,_toa aad I.. ,tv •• '" 

Vl't" •• aa, 
d'1:' 

/' 

ra. ...... I .. un, •• dl_ .......... , .,ual ,. , .... 
ill •• ,. .. ,1 ••• _ ... x .... 4 ta ,be to .. 

vbe,. 8. ("t) 1. , .... ,o_,tal i.'epl., ...... '1'.'1 .. 
, ...... t •• of I (L) ft. ,.11 t. _,.,1.. (,. t) 
... 1.'.81"",'1 .. ,be e.pnea' •• , '1M we'alRl .. ,..-, •• 
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'r)tlu'led deereaa •• wi ,. itlu.t.reaM 1. bolibt. 

th. low 1'1'".1 '581 1t ••• bow III ,'1"104 of .8.111 .. tl •• 

of 
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probable value wltb .. lit, •• '.'latteal vetpt, MU", tM 
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)). C '0 8 .I' 10'" '1'. eX&l'llh. thlll relatl". o.Dt"a' 

of i)ower 1\\ the dlff.r"b\t".:~t\leta.i •••• 4'bet,. MhY'OIlJ' 

wltb h.' , %01 .... '111 •• the fro.q. .... , r&qeh,\o ,a.r.. 
dOlDat •• - 'be low t"IfI!H1U~IU'lCl ,..C10D, ";JJ lilt 0 t. ,.., Jl 10·' 

He. tbe o.otll~ltol'l or riu,o .. ftOG 1''''-81 J.} .. 2.1S ,. 

4.25 a: 10-' t Ii. ,be biBb t .... qU.Ul ,,,.p ":2J • ,., ,. 

8 " 10-' Nil. 1 h,H.'" thfto",t .. l._' tbe power t. 'M. 
:raaa.. tt, MUll .. !., t;. be are,allers.IlfnHt4 " U... ,ove,. 

8;>\lotra 0"1" •• ta iDe ttu' •• freq,UAat, doal ••• tlh4 

alt."., •• well al t. '.'111 pew ... wb' •• ,. ,. 'IIU""l .. r ... 

4n,clolled 'by the ,."'" tr •• ::v l1li 0 ,. 8 .. 10-' h. Tbe •• 

are ,1.,.. 1D t •• l. 111-1. '1M ,eve, 'ft ,_ ,,., .... , 
rup. an _.pre,a" a8 pero •• 'i1&8 .f ,_ '.'al ,oftr. 

wberM' ,btt ,.,a). po".!" tar •• tlb 11_ " .ino,l,\_ 
&te. ift .,.are •• 1'.. tbt Ii •••• r. arra ........ r4! .. 

to tbelr .aD .epth .t t ••• ,.!... 1M ruM .t 'late lIItU 

dept.b te al •• st ••• ta t.fte l~ Col_ •• f t.,l.e ttl-1. 
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'lb.rollovlq Ub.l"i!lote,riatioe 0.'1.1". a"ld •• ' t:ro_ 

tb. t.lllbl!u 

1) The G.Olll~Mllrl .I'~. pl .••• '!'fIn_ltb aA1 OM 

••• \lp te hlJi ttl the .,lal' at.o*p"1'8 •• '"d"'"al tro. 
'fte d..ep 1,1" 11_ ~M paul.1 tUoqk 11.8 _rial .... 

tlDI t.a the pbotoeDb.. totboaeia tu low obrO._pa,;re. 

til &dd1tion to tbe ~ •• k lathe I'fUKUIUH 

f'l"equ,e.oi ••• the low level li .. 8 IlbOv 81plfl-.t power 

til tbe low tr.'lae ... , :raD,8 (:;JJ • ,., • 10"" Ha). t. tile 

6581 11 •• , ... 'Dor peak t. al ••••• 11.1'." 
:JJ III 1.25 x 10"" Sa. fbt.lft fI'81.\\" •• 01 pewel' ... ,..,HUI 

tailt with _S&"'. 'fbl. ta lit qr ••• _' wi'" ,. tU,4ta,_ 

ot,;d.ade .t-al (196,) Oft tbe 01 "'1 li.. ftd.e pew,. 

.pp.al's '0 be du to ,_ co"" •• l'.,. 00Ilpo8 ... * 1. tu 

.fU"0800p10 .,.l.e'" tl.,14 til ,be 1_ ,"".8"... t.t. 

t. In coatGnd.', wl'" ,be 'I' •• l.'t. •• • t , .. "."""i,,. 
0 ..... 1'100\" la'. the .,.'1. "".IUI .t t ... ,., • .,b. .. 
o.\aiNui .." ,be "a ... _tt .... ,t. •• prwall1·81 ,. t .. ... 

s'.bl. 1&1'11"" MJ.,ew. Al. '_ .... ;:r.&'1 ... • r ..... , alt 

Leqbead (1961) abew t"-"tle..-d •• aN ,,'.ilal. II, ,-

u .p'lo&1 • .,'''.f 'l .. 0.1. 11M; .'IMI' ,...I.M11', 'e 
,_ exlet ••• • t "'''''' _ft_ 'I'M pert .... '..,.'1.0" 



alo .. , bUt "raY's." va ••••••• ,. au,tld •• a' tb .. 

1.81... lIoweyer. 'b. lOll t".qu ••• , tall "bleb beo_ 

laportut 1. Call 8'42 ud Catt "" ltM_ (10,. •• 1961) 

00",1490 •• 1 'ttl, H das to pa"lt t, ."... O ..... i " WIoYM 

ea. ,"pap'. ., ,.... ltv.l. 4.,. the "rt alSk h41 ..... 

tlve reluatl •• '1_ (huftr!. 19"). ., ., ••• tlat'. 

0., •• "&t10.8 a" require. ,. natla lid. M~ •• ''''. 

') tile bt,b t,.., •• Ul '.11 "_lH _ .. t .. ,tI.11, 

.OD"'::~.1 1 ft t. raap of lIel"," *,Utd ..... 

4) 'fl. eI 11 .. alo ....... lu",._r 18 t.be Itl" 

t.,equa.e, NDp. 11 •• , , ... m 11. ,. ...... ,tM ..n_ 
'.'al pov.r ...... ' tIM li ••• , vi tit 'et I", .nl .... 
'fbt8 18 0""10"I!J1, due ,., .. ,reatat', of "1. 11. ,. 
, __ uroo .t .OMDleal flu aldvtliR 11 ...... , .... 

aver, 'reat Inqua., .,te'rue tor , •••• 1'" at , .. ,lau 
01 ", •• ratte'h 

'fa al.s" 'n" • .., .. ,. ... , •• ta .U. ,IN Ii ... 

,..1'1, re,ft •• ' , ....... _ .. II vl&le" 'n"el tI' aM 

11_11, ,revl.d. ,_ ••• " tor ,. ""111 .t ille -,,., 

....... pun aM '1M ...... 
It III, 1ao""I", 4:1,tl. .. 1, ,. _,. 1. , ...... 0" 

.' ... "v1 .... 'Is. asl.' ••• of era"" or _ ...... t • 

.. _'4.,.'le .. ot ,.",.,. d' ...... f ,ldt.Yltaal ,., .. 



.,.otl'U!I 0 t • .,1001 t. t... al.01l4h i\ddl'loaU. llltonat 1 •• 

11l1e the ,ba •• 4ttt.rea .. "1; .... tbe •• cill.Il ... 1. 

the dltterea' leyela oD.err.! .taul' •• eoull, ~d alit 

\ne ~~ •• ,.1&t10. betw.en tbe •• 1001', fle14a ... ' •• per

ature. 0,.111.tl0.8 .. , belp ,. proyl4. a "".t ba.la 

tor tn'.r9"'~'1 ••• 
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III thl_ o"~"I'. t 'I ••. tlpt., ,be .e,tbw1 .. .,a'lal 

oorrelQ'loa of ,be qU&.l-~.r\odl. 'lol11.'to08 " oro ... 

001',..1,16.'186 "'l'~' o_.iliactolll 'bi.it. 00.,. .tilMl, ...... J.r a' 

'''0 le.,ela. Th. "QuaDe •• ;\ 1012 a. A 1100 eoatalat.., .., 

.!,oo~I"~ ... l Its •• p.r"tt .uoh &II 1 •••• tlp,10 •• 

lbe Ixt",,8 ••• r 0 •• Il1 .. ,t ••• t. ,lit .. 1.,. a' .... 

~b.r. rat ••• tn. la'.r.a'tas qu •• 'l •• aM ,. ,be .. lyre .r 
'hi "~l." tlM 'bell' '104 •• of propa .. ,10.. lbl , ..... 

41tter •• oe '-'we •• 'bi 0.otl1a'I ••• oooarri .. a' 41ft,rea' 

level' v111 .. ot ".,14.rable t:tpor ..... I ••• ,.,..111 .. 
,he _',u·. .f 'be~. wa.... 1ble 11 __ •• dO.1 " 'ft'" 
.pe,'rG1. & ... l,st • • t 'M .. 10.t" U'a, .f ... _, .. ,,..1 
ltne with :i80,be,. 

Ttl" .. alp .. - p ••• & ....... • t , .... ,. ........ ,.1 ... 

'loa .. ad ,be , ... cltft.r .... ' .... 11, ,.,.. .. , • 

•• b.r .... a .. , ....... ,..,,. ,. ... "t .. l' .. ,- .... 



1,.1' 

'", .... , 00 ...... '. of ,.. poap • • t ""a. !u •• ,,, •• 
• t aaal,.'a follow. 'ba' .f .14 ....... at. (196,) .111 t. 
\)rt.t1, d ••• rt. .... 1w. 

Deat""t", the fl •• ,." ... 1t1 •• t,t •• __ I''' 1. 

,_ 11 ... 0.0,..1 a,., ... o.al,. " a( ') ... la' t). ,'" 
.,._001'"1.\1 •• "'we •• " .. ,we •• ,. C.,< "t') ... ... 

wort ..... ,. tM ".1'1 ... 'I'u.tol'll of 1M .......... 1'"1.'1 ... 

tGao'toa c.,( '"t:) ", ... a ,tt. O" .... , .. ,ru, 

+~ . 
( ) 'J. Tn. 2J 't' 

B (.2))::.l Cal. b L'"t'.-e,. oL 1:' (4.1) 
0...0 . --oG 

1'be ,.. .. ," •• '.,(:l1) t. i .......... 1 ••• ..,1 .. ,_,t." 
.... OM ... ..,1' ....... 

a..... (1"7). la_ ......... , ..... , ..... f _ .. a .. 

.,..'nl aaal,., ........ _. , .. , 
'R .. 6( >') " 2. r~: j,(1:) ~-'111 2J'T.d. t , .. ,) 

-"" 

... Sa. b (:v') , ). r~: b (:1:') ~~ ;>.1\'" 1" .,1.1: ( .. 4) 
-0(. 



where c":tr'b ('"'( ) 

IIOtlYel;' 

ab ('L) iU·. t _vea llu~d od. pa.r\a 

tUDOttOft Cab ('t ) .. 

;,; ) t the .re&l r>&:rt cf 'be IIU1,U~a-.;)_UrU:l t, 

called the OOr-lIIpectrull aad Sa",(::lJ), the 1_51.." ',.r' 

t. tb8qWl4nt.ure .CHtO'~N.. ttl. qu.,t" ,.tt ... 

b1 tb. eXj)I".,uliOQ 

4f1M:ri be. ,he 1'81., lYe , ••• of ,be harl.r •• pe ... , • 

• , (a) aDd ~.t 0.).. Btu'" til. (21) aid ,,, (:v J u. 
,he pow.r .;iul.'ra .1' ibe 0.111. hu.rhur '·nR.f,,. .t 
t.bt allt ••• rr.latte. f~a.U.oa • •••• 1'1 ... 1. Ca."t.r Ill. 

lor a .ro .... ~"'ral. a-.1,.18, .. , tl .t, •• " 
,bat tbe 'we 'I'oal:pa of .. ,. t-.J .. .c 'It) ,,,"ata '1M ..

_-I'be,. of 4.t~ poi.".. 1. iM ., ••• A ,011 \"'1'$ aN 

61 rewa of v.looU,. da' .... aa _ri., 11t) .. 1uu. I. , .. 



analyaliJ 

.a 1'ollow •• 

Co081der tbe yelo01t, data of .a, 'wo liR •• btlo ... 

1 tbe iuame $e'lueDoevbOae O'Ohliu··.,a:oe I\\f.ui "bag &re 

to be C03~nlt.d. 'i"be firat "wot 0 ••• ~.ctrEtl ltD' va. 

o;roa,-cof'ftlate" v1 ~h tn.tirat rov of '''' ••• u,a '1)I1o'ral 

tbeillt. 'be Gobereaoe VfU'. dert "... !;tb.l .• \tU 
for 

f".~.&'.d. :tow row/ttl. efttir. 'leall" .'tle 

eobe,.eaoeaful 'l)ba. ••• "'81'8 ."era,.' .".1" tbe e.'lr8 arhl. 

trequtloo, 1111 •• , to ct •• , .... Il ...... e aD' pb_ 

'-,tw •• n tbe ... loott, dat. of ,. two It.Dd. 

I b.avG OOllput.. ,be .our, ••• _ .. (I ,.. .p •• tR .. 

a '\n:u,iloa ot Ireq" •• ":lJ .. . ter 10 ,a'" of 11.8. 

ttl •••. !t.,.e •• ". ,. rtau". I¥-1 ,.1'.10. Of tile • 

. P1S;U' •• 1'-1 \. tv-, "tuN '1M eober ••• , .at , .... ep •• \r .. 

.. 'w, •• tbe yeloett, ti.ld •• f 



0 •• 1'''' .... ,baM .~'n of ,lie ".1001\1 f181"e 
U, 'ii' fa,,1' 11._ .f , .. 'l.. -!lw •• e 1100. 

CI '581.622 wta_ ,.t "9,.88' 
Jut ,,.6.,19 
Cat "12.19' 

'11M "lollt, IB , ••• w 11_ 11.' •• tir.', le". 
t', "1.0",. ill 'ile _"ad li_ tor A !'Oat'l.,. ftl_ 
of ,. plla_. hI" a .e,id;!" •• &1". of ,lie ,MM. 
,_ 'Ira liM l.aS8 tbe M ••• 11M.rb. _.111.,1._. 
18 all ,tie , 11 ••• 1 .. , '*", •• '''0 •• til ,_ Qa1.'21 
11. __ .. 'M.' ,. I. ,. "_._. I'a ... aM " S. 1. 
, .. "Itl "...-, .. -.. \ V' a'Ih... 'b_ va"l • .,." .t 
,be ",,'ral 11 ... , .... lor .,.10.tt, ta ,~ 1tee. 
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ot 0.8. 

8i).otra. 'lb. Gob., ••• out..tde ,be ., •• 0b.GII raftilt •• 

81 4. t~;a,.l.l.. off ,. ~.,. A $11111 .... 41'0, te .. ,. 1. 

t.he oonere.oplot betw ••• e1 ",'.'6 afl. ,.t 5049.8, 

It,Wlfta of :'~4aoru!. et al (1965) It ttle tb,. •• u~p." .,.'0 .. 

111.. na urdfon "tU' t." •• '11". Nace.' t"equaol •• 

:::v. 2., t. 4.5 x 10·' .till).. 'Ike a_iU". _wl'd.ell ,. 

ltc •• la& arll' 

~ Q t:h (,,9,.884A - '",1.1221\) !!II _,I., 0 .. ,.2 ~_. 
&; ( '191 .. 6,a'1.622!) •• ,-., or ,.2 , ••. 

~k.8. g, (6,'12.19" - 65frr .. '21~) ...... 4 •• 2 .r ,., leo. 

i~or treq ••• t •• t ':lJ. 1.0 • to-' t , .. P-' 11.1 t. 
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&1110.' the ... ae I .. ,lila 1"." ••• n,. ter (811.1"A. ... 

6581.6221). IN, 'b • .-IIU" et _tip._ la,. ar. tatIM' 

ta ,be .... e»t , •• othl" ''''. ,.1.,.8 .t l1U8. '.1' In" .... 
ot. •• a.M", :V .,.0 I: 10-' ,.1a, '''1''''- raptdl,. 
At tre>q._., ::J} .. 6.0 • 10·"118 1.., il 29' • ., 14 ••• 

'1M , ••• ditter ••• or ••• , •• ,. , ..... "e4 I.. ,. 



r.30ftl~C. , c'Orr •• nonulI to Sf! a".l"a~. 4itt.reao. 

in t i 18 of 5 118C or ilvel1:rh. tbr •• photo,,,h.ric 

lin •• a,lC"e fo:r7led at. ., !te.D 1 •• 1 of 10, 1:: ., .... '.0 aM 

the 1 ift~, 11 lIiI:iill 1 ••• 1 ot 101' 1:: .. +0.2. Tbl" 

:;\1 fffH"@nce tn 'l wou.ld ccu"r4/Utpoftd to .. _1gh' 

Itereflc. of a,Mtlt 110 k:.a in tbe aoll!u' atu1O.pherlh 'fhe 

tl'M del~i,' ot ; Me,. wOI11.d. r~\u.~lt ia a ,.alu. tor ttw 

.. fit VIIlooit, .. er, iluck blt;:be,. thaa tbl Hlto ,..looU,.. 

In ttl. at trettlu.ftc,. :rami;;. , .. '''_ 4ttt.reD" a\ulitu"".' 

til of 'b. orde,. of 14 ....I·bt. lead. , ... 'lfalllle t.r '1M 

up.e. wtdeb. a,r ••• 'I'll', well witb. 'a' .'Mt.a14. \fa .... 1. 

tm. jUicilu.. ttl •• 'pttieu • • t tiM .... 1., .b_tve' 1. 

tbe low freql18no, 18 80' ol.art .1 •• , ...... 'iva .. '10ft 

oaD " a ••• at ehaa. levels .a abo. _, "ae ta41vldWll 

v.lool '1 powlr .pectora CU.80t", ••• ill Cba:p'.1' 11':1. 

CO:llq ,. ,he ,.btU'o". d4 •• _ .,.,'" "'v ••• 
the pall'. of ltn •• ot tb. seq.a" A 1011 (npn" !¥-4 •• 

1"-10) t the ec:H'.Nft •• ia •••• '0 M ., ... , Ill,.. r_bl .... 

•• 1uI of 0.98 t. all ,_. ...... t. "~I , ........ raase

Iht. t. olwloual, fI .... e ,. 'il. al0. at.llMit, ot ,. 1t.._ 

III '.t'~. et da"ih lOt f'.~'lH. ta , •• palr. '"t ,. 
hl_ le,.ll It ••• al.,. la, ..... '.4 '1M 1_ l ... el, 11 ••• 

'hi .':. 'Ot ,_ ea ... ,De ,ba_ tltte,. •• , ia \" "M. __ 
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1a ft.~ltglbl.. The val ••• or tbe pbaee 41ft.r .... 
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()t the tro~ 'tiM. Mel, •••• ap' •• tra 

t.hat olL~_ ".lOCH;, tat ,be re •• h •• ralS_ 

,',,5 •• a v~lu. '-l''!les ,be, "lIloolt, of ..... 4. Ia 

1118CC1 re,lo" .. e fl,ad. .. '1_ 11.6 appro!'ll .. ,. 

of waY"Uh Tet • .,. Ha. e'ttlun,' 

tD ttl!!) f'iHIOM.QCe tr~jlu.ft., ra.n,o, tM". are .' •• cU .•• 

Ie VllV'.. ROW ieat.nltl_"t pb" •• • ltt.t~nl_ 

two levels OJ!' tb~' 'b ••• are l.uterltal ,rav1tl 

wav •• whioh. 40 laO' bay ..... rU.eal pbaae ".lo.it,. ..., 
~t i .e L • .,.18 U1/l I'adi.;i,il" 1'.1ua'loQ U.s. "8 , •• fa.' 

.",.p.'''' .... " w • .,... :_, RO' exl.,. 1:" 18, '11.11.:1"0"., 

,"- oaotJ,la'ioD 11th!. '8 ,at .'utia. vaft 

_de 1& tbe re.cnaaae. rd~}I, are 'bo ••• uleUu~4 1Jt '1M 

""'''*1", ... 181 '"q" ••• l •• , .U"~UIl'.4 .. t4oor ..... 

(1964) .ito"" •• l"t 'he litl:l.' •• , .f .. flat •• " •• 

to tbi' l'al6. would point ,. ,1M .."i .... e It •••• 

toa of $alll"". &l'tu • .-. •• • t tM •• tll.ti ••• 

are 1ft tM ., .. 04:1.11, v.ye .4e. 
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'r .'udt.d tnlt ta'.,u~lt;, f1uot_t1cu .. 8 1. ,. 

cOfStirU1U:,1 1ft 'bit l1ne v1 Bill #.Ie"8 .t tll.t "51.1" 
l1fte ot tbe "1*".00.. A 1082. Tt. ••• tiuu.'!I i. l1,uc'P ••• ,. 

" very favourable tor' atull,l.,; 'be 'bl"lih'.,. 

tluotllat!on.. ~lft'l., 6a o~, of 120 fl"au. wer. oho .. * for 

t HAHn'l.u"a. M .... u ..... ,. W'@!re ada fl'M ,_ 

mlorophot"1u,tel" trlllo.f.. Ourl .. ,be bllftr_ •• t ••• ,be 

li". \IIlftlll, t .toro,boto'lGt.r cU .. '. ller. 10.a'e. 

rU"ilot 1)' ttl. sa.!. 'D.A ",.ltl ... 8 1a tM .,.le.tt, 

MM~r ••• at I. 'f'be wt4tb ,"'be ''1ion,.'o.I,.r .1 it ._ 

1 t of ,_ •• ,." .. ,..'01'" •• ft. 1"1.'" •• '1"111 

to 1t. of t1l:18. 'be •• ,ttl .Y.I"~,la& 1. 1 ••• I. 

the t 8cel', ••• r... t. ,. II'", ,.". •• f ,_ 

'pNftl. f tbe 1nteDIitl 11 .... .,,1. •• ta ,. _ •• f tbe 

00fttl''',*'100 troil tbe l.Diria.ie .ariatl •• 11 lA, ... l" 

and fro. tbt De,pl.1' ab1f'. .tt •• , .t t •• ,,11" 

abit,. vel' •• 1i~d •• '.d h, •• eRst" tIM 'n._ ., 
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t.be !ll\!u'oden."toat·e .. '1'\';10.8, lnt ••• U*t •• 

were via ttie ohall."ltctarh'tl. eutve. -ttl. lI., ••• tt, 
th .. OOQtl,fUI~tl, line w:h'il arad 11ft. cere 'dr. ,.ad 

o lft1HU''II~l8 of k .. on , .. _n. tbe lidiAolal 

liD. f'01" a'er,HlIlna ott t.h18 10t.:r.,a1 wa_ !Aptft tM _.dow 

the r 111111$ o....!'.otroBf"'11 all'. ~rbl. :pro,.dun 

UUt tat.lull,i •• r.a4 oft ad taa. eulhtr 

t.~.rt:l1\\. t.o the &aM ,."aglol ~I. t.be 

a,uht'beIU. lat.tuHt, •• aa,Qf •• Ul\. are vl'll ref.'lIlUJII ,. 

atQ arbitrar1 •• ro. ia "k •• a •• ot ",81 •• 1\\I.a ... la_a 

11 •• wa.. tttt to eaoll .1 • • t tbe ':[ he) ....... wbloB ue 
tbe iattlruiJlt', :rta I.loa& ,be 1-.." .t _be ,*ge.tral li ••• 

Tbe ha,D \ine v •• {)rovt4,' til' ,bAt &.,.r~ • • , tb. i ...... 1t7 

-,.a·~iUU· •• of 62 trgiMa. tileD ,_ ,up'I', 1 hd- f (a.) • 

b t (x) va. r.~. ttt ., tobe 61 pol".. ~l'b U •••• , ,_ 

ratio L.jI L,,> J I t")() va •••• ~'.4 ter ,at 6' pot.,., vbl." 

pv. the f,Luotuatlq OCU.~II.D' .t tM ll'e .. tff,- tble 

preoed~r. cav. tor all ,be ,~.. ..,.. ..1 .... f 

6.1 ... ,aa. £ •• l •• , 10 .. 1.'. 
nn 

otaR arra1 wttll " ... _ IlId 6 • ..,1_. ' ...... r ..... 
u ., ,wo dl __ 1oul 01., I ..... ,..," •• • , ,. .. ,', •••• 

\be tilua tiis. ,. It"," 9-1. r. flu'_"". ta , .. 
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oontiQuu~ are tbe w.ak •• ' .~4 an~.ar to be ~~Ddo.l. 

l18,t'tU"fh 'fbe tluotuat 10n81ft the 11 •• wi-. haye & .10'_ 

.rele1l'bLeru:. to tbtu. 1n tbt: oonttauua. 1ft the li •• oor., 

the .~rl~tion. ar. ~'rl~tftS ~Dd r.~~_l. tbe ~~.l

~.rlodio oscillation. otveloot'1... 1 tbe. o~t.l ... 

the :!30wo:r ar,u,otra or theUu" •• iJ"OlA'p. ot la'."81t.l •• .., 

tbe ~tbod. 4 •• orlbe4 to Cba~t.r Itt f.~ •• 1001', 'power 

.'Pflotr!£. lb. ~wr S:)80tl"a &I"e abowll 1. ngur •• v-a ,. 

The conttDuaa 'tate •• tty power .,,,'rum at.rt. vttk 

:aui .. ,Owe" a" .,ro treq,u, ••• , t.ll1_ ott hpld1, at 

blgbGI" tre~lu.aol .... a II ",leU. .t ••• _ttl". _tl ••• 

l' .how •• dur1nltl. bq, & yer, ~.ak ••• tl1.,." ... po

.ent at y .. ,., I: 10-'.. ~,,4_ft4l1 844 Ko(:.~11t. (19'6) 

b&". IItu4hul thil t •• tUI'. in 'helr MAl,atl .f ,be ~ 

l&tlol'l b:rl&btn ••• f'l.,'tlatt ••• .,ala, _nrlll •• , • • t •• 'a. 
'In, ~v. arrt "1.4 at ttl. '0011.1_10. tI., 1. , .. "._1.

tl'on, ... _Xi8U~ of abo.' 2 per I. •• ' ot ,_ '.'al tl •• , ..... 

t ,OWIU· OODtl".' •• til' , •••• ,:u ... ,.,., ... 

't_ "we .. 1JJ) •• 'na: •• f ,t. 11 .. wllli ..... la'l"" 

N •• ;a~.. ., 'he .0."._:1, '11'" -..1 .. ,."., ., 1M 

11'1'0 tre,tUeaol -.a4 wltk • weak •• el11.',,,, •• ,..1' ., 
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Oft. wt-u.u·. 'b.~\f.:r 1. ooa •• ir .. '.4.,>I,. t •• ar 

tbe tr~;l,umo, r!lb~ (;l.1l4 a_tbet" at )) .. ,., " 10 .... ' 

tiz. which 1. tb. f'iiUiOM=Ct f'iIhDJj;_ 1ft t.ho O$:rrll.l,ocdtq 

",.locltl ald... 'rhea. tlJldl 1&1:'$ ira ,.04 a!>re.~ •• t 

t'O t earliel' otHihlr".tion8 oa tbe oODt.1Duua aM Otn," •• 

n •• r tne 1'.ro frll<iUctnOr II owio".lr4.aeplU'tl, te tbe 

ooft"ectt ft ::Iottoal alee .'l.e. 1n Ule,.t •• ti, tield 

;lOwer 'H).otl"~ .. & "'tl1 aa clu.. ,. ,be pr •••• oe .t -peral.' •• ' 

fea.t.u'es- ... t .'.r~r.'.d ., 1;; ..... ,-al. (1"') 41 

The b:rlibt.~ •• tluotu,atlo •• 18 ,be wtUi8 .f l.t "51 

&D4 1ft U&. lice Got. v.,. •• ro ...... rNlatul. "'ttl t"o •• ,. 

oOllt)tlhu!. 'rbea. "re OboVIl la ft, .... ,.., aRt .,.6.. t'-

11" willi ''be .Ga.tl.IlQWI ekow a bt. __ "_n_. ill 

gelultl"3.1. ta tb.. 10'11 tt'.~_H' ft •• '" .un •• 
rea.b •• 1& val",. ali bt~ •• 0."_ ia tile ftap )} • 1.0 ,. 

4.0 x to-' 'be wi", 'I"tell'.'. lap '-bl •• ,be ••• ,'-

_, .boll' 14. or '2 .0. fbe 1&, .,'e. " A ..... ... al 

(19'!I) "'v ••• the fl •• tn" .. ''' ... t. ,. _'bl 11",_1', 
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