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Ia this thesis is d.escribed. v¡ork canied. out in the

Department of Ph¡rsios, II, of, À. r ard extend.ing over the years

I955-L95p inclueive.

In tbe introdr¡ction tbe icleas und.erlying tbis shrd¡r are

cleveloped. ia a¿ historioal maturer. shere is the evj.clence tbat

cuments of Electricíty erlsteè in tbe upper aünosphere. llhe

attempts mad.e to e:praia this led to strggestioas tl¡at tber6 were

chargecL layers ia the upper levels of, the ahoephere. coafi¡m-

ation of tbie cane in tbe course of time a,nd. tb.e properties of

the lqyers Ìrere then iavestigated. with more fle.dble method.s as

radio tecfrniques 1mprcved.. Fi¡altyr before the second. world Warl

eleneatary obsenratioas had. been mad.e on tbe motion of the ioao-

spherio la,yers.

.û.fter the uar¡ much more versatire apparatrs made Bossibre

the elaboration of the e:perinentaL u¡ork leatting to the estination

of the ioaoa¡beçi,o winds. S¡oh work was sti-nulated both by theo-

retioal work on tbe tldal patterne of the atmosphere¡ a¡tt by

other eryerimeatal work wherein tb.e linear ion cloud.s created. by

meteors were used. to measure wind.s at sub-j.oaospheric ievels. It
became d.esirable to see if tbe oirculation pattern d.eùrcible by

this means ertend.ed. to higber leveIs, where, it was aesrmed., tbe



nethocls used in tbis stÌ¡dy rere applioable.

{lhe neteor trail rnethod. of sürd¡riag wlnès la the upper

atmosphere bad beea in uee at ÂctelaitLe for several years before

tbe e:çer.lmeat using tbe nethods outlined. in tbis tbesis ras

ialtiateil. Eeliable resr¡Its sese available, from ¡aeteor stuèies,

up to altitud.es of about 105 Km. though re$rlts for altitr¡ctes above

100 ,, [n. were less reliable than the ¡est. fbe nethods of tbe

preseat tb.esLs were used. to ertead. the range of meazurement aad.

also to test tb.e validity of the method., since some of tb.e as-

sumptions baslc to the nethod. were subjeot to dor¡bt.

llhe two metbods were run simultaneously at å.delaicl.e for l[ay

and June t 1959, h¡t ao direct comparison w&s possible. Ind.i reot

comparlson was resorteð to, while at tbe same time a comparlson

wttb similar results obtained. elsewhere by the same method. proved.

enoouragiag. fhe restrLts seem to iatli.cate that the methocls of,

this stt¡dy are souad and. yielcl inforaation of tb.e tn¡e d.rift of

the atnosphere at tbe height of the E-reg:ion, îbis is confi¡med

by sinilar oomparisons carried, out abroad.. .å.s a matter of íaterest¡

three other nethod.s of analysis of the sape regults (out of

several recently proposecl) were also used.



lhlr ir tc orrllfr ürt tllr lLrdr eÈrtrtnr lc rrlr¡ârl
rLtû br¡ blla reorgtr{ for tlr rnrt of lnf otlæ {r¡rr ar

ât9lar 1r en¡r Edrrritf lrrl tb¡tr to tùr Èott of lf Þc*.
lrt¡p mü trlkf, tb¡ tbrlr oo¡td,lr ro r*trltrl prrrts¡lt
putrltrrtrü or rrtrttrl by r¡oth¡r pr!:roll iffiSt rÈrn ünr

rrfr¡rnor ha¡ brcl rld. 1¡ tlr lrxt of thl,r ttlrtrr

lllgl{ r ' at

(0, t" rd¡r).
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tho prorenoc of elestrla enrrmnts la thc uppoti atnoepbørr h¿tl

bccn poetulatcd la 188e by BlLffiUa sTËtu.*.Rd 1¡ ordcr to erylal¡ th¡

rnall rcgular oaetllctloas of tbe oonBars roçd,lo ooormlug llatly at

thc oartbrg n¡nfaao. Àoeordlsg to SBßWAntrS [û¡raano tbeo4rtt

(refrrroil to Þ¡ 8¿KÞB ar¡ô !{¡BlIt{2 aa the atnoapherd.c d¡ru*o, theory}¡

noouvostl,o¡ {urnrata (of, alr) ectabltrbtil by tbr srrrrs boatr,n6 tn-

fluonoo Ln tå¡ r¡pprr rcgfoa of tho atmoaphore arr to be regardoil, ar

ooa&rotors rwln6 åor€Fr lLncs of aaguotts forcr; anô arg thrc thc

vcblolo of, ¡loctrla o¡rro¡tr urblob eot upol tùr ncgnetttr Sor tho

scnl-diun¡¿l occltrlatlon¡ of, a f,re¡-¡rtugüg cagnrt looateô &tÊr

thr ¡orth naguctlo polo (vlr.r ?29nr 9low)¡ obrercd by s.lB¡trg3 ta

1863r oq¡ld^ bc oryrlrtrcû !y ¿r$rnl¡g thc preacrroc¡ la thc uB¡rer at-
noøpherer of sl,ootrloal ormoatrr of, rùLob tho horlsorrtal oæ¡roao¡tt

f,om e aet of poaf.t!,va ourronts f,lowLng¡ at o¡o tlne toçard,s thc

polo aad letcr¡ alnllar ourrcnt¡ flortrg êray frø thc polqt tù.ere

ourroat ryatone to alt¡rnatr ooutLnrally. Dlfftorlty vaa eqBer{¡aorû

ln erylalntrg bor the eonûuotlvlty of, tbc upper atuoaBberlo regl.oaa

oor¡oer¡oil ooul,d, þe so hlgb aË ra6 rcqui,rcð by tbo theoryr

XLe ¡pxt ttcp torarits alof,tnLte k¡orled€e of tonlscd regå.oat ln
tho uppcr atmoaBhcrc ral sado rùo¡ IIABCO$I4 tn Dooæbcr¡ Lp0l ¡ et

Cor¡rall, 8l6La"rad¡ prorhood clootrona¿potto ¡lgnatt (trort¡l.an navca)

rblob lcül r'rexrivcd ¿t St" Íob¡rr c¡ ilewfannd.lald¡ after tht¡ ha,ô

erosccd tht *tla¡rtLo Ooea¡¡ a dlatanoo of ISOO al,lc¡. srbroqnently¡

i'n cqnrlncats oa¡rleû o¡t ¿bo¡rdl $¡S. Phl,ladetpblap XÂBCOI{I aotlæd,

tbat tbs algnalr rccclroê srm strorgÐr by ütgbt tJran by ûqyr sü¿,
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alco, &at clSaala ütto ¡ìrêûahlc 8t s g¡,6atc? dlste¡or b¡r ufgÞt

(f$OO nller) than by ¡faf (7OO nilcr). tb¡ ooavc¡|ty of, tbc Sart}rr

surf,coi L¡ ¿ dLstanor of I;EOO ¡¡|lee üourtt to abant ll0 n1ler¡

a¡d HSÀvISI@ slgrir¡g by a¡¡a.legy froÐ tbo rey in rihi'oh ar slootld,s

oorr¿uotor: gUltlca eleotrLa t&Yct aaou¡A benda eað orrvert ogEOeted,¡

ylth rof,erenolr to a porslþle nod,e of, propagatioa of tbo Esrt¡å.a¡

rroîüG¡ thet nthrrô Ety poralbly bc a a¡fflol,eatly oonùotlng lqfrr

la tho utr¡per ¡lrn ro tbat ntbc¡ tJm gUtilen& rlll br by the s;a o¡¡

o¡e ba¡6 år¡ð th. uppæ lqfcr on tha othorn¡ ar(t tt ço¡Iû then fiol'lor

tbst stbc tav06 nlgbt sprerü lltb tço dl,pc¡alo¡¡l dltcrgeaolnr

Oppotod to th|s cort of *rggncrt rorc tho attrnpta tb¿t rorr

n¡ôc to cryla!.a tbo Bropagatlo¡ of tert¡ú¡n saî¡Ë ln te¡nc of ètf,ftso*

tloa cüfootc aotlng a!û¡rûd thc e¡¡rcil cartb¡ b¡t thoeo rttcmptt ültìl

shown to be u¡ablc to atc¡it natbenattocl proof and, aorby thc l9203e'

tb,c cd.stcaoo of tbc so-oellcil {8o¡vl¡tür layerü wß. glütral'Iy sooo¡r

toô o¿ tbe strolgtb of tndlreet cvtde¿oc.

Frlor to tblc tluc¡ la 1912r tlre tåcory goremf.r6 tbr Brqpa-

gatLon of clcotrm+Sqct!.o yôroa tb¡.angh ¿n Loal¡cô ataoaphcrç æ¡tal!-

lng rtootroug aad Boaitlve !.o¡r h.ed boea dlevelopott by BCütES6, ln au

l,aoonplct¡ folx. SbXa thcor¡r reg poélf,led, a¡d {r¡rl,rovoü upon by

tÅþ¡08?r t¡ 1924. In tbc ray treatneat of tbt a tbcor¡, 8rr clo€tro-

satnctlo raü, Eovtng uBrariti ücotð a hon!æ¡tal¡ toatæô roSton of

thc ahorBbcro, aad &¡o to tibo ôeercace la rrfrestlvr l¡dør at hleÞor

lsvels, Gaü6ed by the l¡ore¿sc 1¡ 1o¡ aBå oltotro¡ oo¡oratratLonl tbr

rcy !¡ovçs alo¡g a orrved pstb untLl r¡ltl,s¿tely lt Pattol ûor¡rad
througb the lorpr fese of tbc reglon and tbon goca rlong I ¡tratgþt
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Iine, beqk towardc thË otrtb. llhç it6f,lOf,eaqy of, tbl¡ throry tar

that ¡o aocqrat waa takon of tJoe effe of of {¡&a carthf o nagnetlc

ftelrl utr¡o! tJrc ¡rropagetton of, thc Íevoa ln tbe lo¡troê re6:loa. llbtrr¡

bôwlvor, fira mnsülcil by e d,evelo¡nont &re to APPLEßOH and, BÁfû[E$fg

publ,lùeû ac t&¡ ür€r¡otô-f,olrlo &eor¡r. lhsre ws6 tltttre tlot¡bt tbat

tbe ¡eooc6er? !.oålsntlotr ?as pt.oôtcetl b¡ tba abeorptl,on¡ ln tbs t¡ppor

atnocBhercr of ultra-rlolet llgüt fron thr Sra¡ ¡ret¡ rbat çs,a !ô-

quf.noô at th¿t tl,uc raa nadcgnate eryerånønte.l evldottctr on the e¡l.at-

s¡roc of, tbc Ðeavl¡t¿o tafe¡rf fbla erye¡!.naatal cv!,clcsoc Fêã Pro*

vlûeû 1n tþ¡os reBarato Lnstenoes¡ ta Erglanilr by IPPLBTOI{ a¡ü

}åxnevl¡0in 1924-?5r br srtu ffisE apil 3Åarlruflro rga5f erdlr also

rn 1925 by EH$II anû rgvd2lt .û"tol"r.

I¡¡ tbe earl,y lLtereültg oa tlno *rbJost thcre l.¡ elsa,rly dr¿r¡

tbe ôistlsstlo¡ batrrca tbc relatú,vcly stcady rtrcagth of rl.rotcc¡

otgn*Io resoivoð during tÅo iley a¡dl tba rru¡¡lcabl¡r varl,able ¡aürr¡

of, tbe rl¡closs atgaal¡ reo¿Ívoû by nlgbt¡ tbe¡c verlattoa.a rsm

oþserroü to ewcn¡s about nncct â¡rû to ooatln¡e tllL ararårç.

.teoord,trrg to åPPLSISS a,að SÅBUSfdl thta hay bo rrylal¡cd, fn *
gnneral ïiy lf lt 1¡ cðrl;¡acû tbat thørc lc a varl,tb,h ray rotrrnrô

by loulo dcrletion f¡rom th¡ uppcr aünoaphræ dlf6h lntcrf,erra wlth

tbo dlroot rqy rblob t¡revcl¡ alqü,g tbe 6rotrlê. ürrt,ng thc d&ytf.n¡

thc l¡¡ô!,mct rey Fofrrmrð f¡oc thr atuoophon Lr Braotloelly Ecell-

g1Þh¡ ù¡e to ltr brtrg ûovlatacl ln th¿ lomr lqücrt of the atnoapbem

rhorc thr abeo4rtlon l,s go¡äfdsrable. .å,c tbe c¡n ls arttf,ng thr

io¡lsatl,o¡ ls tbe 1o¡or Laycra of t,bo *tnorBbrro bagl"ne to dlLaappoar¡

du¡ to reeonblnatloal asil thr r¡crlt lg on l,¡src*¡r ln the btlgþt...r
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of tbr stralnrn übtûb d,cvtate¡ tbc ûlrrct rqy" DcvLatlol útbcnt

unù¡e absorptlon tE tlu¡s poaelblor $rd t&s i,aoroaEs f.¡ tho åutelclty

of the Lndl.mot lay f.a ascouatøû f,srrr .âPPLE[$]¡ arrô SAnNEfÍ tbougbt

that lt vould bç ftof lntorest to tsvoEtl6cto thrrdss,...(tbo) sola¡

e*ll,poe (of S4th .Iantrary, fPAS) tbo cffeot of the parttr,L wttbdraw¡l

of polsr ¡ledlatloa o¡c tbc otroa6üh of t&o rqy $Ètur¡tþd f,rm tù¿

t¡pp6r atuoapberofrr ô,s tt haBBenad,r thÊ cflfaot of thc aollBnø upon

the eignalË r&ð Juet that to ba crqleotrô of a¡ ab¡o¡na,lly oarly

sunaot¡ namcly¡ tbat rbca tihe oollpse rterteü lo, too¡ ùtdl tho rart-
atlons ln reoslvod rlgaal strËBgÉh¡

It rac fnm stuùlo¡ oarr{.tð mt ¡oen Gf,tor thr ¿bor¡¡ crycrlnclt
uPo¡ tL!¡ v¿r{,ablc rayr Brppooort to be ¡cù¡ra¡d, frm tb ¡rBl}rt ¡tnor-

¡rhcnr that Broof ras obtalred, oonfl¡aflg tht rd.¡truor of thr
Esavl¡id,o lqyor.

fhc ftrEt sü¡ily raa th¡t ef *PPLETOü a¡ð B¿B[EfdCI("*otlo¡¡(t

abovo)r ribo uaed, tro raoolvgrË¡ o¡e frd. fræ ¡ v¡rtLerl rtralgÈt rtrì.
aerlalr thc oth¡r fron * loo¡r ao¡l.al sbøsr ¡ùene raE ln tär plaar of
proBagatloa¡ aaô tbo ort¡mt¡ frqn tbo tro æc¡lvers by rlay cçra ad*

Juateð to bc equsl,. å.o¡n¡uLþg tbc prcronCIo of tb¡r laycr ¡nal tJB¿t ü
atnocpberLo raro d,Ld. ooæc down frou abovs af,tor rrÍloottronl

ÂFPtËIçl{ ¿nû B*BIST'I EoaoJ.uaL4 tbetr teiblng acou¡nt of thr polorlmrl

a*ü¡rc of th¡ ¡or1¿lr thcr¡o shanlCl bo by l¡tgùt a grcatæ ra¡'letloq
of tbr dgna.l lo tbc v¡rtt oal loop ecr{.ul tbaE ia thc verttor.I

rtratght l1ro ¡e¡,!.aI. ?ht¡ tbry lhs¡rð so$6¡uslvd,y to þc tbõ olror

tbly notlord, a.læ tbat th¡m ràü Íer1r lr!Þ¡¡qrnoorl rlstlarût¡r La pbag

of thr ¡lgnals at tbe tro r¡o¡l,rerß rù¡n thcl,r e¡rlrtrl mrc oLor¡
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togcthcrr for lEstance rbc¡ aepareted. b¡r 90 feet rh¡a tho çav¡*

lcn6tb rrçc{ nar $0 n.¡ hlt¡ tl¡at rlt wes f,cn¡¡al tbst th¡ naxlaa

å!ð Eträln¿ of .qr¡al latcnaLt¡r sa thc tro ¡ctå ûLit aot appoar to

br alnply oor¡oletrûF. 'Bccliter thåo¡ *fPt$mf 6¡¡d, EanUEtï[ cerr

¿lso able to sbor tbat the aülotphrr{.ç ralrr çorrlr la 6rrlrra,l¡

etllptlcatly polarltcd. fboy beil, þsen lctt ts rrytct thl¡ frc
tbei.r nagneto-lo¡lc tbeory, rhlch úr66Ðstd. tbo possl,ÞiLtt¡ of

'.
dlfferoatlal ebao¡¡rtlon of the tço cLrølsrly poLartrod mÍeË

f¡to rrLlob e l,taearlt potðrl¡od iave nay be rBl,tt rbca tnolileat

t¡pt thc defflestlng layer¡ thr reombl,nstlon of äcac olrtnrlarly

polar{,æd beans of, uloqual anBlttuûc upotù ro-æirrgn¡oe f,ron tJrr

lâ,ücr ylolttr thc obEorveit clltpttos.U,y potar{.mô ra?c. lto

aeûa¡lou rss ú¡ggpctrd¡ thoughr to aocor¡t for s¡ch obsngps of,

fato¡¡altü s¡ld Bolerlsatlon as ulcrlr obse¡rcd to oesÂrr 1¡ the ðow¡-

ooutng ráv".

Tho rryerlnent øf 8ff8l8 at¡d îtïdar¿¡ of e qultc illfìfc¡¡a¡t

natuæ from tho¡e of ÂrPLEfoH ¿sil B¿ffiEtf, end ef s{Itä Êosfi sBü

BAaPrsLDr the crycr'lncnt¡ of thosl Latto¡ two grorgo of sorker¡

bclag caco¡tlelly of, tbo tæt t¡re, sba, tbereas ÁPPLEîOI¡ ¡eê

B.Àt$gfg b¡û use{ a galvanmetor for dfaBla¡fag thc reoelvor ont¡at,

aaü thelr tra¡ulttcr gavc nalnl,y s¡noå¡latctt rlgnatrr BB$It a¡d

SUTS uade aso of an orolll,ographlo ifts¡ùay togetbcr rltb pbotograpbla

reoording¡ thla ilra aE eaEcntlal part of tbolr cqulpment aûnoc tbcy

u¡at pulec teotrnlquce and 'desired.' to vf.ar tbc a&otphrrlo ¡nr1sc¡ or
ioúor rrtur¡rod frm tbc [rrvt¡iüs layer, lade¡rcadrntly of, tha dlrcot

trûtrn¿-levr ptllae. tbr ¡ull1!6 of tôelr oryotal-co¡trollcil tra¡r
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nltt¡rr rorlcLng otr a ravrlcngth of, lO Ér¡ Íår asblrrcd by øpptyt¡g

altmretlng oürnent to tbo anpltfler ü¡bes wh,llc aupplylug tbc

nart¡r oeolllator wlth dlrcot qrrrcut. l8br pular repetltlor¡

f,rcquonqy rer l0o eyole/reoonð anil tbc ¡nrlsr rtdltb var!.eblc (by neaar

of varytug thc glld ble¡ of, tho anpllfl,er ù¡bee) frm 0.4 ntl,ll-
¡eooed.r to o.? nLlll-¡ooonè¡. lto¡t of Bar¡Istg úåô llsTErs rooorûlng

res doae by ðay¡ wlth a acparati.on betwcea t¡.anslttor a,r¡d roeclvcr

of sqc I nllea¡ ao that tbcy uürd.toû puLrcs tb¿t had, bc¡ nrbJoot to

rlrtually vertlosl t¡oLôenoc upot the refleotln6 lqyor. On the othcr

båådr tbe Eugtl¡b no¡*¡rs had uaoð tr¿¡rmlttæ-reoelvor ocparat!.olr

of the orðcr of IO*1OO ntlcr¡ e¡û tJ¡i¡ neant tbet tho onglc of

l,aal"ilenoo betçrea thc eboaphorlo rayã a¡d tl¡e roflcotlng layer .{r¿g

rcl.atlvcl¡r trargr. It 1¡ also laterratlng to ¡otr tbat BBEIÍ anrl TnfVB

uced strat6bt rlrc aerlals oolneoted to arpcebetcroô¡rnc rccclveru of
!.nta¡¡cdlato f,nequonqy 50 ktlooyalc/åeconô.

SASIT c¡¿ ITI. oÞtaLnod Bbotogrqphs th¿t ¡hoçeô lar6o pulccc of
oonste.ût anBl!.tud,eiù',betw¡e¿ ú{eh appcarcð otber pulcct of varlebh¡
Þt¡t usually uallcr anpllürde. In orôor to prorlôr uaanblgor¡ ldoa-

tlfloatloa of, tho pulroc¡ l.c. to ld.oatlf,y BoaLttvcly grcr¡nå r&vct

ênit slqy ü&v6a¡ SaËrr aüd mtvÏ tr¿amlttcd a ¡e¡'bs qf doto âr¡û

dashl¡r fbey argued, tbat n{¡be f,Lrst hunp uuot arunyr be rooctv.t
elo¡t tbc ¡bortrst petb a¡ô thc lart alo¡g tho longottür l3ho¡eforc¡

the f,lrst pulec of an¡r itot or d¡rh nust bc a gror¡ad r¡vo and thr l¿ot
puleo of e4tr dot or da¡h mr¡t be a aþr ravo. thr rsflooteô pulrce or
Écohoecr ¡homü uartscd aoptlùrrie rarletrone¡ tbr perrl,oô of tihrso

vardatlona havk6 rrld,r llnttc. tbla e:pcrise¡t h¿d thcmfore sbonl¡
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tb¡t tbr nfsðlng oe¡ ed.lt çltt apert frm lnterfcrcnol btrl¡l

grornil aad roflootcd ravcltr¡ rta¡{ I¡h¿t a oo¡slûsrcblc'part of tt

la {hrc to tbc ålfferoat effestl?e¡øss of reflaotlonü...ncauaeê þ
su(lden obengos l¡r tb¡ layæ noro or lcs¡ et å f,ltokerltlg of tbr

ItSht oa tùr ualf Ëì*faco of rðtcrtrr

thoy nrggccteû ¿l.co tbåt uultlple ref,Lsstlona¡ nroh ôt

ooo¡rr¡û ¿t va¡{.ous tlnea, æulð þe nore eaelly e:plalnod, o¡ tb¡

hy¡rothcclr of ¿ nraq¡ surfaæ 1¡ thc l,qyertfr Eæ.LB$Í lt 191âr baù

refsrreû to l¡bmcgoacltler Í¡¡ tbo laym lùea he nc¿tio¡ed, tbat t¿ycl

oq¡lü Þc fBhntlfully aeatt*r¡cd ôoçnwarü.... b¡r tbr lmcgulsl'ttle¡

ln tbo refleotlng wrfecrn¡ Þtrt 3AgI9 a¡ð fUYE vrnt fl¡¡rthor o¡û

attrlüuterl {y¡anlo proBertl¡¡ to tba læegularltl¡s.

llho rcsoarohes of APPLSTOH aBô 8ÅSNEIBS, of StItts-RO$E and,

SÂAfrIË[,Dr a¡¡û of EREIÎ a¡û T{IYE loð th¡m to ctets tbat the [o¿vt¡lôr

lqycr rar los¿toü at ¡bout g0-t0 kllmctrrr and alsorthet 1tr

.ql¡fvr.¡,trt brtgbt verlrd botb ðl,uraally a¡ô geaso¡¿Ilyr brhg¡ oa

tbe avol'agc, lorrr 1¡ rn¡nner thca tn rtnter, e¡d ¡t ltc lom¡t ¡t
nooa cnð at !.ta htgbert by EXSbt le auy selsot¡ Íhco¡ o¡ti.n¿tr¡ hevr

¡lnco baca rovle*sd aud qorrectcrt¡

&brequcnt to lge6, eryerl,ntatc Ëtrr sarrlcü qrt to d¡terul¡r

tbc relativr part Blayod la farllng Þy trhc follorla6 f,q¡t f,ectorr¡

a¡g¡,e of laolôcneo¡ lntonalt¡r'¡ pbarcl aû Bolarls*tl,oa. Eaü of tùr¡r
ra¡ krora to bc va¡{¡blc ht lt rac thou6ht pordÞlo that oac or tro

ntght be d,onl¡ant. lbo rcaslta of cryer{,neatc by ^ûPPLEE0¡û aåal

a¡,rcLrrse¡f rot""p""tcil l¡ thc llgbt of e nathen¡tloa.t analyaic of
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tbrl¡r oyrten¡ ytcldarl a grcct ibal of, lrf,onetl,on, ¡non6 çhlo,h r¡t
a¡ l.nêlo¡ü,o¡ of a ¡eeo¡û ileflrothfi la}'tr rorr thq¡ trd,or es hlÊ
ac thc Ër¡vl¡f,dc la,yer (etO U, omBared, rdtb l0O h.). X¡ &rn
erycrxnantr¡ ucr rat naôE of, a wrtloa.l ¡tratgbt rlm ac*tal a¡È ¡
loop ¡¡rl¡,Ir rÈooo plaar rao vortloal, eLro. fþcEr tro rc¡l.srts rr¡t
carBl'oô 1¡ n¡tb a r¡r a¡ to eLtnlnstc 6rounÊ Íêvr!¡ rccelrcû f¡au

tbotr tranolttorl io loarlng tbc atnorpberlo rave to bt rft.êloê

ocperatcly. shelr m¡r¡lts sbored, tbat tttùa algaal vErlatl,onc aso

dne ohlcfly to varl,atXoa¡ l¡ l¡bo latenett¡r of, tbe douaoontng rÊvi¡

antl to ¡ lsc¡or ôegreo to tbe va¡'Latl.on La phara dtff,eralsc þetrrra
the grornd aad etnoapàerlo rì&veõr îhe ctraagrs la t¡bo ðornoælng

Tave ar{r re¿L lntsaalty changos¡ &ã eråñ¡rct ¿t thc groraè, end arc

not rùnc to the rotatto¡ of a planc pelartleû w¡yr. GÞcn6rs lå r¡st¡
of 1¡oldlcncc of thc ilorucomlng Fêys81 *lthou6h ¡rroaeat; aro ¡ot
mcBonslblc ln aa.y narkod. degrao for tbe elgna.l varletùol¡¡ alf cffcot
rùl'oh they nqy Brofuoo bolne nsclced, by, atuultaneør.retry ooørin8
i.nteaalty oh.al6ratrr å}PLËTOSI ênd ftj,TetXllE$ ære unrl,Illng to attrth¡tc
Ftbcac f;luotnttlotrd r.r.r. to tbô aïtoratlo¡¡ tn rsf,lcotloa ¡rowrr of
a flpû flat rnrf,aoln. thcy ¡¡rE6oeted tbpt tatcrfcroaoc qçûha¡rLæ¡

rcrc et wor*¡ for ntbo lntenclty flugtuatlo¡c tborüaclv¡¡ c*tbl.t e

kfnd of, Bcrtodlotty nùlob ã€ôns to vary wltb nr¡l,ragth aod. d..tata¡or

of tr¡¡mt aslostrr Fbr laatônorr tf trf ls thc ¡nrlod of the ftuotn¿tlop
¡¡*t À th.¡ ravrl.¡ûgthr r/ r i¡ fs¡nd to bo alnglc r*lnrð útaotûoa of
tbe ätst¿noc of tr*næla"io", tnr .Ànd, nlro¡ a poralblr ü&rË ll ntL¡

slmulta¡ocus trcflrotl.oat of rnrcs frou tro or rôFc porü,aar gf a
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Iry.r of, ¡ro!*rglfo¡¡ borlsoat*.} ¡tr¿t{fl.eottoln; tb¡ ntau hclgþt of

tÞc laycr ronal.ai.ng aoad,Þl¡' cs¡otstc

Labrl t¡ l9l2-3h B.IBC¡IFFU ¿gil påt¡Ë3f5"oo6rotcð to¡ç arycrl'-

nents to lwcatú,gato f,r¡r&er tho latractty fluoü¡etto¡r of, tbo il,om-

owlng üi?rÊr ltruc rar nart¡ aga!"a of tho arpp¡asæû gnqrnd ravo aÍrtæ

aad¡ f,rm tb,o fsst thet t"þero r¡s ¡.oah of comelett o¡ b¡trtrn thp

varl*tloag of tho l¡tcasltlos rcoor.rüodt l¡ tro reoclvcra rboco a¡r'l,als

rsrü goI¡aratod by a dllatanqg of tba ordcn of oap rarclongth¡ la e

d.l,reot!.on ¡rorpaa{tlølar to thc Blaae of proBagatlon¡ thry oo¿elu{¡û

thst e¡ approcL¿bl,e pert of tbc a&os¡rhcrlo ravt lt not i.nd.dcnt ln

tbo plaae of Bro¡¡rðatLo¡n ( tUts bçtng t&e ptane of tbr 6æet olaql¡

þctreoa traamlttcr anð rroolvcr)¡ the reros mro ¡ald to þe L¡tar-

allg ilevl¿todr Of lnporta¡oe also wao tho faot ntbet thø fncqn€¡qf

of, fadtn$ Tac raa¡ghly proportloaal to mrr frcquanc¡nr

frm E theorrtlcal, ûl,scnoråoa; 8ÅT0[.IFA$ alal PÂ$SI¡I ooa¡ùuil¡ð

tb¿t the lntosalty vart,ettoas are ùro to Xnterforltaqt offeet¡

oso¿af,oaed, by refrLeotlo¡¡ f,¡.'æ a n¡e¡'l,ee sf dlf,fr*otla6 oeatrrc¡ thl

dlsturbansoc fræ wbloh 6llo r{.re to tho nelrlte¡t ob¡¿rreå i,ltædty
at thc gr*nrldrr äy arannlag a partåenJ.er valur for tbe bcfgbt of

tho Hcavlold.o l¡yort tb*y $eat ehlc t6 dt&rocr füon thc Eeglltudtc of

tho asrlal eBeolagt bo¡ond ù1& tborc Ls l¿oh of oorrsl¿ttoa La

f,aittn5l record.o¡ that tJrc d.tf,fraett¡g aontrlr nltc rrltbl.s s rÊtÊü of

redliug ¡ot Lcas t&a¡ 2O læür {for a ravcl,easÈb of approduately 356 nr)t

and¡ fron polerleatl.on moarrmmcate¡ t'hst tb¡ ns8Btt¡d¡a of th¡ ùrs

un6noto-loe1o ooaponcot; of tbe ðoraoæ1.48 ü¡ür rrr¡ ?crf umgnel¡ tbr
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fodlng botsg ihr¡ ¡o¡*l,y to r¡rlatto¡r nla the loft*b¡¡elrü olrq¡l*

arLy Bolar"l,æû aepoaô$trr.

PrsmfÍ tn 1934r sontlnrsd, tbe st¡d,y of thr an¡rlltuitç ?rsl-

¿tlo¡ of d,o*ao6tng rô?cÊ urû86 ¡nrl;c ¡.ohrrtqtrc¡ nttb photog:rap&lc

reoorllLu8r rùf.lr pe¡lag g¡ret attrntloa to thc c:îf,tet of acrtel

cpeofag upoü sor¡rlatto¡ of trhe faûtag ¡rêttônnr lf¡ itaofuleð thêt
tttbc rave rbtù lt uan¡al,lÍ oallüô e el.ngle ¡eflostcil ravc doea ¡ot

oonel.at of * rllgl.o raf but ta hrltt u¡r of, ¡leüentsl.1¡ eoat¡'i.,butioar

fræ a aerÍles of, ðttfraotl,ng çontrçð dlet¡rthåtad. uore o¡l lcEs at

r¡¡ðon l¡ tbc lonoaphaÍr rr.... lbÈ raaôon varlettonr of l¡be¡r

elærntasy oo¡t¡rl.btloat nLght ¡rl.L asoo¡¡t for thn fadl¡ü rdrtù tr
e:porlcnoed, rhc¡ only a eirglo re:f,lecteð $tlrc ls obacffod. Tht

rcs¡lta.nt clcot¡'l,o fL¡lô m¡ld, tbcn bo proùroeû by oonpornûlng ¿ s¡t
of wopo¡¡ato of re¡don anpllüldec ê¡¡ð ptr*aes¡ c¡d tba prøbablllty of

ooorÍnpnor of aa¡r renrltart s$lttrüc eould be oalcn¡leted,nr i{l¡
rce,rLte qhol a¡oh a ôe6noe of agreenent bctmr¿ th¡orottcaL anit

e:perlnental a¡rvot thot bs f,clt Juatf ft eit. ta bcllrrlnE thot f,adtng

wa¡ fuc to ¡æc t¡rpc of, dlffrastton L¡ thc loaoaBberc. Frorn e tåoor.-

tloal tlLsr¡rstlon he oonalud,oc thatr &s a ho¡tuontal û.laBtaoonrs¡t of,

oro root1var relatlvo to *notbnr 6frrs aa c¡¡tlr¡ty rilfferent f,aålag

pattcrnl tbcro nuct be lnBortant borl¡orta.l irr6ularltlcc f.n tbo

loaoepbere¡ aati that ae tù* varl¿tlens at these tuip rcoolvLng polnta

sesn t&cn to be laûa¡rend,oat, t&e l,rregulart ttae muat bo c9,9,¡?tastly

çþanå-la6r

Frø tLlr poht PAw$tr, $rgp1¡6 f,ron tbc obre¡vatloac of othrr
rorh¡r¡ (vtt. sflg¡gd?üil le0mAIDOE) of Eovæcnt; ðf þo¡drent¡l rÀnûr
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l¡¡ tbc acl,gbborrhooô of tbc f legÈol (aootLluccnt clæûa a¡ð nctoor

troffa)¡ d.oùrocô çhat rq¡lû b¡ omo coareqr¡oÂeor of d.nL¡,af rlnü¡ l,rr

tbc & lqyru of thc loaoaBbcrc. For lnstü,Door c¡ppoüt tbat ?ùore ttaü

¡ u¡íforu borloo¡ta.l rüråft o¿rrJd.r6 *lsug lrre6Blrr{.ttrre La tür loao*

opboro; çhloh dllil ¡rot oha¡gr ln fiomr .å ¡fgNraf nflootot flaon r¡*aù

a Xqyer çqrl,dt rcn¡It l¡ a ûlffraotLon pattora nwlng oïÊr tb,e grat¡¡û

rttb e veloolty tnlos tbat of the ûlfflsotSrg layerr enû tn th" "ol
dll,rcstl.on. lDhLr çot¡ld glvo n'l,tc at tms Bof.atr¡ dl'eplaoeü alory; tl¡ç

Iloc sf aÞlftr to fad.tag pettcraa the* tcrs clsflar crorpt f,or¡, *
rcL¡tl,rr tlnc lag bctraca thaß¡. Sæa ¡esorûr dlrt ¡bos ttbÍ.c âr¡d tå.

rt¡ilr deôroeü f,rm thssr r.ccorû¡ rboçaô gooð e6reøont rÉtb &g rlsô¡

of n'$mæt ¿ndl ftcrßalfi¡E

P.åWS$Í goôs oa to os.lq¡late fadtng pcrlodta fot bortso¡tta.l ülåd¡

of veloofty l0h',/eeo. (tUfs bsfng tb.e averagc fo¡r all ty¡mr of, obac¡n-

vatlons) anil cærpares tbaae rle the sbsðffËd, ncaa porloùr of f*dtaÍi.
rllbc good agrocnent Íb10h o¡d,ste bctmcn tbc obac¡tcð a¡ô eatsleteit

failtrg ¡rerloda for tha $ - regton ia rtrong cvlûaaor tbat hordpontal

novoseats ln tht E * nrgtoÃ flrtr vcry luBortaat csses of faill.agnr

Ectmrs f935 ßaê fPS ¿ û¡u attonBte wre aedo to åü¡Cy thr

notlo¡¡ of, lrregnLarltlrr la tbc i.onoophtrrr Son cæpLrl la tbe rLntcr

o.f I94f*1943 SffiïXofP 
""*lrtug rt SloüAb tr¡ E¡sl,clú¡ !ådo smr sb¡or-

veti.oas o¡ traunicsloaa from Eocscn l¡r Ormra¡r, gtt0 b. Errt, ü,ô

e,lao on transnlr¡lon¡ f,¡on tlongb; ct the rmo tt¡rr 8eÍlcstLon¡ Ë3t
obtrlLuoü from the F, leycr¡ !y obltque l,¡lddcnoc fron tcogoa eeô ¡ry

vertLoal laoldeaor at Elorg[r



-lâ*

WltQn lotlæô tb¿t n¡nal¡, türcgpl,a*ttlc¡ t¡ 1ùr re lqtrm

ooaurtng a¡ar th¡r nlil¡roint Ef the oblLgur traJrato¡yr rrrr t9frr

roBccteû ovetùrail *t fitsî¡gù aonr 6O-7J nlantr¡ latorür 8o ffiUStr

tbo orplanatlos ley 1¡ a¡c¡¡nlug åe reptil ¡agt-mtt netlo! of gr

rltbt¡ re6Èo¡ la toEtratf.o¡sr Letcr¡ i,a r94T*19{8, tfitü*}9f" fiy¡|Eofr

n:lag rldsly c¡reocô trannlttcna aað reoclvors Ebtal"¡rod reoortr

rbt€b appcarcd, to ¡hor tbc prcaenoo of progrcaalvc pbcaon¡¡a t¡ tbr

F nr6l.oar ilcltbar a hor{.¡ontal itr¿ft la tÀc olnorphrnr rl.tb mpo!-

Inporcd looal va,rL¡ttoa¡ la Lo¡lsotloa gradhnt¡ or orr ptrogtasLoa

of a rrvc notlsn of urEb ¿ natulr *c to ûånm ohr.agtr t¡ tron otßotlr

t¡raü,o¡$

îh¡a La f949r esû m¡becguratty¡ tåc notbod of s.Loeoly s¡raord

reeelrcrs rsã devolopcd cBcoi.f,loe.llg for tl¡o observation of Bov€ucntt

t¡ tbe l,onoa¡rberer 1[blg netbod, of obse:lr*tlon rp¡ dewlopeð þf lÁI8nA20

frm ¿ rnrggsatlon by $å,t(t II'89¡, råo t&ougùt tbat tt soulü be of l,¡ltcrcst

to gce vbcthar¡ by orùcuôhg På,W$Sïr*ÉetUo¿ of obsrratlaa lt algbt

be posrlblo to fl,,ad aonûltl,oas u¡ûer çhl& rl¡als could þe neernrred,

soro fraquontlsr Thc mctboil of olo*cly epaæô rroELvrm,,hqð b¡e¡

rlilaty uacù alnoe lt¡ lntrnûustl"ol and Lc tbc nathod, uecd tn tüc stil¡dy

d,essrfbód horcla¡ Å ôtcclsslo¡¡ of thø tbeory undertyläg tbo netboü

1o gl'ven leten1 h¡t a þrlaf outlùne st tld,¡ etags niJ,l cetrc to i,ntro-

ducr tho prarent e$¡dy. llrbcreaa Pá,W$BI trreô tro reorårcrl HI?SÅ urcd,

three¡ wbich rere looateð at tho a¡rloos of a rt6bt-aagt cil trLaE6Àc1

rltb neparstlo¿a of the orüe¡r of onc uape¡eÄgth. ttr¡l,sea treriütticil
vertloelly are diffrso*ed. b¡r e¡ trrognlar loaos¡Àerlc lay*fr A¡ I
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r..ult of tL. rsürn.¡t of tå. dlffr¿otllg laycr¡ thrnr ir prothorü¡

or tà¡ grouad,¡ an enplttrôr prttera tbet ilrlftr rl.lù r veloolty

trtsr tbat of, tbc lryæ. llh. morlvlng ecd,alr latrro¡rt tbr

elpllhltr pattrn e¡ô t¡rþlr tår anglltrdtc¡ to bt rooortril. ff lhr

eant Bett.rn Boürer 1¡ trru tb¡ou8å tbr thrcc rcorlvlng eælrlt¡ tlr

rcoorûc obt¿tncô rboulð ¡Ðp.ar rlnLl¿r la rürpe hr¡t ¡houlê bl rtlr*

plaord; rdattvr to or¡t aaothor, l¡ tlneo tìbr¡ a k¡orled3. of

arrlal reBaratt onr¡ of, thelr ord.¡¡t¿ttonr¡ úað of thr obnrv¡il tÅar

¡hlftr mliÌ onablc t¡hc voloolty of, alrlft of tår Battrra ovæ tùo

grornil¡ a¡,ô brao¡ tb¡ veloolty of thr lonoqrh¡rts rlnd¡ to br obtrllrtr

lhrn arr s.vcral oonplloatlng fcotorl bolrvar¡ thet l¡troibor ul-

orrtal¡tlc¡ af varlou¡ typcr lnto thr lntcr"¡rrctatl,o¡ of tù¡ reoorûrû

a,nplltrdo patteraa. fb¡cc illf,florltler rlll br û|.¡q¡arcil 1n tbr

¡rotion deallng rrltb tbr ¿¡alt¡l¡ of tùo retord¡. It 1111 rrf,flot

to æ¡r hcre tå¿t aqy rreort nqy¡ 1l gurra.l r bc llable to norr tb¡¡

olc typo of lnterTrct¡tlo¡.

Tb¡ olo¡rly - apaord. reoaiver nethoð hes bcrn uacd, ly o n¡nbcr

of, m¡k¡r$fo ""oy oou¡tslcr ¡l¡oc ltr l¡troùrctloa¡ ¡l¡oo tt 1r

urot\rl¡ rltb cbolor of slt¡bl. froqu.nqfr for col,lrotlng lafonetlon

o¡ thr E- e¡d D- lqy¡rs.

Onc of thr dlfflq¡ltlr¡ refænû to; h¡t ¡ot nrstl,onrd¡ ll ür
pcnultlaatc parag?apb¡ tr tbet tbr rotlor of tbc dlffraotl,on pattrrn

o¡ th. groraô oould b¡ ô¡r to ra¡il6 notlo¡ of thr lonorpbrrl,o

lrngularltl,cr ln tbr abrcaso of rl¡d. llbo loaorpbcrr



-14*

6orto1¡¡r squal &¡sbrrö of, ncgatiyo anü poottlvo LEns eFboiLttat I'r

o ¡outral &et. l{hat t¡ obsortcû at tbe $rolrnü¡ ln tbo alololy *

Êpaood. nrsclv.r ustboð 1¡ oovcnc¡t of a ôlfTrastloû pattcnr llhfu

1r ¿ r.oÊn¡lt of, tho motloBr prfiürnebly bofrlcontat ): of tbc I'raegnl*

arltle¡ ln tbc lonoapberc. Sbls notloa oould be osr¡scd by &c

n6utfa¡ gaË üoving hollüorta,l¡y sndt Gelr$ug rftb tt tbe Sqüi!Ðrf

lons¡ L¡ úloh oaü. tho Ëotlgû of, tbo dl.f,fraotlon gattcrn La

¡çlatcil ultLnatcly te thc notlon of tbo ncutral 6Ðr. 0f oouræ¡ lt

d,ose ¡ot roerrËardly foltor tbat¡ tf, thåa Ib th€ 80ü¡81 ¡tatt of

afìf,alrs¡ tbc vo!,oalty ;tth úfgb tbc lrre6nla¡f.tles novo 1r cqual

to tbc veloolty of tbe ßËutm.l gatf pocelbly tho tlo veJ,osltlos nstr

orly bc propottlo!å,1. On tho otbor hq.a¿tr notlor of tbe lrreS¡¡lsrltlea

nqy ba brstrgbt abqrt by ranilæ horùsostal charyor ln lonlcetlon

ðenclty¡ rhloh ool¡Id, oosur rttbln a trott.o¡¡ocs trrtt¡tral gacl l[hr

notlot¡ alao, õoulô bc lh¡o to a Eonblastú.on of thsge tro proeeÊÊoär

Sme nca¡p of illf,forontlattag tbe prootssið fË ¡¡.æãatrf¡ 6&o lrû1-

oatloa i.s roqui.reü *hether tr ¡ot horlso¡tal notlol of thc noutral

gas ôo¡a ooour at or rô*r to thc lorels belng oonsldËreûr fhe tor{
trrtaüü could tbos bo u¡d,erstood, to h¿tt olther tbc usral aotoorolo6teal

nrarlng (uotloE of a n¿¡c of aer¡tr¿l grrr) or a aBoeLnl nosn{rrgir ustô

to dcporlÈo rcndoa boteo¡ta.f oùaEgps Ln lo¡d'a¡tLon tlcadty lt¡ tÞr

loloapber4o lqycrsr

fbera 1¡ e ¡o¿ts arrallabls of itrcotd,lng rücthcr or aot psutral

aår tloc¡ 1¡ fast noYG et loaoepbcrdo lcvol r 3 netåod tbet dor.t,rr¡

froo thc otudy of mctcora a¡ld. Éfoh nakr¡ uac of reüsr 1¡srbnl quÐlr .
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' Hetoorc h¿d bcea sttrdl,cð vtm¡å,lly fo¡r o oon;idoraÞh urnbcr

of yoere bef,ore tbe sooonü Sorlü [¡or. lFbc qtlaatltLcr of na$or

lnportaasc tr tbe thcory of ncteorr ôro tbt brÅgùtr of aplltaråået

arl. {*rappÈare¡Gi of tbo notrotrs agl tåo rol¿ttot¡ of tbrrc åctghlr

to tbc nrsË ¡sd velooity of tbr oltcsr. For offi,q¡¡ ¡casûåt thr

vtmal ebs*r"atl,or! rìrnr oo¡fl¡rtl to BlÊbt-tlnr ¡rcrdoûc enô tba
only to tbe brtgbtr¡t laolt¡nt nrt¡o¡ra¡ brt lt h¡s Þr¡l ¡¡it thåt

th¿ u¡¡bors of n¡toor¡ l¡orca¡¡r rapld,ly rtth dtni¡t¡åtry brlgbtättNo

3¡r uelng $¡relt vl¡rrûl nothod.r¡ tbo asou¡t of ürts rplLsctcô

ras oonparatlvcly mall s¡¡d ls õ6na ntaß¡¡r u¡¡rLlablr' I¡ lg36r

wËIPFtSSâlr Jrt"loa¡ begaü mr{s oa çhat ba¡ devrlopoü t¡to tha

Breclelan photogrophlo netboû¡ nor is ulc. I¡ tù¡¡o aù¡ðlcc tro

ûasorrs et 'ål¡c oüd.s of a baec llne of sæc {O b. elnrltaucæaLy

pbotograpb tbe trall of, a uetrorr ¡o thst ttc traJectorf o¡y bo ûct¡n-

uLacô. Roptð *nd. prrloells ooq¡ltatloa of tho lrar b¡r rotatf.¡g aln¡ttrm

aLlors f,or thc d¡tc¡t1¡atloa of rrloçit¡r anð d¡sctcrst!,o¡r Homvrr¡

ôYotN rltb thç uco of tbr speatally-¡htclopcil Srprr Ssüüfût mtoor

oåroll&; tbr yl,rld of pbotograBbr{l nstcorr eaount¡ oü,y to a,bor¡t s¡r

pcr lour. Å,1æ¡ of, oorrsö¡ nrob rårillas a,rr lt¡!,toü to ncteotr of
+4 neglit¡dc u¡itar b¡st eondlt!.o¡r ¡¿d, th¡¡r oely at Btght.

lbc far üo!. po;orflrl raåio rôo tr{rhnlquc for $url¡ring actrots

baa bcc¿ uøod d¡ec r9453¡*tch cn¡þks ¡rtcorr to br ob¡e¡nrü rgctrtl
raslly bf algbtr ts ârtl tbffl8bt asð cr¡¡ t¡rcrgh o?.roasü cl{fr îhr
nctbod. Ls a¡dc poarLblr þ tbo t¡t¡¡m Losl,s¿tlon proùrolü, ¡long

nrteor trallr¡ for¡ grovldoü thst tùr latctel{y la thr tratl tt ht¡b
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enü¡gb tt dl,l rcfleot Ê radllo rtüo¡ gÉrfry oûbocð that qey bN

pt*eô ap by urltabLy tlortgncil råüslTtnË a¡6 so ttoorû.ii. 'lflho natboå

l,¡ ¿a rxtomloã of tbc pulst tcobrtqnet loäg ureil ln loeoo¡ùori.o

raõoerohoß, but rltb a drgrcc of r,cflrcüe¡t naôr poÊtlþl. by tb¡

il.evclo¡ncnt of raùar rürra¡S tbø sceoad Sorlû Ssr' Ia osae¡oe a lrndar

teobatgc larolvec the t¡anrnttttn6 of ¡nrlror rf radt o r&Yoü th¡t a¡l

of oaly a f,s¡r nloroEcoond,a ùrrati.cn a,t¡d of eoa¡rta¡t p.r.f. Frm a

kaortailgn of tþ¡ tf,n¡ betçrü¡ tranæf,Êtlo¡ ünü rocopttro¡ of, tlp clùo3

anü aLso of, the illraotLon fron rbicb tl¡o rùo 1¡ rcü¡rurð the rÊ¡rylt

altlùrü,c a¡ð arlnr¡th of ths lçÍlcetlng obJcot 6r bott oâtr bt d¡tç¡nLnril.

lfbo ¡oil!.o qotbo¿ ç06 qul€ûrly ad.eptoô to tbc ncðürlæcrt of ectco!

vclosltlcsl tbougb bsr tJrlç çrs alo¡o l.¡ Lrrrhv¡lt hotcr r&¿t t¡ 
.

ln¡rorteEt for trbc purporcs of thr ¡xcæat eürdy 1¡ tbr faEt th¡¡t thr

åoü¡nnlotûo¡¡ of, cvlûcasc ¡borril, tbet setrsrs fom Eoluses of loai,¡etlon

¡rlthts ¿ ¡ârrc'r li..ült of hd,gbtc¡ ntl partloüar¡ betrrca 80 lu. a¡¿

le0 b' llhras fl8ur¡t eonrorBond, to ¿ltlh¡dre Juat Þ¡lot a"uil Barùl¡

overl,ap¡rlËg t&. I - lqyrr of tho lotooBurr"S4 Yery aoon aftcr redlo

rsho techaiques baô be¡n appllcü to tbr ôü¡dy of nctcoru, lt ¡ac for¡lil

that rme ncteor trlrla Bomiatcð trong eacrgh ts br ee¡rebLe of, 6trltlg
rl¡e to coboos lrotlrg o¡c ücosnö E¡,Bofcr rad th¡t Be¡r¡r. of tbrct

longieail¡lr.l,ng c&oos ùolod s oh¡il¡€p of ra^u6e rltb tlqo. Íhr mfigrttLoa

rar st onoc neüe by SilTBf8?Í*C ot¡"rs tbrt rluûc rt holgbfr ûf SO to

100 kF. nlgÈt bo a¡ ln¡ontelt f¡qtor i.a crylald¡$ thlr ef,fect¡ d.asr

lt nar thcnr6bt poasiblo ,l¡h¿t thac. hfsbdltltr¡ilc rlnôc ooulil osirry ¡ûo¡g

rftb tbau any loal¡rû ooluË¡rr moe &sËr b¿d. beea fo¡nrô fut to nrtror
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lnpactr Stryerlnelts çðts iteslgneü to nlasrn tbr¡o ffi¡r¡¡o¡oil AX,Blf

atnoaphorlo rl¡¡ôsr Sbeac erylerlnentt a!.d, a, ?aaLËty of tsgüalqnler

tnol,ur![ag ôr{. anü pulac rethoûa¡ a¡d, elsa a 6o*Þlaståoå of tbcsc

tro. l&c tbco4r behlnû tJaoço oryorl,aaata may bc þ¡{.efly q¡ttiäc¿

ae f,olloç¡. If, tür lo¡læt oolun¡r <tr{.f,t¡ cftcr tt 1r fonncûr l,tr

ta¡gc f,ron tb¡ obaervllg atatloa vlll oheagc rtth ti.us. a¡å tho

raûlal eoûpoü¡rnt of ltr vrLoqltf åe[ bö ¡¡c¿m¡rod. For ln¡ta¡err tJ¡l

ra¿io ayatæ uscd st Åitrlal,û.âófnr noarnrra¡g the vcloorty of üËlfü

anð pooltLoa of, nrtcor trall¡ $scr æ¡tlnrq¡r rrv. radlatlon o[ a

froguraoy of 2? Xc/r. fbia ls m!.tt¡ð ycrtloally rtthln s, eoã. of

sol-a¡glr {Oor anü * actcor trc!,l rttably o¡{.cntril rltht¡ thl,e sonr

noflcets redlatio¿ ba& to sB a¡¡{al sfiray on thr SrErrnû by neenr of

rbteb thc ôlrçotlo¡ of tb¡ rcflootton palnt oan ba ðcterr¡l¡sdr 1lh.

oonponoat sf thc wloclty of dr{ft !.a ths d,lroçtloa of cbærratlq ls
d,erdvod, fron tbe üopBlcr frequcnry ohangc of tb¿ rcflroteil **ro¡ rbtlr
tbc ra¡6c of thc ref,Icotfon Bolnt l¡ founð by thc r¿ðar teoù,nlquc

uai,n6 pulEes nrBorlnpoacil on thc OrSr If lt be elpposed f,hat tbt
ilrXft Lr ù¡t to ¿ u¡f,forn hor.ltontal ¡notl.o¡ of tbe atnorBhorâr tbrü¡

tro ooluaac at dL:ff,er.¡t ertrnrrtä¡ rol¡tl.vc to lhc obacrrla€ statlos

wlll have ûi,f,f,sra¡t radlal am¡roaents of vclooltyr tþç ac¿¡n¡ronrnt

of tbrse tro pocltt sss aaû raðlal veloci.tlcr råll bs srftl,üü,oât to

deto¡uf.¡re tbo negult¡ôo end. dlrestlo¡ Ef, ths hsÉsontel aoruant. å

noro soüplatc vcrlfloatlo¡ of tùe artnrreptts¡ of ¿ uulforr ho¡Éøo¡tal

¡norrumo¡t oan bc obtet¡cil lf, ¿ largr n¡nb¡r of nrtcor tr¡Llr sa¡¡ Þa

obse¡vsd, l,n e uell l¡lto¡vat of, tluol ooverûag ¿lL valuor of raÉ.astl

e¡gtc ct tbe obrorrlag ¡t¡tlor¡+ If tht s r.rc pomtblc¡ a ¡ú.ot of tbr
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ob.ar.t borlroltal _cclrotontr 
of nilorl yrloolty egdnrt rrln¡tü

rrgl¡ rbq¡l,ô ttrrlil e rlrr errr.r a¡ ln frot lt doll.

lL¡ r¡61o,astboû u¡ril rt tôrl¡{û.r û1,ô t¡r rfcrnlil to aborr¡

rar ilrrlacð by nOBAnfSil, LIml rrlð Þm0nf? a¡¿ hor brm 1r u¡r d.tc
195e. ft ylrfdr [afornrtto¡ or¡ tbo notlo¡ of tår upprr atlorpbra'Lo

rl¡dr brtru alütral¡r of T5 En. ¡rd 104 h. llo to¡nort fot
htrlcetnr r1ü1r thlr h.fgùt rtrg. lrolud¡¡ thr lwrr p¡rt of tbr

S* nglol¡ arô ¡¡o;hrrr 1l tbr røelEdr¡r of tbl¡ rtagr, tvra fihougb

lt lrcludr¡ thr lonr lo¡rlrod. rrgLou (r.g. tbt IL le¡rl)¡ dorr tLr

ûlrtty of lorl¡¡tior rpprorol tbrt of tb. 8- Iqyrr. Irdrtd,¡ tbr

lo¡¡trr¿ttø¡ f,ell¡ sff rrplü,ly brlsr ttr I rrtglon. Tbl¡ tr ü¡r to tù¡

hfgÈ v¡lur of tho *r¡olhl.¡atlon oo-efflok¡t a¡ rhl& ltrltt tbr

htürtt'y of lod¡atlcn thrt ¡oler lr,ôlettor¡ no¡¡rllt p¡oûr¡s.s. ltbr

blgb vdur of a b¡r e¡othtr cf,frot. [ht¡, rglonr of, blghoa-thsr-

¡oaal loü¡¡tlotr ooq¡! brlor tbr E rg:lon¡ *r¡ for lnotuor¡ 1l
e ncrly-.forusd, n¡tror tr¡lI, tbor rcgf,oaa h¡vl ¡ llfr tt¡r of rroo¡d¡

ollfr þrf,o¡r anbl¡rolu illilu¡lo¡ ¡¡il r¡ubh¿tloa itlulpatr tbrn r¡û

¡rt¡tor ü¡ lntrnrlty o:f loalr¡ttoE to no¡n¡lr Colrqnrntl¡¡ lt tr
aot to ùo rryrotað tbat thr art¡or trall ryllt rùtblt r¡ l¡o¡ra¡r d
t¡¡9. ihlo te ¡ u¡ll¿trrrl dlfftdor proots¡ osc¡rrlnt ¡t tht ra¡r
tbr r¡ ¡¡ lnblblteil roccbln¡ttol proolrtr l[bcr¡f,orcr tbr oüy

w¡y lrl ù1ù a rctcol tr¡ll oor¡lð ¡hor r¡ l¿onl¡e of relgr rtrrlê br

tbrt thr ¡antrd, g¡¡ 1¡ Èloh tt 1r snÞrd,ðoû ¡bor¡lô !o?. enrt errry

tbr tral¡. rltb lt; uattl tho dr¡rlt{f of tonL¡¡tlo¡ tl tào tratl rlbr¡r
to th¡ ðrlrlty of lo¡f.r¡¡tl,on l,¡ th¡ rrr¡or¡rdln6 aborpboñt¡
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' thte la¡ tbercfoner tbc rvLdenoe tbat tbctro Ía¡ qulto

¡leflat tclyr rwrmcat of the neutral a.lr at or EÊer loaorphcrLo Lovcl¡.

Sbr tIfBA ucthod, of closcl,y-upaccd roocLvcr. puryortr to 6f.vr l¡-
for¡atlon of tùc notlo¡ of i,rro6nlar'ltlcr tn tho lono;phere¡ aadl¡ l!

¡rætlcrlarr tF â¡r eXrpropr{ata qbolco of ths frrquæay sf thø raûlo

navc! uuc{¡ to gl"vr !.afo¡natlon of thc notloE of lmcgEtsrt.tles l¡r

thr $- no6Loar If tbl¡ nqtloa ls duo to n¡utral clr norlng (lre. a

netual *h¿) and eanyl¡e rdtb tt th€ lrregglÊrltlcs ¡rfcrreô to¡ tbcn

It is ¡cacolablc to æpBotc tbet tbe nagaltuðr, d,lreotlo¡ mð pbaer of

tbr rlnilc 1¡ th¡ Ë- Lqfcr d¡it¡d.blc fræ tha úffhìÀ, aetùoû, sbrnLrl þear

a tlL¡tinot relatloarhtB to thr nagnl*rle r ð.lrootlo¿ ¡nt pheoo of tä¡
çl¡lû¡ þ¡or¡ to ooö¡r ta e rltCùtly l,oçsr rtreh¡a of tbc ul¡pcr atnoepboro¡

naroly tht 95-Å04 br ncgÍ,onr

It w¿s tbeueÈt ûellr¡ble to luvrstlgatr &e ral,lðity of tbr

HIÎRå uetbod of qlssclJr-Ëpooôd Ðoüale b¡r oonpe¡dag tbr lçEults of, tbr
not¡or observetlo[s Ë"äü of th¡ oloecly-aprocd n¡¡dalr shrdfr takil6
tåo renrlts of tbc ortoor sbro¡ûÊtlona e¡ a rtasitarð of ¡'efc:¡o¡to¡, ê¡r¿

nahtn6 ù¡r allora¡co for ohalgur of ncgaltudc s¡d pb¿rc af tbe qal¡Erlatcd

rl¡d. vel,ooltles aa ¡ ft¡¡otlo¡ of altt'ludr¡ Båu.üålg tbo valtrlity of
ertreporatlag onrû ohan6or (nranrreblo ln thr rrtror æm) þ süsbt¡y
htgbr altt,tn¡dr¡r

Íbr antbor offi.ttood çort o¡ tbl.r XrtoJ.ot, oa a fì¡ll-tlns bulr¡
1n 1955r uÊla6 eBporatrr r;oon6tÍucted. by blr Bndeoor!Ð!. fþir
aBgaratra was llomplotc ¿nd, baaloally unrÐüksÞlc ¡o th¡t ¡rta¡¡lvc
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roh¡t¡ill¡ß Tns ¡lisaroeryr ¡f,ter r grÊat asq¡ir ûelqyer I rc¡{ceb¡,t

eyetcr ra¡ d,cvlroð that c.¡rld, obtal,n ooütf n@s ¡ocsrd,l'rrgr of, tha

anplltuda pattcrn 1¡ s.ll tbr¡c acrlalc¡ as ü¡6göcteil by thr

tanbrtit6c wo¡tlËcr¡ f,or obscratlon¡ n¿de by rtotlonr oo-oporatlng ln
tbo Ï.0.1, It net ¡¡tlsLpatoil tbat rernrlt¡ obtalacû ¡t ldcl"atib

(ff ¿qy) tü¡¡{ng tht I.t,Í. roulü bc std,e svÊllchlç for ¿¡alyalr Þy

thc ftrlt ooæcletloa n¡tboû at Ombr{,d,ge ¡ aaö thl¡ f,cat ftuit tbr
olltlrda acoorûlng to rùloh rcqsnðs takrn rs¡r Juêgtù o¡ltabùa for
aaalyalr. ($ac øapter XII).

Slnac rvcral other ñrlnplcn uctbod,s of, analyal¡ haô þor¡ üi.r-

osEeal ln thc litoratun bctrccn th¡ tfmo of ounrnolu6 thls cürdy

a¡ul thc tln¡ Ef, obteialng the rccorits f,hall¡ lt ¡ecnad üo¡ir¡bl¡
to ¡ce hon aoat of làc¡r later nethoôc of, analyat c omparc<t trylth tho

XITBÂ nltbodr Xs terue of thc nlail¡ dcù¡aod fron tbo ranc sct of
reoorrll¡ t&a¡gh f,t uust Þc eaBhael,acð¡ tåat thls oonparlao¡ tc areo¡û-

ary to tho orlgtaar lntentl.o¡ of toctlrg thr vêllülty sf tho HITB.I

,;ttboil agalnet the notaot-bascû nothod,.
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II.a. fRa!¡SItrntg 8üIPlÍEt[.

II.À.1. t

&16. l. shors e block iltagran of tha conplete lquipøc¡tr

Å11 o¡ratcnc, transttterr rooål,vor spprÐËeloa1 aatl ilalqfeû

rcootiler gettr ctor¡ çcro kcyüd b¡r Bulnro or{,gånatLng la a

btocbllg o.otllltor tBrO.). |¡f aall v¿¡{attos¡ ln tbc Pulü.-

repctLtlon-frûqållqy of thls orolllotor Fü¡lô thcr¡f,on affrot

tll qyct¡na l.¡ tbo raao rryr

I L .[. Êr B] g*t!rs- 0rg{tl, ato{, and,?Pl ¡o:Fo¡qtrr .Ë rq+{t ¡ ¡

Å bloù,i¡g orotrllator¡ (ttg'III.) *fon furoorSoratcð ¡
var{eblo pülcs-¡rBrtf.tton-f,rrquraey (prr.f' ) ooatrol, lat urct

to Brovld,r pulroa tbatr çlth ¡nlteblc nodlfloatloa¡ tr{66rrcü

ths tr¿¡rytttor, b¡sldca p:ovtr{lng otbcr qfstona rltb ¡xrldco.

lbc ¡nlac-r.pctftloufrcgu.ney of, the osciLlator 18û na¡b

varlaÈle f,or ths f,ol,Lort¡g FßêEor¡ tho a!.6ua.la frm tbe

rcocLvero r?rt ¡oaltoreal vtilattrÍ oa a GatJroibJqt 0aoül,oãsoPo

(Eot oben ln flg.I), rbotc tl¡to basc waa trl,ggcrrrl Þy s lrrltc
frm o¡¡ of tbc pullr-fo¡ülrg olrs¡ltrr tbcreforo¡ rlao! lt ra¡

d,eslrahl,c to tc qultc orrtaln fron nblù leycr of, tbr lolrrphrn

thr cEùoes rorr bei.l6; ¡rorl?ô¿r lt tar Eoooctar¡r ts b¡vr ôv¡llrbll
r Ðrau of nakX.n6 th¡ l¡tcrval of ü,ær botçrrå *roooË¡lvs tra¡¡-
alttril Bulocs groatcr the¡¡ tbr t¡trrval of tlme brtrcrn Êqf tra¡¡t-

stttoil Bnlor êsal the loagno*-doleycû coho pulrc tÒ ¡lþLch thla gevr

rlrl. thl; arrangcncat r¡abl,rd, cùoe¡ fromn thc ü-ægJ.oa to br

åtatt¡g¡¡trboô eed,ly froæ oqboo¡ rct¡rrcd fron tbc !-ng*,onrr
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$or onnpltr wlt¡b thr ¡nlsc-ropitltlon f,ltEr.¡¡ry ooatlo¡

¡ct to gi.vo loreat f,rcq¡ur¡cy¡ coo !00 pulõe¡ trrcr ca€onü rrrr
trenmltteð¡ tbc l¡tcrls,l brtrron ¡nrlrcr ra¡lil tho¡ br

cB¡rrordnately 3lt00fl acor .â. ltflôotlou fræ tbr E*rcgùon

roulû ¿pptar as s¡¡ cobo at ¡bout onr*quartor of tho lntc¡ryal

brt¡¡ca tuo tre¡sütttsú ¡nrlørr¡ ae illsplaqtô oa tbr OethotlæBry

OroLllosoopor 0u tbc otÀcr ha¡rð, an cobo ooutag baolc fræ thr

S-rogûona çor¡1rl úoç at abq¡t thrcc*quartcr¡ of tb¡ ðlstlaor

bctçoo¡ tw tra¡slttcil pulscsr ae cllcBla¡côr fbc tf,nos t¡rolvod,

ln tbo rctu¡a of, thc¡c coboc¡ ¿nc ebout f00¡ rto. antl 2rO0¡ tcor¡

rerBeotl,voly¡ aud, tåsae tlnc Lntcrtala¡ tn trm¡ roprcøoat tot¡l
vcrtieal ålstânoos of about 200 hB. ¡n¡t 600 hr FrÐtpootLvolyr

lhtrs ia toke¡ er sborlrg t&e procesoc sf, t¡ro ¡reflsotlng leyors at

brlgùta sf I00 Ip. (tU¡ n-¡.ayrr) aart !00 hnr (tbr f*taycr). .û¡

ummbtgrrou¡ losstlon of tho Ëor¡loc of, rsÍLoeti.ou oanr &orcforct

bo qulckly s[il ratlly rffectcô brfo¡rc rcoorô1ng XE ow¡nolð.

If tÞo prrrf,r rÞr. Btt too hlgb, for !.sstaaoc at 600 o/sca, t

enil ooboca f,rom tho F-regLon oaly ñor,. prcËent¡ tbc¡c mulð ¡bor

on thr 6süraß at abot¡t *hr s&¡ poultlon ¡çlattto to a tra¡olttor
pul¡c ¡c tb¿t rbcr oüc wuld, rrycot to ro¡ an ooho fu tbr

t-regÉ.oar A mall côJnstuoat of p,rrfr tn fJrtt a¿¡o roulû rc*rlt
Lr tbc 4toplqycil tranælttcr pulcc rsô a¡ F-cùo ¡xrlsc novlag

relatlv¡ to c¡ob othcr oa tbo ð6f{toar å, gpanllt $*rogloa oobo

rould ueintaln a ooa¡ta¡t eopanetloa fr"oo tho prrroedll'¡S tren¡*

nltter pul,oa ¿t alt BrÌ,tå , up to a nad,.n¡¡ of aùout ¡eOO oþta,
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Alro; rt tbor tl¡c¡ rb¡¡ nnltlBl,r robooa ooourrtô1 bail tår prrrfr

bron too blgùr rcr llttLr oo¡fl¡¡lo¡ aould b¡vr oocur¡d h ldoltl.lfy-

tag tho flnt echo, rùtoh st ¡¡y ln¡t¡¡t nred, ¡ot. bwr ùr¡¡ tbo

tlggortr [rro al¡o a va¡ltblr ptr.fr r¿û ¡¡r âdrr¡t{tr tbtn¡Èr

ct r¡o! tllrr to !roorð1¡3r trr¡ teib, elnoc rtroagly ffuoürrthj
nultlph rcbor¡ arggort a r¡th¡r ptrùrrbcd rrfhottng lq¡rrrr It
raa thangbt drclrablr¡ a.leo¡ to ¡¡ehr ront alght-tl¡r rooorû¡ of

!-nrgilo¡ cobocr rsnd for tblr ¡ varlaÞlc prrrfe tbct oq¡ld. bc roù¡ocð

to a¡ ort¡¡t to iilrplqy unmblguq¡r flr¡t F-ncgÈon.oboorrrar rhorgbt

to bc Brrfrreblr to ¡ fXsû porofr I¡ allr tbr ¡ppar¡tr¡¡ br¡rfltod
tn f,l¡d.blllty froa tåc l¡oturlo¡ of a varlablc Brrrfr oott¡rolr

A eatbodo followæ e¡abloc tbo blooklng oaol.llator to npply

pulrr to mvoral pulr-fo¡lllg oÍrclltr, onr of rbl,oh fon¡ the

tra¡nlttrr pul.r. tra thl¡ olrq¡lt trhr puleet arr rpltfl,cð elit

epplbil to e ¡ultlrlbrator (ffe¡Il), lùfob b¡r e potrattnrtrlo

n.alrr of varyhg tù. ülüth of thr pulr f,o¡nril þ ttr toxt tbr

output of tà¡ rultlvlbrator 1r dLff¡r¡nttatcd,, and thr nogatl,vr

rplke fo¡¡rdfræ tår beok cdgc sf Èr pulæ fro tbr n¡ltlvlbrator
lr rllcctril Þy a¡ rptrop¡drtoly ootnlotoal illodrr lfbrrr lr¡ tbcre-

lo*, a iblay botn¡¡ thr lapnt of tà¡ pulrc fra tbr hlo*lag
oiolllator arû tlr ortput fror tbr ülodr tJ¡rt 1¡ oquel b tb.
rtdth of tb¡ Burro foncð by tbr nultivtbrator¡ a¡ô tbl¡ l¡ va¡-

lablr.

Tbr negattvc ¡rullat arrr an¡rllflod ald applltd to a tooo¡t

¡urtlvlbretor¡ rùo¡r ort¡xrt purrr (llrlob alco har ¡ oo¡trol to
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v¿xf J,ts rldtþ) ta nlrtUor æpltfleû+ fho fi,nÂl out¡nt ts th¡

tm¡sltter lo by ra¡r of a cethoüo follomrc.

8br olrartt¡ tù¡reforer pro&ori lergp ¡nrlsos (appe'ortnataly

f50f) of rrrl*blr ¡nrltt*raprttrtlu-fregnrnoy. lÍb¡ ¡nrlcet b¡v¡

vartrbl¡ rl(tth rB¿ ose Þe ôetûyoil by tû0 u Ër€r oF lorro relsttTr

to lùe ¡x¡lcr froo tba blo&tl6 o¡dlletonr

îlo ¡mtrei ars rp¡ùlril to o heylng vaLro (6fõo), !.a ür
saller trannltt*¡ that coaplctrr tbc oathod.ç qlrûrtt of tùl

na¡tcr oaol,ll¿tor ralvl. lfbc ertprt f,ron tha rn¿llor traneltter
te oan¡ûrd larlncttrcly lato üo coll 1¡ tbe naster orclllator

olrcrlt of, thc lrrger trrnnltt¡r¡ rbrE thf, cryËtal of, tål 1.0.

olrqrlt í,s ,bernoved.. ., , o
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II.l.l. Tra¡æl,ttcrs a¡d ÂcrdB¡¡.

fàc ortgfaal tre¡¡nlttür lrt6 a æd,l n¡rort*b.kn Fhttrllpr

tra¡slttcr (traamttt r l¡¡tal,latioa¡ Typc $.VrO. l0O LrlffO),

rrtth a pomr ort¡nt of IOO rattg C.ff. fhÅs ra¡ fqrad, to br

ltladcqu*te ü¡c to proaouaooð abrorptlon¡ Bartl*te*ty fæn about

Ootobor to Âprtt, flors ?orrtr r¿o obtalsaiX by ì¡slES tùls trar¡s-

ulttcr to ürlvc anotbor¡ larger trsneltter that ç*g to ha¡¡ðr

lbc scooað tra¡¡nlttcr ra¡ a Pbtlltpl 500 nott ßrord4ct llþa¡¡-

nlttor (tmo f56?r strr.al No.Jl). It teE alterett suosbst to

prorlÄc 1OOO retts C¡Wr porerr Tbå¡ ças asblsvcd, b.¡ illooonncotlag

th¡ tro tfpc .8f J valvca frm tbo noü¡latos seotlo¡ll and, re*

oouaeoting tùcn l¡to tbe polcr oütput reot'Loa¡ by plaoû.ag tboa la

¡rarallol rltb thß tm t¡ro -8f 3 velvåE alren4y usod thercr It
rag also noærsaalr to lullü another tank osil f.a tbts ctago¡ booanto

tbe traaül,tter ree deelgnoû or{.6lnally tc oper*to up to I o&tlmna

farqucuoy of only 1600 kttsefole/soorç rùcreaa tbc operatlag

f,requrnay ucsd tn thfg sã¡{y uea â1& kllooyoÀc/sro.

Boslüc¡ th.t¡ nod.tflo¿tloa;.lt rar f,q¡nû üåmscsrl to hove aa

l¿d¡¡otlw-oqp*ottlv¡ flltcr oo!¡¡reteô betrcrn tiho traastttcr snd,

tb¡ acrtetr øu¡rltn6 u¡itr fbe ftltcr ç¡r !,nool¡nratcû t¡¡ orûcr to

cll¡¡l¡¡t¡ ha¡ao¡los thart rcsrltod, :lron trsl,¡g tùo tranaltter¡
or4g*a¿lly ûertgneô for sd.to.soù¡latlou¡ to 6tnerate rada,r puloooo

tìhr acr{al, fcodlcr r&ü o¡ß that bað bcm *eaôìprorlously asd

ooaElstoal o:f tno rlrea ecparetoð by eboal.tc agÊûrDrrr
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l[Lc ar¡Lel sar a thr¡r-elcnelt¡ oc¡tr*fotl¡ folðrû illpoh

¡aðt fron tbrcr d.a6tc rtr¡¡r{a of, æBpor rrtrc¡ speæil, W olL*

trnpregnotodt *'ooûcn ûomt llng apaorDr.e¡ îhe aorfal, rB8 æÊPcnÄeil

st ¿ äol,gbt of about !O fort; rcrrgbly ngrtb*âoutb. It bobaYcrù

¡ß I pslstl.çr loa.il of lJ00r ràoa a caprottof üBô oan¡¡ctoð

Èoto6s lt et tbr art¡nt to¡nlnel¡ of tbt Éårù8,¡' eou¡ùlng u¡lt.
A olose ù¡ck r¿¿ n¡lnt¿l¡¡il oa tre¡slttar f,neqeeuqy by

aod,torlag tbo tlequcaog' vlth a frcqnrnqy neter¡ tùrn 0r$ç

trs¡sl.ssfo¡ $ac o¡raratlag. lbe¡'o ças fouaû to be Ycr1¡ li.ttl¡
ûr{f! of, frcquraqf ¿fttr erveral hcr¡rs øntlur¡oue nrnnln6.

thc ih¡tt oyslo nos alob thatr ülth tha ¡rrrcfr at !O0 oyolsar/æc.

anil Bulao rLittb of S0 rr¡ãtô¡r tbe Bû¡k nrtput porsr Êrn o¡rorntln6

rltb $rlæ #ot¡åtcìl to ebout t6 kllæattr
fualng of tbe vartq¡s ottgne of botb tranmittcru f,a ¡floçtcü,

nomallyr by 6rld, r¡ô s$odo ili.p ae t¡ülEetotl by thc approBrÀcta

netero¡ wbca thö kcyfn€ valre of, the ua.ller trans¡ltter l.¡ ¡hor$-

olrorlted.

Fbc fnequç&qr s&ô pulee obaBe F*rc aLao kept undcr obacretlolr

hy tåt looal $.P.0. Froqnenoy Hcaenrrlng St*tùon¡ rùo fl,¡at ttmr

atteatlon ts thc be¡mo¡ls oo¿tcat of, tho tr¡nmtttcil ðú.gas.l.
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I I.E. BECËTTTSS EQ{IIg[fiFr.
II.B.I.a). Con¡tnrotloa of Looo Åerlals.

ßeeb rooelvl.Bf, ücrlslr sf çblob tbs¡.e nare tbrce, ænal¡tcll

of tto yortlos.I looBsl bEId at rt6ht aa6l.es tc caoh oth¡rr &aob

toop o'oncistot of, tm tu¡ne ôf, ooarral oable (?S ob lnpe.lanco)¡

rhlob haû a gsp of oae t¡cb or so la tbc bral{l shlrt,ôtr¡€t ¿t tår

ntd.üle1 that la¡ bet¡cen the f,lrst as{ Eceondl tulua¡ &*oh loop

ren otaplcû to tbr *rt¡faù¡ of a roorlcn frnnc l¡ a¡ch I ütf ac ts

nakc tbo loopr 4 foot aguana. Ths Sanog mrs oo¡st¡nroted to

hoLil the loope pcrpcnùtorlr¡ øaô to thr otb,er ¿t thplr nli¡rolntl
arrat bsal moilsa lagg to koc¡r the loope soac â fect sÞove 6round at

tbclr loæst aLdo¡¡ flbc phaec-çhlftlng u¡lts ïorc npportcû¡ Þ¡r

trcå-long alual¡lun feru¡¡los¡ *boyc thr upper ¡cr.fase of tbo

lorcl ctitro of tbe franea, ln nrob e rEtr e,¡ trot to l.ntorf,or. d.tb

thc oea,rrd oablcs. lxbc c¡d,o of thc loops pasrþd, f,nto tbo uota.l,

bos bouatrg tbr Bbaac*sbtf,t1eg unLt o¡e frm each stilc tlbrongù

n¡bbcr gronmote. tùo leaûa¡ conneotl,¡g tho ecr{.aLs to tholr
reeåLrcrð¡ rore of ?5 oh ln¡rritence¡ trûa-ùlelê ochlr¡ tbom

lo¿ôs ucæ acv¡ral fcct abovo 6rouaô¡ boca,rro of tbe a¡oü to orou
roaðnays and patho¡ rbere f,oot and. vrbtçrlsr traflflo ocrút h¿rr

oa¡¡¡sd äma6t.
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Eash of thc tbrsc rcoctvlng aer{,alc fs 1n fast a oircrlartry-

¡rolnrlceü Loop*¿¡¡:fd¡" llhat ta, tåe tæ vor"ülOal and cnrtual,ly*

pe¡¡renillcular }oopx¡ that nakc ut¡ oEÊ oørilelr tre to ooupled tbrt¡
at all tluee¡ oro sf, the Eirqn¡lerl.y ¡rolarlaeil eaBonants of tL¡
oùo la mrppreooed.¡ learlng the eer{.al to ¡rnovlilr tbc rceclver

rlth e rlgnal thet ctcpondc rlnpLy oa tbø magnitude of the stb.Er

cirorlarxy Bolarlred em¡ronentr Thl,c proaautlo¡ la necoeaar¡r

oLlcor undar ocrtatn oonêltlonc¡ tbe phoameaoa rphlob Hitra ts¡nE
ü¡rol,erlratlon f,¡dlrgr nlght Broiìrreo f,aûlng onrros wbleh oould. br

!,ntorprcteil¡ tbou6b ctroacoualyr or bela6 ih¡e to ylnds.

ñPorarls¿tlon failLrgn ls arylef.ncil la to¡ng of tb¡ magneto-lo¡lo

tbeor'¡r of .[ppleto¡ a¡rl Sarasttr {bc planc-poLar:lcoû beas frw
tbs tranmltto¡r la nagncto-lo¡1cally opl,tt l.ato tm olrcrlarly

¡rolar!.¡ad ùca¡¡a (ort6:tne11y of cqual anplltu*e ) upoa panetratx,ag

tbc lonocBbore. fthcro eå,Ir or nrqy aot be 6neatar abrorptlo¡ of,

o¡c of, tJ¡ogo conpon{rnta tùaa of tbs otber¡ an{ alre oac ooapoaoat

ls ¡ltardeil rcl¿tl,vo to t'h¡r otbs¡r.r t¡o.¡ th.elr egulvaloot patbe tn
tbc Ecgloa dl.f,f¡r. ra ganeratr¡ tban, tbo trxr d.rarlarLy ¡rolartøo{l,

bcans cütrgs frm tho ionorphere bsvf¡g, ütfferent amplituûe¡ anô

çtth r ¡rbam dLf,feronocr .[q * rcp¡tt they raoonÈlar to foru a¡

rlltpti'eally polarlrçdl born tbat ooasttü¡tog tha ccbor rt
oo¡di,tlo¡r a.rir *loh tåat thr ogul.v*leat ¡rethr of, thc olrcrlarly

¡rolarl:cð bsans ¿ltcl orâr a relattvely rùort porlod of tlac¡ tàr
roa¡lt lg that tlo oltlpac fo¡usô *t thc €rou¡dl rll,l ¡otstr.
r¡ tblç ü¡ãü e ctãgtr loop, or horl¡sstat rrá.re c¡raal, rtll provl,ür
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e c*gÐÊl tbet vørl€E ls aoplltnüc ct ¡ rat¡ tb¿t dcpeaðr u¡rol tbr

rcto of ohaagc of ogulvalcnt palihe of, the boape la th¡ tonor¡rbcr*¡

a,¡û the ¡rooorûe pr-oûrocrl unðc¡r thrsc oonðlttonE rXll ¡bor aadnr

anô ulntn¿ olril¡¡ to thscc Bmtror{ þy aoürat d.nelar ttutbcr-

rot¡tr tf fio rcæLycrs ero useð oo¡aoEtoô to sinJllêr vcrtloal

loo¡ro, rboso plaloa rto ¡et ltr parallel¡ tbe reoordlnge uadl,o fron

tbe t¿¡re of ccbo brlng ilL¡encaod vlll sh,os d,ts¡ilacæontc ln tlnc¡

leading to tha.poseLbltlty of aoùra,lly gal{ülati¡¡€l a rtnü vrloclt¡r¡

that mrrld þc o¡tlrcly s¡urterø!

Tbarcf,oær d,tb oro of, tbc osr¡rpot¡âata erpBreesecl the ¡ooeirer

rlll rorpond to liba c¡Èltuds sf tùo renstnlng omponent¡ ùrroepootJ"vr

of tta orlo¡tatü,on rolattve to tho Bl,aaoË of thê looBrr

Ðrrlng tcotÅEg¡ all thrsc ae¡dals rcre plac¡¡ð ac otroEe.

togrtb* åc sas cønvo¡lent e¡ê cou¡sotsd i,a tbe raüe oenßÊe, [hr

traose obtal.aed, rerc quite clntlar. tbon üttb ùwo a¿rlalß u[-
tor¡ohoû thr thtral ra¡ q)a¡¡ootcil L¡ tþc stben 6o¡ao¡ ths rostlt
raa a treoo of qnl,to d,lf,fora¡t appcaraaoor TbLs wae donr to al,l

throcr seil lt raa tÈerca.ftor *¡n¡mcd ttr¿t ntth tbe oo¡aoctloae of,

the pbaoo-ehtf,tLng cl,rc¡ltg madr 1¿ tbc É¡rne sûBãcr thc gútro ooür-

poncat rao ÞoLng ¡raorôed et altr tbpcr

ft ua¡ alge ncsüsserJr to þc quXte rnr!Ð lùÊt tl¡cr,e Íar Éo

pl&r¡r of sl,g¡¡atr tn tbe råroa oonneotålg the aenl.slg to thB ¡sollvers.

rhoso loeûs rcro ?5 olo tnporl¿aüs tråa abl.El,ôect oabre. To test for
tbts tbs f,ollorl¡g ucthoü ça¡ ugcd,, tr netal box, of, tbo aaül sL¡c

aacl cbcpo ac that t¡ uhtah tho pbacc shl.fätrg olrc¡¡tt¡ rcre eontelneil
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*.i¡ i¡r tr!¡t lnF ¡c rotrerrdüt t$rret ¡ï1 al ?r¡o$ltt rt o+

.Otr¡ o* tlaÍ ?ffi,tæltot ¡.rÎsot¡ .trïnT+¡ld rt$ Ë.lJ ¡rrDtoþ*,¡

Ít$ uT D¡O4e¡d æüe$ rql rrcoç. DIITJ¡.P-III tO lO¡¡¡¡¡d

¡q1 ¡.¡ l¡r1gnr¡t trÉ¡m .q* fs trrn ¡o ¡6¡Tt tT ?r$à.uroo

!1. ptûÎ J*!Ð rTrttl ¡lt¡tsfln 'Tl#or ¡q[ ¡q ¡T¡$rr*ll' tqT

rto¡¡åt ?rlstlrr€û d¡*TC¡To ãuç¡¡q¡-rrqd r¡R ¡o tolÛ?atl.r oq+

ol $úr flrol trÏt.Irrü r $m +rpol rrTTrTr r $[?r ?¡*+I¡ rtr

-o[-
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I X . E rl !-ql . DB gl qû of,-¡',bery?-shl f,t .ôDPåFaft ç r

[bê aatual d.eeign of tba ¡rbare-sb'Lftt'ng oånçßltc follsrr

thst antll¡¡ed, by PgIttïF$4 åasloêlty¡ tJrerxr aro tço tn<luata¡so-

oaBaoltaaoe tatttoç notsostrs (ft6.lV), o*ob of nå1ab scts åt B

length of trsnæl,ssion llnE rbc6o eIeðtIC.caI 1e*6*h elopcndo u3@

tbo rotÍo sf t¡ro froquenaiøt f, aad. fo¡ rùerre f Ia ths f,noçcrry

npptted to tbs ån¡nt ts¡mlnals of tht lattlcer süd, fo 1l e

f,requaney related to the j.aùrotaso.r Lr å3d tlre eapaoltanee¡ 0¡

of t!¿e lattioe bY tbe oquatl'on

r.irtri+t..tt !....t.(l )
2 *{ (¡, q)

fhs çhÊ¡.aoter{.stic lnpeiloaoc¡ ão of t¡be tra¡r'mLssLos llae to Eùlob

tho tattlce ls oqnlvsle¡t 1e gtwn by

?, r, . "f 
(L/çIt .¡..r...rrtill.rt'rt""ttttt(2)

e¡d tbr sleetrlçûL lcngtb¡ p¡ of, tlrr Isttloç bÍ

p r 2oä.fg taa (fr/f')l .rrrrrerrrrörrrrrr.rrr..(3)

pr,orliteil tbat tho l¡ttlos i.¡ tc¡rl¡stoû by a $ss!Ët¡¡ûæ lqttl to

[or Il ¡rraottoor tùt f,loqulno¡rr fot¡ of, onc l*tttæ t6 Ir5 Åa/atø2

aaô that of thc otbor lattlcc¡ forr 1r pr0 ttcfacor fbcn for tb¡rl

ralurr¡ rt b¿îc fo, . 6fn¡. tf aorl tåc ¡apc erüof,r tr aBptrbd'

to tba taput to¡nt¡r.|r of Sç tro l,¿ttloo rctror{cc¡ raoh r:[Il

lntroù¡oc s dåffcrÇrt phrË. sbf.fir 9r l¡ts thc ert¡nrt voltüõpl¡ ttrt

rfLth üo valurl of fr, oað fo, mroh a¡ they 8rôr lt rlll bc fou¡d,

that tbr dtr.fforraor Ln ¡rbasr ugl.cr a[lt a3¡rro:d.noto to 9Oo for

qultc a atågt of frcçotlotes¡ f,s of thc rp¡ùleð o.Ërf. (For tbr

Ifro
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¡rartlertar f,reqneney uaed¡ rrir. ?.1,4 ilo/ceo, lt vlll bc çr¡¡

thåt h - fa r, 8ao). tbls nseä*¡ aloo¡ thåt tf trt ürbrf¡

tbst ê¡.Ê of, tbe ðùa€ f¡lequc¡Qtr în¡t ùloh ûtfïer la pha.ao by g$or

are aB¡ü.1ed, oae to ons latticc uÊtrods t'$ð th'o otbel to fhc otb¡f

IattÅoc aetror.lc¡ thcy rÉll ad,d ln phace et tbe output tcmf.aa.lc¡

prcrlðed that thrso a,tFc ooa$qotod, cs *ùoqnÊ ü R[9.T.

6ou{¡1d¡¡r!ng oeê olrrularty ¡lolrùrl"øeô bea$ Lnof.dcat vsrtlEallf

upon oae of, tbe clouh]o Loop acr{*1.41 tt îdjtl h aern tbat tbls

t¡å¡aes erÞ o.E¡f. Xn ons loo¡r tùat tl B¡.opot:tt oaåt to at¡ f, rArn

/ fu tùe an6l.o betnÞou tbe ¡olD¿I to tbe ptrane of, tho loo¡ ant

the nagaøtlo veotor of the ray. In a soond. loo¡r plrpenillqrlar to

the f,lrstr tùs êoh¡fr taùroeit at'thc ¡ane ttne¡ by the ma6nctlo

eouponont of, thc myr sill bo pro¡rortlcnal ùo ær fr 'tbncr caoh

Ioop vfil hsrc å8 c¡$rf. 1n&¡ocû tn lt aat{ tJrast Grnrf r' , ',Éfl

be goo out of pbcoe. tbo pbaoa-ahlftLrg notwrk rlll atlil 
.thcæo

togOtber, so provldlng sn ortput voltago p¡roporlfona.l to the

na6ütrde of the nagnctlo oompoacnt of tho lnelilont rqy. It wltl

be apparent tÀat 'lha othor of tbo tv¡o oLrolrlarLy Polerl$aô bcanl

1111 tsrt¡¡Ë erürf¡ la tbå loo¡rs ùtobr sùsa applledl to tþ.c pbaac*

nhlftlng oli.rcrltt; ro¡¡,rlt ta voltcgoo that ai:s ant of Bheae b¡ 1800.

tbe ¡rhane-eblf,tln6 olrcnlta¡ uæû ln aonþnøtlou rlth t¡ho

loo¡r aortalo¡ thoroforo otlcre a rilsatrñ of æpnratlng the alrmtarlt

polari,oeô bcans f¡oo the lonoepholo¡ enü by appxrBldata öetd'48 of,

thr ¡rltsh eLther thq rtght-hand or left-ha¡tt polariæd bean ç¡f

bc srlrobil f,oÈ nrgorill,Ägr
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fbo tra¡efo¡ucr¡ rr¡t,c rourrü, oa $*oorec of SerroforÞr¡

tbore botag srrþa turn¡ o¡ botb thc pr{nary aaô sosonüartrr ïùle
üorr rorad. togetbcr to cnan¡ro aE ol,osc a oo*¡rl,lng aa ¡localblrr
rhc lettt oe ¡etro¡.ks ço¡o trned, l,nôtrLû¡alry by 

.varyta6 
tho ralurr

of tho oaBaoltora t "" ca untll, t&e rcspo¡le on I yerr¡uã tubr

volt¡etotr eûrôcc the mtBut tcrutn¿Is taù{oateil rosoaaaer of thr

lattloc netrork rtt'h the etgnel eppltcd to the taput to¡mt¡al¡

f,roa a algaal goacretorr PrelLolnsry tecttug of ünc pheac-çblftlng

propcrtLos of, the lattloo aetrorlcg rað eçtrlsvoô Þy aBplytrg tb.
arnc 6onrf¡ f,rø a cl,gþr,l gcncrator to tbe trc X,atttoo aotrorks

;*

wben tbcir ort¡nrt teml¡ars ¡r¡re ¿ot oouneetoû togethorr Th.

vol,tagoe appoerLag at the outpnt torul¡els mno tb¡¡ rpptrlodroao

to tho X-platca of a catàoûo-trqf otoltloseope tubr. a¡dt tbo otùor

to tbe T*platca of tho qæc ü¡bc. rho aon¡lt!.vltlcr of thr
X*Bleteo and l-platoe, i,u m.fvolt¡ havlng been d.etermlncd provlouoJ.y

by oaLlbratl,on¡ lt nac Boaalble to ro-soa,le the olr,lpce tbat

reã¡l'tsô. on tho scroobr f,ron the aloult¿neous IL anil f- doflcotlæ
of the'þot Broihroed by the volta6oc obtalnoð frou thc o.rtput

tcrmlaatr s of tbr lattloe nBtnorka aaal to asoortala tbat üc ¡rhasr

d,lffer.coc bstrco¡ the stgnalc on tbs tr- aad, T- phtcr rar
apBrod,aatoly g0o. "t satl¡feetor¡r iro¡lga hartns baea dcold,eü upo¡r,

tbroe ullto¡ aa ulnller aa poaelblo, rcrc oo¡etn¡etc{ a¡d testcd,¡

ea lndLo¿tedl abovcr 
¡

sL¡oe 8o - 106 obe¡ oquationg (r) åe{ (2} requlre that thc

valuos of la&¡ota¡ces and oapcolta¡cca be h . ll.l.rtrr G, r o"ool ¡g¡
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&A, . l.8f ¡8, 0n . L6? Ilrtr. thr taù¡etåaocü !.ll m{¡n{ on

V4n pc¡or fo¡ncr", h havlag 22 L/t ür*nr enlt L, f \/6 ü¡¡rr

of ¡n¡pclleil ooppæ vl¡rr



: t*r¡m ËoI so to 9u¡ f r¡sl¡ ¿TT trr r0

¡o çfrrrT .q[ {g to A oÊ t¡o¡t}tl¡¡cËo tf rq g0 rrlo¡rlrç r$rr

lm¡ Jn q*r¡ûfi .# to tolll¡.rilT¡o l¡¡ fr¡rrq ¡¡S fo¡ Í¡.trm Âtu eo

.flrtËttradü¡t rm rgg pæ tO ..ftl ,,¡ïN¡rT** ftt ¡o ¡rût or1 rqü

ot¡o¡¡¡tttlso ¡m rW tl¡roT1r¡ cTt+ ¡o altwp¡ r lrlrro¡ itr¡rql

ffi rr nrs!il toT*Ttoc Ìtt I't p¡t¡aot ijru r1l¡.rü qü '¡.ïxx

IFgffi|
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I IrBr e¿ì. Baüsr Eeoelvergt

fbc A.t4 Ho/rco. reåar nooelVrrs cn¡rloyeû æ¡ cta6p of naills

frrqueary ($rf . ) r¡fffflootÅou¡ tm atagoa of, !.atr¡uslllato

frcqucaogr (I.tr.) æ¡¡t,lqatlou rlth a gnla geatrrû.r atrð on¿ ¡taüo i

of, vlôeo an¡ùtfiaatl.on alco rttb.Seltt øntro,lr lbr looal

o¡ollL¿tot tì¡ã butlt or B sgpsrat¡ ùe¡gt a andl a acthod. follorrr

çlth tbros crt¡nrtr provtdcrl tbe rcsolt?aa rd,te *1595 Ue/s o¡d.tr'l'-

atlæ for hetcrsê¡ratng. tbr I¡8. ata,gnr uorkeü at e frcquraCy of

45t ¡'a/E ¡¡¡i[ oeinaårtodl of, rtngl.o-&¡rmd utl.t¡r ürBprcralo' ü..t

cppllcd to trbo üppr.ostsr grlû of thc tccoa{ I.F+ anptrlflæ ralvr

¿¡û tbo IrF. 6a,ln ras ooatlotlcrt W ¿pplftsü s varleblo Il.C. rolt*

aga ta tba grl,ð of the f,Lrrt IrF. aupllftør ?aLver OaLn nac &Lço

kopt ü,orn by ueår¡ of neg*tLve fccilb¿ok 1¡ the sscondl f.S' argllfler

atagu, re¡nltiag from the unby¡raE¡rll eatihode reçletorr

fbo ¡soslver output sac iþltvcroô, fnm &. lrtboitt f,ollorrr¡

1r tbe foru of ¡rulors of ver{ablc brtgbt¡ of, wtitth coucüùet 1¡

srrâËa of â00 B Ëoorr ¡ldir of CoUrutr bsr|ng t prFofr of lOO a/aaA,

Ctrq¡lt ülrúpans of, trbo rnå¿r ¡ilstlvtrs åüd th¡ loor,l

osslllator Bnl ¡hoç¡ l¡ &Lger 11 r¡il YIX¡
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II.D.2.b). R¡orlvor Stporc¡¡io¡.

Il orðrr that thr r.o.lyrrr br eþl¡ to o¡rcrate ¡t trdnur
gsl¡ rlrrdry tb¡ intrr¡.t of tlnc çh¡¡l tho rlglr,I nflootod frc

tbr lolotphrro nrobcd thr $rectvllg arrlalr¡ Lt rrr arof.gart

to urc ¡cc actboil of r¡arlvrr npBrmloa to a¡ to ¡¡rL tl¡
rffoet s¡ tbr no¡lv¡r¡ of ploktng up tbr tr¡nmltter ¡xrlr dlrrot
f¡on tbr tra¡nttttng ¡¡rtal. ThLr npBreraLo¡ p!.ye¡trû peralyrlr

of tbo rroelvort a¡d rmovcü all tlgal of tb¡ dlnot putlr fro

tho rootlvcr outBut algnal.

&r putrs frm thr oatbode follorrr ¡fter tùr bloohlng orolllator
rat applleô to arotbor ¡n¡ltlvLbrator aaô opllflcr lrttort¡ tblob r¡¡
¡l¡lrer to bhat referrcd, to ræcpt thet lt f,orncd. e u¡ab lontw
pulr. br lreðlag oitgt oú tht¡ pulro 1¡ ln adveaoc¡ tn tl,lr¡ of
thr rradtn6 Õ{¡r of th¡ pulrc that l¡ aBplled to th. tr¡¡attt¡r.
&rc to thr f¡ot tb¿t tb¡ output pulcc f¡o the tran¡trttæ"ül¡ iblry-
ld :olorùet rrlatlvc to tb¡ trlegcrLng pnlro¡ tùr rrcelvor arppro¡rlo¡

pulr¡ rùra nade 1o¡€ cnough, cc¡ùetoly ovrrlrppcð tb¡ tr¡¡rnltter
mrtput pqlrr both lr fror a¡d brhlad¡ t¡bnr r¡¡rrlag edrguatr

rupprrul,olr
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Ir. c.gSconDrHo.
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, l? eqqqf s¡r ÂFpf r.3oF laEr.g.

llhe paa-r'øsordcro we¡o d.esl6neû to bs feiÌ çrttb tbr lntegfatct
eobo pulsco fron tbc rooclvcrr ard so tbo lntagratlug olrcrltr
rero ¡¡ot pcrutrtted to roooivc aa¡rtbing croapt th¡¡r ecbo ¡nlror.
llhLr r¿g cff,estod, by provl.itlËü I gatfl6 ¡nrlar rùo¡r f,r¡aotlo¡¡ rrc
to opcrato elaotro¡lo srt ioh€e, rùich ro¡s to eot orly for tbr
brdef l.¡tc¡ça.l of ttno ln eaob tranmlt-nceetve 9yotrr rib¡n a¡

ooho pulso oould, bc eryeotcd to peea tùroueÞ thc mptlflrlng
olru¡lts.

rt çar !õorrËary¡ thercforo¡ ln vteç of the faot tbst tùc

i¡tc¡'va], of tlse betrcen ttraault aad, treccLvcr raa lt¿bre to
vary for ssver¿l rrr&r{¡[ã, to hrvr a ve¡.LaÞla delay lnoorporetrð

Ln thc gate-¡ulcc-fonfng aotmsk. !hl,¡ cnnrrect that tbe gatlaü

pulrc oould. be pocltloned, ereotly orer the eôo puLec at alt tlnrt¡
and that thc gatlng pulgo nccil tbersforr be onty ar wlrte as ra,
t¡cor6oart to seleot the de¡lrod roho ¡nrlro, rLtb thc oonroql¡.lt

o¡glucLos of, u¡ra¡tod, nolso.

the neln part of irbtc actro¡rk (üg. yIlI) ic ver¡r d,nl,trsr 1¡
nost rcuprota ts ttrr other Bulrc-f,ornlng ¡ptroücr ard so ¡rod ¡ot
be dlcscrl,b¡d, ltutb¡r.
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tr X. O.l,'b)rFcoori$FÊ ånr¡lt4qr
l[bc boert of the rcoorûLng anpllflter !c t'hs dlf,forcatlal

anpltflcr tbet urpplXos tho pt!-r.coorûer rlth ttr poucr (äg. II).

l?bc¡c anpllf,lcrs eeealcil to be provldloô flth twq illf;frront

regnlatcil volta,gcø, oa¡ of, +2!O volt¡ DrCr aoð {¡bc stbol of

+l$O volts D,$r tll throc an¡lllltcrõ uËe¿ tbs ¡elc +2)O volt

s¡¡ppl¡rr þut to evþXô latcraotlo¡ tt rÊi fü¡nd aoo€toery to hcvr

tbrca oo¡rareto +llo volt anppllca. 8br ooll çhtù Eo?ct thr ¡rca

aots aa a loail bavtrng an lnpedaaoc of aütp¡iod!¡atel,y l0 ts-O ¡¡¿

ls oonncoted betroen the plate of the ltcltodo aootlo¡ of thc

dlfferentlal anBltfter valve a¡ô thc +lJO volt D.C. aupBly¡ Sberc

.e!e two oontrols Þultt l¡to tbe æpllfler csob of uhleb¡ tbousb

to a itifflereÉt.,eritent¡ laflue¡oas tho poal,tlou of tbe l]or f,ot ãolo

l.uput o1$e.1 (1.c. ths ¡o¡o posltlon of thc po¡)r ¿¡d also tbc

uðrd.n¡m d,afleotlo¡ of, t¡bo pea befor¡ satrratLou of tbe anpllflcr.
Eaoh df.ffcrontlal anBlttl,ol w¿E adjustcd for øere poeltloa aail

nard¡un ûef,Lcotlon of tbc Ben, by adJustlng tbeae tço oontrola¡

rhila a h16b yoltå,gr pn}üo r*e applleô s!.a¡¡taaaoualy to tb¡

elcotro¡tc arltoh anð to tbc trrulnal norutlly uaed to lcad 1¡ tbc

algnal f 16 the reoelwr. I¡¡ thl¡ l*tter G¿$ar tbe prlao u*a

'roih¡ocð Þy a voltago ûlvldâr laoorporatlng I rarl¿bJ,o ralctelot¡

co thst pularl of knotasi'ze'corld b€.r¡pplLedl to thr ll¡nt tcnnlaal¡
oaIlng aaltbratlo¡ caaicr¡

8or tibe êr¡retÍo¡ of ü¡ gattry puraee tbc trc t¡,toür r¿ello¡.
of, tbo reñ? val,vo tn th¡ rlcotronl,o ¡rd.t¡h aro n¡ùo to so¡ùrotr
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Tbcir oathoûos tben a¡e llfttû to s ht6h ¡rorttfrr voLtsg. al¡,

to tbe p¡rsðncs of theln 6athod,ö ¡¡.eclatorr (fO f lI ). ts¡n¡strt

to eaob aatlrorbsf, tbe f2.åItT ls thc oethoð¡ of a dl.oôc¡ rrlth thr

BJ.atoø of tbeec d,ledos oonnoqteô to tbe oppoalto eud.c of a O.2T

co6obur rEsLstonr tåat J.s itsolf, ln sort ¡a ytth anotbsr rmslstoa

of tho sam6 nagtl.tude. Tbasr f,our norLetoro¡ tbr tro O./f negob

re¡lstðra aad thø trc 1O htlobn oatbods realstora, f,orn trrc

euooosalve voltagc rllvldera¡ whteb ftrnotl,oa sbo¡evor tbs dloðo¡

coa&ret. fbe of,feot of tbcas trro voltage dl'vlüer¡ lr tE ¡s&sr

the voltagp Baoaedt os to tbo lntcgratlng otrerlt to cbout 1fo tl
of the voltagr apBtled. to the voltagc rtlvldere frou tÀc rcodvlr¡
She ðlod.co¡ boweverr oo¡ibrot oaly for eo locg aa tho tr{oðce åo

rot ooaùrot¡ or, to put lt aaotber rqy, nhonevar th¡ trXodcr

oo¿duat s¡d tbelr opthodes attaLn a posltLtu vrlta6O tbc tloôcr

d.o ¡ot oonduot ancl¡ oo[s€quåatly, at rnrab tú¡nes thr volta6o

ðivlilore d,o oot o¡raeete¡ üo tbet tbo alglal.r fron tbr roo¡lvotr r¡rrl

tbcn aBpL!.eü more o¡. lote illreotly to lb¡ latrgrattag clrett.
1[hls statc of affalrc obtelnr¡ of eourco¡ for fihe'ilur¡tloa of tbe

gatlng gulae¡ anð thå¡ ¡ulso¡ lf lt lr oorrectly tlnr¿ anû of
sultabl.t &rrstiu¡r¡ Brovld,cr tbc 6täûa of ru¡nrnlag tùat tb,r ¡kot¡ioål,o

¡rltob ccLoott only tùr aobo ¡rulror fo¡l roootdLag.

lbc platr of tbc ccooaå rttod¡ t¡ thla ¡ültob nÇcdoü to br

sonneotsd to aartb, þ r matl oo¡d,cnmr¡ üt ordþ¡l to ¡cù¡or ¡
oert¿l,n dlstortlon to tÀr rsnteô sLepet that rcgultr fron thr f¡oû

that the lntorcleetrode sa¡¡aûttôBo¡ of, tbr ûLaùo¡ eån¡ca tbc



*dL'

rl,lJlferentiatlon of the vcrlte.Se pulrs thet appetrË ¡.eross th¡

oathod.o rtãletorå of, tbo l2llU? trlodes ubeaowr tbe getlug ¡ulta
1s aBpIloil.
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II.C.A Pc¡ [¡oorû¡r.

Sb¡ ?on-tcoo!.üÈr qÊoû to rcoord thr rny t,n rhtob tùr

anplltnrtot of, tho oeboc¡ r¿r.!.cð rltb tln¡ tsc a ty¡rl n¡ûr loe*ll¡
by Botb Eçrl¡neat l"td,. lbr ¡oeobLnr ordgl.Ba.lly wer oapebla of

¡rro&rcln6 ¡tnnlta¡cously f,otrr er¡raratc traoes, eaob oa lta oç
sqnareil papcrr Eonevcr¡ a¡ tbcro nerr ml¡r tbreo ¡r¡{¿L¡ a¡ril

neorlveral tba ¡neeba¡lerr opoü¡tl¡6i &o ú16ürth peü fEË roplaocô

by a rolqy tbat ra¡ activatci!, by a tynobroaorË notorr l¡ ¡nob e

raJr aB to pro&rco ttuc.¿a¡{r,rr pl¡ra alo¡g onc sldo sf tbe FaEerr

l[hc¡s lÉ.naoarker ¡rlpc rrrc at om ¡coond, lnterralrr Íhc pa¡nr

rprcd, nas ¿at ¡t ¿bort oar o¡stlnetre ptr üeooa{t by gper'Lrg

rtorça an eloot¡¡'lr notor. Hro årtv¡ raã otmnunloatsü to tbr pepor

by a mlllot*rd.6nd f,rf.cttoa v&ecl r thrt ¡lrctssd ttr .prpor o¡to a

aootì¡ nLüc, frerly-ùlntrg rbccl åo;a od6r nao rot flurh wl.t¡

'thc cnostb pctal platr rùlcb *otrð ar thc rrlttng teþl¡, oato

rbtch tbo ¡nne pnscod tbc paBæ e¡ lt novcd¿ Tbr p¡o dcftrotlqn

of ¡aob of, tbo æ¡¡ltürûo-rcoardi¡g p.¡¡F re¡ to the hf,t olf, ¡aù
of lùc. throc ao¡rarato leçottlrg rtril¡ra¡ åô tt¡s þ an o¡otrtor

ataaillng ðo ðs to faoe tha arqhL¡c rl{¡b thc paBcr nortlg toüñ!{

hin. , tho ttne rortrr¡' tberlfonr d¡a rrsð þy l¡à¡ p.rüÐ a¡¡l'*¡¡
e ¡rcor.rilt nrar frm r.l,gbt to lÇf¡r Èrn tLr rooord,! ari, rprrat tnrt

îrttb tbo ¡cro mptltuilcr of th¡ rtr{,pc r¡o¡ñrr th¡ rced*r 
r

The sasbina lnhcÄ rrll trf uril rcgrrlarlyr tnt nmürt to br

shl¡lûoû f,ron itr¡ttr *blob ooulû oauÉc tbc novtl6 ool,lrp thst

aotivatc the ponr, to atlck¡ atlor¡ rr tbr oonrtrntotio¡ te wry

¡lrll¡r to tbat of a lq¡d*rpcakor rtth ft¡lô ne6nrt rtÄ yulor



tt

oo!.L r the spaoc bctçeeu tha oolL a¡rd, thr nagüåt lt tery æ¿ll

anû rust ¡ot bo obstrirotsil.

Pbotographlc rseorâ1ng res t¡'toil Ëom or lççs *rooo:rftlly

ln the earlLar ctagoo of tbe "6rdfl þrt ¿ Fhilllpaty¡ro æoordllû

ayaten that hact þoen b¡llt up la preparatlôu ças ncvor uredr ùlr

to tbat f,act that trbr ðofoot paerllar to this netbod sf ¡$ootdlng

hodl oaurcd tte uEe to bc dlsEoot!"n¡eil olscribo¡gr

lbo f,er¡rtb pon tn tbe naoü,lae¡ *E bas besn mentloaedl

prorlüoð tLnc ns$Eßr¡¡ lbess tsok thc form of :mell r nore ot

leta rootaa6ular puløoo, tåo Laaðlng cd6ne of wblù wslr taken

¡e tbe refo¡¡or¡oc polatr of t¡bc r¡a¡lßstrr. It çea !ßocsratlf to bav¡

thls oeêsã of, ohealrlag the tL¡¡a oealor or rùat BËqrat to thc cana

thlngø, tbe Baper e¡reacl¡ slnsô lt r¡s fq¡nd tb.at the Bapor e¡ù,lbtt¡lt

oon¡ld.erablr .rya.lslon a¡û rhrlnka6or üclpndlng oa thr pneratllng

çcEther suorlltlo¡a. Àa & .-?ürtt of oryanoton thc paper wulû teaû

to sttak la thc edt ohr¡te ¡o ületortüag tbr ¡cEsrd¡ onê¡ at tlncr¡

ctopplng tbe pa¡rof altogother, In dlang¡ soldl seaücr tb¡ BÊpör

rqrlil c:ryan{l as thô risn¡lt of abeorptloa of no!.sturo ùro¡ ao iloubt¡

tô tbo hygroseapLs uetu¡r of the ntrtag nater"lal. In dry uratbrr

ttlc paper ¡þrank aaû gevc no trcn¡Llar 1o sü,*rrÇ d,rguere¡ tbtrcforc¡

a mell 1$ uatt eleot¡{o laup uaa ¡¡laæô t¡¡slilt tb¡ nosrdlr oacr,

rbrrc t&e pa¡cr sa¡ etolrd¡ aad lsft brnrlagr frt¡ ellnt¡lrtcö

no¡t of, tbo Trouùlrr



If.0.l. Pen Feaorôcr Or¡t¡nt.

lbo traoor i¡lodh¡oocl by tbe penÊ of tbç r66ofdtr take &c

fonl of, oontXn¡o¡t llnec, Ë¡ooth or r¡llkod, e fr¡pç¡dl,l6 ol tbr

ab¡onqs or prÉãçEcs of üol,etr tlhee¡ ltner¡ *s sÇon f roa tbc

f,ront of tbs reEordör¡ rhor l¡teral ¡rndhrlatlons of, ¡rrloûs
rengång f,¡om abont I ¡seond. uprarilc. îbe amBllärûes of thr

t¡r¿çss me erbJeet to oo¡slderaÞle çharlgs ht by raryl¡g ttc trt
gda oastrolE ll the rræLrers tbr fb¡,l çtðtb of, tho paBor oor¡1ü

general.Ig be çow¡ed, It çss not neçEsary that thr upllürôer

of, avlng of thq p6rlr (anit hcaoc tbe æptltñta[ct of tb¡ traooa)

: rbn¡ld boar a d.lrcot ptsportloaallty to tåo æplltuder of tb¡

oùo pulcea as ¡rldo{l up llt the resclvtsg aerâalt¡ lut ncncl¡r

tbat tào tnasoe ghsçcll-d¡:f1:nad, nadna ond, nlsLna. Tbls a¡cblr¡

tbe tlns clleplaoonoatc to Þ¿ ¡¡eaa,rrod!, rcadLll¡r¡

ålcs l"t ra¡ fq¡rð trot to bc aeæaüery to nrJcet the lesr

aolqy of the treoos¡ af.ncr, by oarcflril¡ rlrayLng a moEth llne
tlr¡ou6h t¡bls aolsor & f,¿trly ooaalsta¡t süt of rcaúluge rtr6.

obtaLaable.

À feoalrllc of a¡ eêürs,l ¡i6eogü ls qhour Xn ![g.tr
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T T. D.EÇNTTOBTNO.

Tbe raonltór'Lng of translttEr fnquenqy hce bæu ref,crrod to

prevlorsly. It reñå.1n8 to no¡tlo3 t&ö no¡ltorlûg of, pulao ebaBe

andl pulae $ldtbr' thls was oarrrtod gn¡t by plOkLng up the tra¿s*

ultter c[$ra¡ oaBael.tlvaly, by tr ooplAg sonô les¡rl,atcd, wt¡ne ¿¡ou¡d

ous of tba ¿erlal leeêar fbe cf.tn¿tr ças drtccteð by o ¡Enanlu'lr

üLod.e, in a slnple B.Fr roottfylng oifnrltr ã¡d tbr out¡rut fron

thlc otrûrtt dtaplaycd, on ¡ Ëervlsoo¡rer *i{år lnol,ðc¡tallyl beo

en l¡-bullt aeltbretXo¡ ¡nrl,eee h¡lss ¡heDc aatt ¡ulal wtðtb ülra

gut*r¡r ohookt¿ DY tbir DoElLs¡

lüotttort¡g of reootrvor crtputc rru rú.apþ çffestrd hy pt¿ot¡8

tourlsals for thta $rlpoåf by tÀc ng¡¡oal ortput te¡ulnall of ¡actr

trooolï€trf fôo ef,tfest of ¡coeircr a¡)Brttatoq oEuld Þc qtttr*.fy

obsüedt to e¡rzurc thst tt raa adtquatcr

Monttor{.ng tc¡ml,¡al,s rene s¿so lEeatoð o¿ sasb of tho Brrlae-

foruing oürerltn¡ lE ¡rartidrlsr the rt@rûcr-gato-forntng olrortt¡

ro &s to be aüle to onr*rro j,rol¡or poaltlmi¡rg ed wÅdtb of tbtc

Pulsor L¡ o¡rüer to 11¡¡1t thc r¡¡orat of nol,se ¡nærð Ðt! the

rccorðet.
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Íbc illf,fraotlo¡r pattcra on thc groraü oonattta of nor¡ or

Lc¡g ue¡rarato nblobstrr îhose rblobctr aro aaoa¡ rbrrc tbe æ¡11-

tuüc of, tho cleotrto ttcld vcstor r{oe¡ monÐ or lcgs rogglarl¡r

fræ o rolattrvely tror val.u¡ et tbs peil¡rhery of tbc nbloÞn to a
rsd.m! ?âlnr ltrr tùo nltdlo of {¡hr nbtrobtr. fn plaa vlor¡

tb¡rcforsr lùo dÍtfrestLon pattarn tbat ls Brcrcat *t soac la¡tast

ovar as e$ta of grouad,l that lr oontalncil by a pêts of reota¡6u1¡r

erl¡ã 0X a¡rl 0l a¡il thr otra.lgbt lluet o*C aail yryUr ËÊtr Þe ro-

preoentoû ea s BroJeottoa of ooatqrr l,l,r,sa (tr.o.r ltr¡es of oonsta¡t

aapllùrrlc) oato thr XOI plaae, as ¡boçr¡ f.u Plg, II. Â thror-dlüs¡-

slonal rcooact¡n¡otlo¡ of ELg, II ls atten¡rted, ln llg.lll; rbere

tho anplLtuðe L¡ nreil¡rted, aLong eü aris ¡ona.L to tihr XOI planrr

Tbl¡ ftgurr (ffg.XII) ürI bc lllcned, to ¡ rnagran of I oollcotlon

of Lllls and. latervealag val,lcyn¡ thc htllr rcpreneatln6 tho rhlobco

of tbe d,lffraEtton pattcrn a¡û th¡ f.atorveaÍ¡g vallcyc tbe ðpaoas

betrcsa tbc rblob¡nr

I¡torcatllg p¡¡Þprrttea of th* itlffreatloa pattornr ere t¡bc tenB-

oral stebtl!"ty ef, tùc ¡rattera¡ thc s1ûe of, thc rhlobrÉ ln tbe

¡rettcrl¡ tba &apc of tho ñbroþoË ln ths ¡rattcrn¡ end thc uotlon

of tbe pattom. thear pro¡lrntlea of, Ëa pattern ritt tsr bc ùtc-

oueecü, brlefLy, l¡ tho orüor l¡ dúoh thoy appear ¡Èovl.

III.A'Ir,rho TspegTqL sþþ.llt*r p,f ,.1þ? ptfTtnçS4$ lqtt¡rn.
8y tæpolal ntabtllty of tbe Battorr re naJr uarlcrata¡tl the

¡rerr!,rte¡oo of trhc pattcrn la ternc of tbe úapb, strzo¡ the
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rclatlrt aoparetior Båd, æ¡¡tttulli of, tt¡ oonstlürc¡t ltblob¡ü e¡

e ft¡sotton of tirc¡ altbnrgh¡ of, tåoae for¡r faotorl tibo ri¡o of,

tb¡ rhloþa6 ls tlno¡t oortal¡ly tbr hsst var{¡blcr Xa lùl,a

åc¡ror a trn¡nral,ly stabLc pattcrn ranlil bo o¡r tbat rsnalacd

qnlte uaohaaguô l¿ ahapr¡ etor¡ for eo long eË lt tooh al¡r

dll¡tiaot ptrù of tbo pattcra to Baao aotroÉB tbat regton of tbl
grouad, nüare tbsro mrc aa¡rtaLa oapablc of, itreteotla6 tbr anplltu4c

of thp elootrlo flolô. Wr ¡eeil aot oossorn quaolvo¡ rltb lb¿t

bapprao to thc ¡lettern bsforo or aftcr Lt tnavor¡oa tbc ðotcctLotr

ãrrg8r tlhc üctectioa area coulü b sadlc 
"ê!ïf 

largc lEâecil by

cctttng up ê erf,f,toû,ontly targo n¡nbcr of, erLteble acrlals. f¡r

the smo fltnao¡ e tenporally u¡eteblo Battern üqr¡il be o¡a whsrc

the abapc¡ âto. ¡ of lùo ittrffractt.oa pettoru altercd ln the tlu¡
roquLril for lny pert of t¡bc pattole to Bear over tho ûotcatloa

8llìtEr

Ia a teupor¡lly ataùh ¡rattrm caah rblsþil nalatelna lt¡
laþnt!.tf et all t|"res *11e Lt pearoc orer thp d¡teotton aror. Oa

tbr othcr bslðr lt ls soaoctrsblo that¡ l¡ a tmporal,ly uaotahlc

patteru¡ tbe oplltuûc otar tbo üolc of aty Fbl,ob¡t lÅ thr

ûlrcetLoa aroa nqf fû.llr f,ltrally oanaLn6 tbr üblobn to ôl.s*ppesal

rftcr rbloh lt ne¡ tbsn þ¡ rcplaeed Þy ¿ tcu rþlobtt tbat cr{,s¡r

es ths pcttorr royrË wer thr ðoteotùm erËa l.a thc ICIÍ pLaar. If
ell tho thlob¡r 1¡ e Battern beô thlc pro¡rerty ¡r sould, thc¡ ta.lk

L¡ toruc of tho êrðrsðp rl!f,eçt of, tbo ttblobËrr tble bclnE tbe

sïcrr€t tLso botmca tùo appcaranø anû &tca¡rBcaranoç of aB nblobrr
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ln thc ¡rrttenr* lhc prøpcrty of tmpolal, ateùi.ltty of l¡etoþlllty

uay be sbon¡ tn tlla6wstlo fonnr

&p¡rosr that tle d.l!Ìfraotlon pattotrn eo?la âlrnÞËð tbr ground'

rltb u¡lfo¡u vclod.ty a¡ð that th¡ æEtwr ltne ¡rroJeetlo¡¡ onto

tbs IOf pl,enc bc drara¡ at cqual l¡ta¡v*ls of tl,ao¡ orsr¡ tr f t

t.8f r t ll, etor Srppoao¡ ûlrtberr that tär ¡rrtbru la tonporatly

staÞh. fh¿ ¡n¡cscastve po;Ltt ons oú åo polnt of nadnu¡ an¡ùlùrib

of say partLorlar ñblobn, rü.ca ôrern o¡to tbr Iof planc¡ nlll bo

pol,ntc o¡ B ¡traf.eüt llnc¡ çblob Ls the X.ocrs along råi,où tbo

npoakn of the ttblobn not rr lfbl,s l.a sbora¡ &A g, ttÈ" gg}¡,r

ln Êlg.IIII. [or¡ arpposo th¡rtr tnrtcað of årarl¡g all thc

os¡tcr!-pro$ootlon ôlrgrans oato thc Xûî ¡ú.ano oonstrtretcd, oa o¡o

rùoet of pa¡rea er l¡ fr[g.IfII¡ ÊÊ tså,a¡r eo¡arato diagrme bc ooü-

stn¡oteil Ên äoparatc rbaota sf paper ¿s thoro ere ti.ae¡ at rùLeh

ob¡ervatlotla rrr netc¡ ¡o tbet thrro !,e onc dl,agrm for tbo tlno

t.Or rbloh ropresents tùc ooatorr-¡rroJeotfon for thst tLacl anotbm

dl,egtan f,or tbe tXnc t. ( ¡ atlit to oltr Let thesr elLagranr tbea bl

at¿üoû ono aborc the otbEr vertloa,lly anil e¡racoü equal dlate¡rce¡

apart æ ülat theço ie¡ l.n ef,feot¡ a verlü.caL r¡d.a * ¡ tlnr a¡å¡ -
råcrc th¡ soalo LE srù that tbe lntc¡çaL botwacn tbo plaac of onr

itlagrm snil thc nort abovc or bolor lt oqnala T sroonð¡r tbla hr¡

bccn ôoue; f,pr g¡g *$iþ,* gå*Lrt¡ Fl.g'IIYr llha loc¡s of tùe

nprakn of tbr Ëhlobt ls a ctral6bt ,11w, i.nqlLnsd, at aonc a¡glr /(
to th¡ f,gt platoü¡ end l¡hl,a locrc togotber wttb tto Bro$ootLon s¡to

the I0l plaar f,or t 0 (tbe tocra of, t[g.fXII) rloflneç a BLaao. It



Y

¡.=27

FIG XIII

X0

t

t=2(

t=1

0t
0

X

FIG XIV



ß

ü111 b. ob¡oncô that tho portphcrraL ooaterr*¡ro$cotlon of, tdrr

nbloÞo traocs out a¡ uabrokca aolunn¡ tbose e¡ta l,¡ tJ¡r looqr

of tbc npcakn of, tb¿t nblobrr. Thc thrce-dlLnoaaLcal ¡pêo.tln.

dlagrana for a tcu¡rorally otablo dtf,f,¡r¿otloa ¡rattorn aonllg vltb

¿ unff,o¡n vrloolt¡ wcr tbc gmrnd, la¡ thelcfoter a sst of

laellasd ooh¡ln¡r

å cct of ooatorr.-proJeotlol dlagrnnc ilrrß for a teoporall¡r

ua¡taþlr üftAu,otLol pattcm rlteù aov6Ë rd.tb ualfom veloolt¡

e€rota thc g¡ouaü ÍtI¡ ytetrt e f,1gun arob a¡ tbst chow¡ tn

FIE.IT¡ nbleh b¿e bsa¡ draça f,or ¿ sl'gl¡ ilblobn of dhrratlo¡

3Í sroord¡ (t.e. t 1T -(). îbr dlotteå lL¡p¡ arrr ilr¡r¡ frol
oottouro of, a Bartlurlar lo¡-ve¡urt an¡ùtürils f,or eaù of tho

tlnca t*'T¡ t.?f ¡ tllf I a¡¡û 1.1t. 11ho rblobn ¡¡L1r up alð

thca arÞrld,os over ltr o¡tln orla¡ ¡o tbat l"ts ¡lz¡ ir f,atrly

çsll drton¡L¡rcd, tab orlgl,aor ¡ tbc Brlaol,pal oh¿sgca &lr{ug ltr
llfc Þelng ohaagcs of aa¡rlltuelo r¿tber than of et rô. Tbc sflPoot

of thls ås tbat s (þtrtour ll¡e of any gl,vü¡ æpllülile appcart to

üwr o.rt fuü tht oo¡tro ¿s th¡ aþloùú rells r¡p, a¡rü ap¡nara to

Bovo t¡ to üc oantre ¡g tbc ablobtr n¡b¡ldscr tlbc ad¡ of tilro

sbort ço¡.uu! 1¡ l¡oll¡cdl et a¡r o+&l c B to tå. rcr planoar fb¡
*ngLe p of 116.IÍ rlll. cqual the angtr K of, 8[6.IIY úra tbe

rcrt!,sal (tr¡o) e&a b¿ve tho aane aoalc a¡rû thc vctr,oolty of ilrl,ft
of th¡ pattøraa h*¡ tbr aøc na8nlh¡do l¿ botb f,Lgsrc*" r¡ Þoth

flguæs (EIS.IIT ¿!ð ¡tr), ü", dlroatlon of, thc aXrlfù veloctty of

tbr patt.ra ot¡ tùr grounll l¡ thc aaglc bctl¡¡n tb. rot ¡ùene alrl

tbo ¡ùaus oont¿l¡l¡g tbo loqr¡ sf tbr nblobnr
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So ¡¡tnrl to Fl¡rrIf ¡¡t IIL hr¡lm I ¡rt of âctcott¡Í

r.rtrtr ¡ü.eor{ at tlr pdntr (arr4}r(tf¡) r(arr4} r(r,1ø4} r(r4'v4) r

er¡t (trrl)r m ml,l rn rt (trfo)r(n¡tr¡)r(nø1)r(*4rrglr
(r4rfg). L¡ttrr türrt rrrt¡lr r-t ttr år rudrr gårrEr frpporr

tåôt lùe ôltfruetlor pattrrlr of llgrlll lr tu¡ronllf rt¡blr u{
thrt lt no:r. rltl neffolu "úofütt 

prr*llrl, to tbr I'alûr tïa
lrfl tü rttått la re ûol,rg thr n¡¡ttü¡ü verl*tfo¡,r oæo¡r lbr

¡rattrmr ¡lol¡ thr l,trrrr f{r¡r*¡r¡rf*¡rgrtrgr¡rÍ'f4r rarl f¡, r{ll
Lr drtrotrå þ tbr tggrop¡ûatr rrú¡ll. Ärrldr r¡,.f rûIÅ rco¡t
tb ¡rm üg¡füll. vr¡t¡tio¡¡r¡ ôlqü,acrri in tiür¡ tnrt ær¡1,ûrr

tùr raptltnilr r¡rletlonr tàrt r|,l,t rÍfrst rr{¡lr r¡g¡b¡|,¡J nnð

t cr ¡ ll¡aetton of tlarr lhr rurl¡tlnr uf npltürth to br

rryrot*d, t,a tbm¡ ærl,ltr rf& lhlr üffìf!útü,ou ¡ratt*! asr ûr¡ü
1l IlgrSÍIt a¡¡llhdr lr rr¡n¡lrd lrrtllrltfr ttrr åoltæatsfll
(¡rerul,Xrl tû th. fr¡¡rlr â!Ê t¡c rroor{rû t*umr rn rpaoô

alo¡g th. I-rl¿e rt thr ror ¡d,rtlrr itlrtå¡t . e¡ tào ¡rÉd¡
r.Ir tr[ tbte g*rtlc¡l¡¡ t¡hrrlr-{lmul,oa¡l ilgreeEtr¡tfoa. (ttr
trrca sro otll¡æ to tbpr rotmlt¡ rrgorih{ l,¡¡ tbr cqlmr uf

tblr rturþr) fetr thrt tår trrsm oþt*tm{ fru *arlalr r¡6¡

¡art b þmr !û ülrubtrr¡æ to nt¡ aaotbrr (tryc¡ü trbr frrrt fårt
r,ll æ¡tel¡r r¡d,sr ud rl¡t¡rß)¡ trot to tbr tmrr obt¡t¡ot ln tb
tù¡rr er¡lal¡ l¡f¡ rlû tsr Eb. trrosrr olt¡lmt lt tå¡r lr¡t
arrl,olr rüf ütr*.ü,l¡¡ d.nllrtr¡ borrüln In gafilmlcr¡ n netr

tbst tþ flrct mrl,rr; ¡roortaô ¡t noh cf tbr ærldr JrL lnt I

t
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(vtl.¡å,t¡lF¡itrü Àf tf rccpü6tlyü1y)r as ûom o! tbc tragrr

oorrËrI¡onð to polatr ot tbc I!,¡¡ Àt traß on Fl.g.IX. Sf.nLl.arly¡

tbr ¡eooadl Bol.nts of nrd,¡¡trn Dr¡Etr, ald Brlr of IIg.XYI sorrçl¡

pon{ to golatr on thr ltar äBo of tlg.[. It tll¡, þç sr¡¡
l

tbetr lf tberc ar. ¿ great aa¡qr ¿c¡'tals placrd olo¡c toglthæ¡

bctçren ¡¡d o¡ cltbcn ¡t{o of th¡ ¡rrlalt lrlr a¡il kr tbc polntr

¿t ¡ùlob n¿¡d,na are lotrd on th¡ traoea oÞtatn¡rl at th¡¡c ¡ar{alr

wtll falrly ooupletcly ttoflno tbr ltnc¡ ÂÅn enô 8,Eo of llg.Il

We o¿ll ÅAo anû 3ßu llma of n¿d,æ¡¡ mpalürdo ort aori rlnply¡

ll,nec of, mexlne. llrcsc Lf,noc of na:d.na e¡€ s6en aot to bc qultr

strelgbt¡ in tbo qaer of, tbc trc FbLoþEn oo¡sLdørot. Ll¡ss of

nad,ne oo¡lð also b¡ ðraça fo¡ tbe oths¡ ?tblobsF on tbo dlagtan.

ft sbd¡tal bo apBcmnt tb¿t tihc ¡locttloa of ¿ 1.1¡o of nad.nle rore¡s

a nblob{ ûcpead.s upor tbc ohapo of tbe tloÞtt anü a.lso upon tbc

tirootloa of, aotlo¡ of, thc ütf,fr¿oti.on patterr aorosr tbe grorniir

Th¡t tbls ls oo ls lllu¡trateô by ønElûerda6 otbæ sotloa¡ of

th,e gåûe patternr In Îl6.Illt thop ero ôrauil* tbc t¡raooE

oÞtelno¡l at ao¡lals rlb¡t¡ü¡e¡ anû f¡ drrc ts tbr aotlon of tbr

pettcur of tl.g.Il garaLlel to tbe T*n¡d,¡ f,ron bstton to top irlth

u¿lfo¡n ral,oolty. lraçcr fm a¡r.Lal¡ d a¡il f as¡ rcry alnilar¡

aaal tråocs fræ ao¡dals b a¡¡d o arû to a osrtaLn ortoat elellcr¡

&1th6¡Sh lu thle o¿¡e tbc atotlarl{y ltl t¡be tr¿cr¡ ls d¡¡e ln pant

to tbe tranalt of ülrtlnotly d,Lffe¡ent rtlobsr &onoas asrlals b

anô e. Bbp¡cfore¡ llncr DD"r tönr l*E¡l SFo srr tluc litcs of
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n¡daa ol fiLgeür ütlo O% *p-s¡st¡ a rpurtor llEr of nad'ne¡

ïbtob ror¡lü bc re¡olvril lnto l,tr ¡eal aa&rÇ lf aaly Eorl¡ acrt¿lr

botlro¡ and on althor ¡ldo of tbr c¡tlstc b r¡ð o te¡Ð u¡cd.

8b¡ aotlo¡ of tb¡ ttffreoîlon ¡rattcn 1¡ a¡y otbc¡r d.l¡,rotlon

rt co¡¡ arÈltrery aag¡,o to tb¡ tr- or I-rÐt llll groùor traoo¡

¡t tù* a¡dalr e'.t of thr r¡nr kt!¡t ¡r tho¡t ðt¡s¡¡¡¡t abovc, io

r*nrlttrg fu tbr li!¡rtl,fLs¡tlo¡ of tbc rffcEttr¡ ll¡çr of aarÉ,nr;

çbtob a¡e tbocc ll¡oa thct *rr o¡Ërûttrr ln prorlusllt Éreh aE¡ler

3r ùpDcar oa tJ¡r traocr¡ for tbo parllæIar pott on of tbc ¡rattrra.

Þü th¡ ¡bor¡ ell¡c¡esio¡r lt Ls oiloar tåat tt la vcry

tøportantr ¡rùe¡¡ uõllg e llnltcè nrubor of aerï.alr (t¡ foot¡ tb¡lr
ls t,hc uu¡a,l annbcr), to nclate thr ae¡{.el seperatlq¡¡ to tår ¡lm
of tbc trþlobrr t¡ th¡ pattcrar Sblr nelro¡ åt porclbl,e th,oarto

arold I¡EIBS a¡nul,crr llne¡ of, aa¡d"¡¡¿r lrioh 
"n 

COo L,u l[6.I[¡ aü *
brsi,c of aa.lolrtLoa of rtrlft voloott¡. $enoü¡ tbs tnportanro of

thc oþgematf.oas of B.û.$Ct IIFE atrt Fås$fl aaå of PÂWgtf6 ¡Þq¡t

tlr crgar¿tLol betnon ser{,als ¡åd, tbr solrclstlon bctm¡a tÞr

risult¿¡6 r¡sord,od tra€¡g. $crally th¡ a¡rlal apaclnge arr lcl¡
tha¡ oac vavclengtb ¿t the frcquonqy urcû.

Hbc¡ a dLffractlon pattora Ètqþ 1r trnporall¡ uastabl,r paaaer

orar o cçt of ¡¡¡Ial¡ ¡r¡cb er tbore tr llgrX[ a¡¡ð tbc ltf,o of thr
Hblob¡* tn tbe ¡nttrr& lt brlef, útle tbr æloslty of, ü¡r.j,ft 1¡

oonparctlvrl,f m¡ll csû unlf,onn, lt t s seascltcblo tb,at ¡ nblobr

aiEht ¡cçorð c nará,mrn ¿t one ûrr 6{rËr¡ a¡rL¿tr o asd hew ûtcapBrarû

by tbr tlnr tbct thr nblobn lor¡lt harç beøa oryrutcd, to paec ov.¡!
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¡þotbor Ê,crta,l of tbo s¡tr Å ¡rorclbltr btrt f,cnrlty¡ frt¡n-

pratetloû of ¡n¡€h aa cvont ls tbet tho nottol of tbr pettcla

h¡ð o¿rrf,oô tho trblobtt to on¡ ll.ilc s¡' tho otl¡et of thls lat*

ecr4.el¡ ascunlag; of, oourot¡ üat tbo nhloþn atlll cdrtrd.

fbts cff,¡at rot¡lil bo loce Ll¿blc to oocr¡r for l,argr Eag¡Àhüe¡

of pattcra atrlft vcloei.ty¡ for a¡r{a"l¡ rrlstlve}y slorc togetùor1

¿¡û for nblobcil of, ccparatt"tly loag Lifor tra pr*ottot¡ rhon

ual,n6 ths cLoüÊly-¡Bs€.d, acrÍel ryrtæ¡ rar& û¡¡ rfìfect ar tåat

Juet d.tecrasoð cannot oa¡lI¡r ô6@F¡ dhu prinasfly to tho

rcleti.vs di.sc¡¡slo¡s of, tbe ñbloþ¡'r a¿ô the aprla.l reperatioa.

fhe llfc of tbe itbloþrn 1n tbo pattem on tire grotrnô¡ that

åsr tbla partirn¡J,ar f,eotor of tbe teupolal stEblli,ty or laatabillty

of, tbe rlrlobsÉ¡ f.c e fì¡nstion of, tbs otabål1ty of tbe ioaoapbrr{.c

irrognlenittes rùlob gf.yc rioe to tbc nblobail by raf of tlrt

dl,if,freotlo& grooessr ÂLsor of, oourccr tbe êvoaa.ge ¡l¡¡ of tho

rrblobð{r or tbo gra,lnlaeee of tha prtternr¡ d.epenôt sn tl¡e ¡lm of

tbe ionoapberlo irrcguleriticsr

Ilf.å.fr l'bc Shopc of tbc üBlob¡n in thc &ifJrsotto¡ .Ps¡;ternr

$o fer ao eryllclt eermBtlo¡rg br,ve bo¡a n¡êc ¿¡ to thc ah.apc

of tbo ilh¡ûbstr i¿ the &if;frestløa pettorar Oa¡ tdraf typr of
rrþ]6þtt ehope ic The olrcrlar oae; tùat l¡ ngranctrlcal abøt¡t ræl
oontre.l ¡rol,at 1¡ thc ftï plcat. ålcb * rbape i,¡ ¡lao oallcô lco-

netrlor .ånotbcriðçal typc ts tbo clllBtlea¡ oae¡ of tbl,oh¡ of

€oumâ1 the oiro¡lar iypc le o¡r sutrcnc o&arr 0f, oonrlèorahle

I,nportanoo 1¿ tùe olnplo acttbods of a¡¿lysie are thc atnnptf.aur
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tbat arc Ëa,Ao u to tho rbe¡ro of, th¡ Hllab¡Ë ln t¡br pitttrnr

thc ohcpo of, tb¡ rl¡lpbgn Lr fr¡rortsnt ln tts or¡¡ rdgbtr c!¡oo

tbe chope ðeBenrtr qllot¡ the ahe¡rc of, thc Lonoapbcrd.o lrrrgulan-

Ltlct, Èrrt, bealdca tbla¡ tbe ebape tr laportaat booançs of lt¡
l¡flLue¡oo oa tbo or{,o¡tatlon¡ La tba XCIT plaao, of tbt ll¡e¡ of

6artn* rltbt¡ tbr rþtr,obsa l,s tbc patürrrro

For lncta¡oo¡ lf the t'bIobEN rËFc ¡Srtotly girü¡.ar tbel¡

no natter rbat t'ho dlreotLoa of sotto¡ of tho patlora Ln tb¡

XOI plauor &.e effeotlre ltac sf nedna for aa¡r nblobn vroulil

alwqys be perpeadlqrlar to tbr ilrlf,t ?rloo¿ty vootor¡ orgr ¡ âlo

*ð 8% ia tlgiXìEII. tb¡reforc, fof atrt.otly alrarlcr nblobcn

a¡d a untfo¡n drtl't volooit¡rr glf effeotlve ll¡ss of n¿d.a¿ ln
e Battera wo¡¡lrl bo si,nLlcrly orlr¡tdr õ¿f ¡t ¡qr alglr /3 ¡

¡c¡su¡rð olod¡rlae frou grogrephtro llortb. For l.lrlgularj.y rbaprð

nhloban aoviug slao rultb uaffo¡n drfft velooÍt¡r¡ lt ney be

lafcrred, fam dtr6rana r¡cb a¡ Etg. XI (rùom, for lactacoc¡

oo¿aLôerå¿å tho rblsb$ tr tbe upgor rt6þt hr¡d qtraitrant tba

offcotlve ll¡e of naúna. rùen thr übloþn Fqycc fnon left to rt,gþt

parallel to tbr tr-ad's 1. ÂÅur and rùca tho nÞlobr norc¡ f¡¡os

bottou to to¡r ¡rarallol to the lf-ld,s tbe effcotLvc ltae of nedna

la etsu) that th¡ effeotl.yc llnss of aad.na tcrd, to bc fetrty alosc

to tbs no¡nnal to the ü¡'tft voloolty vootor¡ sf¡oe thc sotual ll,n¡

of nad.aa tb¿t ls effeotivo 1a plodnol.lg Ëðd.6e t¡ thc anplttrrtr

trasoc reos¡rûod et tbe varlouc aorle,la ilc¡roud,s upon tho aha¡rt of

tbe rblobtr os rcl¡. 8s r¡Doa tbe dLroatlo¡ f¡ rüriob tbo nblobn



*35-

rorcrr Å dblobn of a 6l,vra chaBo has oeny Boteotl*I llnor of

aarú.uar {ùat o¡s útch ts actua¡.ly rffeotlre la ¡lctc¡alaod, oaor

tho llLrectlon ta üh1ù tùr iltûbtt sovos hE¡ ùa¡u n¡hostan¡ at

it mro. lthc llms of, nard.n¿ aa¡ bc st¡lalgLlr sftgbüf

ool¡oave qr oo3vür¡ a$ü n4¡ bo dmuedl *t raAdlæ, olthor ¡ llttll
to o¡c at dla or a ltttJ,e to tbq othcr of tba no¡ual to tbr atrlft

vetr ooùty vrotor; rrlth tho poralblr reælt thst tb *vrnegr

or4catatlo¿ of, thc cffeotl,vr lluc¡ of, nad,aa ¡¡qf br ao¡ual þ tbr

ilrdf,t vcl,oot $r v¡otor. Íbcroforol r p*ttêrn of lrro6rlarl¡

thapcd, nblobcú roorring wltb thr e6¡ae wlootty of, ib-tf,t aE tbr

pattem of, elrsular rblobct¡ nontl.onadl ¿bo{rer eurld. barç tbr

ar¡etragc orf.eatatloa of Lts llses of na¡åna clso ¿t ea asglo p r

noasured oloqhrlsc fron 6oogra¡rhto l{orrbbr Såuoe both tbesc.nodela

ror¡1ô ¡lolð the ca¡Eo - anô cor¡ltt - rolocity of, dlrlfù¡ wo üay

say t'bat tbo lrroguLorly sbaperl Fblobsn arû on the avora6e

oiroular, noanJ.ng tbat thoy t¡ave ths ß$nü ilropartlcs o¡¡ lht
avtrasq es thc olrorlag iblobsË¡

Ia ths sase of thc olttpttoal ËblobË, tbo na$or e¡il ¡lt¡or

asE of tbo elll¡rse ssrvo as ooareal.cnt rcf,øresse ll¡cr to tbloh

16 nay rçl,ate tbc o!'Lcstatloa of tbc ltnog sf nn:dar, *o'æ1,1, at

the ill"rcstLoa lu ù1ù tbr clllpûr üûTts¡ tbat Lc¡ tbc asfuûrth of

ilrtf,t vdaol.ty veotor. from a aorl,cs of dtlagrane (aot rc¡rrodnoctl

ses a.lro PiItrtriIPS andl S?glfOSAæ) tt fg poarfblo to shov tbr

f,olLorla6 f,aotE. Hhon an alltptleal ûþl,oÞrt nwes ln a üLptstlor.

perallcl to lts uaJor ¿d.e tbc nl.¡or a¡de eotÉolôos *ttb l¡br llaË

of nadn*. ûlnllerly; rhcn tbr notlo¡ ln ¡raraltroL to tbe nl¡ol
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ad¡ tår rcJor ad.r ool¡drl¿s llth tüt lt¡s of na¡l¡*. Il
oa¡ù of thr¡r tro qBcclEl. s¡¡oar tbc vclod.ty tcttor lr porr

Bcnðlcrlar to tho partlorlor ¡xla cråærÉod, anû¡ brno, notaal

ts tbe ctfsotlrr lln¡ of aad,nc. for aqf ilrtft veloof.!¡r vcotor

tbat nakac an aagl,c þetrst¡ Oô a¡¿ 9ge wltb tbr aeJor cd,a¡ tÞr

etlfcot!,ve 11¡o of nads¡ rokcc aa augll tgåg $+ps ggn rftf tn"

veloelt¡r vcotor a,at¡ tn f,ast, shsço a n¡¡trd, tcndcnqy to rrlag 
,,

tousrdla tbø naJor a:d.ç of tha cLl,lpea. fbc oBprod.natton of

tbc ltlos of, mc¡C.na tOr¿rdc tbo naJor +xr s of thc ol"ltpso booooo¡

noro pronounced, as the cscentrtolty ap¡roachos uaity, tÀat lr¡
as tho ¡atlo of rnaJor to nl,nor qr¡ E insreÊ,¡tss¡ Ia eonecqutBoo¡

tberoforor lf tJro nþlobeä of t¡he dlffraetion patterc wene

elllpttcal and, alÐo.¡¿Igågågå!Ågtå[, oJi,gptoûr tt ar6bt to bo poselblt

to reoo¡rstnot, f,rom tbe rccordsd, traeo*, tha geaoral oriont¿tlonr

of tbc llaes of maxlnat ïihlqh noulil sbor eonoentration about ü¡
illreotioa ù¡ çbls¡h the naJor aæs of, tho elltpseE teail to llsr
thlt ougbt to þo poecible w¡th ùiffr¡otlor¡ ¡ratterna fonoed b¡r

re{tcotloa f}on the llregularltlea Ln tbe F-regl,onol uùioh, fi.n
radl,o atar sclntlLl¡'tåon sttrdlJ.osr art kuo'r¡¡ to be orlo¡rtcû along

tho earf¡hrr rncgnotto ll,¡es of, foroc. S, gtonotr*g*l motbod to

e¿able the rooosatluot¿on sf lùo orle¿t¿tions of the l,t¡es of

nad.na, ls glvea ia þpcaûix II ö

Tbe iilaaL cl¡auler and, tðoal olJ.iBtloa.t Ì¡blobil moôelE lwalvr
sttnaight llses of na¡d,ma. Âs eeta frou $tg"II¡ aoa*d.ro¡la¡ anô

aon-elll,ptl$al rblobgn oou.lcl lnvoLvc J.lnos of rnud.na tJ¡at a¡¡ not
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atratgbt ovcr illrta¡oos ooBerahlc to tho sl¡r of, thr träl,obn

itsolf¡ [oncver¡ ¡rbere thc fb,lobn t¡ qf illncaslo¡s bl6;gpr tbe¡

asrl.al reparatlon, short ¡cotlous of ùs ll.¡es of ua¡dna arc

fa.lrly atraf,6bt¡ antt¡ lf tbl.r ls co fo! illatÊaaes along t¡bc lL¡cl

of sarlna oonBera!ü.o to üre d,lstano¡s bctmos âCIrlala1 ût Étü

JuattfLably cBcak of, th¡ ll¡rps of nad.na ao atral¡Èt' BrS a¡å

AA03O h¿vs ¡bor¡, urla6 a 4¡Bq - a¡rlal ayatø, that at lcart

Eorr r¡ha¡ half thc ltar¡ of nad.n¿ ¡no cltbor rtratght or only

oli.ght¡y anrvcel¡ for tlctr latltuitre (l{¿t¡fr, Iaôta). ülgb.ty

ourvcd ltncr of nedna rorld,¡ lf orle¡tcô at ra¡ilon crc¡ Ln aa

otharrlss tcnporally atcbte ütf,fr¿ott.oo pattetn novlrg rttb
unlfo¡r velocltyt yfeLð trac¡s rhowång ænsLðersblc ¡orttor ln

tb,c valuca of tbc tl,¡s lntoralr betrr¡a tbe tLnr¡ of, tn¡rlt of

êôãroüX,ontlng areoesdvo llËcc of uadner when tbc tr¿eo obtal¡rd,

at ons aorl¡l Lr oonpercd çtt'b tho traot¿ obtsl¡od. ¿t thc otbrr

acr{,¿Irr

$ostter of, tblc t¡ra wlll not bo fur¡ü L¿ traoos protùrccû by

slrletly eXrqr¡le[ rb!.oban *heg thcæ novr wltb u¡ifom velooity

aad Beae qveã g¿å UteC acrlalc of thc tyrton l,ü fuürr tho tlnr*tr 
of

lats¡valg þctrcea tbo tlac¡/traaatt of any üro n¡scealLvo lhcr
øf nard,na ar rceü¡riod frr the treora obtalscd at o¡c acrtal rÉl,t

be arastlt tbr ernc ar thr oorn¡apoaûlng l¡to¡vals oa tbr otb¡r tm

traoec¡ regarillecs of tb¡ nagatþ¡ûo a¡dl dlrestlo¡ of tùo unlf,o¡¡

ilrfft velooLty.
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For c Battem oonalrtla6 of lrcgul¿rly sh*poil nblobsrr

scattcr of, tblc tdr¡¡o nr¡st oûour aã ¡n¡o€ttalvc ñblobøn paar

ovütr tbe acr{.als¡ ¡l.noe tbe n¡eceas!.vo lllos of ma:d'na rtltt

alnort oartalnly¡ be rmcrbat dllff,errutty shaBcû al{or
or!.o¡tcd. If n¡oÞ ¡ pattcrn Eovoß nltb a r¡alfolu atrltft vcloolty;

tbet equala tbat of the atrlotly eLrclLer ttblobn patt*rn abova¡

tbo cvcragt tlar latarvala no¡s¡rcd þetncen tb¿ m¡oorsslvo nedn¿

o¡ all tbr¡c traoas rûlt aeda br cqual snd. boa€o rrlLl havc llttlc
rca.l atgnlfto¿¡oc¡ bcoaueer l*oepcotiv¡ of, tbe rhepo aad.

orlo¡tatúo¡r of thc varlous LXncs of ne¡daar thc arera,gp tlnc

l¡tcrvala nlll dcpenil only o¡ tbe n¡rber of frbloba$ paasl.ag ovcti

tha ae¡{.at s tn c pertlcrler laterel of tl¡nø' CIf nore algnlf,toanoo

tba¡ tbo tlnc Lntesvals ¿rc tbo tA¡Ð ds.Lcfet a tlnc alc¡aü belng

tbo tnterval of tlne batrtcn tbc tLnc of transtt of any Bartlc¡lar

Itna of aed,na a.srors eitber of tbs qrtor ae¡{,als of thc cet enil

the tlno of tra¡alt of, thls llna of, ns*lna &eross tbe ocntral ¿ctqlal.

Tbc tl.nr ôtl,ayr nay baYe etl n¡$Ltt¡udoE frou ccro up to aa

upper llnlt tbat l¡ ûctcnnL¿rit b¡ the ae*d¿l coparatt on enô t¡br

nagntlnrih of tbo üÉft vcloolty¡ åo$rtslrrg that to taB¿ü aotton¡

8ro prorentr Ibo rlclqyo elso Bqy bc Boel,t!.vc or nogatl"r üp¡renittng

on vbetber o! not tbe llac of n¿rlna p&åËos flrst tbroug[ tbe

ce¡tral oll an orrtcr ecrLal. hlaoh c!.agl,c 11,¡o of ünadna¡ tberrcfore t

geacratcr¡ ea lt ffirer a palr of ttno ôelqyc¡ d.aoo tb** erc trq

polrs of eoriala to be oonsldæsûr tbe ttç¡ ûelays rl!.1 br cqual

Xr neæÅtn¡alq l,n tro aoparate L¿staaaea¡ fLretlyl rhoa ¡ llnc of

n¡dna pasãrr througþ botb of thc otrtrr ¡,ertals d"mrltalcurrJ.y¡ anô
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ocooaûly¡ rùel c llno of, naú,nr t¡kra aa long to nove fron o¡r

outer a¡dal l¡ to tbe ccatral ¡,Ér[al aa l,t dl¡oor to sovo then

fron the æatral a¡rdeL out ts tbr otbor gntcr ap¡*alr

Sçãttât la {¡br valuro of tbo ttnc tlolays rd.L1 bc prrsent

tn tlç tr¿w¡ Broùoeû þy ths trensf"t &sross tho a¡rdal qtr¡tcn

of lrrc6uåcrl¡ rbapoû nbloblilr cwn in o pettcrr. novtag wLth

u¡lfo¡¡n i!.rtft vrloolþ. llno ilclayar r¡ ûeflacù aÞovc¡ wlll be

prsreat la thl trao¡¡ obtal¡oû by tbo Bôasagp of g}Iåg!&t, otrnulPf

nþ[Eþ¡tt La s pettora nwlng rt.tb ualfo¡u wl.oolt¡ Ef ik'lft otlr
e.tt tbr¡c ¡ordalg of, tho a¡etæ¡ and¡ ln gcncralr thc valqog of

tår ttne ûolqfr a8 Bcrrüroð betncc¡ the.þ pellr of ao¡{alo v!11

not bc cqual I btrtr tbc¡ro nlll b¡ ¡o ¡oattar l,n tbc vcluec of, tJ¡c

tlno ûelqf¡ L¡ lhl¡ l(lcåf oaüt¡ AE $ç b¿vc ¡eea prrvl"or¡lÍr ê
pattern of 1äpÊ6t¡1e¡ly rhapcrl Ëblobsn nay ÞcÞ,*ye en tbr evora6Ç

&. r pattonr of oLrcnrlar ÉbLobrnr os that tf e Battcra of lrngulerly
eba¡rcil ilblobsn rcrc þ aevc rith thr asc tr4,fù reloolt¡r åB &

¡rattom of, oLrnrla¡ ilbloÞ¡or !t ll goacLhlc that the awragr ttuc

ôclayc oel.crl,ateû fr.sd tJr¡ ¡otùo¡ of tbe pattern sf, trrogularly

rhrpcû nÞlobst nlght br eçral to tbe v*luE of tbç sotrreðponilt¡g

tl,nr êclayn,obtsl,¡¡bilr fm tbr uotLo¿ of the pettcr.ll of olrenlas
üblobrr aororã the aor4¡1, qyatenr rf tbt¡ son* as tbo¡ both t¡Ber

of prttcrt rould, yl,aldl tbr.rano a¡d. tJ¡e oouoot veloolty sf d,r"l,f,br

Soattcr l¡l tþr v¿lu¡¡ of tbc tlnc itcl,qys üüy Þr tntroûr¡oil

lt¡to tbo traeec obtataril at ôlff,crcnt aord.alo by ohangra ln the úapr
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of tùc t'bl,sb¡n ln the pattern ss lt þortÊ¡ qulte *part fæn

egy ohêãðo la thç ür{,ft v¡looLtü. If a obe¡8c of Nbloþn abaPr

oeq¡rs tbc natra ron¡lt rllt bo a ürrgþt alterstloa la tho

orlc¡tctt.o¡ of {ùe efføotlve l!.ne of ¡aa*1na. If o¡qb s ohâ^E8l

osærs Brogr*reLvol¡r ra tbe Ëblobñ uû?at orÉ8 thç aoclal qyrto,

?,bea tln¿s of nard.na of, ¡seerr$at illffrreat orÅc¿tatl,oa rl,ll para

1¡ tun çer tåt th¡ec aortal¡. llhr pohts of, Eaúa¡n mBtlturùl

o¡ tb¡ tr¿se¡ 1111, tbcrcfo¡rrr bo sbtfteû ln td"ne aligbtly¡

rolati.va to nih,ors o¡¡ multt o:çcct ütrn to be tf o[s Élr0 ccanalng

thot {¡bs nblobsn l,a qucatLon walr nøbsrs of a tenporu.lly ctablr

pattclar Íhr ac{rr¡l oùelg. ln tbo velne of tbo cryootcdl tlno

ðclaya cqrlil ùc porltltr ot aegatl,vc¡ or oTtB soro fo¡l ono eerLcl

patr t f tbc 11¡o of n¿d,ns çone to rrotats ¿bout tbat Bt$.at a.long

Ltc lcn6ûh tbat Baseaô æor tbo tm a¡r{.als Ln krn. It l¡ gon-

oclvabtr,c¡ al.¡or tbat uaÃy ¡ne,ltr raad,su oha¡ggË of úb1sbr rbapc

woul,d, lcave qulto u¡altersü th.c arcre,6e srtent¿tlo¡ of tùe llnc¡
of e¡¡d,n¡¡ ao that a ¡rattara of, lrncgularly aha¡rcitr ttblobcnr movlng

rrltb uaLforn ðrfft voloctty anù rnrbJcgt to oha.u6cs of ilhlob{ rh*¡n

ac ðfscrarsû abovr¡ algbt¡ nowrrthclrut¡ rt!.11. behaw o¡r tåo ôttrtge

rÉ a pettara of s-lronlat Ëblobsä.

$h¡¡ the mlotl,vr rtpo¡atto¡ botmcn otþrrrLps etaÞlr nÞlobsä

chaagnr rvü êsr thcl con¡t,ücrt"ag ;ùe't lc uo¡rç gcneral,ly o¡,ttcd, raniløu

uotLm of tbc rhlotanr esil thlr rtll bô üls{Erræü 1¡ lbo n*rt

¡ootlonr
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III.Â.4. lhr Hotlon of the IllffraetLo¡ PcttoEü.

In tùls rostloa çc rhall lgnoro ohÊËgtã la tùc cbapo anil

¡t¡c of tbr nblsbrn l¡ e ålffraetlon pettem¡ e.l¡er th,c ü.1ç*

sr¡coloa rtll bc alnost eatlrely oonûlncil to o trntteru of cLronrlar

?tbLoÞsËr Ia tbc qaac of, ¡ rcltr-dlf;tucô uuohanglüð ñblobtr aovùEg

çltb ¡ uatforn drr.f,t vcloottyr thr ¡ol¡tlv¡ ¡rceftloar of, polatr

of mad.nun æplttuclo of tbe t¡'aoo¡ obtal¡cð at tbo thr¡¡ aerlals

wtll dcpond on tbe !rye of FþlobÉ (c.g., oirorler cr ell,lBtleel)r

o¡ tbs ma6altud,o of, tbo ¿rfft velooLty¡ aåd,¡ qul,to ¡t¡or€Iyr ori

tbo alglo þ¡trcra tbc itrlft voloolty veotor sað thc tm *crtal

ep¡ doflnei! by l¡bo ltma ûren f,rq tbc oontral ac!,laI to tbc tçu

outcr ac¡å.¿le.

üoad,{tcl ¡ gsltggt p*fqrfqf nÞtobrf , thc affbottvc ltEe of

nerl.ua åc¡ for ell, açtnutbr of rtrlft vcloaú.tyr aornal to tbo

vcloolty vootoF¡ [rnoc¡ trf thc vcloø1ty veotor llca parallcl to

oar or otber of tb¡ a¡rl¿l ¿slr, ¡ntatr of aa¡duu¡¡ mBl.türd¡

gþ¡n¡l,il ooL¡ol,d,e¡ f.n tLne; oa tbc treûor obtalaoû at tbose trç

¡orlclr f$sg on tb¡ ¡c¡{al +l.i ¡ ao¡us.l to tùr vcloolty vector¡

atû tÀ.e eorn sl¡oädl¡g poLnt of nr¡å¡¡tu anptrlärâe ln tbs tnsoç

obtelncü et tho sthor ¿grds¡ rlll Broocilc ln tlae¡ or Lag bebtadll

tbcEe col¡olôe¡t nEd.¡¡a bï a¡ sq¡ut proportLoaaÀ to tb,r atrl¡l
srBaratlo¡ a¡û Lurerecly Broportlonq.l to üe nrunlü¡ûc of tbr ¡l,r"tfü

vclod.t¡. $or any othor o¡'Lentatlo¡ of tùo il¡trft v¡loetttr veotor;

tbo Bolatc of, narJ.BuE anpllü¡d,o oa t&r traocr obtalaoil at tbc tno

outlylug a¡rlal,E rÅtl bt d,lapleocdl la tlnr f,ros tbo sorarrl¡otraltng
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polntð of naslnr¡¡ æpl1ürilt oa ths tnaes obtallrü *t tbr

ocntral aer{.at¡ The tln, il.lay rtll bô 6rcatûr la thl c*¡r

of thet ¿t¡{*1 lyt¡s on tbo ¡rrta} ¡r.ts rlth råt qh'thr ð!'ffl

ralod,ty ¡ostor nn&rl t¡ho mallcr an6Lr¡ th.et le¡ tbr ttar

ûclaye s,¡rrt gr'r¿tæ þrtrroa tÈs¡c tm errt*l¡ that,drfl¡c tb¡

aorlal ad.r aloag *t€ù the oou¡roltc¡t of tls ib"t ft rclooü,ty

vr¡rtor lr grrator¡ aat srr ¡ra.l,lar betnral tbe otbrr trc rr¡'l,rl,r
oa tho ard.r along rbtob tho cæ¡ro¡cnt of ths ibLft velolûty vostor

ls lacr.

ÀL¡or lf thc {tf,fraøttoa ¡ra*torn la only statittlesLlt 1¡o-

nctrlo¡ anû ¡o alrJr hþIob'r naf ba t,rmgulEr L¿ rhapc¡ tb¡ro slll Þr

a greetcr aoottcr tr¡ thr tlnr i,¡te¡re¡t betr¡rt¡ tbo tl,ne¡ ¿t rù1.ù

oorerl rllonillug uad,oc ooür l"¡ tbe tr¿çrc f,ron tb¡ threc sarlal¡ for

thoso trc ¡¡rtalð os t&r ¡crL¡.l ad,c *trong ïhiob ih¡ drtft vol,oolty

ooa¡lencat L¡ tr esrr Xlborr uritrl alro Þo a gFratcr ¡sattæ l,¡ tbr

tfso il¡lqya üe¿g¡trrril betwcc¡ the ce¡d,ma Xn tùo trasos f,o¡r'tbl¡

BertLcllar ¡ra.lr of a¡r{,alt.

&aslütr sgal'a r pattcra of ¡t¡totly ql,rq,$ag trblobar¡ ctor

ffr ¡or l¡clu4s rasôm veloottLca !.n tÀo d.trcnt¡los. fb aetlos

sf ¡nf taillü¡!¡ol üblobtt rsrûar thr aorlal nycton i¡ ù¡t to ltl
na¡lta¡t rclootþ at thc tlnr of, trandt. tìhf.s ¡rrultant vrlooùty

f.¡ tbc vcots¡r ¿èûltto¡ øf th¡ drfft vclooXty a¡ð tho lnsta¡tr¡øqu

ss[dm vclocttt. llbolattcr nqy ¡¡¡¡ sqtalùrd,¡r frm ¡srr¡ u¡r to

valut¡ ¡orslbly Ycry suoh 6rl¡ater tban tbs nognlä¡êc of ths èrt.f|

voloot ty¡ ce {lbat thr nrnrlta¡t veloo{ty of nottor¡ of tbc nblobt
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Ëqy Ër€n bo¡ la ôlrcotd.oa¡ oppoolt* to tåå ôldf,t rclodty¡ *r

th¡ ra¡ûm notl.onË üqy aaa¡ma aLl a¡lmttbs* å!ü laittfl.&a.t

übloÞf novtrlg åcrogo thc ccrå,al cyrtsm últ 6l,vc rlrc to s

¡na¡d,mrn uptr lürilc l,a tho trao¡ sbtatacil *t anf of tbc tbror

acrrt.a.lr¡ hlt¡ ubau thc uùolo tr¡eoa Brorbooit W tbc transtrt of

üanï ñbloÞsn ta a¡coced,on ¿crvc¡ tbc aort.ala ¡r¡ çoa¡!.drrcd;

a¡il oaù ðbLobü bao ¿ r*ndm votodt¡ tbat na,tr ôXffer ln llsr
anû d.i.reetlqn f,ræ thet sf, tbc ilblEbss that pr¡{r acrost tb.'

acríel aystrn bsf,orc or ef,ter ttr it rrLlt ba se¡n tåat thær

nat be a p¡ro[ounoeô sostter La thc til,¡nr &lcys l,¡ cYen tbort

ssotlons of 1ùe traols.

For ç$r{'gtlr qftfirlaF trbloÞrtr¡ tbc roattor La t'bo tú¡r

d,elcyal aarnrrnln8 thet ooob rbloÞil Baõrcr orÇr ¿ll tbroo acrllalr¡

rvlll ðopcaû upon tbr ¡clatfvr ua¡nttut¡r ef tbc ilrt.St vrloctty atü

of tha ra¡d,ø velocltl.oc. If the nagplfuitc of tbr ilrlft vcloclty

ta m¡oh grcater tba¡ tb¡ a?oragp nagûlù¡üa of, tbe r¡¡dlm wlool,tlmt

thr traoea rr111 be vcry ¡lntlar l,¡ tcrur of tþc ¡clettvc rpaotlg

of tbo ¡rolatr sf nad,nun mplltrôc, rtth æall scrttor 1ü tho tlac

{clayar ff}¡n thc ranûæ vclocltfrcr alcna,ge negnltuür aBprorloetcr

to anrl o:osrü¡ tho nagnltullo of tþc ah't f,t vcloalty, rr nurt cryeot

lnorcasoil soattE!, la tha tLna ûcle,yrr CIthcr thtaga bct¡g rquel,¡

noct proaouäocð coattcr ¡h,oulû gosrF¡ for eny gf.vcn valur of avcragr

ra¡don vclood,ty, rhon tbe ürff,ù vcloolty le soror

For ¡ratter¡s of trreguLarly ùapoil rblobtrr that aru oa tbr

aîcrêdp cl,rcnrlar, tbe re¡ulta¡t teattcr tn tbe tlnr d¡lay¡ ln thr
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traooa nqy bs ôue to cevera,l dlf,fæont odlaas (c'g. ¡ ði.ffrrorrorô

la tbc orl.ertatlon of llare of ns¡úüa¡ obangoc lÅ ãbJobn ebaBc¡

raaðm notlour) $ùtohr la aqy parttanlcr Lnrte,toc¡ uay aôü to

ono aaothcr otl nay rnrÞtraot fror oas suotbÊr 1¡ oll Bosclbh

ttfir Rn¡iLm oottro¡r 1¿ n¡ob pattcnrc nay, aoaocLvebly, not

sltor thr roattor la tbp t'Lnr ilolafr to aäf groat rrtoatl or lt
na¡ nodlly lt ænol,rbrably.

lbr nclght of evldrrrootSrÞ o6s to s¡gËpat that çer¡r eoocatrLo

nblobsn arro r¿r.¡ ln thc. ôlffrectl.on Battrrno prodneoil by reflrelt,on

froæ th¡ S-reglonr butr ln any Gaeo¡ tf, ¡n¡ch ñbloÞsil nrre Bretent

a¡cl tbclr n*Jor asÊ ro:e ortronteô ranêmlyr the wcrall cffeot on

tbe tracoc wq,rld. ûtffer lfttÀa f,ron t'hat Bro&ræd by drürlst nhloÞcr

e¡rbJeot to tb¡ eano nofLo¿¡.

Tbo sln¡rJ.d nothodc of enalt¡lsr la goaoral¡ lreve not bera

dovLaEd. to ha¡rd,lc t¡raæs obtåiuåô ôrring pcrloðo whea rsadon notloar

wert pronounoed.. hr thls trsacoar treoea uboltag largo aeattcr iB

the tJ.ae del"qys rqra aot t¡alud,cd i.u t¡ro flåsl analynLs¡ ÊoËe

eltcn¡rt being nade to aelçet tboss noaaosably frea f¡m tht ¡ offoot.

In th.o followlng reçtlon øoao epeolal s&ðeÊ rd.ll bc trsetoû ¡¡atbmet-

lselly ls orûcr to sso bor nos¡nrcs of drlf,t rcloclty ney bc sbt*ltoû

fron tbc trAoor nadc by the reoorder. Tbc d,lsq¡n*l,on gf,vea aÞofc¡

and tb'ct in tbc eeotlon to fol,low¡ 18 aot e¡ibsrptÂve þy anf ñüaaü

but tt rer'rogr at le*at1 to !.nilioate th¡ mBlcrúTy of thc problu.
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IIr.B. .ôX¡LISIS OF AÐOOBfft

f rI.8.Iü &t¡cral Dlco¡¡d.on

8bo ôlf;fraotlon ¡rattorn tb¡t nover oysr thc ground, co¡talar

ll,nrr ef n¿¡dnuu æplltuûr¡ tboc¡ pcû¡ 1¡¡ tanr ¡orosr tbl
rooctvlng ce¡rlatq a¡rd æ nqy br rcooriled. lÍber.e e$r rr¡¡r

pololblc oonfi.guratlo¡g of tåtse tt¡cs of, u¡d.nc anrl lt ts nes-

e sËÊ¡lr to reoognl¡¡ tbtr feat ln orüor to appnclatc rùat cffeot

tbcoe varlq.ra oonflgurattoaa al6bt ltvr upoü tbc rcoord¡d tlnr
ittrplaoæeütrr a¡ð bo¡oc hor tåey nt6ht ulttnatcly af,fcot th¡

valn¡e of ri,ad vclooltlca üeôlolblc f¡ro tbo t!.lc dtcplcoonoåtÊ¡

Pcrhaps thc bert rrt to Llt¡rodr¡oc thc ?e¡d.sr¡e typea of

complloet!,ag faotora ls to ro¡.lr tbrorgù thc rÍ,nple a¡alycfs s¡

ortgf.nally dcvtracil Uy IIÎS¡,Ð 
"rr¿ 

th¡¡ to tec rbat l¡ tho ¡ffest
of nodl$lng båt arrÊ¡nptlong ab6{rt tbc notl,oa of tbc ll¡ec of
na.rC.¡un mpltttrde, oto.

cor¡liler tbr tb¡rce ¡rraals to ùû Brasoû et t&c Borntr or E

anô X¡ nbtob ns,ko up a rlgbt-*aEle¡l tr"langl,r¡ rboce atôc OS (of

lcngtb I .) rr"" aloa6 tJr.o sert-wcrt rl,ro¡ a¡lê cùoar sfrrr 0H (of

lca6thno) ttoa als¡¡g the trortb-$ü¡tb llnc tbr.ougu 0 (Erg.¡xr).

Lot us ú¡pBosc thst the rolootty of dr{ft of tho ¡lif;f,rsotto¡

pettera her a nagattuôr T s¡rd. that tt¡ ûlrostton bo faol,l¡oû at

rono angl,o O¡ noac¡rrd, e¡tlEloürûre froa B¡rtr Lct u¡ appoür

fi¡rthor tb¿t oaeh of tÞs llac¡ of naçrm¡n anptltnrte nakes aa aa6le

Y * O urlth tbo noraal to tbo cll,mot!.on of ¡¡otloa¡ tbc dlf,fraotLoa
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¡,sttora Bs,I bo aËnrncd to br Lamctrla¡ tbat ls¡ o¡oh nblebtr

i.s cl,rürlar. lbo lluog of, uadm¡¡ anBltrtuûc ero th¡rrf,or¡

csü¡neü to be stlal6Þt o?otr df.ste¡loeg mBarabl'ç to tþr eeparat!,on

of tho aerlale¡ and Let uã sarn¡es fibat tåe amplltuûc ¡lattc¡t¡ l¡
aot ¿Sootcil by aotlo¡s er lt ætror* lhe viloolty 1r

acnusd oo¡rtantr $bc¡ l,f thrco eoasecrtlva ll,n¡s of nard.na tr¡r

I, aail X3r Fasü e€ross tho roselvi.n$ aorla¡c lu tura¡ tbe reoord,¡

obtatnrd at ß¡ Q a¡d, N nould br as ¡hoç¡ (ffg.¡X). fb oonvcntLon

of et¡p lc that the tlac-üolq¡rs¡ fr a¡d tfr of, caob nardnua r¡cord-

eô froa acr{,ale D a¡û lil, rcrBootlvelyr a¡d mças¡red. frm tbe tlur

at rbiob tho oowerpoadlng n*dnuu ls rcçordêð fron¡ aorlal 0r an

poel,ttrvo urhe¡ tbo me¡d.nn¡n la reoordod, flrst at 0. If a.ll thc

asernB&ns noted abovo bolct riglôlyr tben 'tìrc tlnd*dolqys f,or all
thrro of tbe ll¡oc of sa¡Êmar \r IO aaü !{¡r sbould. Þs the Bo&t¡

Fræ tbo dtagran (nfC.XIX) üo scs that tl¡is sssns tbet¡ ras trltor

of a¿:d.na tskc e tins ![x to nwo úbæ 0 to ts¡ a¡d s tine 9y to

noyr frou O to Nr flhare ie¡ tberef,ororan sppêrent oouporpnt of

velooity along tbc u*ad,s¡ oa,lf tbtg VL ülnilarly¡ tbero ls s¡

eppareat oon!,on¡$t of, vsloclt¿r ats¡¡{t the y-ed.e , oa"lJ. tUic d..îb¡n

1 r/o,*r.r.. rr or.r.rrr.....(1)

t\o/W . . . . . . . ¡ . . . . . . . . . . . . ( 2)
an4r

I
VI,

I
Yy

t

ilow¡ llr ls aL¡o tbc ttne tahen f,or tbe l.lnas of naxlm¡n anBlltnrûr

to travsl a dllstênoc oqnal to Ço. cos e at s vcl,oofty T, rhcrr Eo.

oo¡ O ls tho proJaotl.o¡ of 0ü onto tba dlreatlon of notLon. $.lnll-

erly, Ey la tbc tt¡c takrn f,or the ll¡rs of na¡rrn¡m øBlltuib to
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travsl ¿ ül,stancl r**rn" 
l:_"t. 

O at e veloolty Y. tb'¿t l¡
1¡ a Ço. cor A / V r...r.r.rrr.r.r..(3)

end,t

fy r tlo. dt g / Y ..rô....rr.r.....(4)

8y rearrans1r6 (l) a¡C (+) r" eee tb¿t Vi an¡l ¡ü "t" rolatotl, to

V by tbc cquatlons¡

Y; r Un* - Y/aoso r.r.......'..(!)
a'ih 

vi ú lJw o T/clu € .r...er.r....(6)

Åloo, lf re tL¡aotr tbo tn¡e cmponcnt¡ of Y alo¡g' tbc ¡-adr
(n * n fi¡¡) aaô y-a:d.e (U - S linr) by Vr anô Y¡ rocpeotlvl.l,y¡ tbru

T¡ - Tooct r.......rö.rrrr...(?)
ead't

I

W I Vd,ne r....rr.r..r......(8)
By aolvlng oçatloar (¡l a¡¿ (6) for oor t a¡dt aLs Ê rerpcotlvotry¡

enâ notlng that

I G ¿¡2 o * *"2 e ...r.r....r.....(g)
w¡ bavr tbat

L/* . l/ír2 + L/*î .ç.............(r0)
ÂIso, frou equatloue (:) a¡¿ (6) nn¡ bare trhat

tea C r¡ ..t.r..r. Õ r.r rr....(11)

â rlnBla gronctr{.o¿l oo¡ctnctto¡ tbat c¡sbles ¿ rapld ðrten-

nl¡¿tlo¿ of Y, of, O¡ anð ¿lao of Tr o¡ð Vy ls ahom f¡ J[¡¿IäL.
rtogg tb¡ ¡-ç-lsr to ronc roah, Vl, ar il¡atc¡nL¡re (f) oborr¡ l,r

t
YJr

I
Yy
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!arh.ü off to gtw a pof,at À¡ aú.nllarl¡t, T; alous tbo r-44¡ to

tbo ¡ane aoalc flr¡ a polat 8r thr Jota of tbr¡l trc Boluta trr

seon to givt e 114,e bavlag tbo sso clopo as o llac of nr¡dnnn

a¡ü so¡ þ refellonso to .&¡r,¡E[.¡ Be roc tbat tbc tnre wloe.lty

ú1r üo tÊvc¡ by ¿ ltnr per¡rondtc¡,rl¿r to å8r arttt!8 å.t ln c,

rbere¡ aa regutrcill 00 nakar an aagÍ.r O çltb eaet¡ enô th¡ nsg-

¡lttrd¡ of tho voloo[t¡¡ lc 6f.vea W Og to tbc s&o soalc ås rat

uEed to oo¡utnrot Vl ¡¡¿ Vi. It rll¡, bo æen that CIC¡ 0Å a¡i!

ç3 (or T¡ vi a¡¿ Tí) satlsft rsuadoao (5), (6), (ro) s¡ô (rr)t

as rcquincil. llbcn tbr ¡. ûnô y- oæBoloatc of, T, rl!. ¡ T¡ ¡¡il

Vy ap fouat ùy ilropphg p.{p.aðlalarr f¡ron t onto ühc ¡- e¡t

.l- ¿rlcr ror¡reettvelYr

By crtcld.l¡3 thc egE bedc tbrætgù, CI to ¡Ilor for negrtlvo

valuo of tr s¡ld ly all posrlblc typcr of rEoordllügt of thr*{alayr

uay bc tllcateû grapht oallyr etso tbs aetboð X¡ ltttlo al,tçrcd'

çhc¿ tbo llnes Jotalng palro of a¡tadõ aro not 8-ll ead' B-$ lhar¡

¡rhlob 1t tbe oaso ¡t Åüol¿lôc¡ Bbc graphlosl soastn¡ctl,o¡ f,or

tbc oaso at Åôolald¡ lc chora Ln ftlgrfüI for ü¡ cæc vcloolty

Ès raa tru¿t¡û !.n Ftgc.IXf n Xn tblo çator of oourgcr tba vslul¡

of T¡ enil ly rot¡lü ba þoth ¡cgatl,ttç

X¡ bXc ortglnat artloLc¡ XItRÀæpo!'utr ont tb¿t the tlnc

ôeleyc (tt *¡r¡l gy eÞovc) obtcl¡¡d frm sqhel rroçrü,g a¡o not

sor¡atant for rn¡sooa¡lvr llnçs of ua-Jea. Eo tùon oclqrL¿trt hlr

vcløoltloc uatrag tbc avcrage ttne ûcl,a¡¡ (Er arrê Þ). îhl¡ roult

gLvc thc oorreot wl"oolty tf only oao of tbc orl6f'nal arænptloq¡
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lo adJucteû. SrpBoac çe elter tho aeuropttot about tùe abepe

of tbr pattetar Lct us d¡ppoðe tiaat tho lntllvtiþa.l trþlob¡Ë crr

¡ot LsoËetrlo or elrqlar Èn¡t retJrer thct they arc sÐ gt¡!þ
êtqra4or tbat ls¡ thc nblobtn åte statt¡tlcell,¡r lssactrto¡ rLllr
tboy nr¡ tntttvldnell¡ br lrregularly ebapcûr thr lLacr of ne¡åna

ars attl,l o¡sc¡t!.e.lly etratgbt ¿aû nqy bo Xnalt¡¡rl et angler )þ * A

to tb¡ ¡o¡ael to tbe volocl,ty vcotsr¡ Eorovcn¡ althangbþnry bürt

¡nell valuca¡ eltbcr +vs. or -ve.r tba avera6e ral.¡lr ttY, vt!. rF ,

Lr rrro¡ tbat ls P . CI, aa rcqutrod by a ctatÍrtl,eeltry laært¡"lo

pettcra. 8ùr cquatlonc (f) - (fO) above surlat the¡ Þc nrrflttôtr¡

rbore nrcoaea{/, !¡r replssülg tr by F¡ at¿ Ey by iy¡ tbc 6pmôtr!.a

oonctnrotloas roulû be u¡altor'eû.

It ls al¡o of lntarrat to nortLo¡¡ &at¡ tf thc ¡ralrs of tlne*

d.elefc (8*r fy)¡ aa tbcy arç roell frø tbn rooo!¿rr are plotteô

aloag aæs peirallal to tbo ¡- aaü ¡r-sss uasd ta Btottlu6 tbe
tl

vel,urs of, Vr anû Ylr tboa, L¡ the cate beiug oousLdercô, tbc pof.ntr

so obtal.¡oð shoulð bo along e rtla!.gbt l,t¡c and, ln partlcrtrar¡

tbe l!.¡e ôram f,ræ tlm or"tgÉ.a ¡rerpcad.lcrlar to thl¡ rtretgbt li¡r
rlll t atcrseot lt et a polnt rùo¡r æ-ordl¡ater &ro îx and 8yr Tbt

t¡itlvtihal pgLuta (ttn Ey) r1I¡. bo oymetrlo*lIy dtrtrrlbut¡¡l afong

tba stralgÞt lt¡e Ebq¡t tbo Botnt (i'r., &) anð¡ aleor thr lta¡ frcn

thc prlgÍ,n to l¡bo polat (F", îy) rlü nakc an oaglr t rtrtb tùo

poclttvc ¡- ¿d.¡ (i.e, E*ï ltar)r îbo oongtnrotlon outlltaû aboça

offcr¡ elothcr ueana of dotemlag gr

Lct ug âot ooaËlúar tba ef,:fest sf a ¡rref,rænttally o¡dc¡teil
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oalcðGrtrlo ¡ratton¡ ¿Boü tbo ôctenlastio¡ of T i¡d Û. fc rlll
srør¡üsr aa þsf,oro¡ thet tbero ara no râadoû notloar turolvcôr

Lct V a¡û I b¡ oo¡çtalt¡ lrt tho Ll¡aa of aad¡r¡¡ æpllhrdr br

etraight llacr¡ tbat cash na,krr an atg!.a þ*W thc dltmotlo¡ of

notloa of the rlnû¡ þ ^ry bo aEærurdl oonstant a¡ð tahc arryr valut

Þetmc¡ !t and, - J! (rf6.xUf ). [bo¡ f,or tbc ccütal qycta
22

ilcsoltbeil brforo (ng.Ill)r tbo tlno-dclafËr l[¡ anô fy¡ tbat am

rcooritad nhc¡ a gdvcn 11,¡c of, nad.rr¡n no?eã thtough thc ecrLalc,

arc¡ vrùon oÈo ur66 th¡ St¡¡ &nlt¡ scc¡¡ to br rolated to thc oo¿gta¡t¡

Y, 6, Y t 5u anA Ìo b¡ tbc cguattronr

ll¡ . to
øoa (þ+ 0)...r....r.r...(re)vr aoap

agd,

f¡ ,Io,-
Y. w.y ala (þ+ e) ...r..rr.r...(t3)I

Thf,s r,hcn stvoc¡ by divtitiâg (f 3) by (f2)r

f& t tan (Y* g) ,.rirr.?..r.,r...r.(14)
xdlo

.å"lao¡ by æ1via6 (fe) an¿ (f 3) fqr WlTo *¿ lf/Ior püEpeotlvcly¡

tbon eçarrlng a¡il aôdJ'u6r and. aotlug that

slnâ (Y* g) + oo"e 11, * e) .l ........(15)
ro harc that

(nvg 
" 
)t (ryåo) 2

I
.....(16)+ t

É. oora þ
B¡r anaLo6y wtrû the anaLysLs ù¡o to EIFB.ô çe aqy dloiLroc f,rø [¡
aul lfy apBaraut oom¡roaentE of tJre valooi.ty î along th¡ S*W anil

n-9 aæa, Y!.ar vtl a¿¿ Yf 
t, rlerc



?r

T¡ a 3Jr r..ltrrrrr.rr.t..tet.:.....(r?)
ft

tl

ll'

sld,

T¡ tl/ny, .. r . r . . . r . r . r t r i r r r t r i r . r . t t (18 )

llrea¡ uda6 tbo¡r u¡batltutlon¡ ir¡ (fd)r çi 8¡t

I
ry

c r r r .. r . r . r (¡,9),L 
"

T"âT É. ,or2 t¡,

thls nay bo cmpcroô nlth rqnatfoa (tO)r frqn rbtob lt tlll tppcÊlr

oþlrtq¡c tb*t oocorütng to thc valur of tbe anglr þ ¡ çgatfo¡ (fg)

rltl lcail to illffcrent valuaa of thc valoelt¡r vsotorr f¡¡on (fa)

a¡¿ (r3) rt rtll bc eLear tJ¡at lf, fo{;a snil Y atc oonctant¡ tbs
for tba ca.sê rharo alt tbe llres of nad,¡nrn g¡¡Llt'uil,r barc fibc sal
vatrue of Y (ry.t pænata¡t also), fo ar¿ fF a¡o ço¡st@tr Xf, oa

the other banð¡ þ varLaa o'?rr sôüt }tsltsil ra¡gr tbca¡ for easL

;*tur o1 Y ¡ tbeæ rlll br a ôl¡tt¡et patr of, valuc¡ for $¡ ¡aÅ nlr.

Â plet of thcsc tlnr*dclqys pal,rr¡ lcr ¡ tho lx plottod agalut

tbe apBroBr{.atc $' , should rea¡lt ln a straÅgbt ltæ¡ al rbom b¡r

cquatlon (aa)r belorr lfhls oan bç ¡con by eryanitt¡g tbr soc (tø+ ol

e!û cla ()ø* e) factorr la oquad.oa¡ (re) sd (rl)r rrarrarylÃg tbr

tc¡¡¡ ro að to solvc caoh of t¡be crarltl¡S cqnatlonr f,or f* )þ aat

tbrn cquatlug tibe rcrlrltlng rrBnra{omr thtlt
(n4" ooo €rla , (rrlr" alt o¡

) .1.. ( ao)

{. I I

te¡ lâ . Y

-¡trte eore

$tnplif,loatlo¡ of tboeo er¡rmouf.ons tbcn rea¡lts 1¡

Y

l ffi \ oos€
t-?ol

a !rl
lot

slå9 r f ......r...!..(Zt)-T-
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Sy æamenSlÊg thk rr uty tol,vr for Ty a¡ô sa ftü¿ tho do¡lr

of tbs ll.¡r tbro¡$ thð Bolata of tlnr*ûctqyr pêlre;

Sy îo
I
b>o

aot CI. 8r, + Yls ..r....r{e3}aü

Y.ala ü

It f,ollorc¡ tbercforo¡ tbat a 11¡¡ dr¡m tbrc*ßù lùo or1.6Ln,

per¡renillqlar to the lt¡r¡ nboEc eqnatlon 1¡ 6tvra Þy (âA), dll
bavo s alopc cqu*l ta

ta¡ t . S-g ta¡e ¡.¡irrr.....rr......rça3)
tlo

[hts llpltes thet tbe rllreotlo¡ of thc d.nû (vf:.e) nqy bc fou¡{

roa4trly fron rquatfoa (23)r slaoe

t¡¡€ r Lg- tü[ }i ..rrrr.rr...rr....r..(24)
9"

l[br uetboil¡ iùro to dmpnrs tbol !.s ured ar foll,ors. plot tbc

ttnc-6¿¡a¡' palrs (r¡r rr) a¡ rc¡il f,ror thr roeorü¡ elong r¡ ¡, as'¡
(n-ff fl¡r) and e ¡r- ed.¡ (f-O ltnr). Dr¿r i¡he Btr¡tgÈt llac
tbroBgb then aad,¡ fræ tiho orlgtr il,ro¡r a prrpcaitlqrlar to tbo li¡t
co ûralÞ. lüeanæc trbo alogr of tho pcrpcndl,Érrlar (¡¿nrcb nako¡ e¡

angle I d.th th¡ x-cd,r¡ ðËiurütü a¿ttoü,oolcwlsc froo tt) anü¡

t¡dtt oquatlol (e4) s¿crlatc ta¡ t a¡d hc¡ro¡ O¡ ttc potnt of 
,

Latcrsoet!.o¡ of, tho ltno tbreugb thr poLats a¡d of e llEc tùrougÞ

tÀe oÉgin úooc rguçtlou la

19- tea e .rr..t.r......rr.....(at)
I

5o

rt/r* ¡



-?3-

br¡ æ-ordll¡¡trs (r;tr çl) *"-
Iî; .(€" . *a ùr .r.o.rÕr.r..rrrü..........(16)

ùÄ
ti -(qo. * ùt o.....rr.....r......Ò....r(gt)

fo¡o¡ Y nay bc f,ounôr Equatlorlr (26) a¡t (gt) rry br npernü

rltb aquatlou (t) rail (6),

|!br feot tb¡t tbc polatr a¡c rpa&t æt alolg ¿ lt¡c rtt¡r
tùat m h¿yr ¡sn¡¡¡ô a¡ a¡l¡onotr{o pcttrrn t¡!¡t rbotr r
teailonqy for tùc ll¡cr of n¡d.nr to br prcferortlelty ortr ¡¡tcô

oa ü¡e Bvolltrr co thst aftbongù tbc valura of I tea nroar¡¡lvl

l1¡r¡ of n¿dna rqy sot b¡ oqual tboy rb ¡ot dlffrr grratly

anolgrt tù,c¡solvce aad; ladceil¡ h¿vr r gnlto dcft¡lt¡ Bo!-lctro

sroragr volue p s t\*t ronal¡a ouata¡t for a¡ rgpredrblc ¡rrr{oôt

Iapllolt l¡ thc cbove dl,tqrsrlo¡¡ l¡ tl¡¡t tbr ¡roLntr o¡ tl¡ trl¡r
of ptot of tltc-ôolay palm e¡c aot ûtstrihtod a¡mctd,osll¡r ¡þæt

tho polnt (rL lilr trrt rtlt, Ln gcncral¡ ltr üor{r to o¡¡ d,ôr

or the othcr of tbl¡ pol,at. ff¡ horcvrr¡ &r pof,atr arc r¡rnttr{,-
oally e*aagcil s¡ rlt¡h¡r dôo of tbl,r pohtr ü. r9¡r tltetpËt tllr
¿! a oerc rlcr¡ Y. 0¡ ta thlc Larteaor¡ thr poht" (f¡, Ff )
anû (ftr, S) oolrold¡. stni¿sr cbrn€t¡ !,¡ tù¡ oon¡tn¡otlæ

¡pplt 1¡ thlc o¿¡r rùr¡ tbc reinr¡.I ar¡{¡l ¡yrta (Flg.üt) fr
¿o¡cLôercü¡ 4r apBlleð 1¡ tb¡ [ltre-filr rrlalytÍr.

It rtlf br ræn tù¡t tbc only rrd illffcn?or bctrrrn.tþ tn
nethoû¡ of aaalyrir ile¡orLbod. abow 1l¡¡ l¡ thr aurnptlo¡r i¡
tbr flr¡t caae ¡ of illf,freot!.o¡ p¡ttrra tb¿t tr aohally or o¡-thl*
¡v.rå,€t l¡ectrlor a!ür l¡ tbc r.cotû crtt¡ of en ¡nl¡ortrlo
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iltffrastlon pattr¡r tùat 1r ¡ræf,rr¡tlåtly ortc¡tcd, cl,tbrr

atr{.otly ot oü-th,c-Êvrrrgü. å¡ ¿ul¡øctrlo p"ll"" nqy Þe

oo¡rlû¡r¡¡d to bc proüocit b¡¡ e rllple rtrtob,hg Ln o¡r dl¡¡oü,q
of a prcvlouily lacrtrt o pcttæ* tr bas bea¡ rhgpr gr cffcct
of the prcforenttally orle¡torl ani¡omctrl,o arn¡ùtttrûc pattc¡l !.r
to natsc tibc rdoott¡r clcchrocil frm tbe rlnple (trtn¡) rctbort of
¡¡alysl,s rroac 1¡ both aagnltuilo anil dlmotf.oa¡ ororpt 1¡ tbo¡t
o¿üer nhæe thr naJor adc of tho rlllBra llss aro¡6 or aor¡d
to tbe dLmotlou of ilr.á.fÈ¡ ln these tm lacta¡oer tbe rlnplr
natbod does gf.vc the oo¡ærot rcs¡lt.

xlbr naln obJeotloa to the aaalyecs presented ¿bovc ls that

rareLy, lf cvcr, ln Braotloe dorc tùc plot of, palm of tL¡¡-ücrqyr
ytalit a4ytblag tbet oouLil bo tcrmcô, rttàout becr.tatroãr &

ctrelght lt¡cr Tbls bas beea tbc rrltcrr 6 ora eryor{.cnoc enù

aLso the orycrloao of otber rorlcera¡ f,or faatanoc ü¡ftErgtgu"å,cgm

a¡û B.ttrBB8bevc tbls to ssJr o¡ thc urbJrot of drrnns rctboû of
analyslst n... Bcrg o c¡grtnd quelquor cry6rd,cnoro¡ 1l nre pu

"dtlf,lur ltb¡potbàso do rürren qu. pf,¡r tùs peu de o¿¡Ë. alao¡

thcy oono,luil.s¡ n&¡, eff,ct¡ pannl ua graad. ¡mbrc dlrobse¡ryetlo¡r

que ¡¡ous avo¡rr alaai lvarul, ¡rulement qnclquea poF.-wut oat

rtonnlun rlpartttlo¡ ðe ra fo¡¡r oppocle par ptrrnBrr sc m¡¡t
arhlt tàst thc cssc 1¡ not so c1rBlr ar rss anppoacd, t¡ lcÉng
d,on thr arrnrngtio[r oa uhtob thc a,ualyacr xËûr Þecoü. llhæo laf
a.l¡o be ra¡ril,on notloas t,n th¡ iU,ffr¿otlon ¡rattcn ss lt üoVorr

lbcac¡ borcver¡ gmatly oonplloatc tbe analyaLr. Â vcryfbll 
lr

enalyala r¡¡ ¡adc, 1l gonæal toEr, ùy lgroos, pgILL¡ps, ¡¡rl sã,Iff
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for rr¡ða obelgr¡ l¡ i.¡olrtrl,s iltffr¡cttoar pettrtlr¡ $rû

tbt¡ res ûovcl,o¡nit latæ by PtrILLIPg ¡!d SmCüfeP to l¡oludr

ra¡ðs obangrr la ¡¡Lrorotrto pettorar. l[blr ¡¡tbod of alal¡rl,r

lay t rpBLtrd to all t¡rBrr of rooorür aud csrt¡lnly ¡ldôr lùr

tnrc d,rlft vcloslttrr r. roII ar otbe¡r. lnportant Lnfo¡uatloo¿ Íoü-

ctûr¡ {¡ba nrliboil h¡¡ tbr rolght¡ ôlraôtaatagr of, brla6 çrltr leb-

orlors a¡d, tlrr-rcnrnrll¡r anô nly brst bc banillcll b¡ oon¡nrtrrt

ft l¡rolrcs tbo u¡o of ætooorr¡lstlo¡r a¿dl orot¡-ool¡rl¡ttolr¡
eurlr altbargh a le¡a laborl.or¡¡ nrtbod bec Þeen ibvclopeil by

Tnn03et33 t¡to tyBc of aralyo:ls ls aot pocslbll for a ¡lagl,r

ror*cr rùen rcnrlts are oonlng ln oontl¡uouolyp u¡lcss elûcil l¡ ü,r
road.tng anû oom¡ntllg"

t.{fEntl34 ¡"" ûevcloBod, ¡ netbod tb¿t sc€ü; oaBabl,c of

ylcLillry roa¡ltE çltb a rt.rf¡sr of çorNs. El¡ aotboð k¿d¡ to
valur for T¡ e e¡tt Tnr tba last of, tbrcc bolag ¿ Eôalt¡ro of tLr

¡,a¡d,on ohengca ln tùc pettorl¡ lt ças &rmEû bry lilO08,¡ PBILI,IPE

anô SIXIÍS t¡r oharactc¡{.stlo vclod.tyr Acaord,!,rg to lÅnEDJIr*

aaelysLa¡ *ùe¡ ra¡d,or¡ uotlonn alo prereat, tÀo (fxr $) pafrú lf
plotted 1111 forn an olllpre¡ and aot a ttralgÈt lt¡cr llbr neJer

arl¡ of tùlc elllptcl la f,*ot, rBLaoea tbc gtrat6bt ltno of
lt

nfFtBnr a¡d, tbe cp of, tbc ¡rofeta abot¡t tbo rrJor ¡dt of ttr
clll,per ls aD laôoBradaat l¡d,icatlo of, trho negnlùrte of ?¿. fht
nrtboù proBomü by DâI{ERJI ¡qf bo r¡nns¡d,¡ct ar .f,ollor¡. Ilrat¡
plot the tlnc-ûolay Balro (f¡, fy). Íbe naJor nd,a of tùe rlllpr
ovott rrhloh thcy arl lllstrll¡t¡tcd la¡ aooordlag to DLHB&JI, tlol,tmt
to thc Br (1.e.¡ r) aria at a¡ aaetc€gltr! by tbc ûorrul¡
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ÐI 11 - ir)( - îr)
..r..r..Õ.t.....(20)

2 (
ta¡ 2f r

4 (nr- - it)? - 4 (rn, - iit)2,
11 t

rL¡rc (\r &f) aro thr laillvlô¡ai v¿Iucr of th¡ tlæ-d¡icy

palrer Þe pclSo¡d,lcrlæ to th¡ naJor rd.s tbrangb tbr orl,gtn

nahor ¡¡ angùo t rt,tb tùr lx rds rbc¡¡¡

t . €+ s/2. r.rt..rrr..r...rtÒi...t.rr(æ)

lnil¡ ar þrforrntbe pcqpc¡dlolar a¡À thr dircøtl.on of d¡1ft an

rolatotl þ
te¡ I . Sg . te^u C¡ ......rrrrr.r...i....r..(e3)

.Io
bonoe¡ e naf Þe f,ound,. lÍbo Ll¡¡ of aquatl.an

st r rt.l,ç , ta¡ e, -.¡-¡..r..r..o....(e5.a)
€ "r'o
ro

!.¡trraeot¡ tbr nrJor arú¡ of tùr cl,ltrp¡r l¡¡ a poiat ûorl oo-

orül¡ater "t 
(fL fi), ¡ut thoco do ¡ot lced, ôtrootly to tb.

volrd.!¡ V¡ ra L¡ tùc oa.no of thr polatr l¡lng o¡l r ¡t!¡lgÞt Lln¡
ùut; ratber¡ tbcy lreô to a trdoott¡rn

f r v"3
v

llhr¡¡ 1r ¡t111 thc porcÅÞlLtty of rolutloa ¡|,¡se ¡ sooolClr¡ ts

B¡üEA.IIr tbr oorlcl¡t!.o¡ PÞotmoa t¡ e¡d Ty !.r

P ' o'14' ,Fþ;& |¡r¡"'rt"..""($)
e " î¡-lt

êDq af so f,ror thc aprcad, of tbt poi.nts aþaut tbc neJor eúa, fl
Le rrcl¿teil to T a¡d. Yo by tbc cryrcrclsß

( . .vj r r Tf of Bnlgos, prxLltrs aaii sIrH).' --f- 
r..rrf ..tt..rrre....r.(10).
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tr1l)lï)- {H' 1il1 
o . *(Ð1il''t"

r r.. rit..... r. t*.r..( 32)

ÀlL tc guaatltler la cguatl.ons (¡) "¡¿ 
($) Utt brc¡ ¡rfcrrotl

to lcfo¡r croept$, *ôÇ t" cquatlon (fO), ¡rhloh arc renol¡r

thc r¡!rt. tlevlat!.onr of 8¡ a¡ô llt rcepootlroly. lfbe olllper ar

ðrera üttb lts naJor ¿yl r c¡aÞl,or C anrt thc polat (f-r $¡ to l.

fouaô¡ hc¡Ee thc ttvoloolty" {-. t anô tben f¡on thr statl,ltlorl

of, tbe tlnc ðelqys 
* 

tL o" found,, lcavlng lt pordÞlt to

deternlno Y, anù thc¡ Yo. o Âr polntcü øt 1¡ t hclr ooaptitr

analysk by BBIOOS, PEILTIFB a¡ô Sllt¡Ír ¡ibrn V l¡ largc onpareü

vrltb To¡ the ürlf,t ts thc ¡rrerlmllant oaua€ f,or fatlag, On tbr

othcr baad¡ lf Yo Lc larger tbaa Y1ù farltag la nat¡Iy dt¡c to

ranalon notlonc.

Âs Beea fron cquatlon (fO), follortn6 BRIOOSr ete.¡

vt. f "Jd, . v + gÉ .rrr...........o....(¡ort)
TV

rhcro Yr la the nveloolty fouaal ty ucflg the valuo" få and $,
nontLo¡cil prevloueJ.y, tbe'cfìf,cot of tbe rendoa notloasl l,¡ thr

oaae of, e¡¡ alpro:d.natoLy l¡metrlo ôlf,f,raotloa pattcrn fo¡p rbLEh

Y . O (1.e . valuee of ilfdrtbn¡tcd lgotroploalfy)r anð ,r¡cn fl

apBrord.nates to ir¡ and fi to ñy, 1" tbat tha slople anaLyals

loed¡ to a valur of thr nrgnituil,e of tbr volootty whf.ù¡ þ nll-
tatsllg Yr f,or Yr ir too lar6rt althq¡gh l¡ thoac o¡rc¡ Èc

d.læotLo¡ e n¡y br qultr aloso to th¡ osrroot va.lu¡.
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Il runna^ry of tbc nøt&oðc gfyc! abotr, Xt üt11" allpoar

d,eelrabler I'f the slnple nethoû of a¡aLyste'la to b. usod to

obtrt¿ rellahlc re¡¡rtc qulotclyr to Hl,¡ot oü,y tboce rcoord,r

that ers obtalned on oeoaclon rbcn tbc ra"nd.on notLo¡¡ ¡¡rrr octl¡
aarl ràlob rcrnrlt fro Lsooctrlo pattËllrr stth thlo f¡ rtor,
tbo cæbr{,algs wó!Lot"35*gguet¡ for ü¡e sclostto¡ of rooorùr¡ tür
foüorlag crlterla, î,btsb, eltùorgh they tb ¡ot c¿¡hlc a¡i¡ortr{.o
Battene to bc illetta6ulsbed, fru f,mnotr{,e Battrraa, rufflor for
the naJorlty of reoor{s uede at cæbrlilgo¡ slnoe, t}6r ænpar{.sonr

naûc of resu¡,ts obtal¡cô fron tbe ainple nethod of aaalycts a!ü,

frou the fì¡ll oo*clatlo¡ netbod,r thcy d,afuoe th¿t thcrc tho

patterae are ucua,lly loonetrlo.

l. j, rcoord, 1r aoocptabte only lf, thr ¡lra¡ tr¡o-sblft d.or¡

¡ot ûc¡gc sLga aLrrt¡s thc oourse o¡i trù¡ obrc¡rle6 pcrloð.

2. tflhoa tbo veloot,ty ls eetl,netcd, tobe groat* t¡ba¡ l,0O a./æes
the nooorô âbar¡lal br re-on¡lnoû ôerrofuffy¡ rlnoc lr4r vclod,t-
i.os reÊr¡lt f¡u a¿rl ñrrgg ünc-.htfts¡ and tbe¡e 

"oy 
o" trr

¡ot bo eooeptable. Tbcy afir acocxltabl,e tf alt tho ladl,vtô¡al

tt¡o-¡hlfts ara sall a¡d c¡ob oon¡rulcat predmlaetcly of oEr

cl"g. [owcver, approd.netely cqual rumbers of lar6r por!,ü.vr

aad acgatlne v¡luoo rd.ll glw ¡ salr av?rag. valur tbat tr¡
of sotrrse unaooeptable rhca botb oæpouont¡ ¡hor rrú tlur-
¡htfts (aO) a, lt lndl.oatos that ra¡dsc rrhan6!Ë are Broi¡rotl8
no¡Ð otfeot then aqï drrfü thet uqy be preae¡t at tbp ¡aue tt¡lr
wl¡c¡ only onr oon¡roront ¡bonthl,r t¡n of ve¡"Latlo¡ rnd, tbr
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øt¡btr 1r qul,tc atoad,y 1l naenl.tuôc cndl ¡lgr¡r tb¡ rn¡ll
sycra6o valuo lE rotal.ncd, a¡ô urad¡ es thf,r leôlostcr that

tbr llass of nad,nus anptltudr llc ap¡rro¡d.¡atel,f parallrtr

to tb¡ llne Jolallg onc palr of aor{.al¡.

Ia Braetloc¡ reoords nerc rccü only Èon tùry rbo¡rd, otvlou¡

¡lntlarltic¡ ln thelr ahape ovcr nuoù of tlulr duratú.ont .vc¡ ro
tbcy aqy oo¡taln oo¡sldcr¿blo soatt r, aü ¡horm by thc r¡trastrû
tlar-{,elqy6. Thr alnple ¡ l[IÎ8"å-t¡pc aaalyel,c ra¡ oa¡r{eð q¡t

n¿tbsnatloally sn all reaôlngs takcr¡ altbough tb¡ rcadtngt;.¡rr

plottcil al¡o on s fr v. 1¡r rltagran. Ibl¡ lattcr proooðnrc ï¡¡
aüoptcd to try to lðe¡¡tlfy füflgn - t¡pc dl,ff,raotlon prttorar gt
algo þeos¡cc 8Àl¡E&tIfS mothod of, am,Iyel.¡ rar also oarrt¡ô out alû

thl plot of polntg 1¡ ¡ted,cd, for thl.¡r .å¡oth¡r araao¡ for plotti,lg

tbc ttnr-û¡ley palrc ra¡ tbat a thlrd notihoil of a¡alyslr t¡r usotr

lhls ras e netbod propoøed by OEAPPELL a¡ô ffiNn$Oilry [ht
¿s¡nnFtlorg t"¿s to thclr analyslr e:ro tbose rbloh nÂfCLIlsB3?

eboûod would, b¿ve to apply tf tbo ltITRÅ*tïpe 
"¡JVr¿a 

ts to gtvo

cor¡eot ree¡lts - rltbr hore?orr onc noùtfl.Gatl,on. AÀ'føIFm are¡n¡å,

conatanqy of nagaLùrd,c a¡d, dlæotlo¡ of drlft û¡rt¡s reoorülug¡

l1¡og of nar{uun anplltudo ç'ero ctrstgbt llnos €rror ûlsta¡oc¡ oooå

parable to aor"l,al scparatlons¡ and ll¡e¡ of nadrun aupllhrih art
dletrlhrted Lcotroploelly abort ]å. 0r G8.âPPE[L end fiEt¡DEnsotr

nodlfled. t¡hc lest of tbcse throc etcrnptlonlr

lbcy arppogcil. tàet, e¡ tbc ttratgbt ll¡c drera tbrougb thr

¡roints of tl¡c-dalay palra (oa rbat tùry osll.û tbr n¿6¡ ¿1"63¡¡r)
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r¡r, f,of tbrl.r ob¡orvatlotrË¡ üo* gplorslly pcr¡¡.¡d,lcnrl¡r to

the tl¡c ür¿r¡ fræ thc orlgl,a to ü¡o [t¡t! ;elurr pollt
(ltr t) ¡ thoy hcd proùroed. th¡ aayunetr!,oal, dlletrdbutlo¡ tU1n,

crLvc¡ þ vtrürc of nltc rbort ûurattm (tro niwtcr) of tirc
rt@rr!,¡n. fhlr lrplbr tàatr gl.vaa qffl,ola¡üy rouc rooorûin¡

pcrrloûr thr ac¡mctry of tbr itlatrth¡tle rsulð h¿vo È¡o¡ rcpl,atod,

bï e rymotrl,oal itl¡trtbutlo¡. In oth.rr mtôr¡ tbry rc¡l to

ruggcet that ovcr ¡,clatfvcly long pæloda (c.g. lo ¡l¡r¡tc¡) t¡r
v¡lur of yr L¡ df,ctrlbutcd about t?Qr, bt tbet wor rhort prr.lod,r

(c.g. ? nln¡rtes) tm ralu¡ of lþ Lt gcaera.lly oo¡¡oentr¿t¡ð o¡ srt
r!.ôr about ¡c¡o. lht¡ f,r¡rtbcr ilt{Dã to LaBry tù¡ ed.rto¡o of ¡
quall-parlodtolty la tbc uay tn rhloh tbc or{r¡tatlo¡¡ of tht l1¡rr
of ned.m¡¡ arpllhilo varic¡. thc prerelos of, ¡n¡ob ¡¡ o¡ocl,lloüm

cÞout tbc ao¡uel to thc ilircotlon of ôrtf,t of thr ll¡c¡ of narp

lnuu aaplltuôc ¡bcn¡l,d ba rþtootable fro a roÕot¡tt¡uotd.oa of tbr
oricatatLon of th¡so llncc; úloh shorlit bc BoorlbLc frol a k¡ol-
Ioilgp of thr tlne-dolats of a¡ u¡l¡tornrptcô nroocselon of ne-tn¡
or e lsoo¡rð (scs âPP. II)¡ provld,rô o¡c eü¡¡Ê.r that t¡ho llnor of
u¡"tm¡r anplttudô a¡r rtrct6bt¡ ¡nd, tb¡t lo ra¡ilon aotloat arl
prcscnt.

g[aPPEr.L e¿ü Hsl{ffiBs0t ito not dl¡cr¡;r thc cf,frot of r¡¡üc
oban6co Ê¡!ô prsü¡rably tbcy trat ealy rcoordr tb¡t åor Ltttlo or
¡o traco of anoh obengr -rr Îbc pordÞlltty of prrfrr.r¡tl¡ll,f
o¡'l,c¡toû aalao¡otrto Brttcgrs rl,p.ar¡ to hevr bceE lgaorrrl; thor¡b

¡o ¡*Bêro¡ har booa 6r,vca úy lt Ëbq¡lð ¡ot br so¡¡ld¡r¡dr !y
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rrfc¡glåg to prcvlorr {lagra¡¡ (&lgr. II& If,)r tt .bn¡lt Þr

fetrly olear tb¿t tf tbrXr eceruptl,oat at to 't'h¡ t¡pc of **d
tbat tbcy are ðc¿llng vttb !.c oorrect¡ thc ÊstÊttt¡dL a¡d itlrcsttu
of veloolty oalarlatod by ap¡rlytag tbe lXfRÁ,-ty¡rr enalydr mult
botb be l¡ otrlor¡ fho ncg¡ltr¡ðc of, voloelly od¡ulatcd, çq¡ld Þr

greator thaa t¡c tnre na6nttud,e¡ and tår qa.le¡latci!, ûlrectlo¡ mull
be la crrgr bt a¡ aao¡¡t th¡t,rorld, br trrEs |ø,ati/Z aad uerally

lese ** t/4, olther porltl,ve or negative. It ls of lnteroet;

tbereforo¡ to ura thta nctbod, of ana.lytla for tbosl oacos, ta ùl,où

tbe ranðom notlo¡r are ¡mall ¡ ar ehora \y t¡e rrlatlve v¿lur¡ of

Y a¡d Yo salor¡Iatrô tlm ã.ûSBSJITS nef,hod, a.ar[ oorpar tbe ronltr
obtalncd 1¡ theso two n¡tbo(h¡ flratly¡ rltb ¡eob othrr¡ uûth thr

ret¡lta of thc aln¡lc acthod, of analyclc aadl nltb tbs rÉsûr ob?*tnrt

frm thc nctoor obeervatio¡s.

lbc guantltlcE used b¡ 0tÂPFEr-L a¡d EEITIBAÐI arc thr rrrr
tlno-d,elqyr, îr anal Gy, tholr rer¡reotlw ve¡'ta¡oe¡r Ofr- anit dil

(1.c. th¡ naa¡ õq!¡a¡r drlattoa¡ sf fx and,8y) a¡û al,soqln (Ur
roac üovlatton of tb,o ðl.ff,ore¡oe¡ bctroea l!¡ aad, S¡ rtrr 8¡ - ET)r

anil the acrl¡l coparetlonr¡ E. anôr¡. lFbey ðcfl¡s ærtal¡
quaatltlca¡ tr 8ar "r l,, anil Xgr l,¡ tc¡mc of tbc avrre6lr and,

Ya¡{cnocs rbcrs r

Sl r ver (îr - !y) - ?sr lltr
2 2

I1t dSrrt õr o.................r.....( !3)
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""r 
(rr - 8¡) - var îy

d 2

t 2

?

lyl Ç. r ¡... r. r.r r a....... t....

e.r.rr...if..(l?)

sa

o-

a

'¡tr{ ( ¡t)

.2

t
- Sl. S, + Sr2l '....o.o..".'o".'.tt(35)

(t - ta +å).îr + tu,û .rr.....or...(3ó)

\-st+a
(1 - s, + a)' i¡+ sr. t.a!¿r ßa

I

t

fbr slgntftoa¡oc of q. aail Ia L¡ tb¿t tùe ratto, XZ/ftr drfilnr¡

tbr'¿loBc of, tùe llac f,rroa thc orlgta a¡d, ¡otua.l to tbo llne

througb the polat¡ o¡ tbo nôot dlag!¡ntt. llhc slopr la.c4prcasoil,

as ta! o( rhers oc 1¡ üh. r¡6h Þctraca tbc ao¡uel a¡û ¡.ortb

(ocaouroô alookwlse fron aortb). lhla aormal glvcs tåo illrocttou

of tho rtnrf¡ a ll.ao fron tbe ortgÉ,1 to the E.an values polat

(E*r t) nakcr al anglcprttb nortb (¿ro ncarr¡rcû oIo*rlro).

If tbe ðot illagrau 1¡ drara for tho oasc rùorc tho esrlals fot!

a¡ tEo¡oolce rlgbt*a¡pleô trl.n8ler rhcre tbc dLstaaoea botrelu

aorlalc f,ornlag the erse aubtcnillag the rlgbt-aaSùt rqual r¡ thr

vcloolty ts fouad, fttreoùly f¡c tbc length of the ¡orual o¡ tbc

ilot dlagranl sLnoc lts longtb fron tbo o¡{.gÈa to tbo Botat of

L¡terseotlon cquel " 
t/Y.

Cf,¡.PPntt a¡at E¡lNlEBsOU dso s¡gge;t t{re fottorlag equatloar

for the o¿se ¡ùea tbc sor1,alð añr not cpaoed cqualLy a,bout tbt
rl6ht-anglcr $bc d,l,reotf.oa of, d¡dft oan be fsn¿ô fron tbe cquat!.o



tr¡¡ ô( . bt a

-B]-

t-la*",
s¿

r irrr. r. r. r..... t.. ( !8)

aað thc velooi.tJt'nqy be fou¡d fron tbr vcstor rquatlæ

ßt - so + a). Ço.1. + sr.\.J] ¡

t +¡ a fr+ 8o
.ôr. rr..r r r.r r..t rt( }9)

"'I 8a )

rbrro t a¡û J ¿rc ualt vçetona aloag tb¡ E-W a¡rt S-8 d.lrootLoa¡¡

Equatlon (fE) ""y be rrrrf.tter l¡¡ tslre of, magaltud.m¡

r,a-' -kt 
- sa + r). ri¡ + s2. fi]z

r .rr..rr.........({o)

It rrlll bE sesa that tår only alteratLo¡l ln tbr Lnto¡pretetlo of

tbcsr cquatl.ono wbea ap¡ùlcdt to tb¡ aottral aerta.l ¡rat* (ff3.ffff)

ts tbet O(rtll be unilerstooit to þr noaa¡rcû olookrico froa ÌI 29oS.

I¡ all oasôc the uagnltrils of volood,ty f,ounô by lÍI8BÅf $ nctibod'

(oalI ft Vlf) ls rolateal to thst f,o¡nd by 61{ÂPPELL anô tEl{DBB$CIilrg

( oarl lt Y) by

Y . ï¡¡rsce (õ--þ) .r...rrr.fr..rr..........({L}

to slnpllf,y tba alalyclr bt tbc ncthoôc of B¡$$ûII¡ aaô CE¡3PÊtt

agd' gENffiBsCINr lt ra¡ deol oü to ta&e oüy a6 patra of tluo*ilol¡rl

anû t¡rat tbcsc to ûctcrul¡¡ tl¡c valur¡ of Er¡ ly, Ofå d *rl ó å|
dryl d*ln, Ð(tg - i*), E(ryr - ly). Fron tbeso valuca ent¡

of oourcer 5o *e tìo, wt o&n ile te¡ml¡sr

1. T and e fron UfTBÀr S methoil

2. V, Vo and, € f,rm B¡NEB.II I S netboðr

3. T a¡d e (eræ d,) rron CS¡3PE[,L anrl EENDEnso$rs nethoû.
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rY oBSEBVÂlrOtS 0t E-8EOIog

IY.^å., AECOnDITO PSoCEIITEE

0bsc¡vatto¡s rero bcgun ln f¡rrll f,ollorvlng tbe n'rooersf,trl

tr{als of the oonplete apparaürar thlú provcd 1ts aùtltty to

f,l¡notlon Bð ¿ rbolo at tbls tlaoi ReoordJ.ngø coünô¡oeô l¡

carly Xqy enil by tùr clcventb of tbc mo¡tb tbc rortltlo prootù¡rla

bad bocn ôcolôcô upot¡, tberoafter¡ 8t about the ba¡r or lra.lf-

hour fræ 0800 to 1800 hours eaob mck-d,a¡r r¡¡d oooasl,o¡slly ¡t

tbo mek*end.; thc tranmlgsL.oa of ButEes rao begun and aa soho

looked for on thc vlsual d,tapley of tbo nonltor 0.R.Oo¡ rhllr

at tho ea¡e td,nc notlng the anq¡¡t of rrol,se. If, the eoho appeared

strong enorgh for recordl,ngr ib. rsoorôor ras started anil the ðeptb

of fadlng¡ rate of fad,lng a¡il anu¡nt of noisel aa rsoord.cd rerr

noted. If these three faotors.rrro see¡ to be of, arltehlo pDop-

ortlo¡s tJ¡e reaorder nas allored to run for a perdod of 'at leaet

! nlautcsr Åt tbe oo@eaoenent of reoordl¡g tbo tlnc¡ {atc¡ anû

rqulvaleat belgbt of, tù¡ eebo rerc ¡oteô ls tha log bookt rbile

tbe tlno a¡d, ilate mre çr*ttea on tbc record, ttself ¿t tb¡ bcgta-

trl¡g of, the rocorðr e¡a ft¡rtber ¿1ü to LôoatLf,loatlot. At thr

enô of, rooordlngr tbc a,upltftcr waa ¡rltebrô of,f aad tåo p¿Btr

s¡lowod to rua o¡ seYrr¿L t¿chcs to pomlt qloar ae¡ralatlæ bctrec¡

euooessl,ve reoorô¡'

IY.3.

îbc coboos rcnr usrally a¡parent soûo tino bef,orc 0800 houn

tut at sn oqtrlvale¡t bclgbt fer ls .noss of IOO K¡. Thoal bcforr
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abor¡t 0800 bourr¡ thrro rar ¡ oo¡ftrslq la tü¡ cpll.s¡,aaor of

th¡ eoþo rbtob oftc¡ rpraô q¡t lato arvor¡l ropt.ðly rar¡rltg

oeatres th¿t ¡borcð ¿ f¿at ôoorea¡e ln cqnlvalo¡t h¡tSütl

thougb qnlto oflcn, alro¡ tbc rohocr rtnply êllaBprarcü fsr
sø¡ tlnr bef,oro appoarlng ¡gala at an cq¡u!,valoat bolgbt ror¡.-

rhat 1¡ ¡¡ocrc o¡f I0O f¡' anil gro¡rlng qul&ly lato rtrou6t

ûcepl¡ fcô116 eohocg. tbrso cffcets oould, poerlhly bo ¡tt¡{-
butsd, to l¡b¡ f,o¡ratlo¡ of ll¡ E-roglol¡ or¡ ratbor, to tbc

rc¡toratl,oa of tJre i,o¡l¡atlon d,e¡¡alty la tho S-rcgJ.on up to

lt¡ uu¡al fuIllgbt lcvcl. e¡ tbo tnfluo¡or of thr Srntr ra¡rr

¡a¡ falt la tbc loaoaBbcrc.

Sl¡tler effeot¡ nure ob¡crroð ln tho cvenlng f¡on aÞout

1?00 bq¡rr a¡d latorr t' ¡nrgocsslo¡ of ùa¡Si€s ln thc rtn¡oturr

of tbc lobocs¡ fron slogìc Bulaca varylag Eore ql l¡s¡ ngulerly¡

to nrorc and, aore rLôcly sprcad aad ilfff,l¡sc eübors ùorviag

roflcotlolfiFoa a nunbor of holgùto¡ tbcn a ftnal, f,ahly rapldl

Ehtf,t to cqui.valcnt betgbte roll abovt IO0 trn. rnô oftrn a rapLt

deallne la ¡tse of tÀe eoho, follomitl aomo lfttl¡ tt¡¡t aftrr
tbo d.l¡appoatå¡too of s*layar oohoes¡ Þy atroagl,¡r-8rorln8 aaû -faillag
oohocs frm thr Fda¡rær

rbr¡r ras alro a Brognrrslvo oba¡g¡ fur tbc ¡l¡r of tbo coboæ

arouEtl 1100 to r 3o0 bo¡lrs on no¡t da¡rr. Q¡rt to oftcn thr cohor¡

ro¡¡1ü dliea¡r¡ro*r at abor¡t llo0 bq¡rr ¡aô þe quttr rtroag agata at

I¡OO hourcr lblr af,fcot rù1ù, eooorùtrg to StIlt.[Z.âü$, lr nort
ioætol¡ly ù¡e to tbe faot tb¡t ravsc do ¡ot ¡cü¡¡n to tbc grouû
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¡t tù¡cr bsurs orÉlß to tbc hccvy abtor¡rltoa tn tbc lorr
lolot¡rbtrrlr¡ bas qulte ê! of;frot o¡ tbc n¡abcr of resrltr
evall¿hlc f,or u¡c ct tbc bours ¿round, aooû¡ natrí.ng 't¡hc realt¡
of tbc an*lyafa Lcta rcllaüte ¿t tbrsc bo¡ls. It rlgbt br

pcrtl.neat to uoatlo¿ that tblc ûeorcaac of thc nunber of oü-

ce¡vatloas qrou¡ô thc nooa bours lr BartleirLarly proaotr¡ocil ln

ür6cr¡ e¡ilr la faot at Åd,cl¿lür tb¡ cffeots of, abaorptlon an
f,¡Lt stao¡¡gly all thc year rouad" at tbo froquoaqy uaed,rro tbat

wl,ntor Lg aÞout thc oaly reå¡oa rdrc¡ th¡ E-regtoa nqy Þc ctr¡d,ltû

by tbe netbod. of oloeolJr-spaocd acrllalr. lbo davolo¡ncat anô

testlng sf th¡ aqnl¡rcat ln thls rü¡dy uet profounilly lnfluc¡ort
booa¡¡ac of absorptf.on cffcota¡ a!.aoc rqul"¡meat trrtlng rao

¡ronalblc o¡ly 1l llr sl¡ter so¿rol. Thl¡c rcnar*¡ appty¡ of
ootrttt¡ to tbc ¡rcart 1956r L9J7¡ Lg58¡ alir lpJp, úl.oh a,n oc¡t¡cð

on thc I.G.t. prr!,oi[¡ antl tàls tB! a pcr.lod, of unprooail¡atcd uraepot

eotlvltdf. lbe nuber of rooordfrg¡ nado tn Hqy a¡it Ju¡c , LgWs

tbat rore anLteÞtc to tak¡ tlno rcadl¡ga fron crc plottert egalaú

looal tlsc la &lg.ILI.

Ia atl¡ rÞüc 2ó9 obre¡vatlo¡E and resorùt¡gs utro aaðr 1¡

tbc hto¡r¡l fron lst Uay to 4tb Sorenbcr¡ L979, Of tbe¡c rcoo¡rl¡

eonc llo rere Jutlgoô ¡slteble for:roedligg fo¡ thc l¡ta¡val lrt lay
to 14th Scptanbcr. Tb,o!,¡ of thcge¡ aort 32 tn lqf a.ud 2? ln Ju¡r

worc aelooted, fron a sù¡aly of tbe nagnituûea a¡¡d, cproaô of tbr
value¡ of Í¡ anð Tt as cr¡rl lro tlo nroorttr f,or furthor trc¿taot
aooord,lrg to thc natboûs otrtllneô 1a tho 0eaclal Dlrc¡¡¡Lo¡ of thr
.taalyela. fh¡rc Bartlorlar oacr natro ¡olrotfü to gf,vr a eovcr of
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tbc bqrr¡ bet¡oca 0800 ¡!ô I80Or a¡d thr orftor4¡ utcð i,a

sclcotlo¡ mra tbo¡s lclð ðora by tbo gabrrlit6r rc¡*ærl'
l.

'.Â. 
OWENÂI, IEÅÍTTBES OF TÍITD IEUTCSD FACÈÍ BECONDE.

lbo roa¡Its of tb¡ thrsc anelyecr a¡!¡ tshlatcû [¡ få3LD II
(æfENn¡ I) anil grapbrð ls FIO$. XllY to {frfl. I¡ümr ùlagrsr

orly thc atnple borrS.y noêEE an ¡bos¡ rltùort an¡r attcnBt to ¡t-
prerent tbc ¡taaderd èsvr,atl.oar, thougb tbr¡c bav¡ bro¡ o¡tln¿tril.

llhcse ôla6ramc ¡ytll noç be ðt¡c¡sred 1¡ srüor.

tbr l[ay r€sults (ffOs. XII a¡rl eXÍr) by tbo UIIB¡ or

BAIIERII typs anal,tds botb ebor tht Eane tre¡d 1¡ tho f-S a¡¿ E-f

oonpoaeata¡ vtrr ¡ a obange f,rsn south to ¡orth et or bcforo ulditett

e¡d s teaôoncy to srl,ng to tb,e mst frm east at about nlûðay. für

ron¡lts of, tbc DANE&TI - typc aaaLyrla f,or üay abor gsaæally

enaller uplltuûca¡ partlorlarlt ln tbc S-ff omBoaant. In IIO.$TII
tbe res¡Its of all three t¡4pea of, aaalyals for tboro llay reoorôr

tbat ¡¡afer to ttae¡ rùen tbe notioa of, tbc pattotrn on tbo grornô

ras il¡e nal¡ly to d,rlft (eooordl,r6 to thc re¡nrlte of, the 8.A¡I&BTI -
type aaalyalr) arc abom,. Oaly for tibree honrrs (0900 - 1000r

1500 - 1600r aad 1ó00 - f?oO) r'a$ tborc noro tha¡ o¡¡ o¡tinote of

th,e drlft veloolty a¡d ro or¡ty these ho¡rly nraas arc plottcû. lfba

tbree nethoð¡ g:[vc rcnrltl l¡ðloetlag th¡ ra¡r trc¡d - beocllg

Dor. nortbcdy a¡d reatorly latcr ln thc d,¡y.

tho rcn¡ltc for Juac¡ gÊwn ln *lgs.ÍfVffl to IIIII oro to
cbos noar tsg¡¡larttt rb¡a all ¡¡ælta of, t{¡e üIft¡- ü¡d 3ÅilEBJI *
t¡r analtsgr rro o(Epêrad ytth taoh otbor¡ a¡¡A rttb tbr ¡¡lloggr
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r¡rnl,t¡ fol Iqy. X¡ botb rr¡r¡It¡ fol Julc¡ tù6 1r r trnûrnqy

to tovr ¡outh tbr¡ b¡ü rtro¡8ly ¡ortb to r nndn¡n ¡flcr Ëlûalrtt

f,ollorc{ Èy ¡ raplil süt!6 ¡outbçeril¡ la latc efÙo¡t¡oon. In tlr

oacc of tho E-f oonpolrnt botb cbor a graôral ¡lvta8 to tb. ¡r¡t

froa r¿rt¡ rlth th¡ oha¡Spovcr eÙout uld.ilqy. fh,e a¡ggpstloa¡

or¡nolallt l¡¡ tho oaEc of ttl l¡Í[8À - t¡Eo atalycl,e¡ lc of r

strong acul-d,lurnal oontcnt tn thl S-l oonBo¡c¿t. In tbl¡ caif¡

al'ao¡ tbe 8Å$EBJI * d,alLveô octlqat.t srra så,¡,lcr tba¡ t&l

oorlt¡poBiu¡g urTaa - ilorlvcd veLoottfue. Tbc g¡aPb¡ of the t-8

a^aal 8-W (þtpor¡crtg for tbosc oattt tttrf ðrif,t ¡boulô br thl ndr

oarro of feitlng shor very ¡laller tr¡ndE to ¡Eoh otblr ln tbr tr-S

ooa¡rolcats (FÍos. rür XXfl, îû IIXII)¡ trenða glnl,lar ts tbo¡r

¡bon la Bl,ots of qll thc June rcooril¡ (¡[Cs. IXÍIII eait IIII).

Sbc ß-rfl oonponcnts 1¡ tho grapbr oi H.g", Iffr IIIII ¡l¡ð XXf,t¡

oan nc¡eiy b9,,Bsfù to shor thc ¡anc goaoral tcnð.llgy a{alt¡¡ ar

trr Uqyr of a svl¡g frru osat to rcrt¡ rlth thp orora..o?or ¡rcrhapr

oooruria6 bcforo noo[r

fro e oonpartron of tbr llqy ¿¡d Ju¡¡ rcü¡It! ¡bom ta lLgarllf

auû IIYI¡ a^reil Ftga. IMII ¡¡4 XIXI o¡o 6e¡ prrhapt s.c E tondraç '

f,or tbor¡ to be a¡ ¿üyanoc ta phaor of, tho !d.Dt ¡yeton fru I¡y 
,

to Ju¡o. Sbls l¡ porclÞly bettor dcf;laoil 1¡ tbo oaË. of lùe [-õ

ooapinont¡ ùdre ln Xqf tbo aa.¡lnnrn ney perùepr br ¡rcratl aþout

1100 bours, úlle t¡ Ju¡c tt appcars e;rqra¿ 1300 or L¡100 hour¡r

tba camc gencral offcct nay bc guccteil at tn tho S-ï oo¡oncnt¡

tbor6b lt t¡ not so ø¿r*cð ln tbl¡ 6rËc¡ Shat lc notloo¡þl¡ alæ

l,s that tbc anpl.ltnrü¡ of the ![-$ ¡atl E-t oonpolttrtr apprar to
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b¡vc Laor.åËcd, !@crbrt, f,ron Xa¡r to Juarc

[orcvar, tho prota ln thls forr a¡ç.r¡ot rrry trefs¡rattvr
e¡d, lt raa àoped, thrt gour oornospo¡d¡nge rourd rppeer Þot¡ccn

the reä¡ltr of the rtad.o ücduccil f¡on tå¡ sürûy of E*mglu
reflcotl,oas aaü of tbe rt¡ds ôeù¡oed fron a Êtuily of raôlo ray.t
rcflooted frron nct¡or tretlar ¿Ë nc¡ttor¡cð t¡ tbc Introùrotloar

.!æ,

Thc tro aonthe¡ tay a,ld June, mm atnglcô or¡t f,or r¡rcotrel

stüûy bcoau¡e tbcae tm no¡tb¡ rrrr tho oaty o¡c¡ of tùo¡r itud,!ß

rhtob ¡¡n¡lt¡ rrrc obtalnrd.¡ la any arrrbcr, by tår nctboôs outli,pü,
1¡ thla atuilft aad, at tho ¡aaa tlno fron tås reflcotlon of r¿dlo

fay€s frm ¡¡crLy-foruod notcor trall¡. tlûo fllnE oÞtat¡¡ð by !e¡
¡¡eteer ôù¡dt g¡þtlp for lls,y aaô Junc; Lg59¡ rrr$r rcail a¡d rubccquc¡tlt
aaalyEcd¡ by the autbor, l¡ ord,cr to crr lf th. vlad¡ obtalaril þ
the neteor slr¡dJr at botgtrts lowsr thcn that of &¡ E*regloa ¡borrû
e¡¡r oorllcpondenoe rltb tboas ilcr[¡qtb],c fron tbe ucth,oal of elorcl¡r-
spaocd asltsla. Eomver¡ tba ran¡ltg obt¿lncil f,ron thr noteorr
etu$r ùrrln6 tbe dqyllgbt bourõ rçn¡ ðlrappotntlag. rn tay, oüt
th¡os pofntc ootrlt bo obtal¡rd tbat ylotrleil only tbc b¿roct

lsilloatloa of tho Eag'{ h¡ds a¡d dl,rcot!.o¡ of vxnô, la the bclght

rå¡ta 95-IO4 h.¡ rùtll fot¡l polntc of aa llttlt, or lar¡¡ rotrlabtli.ty
to¡e oþtat ¡¡blc for thc otbor brlgbt ,elrga of g5+4 trr. lbrsr
rcanlta¡ for úat they tndtoate¡ bavc booa larertod, oa atl tbr
grapba of the [qy rcanlta. fbo nemrt treails ero iatloatrü but ¡o
real later¡rctattoa or¡û br naüo or oorrtrspor¡ùr¡oc ðc&roorL
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lbr Juao r.r¡¡ltt of, thr nctaor trthod {Çt',¡ atr ¡o le*l¡g tl

oovcre4t, ¡tnoc oaly thr bqrna botr¡ra 08OO a¡ô 1300 ylrlilctl

eufllsl¡¡t ûata to allor of fatrty ¡rcll.¡bLe rs'ttuatos of, rlnd, .

vrloo!.ty to ba sads. tbrse ¡rof-nts¡ eapeof.ally et the 9Þ1,04 k.

Lcvel¡ Ðrc fatrly rltbly ssattorcdr atrdr slnoc ¡omally tbo çl¿tl

at tbece levclc ls obtalacd by ßltttng a æooth tlrrtc to ¡rù

rlilety sosttored, poLnta, by tbe nctbot of loast Bqu&ntËr etoo¡ lt

ls aot posrible ta thts oas€r olther¡ to oonc to a¡y conclu¡loa

sfuqy and thosa of, thc netcor st¡alf - fr@ a conBartgo¡ of r.i¡lts

obtal.ned, rLnut. ta¡oo$sl v.

YC 88S TS Otr SItrIL.ÀA SMDIES ELSEWHERE IN I.O.T.

lfrr lnpaeac¡ tcaobed at tblo ¡tagp Ln oomparlng the rca¡lt¡

of thoco two mcthod.e, euggcatcd th¡t otbcr oonflruatlon of tbr

valltllty of tbo ¡netJ¡od. cboutd bo eougbt. lfhc re*¡ltr of clal¡,ar

rork ðo¡e durlng thc I.O.f. hatt bos¡ publtrhcdl bt SUrur,Z¡f¡38 f¡

L959, Ec oonparsô rer¡lts obtclncd by the netbod of olosrly-rp¡qrs{

acrla.l¡ at ¡evcr¿l ctations l¡ tbo Sortbern SaurlaBherc. lllhc

re¡n¡lta ¡cro f,or E-ncglon anrt I-rcg!,oa drlfta ileù¡oed, fron tbr

olrple UITAÀ - typo a¡alycl,g of fadl¡g reoord,e Et Salta.tr (la¿ta)t

Freihrrg (oe¡ma¡y)¡ Ïæagara (Japan)r and Canbrlitgr (raglara)t

ilurlng 195?-1958. The letltr¡d,c of Tuagara (aec Tall. I)
epprodnatea to that of Ailclaldc¡ so that lf thc wl¡d Battorar la

tbc tro brnlapborc ers rclaterl, tbcn tbc rcmrltc; at thcsa tro

pleoesl of stnlla" sürdlcc ¡hotrlû be ¡lnllar¡ Brovlðoô tbat llkc
soago¡¡s are eonparèd. Tbc rosûlts obtaLncô by ærhora ¡t Ïanagpn¡
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tur{16 dlt* (1"r. foTr¡ Dle.¡ fgÍ?l ilarr¡ 19t8} lrsc oflprrld,

rttb tborc oÞtal,¡o<l ¿t åd¡lalûr ùuring r!.ntæ (i.o. l[qy¡ Juar¡

1919). lbat ls to aqy, tb¡ rca¡ltr for tay:¡¡1d Jurel 1959r ¡t
Âd.tatd¡ of tbls ßfn¡'dy rrre l,uupedl togcther¡ tæcct¡ð !.¡ ür
!an. laËaor ar th¡t 1¡ Èlsb STHÀ!,¡KI b¡il troltoil thr rrrltr
tbat he hail publkbcô¡ aaô oonBarcil rltb tbc ran¡ltr no¡tlomd

pnvloual¡. 8br Japaloæ m¡¡ltü ü.Í, shoçt ia StrC. xlllltr art
tbc .lðolddl¡r e¡:¡rlts (trr¿te¿l C,ntlarlÍ - ryltb rtandarû tl¡vLatlæ¡

f.¡ü!,oetad.) *om ln FIO. Xrrfl. Eafor êlocreslng thelr sppGaran€r

we nlgbt ncatl.on agaln tbat thc polats arouail nt itday a¡d. bctllll
O80O - qgOO a¡rt 1?00 - f'800 a¡c lers rcllabls tbat thc oücr poLntr

iluc to tbe fower rooordg obtalacd at thsse boura¿

0ot¡slitcrlng tb.e ncthoô of aalølatlon aleo¡ m ntgbt rcatlæ
bero that SIXÀ3åKI saltÐlatos tbe bor¡rly nca¡¡ f,or a partlcrlar
bq¡r Þy aôdtng all veloel.ty oonponoats for tå.rec houre¡ tho¡o f,or

thc hour ¡rooedlag {rhe gfvon bour; tboee ihr¡l'å¡S tbc glvcn bour¡

and. tbocc for bour follorhgr aaû (llvliloc thl,s q¡n by tbe total
¡unbcr of rcadlngs L¡volvcd t¡ thls cstlñator

Sor la oon¡rartlg fll0r$. fgIXI a¡ô rx¡ff? ¡¡ shoulð obror.
tbst ¿¡ Tsag:aça !,s Ln tùe Xorthcra EcnlcBbert a¡d arlctatüc 1¡¡ tte
Sotrtbcrn¡ tho !I-$ oopocats of dr.tft velocLty aay bo oonpancd þ
laverttrg olc or tÀc other¡ ro nreh lmrersLsa ls roqutned for s

omparlton of tba E-w oonpo3eatao lhls ls bcoau¡c thc rl¡d ayrtmr

bctag sürdtcd, aro &re to tlils.l o¡cllletLo¡s f.n thc atnosphen¡ aad,

ro; becel¡sr of ;iih¡ rrqnl,rcnc¡ts of symotry, tbo novæo¡ts in tåa
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ol,¡rorltr hraloBbæc¡ ¡bould be er hillo¡trü,t 6m rboulÄ¡ ln faot¡

tbtlk 1¡ tc¡nr of tro oolpoaoatr ln raoh bonlaphelil!¡ ono tat¡lla¡,
to tb¡ cquator (1.c. rotùa,lr E-f) a¡rt tbc otb* ûlroot¡ô to or

fro tbo polr (1.c. aerlillo¡ef r il-S)r Tb¡ recrltr¡ rùcn ompemdl¡

¡bor nerkcd. clullÊrltios. for l¡ataacer åa tùc $-S oorlpoÉr¡t

thcro t¡ flrst a ctlgùt arLag to tbr SG¡tb at .åd,claLôe tbat n¡toàsl

tbc attgàt srln6 äotth at Ïanagara¡ raù tùcn orluga baù to r
f,alrly largc na¡dn¡n to tbo l{ortb at .0,¡!rl¿ld,c aad to thr Soutb it
ïanagarar ead Bo o[¡ lllho ltultc of crrot¡ êü thom by tbt ¡ta¡û*¿qt

ilsvlatlo¿r a¡F slnll¿r.

A¡ for th¡ 8-S ænponrnta¡ FC ilqy [oto tå¿t thr¡¡s ¡n

ton.ral d.ullarlttes¡ rdrloh, lf tbc ef,feot of, tbs un¡¡ll¿blltty
of thó polata n¡ntLo¡¡il abovr bc tak¡¡ lnto oooouat, lndloetc tbat

tbe nlnd qyctcne bavc thc rats. genrral pcttoear

It oa¡not be crycotril¡ of oource, tbet roarlts obtal¡cd,

otrgbtcea noatbs epart l,n td.nr¡ at poLatr at apprord.ratcly tb¡ ¡al
latlt¡dr Ln opBoaltr ùcnlrpbrrct, ¡bould ¡hon o¡actly ¡lrllel

¡rattcras¡ dlf,feraott la pbaacr æplltual,c a¡d ôetaXl oa¡ b. ¡ütl-
oipattd¡ so thet nbat agrccnent thoro l¡ Þctm.a the Àrtrt,alôt ¡aA

ïanagawa rc¡Rrltc osn oaly bc doacrlboil a¡ blghly cnoornag!.ng.

OnIy tbc rea¡lt¡ of tüt üITB.A - ttpc aaelyslr hac bæ¡

treatcd, ln tbe n¡Ênnæ dc¡orlbodr h¡t lf onc takr¡ oogllroror of tbr
faot that tbe upllürilcr of tbc oon¡ronenta or lù. 8¡¡IEAJI - typr

aaalyter¡ aa plottc¡l on Íros. rxfY anrl Xlllr arû lcgs tba¡ tbo¡r
glven by thc xrrn¡' - typl aaelyror¡ ar ¡üotteit on fros.rÍÍ ¡¡il
xxYrrr (or¡rcoldly Eottoeaþlr fa thc o¡¡c of tùo D-ff oupoaoltr)¡
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oae rl11 ¡oo that the trcatnrlt of tbo ð¿ta ilcrivsô f,ron

B.ål{$A.tI - tJrpe å¡aly.lsr la thc narrntr euggcctodl by tIüÂU¡trIt

wltl rc¡nrtt ta ourrsa slnllar to üo¡e of ff[O.XüItI a¡al XXIIV

but rrlth ¡sallor amptttuûeo¡ nuoh ¡øaller ln thc oato of, tbe E-g

oonpoBant.

vD. IXDIBECT mq.ûnIsON 9F, mE nEStttS 0r FSIS StsJDr ¡[D or Trc
ltgSBoR 8!ÂIt M$ltE0D.æ
l.a attoopt reo neüe to ilcteot oorrsãpondlonco Þotme¡ tbe

rgnlt¡ of, the notboils of thle s1ildy and tboss of tbo nsteor trall

nctbod l"¡ the followlag way. tho eol*ral resorde of t&c l{-S a¡d.

E-W omponcst of ifr{.ft voloct ty f,or lûey f954 a¡d, Junc f953r for

thc bel.ght r.angee 85-94 nn' a¡at 95-105 h. ¡ uero referred to. Ibc

snootb eurrðs ûran thror6b tbe eeattered, pof.atr for tJrces ao¡tbs

rere ailded. togetber 1¡ tJ¡o approprl.atc helght ra"Êgp! to gÍvo a

oompoalte S-S end E-W aæpo¡ont of, itr.lfü veloctt¡ f,or tbe two

bclgbt gror¡pc for lft¡tcr (tn ila,f a¡ld Junc)r îbe resultr arc ahon

la FIO. rrlf. Tho na¡rc ln rhLoh tbe I{-S oonBonent st 85-94 trn.

ülffcrc f,ron tùat at 95-104 KE ræe noteðr ss ¿lgo B'ont tba polnta

of dlff,croaoe botrocu tbc E-l oonpo¡snt et thcso trrc LsvcLr. Thea¡

aranulng that tle trcnô torerûs greatcr or leEaer anplltrdr,

aûvanolng or rctardlag phasc¡ ðto.r wltb looroaalng eltltr¡(b oo¡-

tlmredt et thc sanc rate üc oonpod.tc oonpoae¡ts tbet ntgbt br

erycotcd, at tO! Kn a¡d 110 trn. o¡ th1¡ noôel¡ ïcrr cçtlnatcû a¡il

plottct oa tbc cmc dlagr@ çltb the ¡nooth c¡nr dram th,rougb tho

poLata obtalacd, by tbe S¡ifU¿ruff netboû of avoraglng tbe Àdelafûr

re¡nrltg of E-rcg!.on rl¡ðs. lfbege or¡rfðs arc sboø on FIO.IIXÍL
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(lUrrr tr oo¡rlä¡rrbh þrtl,f,lortlo¡¡ fsr url,lg ¡lrarl,tr obtd¡rð nværl

yter. pnvlonrl¡ fror thr retror treil lotbet ar tbr Èrdr of ooprrlror

rtrtb tbr ¡rnl,tr of tbir rfi{y obt¡l¡rd, 1¡ l99c llbr m¡rrrlto¡ lr porr
1Èl¡ booanre¡ r¡ rhon ln ¡ puhllahrô prper S ù,t- tbe llail ¡yrtrnr of

rlrot rortår 1¡ 1952 e¡û f953 .3¡ tonprr{rt¡ andl u rhon üor. rorntly i¡
un¡nbl,kbrii ror* - rcatt omð ln prlrrtr omrlortû,u rùe¡r th. rlrd ryl.
t¡m of ¡rl,rutrð uoalù¡ 1¡ ¡953 enrt 1961 er. !(r¡)arrt ; tbr lll¡t tt¡tm¡ ili-
tuorô f,rn tùr rct¡or trelt nrthot¡ at Âôrl*lde¡ crr felü,t rtreüy for rroh

noatl¡ t cr ¡ftcr ymr)r 8br sortfi¡our lt¡rr å rrprrert tbr ¡trr¡¡t of

loothln¡ fù,r q¡¡ver tbrougà ttit pohtr of FIOr IÀXIVT th¡ brahrl crrür
E r¡À O rprrrr¡t tbr oo¡ronatr cf t¡{,ft r4roetril to b. fourÄ ¡t l,l0 frr
anrl l0! hnr lrrlpretlvrly¡ ar ðororl,Þrð ôÞorr. ttr rlottrå llur rpsrlrat
tbr llrltr of r¡ror of tbe E- ngåoa ürlft itlod,trf oçþoncet¡ ¿r thor¡ i¡
trIg. IIIIV¡ llgt o¡r nurt teLr t¡to ¡eoou¡t thr u¡¡orrt¡l¡tf l,¡ tbr ¡hå¡rl

of tù¡ æir"!nr. t f,or üo lat ¡vrù 0800 - q)OO bq¡rr r¡ llll at for lùr L¡tr¡r-

v¡l l?O0 - l8@ børre¡ atô¡ Ëotrr prtttßlsrly¡ tJrr l¡tcnalr llOO - l2OD elû

t 3(Ê - '1400 houlr¡ bro*¡m of tbr prndty fi tUr lrnbcr of rroordr rael¡rrrri

tr tbr¡r lrt ralr (rcr trIO. ¡LI ). l&cn; tool oal ntt brr¡ tr ¡l¡d that

lt br¡ bccn fqr¡il flç thr rctror rt¡dlrr th¡t tbr E-ff erpo¡ont of itltft
vcloclty tr ?.br Ëort rt¡hlr G'¡¡oBort of tbo tro ovlr tbr oo.rÐ of tlae ¡

thr'!-8 oorporrri b¡¡ bæ¡ fæpt:to br rrtbet tort îrrl¡blr frn ¡ræ to
fritr' tült ttlr¡ o¡r ¡bdrlt lool to flrd rlnttell,tlet ùrtnea tùr B-ï

ôoilpoltat¡ retbrr tbr¡ Èctmr¡ thr tr-S oupo¡.ttrr Onr rt6!t tbr¡ be¡å¡d,

r gqo.r ttrt of tbt t¡o ørr7tt E alô 0¡ tå¡ ql¡rve 0 1r tùr brtt¡r ¡pglro&

lretlon to qr¡¡r. Â.' lbl¡ t-Fll¡r thrt tbr û¡tr aulyæt Þf tbr IITRÀ

rrtbst r¡frl to ocborr.lrfl¡otrå fic tbr S*f¡8!,o¡ ¡t r bclgbt of ¡þout 105 fi
If tht¡ bÒ ¡o thcn, rlncr tùr oorripoadrnor hr¡ b¡ra urlrral



r¡¡f rtrt .lü r¡rl ttl) pr+lrrhr

rt .{ï rr rttutl röqtÏq +l qt¡ólt lltt o+ JËlc¡p l¡ol üott

¡l*l¡ .r¡1 +¡til üttp :¡rrdlh 1¡ qtnoçF r9lr r1 trr rrrÜs¡t¡ ¡lc

.tü ¡e ü,trl[l t Êr ?ütr proflpl| .q[ rÜ{T 'i:ry r¡rlfrg to
r+r* ü¡1 $t lp*ïGlr tî roÕtl¡elî ?rË pror l$, Drt flr¡ .ü

tü ö*¡¡ tç lr üüüü lir rer$i rql ruo¡l¡.lt5 r?.I¡¡¡o;u

.q ßot * ütt ü,rf ¡rilfc el .ilT+roo +rltt f .rI 0oT - oú

.¡¡.r.t l¡r¡î r{l, n¡¡ rf*nCr¡ rrlr*lo*t so il lr¡,mro

rüürwr rnrrtrfr ¡lr rrfir tl trüc:.ql JÐ rffi, ç ;c ll

*Üö*
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VI. C{WS.BEIOTS.

trltb tbr flrrt rcotlon ln thl¡ prosolt ùapter lihr orLgfr.-

plaanrd tb¡ria rcuIô havc raôcd,r h¡tr rrt th thc l¡olualsn of th¡

othcr nothod,¡ of arra.r,yrta 1¡ tho dlca¡rcLoa¡ lt ls nsoeaaery tÞat

aonethlng be oald¡ lf poratble, about thc oorreepondonoor or

sthcrrL¡c¡ botrrcn thc rorultr obtalnoit by analyslng tbc ¡anl

oet of reosrds by th,c tarl.ou¡ nsthod¡. å.otoe.lly¡ tharc art too

f¿w reoordc for a¡¡r netboil of, a¡slyslc to gf.vo a rollable l¡dlo-

atlon of, the r1aô pattern 1¡ thc lonoapbcro¡ ao that arlJr ooDp

oluslonr tlrara ln tht¡ oheBter nuat bc rcgard,ed es ts¡tativc

only.

Yf.Â. xlfBÂr s ffiluoD or .åI.år,Tsls.

Synoptto obaervatloas of, atnoapbørlo d,rtft by tbo nltcor

tralls acthodl a¡ô tbc actboô of alosolJr-rrps,goð aarLals ln Eng¡.a¡ê

baçr loal ¡Í0llES& to tbc oo¡olus!,,o¡ that &c ayrtcm of ¡rtntlc

prrecnt ln tho E-r¡gÉon ls l¡tluatcly ¡olate{l to tbe rrlnô¡ k¡or¡

to c¡á.st at 1¡rr higb lcve,Lc of thË atmoepùaro. JOIES ¡bomd that

tbo.ratcs of, varlatl.on of, rIaA oplt trdô alô phaæ nlth attlà¡ðtr

rtcih¡ood þ uda6 tbo nct¡or trallc notbod¡ f,or hrlgbta up to tbr

E-reglon *cre ooatlnro¡¡ rltb thoae ûrùrood for ccrtaln lcvrl¡
rll¡bla tbe E-rc6toa¡ ôctcmtnrû Þy ualag thc l[IÍ8Â aothod. qf,

elosoly-epaocü acrlals. fhLc nay bo takcn as cvltc¡oo of, tbr

validtty of, tbe ltISBÂ nethoê es a rolLsblc msana of, doternlnl,rg

the relootty of wLad¡ at theae lcvel,r.

Tbls stn(y attcnptoit to vcrl,fy ths samo faot¡ horovcr¡ tbls

provcd. ¡ot to bc poaal,ù1,¡ ù¡c prlnartly to throe d,oüol,oaof¡¡ l¡
th,r BroJrot. thr¡c rrrrrtbat th¡rc mro too fcç rcn¡lt¡ for
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aEalyclr¡ ao Borslblüty for oæBarl¡oa of ¡y¡ootlo obr¡rctlo¡¡

of rlr.l.fû uade by noaar of the nctcor tr¡l!.c nothod, e¡û tbr fIfBÂ

aethod,¡ anôr no Doa.aË of detornf¡lag the soù¡el b.lgbt of, rcfl¡stlo¡

of th¡ ¡nlrcs used la tbe UITA.À nttåod..

8b. flrat of tbc¡c ûcflolond,og lcd, to tb¡ tunptag togethæ

of all ayalleblc renrlt¡ la aa cffort to sbta.la ên ladlo¡tloe of

thô yt !¿ cyaton tn tåc E-reglon¡ Llnltrd l¡ valur tbæ6Þ thlr

ul,gbt bcr lb flrcLanil lact-¡anoð ûof,loloaqlcs nrart tbat ao

reltahle cetLn¿tes of tbc ratc¡ of, var{,atloa rrltb sttttu& of thr

veloocl,ty anpliùrde a¡d. pbasc üslt pooclble¡ a¡d ¡uoh o¡tLratoc ar

aro gfvrn i¡ Sootlos Y,D. ars ba¡til o¡ tlre eeeinptlo¡ thet tho

v¡rl¡tlo¡s 1¡ tbetc quantltloa aro oo¡tln¡or¡s rltb üclr
respeotlvs varl,etlo¡e ðoihrooô et loror levela fron thr nctror

tratlg e.thoð' Ia f,act¡ thls acauptl.oa taa useal to srrlyr
et a.a estlneto of, thc helght of reflcetløt År &r trbr thlr¡l
of the d,efiolcnolcs¡ thc d¡'lgcrs l¡here¡t 1¡ caüeavourLng to

o@pers re¡nLts obtal¡ed reveral yeara spert nust bc apparcnt¡

espeolally aiaoe¡ 8rl rat nc¡¡tú.o¡cil ln Sestto[ l.Dr¡ olo of the

oonpononta of, tbc wlnû te 
"cry 

varl.ablr (i.o.r tbo [-B oougoËcÄt),

and so tbc oouparlsoa ¡¡olls¡ cntlroly on tho glntrl,arltlos ôctcotablo

betweon tho S-S omBonoats de&rood. by tho two ucthod¡,

Bowrver, lt t¡ ao¡oclvaþlr that a gFeater ¡¡¡nÞor of ob¡e¡r-

vatl.oas muld, havc ronoved, nuoh of, tbo ðouÞt êãsoot.ateil d.tb tho

ronrlts aa thcy ata¡do oortalalyr thc geaeral trc¡d of.thr sl¡dr
deô¡ocð by both nctboôs 1s ver¡r rlnllar¡ la broad outllnc¡ rbet l,r

r¡odod ls noro raflncnent of d,¡tall, ¡ rt mll a¡ knorlc{æ of lùc

hclgbt.
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In rffcotl tbrrrfCrrl¡ rr nntt oolo¡r¡t 'that¡ ¡¡,tbü¡tb th.
rcn¡l.t¡ of thlr günûy offcr tc¡tetlvr rvÅû¡¡er tra nr¡iport of tbr

vallillty of, thr IIIAÂ nrl¡boô ar a a.raa of êrtent¡lng lonor¡rb¡rtc

rvlnûa rltb ssrc d,egrec of rsll¡¡blltty¡ tbs n¡r¡ltc e¡ tboy rtalû

arc ¡ot ðeoLglvc.

VI.B.
It

PItÍtEAf S rn$ÐD Or A¡ÍÅLYSTst.

no¡c of tbr plots of tbr palre of ü.lc drlqfs gay. a atralgbt

lllc¡ or BnythLry tlßt approdrateô to a utralght lLrc¡ ¡o tb¿t
n

tbr fiffIEB uothoð of a¡alyrtr oor¡1rl ¡ot bo usoð o¡ .yo! o!. of

tbo reoord,¡. llhcrctìort¡ ßr a netbsd, of alalyrlc¡ lta utlllty
tôsua to br ratbrr ltnttcil, rtraor¡ er beE brc¡ alrca{y rtatrô1

otbar mr{srrs herc ¡sôea,roüllô to usc ltrhrt vltha¡t lrlootrrr

!!b¡ n¿ln srltlolsn that Eosnc to qpBl,y to tbl¡ notboô lE t¡b¡t no

allora¡ac ls uaðo for tbr cffeot of ra¡dom Eotlo¡s, 1n thr r.[ro

tbat tbat terr has been u¡ed ln thle tbod.¡o fhls bas ü€oa pohtet

out¡ aa¡mqyr by B.âIEEJX lu hl¡ rnomartt¡ oail¡ aooordlag to htn¡ thc

ef,fset of, ra¡¡dou notlols ls to re¡¡lt la tbe dlaplaoeaeirt of

¡rotats ln tbr plot of tùr tlne dplay f,rom tJre atraLgbt l1¡c tbat
Û

tbc PUIIEB sothoil proêlota.

w.c. SalIsaJI rs tmtnoD CIl .å[aLIsIs.

fào neln adva,utegc of tbc 8Â¡{EetI ntthoð ep¡)cdrs to bc that

lt off,crr a nca¡a of d,¡tc¡nnlntns tho statl,gtt,s¡ of, tho relod,t¡r

of ôrdft ¿¡ mll as thoae of the ranðon vcloEi,tlcs. 8be ùltf
ûlfferù¡or la tùc rrrslt¡ of tho tso mrthoila of analyats appllcd

to tho ¡anc ret of moorðr ri¡s In t¡hc nagnltnrðo of, thc E-w oou-

ponrntr of tho ddft vcloelty¡ útoh Lt no¡t aBpcraat l,¡ tbr rcr¡ltr
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for I¡yr 0olaqnrltlyl oolol,ðrrhg tbl; ccpolr¡t onlt (rafot tr
k¡ora to br tùr lcrr vartaÞlo) ¡ lt roult mæ that¡ applyl¡s tùr
averael¡g prooarc of sßül¡[Â?åxr to tho rqy ¡l¡d Ju¡r r¡t¡lt¡ got

fror tb¡ 8åNE&rr nrthod of aaalyrla, rc rbould, br ¿blo to f:Lt tbr
out¡ro ¡o obtalned tp a ürrrl riB¡ts.ntlng tbr d,c&cad E*w osrrol-
altb"Ëf erlft Ytloclty crtl,neted frg¡ the nctcor nrn¡lt¡ a¡d, rcf,¡¡r*

rtng to a helgùù ¡rathor ltss than l0$ hr Îble rculd be ro bl-
eaul. of tho rc,il¡¡ood anplltrðc of tbc S-H Ooapotp¡t at thc lor¡or

lovol knova frm tbc netoor reu¡r tr aad þeoa¡rce of the uallrr
alpltbila f¡ thl¡ oüpourat deduoEd fron tås B.årBerI uetboô s¡

oo;parrd rt tb tår sroo ootrpo¡cat deô¡oed, f,rou tbo rrtaa netboô.

Hrrcr borcverr ro ¿rc oo¡f,ro¡lt¡d rltb thc gaae iltlftcnrlt¡¡ as a¿rpcÂr-

rd ta tbr eaco of th. trIîR.å,-aaalyreil ro¡¡J.tr - to ôo aot lc¡or tbr
aoü¡al hstgùt of roflcotloal ro tbst rn oa¡Eot deoldc rbeth¡r or

not tbs posslblc goo{ f,lt nay bc takca a¡ cvld,cnor f,or adrerçoat

botrrea tb¡ uotcor aad 8"âlrE8.rr ncthoüs. Âltrburgù, rlaat ït Ea¡r

bc ocrt¿|,¡ of ts tbo fact that¡ if tbc [rrnÂ nethoô does glvc a
rrllablc re¡nrlt tbc¡ tb¡ S¿¡IEA¡I netboð u¡ðer-cstimcte¡ tJro acù¡a,l

negultrdc o f, tùo drlft veloolty. 0n thp otber band¡ tf th¡
8.û¡¡BatI aet¡bod oan bo rbov¡ to 61vo a rol,xehlo rcanlt tbca tbr
¡¡IfR.ù not¡bod nurt ovor-e¡tlnatc tbc uagnlü¡dlc of, tràc ôrlft vcloclt¡r.
xf oaty thc holght of refloctlon rer¡ knora ü¡cn rc oould. nakr a

doalslon betnoon thc tro nothodn¡ ar to úlEh glÍcE thc b¡ttcr i[t.
fhere ls alwqyc tdre porolbrltty t&at thcre are too for ren¡lt¡

for thr oonparlaon to bc vollil¡ a¡d tb¡t tÅero wnrld bc l¡¡t d!.ff,-
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tnoc brtrrer tà¡ r¡a¡lt¡ d,crlvoil froa thr tlo uotboð¡ of

lf nor¡ record.¡ h¿d, bte¡ wpcrldç &¿t th¡rc øqght to bo ¡ont

ûlffrrcne¡ Þ¿t¡¡on the ronrltg of th. tm nethodc l¡ to br r:prot*
tdr eLnoç, aftsr all¡ raudon aotlonr am oertal¡ly preaeat¡ ln
varytng a¡nouatt ct dlffe¡rtnt tlnocr ¿Ed ooaoeraLng tberc tbr tll!fr¡
uothoil oan ylcld, ao tlcflnlto Lafornctlonr

Vf .D. CEåPPEIL ÁtrIl EtrDBRSIÍr S lmmoD 0F Aff.åLïSIS.

Tb1¡ nethod ls bcoeû on tbc esanr¡rtroa tbat tbe solaotloa of,

¡hort-duratlon resorrilg latroduoos aB alJünctrlcal tUgtrtbutlon of
polntr ou a nðottt d,lagraoñr thl,s seons to lnply¡ É¡6 vaõ ns¡tloned

Brerlorrly¡ tbat tbsro i¡ a quael-Berlodlo ogolllatlon of thr ll.ncr
of ncd.na about thc noraal to thc vclocLty veotor¡ ro th¿t tÀo pcrr-

lotl of tro nL¡ute¡ La only a fraotlon¡ poaslbly a rargc freotÍoal
of thc quasl-Bod,od,¡ lf r. mey uoo tha eryrocsl,cn, uhl,oh oourd bs

of tb¡ ordcr of, f,rou 3.:10 alnutc¡* slnoo tbe ¡nalr¡gt dureü,oa

of an¡r roaorðlng mecto l¡ tJrts rtud.¡r wag at lcast ! nfnrtec, tbca

tt ougbt to be pocalble to g¡e¡ lf, th,o orl,entat.ion of, a whoìLc aerlct
of ll,noa of an¡tna aro drawu ualng tht nct&o{a of Ápp}¡l{ÞIx II, &c
wa,'y ln wbtob the llne¡ of aa¡d.na !üing f,i¡st to o¡c glde and tben

to thc otbor old,o¡ a¡ tha rcoord advaasos, fron beglaalng to eqda

Sbc graduat trcail that secn¡ to bc lnplied ln thc aaurnptlon rhould

then bc otrvlour¡ If tb,t¡ 1; donc for tbc r"eoorda nad,o at Âitclatdc¡

lt w1¡,1 be cocn thet the llnsr of nad.na d,o ¡how a soasld¡reblo

va¡l.atlon ln th¡lr orLc¡t¿tlont¡ yet thcre ls no tcaclonoy to reg-
ular osotllatlour lfe oan oonclude¡ tboreforc¡ tùrat at Âdclalðr

tbc nethod, b*¡ no apprleatlon. Àlco oouattng ageln¡t thc nethoô
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ls tbr faåt tbat lt t sls to eontal¡ a lotrEt vtolstlo¡ of o¡c of

tbc orltcr!,a lalil ôorn by tho Cæbrtrtæ t ara35 fo" tbc ¡clootlsn

of rclleblc reoord,c, nmolJl that r,hc nean tlno dtclqy åocc not

obaage slgn dturlng thc Eourlo of the noord,lag¡ lfbet thla uq¡r

pomlbly haBpca ln tbo oesc of an æpllürdc Bettaru i.n ¡d¡loh th¡

llnst of ma:rlne ogslllato ln thr Eaantr ilrtorlbaû ¿bovo nqy br aren

frm oonolderlng tbe follourlng.

Suppoee tbat thc vcloctty vcstotr llcg fatrl,y olo¡c to or alo¡g

eltber of, the acrlal &r¡86¡ Soattcr ln tbc valuêg sf thc tlur ôtlays

Belrr r1l1 ocour due to lrrrgularltto¡ of rblob'r sbapc eto. &¡tr

tf tbo llnoa of, nædlra are pnefrrentlaily orlcnt¡d to o¡c af.û¡ or

otbcr of tbc ¿erlal o*l ! for ¡o long e tl,m¡ ae t¡o alnutcr¡ then th¡

ttuo ðeleys neasuroü betnoe¿ tbo ecrlalü olr tbâ othor a,rrlaL ¿:ûr

rl'll be prctlælaatcly of ono r!.gn andr bcnoc tbe Fcaa ttnc dtla¡r

for tJrcro aorlala rllL aleo bo of t!¡¿t sltËr thon ¡ Ilttlo later¡

ac th¡ linea of na:d.tla awlng to the otJre¡ slile of the aerlal a¡d.r

for anotber niar¡te or ro¡ the neaa tlno itclqy çlII abangc algn for

tbl¡ ¡art lntorval r s¡al so on for tbe ¡nrocesalve o¡olllatLo¿sr fhl¡

rot¡ld noâ,r¡ that t'be nenñ tine delqy has ohaaged, soverel tlnec ilurtag

thc oout'¡s of the rcoordlng a¡d ror aooordlng to tbo ox.lterta llstad
aboyer tbe r'ssord notrld, nonnelly be dl¡oardedr

À¡ lt atanda, t'bcre ls a falrly ty¡t üstlo dlff.renoe betveen tba

ron¡Lte obteincd by tJne lúITnÁ, and. the O$ÂPP8üL & nEHIIEBSN nethod¡

of, analyeia¡ wltb the lsttrr netbod, glvlng the genrrally blgber v¡Ioo-

ttf,ec¡ as rrlr ae gl-vlag a urnrally maller angte Or fhls 1¡ oaly

to be eqrcctetl fron tbc oquatlonn glvcn¡ but¡ for tJ¡c rca"¡ona glvra



*l0t*

¡bõrr ( r¡¿ oe!¡trr!) tH,¡ nrthoû dotr aot rotü lo Èr Drttæ thrs

rltbrr of otbrr rcthodr aaå nenr to bl b¿rrå ol rtnrX)tlonr tbrt
ilo not CpBlÍ to t&r ty¡rc of prttrrn ¡t Â¡lrl¡trllir

Yr.B S0rutffi.

-

îbl¡ rtldly ornaot br ¡¡t¡l to h¡vr robleved lt¡ ¿!.r ef rd,l¿*tlry

tbc tlIÍH¡ nctboð ¡¡ I rrtleËl.r ncthot for d¡û¡clng tbr ayrtrm of

rtndr ct loaoapbrrlo loylX¡. rt ùrrt tblr r*t¡{y h¡¡ brougbt forte¡qû

ort.ôcnor tb¡t off¡n t¡ntatlve npBort f,Er tùr hypothrrlr¡ btr ilac

to ¿ doftsloaoy of plannlng on tbr oar hq¡rt ( no provkloa for k¡oç-

lrdgr abort thr brigbt of rflcotLo¡), aa¿ to tbc unûrteer¡ ilÍff,lc¡ltf
reroo!.at¡û çttb tbr rroord,f,¡g (lhfob hd to a panolty of rroorð¡ f,er

aaely:t r ) on t\c othor ban{¡ ¡o drfl¡ltl r¡¡a¡scnt l¡ poraiblrr

llror for tbe¡r rclf-¡s¡ Ðêtont¡ tbr otbrr ar-thod, of anetyrlr

(frnnUtt$) urrt br rrgerðrd ¡t lclst ar farorably sr tbå UITAÀ nttbod¡

ro f¡r ¿¡ tbl¡ .l*¡alt 1¡ ablo' to rcrolrc.
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YtrII II$CET'LâSEOUS.

YII.I,. TE¡Í VELOCIET OT D8IÍI.

llgrnXXTII rboç¡ hlrtogrær rottlng out th¡ ûlttrlhrtlo¡
of vclootty of alrlf,t eaoordlog to tbc notth a¡d tbr ncthod' of

a¡¡ly¡l¡¡ I¡ all oa¡o¡ tbc avrragr ôrtft vclooûty 1r hlghrl

ll Ju¡c th¡¡ ta llqyr a roü¡lt sortalnl"t la bm¡rlag d.tb nr¡ltr
of otb¡r lflfl¡-typr analyor¡ elrorùcn¡ aDð of abq¡t tùc ¡enr

negatü¡do. .ål¡o ar orynotoil tbr 8^âIERJI-ty¡rc anal¡rdr, by

attrlbutlng: rñ. of the nott o¡ of thc pettarn oa th¡ grouad to

tbe of,feot of ra¡do¡ notlo¡r tn thr ¡ofl¡stt¡g layor¡ yblilr
rcloolttr¡ aarkrûl¡ Iorer tban tbo¡r of lllînå-ttpc oualyrlr¡

¿¡ð tbe nethod of CIÀPFELL a¡ü [trD$R$ilr as ooulû only be tbt

oêla¡ ylclila velooitlea blgbor th¡n thoes ilciü¡slbk fro tbt

llfnÂ netù,od,.

lrtrB. YE[.o_qtrl¡xp x¡,ailrs8la lrypsf, (rp).

tt6.IL ¡bor¡ a plot of aroraged, v¡losltlcr agalngt tùr

valuc of nagrlctt.o lad,e¡, Xpr prevd.lf,ng rhra thc vcloottlo¡

Írre rooordoô. l{o oùvloug t ¡fluonoc of Kp u¡roa tbc na6n1ùrdr

of, tbo vel,oolty 1r appelont. thla agrcc¡ rttb rc¡rlts publlûrü

ùy !$fK.eltotg a¡rl 00Â8Å41 anð a¡ rlth thr ctat alnt Þy B¡S&Itf842

tbct no¡.Ly tbc glcateat na6nrtlo d.l¡ù¡¡rþ¿¡oc6 ar'¡ aoempellrd Þy

¡ nc¡r*¡r¿bl¡ Lnoroaso of tho velooltl¡¡ of thr S-r¡6uo,r.

rrrc. rBtocrTf or pBr.pt .t¡¡4 fÂIIIro pBa{qD. F.
RÅ0 a¡it 8¡0ry fron a rtrdy of r¡l¡lt¡ obt¿l¡td ttrca thc

ob¡c¡tltlo¡ of S-roglon ¿rtf,t by tbc nctJ¡oð of olo¡¡ly*¡pão.t
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mr{dr¡ hrvr lotcð &r r¡rlracd r.rlrtlc
Y¡t . 1.86I r ...ro...o...r.rrr..........(+a¡

çåtoà rålatcr thr S-rogt,ol ilrlft voloolty V @)
to th¡ rarclrlgûh t cnploycð ln tbrtrr ¡ù¡4¡ r¡ð to thr frilll¡
prrLod. E (avrn¿r tluo bctrroa ruooolslvr padlt or rl¡l¡n) of

tlolt Ecsorð¡. lbr¡ rarnrar r gonrrrl r.ole$.onelt¡

, V.ñ. hr ). .r.rt-rr.ro..r.erÒr.r..rç.....r(4?¡)

ù¿ù to rorh, ùq¡r Þ¡ PÂsæf Í la f935 at GpÞrtû¡r¡

tbry lnrggr¡t thet hl¡ ¡rlattonahlp botncrn D (tnc ns¡drun ûlrtt¡or

.of ae¡lal scparetlon for útob thc at 6nel vart,atloar a¡r aradbl,¡f

tbc.rur)¡ thr v¡loslty of, ôrlft V ¡¡al feiLlag pæloû1, rlr,¡
F. ZDfr ..r.r.,....ro.i.r..r..........(41)

oa¡ bc c:preeacil ln tc¡us of,l. fron rquatton (42r)r th¡r

, F. 2D/V . *ìt/V .f .ororr¡i..-¡..rr.......(4þ)

.[lco o¡c aay ñnü D f¡oû

D.'q. ? ....r...öcrr....rr......({4¡)
B¡O a¡ô BÂ0 bavc f,ou¡d tbst, et ÌfútaLr¡ the velur of,

ts . 1.06r tbuç etvlns Þ tbo v¡lur 0.glr rhlob alnoa thr fircqutnqf

u¡cd, l¡ 2¡j y,a/aoa.r tÈvce tbr velur of D ¡¡ log ¡.
tshr rrsordl obtat¡rd at ¡,Calrlûr ncrc u¡rd, to obtrtl if¡ th.

iicr¡gr fadl¡g Brrl,oü¡ f,or tþ vrrlqrl vcloeú.tlrr Y r¡at tb¡

rrn¡ltr ¡ùottlt 1¡r thr fon I vrrü¡r * fr, dEor¡ ¡r lqf .bt rrrl
frm (4âr), ttlr ¡banll y!.ctð e ttrrtgbt llEc thror¡ü tbr ort¡tr¡
of alo¡rr k. lbr plot of crù potatr (f, rÆ) lr rhon la
Il6rXtrIilIII anû rnrggcrtr ¡ 1l¡¡ of rlogr . t . 2.8r

1.r.¡ Vf ¡ 2.8 )n ..¡.....rt.r1r....rr....({eb)
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îhtr tLffrrr f¡on tbr rcr¡lt obt¡l¡rt ty nrO a¡t l¡o ¡¡ ¡l¡o
d.or¡ tbr valur of, D¡ et aôrtaiile¡ ûoùrocit froa thlr rrlrt!,o¡-
¡hlpr rhcrr

) 3'tVe' $t ' l.4r'19ft. rt....rr'....(44Þ)
''lbr approprlatr valuo of D obtal¡rð by pÂUË:B*6 t,. lOO n.

rf, rlnrlt¡ of f¡d!.n6 pcrdod anrl s-rgLoa û¡.lft velootty rt
rnagena¡ Jap"nß o¡¡ al¡o t¡hra lr gct ¡¡othcr varur of D . ltto rr

lfhr¡e v¿lues rofcr to dlf1îoll¡¡t t ¿tttrdllr enð tbr rrn¡ltr
arr tahrl,at¡d bclorr

t.ûßt8 r.
$tstLsaL¡tl.tuðrD^hg

Faltalr U.?oX lOE ¡. ll0 rr lrgó 24 b¿
faregara' ll.lt 180 n. lâ0 tr 3.0 t6 Ir.,
adrt¿lôr 35og l!ó u l4o rr t.g 1T bå
Oarblt,ûgr le.Aqf JOO ar l?O n, 1.T lO Ir..

lb¡rr rca¡lt¡ en plottoa (n v. latl,tritr) tn ltg. rLrr. tbür

¡¡rn to rrggB¡t th¿t.tbc ialur of D drprEûr o¡r latltuôt to a

nar*ct ôcgrrc¡ co that tt roul,d be ¡¡ rll to dctr¡rln¡ thr r¡f,r
vehrr of D rt 11y lrtltuðr Þofo¡¡ ülúordlnûr ß¡r snnrnsrdr l¡
aa¡r oloaclt-¡paooê rerla¡.s ¡ü{I,

PllflsBfr by oa-ridorlrg tbr rcflcotl¡g !rgÍ.o¡ of tb¡ lonorpbrn
to bc ûlvldcû lnto half-revc rrgúonr¡ trdvc¡ ¿t a relatlolahl¡r
Þctr¡r¡ Dr lr r ü (¡Bprod.nately ?quel to thc bcl,gbt of, thr r.cflcctl¡g
lafor) a!ô n (tUo reAtu¡ of thc nglo¡ tbat oo¡trthtrc nort ttrorg-
ly to thc ðlff,r¡otls¡ pattcra'on tùc 6rouad)¡ ü1. ,

n I t^.Vo ..e....r.,Òrr.rrr.rrr..r...r....(4s)
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Bt

_r0ll_

tor¡ {r ! ean bo cryrcr¡rð 1l trr¡¡ sf }r rat tDr oolrtr¡t

f r.¿,/(r x/el . å. .r r..... i.o,...... .....(46)
tu¡rposlr6 tbat û br anÞrta¡ttelly oo¡¡ta¡tr rquetion ( 4é)

¡bor¡ tbat tä. ¡ln of tbr re6f.oa oontrlh¡ttng ¡ort to tù.
pattæa oa tbo grouad, i¡ t avrrrcly Bæportt.s¡al to üc factor kr

lhc f¿otor k rrmr to i.¡orca¡¡ rltb thr r¡v¡longtb u¡rü (tno¡¡U

not proportlo¡¿tcly) ¿nrl lnoroa¡cc rttÀ l¿ti,trde¡ thr i¡n¡lloatlo
belng thet tbc rLrc of regf.on that ooatr{.h¡ts¡ nost to thr pattcrn
o¡ tbc grounô dooroaroa rlth laonearlag Lattü¡d¡. pe¡dbly tbr
s6f¿tlsnghrp ðeðroeit Èy p¡,wsrr (vtr.¡ cquatnon (+¡)) l¡ ilcrtvrd,

froa too rlnpLo a oodplr ht lf ¡ot; tbLr cffcot nreLt with

profit be further investigated.
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