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Anno«! Report 

for th« period 1 July 1969 to 30 Juno 1970 
* 

toHMiryt 

Thi« roport dotcrlbos mumm  rocont «fforts to «tody «ad ondor- 

otond tho porfonune« and tho nolso proportios of ototo-of-tho-ort 

■9.(B||CdxTo infrorod dotoctors undor low boekgroiiad cooditloos. Por- 

ticular ovphosi» ho« boon ploeod on tho study of tho low froguoncy 

noioo proportioa of thooo dotoctor«. 

In tho Min body of tho roport« Or. «. J. Nooro doaeriboo tho 

prooont approach to noioo ooaouroaonta and dotoctor ovaluation 

along with tho firat roaulta of hit axparinar.ts. Thia part fivoa 

a doacription of axpariaMnts in «diich tho probability diatributiona 

of noiao aaplituda» froa aovoral Bg. Od to oloaonta obtainad fro« 

Tonaa Znotruaonta, Inc. havo boon aaaourod. Xa all eaooa tho dia- 

tributiona aro gauaaian. «hon aaaouroaanta of tho diatributioo 

aro ropoatod tho varianoo of tho diatributioo ia fq^iad to ohango. 

foeh a aituation haa boon toraad "noiay-noioo" by Brophy [1], 

Additional data ia roguirod boforo tho atatiatica of tho diatri- 

butioo of woriaaeoa eon bo dotoninod for tho Ig^^^Od^To alaaaota. 

Appondi* A conaiata of a thoorotical papor ontitlod "Vhaaeaa- 

oological Approach to Lew Proguoncy tlactrical Moioo" by t. Toitlor 

and N. r. N. Oaborno «dtich ia in proaa in tho Journal of Appliod 

Phyaica. Tho dovolopaant invd^oa two baaic phyaical idoaa. Piratly. 

tho oxcota noiao ia aaeribod to tho fluctuation of tho local (ia 

tiaa) roforonco lovol to «diich oguilibriun and othor whito (in tho 

low frogooncy limit) fluctuationa aro eooparod. Socondly, it ia 



that «see««* low tnqmncy noi—  involv»« a nooliiMar proe*M. 

Thl« implim» tbm ooimm powtr la diffaraot fraquaacy ragiooa axa 

eouplad. k  forthar aiapla aaaoaption raqulra« tha iatagral of tha 

pctmx  ■pactral danaity ovar facially <dw>aan iatarvala to ba a 

conatant. Thia laada to a 1/f apactnai for tha powar apactxal 

danaity. foaaibla ganarallsatiooa that provida for othar cpactral 

iawa ara alao aaationad. . 

Iha calandar of avants aaaociatad with tha aquiaition of 

atata-of-tha-art B9i_«c^|T* datactora ia aa followat 

Contract in tha anoont of 939.994 for thraa atata- 

of-tha-art arraya of Ig^Od^ datactora 

■aardad to Tastaa Xaatruaanta, Inc. (Contract • 

■o^ar ■0017J-70-C-0444) 9 Jan 1970 

Oalivary of fisat arr%y Mb  1970 

Oalivary of aaoond array March 1970 

Dalivary of third* array March 1970 
a 

balivary of fourth array May  1970 

to tha ali^htly aubatandard parforaanca of tha firat array, 

array of tha aaaa ncwinal alaaant aiaa «aa providad by 

itcuBanta* Xnc* at ao coat. 

Oaring fiacal 1970 thara hava baan Monthly raporta on thia 

tadk bagianin« with 1 Oct 1909. With thia annual report, it ia 

prapoaad to ratom to tha qaartarly raporting procadura praacribad 

by M»A gaidalinaa. 

Ooriaf fiacal 1970, tha paraonnal concamad with thia taak 

hava baan Dr. t. Taitlar (principal invaatigator) and Or. W. J. 

# 
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(project •ciMtist).    OuriA« fiscal 1971. Dr. Moor« will 

r«sponsiblliti«s •• principal inv«0ti9«tor and Dr. 9. T. 

Mdoff «rill particlpat« in thm project. 

Twtnty copi«a of this report «r« boiog mat to UM Dofoooo 

DoeuBontatioo Cantor. Caaaron Station. Alaxandria. Va.    22314. 



um ruoDvey aoitt raornrzit or mro-or-m-AKr 
■9« v_0d T« XSFltMUD OCTKTMS 

• W. J. Moor« 

I.  miiainary Conaid«r«tions. 

Infrared d«t«ctors haw I009 suff«r«d fro« «Uctrical nolM 

in mmomnm of that produced by th« fundaaantal Johnson-Vyquist and 

fMiaratioo racoablnation aachaniMM. This axcasa noisa has a 

powar «pactnui «dtich roughly followa a 1/f dapandanca and i'. ia 

rafarrad to aa *l/fa noisa. It radoeaa tha datactlvity of tha 

datactor. particularly ia «yataa« idiicAi auvt oparata with slowly 

varying aifnala. Zn «ddition« axeaas noiaa incraaaas tha statis- 

tical spraad in datactivity of alaaants in arrays with raaultant 

dagradation of tha ovarall array parforaanca. 

Tha objactivaa of this attvfy ara to procure avaluatad atata- 

of-tha-art ■«. OdLTa datactor arrays with paak aanaitivity naar 

10 nicrona, to parfora additional aaaaorasants of rasponaivity 

and noiaa oadar a variaty of background conditions, and to coapara 

tha statiatiea of tha *l/fa noiaa ia thaaa datactora with thaorati- 

oal aodAls for 'l/f noiaa aachaniaaa. 

Raoant atodiaa of saplituda probability distributions of 

•1/f aolM ia eaiboa rasistors by Brophy [1] indieata that this 

aoisa diffara atatiatieally tnm Jotanaoa-Vyquist noiaa. Such 

statistical atodiaa of far Uta poaaibility of tasting aodals of 

ml/tm noiaa ganaration aschaniasM aora praciaaly than ia poaaibla 

aaing tha traditional powar spactrual aaaaaraaanta alona. 

* Traditional aapariasntal studias of noiaa in saaiconductors 

bava bean liaitod to aaanuraaanta of powsr spactra. Tha uaual 
« 
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•ystM for power apcctr« MasurcMnt« consist of a tunablo narrow 

tend anplifUr followod by an nu reading volUMtar. Tho voltaator 

roading is proportional to tha raa anplituda of tha Pouriar eoaponanta 

naar tha aalactad fraquancy. Piltara hava baaa uaad in thia ««ay to 

laurananta at fraquanciaa down to about KT barts [23. 

•iailar aaaauraaanta hava baan nada down to S x 10* barts uaing 

fraquancy aultiplication nathods with analog nagnatic taps [3] and 

photographic fila [4]. Racantly. Nanaour« Bawkina and Bloodworth [5] 

daacriba a tachniqua of Making powsr qpaetra by Pouriar analysing 

digital tapaa nada uaing a ayataa «diich pariodically aa^plad and 

digit isad tha wavafor« of intaraat. Thair concam waa in tha 

apactral ragion balow 1 harts but thair work rapraa«nta tha first 

«sa of digital coaputara in tha analyaia of alactrical noiaa. 

Anothar advsnca in tha analysis of tha natura of "1/f" noiaa 

is tha work of trophy [1] and Booga and Hoppanbrouwars [•] «bo 

datarmina tha charactariatica of tha a^plituda probability dia- 

tribution of "l/f noiaa froa carbon raaiatora and Odfa filaa 

raapactlvsly. trophy finds that tha variance of tha probability 

diatribution ia itaalf a variable and changaa whan tha aspariaant 

ia rapaatad. Booga and Hoppanbroowsro find that tha variance of 

tha diatribution of noiaa froa Odta layera is constant. In both 

'raaea tha noiaa powar variea approxiaately aa l/f and the prob- 

ability diatributiona are gauaaian. 

In addition to tha above atudiea of aaplituda probability 

danaity of "l/f noiaa, trophy [7]« baa determined the probability 

diatribution for tha intervale between sero crossings for both 

Johnson-Byquiat and -l/f noiaa. 



Ail of UM abov« studi«« with UM •xcoption of thoM of 

NaoMMur, B«%Ains «ad BloodMorth r«quir« thmt  UM oxporiatitt IM 

rmpmmtmd  for «ach typ« of analysis. It is not conv«ni«nt to 

parfom aoro than on« analysis on OCM sasyb of nolao. 

k auch aor« ganaral and usaful systaa for nols« analysis has 

boon tfsslgnsd In UM prosont work. This systsa allows all of tho 

asasursasnts doscrlbod abovs and In addition allows on« to aako 

aor« eoaplox tosts of nols« th«orl«s than thos« discusssd abova. 

Th« systsa consists of an analog tap« r«cord«r( facllltlas for 

saa^llng and digitising data r«cord«d on UM analog tap« and 

placing UM dlgltls«d saaplss on digital aagnotlc tap«, and a 

g«n«ral purpoa« ccaput«r. This systsa will b« d«scrlb«d In d«tall 

l«t«r. 

XX. Proportl«s of tho PurchaosA Bg, ^Od^ Array«. 

Wq^JSAJtm array« hav« boon purchasad und«r Contract Huab«r 

■00173-70-C-0444 with Tax«« Instmasnts Inc. This contract called 

for dallvory of thro« array« of at l«a«t fiv« «la»«nt« «sch. Arrays 

w«ra to b« provldod with «l«a«nt« having UM nosdnal «Is««! 3 a X ail«, 

• at ail«, and 30 a 20 ail«, fiv «l«a«nt« frca aach array war« to 

b« «valoatad «t 3t*K aad 4.2*K with mtrictcd bockground lllualnation. 

Do« to «lightly substandard parforaanc« of tha first array dalivarad 

(array no. 256 - ITC) a —cond array of th« «aa« nosdnal «l«a«nt 

«Is« wa« provldad. Th« array« d«livar«d ar« suaaarlsad in Tabl« 1 

with coaaant« oa thair parforaanc«. 

XXX. tap«rla«ntal Oatail«.       % 

•leek di«graaa of the two systsa« a««d in thi« study ar« ahown 

ia Pig. 1. The systsa Shown in Pig. la Is ««««ntlslly UM «as« a« 

X 



that used previously by ftrophy [1] «xcspt for th« Analog tip« 

r«cord«r.  Pigur« lb ahowi th« aor« gonaral satup including noiaa 

analyals diractly utilising a eoaputar. 

In tha axpariaantal configuration ahown in Pig. 1«, th« 

■gl_JCCdÄTa datactor array ia nountad onto a coppar block «4iich 

ia attached to a liquid coolant raaex^oir and ia hold at a tanpar- 

atura naar 78*K or 4.2#K. A coolad opaqua cap covara th« d«t«ctor 

in order to naintain a low laval of optical background and 

a low laval of optically producod g«n«ration-raconbination noisa. 

Tha dotactor ia biaa«d using a filt«r«d battary t apply aa ahown 

in Pig. 1c. Th« raaulting currant flowing through th« aaapla 

paaaaa through th« prinary of a PA» Modal An-1 input tranaforaar 

(Triad 0-4 OoofonMr) and producaa an aaplifiad fluctuating output 

in tha tranaforaar aacondary. Thia output ia furthor aaplifiad 

by a PAR Modal 113 praaaplifiar. Th« tranaforaar is conn«ct«d for 

a voltaga gain of Slil. With thia systsa th« saapla appaara to 

tha tranaforaar to ba a 120 n nois« voltag« sourc« for nois« fr«- 

qusneics gsaatar than about 20 harts. Wo distortion du« to eurroot 

ia tha priaary haa b««n ob««rvad. 

Signals froa tha aaplifior ara xocordod on analog aagnatic 

tap« which ia capabla of racording froqoonei«« as high aa 20 Ids 

with a signal to noiaa ratio of 40 db. 

Th« rocordod signals ara playad back at a latar dato «ith«r 

at th« r«cord s|««d or st s alowar apaad (in ord«r to got a 

diviaion of all froquancias praaant) into an IP S40IB aultichannal 

analytar uaod in tha saaplad voltag« analysis aoda. «baa th« 
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uwfon has bMn mmmlt i for a mtttielmnt tim»  h» 1-2 r inut«») 

UM contents of tho asaory is punchod onto pspor tsp« t^.ich can 

bo analysad by co^putar.    Khan fraquancy maltiplication or division 

ara unnacassary tba analog tapa racordar ia oaittad. 

Mb«» uaing tba ganaralisad systaa shown in rig.  lb,  tha dawar« 

praaap,  and analog racordar ara as daacribad abova.    Sig.ials 

cordad on tha analog tapa ara playad back Into a dlgitisar which 

can digitita and racord worm than 10    aaaplas par aacond froai tba 

wavafom.    Praquancy division or sMltiplication can ba u.iad for 

apacial applicationa.    Tba unigua faatura of this systaa ia that 

tba chronological ordar of aaaplas froa tba randoa wavafora ia 

^aaarvad. 

XV.    Maults. 

■oiaa froa tba praaaplifiar and froa biaaad llg1_J(CdjtTa datactors 

bald at liqald nitrogan and liquid haliua taaparaturas baa baan 

aaalyrad oaiag tba two aystaaa dascriba abova. 

Aaplitnda probability diatribotiona aada uaing tba pulaa 

boight aaalysar eonfira tba oHpaetatioo that tba noiaa ia noraally 

diatribatad.    An a«plituda probability diatribution tor alaaant • 

of array QOSl-UC bald at about 4.2*K with a bias oturaot of l.S aa 

(alightly abova optiaua currant) is raproducad in rig. 2. 

fkaaoaaa and kurtoaia ara two atatiatical paraaatara of a 

diatribution vhieh ara indapaadant of gala and ao ara charactariatic 

of tba typa of diatribution.    for a noraal diatribution tbay bava 

tba valuas 0 and 3.0 raapaetivaly.   ,Tba akawnass and kurtoaia givan 

on tba graph for tba diatribution of rig.  2 «ara datarainad uaing 

1 



its c«leuUt«d fro« all 512 «xporiamtal polBts of tho dis- 

tribution and so inelodo data fro« tha winga «Aieh «oaid otrongly 

affaet tha raault if tha «rings daviatad fro« a nenal diatribut'.on. 

Aa iadicatad on tha figura. tha raaultiag valuaa ar« vary cloaa to 

tha thaoratical values «Aich auggaata tlut tha distrikutio is 

gaur .an avan «all out into tha wiaga. Us do not yat hava soffi- 

cia.c data to datamina tha statiatics of tha variancaa. BOMSVOT« 

tha variancaa aaaaurad do vary« that is, thay do not rsaain conatant 

«dian tha axpariiMnt ia rapaatad* 

•avaral aoiaa aa^las hava haan digits sad oaiag an OIL 

digitising facility, tooa problaai has ariaan in aw^a^ting to 

gat good rasolutioo fro« this systaa dua to tha lack of a aaapla 

and held circuit ahaad of tha succaaaiva approxiaatioa digitisar. 

Ca—ircial digitisiag facilities ara availahla at raasooahla ratas 

and «ill ha taatad in tha naar future. Only vhan it is poeeihle 

to get digitisation with good amplitude reeolution will the full 

eepability of the generalised ayatan he realised. 



# Phy». Mv.    iff« i"  (IM«). 

•ad ■. ft. f. ■•dbitt. Trans. 

■»•".     IM-U.   115  (1M7). 

I. H. TM^plston. Proc. Pliys. Soc. Sfi$< 

1. Vlnston.  J. Appl. fhy».    ü.  716  (IfSS) 

• ft. J. ■•«Alas,  aad 0. 0. ftloodworth. 

■Uctroaic ftagiaaar 21» Bo. 4,  201  (IMS). 

A. M. ft. ■oppaabroaMtra. rhyslca   j&. 

J. J^pl.  Phy«.    ift.  547   (1M9) 
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Armin 4 

»logical AffToadi to Low fn^mmtf lUctrtcal BoloaH 

t. UUlmt min. f   U 
■ovol loMorcli taboritory 

*, D. C. 

»loflcal ioMrlttloa of «MOM «OUO la • aeoa^ulllkriuo 

m iafalop—I Irvolvo« coo koaic p^raUal 14ooa. 

la ooioa la aacrtM to do flortoattoo of tka local (la tloa) 

ffofaroaao looal to ^kUtk ofolllkrlM aob after «kit« (la tka low fta^aaocy 

Itett) fleet oat laoa an aaaparoi.    taco«ily# It la —li that aacoaa low 

IWPf aola« laooloaa a ooollaaar proaaaa.   Thia lapllaa tfca oelaa iwoar 

la 4lffaraot frt^awiay raflooa ara ao«»lo4.   A forttot alafla 

cofolroa tto latayral of tto pooor apoctral tooalty ovar apoclallf 

lataroala to to a caoacaot.   TMa laoia to a 1/f apoctna for tto paoar apactral 

iaiilty.   fftoafbta gaMrallaatlaoa ttot praolia far attor apoctral UM ara alao 

I, la part, to «*• ÜWM toaaarck Projocta 
of tto »ipmaitl of Oafaoaa aaaltoratf to MÜ 1. L. Paalaaa 

to. «OU07. 

tttoa papar U to appoor la tto Jooroal af Applla4 Ptoalca, lf70. 
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U*t ffe^act*/ tflk^trlc«-! tool*? uftu&lty ha« • tu^onaut «hfch U frepottleml 

to th« mpsre of tU »IrivJ-.j ewrrcnt *nd v&UU tue a «i^rtral d.*u«tiy ««rytng 

•p|ircKtuac«ly a* tha Iwwr** of th* fro^ueaey.   ThU »©-CAIICJ excr»s aolao 

f» Ml .#.•.»:«ly tfo«criho4 «flt^la iho ustuil »«cbi. «etc.!  fr^-^v^rk m^loysi in 

th« tfoocrf^ion uf flttctu'Cfon f.tet**»n»,   UoM,v«rr tooo •{•oclfic no4«liih«v« 

hc%»a um;«! iu * iMt»l|4iti «f MM low ffe^utfncy »poetrun In «OOJ «fticIfU 

tftgfc«—««» '  ' * '  '   Alto not lonj »-o# Kait&ltnrot    p-wvtd.d & £<*»«!«lit;tton 

«I tho ta. i        .led fr«x»^Mrk for decrrlhtnj flurtuAt lern ph^no^n« «ihleh ho 

«K»lLii to iho low fi-cryenqr »«lea prohlos.     Kote reerorly, tUndlhrot and 

V.*.a K«ee   hmr« Introduced th« concept of freer ton*! Broc.tlr.o notion     ai«d 

r«Ui&d it to low freqwney col««. 

Iu th« proimt f^jj^r WQ attempt to deecrib« low fier(u;ticy electrical rotte 

wlthfn a t.*p»rel  frrrawork of fluctuation phwusr*»».* in wv^lUVir^ ^»t*»-»». 

Our a.vrooc'i I« deductIwc la nature and our ala le to broadly label th« 

e»fto..;iÄl ^'.«yalcal proc«ee«e that »ay Uad to «aceee low fr«^t?oc/ noir.o. 

A aonä^ktllbrlua ey»t«w i« •ubject«d to external driving forc^e.    Ve ar« 

lAt«rected In the recpooa« of th« ayeteo to the extern«! fore«* M revealed 

In v&rlebUs of flow; e.g. « ch«r/s« current, « aace currant, «tc.    It le 

uaual to dcTIa« « flustu&tlon for auch warlablea at a given tl-o aa t'..c 

difiere»cc of the value ft thai tiae and It« tsaan value.    Tale weeavalue« 
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SA pt&ttlt«, U itiUk&i M th* cisa« »vfra-« of t!»» wrt&l* mar iite es:'.rie»l 

record.    K«*f e^ollIVrfuu •«! «ö*^ v-CIi.« (in the NM ftffMtlf llvtt) u>ls«« 

tr« all eUar£«ter:«cä by » eorrclaiUn tine,   T^rtifore *ny tise Interval luas 

•oapared t« tttc«a e«rri.!neion IIAJI f«rj« «a •ppraprlat« #wr«-t»r. Interval. 

It U phytleally f«A3iLle tU.» Co cmsf.'^rtsA» dit.tfr.rc &«>c.£ 

flueti^£i»n«( n<*i«ly, (1) rimsu-.tl.-*.» trcyrd # WiffifgBti 1 vl l^c '. J-. ;;•-; 

•nsl <?>, fluctu :tone of tV  iMd r.f^reata 1. .*.l.   *.'     f!»csi     r-t.? tX^'t 

tUe Irctl raföm.ic« l«v*l tr<» jott cltaae tH-.t *lv« rl»* t« tte KC'.^   (ft. i'. 

low fre^tKtncy lü.it) IW!M.    lkM«vt.% tha fluetur.ktr.'.e ef i'. :   '. e.l r,\.\..tt 

loval iuelf repftaatti.t*, fre» our vlevpotnt, ana af HM e*-    tl.-Uy n.v 

ia^redtrnea l^^Itg La axetai» nafec in ntmcralKV- » ayttc^a*   tfe rrfer ^a 

thia fluetu/tion ef t!.^ Ucal rtfcr»rca Uwl aa tlie «v;r..    e.-.t.: i  vl .   ... 

la «ddlclea, «a vill d.>va1ap in i!»* aanrtri'C^lOA of ou    }.!icar   ßöleif^fl 

feodal^ v« iovt4;a aa ui^iarifiod ttan1i..ter BMkMtai la or«I.7 to puvUa 

coupling aswij tha t.n^ftrul e<Ä-|*aaati of thn tver;;. e*a-r.   I   * v' tfun. 
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Zi.    tiM Av^ra&ä Ci    vsi;  tl.vUttoo 

Our SMI  In t.t*l4 tfttn Is to aaalyss ct» flactu«tl<*n» fa tl*« loei-l 

r«lvr«M« Uv»l wUUti %ie tf9«crlKa tad ^«.'a&tii «s tbe fc»».r«^ eurr^nt «IfvlatU.'.. 

tSio «iS rwfvlc !• t!»« r**—r (petrel itjn» Iiy '<»r t^a •».•rrr.r current ^.vlflt'on. 

Vd pVMMi Ii. i^4 lit.« «U»»-^ la A psaaer «Iwll^r Co that ui* ^ fey van 

tfoUtl .«.r     in th« c^ftce IMM II !• «^teriHe hi^J» teynol^*! mnbsr turl.uU.ic« 

^on^tmn.    Cfl^.*v£r it should V» er|4i.t«Jii*.I tLtt &.* frcmut itncvtktton 1« not 

4in,r;./ a turSnilone« tt.sory.   Vt iSo not C.al vffc!» the r^*:!*l df .-In £t «.11. 

K^wr&taUj« our phsnocsnolo^lcrl rrsult» «r« cot^t^rrnt Msk « turliwlerrr 

M«luutU^ for Uci fro^uoney oat*4 In ftuRlcesfc!urto:*» '    In »* .i »ush • r.<*c!. - 

pMVtiM * iumlt*»«fir cou^llfts «»on- th« fre^sney cr.^ct-nst of tfM r^ftd. 

Coa«!4«r « v«r/ Ic.ij tlu« record ci lon^ch « .    7ks «vere^ of thr ▼.irlelilp 

of ln&<;r««i# 0.3. tha curroi.t# over thu record It 7 

r-^rl v^   1 <o dt a.» 

At «ay polac en Cot record, ch4 flMtu&ilon »ay b« rrprrAdntcd &• th« differ- 

o.xo Wcv^cfl cU« valu« of eh« current «c ttutpofnc, «...J. th« ever«-« vcluc. 

Ci.ntU..  twv «a tntcrvel t   c«nt«r«id oa CIM poinc of lnt«rc*t t  .    Thl» 

fnterv«l L» chackti to be wufh tt^lUr dw. cKc coCal record J but euch Ur^er 

Clum tha corr«Ucioa CSCMS of tthttc (in cX  low fra^ueaey liait) aottoa. Tbtt 

WJ...   th£C vtccral preporclea for t'r^ud4icfea f >t    »ay ba invcttiaAted ia 

thift i..t><.'v^l i»sd &l*u thfit I'm  interval 7 Is «ufflcteuily lar-c so oU'.^r o 

it a.- * Mtll freccion of It, both provide s SAtlsf^ctury avarasin* iatsrv«! 

for C/.^icel {«roccssas chsr&cterUed by a corrcUiio.« claa. 

o£ th« cufi-^.«t ov«r the Interval T   ccntorcd on c    is e a 

l& C'0) - \l     y l(i) de (2.J) 

A-3 
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'•I'"1 III—I 

LT**"' 

In yrn ..: t*. a »tmrajt »*ee tW Is£«rv4l T   vill not Cfrlnct.'. v!,!. :* 

ov«tr ihd «nein» c^ilrtc;! Interval 7. 

I* (T0)  -I/O (I.J) 

If« lay w|fiMt th.» flnrtufitftin »t t    In i^a f«»l^ for» 

x (c > -1 ■ x (t) -1* (t j ♦ / r ) • T <2«4) • a o tf 

Mew T   w*6 cko««m voch lorgor thJ« tho eorr«U(.I«»n cli.»« ol ih« vtJrc (In ilto 

lr^ fr^.fney H  it) r-'we,    Conslt'er ttto m llM tl      ln:f>rv.*.I T^ ■ T^/H ^ f T0 

witere R U o •»»11 Intc^pr.       Tr.s.n v. e&n lorn tH«. ft%'jri-co of Kht rurmt over 
11 • t'.w lou-rv.! T. ecr.tcrcu MI t.t      w^wly X    CfJ.    t».    flven-tfr^ f? t   i   . let • 

ebon I.' vrUteu 

X (tj  - X a X (ta)  - X* (Tj) • X* CTj)  - rty ♦ X^Cfo>  - T^ 

Xj X* (2.5) 

il»ilerly va cea conLicue to tu^lvlde tl.» or{;f..<.l If.;, rval 7   to fere 
2 1 a T* • r   T . T, - r   T . — T   ■ r   T .    Hi« nMtlUt— U »Ufifa^! AC T 

2 O        # O • O ■ 

vt.Lca rcpr-.cr.fntu t. ^lUtt iaservel vbtth cm »erv« es en evare*ln£ inscrvel 

for vhlce (In il.s lev frequency lleU) nolee«. The fluetuacloj e& t^ b&y tlien 

be vriii»,:. £.. ^.ä*.is...^ Cq. (2.5) 

x (tA) - i «^ U.) • x* Cf.) ♦ ^ I J x; <«.') 

I* - X' (Y ) - 1 
o     o 

'C ' ^ V  ' l* ^W*    • » a > o (2.7) 
Ifo luot.llfy X (t )  - l' (T ) «• tha ueuel flwct.v£t!«wi et t. now vUh r<;. .«t 

to « local refcrtrnce Uvol.    Then tf "   [ 1* U the fluetiMtloa M t    tetrltislc 

to th« norcr   f*".-I«-   *ltr .      ' . 

ilevUtt^a. 

-4 



^^■«""JilBi'WI.^-aw-rt-B" 

©f tit* «ptnp WWII itvUtUn l«j i.- .  .' !:• t.    ;rfel cor.tane.   ü» |ii;*~r.-.l 

u 
•ffacc« ©f c* U.it v:;*.. .'JV*;.   -i»« 5     • t* ..s t'1,   Th« v. VV'-.    t*r ■ 
».»,:...•.,..».. ...       •»   wfc^J la *.."..:   J        la Eq. (2.7) itrav!'* * C't e. *tve.n 

X    cwly In*® | .. u   ic    rtfcBlMi  I» l!     CfMplMI rrn»^ t    . ■ T"
1
.  to 

•• ii*l        i.-i 

fR ■• 1fa ,   Xlta fre^v.*r.cy 4If.'«read« U 

- I0 (K-1>/«1 (2.S) 

0.u »*. ä tl..». ili.c fch« »irr ©f th© frepainty UMTIMI U »n tnerertls^ tuu^liou 

of n.    If en« itffaw cU ftPtMHNf r««olv£^.i et f Mf . it MkM thtt t\A 

fr...       .   r^^olutlcm U * cMutAitt lu«:j:*eoil<»«K of n, rlLali rot very l.---<i. 

AUarilt^ily U uljit MM 4«$fti.*l£ to coa^t^^r «a «nalysu vitU « 

fix. J i .,   :: ;.rv;.l.    Tr.lt csa ba «ehtovad by ee»r.sl4"*lr.* «v«r«9M over 

4«cr«&«liis f if Wit of tit« tjlt (' • I, I| 3, -•-).   t*«» tlw la:«rv&l »Uo 
•I It c^ii. ...  Iad«|>«tig«»g ©X I {tu! e^us! to T    . Uowavcr tl>« frt^utney retolulon 

^il'^L ** **.--'» tM f *■•*•- ^.ffifer« inrr^&tdt vlsb liur..icing Iro^uoocy. Hi« 

• •••• ■ ,■   r.     iMll      fai  .'     v. HMMIWI its- -."-rftion v-i-rc \!-      J. 

Is c!.-.  r. ;o W 2.   THut the d««ct..H»-ltlcri vUU f;     • J..*. .*ül tttc L\j»i,t 

S.U-..,. *.-. » » fra^«i&.tcy r&AoKsIna ^r^tar t'io.i th«i of tha v. V«i»»£%er d«c«^- 

1*1» .     ..    .'. »iwr ff «;v I» iriefftitod in th« ceu.ilifl^ of fröt.i^rcy MiM| 

I» s'.   . v. :.   i . '.   .vni  frc^usccy ren^a» vita U.» MM M* 

4# f * " ■ .' . . * *   * • Ä • *. ... 
S*   "      * a-l It . i C        ( »I 

A-S 



*. 

Ikrforv tWt, «ft flut t. ter HMI^fiit of ih i »jw-ciral tvatc.-.t of eW OVATP; 

cvrr^tit «kvUckm ty iln«:itM r*«« :::e4 j»ewr t;oc.        .       tty«    Aa vc Lu 

4i*€iis*etf die Ic.'^yft'i; 1 ftntrf^iiloai to ilio ■*.■•;.. t v. .    . .w.. «» •. , 

noMtly el» ij, luv« • *?«e;r»l natnsa In ;* -    .   .-!. ......   .  r« e co.:i :      :»•:. 
■ I 

la « r«S|»s.cctv. #^£cfr  II " .'  . .«M on e <*<?nrti«usr» frfrt».*ary    r  *    • 

Boro Uto «riTfiM tfdooeea tUi > J.« ;a fre- ft dtjOTMMi *■'. 4crl...'n (.-.)  ut * 

coatlnudv« VifftMo I. 

fho eapirie^l täimc-.lU- «vara^o of JM*(Ol    i« C^.U.',..* by ftvors^fnj; 

|/,l*(f)I    ovor «11 poft&ibl« yn%u9§ of t   v'.UU arc, './ .' ."      :..-., <r- ' 

to tU« Incorval [  • (tT- t J/J,      ( tT - T )/2l.       W.% «' rhl« I   i 

|AX(f)I  •   Tmn cho po»#ir afoctral donr.fty r./ ha «"rletoo »n Ita '^rss 

»a 7'1 kscol1      , i >o (».in 
Baro bUo factor 2 «rt»«» »ii^a ve IHi» f to |»«*!''v& Vtl«M ««*«! tfM l«»* 

•pproxloai« o^ufitlon follow« ftf'ne« T   « V. 

Finally wa no;a that eo^Ucmey w* *. il^ c-r'''    "ff«l f'-cta a-o- ?  1/f 

oolao la ^»tainfifa if wa «ccu-ia that tha nofta povar s^ictriAi t» pfcj»o.*tU«r.! 

to ch« poMr In eht driving tarrms.   Far llMtj t*    . wtff Htlfcftl li—tgy fa 

pro^rcional to tha aquaro of ;,..a dr<vf.^ currant. 

A» § 



IMfcMWI^Mi ii 
WtmmKFKKSm 

..-   .  .        *      J i: fc~t •  ' :   ■ -:      to fc 

»!»c.a W • j.     .   . .   .    - J fres . .    .    In 

®«      . ... .      .      ...... i    ••:...•    , 

M*   tl .'.;..   liMCt of CS& ^IsetMftan ara (2) i>n I 

•   .   * .       . %-. \ ■ A'.-      , f tc i!*t the tot.-*, pan % 

*—  •   . .   j.w.r " '.* In t!u (rc^mef »jvrc.. 

I . • .,   ,.   '. ivy, 

*.  I'jmzT  lü tfM «■!•• i* ft« •*...*. '   .1 cf th* 

.. Uy öv«,r ;%.. t».. . :rws.    r        J— i".>.   .        r,il cf l^a 

I^v. . .    ..fttlcy ever t.'.y j>&.*c   oX ^UA«:...  .%   r...'4rc:.-    . ::tt i" . 

c o/ it.a mi&i^ potar £« « ^^.. ..-ulör »^accrsl »••'..•>.   THa ■■Mwyttim 

#f Ci!t:«..  ....   . pitas t%»Z sa.ai r^-*f ^ itfÄtÜl »j.ietr.l r«jtt.*.f tfi 

'.    is.J. .J WJ c«äfi£4ar i 4ya&slecil balmc« .   . rp I.-. vMct. i'.^ 

pemer in a |tiaM 'ntar^al  IJ giv*.5 ly 0M Mt of UM povsr latt UN  liitOWl 

^r.» t*.;. r {.       .   *. A rl&u» the p<rvar &r«nt Ititl Mi o;'»er bltigfolo tiinv.« 

1. :.   ^      '.,...      fron) tUa ouftaldo.    i't.? ihe c:£t.tsn«ry sta&ö tfea 

: .  .     .  wd c... {.ut.ivld. iha Cfrta« lr*i,i....'/ r« „,   I-;*, 

* . ■ , »I & |i«-rff t^eiiral itioltl «HL»&a. 

» . 



mm^m'^~~mm~~mmmmm?*^lmll,mm^*'»™***'~-~*^^ 

to I ?*, ,• t t.saltmbT httLevlor, «• MMt t^i dlffefrnr ;.   .. may r 

treats la « wry ttat (Svcs «•. > 10 .-.'   . ' ;!iea,   T.t« r.r Ic ■ 

»....-      ; . .'.:,., :      ■ ..  •    .  .        ..... 

f.'*«,i««ary rec-^luS!*.*., 

ViiU iM«n» HMC /.f    f» .     ,       U s     tv»-     .       - 

laUr..l.    Ic :r.Uv3 ttet» O.*) ,        '-coa#l*t' 

tiMM pttcfally, .      .';. .      ., '.      .       ..   (I.':  ■ 

of c«su>cimc £r«^iM.BC)r ». U...    • ..    <     .*        :■      .'* «x.-ct 1'.' 

fueciieae) 4«^&»!:r^a «an H e&jkiiy *» * ;     1.        .'. 'y - 

ettoleo of fro^ucncy iMfftwCU 

/.ItcrRÄtlv*!/, t* i!*e fatorvrls ßrc ro r.    '.. rf^le 1'..-. rv! y 

not ba so c %.iU.   thua wa tii£tit uao a »c^ulAtlra fi.\«;s..?r. '(f) 1 .   .- . 

inu^ral el»a co obcals 

/*(£)     P(0 ^f - coaat'. (J.3) 

la thla vi.y, a vJtU- ra-.g^ of tmUMl UM fcr . CO *£" 9S€v: .' . ;ri: ., c; 

tli« chc.cc of **(0 cvaa v&aa if-  It consrata*^ to ba a coabäaas frc^-rcy 

roaolucloa Interval. 

• 

Ar feltcrr.Ä'.lva v&y of vlowir.^ the I« 4 prc4#I&s. i» to a&art «tth Eq. (3.1) 

oa«! l.-v-ota * 1/f I» ^ar a^actral J.-itlcy,   1.,..% it foIlousttM tUa ^MBWMt« 

leally ahoftcn Ifttffal Is.^orvals of lat^roiioa «re jusl  tflMi talc'.. gtM 

coaatrnc fi'cf,iscac/ rfifcoliftlAo. 
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