
A0 A066 69k NAVY ELECTRONICS LAB SA N DIEGO CALIF P/S 20/1 “‘N
LONC—RANIC SHALLOW—WATER PROPAGATION LOSS FLUCTUATIONS. (U)
19S K V NACKENIZE

UNCLASSIFIED NI.

‘L~~~ IlL I__
I II!UNEIN~N,UM,U
A END

DA fl

_ _ _ _  H



— - - ‘

(

LEVEL ~~

/ ~~~~~~~~~~~~~~~~B 
~ /

/

~~~.

Ssa Di. 1 ~~~, ~s1ifcu’nis

_ _ _  q’IT
D

~
ILIIII

DD

~~~~~~~~~~~~~~~~~~~~~~~
— 

_ _  
_ _  

APR 2~~fl hi

_ _ _  

H

~~~ 
r~~ i~ - r  ~ r 4

~~~’~~ ~~~~~~~~~ 
~~~~~~~~ ~- re—

~~~~~ t~~ ~~t ’ t V  .t~ ~~~~ of th~ 
I

A ~~

r I T  k I
~ 

or ~~~ 
at 1 ___________________________

I A p v s dMi m~~ 
I

1~

‘

~~~~~~ :



• -
~~~

-
~~~~ w~ -

~~~~~~

(

-
~ 

) __ fiucti*ticn at the reosi’vs4 .~~~~ for fre~ anci.a of 350, 700,

1900, end 21.00 ape ~sa itudi d for traneaissicn over fist 60-fsth sand

end 50-fsth sandstone bott~~~. Th rsesiied so~md fiuetu~tsd over s

TSaR. of 50 db. In gsnexsi, the ~~~1itud distribution irns neither

Osussian or ~~y1sigh. 10 si~~ifieent correlation we found betwsn the

receiving h drC ~ hOnes ~thiah iNre separated. wrti.aaIy by 100 or ~~~~ 1~st.

-~~ fre~ anoy we spread dne to traaa*tssioo sad the xeistiw p~~~r P 1.

related to the heif spectra widtb, f - fr 350 cpa to MOO ape by

P .b f  f - f  .3
0 0

~sr a b . (r . 7 + o.e) x lo ’ro rt s sa *a . t t . e n d(23., + L 7 )x 1o”

for the ~~~~~~~ bettor. $js.ia1 u~~~~at. iMissbsd an s1~~ifi ort

~~~~ SJSstIS 
~~~~ 

fe fras thet beiw

ê
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cC the ~~~t stri kie feat~a*s of the lean-re. .. she11or- ~istsr

pr~~a~~tics of seals fre~ia~si~s is the flnetwtior SC t~~ rsaeiwd si~~~3a.

W~~~ a steady sia la-treçaasy tasa is tre.s ittad, the re.sivel si~~i4

lsiel ~,iU wry over a re.s am ah as i0.4b
2 

A t~piss1 resord at

solved sound isbich has bean 1SI* ttheI10SU3r~~~ 3j SLM sad rsstifiad is
—— —

~~~
---‘

~~~~~~~~~~~~
- - -  

~ + 
~ ~~~ d ~ o (A

r.predansd in th ur. 1. ~ Ths f1uet~*tion ohereetei~It~ii~wre studied to

yield inforsatior sbout Ci) the ~~~litude distribution f~~ctions, (2) the

eaoss—scrr.lstieas bstissn sign~1~ received at different by~rc~~eass, and

(3) the sutosaa’reistiaa end paver s,sotrs of the sigri snealop es.

.heliov-istor results presented ‘~~~~ ore for an ~~~~~ id.al flat 60-fatbor

sand bettor at ranges of 10, 15, 10, aM 30 kyd for fr.eassi.s if 350,

700, 1100, sad 1,1100 a/.; and far a 50-fatbor n~~ s~ssitiaor1 Mesas. saM

stoan bett or *t sages at i , 8, 16, —
~~ 25 ~ ‘da far fre~nessis. if 700 sad

1100 sØs~ sad, at ranges of 1. an~ 16 kyds faa fr s~nesci.s if 1100 aM

1,1.00 - 

-

VIED ~~~~ imuiuc. I 1UE T~~ ao~~~mi

~~~ ssLaa tts yr. ~~~ ever tve flat aM level b.fl~~ is 21br~~ y

a M J~~ 3$fl . ~~~ f*a ~~d r a n  dsØhe ~~~ ~~sd b.re*, t~~ ave*1a,~~~
aM t1. ~~ta res~~r had .nl~ t t~~~:Z.. resoivlag ~ i4r~~~ an

wr .~~~~aMsd at $ ~~ptk SC 10 ~~st, at 100 lWt, ~~ at —:
~ ~~.t, aM

M 10te ISIS.t fror iha bettor . .~~~~~wr qseated .t 350, 100, 4
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1100, aM MOO ape. ssurss freçanmi.s vera eortr.U.d by prutsct.d

twing teaks • fresjmncias are esti tsd to have rssamasd asastant to

part in ahilisa daring any given 5.5 Mnutss. The ~~~~~~ range

cheags thwiag 5.5 MmzWs is sst* tsd to be lass thea 100 feat faa the

data over the iaad.t b.tt~~ and lass than 50 feet far the data over

the sand bott~~ • A oonst&nt drift would cause a sanil freç any ahange

itish wuid be ~~datectM by the thsd Sf analysis . A flustuatior of the

dr ift could cause a .usXl breedsaing of the paver spectra.

Aboard the r.s.ivtag ship the received so~md we filtered by 30 op.

bend-peas filters and recorded both on a 7~ch~~i~l giwtia tags recorder,

and an an 1dm 6-ekannei rorrMr . siganl.s on the 1dm inhet r.sord

yr. lagerithai.sily i~~1if1ad and rectified bet ass r..ordiag . A e~~ r of

SC the.. records 1$ shelin or Pig. 1. —‘gr~tie-tq. recordings

vera linear aM ~~ .stifi.d . I diate1~ after sash 3.aug 5. 5.Mnsts rn ’

.verp recsiviag channel we eslibrated. ~~thyther~~~ q~s (Pi’.) yr. ob4

t&i~~~ at beth .adm and at iatsr ttats psdnta of the transate sior paths

to .bteda re s.masbs ts~~siatars sad sai4~ 4ty vs d pth ~~ta. ~~~ s

data vera e.~~1aM to e~~~its the .o.ad-spsod prifhlas sh.sm in Pig. 1.

This figies sheuld really be 3-dtseasia.sl . •sea4iant s far the

.aM agsst prSCii. s as’. .~~~~ at ~~~ .ztrssa left . pr.tilas _-.
spaned k ’t. Wll.y asaarding to ~~~ir ge~~~s$iis losatisa. - r~~~ 1*

~~~tt.s1 atlas is i~~~~~ sloag the bettor. We wre net a1i~~s .veal.y

spans&j the k. slang the tsp if the grspk indiast. 1~~~A’. ~9Q0 ft/ass
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lined ~~ ~~~n the prattle. vera spasM according to the .stus1 4ist~~~~s •

a pr ofiles are dashed to svsd d esafusior idisis the prattles siaslip.

This typi.ahL set at ~1’.fl sw-wheT sound—speed prifil.. tUustrsto. the

liffisulties at i~~~3Isiag the .~~~~~ Pigurs $ e~~ib1ta a sorsi~ at systssa-

tic *mngs with range. ~~ best thed it disiding ~~~t single profile

could gO)1S$5!l t the tr~~~~ S.ian path i~ not ag,arest . In fast , it secea

lihaly that a 11-dinenslanal picture would be oessney far pisciss sospu-

tatians because SC souM-sps.t profile changes with t1 at a given lees-.

tics.

- souad .spasd profiles far the 50-.fathee sandstone area yr. ably

slightly negative. laugh seas and tIne did net psrait the obtaining SC

s~iffieiant data to he a figure slailAr to Pigure 2.

ScaM ?ream~a’. ~~atributi~s tuanti .

vetor depth fir the.. nearn~J4~~nta ve.

batten, aM $0 ft far the sand bettor. lye at the lm.at fas~~~nsy aesd, - 

-

350 spa , ~~~ re vera ~~~ ~~~ s ps’..sst aM it SS~~~~t lagisal to ~~ sct ~~
slanolnel ~~~~.i 

~~~~
ssafa (sau Uesd) 7

(i) I
$ .0

M#t ~~~ly class a, the ~~:r if r~~a wriobla., s.nl* be *pssIsd to

be psatsa thee 30. Thre * is ~~~ rsantvsd rest sa usj~~~ pis0i~~~ ~~~3i. I

aM $ is a pos~~~tar. -- genesal s~~~ SC ~~~ s distatbetias seawe
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in Pig . 3. A truncate d. (x ~ a) Gaussian (norne.l) curve with the sean ares,

ness, and st&n iar d deviation is shown by the dashed curve for ccsqsrieon.

It will be shown later that the results yield distributi on curves that

sppsar Gauss ten rat her then Rayleigh, but are in ge rsl neither. A logical

wy to present the data in tabular fern 1. in terne of the eo.ffIcisnt of

variation, V; sksimsss, .3; and. kurtosts, 5~4~3. Tht population cosfficisnt

of variation is defined as

v a_ f  ioo , (2)

vbsre rand a are the standard deviation and the anan of the population.

Th shewnoss, 1 a3, a neasure of the lack of sy~~~try , is defined as

a3 a3~~~3/2 (
~
)

wbsrs sad *3 are the second and third ~~~~nts about the anan . The

kur tssis,1 
~~
, a aame of psahedwes, is defined as

(I’)

is the fourth ~~~~nt about the an.

- sn, a, of sour., is the first a~~ent of the dist ribution fiaction

7(z) abeut the origin or

12S
n .j  E(z)b// P(z)dic. (j)

it any f~~~t in  t(z) about the ness is slagly
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Using the Rayleigh distribution ii. (1) in lq~~. (5) and (6) yield.

~~ — 
212 111 

Q~~~ 53~1/t~ (Ta)

(Tb )

0 a - O~ ,63S,a21’, (To )

‘ •!10o-’~.~ rø (y*)
a

_ _ _ _ _ _ _ _ _ _  — 0.63111 , (1.)
(~~ iY ) V1

a~~. 
~~~~~~~ 3.2~5O9 . (If)

Not, that V 53 and 
~~ 

are ind psndent of the velus, a, and are constants

obaractsristic it 11 Rayleigh distributions. In fact, all M~r1sigh curves

can be norne3.ti.d to a single surve by plotting a~”S(z) vs

Cewrecpandiagl.y for the Gaussian dhstributi cn, a 0 sod a
~~

’. 3.

~~~se arc sot very diff irent from the Rayleigh distribution. Tb. coefficient

of aria tior few a Gaus siss distribution does not have a given slim • A

es striklag diffsrsmss bstsesa these tire distributions would be 4.,- ~~~~~~~

slu sh is ra far the narasi distributior but large for the

~~g’l.i j lu rear, the ge pr.esst data 4s~~
”aat Justify thi s elaboration.

~~~ follesing easily derivable e~netiora vera used for the o~~~utatisme;

N

(
~

) 
~~

~~~~ I is the total ~~ u, SC resdi~~~.

1

- ~~~ ~~~~~ 1.
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1 2
2p2 .i i. l  - a  (Sb)

I
a 3aI t.1  ~~~~~ +~~~3 (So )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (Sd)

~~~ result. are then used to e~~~ute V, 
~~~
, sod %-3.

Cro.s-Csrrelation

Tb. nosneliasd croas-correlatica coefficients, rm, are ussd tO d5

termine the spatial coherence of the sound field where
I N

‘2i~ 
X1j X2j 

- 

~ 1j �ii~ 
X2j

3.1 3.1 3. 1a 

~~~l ~ 2J 
[

N~~~ 4 (
~ ~~~~~~~~~ 

2 
~~

and sad are the prsssi r~~i4tud.a of the sound received on the

two b~i4rcpkane. fran i~ i.h data are being arose-correlated .

P~ sr Spectra

Another eharestsristio of the fluatustion is h r  rspddly the sig~~1

clasges. ~~vtcusly it night be possible to *tsin the ~~~ ~~~litude dis-

tribution fee signs].. whish o e d  at far different rates. ~. flustustion

is .hlafly caused by the frsçm.sy Ws~~~~ing if the aigea]. thwiag the

tr —ml acior . eouad arriving at l~~~ rasge fee these ~~~~-nsdes sass.

be scacidersd to be the me SC a ~~:v if .~~~. t .  if slightly
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diff erent frequsne.1.. . ~ m fluctuatio n of the signal snve1c~pss can result

from both the ~~~1itu&s sad the freç.nsy distribut ions. Tb. signal envelops

parer spectra will represent the freilusasy spreading if the a~~1ituda s for

each frsçansy are sleost the s .

P~ mr spectra are obtainJ’3 by choosing the intsrvsl bstvasn read-

ings to .~..1 ne a desire d spectral width, and to obtain resolution , and

niaber of degrees of freedom. I~ t be the pr essure sapli tud . of the ~th

value used . To nirdai ss the effects of starting sad. stopping the data ,

change to a variable y about the nean where

— - a.

The unnornslissd autocorrel at ion R~~(P) which nesaures the tins variabili-

ty in one location is given by

L~~(p) a y~ y~~~~~ 
(io)

where p is the nuebsr .e ins. (an integer) from 0 to e. The pare r spsctrua

U(h) is s~~~ute4 from

V(h) • ~ [*11(o) + L~~(p) 
(~

. + cc. (11)

where k .1 usnt s .çmlly spaced integral fr.çaasi.s between 0 and ..

sasethiag or “~~ ‘ 4 ng” fns tisui1’3 (1 + ooeep/øJ is necessary to rode.

the effect if side l.*ss La the melysis.

~~~ f.li ing re1aties~~ip ~~~ us.d. to sslset the reading ia*arve3.
I

- ::~
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There are e~ual1.y spaced fre~ anciee at intervals of
U

(12)

‘where t is the tins in seconds ~etwsen the selected data points . Tb. total

sps.tr ~~ iridth ~. f~ - .Lf. The degrees of freedom,2’3 for initial program

design, are

k — ~~~~- 2 .  (i3)
q 3

After the spectra are obtai ned, the numbsr of degrees of fresd~~, k’ is

fr ~~
(
~ ~(h)J~

2 (114)
I~u2(h)

Blacken sad Tukey uti].i.s the Chi-s~~~rss bshavior to discuss the precisi on.

Analysis

geeti. tsp.. are read or an aut~~~tic data reader at the Naval

~~~~ ass Imborstar y at Oceans , ~~lifurn ia . ~~is reader as oapsbls of

reading varying do voltages at a total ~~~ian speed of 1,00 readings per

seeced ~~ a all of its feer ,~ -3. . eve uti3issd. lb. lurreuglus 205 at

~~ used to s~~~nte the freins.., distributian, srsas’.aosrelatic.s, and

peer sp..trs ine1~i~~d in this repor t .

a.strtbuu ,or Cus s.

~ ie fvs~~~ sy istribetior surwes os hiatsga~~~ eve plotted and .~~~~t

s~~~idereb1a evtatilit~. lee cv. Saussisa. A feir spp.swo& to be se

1C
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~~~e M~y-]aigh di stributsd, as shown in Pig. 1~• The statistical e.aures of

curve T, s~, sad 514-3 are pres ented in Tbbl ss I and II which utiline

four ~fiiian data point.. The soefficisat of variation I , seetie. app ears

to be sear to the ~~~1eigk diatributicn vale of 52.27 percent bat is

rbedly different from this wale for ei~~ SC the distributions. It is

alr~ . Large ~~~ this indicate. large fluotuatic~a in ~~~11tuds for signals

reeled at a point . Tb. kurtoais factor , .xpr.ss.d a. d parturs from a

somel di stributisn by a~-3, could be expected to be asic for the 0~uasisn

distribution and +o.*~45 for a Naylaigk distribution. This factor has a

negetive clue for a surprisingly large nuater of curves •

Cross -Carrslstias

8sa ~ti~~ did not permit a detailed study of the depends... of cress-

correlation on either vertical cc harisortal hydr ias separation. -

regular bydrepheas depths cf 10, 100, *00, sad 31,5 feet var. used. cross-

oa’relaticms are given In ~~bles Vend VI. .nerally the orv.latioms are

.~~11 fcc the bydr ephee separatism. used.‘

~~~~ ~ eres.eorr.lstion eseffisien.t san be considered to be the-

tid ily .igeifi...t beeen sheet 1Q~ ta ispiadant deter minations are involved.

A eerela*$or SC 0.03 in sigeifl.sat at the 0.01 level. Nat. thet setml.1.y

30,000 date points are need per data act. lM~~~ r, slth~~~~ the readings

cv. at ovary 0.01 speeds, the 30.ip. tilt.. beMwtdtk ..seth. the data d

yields on indipe~~~at value sheet ovaa Jr 0.03 ~ :sa&. ~~i* results In about

10,000 indepeedsat clue. is the ~ adail. s~~~la. —- ~~~l1 eurvelattee Is

b.c a ~~~iiaai. wing ~~ sheuiiag the definite lank SC sigeifteet carrels-

ties beteen s*.ad at points with a vattisat separation if 3.00 feet . ~~~

_ _ _ _ _ _  - 

• • • •,~~ -~~~~~~~~
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high corre lation shown in 1~ble VI for 21400 cpa sound at a ran g. of 16 kyds

is attrib uted to the probability that the narrav sound bean was not centered

on the receiving hydrophoass. Corresponding data for Thbles II and IV ci.

discarded.

Poiar Ipectra

~~ peer spectrum Width of the signal envelope could only be guessed

at first . Nasdings at every 0.1. second vare used to get a spacing of A f -
0.05 op. and. S spectrum width of f5 .5  op. with I - 3000. II1*tieii (13)

gives k • 59. These first results indica te that most of the emorgy occurs

at fre iu.nciss less than 1. aps, and the resulting k from kuaties (i14) isa

omly about 7. For this reason another pa.. iss nade with readings at every

0.5 second to get At  - 0.01 epa and f~~a 1 cpa. This valia of ? gaw only

600 rcaA1ngs in the 5-minute s~~~1e and yielded k - 11 degrees of freed sa;

hee .r , k’ isa about 10. Pci 11 degrees of fra don, the chi-s ere asely.is

indicates thet the spectral vales lie ii a 6.3-db band about the sstinate&

vale 90 pero.at of the t i .  Correspondingly for 20 dagr.. s if freslss, 90

pereeat if the cheered clue. 11~ in a 14.~ ..db b~~~.

~~ peer spectra of the .aval ep.s am. inter preted as a bisadeniag of

the fveç asy b~r see p r s a  oe.usrisg dusing the trar ,.luion. It will be

.kas later thet the spectra awe sy tri .al abest the t* tted fre t_easy H
- the envelops spectra am’. presented on the ftgtwse as helf-wl*th if the

spsstra. lee ~ pienl cor,slegeee sad resulting peer spectra ems presented

Is Pigs. ~ to 1*. A cli. if • 100 ves need fur all ealcul.atiee. ~~
result. .orevpsadiag to readings every 0.3 second which giv, t~ .j  sp. an’.

H 
_ _  

1*
—

~~~~~~~
, r~- ~~~~~~ 
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I,

shsva b~ the heavy han s  • results corresponding to reading. every 0.5
second which yield f~ - 1. op. are shown ~ the dotted li_s Jar Pigs. 5
sad 6 the sutosirrelatiss essffietsat ver reached sac.. For PIgs. 7 and 8
the autosorrslatics coefficient for the 0.5 second interval data crosses

asre three ti_i. Figs. 9 sad 10 era chosen to show the result. fan ’ a wak
sf ~~~ 1 that is jet ocifor tably out of the noise • autosorralatica

oscillates but doss not cross sero. autooorr.lstt on of Jig. U has ten

crossings of the sero for the 0.5-ssccnd interval data and even two

12*
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crossings for the 0.l-sscond interval data . Consequently both s~.ctr ,qehov

a peak for this 700 op. soond ear 0.1 cpa. Figure 13 shows another sp.ctr$1~~
for 1100 op. so~and which also sithibits a significant peak sear 0.1 op.. In

geanrs1. the spectra did not indicate significant peaks end sppsared similar

to Figure 114 which is a typical .~~~~l..

All of the spectra ci’s plotted on logaritlalo poper • These spectra

plot. generally could be roughly fitted with a straight line too Aiff.renes

frequencies greater than 0.1 epa . Most of the curves tshl off with the

inverse cubs of the difference frea_ency g~mf1..r to Figures 6 end 13. 8~~~
curves could be bette r ——~~~~~~~~~~ represented by an inverse square dependence

such as Figure. 8 and 10 and. a few by an inverse fourth peer dap sndeac e.

It isa found that the spreading vari sd ~1ncst linearly with the frequency

transmitted. PC. relative peers , F, 1.s. then 5U0~~ the relatieebip for

these long tones halt-spectra width eec be spprcxi_ted by

P _ b f 0 f f _ f .I3
i~~ re is the transmitted frequency in op. and f is the frequency of

inter.st ia .p..

All f the data var. fi~~~ith lejatica (1.5) to detsimine the value if

b. ~~~re is. no significant dspusleace of ~ on either range cm ~~dr—~-

depth. clues it b cabibited considerable varl*ility ~~~-ch could

chases $ 11~r depea~~~~.. The vales it b cc is gsner sl h4gIf.V ta r

the ~~~ stee bottom t~~~ for the s~~~ bottom. ~~~ value if b far the

~~~ t bet_tom is ~ • (13.9 ~ *7) 110 ’. ~~~ vale for ~~~ 
-

IeI a .(y .y t o .$)z la4. The .ssrs ll avsiirsgeisb .(lO.3.3.1)Z3Q’4.

_ 
_  
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Iquatiom (1,) ii cot a perfect representation it all the data and to

descr ibe the eosttt icas indivt ~~~1i.y the slightly omoothed poer spectra

d&ta are s’~~~~ iaed in Thbl es Ifl and IT ~~~s, the l0-db, 10-db , and 30-.*

doe points ee tabulated for the analysis with ~f - 0.05 op.. Far soe

eases, the ~)-db down point could not be deteratued because of noise. Jar

the.. cases the noise level in db is tabulated in place at the spectra

width at the 30-db down point .

~IAT ~~~~~~~~
Base data ci’s obtain ed for the purpose of checking the sy~~~try of the

poer spectra. An analysi, of the received signal envelops of course yield..

spectr a i~hich are sy trical *bout v.ero. It is possibl. that the spectra

night not be syantrics]. about f0. Sea special asure nta crc ande over

both bottea to obtain the frequency distrib ution in a different ~~~~~ The

received signal was mixed after reception with a slightly displaced frequency

and recorded. ~~ analy sis of the best-frequency envelops. gives the

spectra centered an 
~~~~~~~~ 

of the received signals. ~~~ c assy try will be

shoe by thea. beat-frequency spectra. ~~~lysis i.e perfoced an the

smonlepe it the bsst .fraqueaey slg~’l with the equations of the preceding

section.

~~ results for two successive 5-aincte 700 op. t~~~s sh in Pig.

15. solid cur,, gives tlw result. of the rsg.las lyui. at the s~ gn’~
envelope . ~~~ dashed and dotted curves give the result it ee1~sis it
the received s~gaa1 mixed with a 701.15 op. 54~~~~ and ore di.pl.ass& 1.1.5
spa for plotting. dat_ted curve is the mirror —r at the

~~~~~~~~~~~~~~ 
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spectra hair ~~0 op.. It stop., of enwse, at $ fa.quesey s re1p~~~iag
ts sore is the regular ~~~3.ysis. £ o~~~ rison of the ‘ ‘-t totted
beat-freçsssy ~~~lysi. c~~~ . indicates ao sigeificent a4etr~. ~~~
resu lts it the s~~~~l envelop. ~~~3~ysis it a proceeding signal a~ ess fadrl.y
cli dais ~~ tb ~~, departures far tr.q sei•. ~~catsr t~~~ 1. spa i due
to the fact t~~t fweqia y f

~ 
is. only Lii epa fron f5.

A~~~~~~~~~~~~

~~~ anther wishes to t~~~k J~~. L 1. loin, A. Davis, 0. 8. !~ss, and
K. D. Ward of ~~~ who var. in e~~~ge of the receiving sqtdpesnt, )~~‘. P. 0.
lanssn who obtsincd the data on which PIgurs 2 1. based, lb. 1. Pree~~~
if the ~~vel ~~deanos Laboratory at Corona, California. data analysis
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Figure ]. 3.produoticn of typical i n d  reoorttngi obtained with a loparith-

ate ~~~1ifier after rectification of the ~1gpa~1 . ~~~ss records

ci’s obtaincd for monitoring purposes at the s~~~ tine the gnetic

tops is. being rsco~dad.

Figure 2 Sound-speed vs depth profiles for the 60-fathon sand botton are a.

Figure 3 laylaigh curve ccWarsd with a SaMasian curve . loth have umit

area, the sin en, and the s st nderd deviation.

Figure 4 Plot shoving a good fit to a Mrl.tgh dist ribution .

Figur e 5 Autocorrelsticn function which doe. not reach asro for 1200 ape

aound .

Figure 6 lslsti.va pear vs hmlf-apectrue Width sa~~ &tsd fron the auto-

cs’slation function absim on Fig. 5.

Figur. 7 batocorr.latioa functi on which irssm sore f 500 nec reading

intervals f.~ 1200 epa ao~~~.

Figus S loistive pear vs helt-sp.strc width fron the autocarrelation

fcction skea un Ftg. 7.

Figimo 9 kitocorr.lstion fcctin which oaciflatss but lies above sore.

~ ia is foe’ 350 spa s~~~~ at 30 kid. and the sip s’ is ecntins

noise iiaitsd.

Figure 10 Islat ive pear vs heif-spectris *ttk hen nt ~~~~nlatin fcctiaa

shown on Pig. 9. WIdth ii limited by the ~~~as.

P1 a’e U Autosorrelatian function which .a.illste abant sari fee’ 700 cpa
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ILU~~~~TX~~~ (Continvad )

Figure 1* lolativa p~ sr vs heif-speetrun width from auto-oorrsiation

function shown on Figure ~4. A s~gnifisant push near 0.1 spa

is ~~~ rsnt. ressivet a4p..~ isa umll above the noise.

Figure 13 lolative pear vs helf-ap.strc Width which fells off qpromi-

tely inversely as the fourth pear if the half-spectrum width

aver a rasge of 50 db.

Pigure lie 3.]ativs pear vs hal f-spectrum Width which fall, off inversely

as the cubs of the half-spectrum width ever a range if 50 db.

Figure 15 3.lativs paver vs haif-apsetrum width for the b.at-frequ eney

analysis .

Asaysitry in the spsstrun would be exhibited by a differ emes

betimen the 4e~hid d dotted curves. ~~~ regular envelops

asalysis on a preceding sign-i ii shown by the solid lii. fir

ecopsriaon.
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