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‘:,If YOH know the ’»structure above-",-x;m




e of‘hlgh_ve oc1ty

;on.the travel

When there exlsts a-layer 1n the earth where dv/dr>;’v/r thlém
':f1s called a dow" veloc1ty zene (LVZ).q Two‘!ays with ‘ray
parameterswP and* p+-dP:as. in" the: flgure will! surface thh a
klarge separatidh- ‘Hence: a shadow zonef(D—E) 1n the travel

time curve wherefno observatlons (T—*w) existo










ntegral ‘we get'




low,veloc1ty zone) can bé dete-mlned Slnce thls 1s a




‘"‘The ra,y parameter p dT/dA ' 1s requlred







? .For, ‘examp

3, travel time'betwes

We can also define an immer'product | i . g .
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f of the earth




&i 1;The Probiem of Non—Unlqueness i ~ff"

‘fr fequat1on (19) 1ntroduces only a flnlte number of res-Jf

Slnce M 1s an 1nf1n1te dlmens1ona1 space and

-f9tr1ct10ns 1ntu1t1ve1y we can sae}that our solut1on set




o Taylor serles expan81on.f Thencondltlon that/small

S

‘,{ﬁ 1s called tﬁe Frechet kernel of E at m, and 1t should

A4 A "

3perturbat10ns SR cause small changes 1n observable E

.'ribe noted that equatlon (22) 1s the flrst terms of a: £>'5

'?fﬂls often v1olated 1n geophy51cs The travel tlme curve

”fﬁ{wlth a low velaclty zone 1s such an example s1nce small
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*"_-”,-_If m(l)‘ and m( )+6m(l) are so close that we can

‘,“_lgnore € E;?(ZZL then by th“arfatlonal teChnlque o




a,exact' but the above proce s'can be turnedklnto”a

"uﬁ"ateratlveiprocess w;th an m(n+l)_ ef

'T.3Thus the above technlque %/yes an 1terat1ve methoc
J'Lﬁfor flndlng a SOlULan.e“TLt -{,:ﬁHJf h~wwv: tﬂL-s{“

“ ‘\.‘ ‘ »

Let us restrlct ourselves to a set of models LW,

:ﬁ_twfh fwhere in
. ';Assume that m0 the true eartﬁl lles 1n the ‘S 't of lmodels.

9 _
Then the natural way to assess the adequacy Qﬁ a.model mJ




is wmimodular’.




' '1tjspectrum?trade off wher youipl_ off he.

'g_ﬁhéréisnj ls a coefflclent matrlx from the 1nner product

33;of the Frechet kernels, iJe




'”*fthe extent of our model set about our ”best flt" model

BT ,‘.-,
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’*ﬁiﬂfUpon examlnat;on, the varlance about our-best f1t model :L

':_does not really glve us the boundarles to our model .

‘. 0




-gjfknowledge have modeled as m( ) and are 1ncorrect by

v*1ﬁifterm

”f?f?(37b)

‘1 65;{ Thls as equatlon (23) rewrluten Wlth an error

Whlch when rewrltten 1n matrlx form 1s




“[,away frem a true earth - the averaglng over the model

.‘-

: ii1W1ll glve us gﬁpss earth data that are thhln the o
¢ -acceptab1e bounds Of the observed data. _Forgstandariifr;fﬁ

A ;:dlzed data thls can be wrltten as-i' Tt
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,v":_".the nth layer). Ln (1ocatl°n.-°f the “th layer) ':‘ Thus

'ithe parameters w1ll be phys1cal relevant descrlptors

':f?of some set of functlons whlch descrlbe the earth.
) ”“:fWe must avold two extremes. A too sxmple pargpeterl-T:f“V'swqf:'
o ’3;“zat10n whereln we: would mlss phy51ca11y relevant




ﬁmddeisfana;ae%bdféompliéaﬁEd= araﬁetefizat on-which

thiS”net

Generally thls 1s 1neff1c1ent Instead

jprAﬁdeﬁ*Seafch-%fMoﬂte4éaf16ﬁInvefsidhwa

ThlS 1nvol¢es—the plcklng of random poxnts 1n

e

.fparameter space and/has,the advantage (Press 1968)

‘ﬁtthat very llttle subJeCtlve b1as 1“ the ch01ce Of
.'”ﬂ;’.models is: 1ntroduced . A 90°d random Sampllng Of\

'9'

parameter space bounded by a-pr10r1 llmlts 1s }A




'"‘paramete acéjf his node -

mlghagbe'found g& Monte~Carloasearch)'ahd then:







1n a Hedg hog;search 'fTo summarlze theyrare-'ﬂ7ff,‘@; |

.fbe found from a 31ngle startlng model

1*vToo coarse a grld or too low a nelghbour°search



,calcu‘ate the theoretlcal‘ bservables.. The calcula—f_

*ﬂjvatlons O match a set of jfcalculatlons C We Wllb

:7filsay that we have an acceptable earthmodel when some

:ﬂ;for all dependlng{upon the 51tuat1on, Of the fOllO&lng | {'if;

{]crlterla are met.ﬁ‘af"ﬁ
Ly ko =Coy T
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lftrlpllcatlon)

We are_not restrlcted to thlS set_o]i;f"":

'fffcrlterla,_but can rather choose any phy51ca,p”'5' <

i"v".’able set

jﬁThus we need not use a root mean

,imeasure as 1n (l)hbut could have gone to an absolute

.;ﬂ“;value measure.%ﬂﬂg&@.:.wt~

?.When the acceptablllty of a. p01nt in parameter

'”7qspace has been determlned 'acceptable p01nts are

5thranslated to an earth structure and the Hedgehog

L search contlnues

The advantages of u31ng the 1nd1rect method”ffh”"ixf“

;are that We are not hampered by our ablllty or71n—'
iablllty to solve a- mathematlcally dlfflcult lnverse

fi;ﬂproblem Wlth thelr attendant assumptlons.' We are

fjfonly llmlted by our knowledge of the phy51cs of the

“dlrect problemw Wh1Ch is usually adequate, and by the ._‘ e
: N - 4 ’
'”number of/501nts 1n parameter space we can afforg to fgf-

‘_‘”f;search







.was supplled by,thevimpact‘of the\Saturn&IVB stagé{a

‘ lunar excur51on&module for each of these}mlss;ons‘on-jj
the moon.h A fuLl‘mscrlptlon of the psz?danfbeffouhaAjir“-ﬂ*3

‘fvln'Latham et.al'(1972)

of the upper part of the moon.c Lhe travel tlme data

has been summarlzed in Taoles l and 2 and graphed 1n

Flgure 6 (Toksoz et al 1972) The data has been sugplled

through the coﬁrtesy of Latham (1973)

”\*“'Examlnatlon of reproductlons of three of the d

.S'wave arrivaly’s

R







~structure,'and'elevatlon of the source andfrecelver:

ﬁ and hlghland reglon§ Plau51ble varlatlons 1n the

;from a. standard model can and should be expected 'fThls
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7itabulated results.;¥j$ai'.

Note the hlgh uncertalnty 1n these pOlntS.  I£ }?

.

ilS partlally due to thelr belng read off of trave1 "*-*

?{tlme curves 1n Toksoz et al (1972) and not from' S

A\(_.'4
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”“Qwave arrlvals

o '“_,cvhd.ijc‘:é’?"b'?é | Ih\}e'fglifon f-,fMe'ﬂtéﬁo'-af- e '_‘f‘ o "

mlts on the;%plsson '

'7”frat10 structure would»be presumptu.us

Thui the
;ibarrlvals have not been treated.lndependently of the P

ﬂumThe llmlted amount of selsmlc data avallable on

R -
r'the moon frow the Ap llo selsmometers .as well as the

CL relat1Ve lack of certalnty about the 1nternal structure

fsf’lunar veloc1ty models 1mplled by the Apollo selsmlc

'fffdata mlght very well be done by means of‘ﬁhe’Hedgehog

',of the moon suggest that an exploratlon of the range of

A

fhtechnlque.' The qua51-11near technlques are dxfflcult

hftb apply 1n the case of travel tlme data sxncellncompleteif .




.a~setnof-bbserv'd data wtthln glven prec151bn llmlts

Qlﬂpartlcularly 1n tran51tlon.zones., It 1s my purpOse

R 'Pa'rameté-riﬁ-zét‘ion,= = a_n.d: Lun'ar‘_ m’b.a_él s =

: My Hedgehog program demands that the class of »

a‘all p0551b1e solutlons be descrlbtd ln terms of a’




Obvlously some parameters are not as wellisu1ted‘as

i'mther paramet”rs and 1t 1s usually not 1mmed1a ely

obv1ous whlch are the best parameters for a glven'

lnaccurate andzlncomplete Set of data. The ch01ce ;;Tg~7ff!f¥

-
: 'Shomld be made °f€,hpse parameters whlch ‘are: best o
,iﬁ . Eeter51ned by the»avallable data.e?i;;v;; : : :
ﬁ" .}é;{;a;wThere 15 Doxlmmedlately obvrous eh01Ce o* éara{ff7'
"Timeters for the Apolro selsmlc\data.l I exBerlmented ;;ﬁ&;:f'f'
.  w1th_g number of sets of parameters whlch'appear to"d

fme to be plau51ble,land chose ehree sets of parametersj??eﬁ'e“‘

~.«

*7wh1ch gave compact descrlpthn of the resultlng accep—'ﬁf_

fif~table l‘nar models. wﬂf
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aeterlstlcs of the 3'éﬁasses of modelsf~ Down to reglon

:gfIV they are 1dent1cal A descrlptlon of the models

'afkégionfifﬁ;- F1rsc four’;

P TfVH:a#J 1s a free parameter

”‘~?Hedgehog technlque.-“?fﬁ*p'f&fv17”‘{f1gj?ﬁufy¢f}§_fftfv“‘

‘g.“

PR . . . . :

follows

ometers of the moon.ﬂ No*;

“‘~.

varlatlon'allowed in- v(r) whlch 1s a

Syt

;j_csmooth curve approx1mat1ng the shallow

selsmlc results of;Apollo l?. » fshﬁvef

“Regionﬂi1g5ﬁ A smoothed step w1th the p051t10n of the

[

~-£?¥1 top of the step, veloc1ty at the top of
the step, and velocxty gradlent f;ee,

parameters for the Hedgehog“algorlthm

oo

- ﬁegion>ill f»A constant veloc1ty laye:. Thls veloc1tv

B

~fRéqion;in_— A smoothed step w1th the p051t10n of the

§tep and the veloélty at the top of the

{“.step free parameters.-
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.., 30.3 kilometers equal-l degree ofi the lunar surface, = =

e




Class A Models

- Reglonv K




absolute‘ sehse, to the 'observed phase.' All theoretlcal :

b







»ﬂln these tables=several dlfferent caseslhad to be on—Q f

L51déred 1nkthe-Hedgehog1ng of the data

ki }.Rafamé&ét. i :Sté;s' s-i;z'é U .

I ran several groups Of Hedgehogs on the datafofff}t

‘ﬁﬁw1th both a coarse grid -‘one where the various

/ﬁiveIOC1ty step 31zes-were 1 km/sec and posxtlon step

f31zes were 10 km and a: f1ne grld - one where the

”5ﬁvarlous step SLzes were 1/2 that of the coarse arld

2 .



. .',:_‘-gralned search I obtalned the' results 1n







“!;poss;ble:d fferences LL velocxtyvgrld1 nt 1n reglon II

‘tacular 1ncrease 1 /

0,4

Lf ﬁldent i 'diggase is an arrlval whlch deV1ates fron 1t“5

'fmatchlng theoretlcal arrlval by more than %F accept:_

;1§ffouncerta1nty k (equatlon 2).,1 







.are’accurate descrlptors of the selsmlc'structure 1n,¥.“’

. n

5f;the moon the hlgh veloc1t1es 1n the half space shGUld

"ffﬁﬁfrom 12°ito 50° ; Applylng wave tneory 1n Lh1Q 

s y,f" :3f¢Lﬁe1~T4ig~3 ‘Thus I w1li have a hlgh pass flltered head-

wave.:'The amplltuae of the heédwave w1ll

A be hlgh.y varxable due to the nature of
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"‘ithe three phases markeczf are-headwaves-igff“

’ﬂjﬁfﬁééeiéim The velocxty at the tOp of the lld 1s
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models c01nc1de The data glVes moaerately good lf:@‘NJ

:h resolutlon of the model down to thls depth and we.fl“"'°

e

hupon the.acceptance'crlterlon.“

We cannot tell how good

*ffi}f}fﬁ)jfgﬁkf“

Below thls depth I;~am facéd;@é%h,tﬁelﬁodlowﬁﬁ P

~Hprospects.,'f;f4",'“"”° T e T e

AEUEIE
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l) Class A Models-]‘ AT

° . : L ’ IR O . B ) ST

These appear too 51mple

3 2) Class B Models.:,nffV l‘:i'-

ﬂ _heSe to be acceptable some of the data

e*

p01nts near A of 1000 km must be 1ncorrect._5"




assemblages such'as.pure QllVlne. But 1f I 1nvoke

f..thlck 011v1me layer. ,the half space‘— the den51ty

i of ollv1ne 1s so hlgh that the mass of a. moon w1th .
. 2 1 \,_, - L
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‘Rayleigh wave structure.
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¥y a).The use of H comminds. fo generate interpolated
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= (3) alpha() a¥ ()

fried whare alpha(j) =70 or + 1 and’different

s of the.dlpha(y) are tried




h not more thanhm (<N) of tho
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