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e II Cootill11ous lmme Thecx"y IJld ToJIJOil2}... • .~ 
11.4 Ta ....... phy u.l Coatiauoas lal'erse 'R.eory 

The lenR ·~motmplty" bas come to be used in geophysics almost 
synonymously with the teem ••inverse theory ... Toi!!C.JPphy isderi'!:9 
fmm the Gn:ek WORl tomos, that is. slice, and dcDotes forming an 
im!fC of an oqca fi'Otl1 measuremeAts liiadC li'ODi S1iCCS (or rays) 
through it. We COOSidti tomocraPby a suiii:i Ofin-.use theory, diiiiii-• 
iUii&d bY a special form of tbe data kerad that in'Volves measure­
ments IDaOO along 111ys. The mOOcl fuactioa in tomography 1s a func­
tion of two or more variables and is re1ated 1n the data by 

d;""' L m(x(s).J(.r)] ds (11.16) 
c, 

l-lerethemoddfunctionisiatetntedalongarayC,ha'Yingarclengths. 
This integral isequivaleJttto the one ina standard continuous problem 
(Eq. ( J J .2)) when the data kernel js G;(x.y) = d'(x(s) - x;{.Y(..r))} ds!dy. 
where J(x) is the Dirac delta function; 

tl; = J J m(x,.v)J{.x(s) ·- x;{.v(s))): dx dy 

= L., m(x(s)J'(s)] ds (11.17) 

He:rexissupposcdto varywithyalongthecnrvcC1andyissu.pposed to 
vary with arc Jength s. 

WbiJe the tamography problem is a special case of a continuous 
in~ problem, several factors limit the applicability of the formulas 
of the previous scctioos. Fitst. the Dine ddta fulldions in the data 
kernel are not squareintcgrab)e.ao that tbe S0-(uovtrlap" integrals; see 
Eq. ( l J .6)) bave nonintegrable singularities at poinCs where rays inter~ 
sect. f'lll1bt!nno:re, in. thru-dimcusional cues the IB)IS may n.ot illtcr­
sect at d. so that al tbe S8 IRAY he iden.ticaUy zr:ro. Ncithcc ofthele 
problems is insurmountable, and they can be O\'m:Ome by tqJiaciag 
the rays with tub:s of inite Ct'05HCCtional width. (Rays aJe oftea an 
idealization of a finite-width proce•anywa.y, u in aco.stic wa-.e prop­
aption. where they are an infmi.tesimal wavelength approximation..) 
Since this apJJmximation is eqllivaJeot to some statement about the 
smoothness oftbe model fUnction m(x.y), it often sutices todiscretize 
the contiauoa problem by di'riding it into coDSlallt m subn:lions, 
where the subregions lft larJe eooUih to parautcc a reasoubte num-

~i 

11.5 TomQCJ'aPhy and tbc Radon T~ansform 
177 ~ 

bercontaiaingmore than one ray. Tbc disc:Rte inverse problem is then · 
of the form d

1 
= Y.flll"j• where the data kernel Gvgives the arc length • 

of the ith ray in the jth su~n. The concepts of resolution and 
variance. now interpreted in the ddcrcte fashion of Chapter 4, are still 
applicable and of considerable importanve. 

I l.S To•ocnP•Y •II the Radon TraasfDI'ID 

Tile simplest tomography problem invol"\leS straight·lioe rays and a 
twO-dimensional model function m(x,y) and is caJ&ed Radon·~ prob­
lem. By historical con"Yelltion, the stJai&ht-line rays C; in Eq. (' 1.6} are 
~by their pcrpendieulardistanre u from tbeorJBin and the 
anile 8 (Fig.. 11.2) that the perpendicular •likes with tbe .x axis. Posi­
tion {x.y} and ray coordinates ( u,.r). where .r is arc length. are related by 

(x) = (~s 8 -sin 8)(u) 
)1 !liD 6 COS 6 :J 

(u) = (co~ 8 sin 8\(x) (I US} 
s -smO oos8} y 

The tomography pmblcm :is then 

d(u.,8) = L-+: m(x ... u oos 8 - s sin 8, y = u sin 0 + s cos 8) ds 
(ll.l9) 
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Fie- 1 I~ ne Radull1mHfOTIIl is pcrf0£1IKIII b1 ia~lll• fimclion of (XJ') •long -u 
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