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Intr oduction. Reflectionandtransmissiortoeficientsaregenerallyderivedfor discreteinterfacedetweerhnomoge-
neoudayersmeaninghatc(z) andg(z) areassumedo behae asstep-functionsQOutliersin well-logsaregenerally
quitedifferentfrom step-functionsHence jt makessenseo consideotherparameterizationsf ¢(z) ando(z) around
aninterface.We presenteflectionandtransmissiorcoeficientsof interfaceghat areparameterizethy self-similar
singularitiesandwe analyzethereflectionandtransmissiomesponsesf suchaninterfaceandof its smoothedersion.

Exact reflectionand transmissioncoefficients.We parameteriz¢hevelocity ¢(z) aroundaninterfaceatz = 0 as
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For atwo-sidedsingularity(Figurela),with oy = a5 = a, thisfunctionis self-similar accordingo ¢(3z) = 3%¢(z);
its normalincidencereflectionandtransmissiorcoeficientsread(for positivew)
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with v = ﬁ Both coeficientsarefrequeng-independentThe phaseof R is largely determinedy thefactor j,

which correspond$o a Hilbert transformatiorin thetime domain. Thetransmissiorcoeficient haszerophase.The

reflectionandtransmissionesponseatz; = —bm andz,; = bm arerepresentetly thedashedinesin Figure2.

For asingle-sidedsingularity(Figure1b), with oy = 0 andas = «, thereflectionandtransmissiorcoeficientsread
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Both coeficientsarefrequeng-dependentThefactor(jw)'~2” correspondto afractionaldifferentiation/ntegration.
Forv = 1 (i.e., 1 = s = 0) equationg2) and(3) bothleadto the usual(flux-normalized)coeficients.
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Figurel: (a) Two-sidedsingularity (o :( ;2 =a=-04). (b)%ne-sidedsingularity(a1 =0,as =a=-0.4).

An embeddedsingularity. Figure3 shavsamultiscaleanalysisof thetwo-sidedsingularityof Figurela(Mallatand
Hwang,1992,|IEEE Trans.Inform. Theory 38, no. 2, 617-643;Herrmann,1997,Ph.D.thesis Delft Univ. of Techn.).
Theslopeof theamplitude-ersus-scaléAVS) curve in Figure3d correspondso the singularityexponenta = —0.4.
Figure4d shovs a similar AVS curve for a singularity embeddedetweertwo homogeneoubalf-spacesFor small
scalesr we obsere a — —0.4, asin Figure3d. Hence,in the high-frequeng rangewe expecta similar response
as without the embeddinghalf-spaces.The solid lines in Figure 2 representhe exact reflectionand transmision
responsesf thisembeddedingularity Apparentlytheembeddindhasnotmucheffect ontheseresponses.
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Figure2: (a) Reflectiorresponsef thetwo-sidedsingularity of Figure 1a (dashed)and of the embeddedingularity
of Figure 4a (solid). Thesource of theincidentfield is a Ricker waveletwith f. = 50 Hz. (b) Transmissiorresponse
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Figure3: Multiscaleanalysisof a two-sidedsingularity(after Mallat andHwang,1992; Herrmann,1997; with thanks

to JeroenGoudswaad). (a) Thevelocityfunction. (b) Continuousvaveletransformof a). (c) Modulusmaximaline,
obtainedfromb). (d) Amplitude-versus-scal@VS)curve, measued alongthe modulusmaximaline in c).
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Figure4: Multiscaleanalysisof a two-sidedsingularity, embeddethetweenwo homogeneousalf-spaces.
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Figure5: Multiscaleanalysisof a smoothedrersionof theembeddedingularityin Figure 4a.
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Figure6: (a) Reflectionresponseof the embeddedwo-sidedsingularity of Figure 4a (solid) and of its smoothed
versionin Figure 5a (dashed)(b) Transmissionmesponse
A smoothedsingularity. Figure 5d shavs an AVS curwe of a smoothedembeddedsingularity In the mid-scale
rangethe slopeis equalto thatof the embeddedingularity(comparewith Figure4d). Thereflectionaswell asthe
transmissiomesponsearenot muchinfluencedy the smoothing(Figure6).

Conclusions. Exactreflectionandtransmissiorcoeficientsfor a self-similarsingularityhave beenpresented.The
band-limitedreflectionandtransmissiomesponsesf a self-similarsingularityarereasonablystablewith respecto
its embeddinda large scaleeffect) andwith respecto smoothinga smallscaleeffect).



