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The principle of causality was invoked in connection with seismic wave propagation by 
Futterman (1962) and Lamb (I 962}. It follows from this principle that a transient seismic 
dis~rbance can be felt at some di,,,nce from the source .only after it has .tarted to radiate. 
The principle is therefore an important constraint on mathem~tical simulations of seismic 
_ve propagation. Within the framework of linur filter theory, the interpretation of the 
observational evidence (lee for example Kanamori and Anderson, 1977) that the intria.ic 
quality factor Q for earth materials is frequency independent i. incompatible with the principle 
ofcau.ality. The usual proof of the incompatibility (e.g., Strick, I 970) i. b~d,ol\th1! Pilley. 
Wiener condition (Papoulis, 1962) for tran.fer functions of causal (i.e., phygical) linear sYltems. 
The condition is in the form of an inequality involving inlegratiOri along the entire re.langular 
frequency axli and i. a co."equen<:e ofthc'requininent that the'tIlinsf", funetiOll ofaeausal 
IMt.riysteni mu.t be analytic over one·haM' of the c(>tnple .. angUlar frequency plUle •. We 
prove the incompatibility u.ing the Cauchy-Riemann conditionl on analytic function,: 
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Let w be dimen.ionle •• angular frequency a'nd x djmensionlen distance alonll the 
direction of propagation of plane seismic waves in·a linpar los.y niedium of infinite· extent. 
The tranlfer function H(w, x) for a thickness x of the m<diurn may be written as 

H(w, x) ~ expo (-y(w) x) 

The dimensionless spatial propagation factor yew) is given by 

yew) = a(w) + i ~(w) + i wiVe 

(I) 

(2) 

It is made up of spatial attenuation (a(w)) and pha,e .hift (~(w}) factora due to lossy nature 
of the medium and the epatial phase shift factor w/v. due .to ·ela,Hci'y of the medium, v. being 
the f. equency independent dime ... ionles. elastic wave epeed. i _ (.,...1 )1/1. 

Fu\terman (1962) .howed .that . the intriruic quality factor 

Q.(w} .... (w/v. + ~(w) }/2 _(w), 

if Q(w) is very much larger than 2 !c. Let 

yew) = u(w) + i v(w) 

u(w) = v(w)/2 Q(w) 

vew} .;. w/v. + ~(w). 
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