
3, ORIGIN OF THE 2/1 - Ii. DlSTORTIO:"l
PRODUCT

The other cochlear emission whic h has become of clinica l
im portance is the simple intermodulatic n distortion
component , various ly lmmvn as the cubic distortio n produc t
(CO T, afte r the polynomial sim plification for it 's
mathematical analysis ), the intennodulation distortion product
(lDP),2f, -f, (the formula for calculating its frcqucncyfrom
tho se of the primaries) and, simply, the distortion product
(DP). It arises as one of several spectral lines which are
generatedbythcinncrcarwh~'tlprcscntedwithtwo,purcsine

waves. The la'b'tst, most easily seen and certa inly the most
easilyheardofthe Jinesis theoneatfrequency2fj- fi · lIhas
been found usefu l in clin ical practice but has the perce ived
disadvantage that it moni tors hearing at only a single site
alongthecochlca. Thebasicmodeofgencr<lli<Jl1,h~ver,is

stillvery poorly understood

Perhaps one of the bigge st mysteries is why this particular
spectral line should be most promi nent. Theoretica lly, its
symm etrica l counterpart, at 2fi - fj , should be jus t as
prom inent but it is only seen at somewha t highcr inteusities.
Des Kirk and I have been studying elect rica lly-evoked
emissions and we believe we know the answer. Electrically
evoked oro-acoustic emissions (EEOAEs) are similar to other
emissio ns but are generated by direct electrical stimulation of
the cochlea. Of course , we can do this only on experimental
animal s at the moment,but it tells us a great deal about the
mec han isms by whic h emissions propagate with in the
cochl ea. We have found that energy genera ted at any part icular
place along the coch lea wiJl only propaga te back to the midd le
ear, where it emerges into the external ear cana l as emissions,
will only propagat e ifits frequency is below that at which the
particu lar site responds best , its charactcristic frequency (CF)
This is not a dear-cut rule, the separat ion is not abso lute, but
there is a very great asy mmetry on the magnitude of
propagatio n above and below CF. The explanation lies,
however, in the nuid mechanics of the basilar membrane,
which analyses the incom ing sound signal into its Fourier
components. Althoog b its tun ing properties are bandpass, its
propagation propert ies are lowpass, i.e., any given place along
the cochlea wiJI propagare a wave so 1000gasits frequency is
lower than the local CF, but the magnitude will vary. For
frequencies above CF, howeve r, the wave motion is evanescen t
and decays away exponentially and, since the physics is
reversible, no energy will propagate as an emission if its
frequency is greate r than the CF of the site at which it is
generated. When we consider me diston ion products, it is
clear tha t the frequency 2f,-fi is always below the CF of the
primary genera tion site, i.e., somewhere between the f, and fi
sites, whereas 2fi -f, is always above the primary ·site CF.

4. CONCLUSION
Ours is bas ic resea rch . O ur day-to--day efforts are nol
immediat ely direct ed to solving pract ical problems o f
audiology. Rather , Yo"eare tlk ing the longer-tenn view, that if

we can understan d the basic physics and biology beh ind the

hearing process we will then be better equ ipped 10 tackle the

other, clinically·relevant problems of heari ng.
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