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e1 Introdu
tionWe present the results of a detailed study of appli
ability of 
as
ade models, be it in the form of shellmodels, or in the form of di�erential approximation models, to fusion plasmas. There exists variousdi�
ulties asso
iated with the plasma medium. Its intrinsi
 ex
itability, the role of meso-s
ales andits natural anisotropy 
an be mentioned. In this work, we derive a set of shell models, that aretailored for appli
ability to fusion plasmas. We suggest this as a useful method for understandingthe nonlinear tenden
ies instead of dire
t predi
tion.2 Shell model for drift wavesHere we review the basi
 idea behind shell models and give the simplest possible example in theform of a shell model of the Hasegawa-Mima system [3℄. This allows a demonstration of the basi
idea as well as the derivation of a di�erential approximation model.3 Potential Vorti
ity ConservationHere we will dis
uss the role of potential vorti
ity in fusion plasmas [4, 1℄. Using a simple redu
edsystem, we will show that the 
on
ept of potential vorti
ity, used prominently in geophysi
al �uiddynami
s is a useful 
on
ept also for fusion plasmas.3.1 Generalized shell model in the form of Potential Vorti
ity evolutionA simple shell model 
an be formulated in the form of potential vorti
ity evolution, using thebasi
 idea that the potential vorti
ity is approximately 
onserved in fusion plasmas. This allowsthe redu
tion of very 
omplex nonlinear system to a set of, relatively simple, 
oupled ordinarydi�erential equations. In the limit of lo
al intera
tions, the system leads to solutions akin to 2DKrai
hnan-Kolmogorov spe
tra. In 
ontrast, when the non-lo
al intera
tions with a single modedominates (assuming also that the ele
tron response is adiabati
), a solution in the form of |ñk|
2 ∼∣∣∣Φ̃k

∣∣∣
2

∝ k−3/
(
1 + k2

)
2 is found [2℄.3.2 Predator Prey os
illationsWhen the non-lo
al intera
tions with a single large s
ale mode (zonal �ows, Geodesi
 A
ousti
Modes et
.) dominate, the above model leads to an interesting dynami
al evolution. Sin
e the larges
ale mode is not driven, it is driven purely by the intera
tions among �u
tuations. However, asit grows, it refra
ts the the �u
tuations to higher wave-numbers, where the dissipation is higher.1
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Therefore the large s
ale mode ends up depleting its own sour
e for drive. When this happens, it isalso damped (physi
ally by a large s
ale drag pro
ess, modelled as a drag term in the equation forthe evolution of the large s
ale). But sin
e there is 
onstant energy inje
tion, when the large s
alemode damps, the �u
tuations 
an grow again. This leads to a phenomenon akin to predator-preyos
illations. At the extreme, these os
illations 
an be observed using a minimally redu
ed shellmodel of two shells and the large s
ale 
omponent.4 Con
lusionWe have studied the feasibility of the appli
ation of shell models to fusion plasmas. While theirpredi
tive power is limited as a result of la
k of dire
t 
onne
tion to physi
s parameters, theirqualitative utility is undeniable. We �nd that due their simpli
ity they 
an be implemented rathereasily, and 
an ta
kle a 
omplex nonlinear problem with some (sometimes strong) assumptions.They 
an also be used in 
onjun
tion with proper linear physi
s (for instan
e a linear gyro-kineti

ode, whi
h 
an give the exa
t form of the energy inje
tion and dissipation) for in
reased a

ura
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