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Somewhat interdisciplinary ‘References’ or 
history of my own relevant to helicity

• Jian-Zhou Zhu et al., 2008 (unsubmitted) on helical Navier-Stokes and 
EDQNM;

• Jian-Zhou Zhu, 2012 (unpublished) on two-dimensional gyrokinetics;
• Jian-Zhou Zhu, Weihong Yang and Guang-Yu Zhu 2014 published in 

Journal of Fluid Mechanics, “Purely helical absolute equilibria and chirality
of (magneto)fluid turbulence”;

• Jian-Zhou Zhu, 2014 published in Physics of Fluids, “Note on specific chiral
ensembles of statistical hydrodynamics: ‘Order function’ for transition of 
turbulence transfer scenarios”;

• Jian-Zhou Zhu, 2014 “Exact solutions of some hydrodynamic type models: 
restricted superposition of helical waves” (soon to appear on arXiv.org);

• Jian-Zhou Zhu, 2014 “Is inverse cascade of passive scalar energy advected
by incompressible two-dimensional turbulence genuinely possible?” (soon 
to appear on arXiv.org);

• Jian-Zhou Zhu et al. 2014 “On chirality of two-fluid magnetohydrodynamic
turbulence” (to appear on arXiv.org);

• Jian-Zhou Zhu et al. 2014 “Disordered DNA Neutral Evolution: Algebraic 
Tails of Self-Alignment Concentrations” (to appear on arXiv.org).



from wikipedia.org



Outline
• Partially and fully two-fluid MHDs (tfMHD) for 

plasmas

• Helical waves in tfMHD and helical representation: 
“novel” derivation of the dispersion relation and 
exact nonlinear (wave) solutions

• Chiralities in the sense of Meyrand and Galtier, 
and, in the sense of helical modes: Detailed 
eMHD-iMHD analyses and unification 

• Conclusion



Partially and fully two-fluid MHDs
(tfMHD)

Ideal Hall MHD equation (dimensionless):



Reminding Navier-Stokes

Helmholtz, Kelvin 



Frozen-in form

Hall (“partially” two-fluid):

(MHD is not recovered by simply letting \epsilon be zero here; 
the two vortexes nonlinearly couple by sharing the same b and v.)

“partially”: j =//= i or e



Fully two-fluid:

(two “Navier-Stokes”!)

The nonlinear coupling between two vortexes is through sharing the same b.



Meyrand-Galtier’s hMHD chirality
(very interesting and beautiful, but 

not necessarily correct)





  

Numerical result and theoretical interpretation



chirality in the sense of helical 
representation

(selection and amplification in the 
absolute equilibrium, polarized linear 

wave, nonlinear unichiral solution)



Helical representation



The poles of opposite chiral sectors have opposite signs.
pole Æ one chiral sector dominated states (OCSDS)

Sidenote for Navier-Stokes:



(circularly) polarized waves



Examination and Unification: linear 
waves (L and R), nonlinear 

UNIchiral vortex



Two requirements in Meyrand-
Galtier’s theory to get |Pm|=1

• one fluid: u and b aligned
• Linear wave with a background field: 

b and k x b aligned



magic? actually problematic 

Let’s check:



eMHD story has problem but that of 
iMHD can be ok

Remember:
• one fluid
• linear wave with a background field



So, let’s turn to another treatment 
with helical representation

similarly for iMHD





Insights from the fully two-fluid 
MHD and “electronic polarization”



similarly for iMHD:





Thank you!


