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W 
histler  waves are a type of plasma 

wave, one of the first to be observed. 

These waves have been studied for 

more than 100 years. It is an electromagnetic 

wave mainly observed in space plasmas, lab 

plasmas, and solid-state physics. It was recently 

reported that in spacecraft observation of large 

amplitude whistler wave and/or the associated 

relativistic electrons energization [1]. In particular, 

the STEREO observation by Cattell et al [2] reports 

the detection of obliquely propagating whistler 

wave with amplitudes as high as 240 mV/m in the 

Earth’s downside outer radiation belt. The propa-

gation angle ranges from 45o to 70o, with an ambi-

ent magnetic field of 300-350nT. Electron density 

is 2-5 cm-3, leading to plasma to electron gyrofre-

quency ratio (ωp/Ω) of about 3.  

       The observed peak frequency is approxi-
mately 0.2 times the electron gyrofrequency (Ω), 
falling within the whistler frequency (ω) range. 
Also, in laboratory 
oblique whistler 
waves are reported 
in large volume la-
boratory plasma 
device (LVPD) [3], 
i.e., for densities higher than the space plasmas. 
These whistlers exhibit oblique propagation char-
acteristics and are known to be associated with 
density perturbations that undergo intense nonlin-
ear steepening, particularly when they propagate 
close to the resonant cone angle [4]. The whistler 
resonance cone angle is defined by condition 
where refractive index tends of infinity . The pre-
sent study investigates into the parameter range 
of laboratory experiments where these oblique 
whistler fluctuations occur. We are using fluid 
theory to study the oblique whistler wave phenom-
enon. We have developed the 1D electromagnetic 
fluid serial code. The run time for the space plas-
ma regime is 40 minutes, while it is 48 hours for 
the LVPD plasma regime. We have used a flux-
corrected transport scheme for solving the elec-
tron fluid equation, while Maxwell’s equations are 
simultaneously solved using forward time central 
spatial difference scheme. Periodic boundary 
conditions are used for one-dimensional computa-

tion domain. We choose 256 grid points for θ = 0º, 
70º , 77º and 512 grid points for  θ = 86º, 88º cases 
with the time steps ẟt = 0.0001Ωt. The numerical 
evolution is initialized using the linearly prescribed 
analytical plane wave solution. The simulation code 
prepared and benchmarked by verifying linear whis-
tler dispersion relation for θ = 0º and 70º in Fig 1. Fig 
2 shows the density fluctuation n/no versus normal-
ized distance  Ωx/c. and dimensionless time Ωt for 
amplitude Ɛ = 0.01, ωp = 0.2 Ω,  ω = 3 Ω, θres = 

78.48º these parameters taken from the spacecraft 
observation [1].  Fig 2a for θ = 70º whistler wave 
propagating away from the resonance cone angle do 
not exhibit significant wave steepening. Fig 2b for θ 
= 77º whistler wave propagating near to resonance 
cone angle undergo nonlinear wave steepening and 

high frequency oscilla-
tions near to upper hybrid 
wave get excited due to 
quasi-longitudinal nature 
of oblique whistler wave. 
Fig 3 shows the density      

n(x,t)/n0 in Fig 3c for θ = 86º, ω = 0.05Ω, Ɛ = 0.01, 
ωp = 150Ω, θres = 87.13º and Fig 3d for θ = 88º, ω = 
0.003Ω, Ɛ = 0.01, ωp = 344.83Ω, θres = 89.82º for 
parameters from the LVPD experiments. For the 
LVPD parameter shows that the strong nonlinear 
nature of the whistler wave is capable of producing a 
modification in the upper hybrid frequency, causing it 
to downshift from its linearly expected frequency [5]. 
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The simulation study is performed in the parame-
ter range of spacecraft observation and laboratory 
experiments where these oblique whistlers’ fluctu-
ations occur, utilizing fluid theory and a 1D elec-
tromagnetic fluid serial code. 
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Figure 1 The general dispersion relation for initial 
perturbation Ɛ=0.01 and ωp= 3 Ω with propagation 
angle θ = 0º and 70º. The dots represent the values 
of the corresponding wave computed using wave 
parameter in the nonlinear numerical evolution. 
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Fig 2. Evolution of density perturbation profile for 
the whistlers at (a) θ = 70º, ω = 3 Ω, ωp = 0.2 Ω,  
θres = 78.48 º  (b) θ = 77º  

Fig 3. Evolution of density perturbation profile for 
the whistlers at (a) θ = 86º, ω = 0.05 Ω, ωp = 150 
Ω,  θres = 87.13º  (b) θ = 88º, ω = 0.003 Ω, ωp = 
344.83 Ω, θres = 89.82º  
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Pic Credit: Shishir Biswas  

Title: Turbulent Dynamics of 3-dimensional 
Taylor-Green (TG) flow  

Description: This figure represents the vorti-
city iso-surfaces (or Iso-ω surface) for turbu-
lent 3-dimensional Taylor-Green (TG) flow in 
the incompressible limit. Taylor-Green vortex 
is laminar and anisotropic at early stages but 
eventually becomes completely turbulent. 

Solver used: It is generated using an In-
house developed multi-node, multi-card,  
weakly compressible magneto hydrodynam-
ic GPU based suite GMHD3D. 

Simulation Details: This simulation uses  
256^3 grid resolution. The full simulation took 
70.526 Hrs. in 4 P100 GPU cards (2 Nodes) 
on ANTYA Cluster. 

Visualization: For this 3D Iso-surface visuali-
zation, an open source visualization pack-
age VisIt 3.1.2 was installed in ANTYA Visual-
ization node. 
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hpcusers@ipr.res.in 
If you wish to contribute an article in 

GAṆANAM, please write to us. 
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On Demand Online Tutorial Session on HPC 
Environment for New Users Available 
Please send your request to  
hpcteam@ipr.res.in.   
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