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Close loop algorithm:1D fast computation 
(Helmholtz equation with Numerov's method):
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Comparison between 1D an 2D with isotropic turbulence spectrum 
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2D density profiles:Cut-off frequencies: Turbulence map:
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FD3D-full-vawe code basics
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Input parameters

● Spatial and time derivatives as centered differences, leapfrogging of E, H 
● Incorporation of J straightforward if no external B

0
 field

● Conditionally stable for small enough dt, second order accuracy
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En+1  En = dt * Ėn+1/2 
Ex += dt * { Hz(y-dy/2, z) – Hz(y+dy/2, z) }/dy + Jx(y, z)
   n              n+1/2                   n+1/2                    n+1/2

En+1  En = dt * Ėn+1/2 
Ex += dt * { Hz(y-dy/2, z) – Hz(y+dy/2, z) }/dy + Jx(y, z)
   n              n+1/2                   n+1/2                    n+1/2

● Finite difference time domain code
● Maxwell equations and plasma currents

(cold plasma)
● numeric TX and RX antennas, Gaussian beams, all frequencies 
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Figure: transfer functions: blue-2D simulation, R
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green-2D simulation, R
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=3m, red-1D simulation result

0 200 400 600 800
­0.03

­0.02

­0.01

0

0.01

0.02

0.03

0.04

Phase variation is obtained using approximate formula** for phase variation with different turbulence realization  

Red-Gauss attenuation

Blue-1D result
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Results of 2D computation are different from results 
obtained with 1D code. Phase variation is less then in 
1D case. There are few 2D effects which can be a 
reason of this behavior. Here is 2 of them

• Phase blurring due to poloidal k-spectrum of the 
turbulence

• Field attenuation due to energy spreading in 2D 
case

In Born approximation, using reciprocity theorem* it is 
possible to express scattered field trough total 
unperturbed field.

In case of of curved plasma wave spreader from the 
plasma and        distributed mostly on central line of 
receiver. This reduce effect of phase blurring due to 
poloidal k-spectrum

Es∼∫ dn⋅E tot
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Effects of field attenuation near cut off position
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(**)- B B Afeyan, A E Chou and B I Cohen Plasma Physics and Controlled Fusion, Volume 37, Number 3 

(*)-A D Piliya and A Yu Popov 2002 Plasma Phys. Control. Fusion 44 467

Normalized transfer functions (green-
with Gauss attenuation, red-without)

K(1/m)

F(a.p.)

Conclusions

Picture from: F. Clairet et al Rev Sci I.  (2003) 74, 1481, F. Clairet et al PPCF 46, 1567 (2004). 

Comparison between 1D and 2D 
computations of transfer function has showed 
that between 2D and 1D computations is big, 
especially in the case of plasma without 
poloidal curvature The transfer function here 
has 8 times higher values then 1D 
computation. This means that in some cases 
2D effects play very important role and should 
be taken into account. 2D effects changing the 
shape and amplitude of phase variation power 
spectrum.

Future plane

FD3D code: C Lechte 2009 Plasma Science, IEEE Transactions on (Volume:37 , Issue: 6 ) p.1099 - 1103

Create fast tool for transfer function 
reconstruction:
● Use Weighting function method to estimate phase 

variation in Born approximation
● Use wave widening analytical theory*** to calculate 

change of beam properties due to high level 
turbulence near the plasma adge

Use this method to compare experimental data 
with gyrokinetic codes results.

Study different events which are connected to 
micro-turbulence
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