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Abstract: 
    The semi-empirical equation of Bohm (DB) doesn’t take into the account the fluctuation 

properties of plasma parameters in the plasma. So, the Bohm formula did not explain the 

diffusion behavior caused by instability. The 1/16 factor in Bohm formula represent the relation 

between the diffusion and the instability that causing it. Therefore, the Bohm factor studied as 

instability factor (C), this factor derived into two turbulence cases (strong and weak 

turbulence).The results of this factor was tested with experimental results in Q-machine and 

shown good results. The diffusion coefficients are drived according to this instability factor for 

strong and weak turbulence cases.  
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 :الخلاصة 
نم جأخذ تىظز الاعحثار خواص الاضطزاب نمعهمات انثلاسما داخم  Bohmان انعلاقة انشثه وضعية انحي افحزضث مه قثم     

ففي علاقفة  1/16لايمكه ان جصف  الاوحشفار انشفاس ت فثة انلاافحقزاريةا ان انعامفم  Bohmانثلاسما نذا يمكه انقول ان اوحشار 

Bohm قف  اافحث ل تانعامفم 1/16 حشار انشاس وانلااحقزارية انم فثثة نفها نفذا ففأن انعامفم يمثم انعلاقة تيه الاوC  وانفذ  الهقىفا

قف  اتفحل نحفانحي الاضفطزاب انقفو  وان فعي ا وتانى ايفة  Cعهيه تعامم انلااحقزاريةا في هذا انثحث فأن عامم انلااحقزارية 

وقف  نفو ا او فا جحبفل تشفكم عيف  مفت  Q-machineففي مىظومفة  فأن وحائج عامفم انلاافحقزارية قف  قوروفث مفت انىحفائج انعمهيفة

 انىحائج انعمهيةا ومه ثم جم جح ي  علاقة نمعامم الاوحشار انشاس نحانحي الاضطزاب انقو  وان عي ا

 جثزيز انعمم

 ه فىا في هذا انثحفث هفو وضفت علاقفة يمكفه مفه خلان فا وشف  الاوحشفار انشفاس اعحمفادا عهفب وفوي الاضفطزاب انفذ  يحصفم

تانثلاسماا ومه خفلال تفزل معفيه يمكفه معزففة هفم ان انثلاسمفا ففي وضفت الاضفطزاب انقفو  او ان فعي ا وقف  يصفاد  ان 

 يحصم في عمود انثلاسما كلا الاضطزاتيه وتانحاني فأن كهحا انمعادنحيه يمكه ان ج حعمم نوش  الاوحشار انشاسا 

مففه ضففمى اد فقفف  نففو ا ان هاجففان  Q-machine وانحففي جعحثففز  ان هاجففان انمعادنحففان قفف  قوروففث نمعظففم مىظومففات انثلاسمففا

 انمعادنحان نلاوحشار جحبل وتشكم عي  ع ا مت انىحائج انعمهية انم ححصهة مه انحجزتةا 

 

 

1-Introduction: 
In all almost pervious experiments, the diffusion of plasma across magnetic field scaled as 

B
-1

 rather than B
-2

, and the decay of plasma with time was found to be exponential rather than 

reciprocal [1]. 

Bohm first notes this anomalous diffusion. He found that, the plasma created by electric arc 

leaked across magnetic field with unexpected fast and large amplitude oscillations of electric field, 

which observed inside arc. Bohm surmised that, these fluctuated electric fields are caused 

anomalous diffusion [2]. 

The semi-empirical formula of Bohm for this diffusion is [1, 3]: 

 

)1(
16

1

eB

KT
DB  

 

where K, T, e, and B is Boltzman constant, plasma temperature, electronic charge, and magnetic 

field, respectively. The factor 1/16 has no theoretical justification but is an empirical number 

agreeing with most experiments to within a factor of two or three [1]. This equation is not formally 

derived. 
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Historically, the first experiment on anomalous diffusion in positive long tube is performed 

by Lehnorl et al in Sweden. They found that the diffusion of plasma in helium positive column 

increases with the increasing of magnetic field above a critical value (Bc). Kadomtsev and 

Nedosppasov showed that, the instability behavior was established in plasma column at high 

magnetic field. This instability in the form helical distortion of plasma and was seen directly by 

Allen et al experiment [1]. 

In 1960, Spitzer [4] has pointed out, the low-frequency ion wave give arise to anomalous 

diffusion in slellartor. Spitzer gave relation of Bohm .He suggested an explanation from Bohm
,
s 

formula that is: 

 

 

 

where kn is unknown constant at proportionality’s. The symbol  significant across magnetic field. 

This equation shows the 1/16 factor in formula in equal to 32

2

12 kkk . 

According to equation, Sanduk [5] given another modification for Bohm diffusion formula 

depending on Spitzer parameters which in the form: 

 

)3(
eB

KT
CDMB    

 

where C is the instability factor which equal to[5]: 

 

 

where Ky:is 

the wave 

number parallel to direction of electric field (perpendicular to direction of magnetic field and 

density gradient). 

: is angular frequency of instability. 

1: is the fluctuated potential due to instability. 

      and  γ: is the growth rate of instability. 

This equation was tested for many confinement systems [5, 6, 7]. 

 

2-Turbulence Diffusion 
Plasma turbulence can also be characterized by the ratio of turbulence energy (w) to the 

plasma particle thermal energy [8]: 

 

)5(
enT

w
 = 

 

where n and Te are plasma density and electron temperature respectively. The parameter  is 

frequently used to separate weak and strong turbulence (<<1 for weak and >1for strong 

turbulence). This ratio () can be either very small,<<1, or large, >1. 

To obtain on the relation of diffusion coefficient in turbulence cases, let using the slab n in 

x-direction (corresponding to r-direction), and E in y-direction (corresponding to -direction in 

cylindrical geometries)). 

At the beginning, using the continuity equation and then solving it, the particle flux 

associated with turbulence can be estimated as: 

 

)4(
2

1

2

1

2 TB
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)6(
2

1

dx

dn

B

k y



 
 

 

This equation can be studies in two cases: 

 

i-strong turbulence;   : 

Kadmotsev [9] gave a relation of  
KT

e 1
 in this case: 

 

)7(
11






kKT

e

De


 

 

where De and  are diamagnetic drift frequency of electron ( DeyDe vk ) and density scale length 

(
n

n


 ), respectively. 

By determining the plasma potential from above equation and apply it into equation (6), the 

particle flux becomes: 

 

)8(
2 dx

dn

k
s






  

 

The diffusion coefficient (Ds) can be taken by using the Fick
,
s low on equation (8), one 

obtain: 

)9(
2




k

D s


  

 

Consequently, according to equation (6), the instability factor (Cs) will become equal: 

 

 

)10(
][

][
2 eVT

TeslaB

k
C s





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where  T: temperature 

 

ii-weak turbulence;   : 

For this problem, Kadmotsev [9] gave another relation of
KT

e 1
, which is equal to: 
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1
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Then by using the same technique which used in strong turbulence cases, the particle flux 

( w ) becomes: 

 

)12(
2

2

dx

dn

k
w


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


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where: 
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and              
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3-Modified Bohm Diffusion 

In this attempt, consider Bohm
,
s diffusion in a gradient magnetic field (


B) for two 

reasons, (i) to note the variation of local value of DB,(ii) since instability condition is


B.


p<0, 

where p is the plasma pressure, a turbulent diffusion does arise, and DB can be compared with D. In 

addition, the magnetic gradient normal to B, since the Bohm diffusion occurs in the normal 

direction to B [5]. 

 

4-Diffusion Equation in 


B 
Any realistic plasma, the particle fluxes flow from dense region toward reign of low density 

[10, 11]. Then the Bohm diffusion equation is given by: 

 

  )15(. 2nDDn BB 


 

 

for equation (1) one obtains: 
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where BB 


. This equation is called the general form of Bohm diffusion. Where the variation 

of DB with distance is: 
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The theoretical explanation of Bohm diffusion that have been given by Spitzer[4] and Bernstein 

[12], assumed a fluctuated electric field (E1) that may cause to (EXB)particles drift. The fluctuated 

rang (x) of E1 is large compared with the larmor radius (rL) i.e. x > rL and its internal () is long 

compared to c1 (where c is cyclotron frequency), > c [4].The magnetic field is assumed to be 

in y-direction. Then the general form of DB will represent to equation (3). According to Spitzer, C 

may be expressed as: 

 

)18(22
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where f= 1/, Vth= thermal velocity and ν1= Frequency. It is clear from this equation that, C is B-

dependent quantity. According to equation (3), the equation (15) will become: 
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where the variation of general form of DB is [5]: 
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For isothermal case (


T = 0), the equation (20) becomes: 
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The first term explains the slope due to variations of C. This term modifies the slope of the 

second one [5]. Because of C is related to the instability and the diffusion flux 1 o , where 

 111 EXBvn  and the angular bracket indicates arranging with respect to time, one obtains [5]: 

 

 
)22(

11

n
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B

T
CD
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B

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5-Strong Turbulence 

For the slab geometry, we assume B in y-direction,


n in x-direction, and E to be in Z-

direction. One that finds with aid of equation (9) that: 
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Thus, 
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In term of
T

1
, we get: 
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This equation shows that the instability factor depends on: 

(i) the of growth rate and the frequency 

(ii) the v(EXB)1 drift velocity 

(iii) the fluctuated level. 

Finally, according to equation (3), Dst will become: 
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6- Weak Turbulence 
With aid of equation (12), the fluctuated particle flux 1 becomes: 
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According to above equation and in the term of fluctuation level  KTe 1 , the instability 

factor will become: 
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This equation shows that, the C depends on: 

(i) the square of the ratio of the growth rate and the frequency. 

(ii) the ratio between the v(EXB) and vph. 

(iii) the fluctuated level. 

As results of equation (3), the Dwt will equal to: 
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7-Experimental Results and Discussion 
The profile of the degree of turbulence, defined as ratio of fluctuation energy and thermal 

energy [13]: 

 

                                          )31(1
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In this section we will apply the results of modified Bohm diffusion for two turbulence cases 

on Chu et al [14, 15] experimental results in Q-machine. In figure (1), the results of equation (29) 

are plotted with plasma radius. This figure shows that, the turbulence is weak in the region near the 

plasma center (where the plasma density is high in this region) and will becomes strong toward 

plasma edge. 

In consequence to experimental results and equations (25) and (28), the instability factor for 

two turbulence cases and Bohm diffusion equation was plotted with experimental factor (by apply 

equation (3)) in figure (2).This figure illustrated, the behavior of C-factor according to equation (25) 

and (28) has a better agreement with Cexp behavior rather than Bohm
,
s factor (1/16) which shows 

behavior far from Cexp.The diffusion coefficients Dwt, Dst, DBohm, and Dexp are obvious as function 

of distance in figure (3). From this figure, the behavior of diffusion coefficient have same behavior 

of instability factor (this accurse in the experiment which have temperature and magnetic field are 

constant). 
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   Finally, Ds and Dware plotted with Dst, Dwt, and Dexp in figures (4) and (5). figure (4) shows that, 

Ds is fitting with Dexp because of we assumed   (plasma under study is in strong turbulence) 

and the behavior of Dst will clause from Dexp in strong turbulence region. So, as a conclusion from 

this fitting, D follows the instability growth rate. While in figure (5), Dwt has a good agreement 

behavior with Dexp comparable to Dw near from the center (where the turbulent is weak in this 

region) but the behavior of Dwt and Dw will be agreement  and will far from Dexp toward strong 

turbulence region of plasma column. 
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Fig.(1): Variation of  Wt/Wth as a function of       

plasma radius. 
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Fig.(2): Computed quantities of C-factor verus 
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Fig.(3):Variation of diffusion coefficients as a function of 

plasma  radius. 
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8-Conclusion 
In consequence of the above discussion, the results of Bohm formula shows a contradiction 

in the behavior with the prediction of modified Bohm and experimental results. This contraction 

caused by, the Bohm diffusion did not take into the account the fluctuation properties of plasma 

parameters in the plasma column. The modified Bohm diffusion theory for two turbulence cases 

taken these fluctuations properties of plasma parameters which causes to instability. 

The comparison between the behavior of instability factor and diffusion coefficient will 

leads to the fact that, the instability factor behavior is responsible for diffusion coefficient behavior 

(this across in the experiment which have temperature and magnetic field are constant) (see figures 

(2) and (3)). 

The results, which are shown in figures (4) and (5) were shows, the results modified Bohm 

diffusion theory which represented by equations (26) and (30) is suitable to study of change of 

plasma parameters in the plasma column. As well as, this theory is agree with the behavior of quasi- 

liner theory. 
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