Summary 1

Plasma pressure:
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     (in terms of mass density )
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     (in terms of number density n)

(summation is from r=1 to r=highest ionization level being considered)
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,  the departure coefficient, is the number of particles per original particle; and

Zeff=D-1 or 
[image: image4.wmf]a

r

 

r

 

å


is the effective charge, or the number of charges per original particle.

Summary 2

Plasma Energy

Relationships among h, uint, and f.
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Computation of h,  and f
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Summary 3

Plasma MHD equations


[image: image10.wmf]0

 

=

 

.v)

(

 

+

 

dt

d

  

mass

Ñ

r

r



[image: image11.wmf]B

 

X

 

B)

 

X

1

 

(

 

+

 

 

+

 

P

-

 

=

 

dt

dv

  

momentum

Ñ

Ñ

Ñ

m

t

r



[image: image12.wmf]XB)

XB).(

1

Ñ

Ñ

Ñ

Ñ

Ñ

Ñ

(

+

)

(v.

+

q

.

+

T)

.(

=

dt

du

energy  

2

r

m

s

t

k

r



[image: image13.wmf]B

 

+

 

B)

 

X

 

(v

 

X

 

 

=

 

t

B

   

induction

2

1

Ñ

Ñ

¶

¶

ms


Equations contain purely fluid-mechanical terms and purely em terms

The only  term coupling flow field and em field:


`
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occurs in the induction equation.

Applications:  Magnetic Pressure                   Pm=B2/2
Magnetic Reynolds Number   Rm=ul
                        (coupling between flow field & em field)

Summary 4

Characteristic lengths and times in a plasma: 

Depend primarily on T and n.

An example: Deuterium Plasma Focus (PF)  

T=7x106 K,  n=1025m-3
D=69T1/2ne-1/2(1+Z)-1/2                 4x10-8m
bo= 5.6x10-6T-1Z                           8x10-13m

(How does D & bo compare with atomic radius?)

[smallest electron radius of H atom, Bohr Model is 0.5x10-10m]

Qs=bo2                                                             2x10-24m2
Q=5.7lnQs  (ln~10)                     10-22m2
mfp=1/(Qn)                                   10-3m

te-i    =  2.7x105 Te 3/2/(Z2ni ln)   5x10-11s

e-i   =  1/te-i                                                     2x1010 s-1 

D/bo  (from above)


    5x104
 

ln








=65.3 Zln Te-3/2                                            4x10-8-m

-1     






2.5x107  (-m)-1

(How does this compare with  of copper?)

If B=10T, is this a strong magnetic field for this plasma?

ge=1.8x1011B                                 1.8x1012 s-1
Yes! Since ge>>e-i plasma is gyration dominated (rather than collision dominated). Thus Hall parameter >>1 and ( is much reduced.

Strong Magnetic Field (ge>>e-i
(( unaffected; 

( increased by two factors; 

(i)  range of collision times and 

(ii) Hall effect.
( Zln Te-3/2 (1+[gee-i]2)
gyrcoll is called the Hall Parameter (HP)
Note the following HP:

gee-e      Electron HP

gii-I        Ion HP

Ion HP<<Electron HP

For a given B field , Electrons tied to field lines much more than ion.

Summary 5

Definition and Parameters of a Plasma

Definition – Collection of charged particles with strongly coherent behaviour

Operational Definition: 

Size  

number in Debye sphere 

ionization

neutrality 

plasma frequency

Parameters: (dependence on T,n)

Debye length                                   
 T1/2 n-1/2
90o impact parameter                      
T-1/2

ln almost constant, take as 10typ)
gyration frequency                        
B/m

Plasma (es) frequency                  

   n 1/2 m 1/2
Collision MFT                         T3/2n-1/2m 1/2
Collision frequency

Equilibration time

Hall Parameter (HP)


T 3/2n-1m-1/2B

Plasma resistivity ((


T-3/2
(  ,  value of , reduced by 1+HP2
Conductivity

Magnetic Reynold’s No.

ul

Magnetic pressure


B2/2

Summary 6

Formation of Shock Waves in gaseous medium

In any material medium there is a small disturbance speed “a” e.g.  sound speed at which ‘mechanical’ disturbances, such as pressure pulses, travel.

If there arises any motion within the medium with a speed that exceeds ‘a’, then a shock wave is launched. This shock wave moves AHEAD of the causative supersonic motion. This causative motion can be a body (e.g. supersonic plane flying through air), or plasma flow pushed by magnetic field.

Call the causative motion a piston with speed vp.

If vp<a, we say the piston is subsonic. A sub-sonic piston creates only small disturbances, and does not affect the value of ‘a’. We say that ‘a’ is linear.

If vp>a, the piston is supersonic. A supersonic piston creates a large disturbance, and a resultant non-linear small disturbance speed; ie  the small disturbance speed is not a constant; but is changed by the piston.

Thus, a supersonic piston drives ahead a shock wave. Between the piston and the shock wave is a layer (thickness L) of shock-heated gas, which is denser and hotter than the ambient gas.

Summary 7

Shock-jump equations

The shock front (SF) is a transition region between the ambient gas and the shock heated gas. The SF has a thickness of the order of one mfp of collisions.

The SF travels faster than the piston, thus as SF travels further and further, the distance L between SF and the piston increases.

To develop shock-jump equations, consider shock-fixed coordinates. In these coordinates :
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In these equations, 1, P1 and h1 are known ambient conditions. If we consider q1 (the SF speed) as a parameter, then the 5 unknowns in the 5 equations are:

2, P2, h2, q2 and T2. (and D are known functions of T2, ref earlier lectures). The 5 equations may be solved for the 5 unknowns. Thus the state of the shocked gas may be computed for any shock speed.

Summary 8

Equations for Strong Shocks

For strong shocks (defined as P2>>P1, h2>>h1)
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From these equns we can compute the density ratio = and temperature in the shocked gas as:
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Equipartition of Internal & Kinetic Energies

 From shock-jump equations, show uint=K2 .

Hence in a strong shock plasma, 50% of KE is converted into thermal energy.

A shock wave is very efficient in heating plasma.
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