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The behavior of a cloud of conducting gas obtained from a coaxial 
plasma gun is investigated as it passes through a constant magnetic 
field. The way that this cloud interacts by induction with an electrical 
circuit coupled to an ohmic resistance is also studied. Paticular atten- 
tion is paid to the study of the energy characteristics of the interaction 
(the energy generated in the ohmic resistance, relations between the 
plasma energy and Joule dissipation) as a function of the geometry and 
certain parameters of the electrical circuit. The process is analyzed 
theoretically for small values of the magnetic Reynolds number. Ex- 
perimental and theoretical results are compared. 

1. The experimental apparatus and the parameters of the working 
gas (plasma cloud). The experimental apparatus, a plan of which is 
given in Fig. l ,  consists of a coaxial pIasma gun, a radial channel, 
and a d c  electromagnet which creates a magnetic field in the direction 
of the z-axis. The numerals l, 2, 8, and 4 denote electrical circuits 
with inductances Ll, L2, Ls, and L4. 

When the battery of condensers was discharged, the plasma cloud 
formed in the gun passed along a tube of heat-resistant glass and into 
the channel where it expanded radially (in a direction normal to that 
of the applied magnetic field). All the experiments were carried out 
with air at an initial pressure of 0.7 mm Hg. The battery capacitance 
was 600 #F, and the charge voltage was 5 kV. The channel had the 
following dimensions: a maximum radius of 105 ram, and a minimum 
radius at the entrance of 25 ram; the channel width was 15 mm at a 
radius of 25 ram, and subsequently decreased smoothly to 6 mm at the 
outlet. The constant magnetic-field strength could be varied from 0 
to 5 kOe. 

Electrical circuit loops for picking up the magnetic field deforma- 
tion caused by the gas were mounted in the channel walls as were 
various detectors for measuring gas and electromagnetic field param- 
eters. The electric circuit loops were situated concentrically inplanes 
perpendicular to the z-axis, and as close as possible to the working 
ga s - a t  a distance of 1 mm from the inner surface of the channel wall. 
The following were also fitted to the channel wall: probes for measuring 
strength of the axial magnetic field H; loops to measure the strength 
of the azimuthal electric field E; solenoids of "open" Rogowski loops 
(the distant parts of the loop passing through the plasma) for registering 
the current density j in the plasma, and piezometers. The velocity of 
radial plasma motion u and the structure of the plasma cloud were 
studied with an SFR camera. Cloud parameters in the tube before en- 
tering the magnetic channel were studied using a piezometer, an SFR 
camera and an induction device for measuring electrical conductivity 
[1, 2]. Several plasma clouds pass along the tube depending on the 
half-periods of the current discharge. 

A photograph is presented in Fig. 2a showing the first (u = 24 kin/ 
/sec), second (u = 18 km/sec) and third plasma formations; the photo- 
graph was made with an 8FR camera; the motion of the plasma was 

parallel to that of the image on the film. The reading of the electrical 
conductivity detector o is given in Fig. 2b (the time markers occur 
every 1 gsee, and the maximum signal amplitudes are proportional 
to the product on2). The conductivity o reaches its maximum value 
directly behind the luminous front of the leading region of the first 
plasma formation. Here o is constant over a length of 60-80 mm with 

a value of 65-70 ohm -1 cm -1. Further on along the cloud, o decreases 
sharply and does not exceed 10 ohm "1 cm -• in the tail of the first and 
subsequent plasma formations. Thus, we may suppose that basically 
only the leading portion of the first cloud interacts with the magnetic 

field in the radial channel. Its velocity before entering the channel 
was equal to 24 kin/see. 

Pressure measurements made by the piezometer (Fig. 2b; crystal 
diameter 1 ram, time markers every 1 psec) show that the cloud is 
inhomogeneous and tim pressure oscillations at the wall of the pipe 
correspond to the passage of the dark or light regions of the cloud past 
the detector. 

Since the device for measuring electrical conductivity takes an 
average over some volume, iris insensitive to these inhomogeneities 
and gives good reproducible readings. The measured cloud parameters 
differ from those calculated for a one-dimensional shock wave moving 
with tile velocity of the leading edge of the cloud (the calculated 
electrical conductivity and pressure are o = 200 ohm-* cm -I and p = 
= 6 aim, while the measured values are 65-70 ohm-* cm "1 and 4.5 
aim). 

On entering the magnetic channel, tile cloud begins to expand 
radialiy. The radial velocity of the leading edge of the plasma attains 
a vahe  of 12 kin/see at a radius of 50 ram, and remains constant at 
large radii when there is no magnetic field. This is clear from the 
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curves of Fig. 3 where the ve loc i ty  of the lead ing  edge  (u, k in / see )  

is g iven  as a funct ion of the radius (r, cm) for various values of the 

m a g n e t i c  f ie ld  H0, g iven  ad jacen t  to the  curves (H0 was measured  at 

a radius of 65 mm). 
The p la sma  in  the channe l  moved in  the form of successive com-  

pression waves whose ve loc i ty  did not s ign i f ican t ly  differ from the 

ve loc i ty  of the lead ing  edge.  Figure 4 gives osc i l lograms o f t h e p l a s m a  

pressure at  the wal l  of the rad ia l  channe l  corresponding to values  of 

H 0 = 0 ,  300, 700, and 3000 Oe. The r e s o l u t i o n o f t h e  detectors was 

about 1 psec,  the t i m e  markers  occured at  periods of 1 and 8 ~see, and 

the unit  of pressure is 1 a im.  The pressure behind the  shock wave re -  

f l ec ted  from the end wal l  of the channe l  (r = 0) is equa l  to p = 80 a tm;  
i t  remains  at this va lue  for severa l  microseconds,  and subsequently 
decreases  g radua l ly  (Fig. 4a). The p lasma pressure at the channel  wal l  

a t ta ins  a va lue  of 1.6 a im  for r = 55 ram, and 1 a im  for r = 95 ram. 

The detector ,  loca ted  at  a radius r = 58 ram, i n i t i a l l y  registers a very 

weak compression wave,  and, subsequently,  the pressure in t h e p l a s m a  

cloud.  
It was es tabl ished by means of the SFR camera  and magne t i cp robes  

that  the p l a sma  pressure is a lmost  a x i s y m m e t r i c  in the rad ia l  channel .  

Knowing this, we can inves t iga t e  the process over the  ent i re  vo lume  of 

the channel  using a r e l a t ive ly  smal l  number of detectors  for making  

measurements .  
The nature of the p lasma mot ion  in the channel  changes rad ica l ly  

when there  is a m a g n e t i c  f ield.  Closed concent r ic  currents arise in 
the p lasma .  The  ponderomot ive  forces f = c - I  j X H arising as the result  

of the current density dis t r ibut ion establ ished in the p lasma have  the 

grea tes t  effect  on the l ead ing  edge  of the cloud (which is strongly 

retarded)  (Fig. 3). 
For a m a g n e t i c  f ie ld  s t rength less than  1000 Oe, the change  in the 

nature of the  mot ion  is no t i ceab le  only in the  regions of la rge  channel  
radius.  The p i ezome te r  at a radius of r = 96 mm registers the fusion of 

two fronts (Fig. 4e). The pressure behind the front becomes  equal  to 
the  ca l cu l a t ed  pressure behind a front associated with a p lane  wave 

moving  at the ve loc i ty  measured.  A s imi la r  phenomenon  is observed 

at  a radius of r = 85 mm for a f ield H0 -> 2800 Oe (Fig. 4d). 

Where there  is strong re tardat ion of the p lasma (up to 3 -4  k m / s e c )  
the photographic  records r evea l  a weakly  luminescen t  refracted shock 
wave mov ing  wi th  a ve loc i ty  close tO that  of the unretarded p la sma  

(12 k in / see ) .  In this case,  the pressure increases smoothly  (Fig. 4d) 
and at ta ins  a m a x i m u m  va lue  of 2 . 8 - 3 . 2  a im.  However, the ax i sym-  

m e t r i c  flow in the channe l  is not disturbed even when there  is strong 
re tarda t ion  of the gas. Pictures of the p lasma mot ion  in the rad ia l  
channe l  are g iven  in Fig. 5. They were obta ined using the  SFRcamera:  

the t i m e  be tween frames is 0.33 psec; the order of the frames is from 
top to bot tom and from r ight  to left .  The penc i l  of dark l ines  in ter-  
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secting the image in this figure is the shadow of the system of mag- 
netic probes registering the symmetry of radial plasma motion. The 
photographs in Fig. 5 show that the plasma boundary is stable, or, 
even if  a Ray le igh-Tay lo r  ins tabi l i ty  occurs, i t  cannot  develop suffi- 

c i en t ly  to disturb the symmet ry  of flow for H0 -< 4000 Oe. The zone 
where current flows in the p lasma is on the order of the channe l l eng th .  

The  current densi ty at tains a va lue  of 3.2 k A / c m  z for H0 = 4000 Oe. 

The e l e c t r i c - f i e l d  s trength Ej arising from the current in t h e p l a s m a  

is an order of magn i tude  less than the  induced f ield uH/e ;  for example ,  

Ej = 2 V / c m ,  and u H / c  = 13 V / c m  for H0 = 1300 Oe, whi le  for H0 = 

=4000  Oe, Ej = 5  V/cm,  and u H / c = 2 8  V/cm.  
Approximate  es t imates  show that  under the p reva i l ing  condit ions,  

e l e c t r i c a l  conduct iv i ty  of the p lasma o may be t aken  to be scalar .  
When o is ca l cu la t ed  from Ohm's law j = o (UH/c--E),  using the 
measured  values of u, H, E, and j, values of 40-20  ohm -1 em " l  are  
obta ined ( there  is a dependence  upon the channel  radius; the smal le r  
values  refer to larger  radi i)  for H0 --< 1000 Oe, whi le  o = 140-80  ohm "x 

cm " l  for H0 = 4000 Oe. Strong Joule hea t ing  of the p lasma for la rge  
Ha is also demonstra ted.  This effect,  caused by the currents induced in 

the p lasma,  shows up as an increase  in p lasma luminosi ty  with an in-  
crease  in the m a g n e t i c  f ield strength. A d i rec t  ca l cu l a t i on  of Joule 

hea t ing  over the  ent i re  vo lume of the p lasma 

V t  

g ive  a va lue  of 125 J for H0 = 4000 Oe. 
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The m a g n e t i c  Reynolds number Rm, de te rmined  for charac te r i s t i c  

d imens ion  equa l  to the m a x i m u m  channe l  radius,  varies within the  

l im i t s  2 . 8 - 1 . 0  depending on the channel  radius and the m a g n e t i c  
f ie ld  strength. 

2. In te rac t ion  of the p l a sma  cloud with the  e l ec t r i c  c i rcui t .  On 

moving  in the rad ia l  channel  the p l a sma  distorted the m a g n e t i c  f ield 

and produced an e m f  in the 1cops of the e l e c t r i c  c i rcui t  (its presence 

in the channeI  wal l  has a l ready  been ment ioned  above).  As a result  

of this effect ,  t ransient  currents arising in the c i rcui t  led to e l ec t r i c  

E k and m a g n e t i c  H k fields in the p lasma voh ime .  

The effect  of these fields on the magni tudes  of the to ta l  mechan-  

i c a l  energy of the p l a sma  A, the Joule heat  Q and the useful p lasma 

energy W was inves t iga ted  as a function of the  posi t ioning (geometry)  
of the c i rcui t  loops induc t ive ly  l inked with the p lasma,  the ohmic  

res is tance  of the c i rcu i t  R, and the strength of the i n i t i a l  m a g n e t i c  
f ield Hot 

W = A - - Q =  I I / E d t d V  
g* 

V t  

The e l e c t r i c a l  quant i t ies  A, Q, and W were ca l cu l a t ed  from the func- 
tions j(r, t), E(r, t), u(r, t), and H(r, t) measured in the rad ia l  c h a n n e l  

Some components  averaged  over the channel  width were also measured:  

the a z i m u t h a l  c#-components of E and j, the  r - componen t  of u, and 
the z - componen t  of H. 

Measurements  showed that  the m a g n e t i c  f ield H k caused by the 
currents in the e l e c t r i c a l  c i rcu i t  was considerably  less than  the  sum 

of the i n i t i a l  m a g n e t i c  f ie ld  H and the f ield due to the currents in 
the p l a sma  Hi, i .e . ,  

H~,: G 0.t  (Ho + I t j .  

The  e l e c t r i c  f ie ld  E k of the currents in the c i rcu i t  was considerably 

less than the induced f ield u [ l / e ,  but comparab le  with the f ie ld  Ej of 

the currents in  the p lasma .  It follows from this tha t  the presence  of 

the e l e c t r i c a l  c i rcui t ,  i nduc t ive ly  l inked  with the p l a sma  and having  

only an ohmic  res is tance  as a load, has only a sma l l  effect  on the 

current densi ty in the p lasma ,  the to ta l  p l a sma  energy and the Joule 

hea t  under the condit ions of our exper iment .  It also follows that  the 
useful p lasma energy is considerabIy less than the to ta l  energy,  i .e . ,  

A ~ Q. The e l e c t r i c  f ie ld  of this c i rcui t  does, however,  have  a marked  
effect  on the useful p l a sma  energy. It is this f ield which does, in fact,  
de t e rmine  the magn i tude  of the useful energy,  s ince  

V t  V t  

That the l e f t -hand  s ide of this expression is nonzero is due to the 
current induced in the m e t a l l i c  parts of the apparatus.  The useful 

work ca l cu la t ed  in this case from the measured  values of the current 
densi ty and e l ec t r i c  f ield and in tegra ted  over the whole vo lume  and 
t i m e  of in te rac t ion  is equa l  to the energy evolved  at  the  ohmic  re- 

s is tance:  

W-- lfl'EledtdV ~ f lSt{ dt , (2.1) 

Vt t 

We studied four types of windings whose coils were posit ioned in the 
following manner .  

1. The coils were wound with a radius of i06  mm on the outside of 

the channel .  Its i nduc tance  was L t = 400 �9 10-s H. We denote this type 
of winding by L• (the same as its inductance) .  

2. The second type of winding is denoted by L z. The coils  (10 coils, 

6 on each  side) were wound in the channel  wails,  in spiral  form, with 

a constant  p i t ch  of 6 ram, from a radius of 28 mm to a radius of 
66 ram. Its induc tance  was L l = 16 �9 10 -6 H. 

3. The coils were wound in the form of a dense spiral  in two rows 

with f ive colts  in each row on ei ther  s ide of the dmnne l ,  s i tua ted  at 

radi i  which varied from 60 to 68 ram. The induc tance  of the ent i re  
winding was Lai = 83 " 10 -6 H. The induc tance  of the winding Laa, 

which consisted of the two rows closest to the gas, wasequaI  to La2 = 
= 19.8 �9 I0 -6 H. 

4. The coils  were wound in the form of a spiral having a constant 
p i t ch  of 6 ram,  from a radius of 65 mm to a radius of 105 ram. Its 
induc tance  w a s  L 4 = 40  �9 I0-6 Ho 

The energy W, J, genera ted  at the ohmic  res is tance of the e l ec t r i c  

c i rcui t ,  i s g iven  in Fig. 6a for the windings ment ioned  above as a 

function of the magn i tude  of the resistance.  This energy was ca lcu la t ed  

from formula (2.1) for a m a g n e t i c  f ield s t rength of Ha = 1300 Oe. (Tile 
i n i t i a l  m a g n e t i c  f ield var ied  rad ia l ly  from r = 0 to r := 105 mm by a 

factor of 1.5, and so a l l  ind ica ted  values of the f ie ld  H 0 refer to r = 

= 66 ram. The fieId H0 was p r ac t i c a l l y  constant over the channel  
width. ) 

The  marked  effect  of the  winding geomet ry  on the magni tude  of 

the energy genera ted  is c lear  from Fig. 6a. This effect  is governed not 

only by the mutua l  induct ion  coeff ic ien t  be tween the windings and the 

currents in the p!asma,  but also by the magni tude  of the current in the 

c i rcui t ,  i .e . ,  by the dis t r ibut ion and magni tude  of the e l e c t r i c  field E k 
[n the ptasma vo lume due to the current  in the circui t ,  
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Unfortunately, not all the windings are in identically the same 
condition relative to the nature of the flow. It is clear from Fig. 3 
that, in the initial section of the channeI, the velocity of radial plasma 
motion increases rapidly from 0 to 12 km/sec and for r > 50 mm, re- 
mains constant (if H0 = 0). The winding L2 was situated in the entrance 
section of the channel and this region of flow exerted the strongest 
effect on the inductive interaction between the currents in the plasma 
and the winding. The field H0 = SO00 Oe has practically no effect on 
the velocity distribution, so we may assume that the results of Fig. 63 
were obtained for unperturbed gas dynamics. 

The magnitude of the energy generated at the ohmic resistance is 
given in Fig. 6b for a field of H0 = 2600 Oe. The gas velocity is mark- 
edly diminished for this field, especially at the end of the channel. 
It is clear, again from Fig. 6b, that the strongest interaction occurs 
with winding L3, situated in the region of maximum gas velocity. 
(For a field of 1300 Oe, the most energy was generated in L4.) The 
energy generated is given as a function of magnetic field strength in 
Fig. 7. For small fields W ~ H~; W subsequently attains a maximum 
and even decreases for large fields. 

3. k theoretical analysis of the process and comparison with ex- 
periment. It is virtually impossible to give a theoretical description 
of the exceedingly complex nature of the flow in the experimental 

channel. We therefore take the simplest solution of the equations of 
gasdynamics as the basis for our theoretical analysis. 

The flow may be described approximately by the equations of 
magnetohydrodynamies taking into account dissipation only in the 
form of Joule heating, and with an additional equation for the elec- 
trical circuit inductively linked with the plasma. If we look for a 
solution of this system of equations in the form of an expansion in 
powers of Rm, then, in zeroth approximation, the equations of gas- 
dynamics, Maxwell's equation and the circuit equation are separable. 
The solution for electromagnetic quantities in first approximation 
depends upon the gasdynamic quantities in zeroth approximation. One 
of the solutions of the gasdynamic equations is flow with an entropy 
wave. Such a flow, with constant velocity, pressure, and arbitrary 
temperature distribution as functions of the gas particle can exist in 
a channel of constant cross section. Thus, the gas flow in zeroth ap- 
proximation may be imagined as follows: there is a cylindriealsource 
of gas at a radius equal to the inner radius of the channel (r = 2g mm). 
Gas flows out of this source with constant velocity and pressure and a 
temperature which varies periodically in time, and flows in a channel 
of constant cross section. At a radius of r = 105 mm there is a sink 

which does not perturb the flow. 
We have the following components when the axial symmetry of 

the situation is taken into account (in a cylindrical system of coordi- 
nates r, r z): the gas velocity has a component only in the direction 
of the channel radius, i.e., u r = u0 = const; the current density J, the 
electric field E and the vector potential A have the components]~(r, 
z, t), Eo(r, z, t), and Ao(r, z, t) only with respect to ~o; the magnetic field 

H has the r and z components Hr(r, z, t) and Hz(r, z, t). 
The only electrodynamic quantity in zeroth approximation is the 

externally applied constant magnetic field in the direction of the z- 
axis H0, since, in zeroth approximation, the current in the electric 
circuit in our case is equal to zero. Thus, in first approximation, the 

current density in the gas is 

[ = Rm% [Eo --  uoHo] = -- RmOo �9 (3.1) 

W, J L32 ~ ~._ 
1.2 f 

/ ,  
or / 

/ 
0 

f608 3200 H o ,  O e  

Fig. 7. 

o~ maximum electrical conductivity of the temperature wave: 

( l Clio uoHo ) 
to ~ _ _  /o  _ _ ,  E o =  . Uo ~ - -  4nl - 7 -  ' I1~ : cHol 

Equation (3.2) may be rewritten by introducing the self-inductance 
of the circuit and the vector potential of the field [3]: 

d dlz , I 
d--t- ~ %% A ,11@ L ~i" T R i = 0  

n L 

(A:2, Lo 1 " ~ d V ,  L ~ - ,  - -  uo I " 
V 

Here Lo and Ro are the actual inductance and resistance of the cir- 
cuit. Allowing for the fact that there is axial symmetry and, taking 
Eq. (3.1) into account, we may represent th~ inductive emf in the 

form 

d Xa d ~ ~o 

n L n V 

where r is the angle between the vector d 1 and the chosen direction ~. 
Since we do not know the form of the conductivity wave in the ex- 
perimental apparatus exactly, we specify it in the following general 

form: 

~ o : E [ a l c o s i % ( r - - t ) + b  i s i n i s  ~ , :  (o~/ . 
i / t~ 

Here 3. is the dimensionless frequency. 
The inductive emf is then equal to 

co 

d E [Se (a i _}_ bi ) cos is  -}- ~i s (a i -[- bi) sin ikt l 

2~rn I" ~ cOS i~r cos I) d V ,  

�9 n V 

s 
Here g is the distance from the point of integration in the gas volume 

to the circuit loop of radius r n. 
The average power generated in the ohmic resistance over a cer- 

tain period of time (relative to the quantity H[u0l s) is then equal to 

W : Rm~'lz~'R : Bin" -~- ~ v~ _]_i~s 2 (~ic' _1_ ~is') (3.3) 

where u = R/L. 
The total energy of the gas per unit time is then (T is the period) 

A = ~ t ~ u ( j  X It) d tdV=Rma0V+O(Rm~ . 
V t 

We have the following equation for first-approximation current in 
the electric circuit: 

n S 

Here the magnetic flux is summed over the series -connected turns of 

the circuit. 
Equations (3.1) and (3.2) are written in dimensionless form and the 

characteristic quantities are: l--the channel length, 106 ram; {-- the 
time; u0--the veIocity'; H0--the magnetic field strength; j ~  current 
density; E~ electric field strength; I~ current in the circuit; 

The fraction of energy which is transferred to the external mesh 

is equal to 

V t 

~ J. ~ [d i l l% dl 0 6o 
= - R * ~ 2  o ~o L a t  : y  ~ - -  ot ,) ~ dv] dt dV, 

V t V 

where the second term in brackets is the electric field due to current 
in the gas, and the first is the field due to currents in the circuit. The 
integral of the second term for this period, over the whole volume, is 

2 2 equal to zero, while that of the first term is RmIaR, i.e., the energy 
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transferred to the c i rcui t  is de te rmined  by the e l ec t r i c  f ie ld  of this 

c i rcu i t  only.  

The quant i ty  W / R ~ ,  caIcu la ted  from formula (a.a) as a function 

of u, ~ and o0, and the form of the windings are g iven  in Figs. 8 and 9. 

The  coeff ic ients  /3 c and ~ were ca l cu la t ed  on an e l ec t ron ic  computer .  

The effect  which the form of the conduct iv i ty  wave exerts on the  
quant i ty  W is shown in Fig. 8 for X = 2 and the  winding Lax. Here the 
va lue  of o was ca l cu l a t ed  from formulas 

~ h = l / ~ [ t  + c o s t ( r - - t ) ] ,  % = ~ / ~ [ i + c o s ~ ( r - - t ) p  
oo 

a a = ' / s [ t - } - e ~  ~ ' = ~ - -  ~--a t ~ s i n m s  
n'L~ 

m = l  
co co 

t sin ~. (r -- t) 
+ 

m A  
m = l  r a ~ l  

A s y m m e t r i c a l  wave form turned out to be the most sui table .  

The effect  of the winding geomet ry  and the wavelength  is shown 

in Fig. 9 where W/R~n is g iven  as a function of u for various X, wind- 

ings LI, La, and L 4 and 0 2. It is c lear  from the curves of Fig. 9 that  

the op t imum wave leng th  for a l l  the  windings is k ,~ 3, i .e. ,  roughly 

twice  the  channel  length.  The most su i table  of the three windings is 

L4, i .e . ,  the winding s i tuated closest to the channe l  exit .  

It also turned out that  L 2 was more su i table  than La, and, in the 

expe r imen t  with H0 = 1800 Oe (Fig. 6a), more  energy was genera ted  
with Lai in the c i rcui t  than  with L z. Possibly this is de te rmined  by 

the ve toc i ty  dis tr ibut ion in the expe r imen t a l  channe l  (Fig. 3). 
We shal l  a t t e m p t  to m a k e  a qua l i t a t ive  comparison of expe r imen ta l  

and theore t i ca l  results. In order to e l i m i n a t e  the effect  of Rm, we 

shall  take the energy or power r e l a t ive  to its m a x i m u m  vatue (for each 

X and o). Thus, Fig. 10 presents the e x p e r i m e n t a l  points from Fig. 6a 

divided by 0.20 J fo r  L2, by 0.80 J for La~, and b y 0 . 4 8  J for L4. 
We see that  the theore t i ca l  curves of % and oa for X = 1.2 are in 

good ag reemen t  with the expe r imen ta l  points. The theore t i ca l  curves 

t aken  re l a t ive  to the m a x i m u m  power, i .e . ,  f(u) = W/Wmax,  are 

very much  l ike  each  other for the various windings when the values 

of X and o are the same.  It follows from Fig. 10 that  the e f fec t ive  

wave length  (H0 = 1300 Oe) is k = 1 - 1 . 6  for a l l  the windings, i .e . ,  
the wave length  is roughly six t imes  the length  of the channel .  Sim- 

i lar  data  are g iven  in  Fig. 11 for H 0 = 2600 Oe. it is c lear  that  the 
change  in  the nature of the ftow as the f ie ld  is increased leads to an 

increase  in the devia t ion  of W(u) from X = const, for a l i  the  windings, 

which was a l ready no t i ceab le  in Fig. 10. We shal l  now try to m a k e  a 

quan t i t a t i ve  comparison of the results. The e f fec t ive  in terac t ion  period 

in  the exper imen t  was equal  to 

2r '2hi 6.2q.~0.5 
T =  m - -  )~Uo 1.2.'1.2. i0 ~ =45" '10 -~ s e e ,  

Using this period we can  de te rmine  both the ave rage  power iV* 

genera ted  over some period in the op t imum ohmic  resis tance and 

the va lue  of R~n for which the theore t i ca l ly  ca l cu l a t ed  power is equal  

to the power which is observed exper imen ta l ly .  

The tab le  g iven  below presents values of W* for a f ield H0 = 1300 

Oe, as wel l  as the magne t i c  Reynolds number R m ca lcu la t ed  from the 

rat io of W* to H~ u0/2, and for a t ype -% conduct iv i ty  wave:  

Le La~ k~ 

W*(W) 4.4.10 a 6.55.10 :~ 10.5.10 a 

W*/l louo[  ~ ' l .97.10 -1 2.!31.10-4 4.6.10-a 

Hm* 0. 865 I. 009 0.800 

In the exper iment ,  R m was equal  to 3 - 6  for smal l  magne t i c  fields 

(for a charac te r i s t i c  dinaensiou of l = t0..5 cm and ef fec t ive  measured 
values  of o = 40-20  o h m - i c m  -• and ve loc i ty  u0 = 1.3 " 106 cm/sec ) .  

However, the qua l i t a t ive  correspondence between theore t i ca l  and 

expe r imen t a l  results (Fig. t0)  for unperturbed gasdynamics  suggests 

that ,  in the  expe r imen ta i  apparatus, the nature of the p lasma in ter-  

ac t ion  with the e lec t r i c  c i rcui t  approaches that  predic ted by theory. 
This cor re la t ion  also tends to ind ica te  that the euergy in the ohmic  

res is tance is genera ted  by the p lasma.  

The authors are gra teful  to G. I. t3agaev, A. P. Morozov, L. N. 
Puzyrev, and Yu. A. Shadrin for cooperat ing in the design of the ex- 

pe r imen ta l  apparatus,  and to T. I. Pushkareva and S. P. Mymrina 

for their  assis tance in carrying out the exper imen t  and the ca lcula t ions .  
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