
EFFECT OF NONCONDUCTING SIDE WALLS 

ON INDUCED END ELECTRIC CURRENTS 

Yu.  F .  K a s h k i n  

The effect of conditions governing the closing of induced electr ic  currents  on the total e lec-  
t r i ca l  and dynamical  charac te r i s t i c s  of the motion of a plasmoid through the rectangular  
channel of an e lec t r i c -d i scharge  tube in a nonuniform t r ansve r se  magnetic field was invest i -  
gated. It was shown that the e lectr ic  current  can be cut to half by introducing a fairly long 
and thin nonconducting side wall into the channel in the zone of end currents .  The length 
of the inser ted side wall must be not less  than 6 channels in o rder  to keep the axial e lect r ic  
current  f rom flowing around the side wall. 

An experimental  investigation of the motion of a plasmoid through a nonuniform t r ansve r se  magnetic 
field in a rec tangular  channel has been presented elsewhere by the present  author [1] and by other authors 
[2], demonstra t ing the influence exerted by the magnetic-f ield nonuniformity in the entry zone of the magnet 
on the p lasma flow velocity.  Results of an experimental  investigation of end electr ic  currents  induced in the 
magnet entry zone and magnet exit zone and of the intr insic  magnetic fields associated with the end cur -  
rents  themselves  can be found in another ar t ic le  by the present  author [3]. It has been shown that the mag- 
nitude of the end currents  and of the magnetic fields is influenced by the anisotropy of the p lasma conduc- 
t ivity and by stagnation of the s t ream,  and comparisons  with predicted data based on formulas derived in 
[4] a re  also published in [3]. 

The nonconducting side walls have to be inser ted in o rder  to cope with end effects [5] in the region 
of end currents .  An analytical investigation of the effect of membranes  inser ted into the channel of an MHD 
genera to r  and placed outside the electron zone, assuming side walls of infinite length, can be found in [6], 
while [7] deals with the case where side-wall  lengths are  considered finite. It has been shown [7] that in- 
sert ion of such a side wall is effective if the side-wall length is as great  as ten channel sizes.  Just  what 
the effect of the closing conditions of the e lectr ic  current  is on the total charac te r i s t i cs  and dynamics of the 
plasmoid remains  obscure  in [1] and [3]. 

1. Experimental  investigations were  pe r fo rmed  in the rectangular  channel of an e lec t r ic -d i scharge  
tube of c ross  section 3 x 4 cm, at a distance on the order  of 1 m f rom the discharge chamber.  The ex- 
ternal ly  applied nonuniform magnetic field was established with the aid of coils in the form of a Helmholtz 
pair  enclosing the channel on two sides. P r e l im ina ry  experimental  and theoret ical  est imates of the p lasma 
charac te r i s t i c s  ahead of the entry to the magnetic field, which will be designated by the subscript  "plus," 
yielded the following approximate values of the relevant pa r ame te r s :  concentration of charged par t ic les  
he+ ~ 1017 c m  -3,  t empera tu re  T + ~  18,000~ p lasma flow velocity u =2.8 �9 106 cm/ sec ,  Mach number  of 
s t r eam ~ 5, e lect r ical  conductivity of p lasma a+ ~ 100 mho/cm,  and t ime required for p lasma  to t r ave r se  
magnetic field t ~ 100 /zsec. Argon was the working gas in the experiments  and was assumed to be com-  
pletely ionized under the conditions stated. 

The dimensionless  rat ios  calculated on the basis of the values of those var iables  are  the magnetic 
Reynolds number  R m, the magnetohydrodynamic interaction pa rame te r  N, and the Hall pa rame te r  fl, in 
accordance  with the formulas 
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R m -  c ~ ,  N =  c~+u+ , ' ~ =  cene+ 

(B 0 ~  1 T, h = 4  cmasthechannelheight). 

Here p+ is the p lasma density, and e the charge on the electron.  We ended up with the values R m 
14, N ~ 2 ,  t im 1. 

2. The effect exerted by the magzmtic field on the p lasma  flow pat tern was investigated in a channel 
of nonconducting mater ia l  standing 4 cm high. Figure  1 shows the layout of this channel (a - with no side 
walls,  b - with side walls inserted,  c - shape of external magnetic field and of pat tern of induced end cu r -  
rents  in both types of channels). It has been shown [3] that the length of the forward and end loops of the 
end cur ren t  in the channel with no side walls  was about 2.5 channel s izes  (~ 10 cm). The forward loop of 
current  t e rmina tes  at a distance f rom the center  of the magnet which is slightly shor te r  than the channel 
size.  

If the length of the nonconducting side wall is less than the length of the loop of end current  over the 
channel axis, then the effect of that length on the end current  will be relat ively modest.  When the re  is no 
t r a n s v e r s e  magnetic field, experiment  and calculations both show that placing a side wall 5 channel s izes 
in length (20 cm) with a sharp leading edge into the channel causes  a 5-7% decrease  in the p l a sma  flow 
veloci ty  because of the formation of a shock wave on the leading edge of the plate and because of a growth 
of the boundary layer  over  the length of the side wall. The approximate thickness ~t of the turbulent 
boundary layer  is severa l  mi l l imeters  (~t ~ 0.37XRx-~ x =20 cm being the length of the plate) in the case 
of a completely ionized argon p l a sma  under those conditions, but only a fract ion of a mi l l imeter  in the case  
of a l aminar  boundary l ayer  (5/~ 5(~X/Up)~ where ~ is the d)~namic viscosity).  The experimental ly 
derived botmdary- layer  th ickness  determined f rom measurements  of the induced potential difference as 
well as by means of probes  (when measur ing  vo l t age-cur ren t  charac ter i s t ics )  was 0.1 cm at the end of 
the plate. 

When the side wall is more  than 2,5 channel s izes long, the shape of the end-cur ren t  loop undergoes 
a d ras t i c  change; loops of the end cur ren t  12 appear  in the top and bottom subchannels (see Fig. lb), and 
the end e lec t r ic  cur rent  I 3 enveloping the side walt exists up to a cer tain side-walt length. 

A small  Rogowski loop was used, as in [3], with an integrating circui t  and end-current- loop diameter  
0.3 cm in order  to measure  the end currents .  The loop was placed in the top or bottom subchannels (2 in 
Fig. lb) so that the par t  of it lying within the channel would occupy the center  of the t r ansve r se  c ross  
section. The plane of the Rogowski loop was perpendicular  to the channel axis and was located at a d is -  
tance  of 1 to 2 channel sizes off the center  of the magnetic field B 0. A metall ic rod 0.3 cm in d iameter  
was introduced into the subchannel lacking a Rogowski loop in o rde r  to keep the unobstructed c ross  section 
of the subchannels equal; the rod was inser ted in the same plane as the  Rogowski loop in the other sub- 
channel (see Fig. lb, 3). 

F igure  2 shows the dependence of the end induced current ,  in the case of both loops of end current ,  
on the magnitude of the t r a n s v e r s e  magnetic field in the absence of side walls in the channel (t,  2) and with 
side walls p resen t  in the channel (3, 4). Note that when the side wall is present ,  the current  I s measured  
by the Rogowski loop includes the cur rent  t 3 encompassing the side wall. The dependences 1 and 3 re fe r  to 
the forward loop of end current ,  while dependences 2 and 4 re fe r  to the r ea r  cur rent  loop. The dependence 
of the end current  12 of both the forward and r e a r  current  loops is the same in form as the dependence of 
the cur ren t  I i on the magnetic field, in the case of the channel unencumbered by side walls. The e lec t r ic  
cur ren t  I 2 was measured  in the channel with the side wall extending 5 channel s izes  in length. The side 
wall was located ei ther  at the entrance to the magnetic field, when its t ra i l ing  edge reached the center  of 
the magnet (x =0), or at the exit f rom the magnet, when its leading edge was located at the cen te ro fB o. Both 
in the channel with the side wall and in the channel unencumbered by any side wall, the end electr ic  cur rent  
inc reases  with increas ing  magnetic field in the forward loop and has a maximum at B 0 ~ 0.5 T in the case 
of the ~'ear cur rent  loop. 

When a nonconducting side wall extending five channel s izes in length was placed in the chanr~el, the 
end current  in the forward loop fell to 0.47-0.55 of cur ren t  in the channel with no side wail, and the cu r -  
rent  in the r e a r  cur rent  loop fell to 0.58-0.6 of cur ren t  in the unencumbered channel ,a t  different magnetic 
fields, The cur ren t  12 in only one of the subchannels was utilized in o rder  to ascer ta in  the above relat ion-  
ships. 
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The e lec t r ic  cur rent  was measured  with the s lde-wal l length extending f rom four to six channel s izes 
in order  to determine the effect of the side-wall length on the current  13 flowing around the side wall. The 
Rogowski loop was placed in the channel at a distance of three  channel s izes f rom the center  of the magnet 
(Fig. lb, 1), so that it completely encompassed the top or  bottom half of the channel with the side wall 
separated into two par ts .  

Figure  2 (5,6) shows the dependences of the e lec t r ic  cur rent  on the magnetic field B 0 in the case of 
side walls extending four and five channel s izes respect ively,  placed in the zone of the forward current  loop. 
In the case of a side wall extending four channel s izes  in length, the current  13 (5) attained the level of 800 
A, and in the case of a side wall extending five channel sizes in length (6), it attained 350 A at B 0 ~ 1 tesla.  
When the side-wall length extended six channel s izes,  signals f rom the Rogowski loop were absent as the 
magnetic field was increased  to 1 tesla,  i.e., the current  was ve ry  small,  probably not exceeding 10 A. 
Hence, when B 0 -< 1 tes la  the e lec t r ic  cur ren ts  flowing around the side wall a re  pract ica l ly  zero  if the 
length of the side wall is not shor te r  than six channel s izes.  Note that the value of 13 must be subtracted 
f rom the current  12 in Fig. 2 (3, 4) in o rder  to ascer ta in  the t rue value of the e lec t r ic  current  in the loop 
above or below the side wall when the lat ter  extends less than six channel sizes in length. 

The veloci ty of the leading edge of the plasmoid was measured  at a distance of one channel size be-  
yond the center  of the magnet with the aid of two pai rs  of probes,  as was done in [1], in order  to obtain an 
es t imate  of the influence exerted by the side wall on the flow velocity through changes in the end current  
and consequently in the braking force.  It was found that, when B 0 ~ 1 tesla,  the veloci ty of the plasmoid 
leaAing edge increases  when a side wall extending five channel sizes in length is placed at the entry to the 
magnet; the inc rease  is f rom 1.1" 106 c m / s e c  to 1.7 �9 106 c m / s e c  and is due to the fal l-off  of the end cur -  
rent in the forward loop, f rom 2800 to 1600 A. The extent of the change in velocity does not match the ex- 
tent of the change in end current .  It must be emphasized that the flow velocity was measured  in a c ross  
section where the flow velocity through the magnetic field was minimized, i.e., where the leading edge of 
the plasmoid had already t r a v e r s e d  the decelerat ion zone of the forward and rea r  current  loops. It was 
pointed out in the experiments  that the end e lec t r ic  cur rent  in the r ea r  cur rent  loop increases  and the 
braking force in the r e a r  cur ren t  loop increases  as the e lectr ic  current  in the forward current  loop de- 
c r ea ses  because of the side wall placed at the entrance to the magnet. 

Let us attempt to account for the resul ts  on the basis  of the s implest  theoret ical  concepts. Using 
equations describing the distribution of e lec t r ica l  pa r ame te r s  in the channel, we can show [8] that the 
approximate formula  

I t 4~uh Boo Co = cons (Rtn =. r ~ = ~-J~e/ (1) 
c_l a suBo  h " = C o / ( R  m,  ~), 

holds when the geometry  of the externally applied magnetic field is fixed, with intervals  of rapid r i se  and 
rapid fall-off in magnetic field coexisting, in the case of channels with no side walls. 

Here I is the current  in the loop, or, u, and n e are  the average values of the e lectr ical  conductivity, 
velocity,  and concentration of charged par t ic les  in the region where the p lasma interacts  with the magnetic 
field, and a is the channel dimension in the direction of the magnetic field, whose charac te r i s t i c  value is 

B 0 . 
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The  function f ,  r ep re sen t ing  the d imens ion less  diss ipat ion of Joule  heat in the channel, has been 
studied in detai l  by Kholshchevnikova [8]. 

If we cons ider  the dis t r ibut ion of e l ec t r i ca l  p a r a m e t e r s  in a channel of height h/2,  with the same  ge-  
o m e t r y  of the ex te rna l ly  applied magnet ic  field, the e lec t r i c  cu r ren t  c i rcula t ing  through the loop will be 

I c 0 
--c-la* 0 ~u o 5Bo~/2h ~ --K- ] (Rm,o.5, ~o.5) (2) 

H e r e  the subscr ip t  0.5 co r re sponds  to the p a r a m e t e r s  in a channel of height h/2,  the function f and 
the constant  C o a r e  the s a m e  as in Eq. (1), the Reynolds number  Rm, 0.2 is calculated f rom the va lues  of 
cr0.5, u0.5, and h / 2 ,  and the Hall p a r a m e t e r  is calcula ted on the bas i s  of the va lues  of q0.s and he, 0.5- The 
value of B 0 is the s a m e  in e i ther  case .  

The  p a r a m e t e r  K t akes  into account the  r a t e  of decline (or of increase)  in the speci f ied  magnet ic  field 
in the channels  in quest ion (in re la t ion  to the c h a r a c t e r i s t i c  d imensions  h and h/2).  tn the  case  where  the 
f ield decl ines  at a v e r y  rap id  r a t e  (s tepwise va ry ing  magnet ic  field), K is c lose  to unity. When the magnet ic  
field decl ines  m o r e  smoothly,  K ~  1.5. 

Inse r t ing  a side wal l  in the channel all  the way to the cen te r  of the magnet,  where  the e lec t r i c  cur ren t  
is p r ac t i ca l l y  zero ,  is equivalent,  in a f i r s t  approximat ion,  to breaking  up the channel in the u p s t r e a m  zone 
of the magnetic field into two subchannels. We therefore have to rely on Eqs. (i) and (2) in order to calcu- 
late the currents. The ratio of the current in the loop I in the channel with no side wall to the current in the 
loop I0. 5 in the channel with a side wall is expressed by the equation 

I ~ u 2K / (Rm,o.5' 3o-5) 
�9 1o.5 - -  %,5 %.5 i 1 ( ~  ,~) (3 )  

We estimate the ratio of the variables appearing in the right-handside of this equation, to begin with, 
Since the conductivity in the stream of a completely ionized gas does not vary very much over insignificant 
lengths (and in any case, the variation of the conductivity has much less effect than the variation in velocity), 
we are safe in assuming 

The ratio of the corresponding Hall parameters and magnetic Reynolds numbers is 

~o,5 ~0.5 ne ~;0.5 zl0.5 at0,5 

Rm~0. 5 C:0. 5 u0. 5 i ~ Uo. 5 
R r a  - -  (~ u 2 ~ 2 u 

Consider the experimental data for B 0 ~ 1 tesla, In that case 

Using the data reported in [8], we have 

if R m ~ i0, fl ~ !. We therefore obtain, from (3), 10, JI ~ 0.5, 
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This corresponds  to the experimental ly measured  current  ratio. 

The dependence of the cur ren t  change in the r e a r  current  loop in 
response  to increasing B 0 (both in the presence  and in the absence of a 
side wall) ,plotted in Fig. 2, can be accounted for in t e rms  of the ve ry  
pronounced total decrease  in velocity in the two end current  loops. 

3. If the top and bottom nonconducting walls of the channel are  r e -  
placed by continuous copper polished electrodes,  in such a way that their  
boundaries are sufficiently far  removed from the boundaries of the exter -  

"" P.0*z 0~r 0p~ nal magnetic field, then t r ace s  of the overflow of e lec t r ic  current  f rom the 
p lasma into the metal, in the fo rmofca thode  spots and anode spots, will r e -  

Fig. 5 main on the polished surfaces  after  the experiments have been completed. 
The top and bottom electrodes  were  not connected. The ends of the e lec-  

I,k~- t rodes  were  placed at X= + 15 cm ( ~ 4  channel sizes) relat ive to the cen-  
----~---~ I ' ~  t e r  of the magnet, and the boundaries of the magnetic field were  placed at 

~ - ~ - - ~ -  X=~• 10 cm (2,5 channel sizes). 

20 ~ ........ Spots were visible on the e lectrodes  moved up to the center of the 
magnetic field at - 4  < X < 0 and at - 1 4  < X < - 1 1  cm, both on the top and 

2~ on the bottom magnetic walls. In the zone removed from the center of the 
magnet (X < - 1 1  cm), anode spots showed up on the top electrode,  while 

g.05~ ~ f ~ ( - ~ = -  [ ~ -4 - - -~_  e----+- cathode spots showed up on the bottom electrode.  Cathode spots were 
/ . ~ ~ .  l ~,T found on the top e lec t rodesand  anode spots were found on the bottom e lec-  

�9 OIZ 0.~r O9O" 
t rode  when the electrode~ were  placed beyond the center  of the magnet 

Fig. 6 and in its immediate vicinity (5 > X > 2 cm), with the anode situated above 
and far  f rom the center  of the magnet and the cathode situated below 
(15 > X > 11 cm). 

The cathode spots near  the center  of the magnet are  much l a rge r  and much deeper,  on both sides of 
the magnet, than the spots at some distance f rom the center  of the magnetic field, since B 0 ~ 1 tes la  at 
the center  of the magnet while B 0 ~ 0 at a great  distance removed f rom the center.  Consequently, the zones 
of cathode spots and anode spots on the e lectrodes  coincide with the zones of the boundaries of end-cur ren t  
turns ,  while the direction of the electr ic  current  coincides with the direction indicated in Fig. la.  The 
potential differences between probes  placed at the center  of the magnet, at the same interelectrode spacing 
and at the same magnitudes of the magnetic field, were compared for the case of a channel with nonconduct- 
ing walls and a channel with electrodes.  The potential difference between the e lect rodes  in the case of a 
channel with nonconducting walls is much grea te r  than in the case of a channel with electrodes,  indicating 
an increase  in the e lec t r ic  cur rent  in the zone of entrance to the magnet in the channel with electrodes.  

In subsequent experiments ,  continuous copper e lec t rodes  were  replaced by nonconducting walls with 
metall ic  e lect rodes  2.5 cm in d iameter  inser ted  in them and with the end surfaces  of the e lectrodes  lined 
up flush with the channel walls. The axis of one pair  of e lectrodes,  at the magnet entrance,  was placed at 
X = - 3  cm, the second at X = - 1 3  cm. The axis of the f i rs t  pair  of electrodes,  at the exit f rom the magnet, 
was placed at X =3 cm, the second at X =13 cm. The top electrodes were shor t -c i rcu i ted  by copper busses,  
as were  the bottom elect rodes  (see Fig. 3a). The potential difference between the probes at the center of 
the magnet is the same in the case of  the channel with continuous e lectrodes  as in the case of electrodes 
2.5 cm in d iameter ,  when the magnitudes of the magnetic field are  the same. 

Experimental  investigation of the end e lec t r ic  cur ren ts  was pe r fo rmed  with the aid of Rogowski loops 
(1 in Fig. 3a) mounted on the busses  connecting the electrodes.  The Rogowski loop recorded  only the e lec-  
t r i c  cur rent  I t which entered the e lec t rodes '  connecting circui t  f rom the plasma.  The dependence of the e lec-  
t r i c  cur ren t  flowing through the e lec t rodes '  c i rcui t  is plotted in Fig. 4 (curve 1) and Fig. 5 (curve 1), r e s -  
peetively, for the portion of the channel at the entrance to the magnetic field and for the portion of the 
channel at the exit f rom the magnetic field. When the magnetic field was stepped up to B 0 ~ 1 tesla,  the 
e lec t r ic  current  11 (Fig. 3a) flowing through the e lectrodes  increased  to 2600 A at the entrance to the mag- 
net and increased  to 3000 A at the exit f rom the magnet. 

Measurement  of the electr ic  current  in the external circuit  of the e lect rodes  12 in the channel with the 
nonconducting side walls extending five channel s izes  in length and placed in the zone of the entrance to or  
exit f rom the magnetic field (Fig. 3b) showed that, at the magnetic-field entrance and exit, the current  12 
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flowing through the plasma and through the electrodes (curve 2 in Fig. 4 and in Fig. 5) is less than the 

current I t in the case where side walls are lacking. The current 12 is at the level of 0.75 to 0.80 of the cur- 

rent I t at the entrance to the magnetic field and 0.4 to 0.45 of the current I t at the exit from the field. 

When the electrodes were introduced intothe channel, the loops of end electric current within the 

channel did not vanish completely, because of the contact resistance present in the electrode sheath (voltage 
drops at the electrode) (Fig. 3a). Aside from the electric current I t flowing through the plasma and through 
the electrodes, there exists in addition an electric current 13 flowing within the channel, both at the entrance 
to and at the exit from the magnet. 

The electric currents were measured simultaneously with two Rogowski loops, one to measure the 

electric current on the bus I I and the other inserted in the channel and encompassing half the channel trans- 

verse cross section, measuring the current 13 in the loop within the channel. The electric current 13 appears 

before the current It, since electric current can appear in the electrodes' circuit only when the leading edge 

of the plasmoid has traversed the interval separating the pairs of electrodes. If the electric current within 

the channel increases to a maximum in 4-5 t~ sec, then the current flowing through the external circuit of 

the electrodes rises to its maximum in 15 ~sec. This time difference can probably be accounted for by the 

processes involved in forming the electrode spots. When the electric current I t attains a maximum, the 

current within the channel drops to 0.7-0.8 of its maximum value. The maximum values of the electric cur- 

rents are indicated in Figs. 4 and 5. 

The magnetic-field dependence of the end electric current 13 within the channel with electrodes is 

plotted in Fig. 4 (curve 3) and in Fig. 5 (curve 3) for the entrance to and exit from the magnetic field, re- 

spectively. The end current within the channel 13 amounts to 0.55-0.62 of current 11 flowing through the 

electrodes at the entrance to the magnet and 0.3-0.33 of current flowing at the exit from the magnet, for 
the maximum values of the electric current. 

When nonconducting side walls are placed in a channel with electrodes, end electric currents 14 within 
the subchannels (half-channels) are retained (Fig. 3b), even though they are not as large as in a channel with 

nonconducting walls. Values of the end currents within the subchannels (half-channels) 14 are plotted in 

Fig. 4 (curve 4) and Fig. 5 (curve 4) for different magnetic fields. The electric current 14 is 0.43-0.48 of the 

value of the current 12 flowing through the electrodes' circuit in a channel with a plate, at the entrance tothe 
magnet, and 0.4 of that value at the exit from the magnet. The electrical current 14 within the channel with 

the electrodes and baffle is 0.55 to 0.58 for the forward turn of the end current and 0.6 to 0.65 for the last 

turn of the end current, in terms of the fraction of the end current 13 in the channel withelectrodesbutwith- 
out plates. 

Consequently, the ratio of the values of electric currents flowing through the end current loops in 
a channel with side walls to the end current in a channel with no side walls, both in a channel with non- 
conducting walls and in a channel with electrodes, amounts to 0.5-0.6 at the entrance to the magnet and 0.6- 
0.65 at the exit from the magnet. 

The electrodes, like the side walls, were placed either only at the entrance tothe magnet or only at 

the exit  f rom the magnet,  but not both s imul taneous ly ,  in a l l  of the expe r imen t s  d e s c r i b e d  above. The 
value  of the end c u r r e n t  flowing through the c i r cu i t  of e l e c t r ode s  at the exit  f rom the magnet  is  shown in 
Fig.  5 (curve 1) for  the case  where  the channel has nonconducting wal l s  at the en t rance  to the magnet.  
But if  e l e c t r o d e s  we re  to be in t roduced a lso  at the en t rance  to the magnet ,  then the value of the end cu r ren t  
flowing through the e l e c t r o d e s '  c i r cu i t  at the  exit  f rom the magnet would decl ine  abrupt ly  (curve 5 in Fig.  
5). F o r  example ,  when B 0 ~0.5  t e s l a ,  the end c u r r e n t s  d i f fer  by more  than a f ac to r  of 2. When the e l e c -  
t r o d e s  we re  in t roduced  at the en t rance  to the magnet,  the to ta l  cu r r en t  at the en t rance  to the magnet in -  
c r e a s e d  f rom 2700 to 3800 A (B 0 ~ 0.5 tesla)  but d e c r e a s e d  f rom 3300 A to 1500 A in the  e l e c t r o d e s '  c i r -  
cuit  at the exit  f rom the field.  The end c u r r e n t s  14 within the channel differ  to a much s m a l l e r  extent.  

This means that the end currents at the entrance to the magnetic field and at the exit from the magnet- 

ic field are interrelated, and an increase in one of the end currents is accompanied by a decrease in the 
other end current because of the increased braking force. 

As in the case of the channel with nonconducting walls, measurements were taken of the velocity of 

the plasmoid leading edge in a cross section located a distance of one channel size beyond the center of the 
magnet. In a channel with electrodes but with no side wall, the flow velocity is 8 �9 105 cm/sec, but 1.3 �9 106 
cm/sec in a channel with a side wall, at B 0 ~ 1 tesla. 
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The rat io of flow veloci t ies  in the case of a channel without a side wall and in the case of a channel 
with a side wall is more  or  less the same as in the case of a channel with nonconducting walls. The end 
e lec t r ic  current  in the channel depends both on the flow velocity, magnetic-f ield gradient,  channel geometry,  
etc. and on the e lec t r ica l  conductivity of the p lasma.  Measurements  taken with e lectrodes  showed that the 
e lect r ical  conductivity of the p lasma decreases  from 130 to 60 mhos/em at a distance of 50 cm channel length 
(~ 12.5 channel sizes).  The initial interval over  which the measurements  were taken was located at a dis-  
tance of 70 crn f rom the p lasma source.  The end current  in the e lec t rodes '  c i rcui t  in the zone of the fo r -  
ward current  toop var ies ,  at B 0 ~ 1 tesla,  f rom 3700 A to 2600 A as the magnet is moved 12.5 channel 
s izes  downstream (Fig, 6). 

If the end current  inc reases  by a factor  of 1.5 with increas ing magnetic field f rom 0.32 tes la  to 0.96 
tes la  at a distance of 70 cm f rom the p lasma source  (1 in Fig. 6), then it will increase  by only a factor  of 
1.3 at a distance of 95 cm (2 in Fig. 6) and 120 cm (3 in Fig. 6) f rom the d ischarge  chamber.  The c loser  
the distance to the p lasma source,  the less  the magnetic field will affect the p lasma elect r ical  conductivity 
because of the difference in the variat ion of the end current  in response to increas ing magnetic field in 
different port ions of the channel. 

The author is indebted to A. B. Vatazhin for kind ass is tance  rendered in the work and for helpful dis-  
cussions of the ar t icle .  
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