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A fast energy wave packe t pu l se with a velocity grea ter t h a n 108 c m / s has been genera ted f r o m 
a T-shock tube , a c c o m p a n y i n g the d ischarge cur ren t d i s rup t ion a n d a s h a r p vol tage peak. T h e 
d i s t r ibu t ion of the d i s rup t ed wave increases the p l a sma t e m p e r a t u r e by 5 eV, and the densi ty 
j u m p s to 2 - 3 t imes its ini t ial value. T h e d i s rup t ion wave s t reams t h r o u g h t h e p roceed ing p l a s m a 
and shock wave w i t h o u t no t i ceab le diss ipat ive interact ion. T h e p r o d u c t i o n of a b a c k w a r d shock 
wave has b e e n re fer red to the des t ruc t ion of the wave at the expans ion c h a m b e r . A p r o p a g a t e d 
magne toson ic wave wi th a velocity of 6 x 105 c m / s has been de tec ted , wh ich was exci ted near the 
d ischarge electrodes. 

Introduction 

T h e current d i s r up t i ve p l a s m a instabi l i ty results 

i n the em i s s i on o f a cons ide rab le part o f the energy 

o f the p l a s m a c o l u m n [1], T h i s ha s been obse rved in 

a T O K A M A K p l a s m a c o l u m n in relat ion w i th 

h y d r o m a g n e t i c instabi l i ty m o d e s [1, 2]. I n a s ho c k 

T - tube, a b a c k w a r d s hock w a v e is fo rmed, its 

genera t ion be ing d u e to s hock w a v e - m e d i u m inter-

act ion [3]. A l u m i n o u s n a r r o w peak, w h i c h is the 

concern o f this paper , ha s been obse rved at near ly 

the s ame t ime for all pos i t i ons o f the T-tube. 

Experimental Arrangement 

T h e exper iment consists o f a capacitor b a n k 

(110 p F , 5 k V ) , a 3 electrode h i g h vo l t age -h i gh 

current d i s charge control s p a r k - g a p switch ( T r i g -

gat ron type), a n d a d i s cha rge T - t ube system. T h e 

T - t ube has two annu l a r electrodes w i th 4 c m d i a m -

eter and 1 c m distance, fac ing the e xpan s i on 

c h a m b e r o f 50 c m length a n d 5 c m diameter. O n the 

other s ide o f the e x p a n s i o n c h a m b e r the back cur-

rent f lows t h r o u g h a c oppe r strip. 

T h e d i scharge current wa s 20 k A w i th a rise t ime 

o f 20 ps. T h e test ga s wa s h y d r o g e n at 1.2 x 1 0 - 2 torr 

base pressure. 
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A b iased d o u b l e electric p r obe w i t h a 1.2 O h m 

load resistor and a 100 p F capac i tor was used to 

measu re the p l a s m a dens i ty and temperature. A 

d i amagnet i c l o o p o f 40 turns fitted w i th a 1 0 - 4 s 

integrator wa s u sed to m e a s u r e the self i nduced 

axial magnet i c Field a n d the d i amagne t i c p l a s m a 

propert ies i n the presence o f an external ax ia l magne t i c 

field. A spec t rog raph w i th 8 A / m m reso lut ion 

power, fitted w i t h a 0.1 m m slit a nd I P - 28 pho to -

mult ip l iers , was u sed to detect the spectral l ine 

intensity, wh i l e the w h o l e p l a s m a rad ia t i on spec-

t r um ( c o m m o n l ight ) wa s m o n i t o r e d by an opt ical 

co l l imat i on system, pho tomu l t i p l i e r , a nd neutral 

density filter. 

Results and Discussion 

T h e d i s charge current and vo l tage traces are 

s h o w n in F i g . 1, whe re a s ha rp pos i t ive pulse 

appears o n the vo l tage trace at the m o m e n t o f the 

d i scharge current d i s rup t i on . Electr ic p robe mea -

surements s h o w that the rest gas is p re - i on i zed at 

the start o f the d i s cha rge by U V rad ia t i on a n d 

energetic part ic les f r o m the d i s cha rge to a dens i ty 

level o f 2 x 1 0 l 3 c m - 3 a n d a temperature o f 1.5 eV. 

Pho tomu l t i p l i e r ob se r va t i on s s h o w e d that the 

p l a sma is d r i v e n f r o m the d i s cha rge electrodes w i th 

a velocity o f 105 cm/s for the first ha l f cycle, w h i c h 

is ma i n l y a h y d r o g e n p l a sma. T h e p l a s m a at the 

second and th i rd h a l f cycles o f the d i scharge is 

h i gh l y con tam ina ted b y the e r roded mater ia l o f the 

electrodes and the d i s cha rge c h a m b e r walls, w h i c h 

was ob se rved f r o m the traces o f the t ime reso lved 
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Current 

Fig. 1. Discharge current and voltage traces. 

spectral l ines intensity o f hydrogen, oxygen, s i l i con 

and carbon. 

Success ive shock waves were detected at each 

ha l f cycle o f the d i scharge by the use o f a photo-

mult ip l ier , and an electric p robe and a p i c k - u p coil 

at a distance 4 - 6 c m f r om the d ischarge electrodes. 

T h e s hock wave velocities F s h were f ound to be 107, 

6 x l 0 6 a nd 2 x l 0 6 c m / s , fo l lowing the f o rmu la 

F s h a w i th the d a m p i n g rates ß = 0.25, 0.7 and 

0.45, respectively, for the first, second a n d th i rd ha l f 

cycles o f the d i scharge current. 

A b a c k w a r d wave has been detected [3] at 

z = 30 c m f r om the d i scharge electrodes w i t h a veloc-

ity o f 1 0 6 c m / s and a d a m p i n g rate o f ß = 0.25. 

T h e d a m p i n g rate def ines [4] the energy transporta-

t ion process for the shock wave; for 0.5 < ß < 1 it 

represents a s n o w - p l o u g h mode l where the energy is 

transferred by i on - i on co l l i s ions whi le for the shocks 

w i th ß > 1 the electrons- ion col l is ions are the d o m i -

nant factor. 

T h e photomu l t i p l i e r s igna l at z = 30 c m (F ig . 2 a) 

and the spectral l ine Hß (F ig . 2 b) s h o w e d an 

intense s ha rp peak at the current d i s rup t i on moment 

(120 ps) w h i c h travels w i th a velocity greater than 

10 8 cm/s . T h e electric p robe signal at 2 c m of f 

centre o f the expans i on chamber ax is (F ig . 2 c) 

s h o w e d potential j u m p s for the waves, wh i l e at the 

m o m e n t o f current d i s r up t i on it shows an osci l latory 

f o rm o f the th i rd shock wave. 

T h e compensated d iamagnet ic l oop s dB/d/1 

(F i g . 2 d ) detected a magnet i c wave WB wh i ch 

travels w i th a velocity o f 6 x 10 5cm/s. T h e posit ive 

and negat ive pulses are due to the oppos i te w i n d i n g 

d i rect ions o f the two p i c k - u p coils. T h e dotted line 

d r a w n o n the first por t ion o f the s ignal represents 
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Fig. 3. Magnetic field intensity versus position (z). 

the magnet ic f lux o f the d i s charge current w h i c h is 

d i s turberd by the p l a s m a flow. T h e dependence o f 

the wave velocity o n the po s i t i on is K a Z ~ 0 7. T h e 

magnet ic f ield amp l i t ude o f the wave decreases 

wi th pos i t ion f o l l ow ing the f o rmu la B <x Z - 0 1 8 

( F i g u r e 3). 

T h e A l f v e n wave velocity, w h i c h m i gh t be ex-

cited, has a value o f VA= B0/(4KQ)U2=5JX 10 5cm/s. 

S ince the magnet i c f ield was perturbed by the 

p l a sma f low f r om the d i scharge, a magne to son i c 
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Fig. 4. T e m p e r a t u r e var ia t ion wi th t ime , a t Z = 45 cm. 
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Fig. 5. Densi ty var ia t ion with t ime , at Z = 45 cm. 

w a v e m i gh t be excited [5, 6] w h e n the magne t i c 

pressure is m u c h greater than the p l a sma k inet ic 

pressure, i.e. B2/8n nkT. T h e excited m a g n e t o -

son ic wave wil l p ropagate pe rpend icu la r l y to the 

d i rect ion o f the magnet i c Field w i th a ve loc i ty 

Fwb = (V2 + V2)u2, where Vs is the s o u n d w a v e 

velocity, w h i c h is i n confo rmi ty w i th the m e a s u r e d 

values. 

T h e d i s r up t i on w a v e pulse is to p ropagate as a 

w a v e packet w i t hou t noticeable d i s s i pa t i on a n d is 

a c c o m p a n i e d by a n osci l latory magnet i c f ield o f 

f requency co ~ 105 s _ 1 . T h e d i s r up t i on wave is c o m -

pletely d istructed at z = 45 c m near the end o f the 

e xpan s i on chambe r , and has also been distructed b y 

t (usee) the electric p robe p laced at its path. S o m e t i m e s one 

or two smal l peak s are fo rmed and cont inue to 

propagate. 

T h e density and temperature measu rement s at the 

destruct ion po s i t i on showed that the p l a s m a is 

heated up to 8 e V ( F i g . 4), and the dens i ty increases 

b y a factor o f 2 - 3 f r o m its init ial va lue ( F i g u r e 5). 

T h e instabi l it ies w h i c h occur due to the current 

d i s r up t i on cause a n acceleration o f the cha r ged 

particles w h i c h wa s observed p rev i ou s l y [1], w h i l e 

in that case a so l i tary wave has been generated. 

Conclusions 

I n a T - s hock tube a solitary wave is generated d u e 

to the instabi l it ies occur r ing by the current d i s r u p -

tiln. T h e p l a s m a temperature a n d density are i n -

creased due to the destruct ion o f the d i s rup ted 

wave. T h e detected magnet ic wave is most l ike ly a 

magne to son i c one, w h i c h wil l p ropagate w i th a 

f requency in the l ow frequency range. 

[1] V. G. Merezhk in , F iz ika P lasmy 4 , 2 7 5 (1978). 
[2] B. V. W a d d e l , B. Car re ras , H. R. Hicks, and Z. A. 

Holmes, Phys. F lu ids 2 2 , 8 9 7 (1979). 
[3] W. Sharkway , A. H. Saudy , a n d M. M. M a s o u d , J. Fiz. 

Mai. 6, 151 (1985). 
[4] M. M. M a s o u d , T. A. El K h a l a f a w y , a n d V. A. Sou-

p runenko , NUc l . F u s i o n 9 , 4 9 (1969). 

[5] A. I. Akhiezer , I. A. Akhiezer , R. V. Polovin, A. G . 
Si tenko, and K. N . Stepanov, Collect ive Osci l la t ions in 
a Plasma, P e r g a m o n Press, L o n d o n 1967, p. 6 1 - 6 2 . 

[6] D. A. T i d m a n a n d N. A. Krall, Shock Waves in Col-
lisionless Plasmas, John Wiley, N e w York 1971, p. 79. 


