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Strong shoc k waves (Mach number betwee n 2 and 4) a r e produced 

in a tube or 14 cm inner diame t e r by the f ast rising magneti c 

field (rise t o 12 kG i n O. 5 ~sec) of a theta pinch discharge 

(coil length 60 cm). The shoc k waves propagate into an almost 

homogeneous, 50 pe rcent ionized hydrogen or deuter ium plasma 
formed by a fast theta pinc h preloni zatlon . The initial den 

sity ranges from 2 to 5 x 10)4 cm -3 , the electr on temperature 

from) to 10 eV (both q uantit i es determi ned by 90° laser 

scattering) and the ion temperature (from Doppler- broadening 

of the HO( or DOl-line) from l S to )0 eV (H2 ) or 2S t o 50 eV 

(D
2

) . The radial dist r ibution of the magn e t ic field Bo trapped 

in the i nitial plasma is measured with six magnetic probes . 

By slightly varying the filling pressure or the voltage of 

the pr'eionization theta pinch conditions can be found where 

the rad i al varia tion of 80 is less than 10 ~. The ampli tude 

of, Ba can be vari ed between 300 and 1000 G, thereby changing 

the local I' of the initial plasma (1I0 • 0 . 2 - 4) a nd the Mach 

number of the shock "Ia ves M =uJ1v ... !+vs';, (u = shOCk veloci ty, 

VAO - Alfven ve locity , VSo ~ sound velocity) , 

In a previous paper L1J we r e ported that under the above 

conditions almost sta tionary shOCk waves can be observed 

with a cl ear separation between shock front and piston . From 

a comparison of the measured ShOCK width with the mean f r ee 

path for Coulomb eallisions it was conclUded that the s hock 

"'Bves were collision-f ree, To checK this inference and to 

ge t insight into tile heat~ng me chanism a lOca l measul'ement 

of density and electron temperature i n the shock wave was 

car r ied out using the Thomson sca ttering of laser light (600 

MWatt , 12 nsec l ase r pulse ; spatial resolution 3 mm; s pe ct ral 

resolution by narrow band width interference filters). 

Fig . 1 shows a typical example 

of the meabured variation 

of magnetic fie ld Ii , density 

n a nd electron temperature 

Te in a shock wave propag a

ting \.;lth M ~ 2 . 5 into a 

preioni zed deu te r ium plasma 

(filling pl'essure 10 mtorr , 

Bo ~ + 900 G, 11
0

" 0 . 7) . 
PrOfI les measured at two 

radial positions , at r' ~ 

3.5 cm (solid lines ) and at 

r _ 2 . 3 c m (dotted l ines) , 

demonstrate that in this 

region the shock front Is 

a lmos t s ta tionary , The 

first rise i n B, nand Te 

corresponds to the shock 

front whose width is about 

1 cm, corresponding to 

0 . 6 clOp (0 p - ion 

plasma frequency) . 
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The Jumps in density and mag neti c fi eld across the shock f r ont 

are 3 to 4 and the electron temper'a tu re increases from 3 eV in 

the initial plasma to 45 eV behind the shock. The second rise 

in temperature to 120 - 150 eV occurs i n the pi s ton of the 

shock wave and is probably aue to turbulent heating, caused , by 

the high current d e nsities in the piston region, More examples 

of measured ShOCK pI'ofiles are published in rer. L2J. 

,le now cheCk whether the rise in e l e ctron temper-a ture measured 

in the shOCk front can be ascribe d t o adiaba tic compression 

and Ohmic heating . The energy e qua tion for the e1 7ctrons i n a 

plane , stationary shock front moving in x -direction is 

2nk u. d.T, -n kTe 
du, . , 

2 • cl. x "' + ? J (1) 

"" current d ensi t y j and 

th, veioci ty ", can b, 
120 T, (oV) 

calcuiated from measured 

magnetic field ano den-

sity profiles, using 

Ampere's law and con-

tinuity eq uation , co-

spectively . Inserting 

Spi tzer' s resistivity adlabollc ,ohmic -(q'" Te -3/ 2 ) , inte - -- noa';"~ 

'00 ~ ~ ,~ ,(no) 

gra tion of (1) leadS co 

• temperature profile 

g iven by th, dotted Fig . 2 

l ine in Fig .2, Comparison with Ch, measured profile shows that 

onl y 20 :I of the obsel'ved electron heating can be accounted 1'01 

by collisional resistive and adiabatic heating, indicati!lt~ that 

appreciabie coliisionless elect,'on heating takes I'.l-a<;e , TI'e 

measured profile can be ga illed fl'OIO (1) insel'ting '7 ~ f7 tu!'l.> .. 

me 11 eflJne2 assuming a constant collision fr equellcy V ef'1' a l 

most two orders of magnitud e hieher than the cla~slea l val:le 

and I'oughly equal to the ion plasma f r equency n p ' 

From the steady state consel'vation r-e l ations the t otai sho"" 

heating (Te + 1'1 )2 call be der-ived . As Te2 Is known 1'1 '<.1ln \ohe 

iase r- sca tte)'in~ measul'Clm"nt~ , tile 1011 tempel 'atur't! '1'i2 Lenind 

the ShOCK c an be e::;tima t ed. FOI' the ella,nl,le o/' F i e; , 1 \<Oe get 

Ti2 F':I 110 e V, whi ch i ll t.he main can be eX;Jlained by ad iabat I c 

ion hea tine;. Fol' ShOcK waves wi th hir;her (~ach nUmUel'5 ilU.,ever' 

the c aiculated ion temper'ature" exceed t tlose o ne I,'uuld c " I'e"t 

fat ' a Rlere l y adiaba t i c heatine;. 

The tirne depemlent compl ete j.l r-oJ'1les or rnal';tJetie I'leltl , uc',ei.t;" 

ele<.;tron and ion temperature we re "al.:ulatetl usi r'6 a t ,-,o flui.! 

mociel L3---1-' Ttle ciassical ele"tron-loll ,:oilisio(l l'reQuency 

VSpitzer was increased by an el'fe<!tive colli sion !'l'eQue""y 

V eff'" 'frl V e f'f "'" n p» V Spitzer)' 10/1 heatil1(!; was assurned 

to be adiabatic . 
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