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1) The velocity distribution of the 10ns 1n a high energy theta pinch 

is 1n gen eral anisotropic. In the fast compression phase all the 

10ns are accelerated towar ds the axis . In the adiaba tic compres­

sion phase tha t follOWS onl y the t e mpera ture T.l- perpendicular 

to the axis Is increased, provided that relaxation can s t i ll be 

negle c ted . 
The relaxatIon or this sLnm.gly Rul:;uLroplc pl .. ",,,, ... I,. "'ue to 

col11s10ns L1J Rnd instabilities. The re laxation due to Cou­

l omb col11s10ns Is usually of the orde r of t h e confinement time 

of the plasma, allowance having to be made for i on -electron colli­

sions. In addition, however , a major contribution to relaxation 

is to be expected from instabilities. 

Low frequency instabilities which already occur at relatively 

low degrees of anisotropy are t he f amiliar mirror type L2,jJ. 
For large anisotropy, instabilities have the frequency of the ion 

cylotron frequency and its harmonics . In high temperature ' theta 

pinches the criterion for the onset of mlrl'or instabilitIes in 

the adiabatic phase may sometimes be e xc eeded . I n a homogeneous 

plasma with superposed magnetic field these instabilities should 

occur when the ratiO ~"f. exceeds a critice.l vaiue1'lr-jf L2J 

The influence of wall stabilization should be negligible under' 

theta pinch conditions L4J. The instabilities should be of ths 

m_Otype. 

2) The experimental detection oJ" these milTor instal.>Ultiea in ths 

1sar I high energy theta pinch is reported in this pape/". The 

essential parameterl:! of thIs deVice al'e: 

Emax " 2.6 MJ, Bmax D 146 kO . 't"/4 _ 11 I1Sec, coU leng th 1.5m, 

vessel diameter _ 9 cm . The energy was varlsd between 0.5 and 

2.6 MJ, the filling pressure between 6 and 90 micron. As a re­

sult the COllision times of the adiaba t i c phase varied over a 

wide range (Fig . 1, hatched region) and were both larger and 

s maller than the heatIng time, 
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Fig . 4: Electron density on the axis end - on (I) and side-on (K) 

Fig.5: Continuum signal ( 1), ne utron signal side-on (2) and neu ­

tron signal i nte grated over the coil (3) 

Mirror i nstabilities were Observed in discharges w~th collision 

times greater than about 1 ~ec . Obse rvation was made by : 

1) Side-on me asurement of the continuum radiation 

2) 900 laser scattering 

3 ) Measur ement of the magnetic fi e ld between the vessel and coil 

4) Measurement of the local neutron rate . 

All measurements showed "orrelated disturbances of the plasma co­

lumn in time and space . 

Time developments of the side-on continuum ~adiation are repre­

sented in Fig.2 . Under discharg e conditions leading to large 

collision times (l ef t -hand side) there are distinct spikes in 

the time deVelopment. The frequency distribution of these 1rre­

producible spikes (Fig . 3) shows t hat they only occur during 

the ri se of the f i eld and hence of the temperature. The electron 

density was determined from the side-on measurement of the con­

tinuum radiation . The time development o f the electron density 

on the axis showed distinct, irreproducible deviations from 

interferometric end-on measurements (Fig . 4) . 

Laser scattering measurements of the electron density exhibited 

aqually pronounced fluctUations of the local density whiCh were 

correlated with the simultaneously measured continuum. Spikes 

correlated with the continuum WtH'" sl::1O ubserve"d. in sid.e-on 

measurements of the fusi'on neutrons (Fig. 5) . Measurement of the 

magnetic field between the coil and vessel revealed that the 

spikes were accompanied by a field rise of up 1 _. It ahould be 

noted here that the fiel d rise near the plasma must have been 

much larger since the disturbance extended only a few centime tree 

in the axial direction. 

J) Calculations from the 
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The e}ltsnsion of the dillturbaticn in 
the add direution wae measursd by 

means of the oontinuum radiation. Th~ 

int.ensity over a , urn seotion of the 

axia ie plotted in Fig.6. A disturbanoe 

ia obaerved to pas8 through in ths time 

from J to 5. 5 ~ec. The velooity of the 

diaturbanoes in the Z-direction utI in­

oreaaed almost linearly with the dilltan~ 

c e from the midplane and corresponded t .o 

the outflow velocity (Fig.7, t - 5. 5 l1e l.... 

bounce mOdei L'J for ~ - 1 ylald values 

of the rise time for m .. 0 instabilities at anisotropio preS8Ure 

that are about f ive times as high as the transit time of the i onll 

across the colums ("l- 2). For Ti .. 2 keY this would yie·ld. a va­

lue of 0.2 iJ.Sec. The rise time lapses seve'ral timea before tha 

adiabatic phase starts . The further d.evelopment of the inatabi­

lities is gove rned by the development of 1 . As empiric oon­

ditlon for instabilities to occur with certainty it was found 

from the observations tha~ the oollision relaxation time has to 

be about 5 ~ec , this being approximately the heating time • 

For p .. 1 and '1 " 2 the calCUlations in LJJ would yield wave­

lengths with maximum growth rate that are of the order of the 

diameter . This agrees with the obserVation. 

In this investiga tion the ~-value could not be varied indepen­

dently of the collision times. With rising oollision time there 

was a decrease of p. At full bank energy and filling pressure 

6 11 the value attained by p <:>n the axis was 0. 1. This should 

explain the fact that it is not at the lowes t pressures that 

the instabilities are most frequent and pronounced. 

The instabilities re sulted in increased relaxation and inoreased 

end losses . This was clearly demonstrated by a 'premature dncrease 

of velocity u ~ of the disturbances themselVes . After the rela­

xatIon was increased by instabilities, the developmen£ of the 

discharge was highly irreproducible . 
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