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ABSTRACT 

The magnetic field, electron temperature and density of a 

hydrogen plasma, generated by discharging a O,5/UF, 25kV 
condenser to a pair of conical coils producing a cusp shaped 

magnetic field, have been measured space and time resolved. 

Electron densities of 10 16 - 10 17cm-3 and electron tempera­

tures of 1.5 - 3 eV were obtained from Stark broadening of 

Hß ' from the absolute intensity of the continuum and from 
the relative intensity of Hß/continuum respectively. 

By combining the results with magnetic probe measurements a 

consistent picture of the plasma ean be proposed. 
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Fast magnetic compression allows one [1] to generate a 

cusped shaped plasma with convex boundaries (Fig. 1a) which 

should be magnetohydrodynamically stable. Fig. 1b shows the 

sequence of commutation of the electrical circuits. At maximum 
current the electron density is of the ~rder 1017cm-3; the 

electron temperature lies in the range 10 to 70 eV. 

The important influence of the preheating on the results of 

the fast magnetic compression made it necessary to investi­

gate this phase separately: H2-gas was preionized by a rf­

transmitter; the ring discharge was produced by switching 

only one 0,5/UF, 25 kV condenser on the cusp coils. With 

magnetic probes ( 1 mm~, 1 mm long), giving a good time and 

space resolution, the magnetic field has been measured in the 

midplane along a radius r, along the z-axis, on two lines 

parallel this axis, serarated from it by 5 and 10 mrn, end 

under an angle of 45°. 

Fig. 2a shows the field distribution in the midplane. 1.2/usec 

after triggering the condenser discharge, astrang trapped 

magnetic field is present within the plasma (whereas the va­

cuum field would have been zero). From r = 0 to r = 4 cm the 

direction of this trapped field remains unaltered at later 

times; i.e. it is independent of the coil field polarity. In 

the external region (r > 4 cm) the plasma field has the same 

polarity as the vacuum field. Fig. 2b shows the trapped field 

boundaries at different times. 

These measurements have been checked and completed [1] 
using another preheating system (0.38 kJoule); they lead to 

the following conclusions: 

-1.) Since rot B f 0 in the surroundings of the trapped field 

boundary, azimuthaI electrical currents exist within the 

plasma even when the external current is zero. 
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2.) At given time the trapped field may change its sign twice, 
three times, or more; that means that azimuthaI currents 

may coexist in different plasma regions ("onion" struc­

ture) • 

3.) For the experiment described here, magnetic field is 

trapped in the plasma at the 3rd half cycle, in other 

cases it may be trapped at the beginning of the second 

half cycle. 

4.) By varying the geometry of the cusp coils, it was shown 

that the trapped magnetic field boundaries could be 

closed upon themselves not only in the midplane but also 

on the z-axis. 

The electron density and the elec~ron temperature were deter­

mined from Stark broadening of the Hß -line and from the rela­

tive intensities of the Hß -line and the 5300 ~-continuum­
radiation respecti vely [2] , [3] , [4] . Sli ts in the coils 

(Fig. 2b) allowed these measurements to be carried out side 

on at various distances z from the midplane. 

In order to obtain the Hß -profile, about 7 to 10 discharges 

were necessary. Each gave the time resolved intensity at a 

fixed wavelength (Fig. 3a). At the times of interest the 

signal-to-noise ratio was sufficiently high. The Hß -profiles 

(Fig. 3b) show the good experimental reproducibility. 

Fig. 4, 5 and 6 show the electron density, corresponding to 

initial gas press~re of 0.1, 0.2, 0.5 Torr, at various dis­

tances from the midplane and at various times. This density 

is at first very small everywhere (0.1 •.. 0.5. 10 16 cm-3 ). 

In the centre it suddenly increases to a maximum which i3 

greater than one would expect if locally all the H2 -gas 

were totally ionized. At later times the density decreases, 

its final value being lower than that corresponding to the 
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total ionization of the H2 -gas. The high electron density 

region is localized in a small volume surrounding the centre. 

This was shown by measurements in the midplane at various 

distances from the z-axis and confirmed by srrear camera pic­

tures. 

Independently of the initial gas pressure in the do~ain in­

vestigated, the maximum electron density in the midplane was 

found to be about 5 . 10 16 cm-3 . Beyond z = 25 mm the density 

is about 0.5 to 1 . 10 16 cm-3 . The high density region seems 

however to be smaller at higher initial gas pressures then at 

lower pressures. 

The electron density has been determined independently by mea­

suring the absolute intensity of the continuum radiation at 

5000 l, 5500 ~,and 6000 ~ [5] . The values are somewhat 

higher (about 1.5) than those obtained from the Stark broade­

ning of the Hß -line. The time dependence a~d the variation 

of ne along the z-axis agree with the results described above. 

Fig. 3c gives the oscillograms of the intensities of the Hß -
o 

and the 5300 A-continuum-radiation. The variations of the in-

tensity ratio corresponds to relatively small temperature dif­

ferences only. During a short time interval the temperature 

reaches a maximum of about 2 to 2.5 eVj at other times the 

temperature is about 1 to 1.5 eV. 

The electron density in the centre of the cusp coils reaches 

a maximum at 1.8~ 2.1, and 2. 7/usec, when the initial gas 

pressure is 0.1, 0.2, and 0.5 Torr respectively. The electron 
o 

temperature, determined by the intensity r2tio of Hß/5300 A-

continuum, reaches its maximum at the same times (within the 

experimental error of better than 0.1/usec). No correspon­

dence to the phase of the coil current ap~ears: the two 

maxima, at 0.1 Torr initial pressure, occur when the external 

current is zero (or nearly zero). At 0.2 ane 0.5 Torr, they 

occur when the current has extreme va!~es. 
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To get a rough check of the electron temperature the CIII 

spectral lin~ was looked fore Its appearance leads to an 

estimated electron temperature of at least 4 to 6 eVj this 

is much higher than the value obtained from the Hß/continuum 

ratio. However, the reason for this disagreement seems to be 

clear: the CIII line appears first at 1.2/usec, when the 

plasma traps the magnetic field, i.e., when strong azimuthaI 

currents circulate in the plasma. The electrical resistivity . -, --can be calculated from u = ~ BI/u Band from the skin depth, 
and gives, using Spitzer formula, a local temperature of about 

8 to 10 eV in a region near the boundary of the trapped field. 

It can be assumed therefore that the CIII line is emitted 

mainly from this region and that the te~perature is not dis­

tributed uniformly within the plasma. 

It was the purpose of this work to st~dy the preheating phase 

in order to make fast magnetic compression in the cusp com­

pression experiment more effective. Prom this point of view 

the following results are important: 

1.) At the end of the second half period a magnetic ~ield is 

trapped by the plasma, and at the same time the CI II spec­

tral line appears. These effects are independent of the 

initial gas pressure. 

2.) The configuratiJn of the trapped field is practically 

independent of the external field during a time of about 

one periodj during that time the boundary of the trapped 

field domain does not mave by ~ore than a few millimeters. 

3.) The maximum electron density is higher than the corres­

ponding value of the fully ionized H2-gas, while about 

0.5/usec later the density is much smaller. At 0.5 Torr 

the electron density decreases more rapidly than at 

0.1 Torr. 
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4.) Only one maximum of the electron density is observed in 

the center of the coils l and during a short time interval. 
By the Hß/continuum ratio, the highest temperatures are 
observed simultaneously. The instant at which these maxi­

mum values appear, increases with increasing initial gas 

pressure. No correlation with the phase of the external 

magnetic field has been observed. 
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