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A method is described which permits a rapid determina­
tion of the electron density in plasmas from the spectral line 
Ha broadened by combined Stark and Zeeman effect.

A study of the influence of an intense magnetic 
field on the Stark profiles of spectral lines emitted 
by magnetically confined hydrogen plasmas has 
been undertaken theoretically as well as experimen­
tally 1_5. A magnetic field of strength H has the 
following essential effects on Stark-broadened spec­
tral lines:

1. Partial polarization of the emitted light. The 
relative contribution of the Zeeman components of 
intensities Ia and / T to the total line profile depends 
in a sensitive manner on the angle 0 O wrhich has the 
direction of observation k  relative to the direction 
of H. We have shown2 that the intensity lk(AX) 
within the observed line in direction k  is given by

h(AX) = /|| (AX) cos2 @0 + /iM A) sin2 0 O (1)

where /|| (AX) and I]_ (AX) are respectively the in­
tensities within the lines observed longitudinally (Jj) 
and transversally (-L).

2. Magnetic splitting of the atomic sub-levels in 
addition to Stark splitting caused by the quasi-static 
electric ion field of strength F. The atomic states

i ) ) (with i = l ,  2, . . .) which intervene in the 
calculation of the line profiles are not further eigen­
states \n ,n1,n 2) of the Stark effect but rather a 
linear combination of states j n,l,m ) obtained from 
a diagonalization of the interaction potential Static 
given by

Static = (e/2 mc) H -(L  + 2S) + e F - r  (2)
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where L and S denote the angular momentum and 
spin vectors respectively. Putting F  equal to the 
normal field strength F0 = 2.603 e A2/s, the quantity

T = zl0JStark/Jw"Zeeman = 5.15 "10~7 n l f ls/H (3)

is a measure of the relative importance of the two 
terms of the r.h.s. of Equation (2). (n = principal 
quantum number, N = electron density in cm-3, H 
= magnetic field strength in Gauss.)

3. Bending of the electron trajectories into helioal 
paths around the magnetic lines of force 5. This ef­
fect can be neglected, however, as long as the Debye 
length Tp which is a measure for the shielding effect 
remains smaller than the mean gyration radius rg 
of the electrons, i. e. if

rr>/rg = 2.2 • 102 #  A_1/s <  1 (4)
(A in cm"3, H in  G).

Noting that
^ft>Zeeman/^p = [ (/I— l)/2 ] (rD/rg) (5)

where o_)p is the plasma frequency, condition (4) 
permits the calculation of the broadening due to 
electron collisions independent of the magnetic field 
according to the assumption of classical straight 
paths and the hypothesis of completely degenerate 
sub-levels, except for very high quantum numbers n.

Details of the calculations have been given in 2. 
The results presented here contain additionally the 
contribution of the perturbation of the lower level 
(n = 2) to the broadening effect. The collision oper­
ator

inn') ^  ()•*(«'). |»*(»') _  2 )•*(»') • !•(») j»00 ■ j*1» )
a02

(6)

is treated in the way that the term — 2 r*(n • is 
considered as a weak correction compared to the 
expression r* (n<) • r* (n,) + r (w) - r (n) which is diagonal 
with respect to the spherical wave functions n lm ) 
\ n 'V m ). The numerical calculations show that it 
suffices to retain only terms of first order.

In Figs. 1 and 2 we show as an example the cal­
culated line profiles 7|| (AX) and 7j_ (AX) of Ha for 
the electron temperature 7,e = 2-104°K and the 
magnetic field strength /7 = 5-104 G, with A as a 
parameter. The profiles are normalized according to

/  Zu (AX) d (AX) = 1, f  I i  (AX) d (AX) = 1.
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Fig. 1. Theoretical line profiles of Ha for Te = 2 -104 °K and 
H = 50 kG, with N as a parameter. Observation parallel to H.
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Fig. 2. Theoretical line profiles of Ha for r e = 2.104 °K and 
H = 50 kG, with N as a parameter. Observation perpendicular 

to the magnetic field direction.

The theoretical as well as the experimental results 
show that the line profiles coincide with the pure 
Stark profiles if r 1 and deviate progressively 
from these profiles as r tends towards unity. In the 
region the profiles broadened by combined
Stark-Zeeman effect are complicated functions of N 
and H. When in this region line profiles are used 
for a determination of the electron density one has 
to compare the whole measured profile with the 
whole theoretical profile in order to obtain N.

For t< 1 ,  however, the situation changes. The 
Zeeman components begin clearly to appear within 
the profile and the line contour changes in a charac­
teristic and sensitive manner with electron density. 
Especially for Ha , r < 1 corresponds to electron 
densities

N < N (T = 1) =0.5215-109# s/! (7)

(N in cm-3, H in G). Inspection of the line profiles 
shows that the intensity /0 = I\\ (Al = 0) in the cen­
ter of profile I\\{Al) and the intensity / m;n of the 
minimum between the components l„ and Ia of pro­
file I\_(Al) decrease rapidly with decreasing N 
whereas the intensity of the component Ia varies in 
the opposite sense. For t< 1 ,  the ratios / 0//„ and 
An in\K become sensitive functions of the electron 
density.

From our theoretical profiles we obtain directly 
the quantities

Vx = I0/Ia for lontitudinal observation
Uil(A l)],

V2 = /min/A for transversal observation
U l(A l)] .
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Fig. 3. Graphical representation of the quantity Ft for Te- 
2 • IO4 °K.
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Fig. 4. Graphical representation of the quantity V2 for TG = 
2 ■ 104 °K.



Figures 3 and 4 show the numerical values in gra­
phical form for Te = 2 104 °K and different values 
of H. Figure 5 shows the temperature dependence 
of Vx.
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Fig. 5. The quantity Vt for two different electron tempera­
tures.

The Fig. 3 shows that for given values of electron 
temperature Te and magnetic field strength H a 
direct measurement of Vx permits a rapid and pre­
cise determination of the electron density N in the

Table 1. Numerical values of the critical electron density 
7V(t = 1) for the Ha line.

H[kG] 30 40 50 60 70 80 100 140

10~15N
(T=l)
[cm"3]

2.71 4.17 5.83 7.66 9.66 11.8 16.5 27.1
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region N(mm) £  N < N {t = 1), where N (t = l)  
is given by Equation (7). Numerical values for the 
Ha line may be found in Table 1. The value of 
TV (min) is defined by the condition ^  = 0.10.

In the same way it is possible to use measured 
values V 2 for a determination of the electron den­
sity according to Figure 4. However, due to the 
relatively strong contribution of the central I„- 
component, the minimum intensity 7min varies for 
iV«iV(t = 1) less rapid with N than 70 does. It fol­
lows from this that in the region Tfäl V2 has a 
weaker TV-dependence than V\ . We have therefore 
to introduce another upper limit of applicability 
which can conveniently be expressed by the con­
dition N < N(max), where N(max) is defined by 
V2 = 0.90.

When in the case of transversal observation the 
central /„-component is suppressed by means of a 
polarizer one obtains a line contour which equals 
the /|| (zU)-profile for longitudinal observation. It is 
then possible to use F,-values for a determination 
of N.

New calculations based on more recent expres­
sions for the electronic collision operator and on the 
0 (4 )-symmetry properties of the wave functions in 
the diagonalization of the interaction potential Eq. 
(2) as well as experimental verifications of the 
theoretical calculations are in progress.

We emphasize that the method described here is 
not restricted to the H„ line. One can also use other 
spectral lines such as H^, Hv. . .  provided the theo­
retical profiles are known. For a given magnetic 
field strength each line has a characteristic range of 
electron density for which the corresponding values 
/ 0//„ and / mjn//„ respectively become a sensitive 
function of N.
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