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Abstract—The effect of sinusoidal power variations on emissivity and line-shape measure-
ments of Ar [ transitions and the H, transition are examined, both by a computer simujation
and with experiments. The average over substantial power variation (20-50%) for both total
emissivity and transition half-width data is shown to agree, within data-processing errors, with
results obtained from pure d.c. operation.

INTRODUCTION

Optical spectroscopy measurements have been extensively used for thermal plasma diagnostics
experiments. In order to interpret the experimental data, a common assumption is that the power
supplied to the plasma device does not vary in time. In practice, this is often not a good assumption.
Commercial power supplies with currents of the order of 200-1000 A are typically saturated core
power supplies with an appreciable 180 or 360 Hz power variation, Even with well-filtered outputs
and d.c. power supplies, plasma arc dynamics may cause time variation in the power delivered to
the plasma system.' In this paper, we examine the effect of sinusoidal power variation on emissivity
and line-shape measurements of Ar I transitions and on the line shape of the Hj line.

THEORETICAL ANALYSIS

We consider a plasma experiment with measurements of intensity taken side-on, as shown in
Fig. 1. To obtain infensity in radial space, we use the Abel-inversion technique. We consider
thermal plasma regions for which the electron density is in the range of 1-10 x 102 m % In these
situations, the dominant mechanism for line broadening of isolated neutral atoms is collisions with
electrons.”® For non-hydrogenic atoms the impact theory gives the resultant line shape as a
symmetric Lorentzian profile >*

i
T,
(T OBSERVED INTENSITY
1 4 >
/ -

¥

~— |

Fig. 1. Redial cross-section of the plasma jet is shown. For a given X, the distribution it ¥ is subdivided
into N cells, each having a characteristic intensity J;. The observed intensity is the sum of the intensities
from all of these cells at a given X position.
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As shown in Fig. 1, for a given X, the distribution in Y is subdivided into ¥ cells, each having
a characteristic emissivity I, described by the relation

L=I(/X"+ YH)=1Ir).

The normalized side-on intensity 7(4, X) is considered to be an average of Lorentzian contributions

I(4, X)=[%] _i LL(T, 4). €3]

Here,

1 L
L(T.i)= [EE } [(A IVt (r./2)’] X

is the normalized Lorentzian. The peak wavelength of the transition is represented by A, and I,
is the half-width. Equations (1) and (2) represent the d.c. case where /, is constant in time. If,
however, I, varies in a periodic fashion and we average over the entire period, the side-on intensity
becomes

0=y | L iza. ®

where

ILTh ) = %] Y 1) LT, ). @)

i=1

and the sum over j averages the power variation. The total intensity in a cell is now L(t,). We
consider a sine variation for /; at a general cell since any periodic variation can be represented as
a sum of sine variations. If on a normal scale {/;> = 1, then we take

L() = 1 4+ 0.5 sin 21,/ T, (5)

where T is the time period of the sinusoidal variation. In many cases, there is only one dominant
period and this equation is a good approximation to the emissivity. Equation (5) corresponds to
50% variation in the intensity 7.

As a starting point for our analysis, we need to generate the intensities /, . . . I, in Fig. 1. In order
to do this, we start with an 7(#} vs r curve (we have taken an experimentally-determined distribution
for the 8265 A Ar I transition®) and generate 7, ... 1. .. for a given X, for 100 i values. Then we
calculate both I(4, X') and 7(4, X). In order to perform these calculations, we need to know the
variation of I'; with I, and use the following relation:’

F=201+175x 10~ N¥x(l — 0.068 NS TU)] 105 W N,. (6)

The electron-impact parameter W and the ion-broadening parameter o are tabulated® and the
intensity [, clectron density ¥,, and temperature T are related through equations assuming local
thermodynamic equilibrium (LTE).* We have generated I(4, X) and I(4, X) for X values from 0
to R (R is the radius of the plasma jet and is about 3.5 mm in our experiments) for 100 1 — i, values.
Individual values of F(4, X)) and I(4, X,) show differences which vary from <1% near the peak
wavelength to — 5.5% in the far wings of the line. Often one fits a pelynomial to these data before
taking the Abel inversion. For example, we have fit I(4, X) data to the relation®

1{4, X) = {exp[ — D(X — X, ]}[4 + B(X — XY + C(X — X,)']. N

We can determine the standard deviation of the coefficients in this relation. A fit to typical
(experimental) data of 7(4, X) vs X is shown in Fig. 2. Also shown is the best fit to the curve when
cach coefficient is set at +¢ and — o from its best-fit value. The corresponding I(4, X) vs X curve
is also shown in Fig. 2. This wavelength position corresponds to the curve of maximum change
in the difference between 7 and . We can carry over data-processing error-bars from this X-¥
space into r-space to obtain error-bars in the /{4, r) vs r curve. This procedure is necessary since
the half-widths and emissivity are obtained in the radial-space. Figure 3 shows I(4,r) and I(4,r)
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Fig. 2. Typical d.c. intensity vs X data are shown. The average data curve were computer-generated from

Eqgs. (3)(5). Also shown is the best fit to the d.c. curve when each coefficient is set at +¢ and —o from

its best-fit value. The wavelength position chosen corresponds to the curve of the maximum difference
between 7 and 7. [1—d.c. data; O—average data.

with error bars. The difference between these two curves is considerably less than the data-
processing error bars.

When we integrate over 4 [i.e., sum (4, X) over the 100 1 values] we find a difference of <0.5%
between I(X) and I(X) for all values of X. This result is well within the statistical error of most
experiments and, hence, we conclude for total emissivity measurements that a relatively large
{ = 50%) a.c. power component has no effect on the data provided we average over the power
variation.

We have assumed the line shape to be governed by a Lorentzian curve and that the total
emissivity and half-widths are related by Griem’s theory’® and the LTE assumption. We conclude
that the time-averaged data over a.c. power variations, when processed by Abel-inversion
techniques, give valies of I(r) and I"'(r) which are the same within data-processing error-bars as
the values obtained with the a.c. absent.
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Fig. 3. I(4,r) (d.c. data) and I{4, ») (average data) are shown with error bars. The differences between
these two curves are considerably less than the data-processing error bars. []—d.c. data; O—average
data.
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Fig. 4. (4, X} (dc. data) and I{A, X} (average data) are shown vs X near the center wavelength of the
H; transition. The £,{(4, X) curve shown is near its mid-point value and corresponds to d.c. data. [—d.c.
data; Q—average data.

EXPERIMENTAL STUDIES

We have also investigated the problem posed by us experimentally and have taken data of
(4, X, 1y vs X, 4 and ¢ with a pulsed vidicon detector (EG&G Model 1261) at exposure times of
0.5 msec in 0.5 msec step time delays across the 5.56 msec 180 Hz variation of our power supply.
We have compared these data with time-averaged data for both the Ar I 4300 A line and the &,
line. The power-supply variation was approx. 20%.

The difference between 7(A, X) and F(4, X, t) gets smaller as 7(4, X, t) approaches the mean value
of its variation. Figure 4 shows the (normalized) I(4, X, t) and {4, X) data vs X near the center
wavelength of the H; transition for I(4, X, r) near its mid-point values. There is no difference
between these two curves when they are fitted to Eq. (6). This result is typical for all values of A
We obtain similar results when analyzing experimental data for the 4300 A Ar I transition. These
experimental line-shape measurements show that the analysis based on Lorentzian line shapes can
be generalized to the more complicated Hy line.

We conclude that emissivity data from a thermal plasma, when processed for either total
emissivity or half-width values, are not affected by appreciable a.c. power components if data are
averaged over the power variation.
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