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Optical emission spectroscopy (OES) technigue is used to measure the electric field strength, and the rotational and gas temperatures along the axis of an abnormal glow
discharge parallel to the plane copper cathode surface (side-on) operating in hydrogen at low pressure.
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Figure 3. Emission spectra of rotational lines for d*[1,— a°%*

and Fulcher-a electronic states.

_ State T, (cm?) B, (cm™) a, (cm?) ! N )
L . 3 system; Q-branch (with v=v"=0, 1, 2) recorded in the second
i = 0 o°IL, 112753 30.364 0.5520 order of diffraction grating. copper cathode; Grimm GD in H,
‘avelenght shift (nm .
& a’z,;t 95980 17.109 0.606 at the pressure p = 4.5 mbar, discharge current | = 11 mA, and
XI3 + 0 60.853 1.0492 discharge voltage U = 880V.
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Figure 1. m-polarized side-on experimental profile (points) of
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o o o o 8+ [l - HO.
strength F is shown in the legend together with distance d from & W=
the cathode of the recording position. Experimental conditions: z o x
cooper cathode, at p = 45mbar; | = 11 mA; 2 6 ° 6 s
U=889V. ,, S v'=0 ] i
= f
g > 800- A % 4 .
» The temperature obtained from the Q branch of S — 5- 5 "
Fulcher-a band may be considered as the most reliable for S Ty 'i 2 g o
the temperature estimation, see details in [1, 8, 9]. The Q = = s .
branch lines of the electronic transition d*[1,,vV— a2 *, v" s = Z 4l : : ; :
(v=v'=0, 1, 2) are well resolved and have high enough © 3 = 4- l(b)
) .. : = 2 - ) e e 4
intensities in the 595-645 nm wavelength region [2], see an E = 400 - el o 1
example of recorded spectra in figure 3. So, Boltzmann & E i e
plot technique is used for evaluation of rotational = o i 0-Tror Q[0-0 -
temperature T, (n',v") of the excited state, see figure 4. E 37 L ATt 21T
- g 0009 g 7101 Q[2-2]
° T,(d",0) = (86080 )K s |en
> Due to A-type doubling, d3[T, state degenerates into the 0 e e
d3IT, and d3I1* states. The d3[T, state can only have a Q- ' ' 09 O a—b=—0=—0—6— R0
u u u 3000 1 4000 & o R o o
branch, whereas the d3IT,* state has both P and R branches, Rotational level J Exon(em ) ' V- ~~»€:_-_-g
in the spontaneous rovibronic emissions to a3X* , see R T P s e S o S R T &
figure 2. Since the degenerated d3[1,* state interacts d [mm]|
: 3o + _ _ _ _ _
sy it i 92,7 SElE, ine el ) DEnies e e Figure 4. (a) Measured (points) and calculated (lines) values of the Figure 5. The dependence upon the distance from cathode
Fulcher-a band are perturbed and relative transition : : el 317 - : _ L. .
orobabilities for these lines differ from the Honl-London rotational population distribution of H,(d°I1,") levels. Lines represent the d of: (a) Electric field strength F (b) Rotational (T,,) and
factors [8]. Therefore, we used the Q-branches from the function exp(-BvJ(JJ_rl)hc/_kT) - for the c_orresponding_ rotatippal gas (T,) temperature distribution of the excited state
o311, state. temperatures. (b) Semilogarithmic plot of rotational population densities H,(d°I1,). Temperature T, of the X'&*, (v=0) corresponds
S T T o ot T S G of d[1, versus rotational energy of the molecular hydrogen ground states. to gas temperature. Experimental conditions: cooper
Tl e Ueaneusonls ol aiotkl disnusaeel I 11, 6, & Experimental conditions are the same as in Figure 3. cathode Grim GD in H, at p = 4.5mbar, | = 11mA, and

the rotational temperature of ground vibrational state T,
(n’,v) determined from the rotational population density
distribution In an excited (n’v’) vibrational state can be References
considered as a valid estimation of the ground state
rotational temperature, i.e. H, gas temperature.
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» In accordance with model [1], T, of the ground
vibrational state X*x* (v = 0) is assumed to be equal to the
gas temperature [5, 6]. In our case, the rotational
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