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The Lorentzian width of the spectral line HeI 504.7 nm emitted in the negative glow of a hollow cathode discharge (HCD)

was found to increase depending on the distance from the emitting volume to the cathode axis. This effect manifests itself at

low buffer gas pressures pHe � (0.0–0.28) Torr. The later is typical for the experiments on SFS, radiative width and other con-

stants. Thus, the observed radial inhomogeneity concerns the accuracy of these measurements. It is checked by determina-

tion of radiative width of the HeI 504.7 nm line emitted by two regions along the radius of HCD.
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Hollow cathode discharge (HCD) is known as widely used

light source in both absorption and high-resolution spec-

troscopy. The unique sputtering-excitation properties have

lately also traced much interest to HCD within modern

spectroscopic investigations, i.e., magneto-optic [1],

opto-galvanic [2], and magneto-galvanic [3] ones. These

application fields stimulate further studies of HCD emis-

sion and electric characteristics under wide region of buffer

gas pressure [4].

Earlier, we observed radial inhomogeneities in spectral

line shape emitted from HCD at low gas pressure p �
(0.2–2.2) Torr [5]. They were ascribed to the electric field,

which penetrates from cathode dark space to the negative

glow at low enough gas pressure. Two effects, i.e., broad-

ening ��(Ri) and shift ��(Ri) of the spectral line were ob-

served from different regions Ri along the HCD radius R.

These effects rise at both gas pressure decreasing (�� � p–1

and �� � p–1) and distance Ri from the cathode axes R0,

i.e., �� � Ri and �� � Ri. This result concerns the accuracy

of various measurements by HCD usage.

In this work, behaviour of the Lorentzian half-width

��L(Ri) of HeI 504.7 nm line at the gas pressure

pHe � (0.09–0.28) Torr is investigated. The results are dis-

cussed within the frames of its radiative width.
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Aluminium end-to-end HCD of the diameter 2R = 25 mm and

length l = 30 mm installed in a covar cylinder is used. The

bottomless cathode allows both monitoring of HeI 504.7 nm

absorption by using a reflecting mirror and excluding effects

at the cathode bottom. The cathode walls are liquid

air-cooled. The ratio 2R/l has been taken based on consider-

ation of HCD stability at the suitable low-pressure range

pHe � (0.09–0.28) Torr. The discharge at discharge current 4

mA is driven by a current-stabilized power supply. Shapes of

spectral line HeI 504.7 nm are recorded since its small oscilla-

tor strength f = 0.0082 minimizes the effect of reabsorption

[6]. A scanning two-position Fabri-Perot interferometer (FPI)

is used (Fig. 1).

The optical scheme contains a reflecting mirror. The

periodic variation of the mirror inclination permits simulta-

neous recording of two line shapes, each one emitted from

different regions Ri along the cathode radius. Thus, the

shapes may be compared in all parameters correctly. A cyl-

inder with a base of 1 mm determines space resolution,

limited by the optical system and source geometry.

Every FPI contains the profile emitted from the plasma

along the axis R0 (Fig. 2, case 2) – as a standard and along

another Ri (Fig. 2, case 1).
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Fig. 1. Experimental scheme. FPI is the Fabri-Perot interferometer,

M is the monochromator, P is the photomultiplier, and A is the

amplifier.



The Lorentzian ��L and Gaussian ��G half-widths

[width of the line shape at I(�) = Imax/2] of FPI are obtained

by using the Balik’s method [7].
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The recorded FPIs were found broadening when the emit-

ting gas discharge region Ri has not been localized along

the cathode axes R0. Their deconvolution suggests that the

Lorentzian causes this anomalous tendency.

Table 1. Lorentzian width L in the profile of HeI 504.7 nm emitted

along the axis R0 and at a distance 4 mm R4 from the axis.

PHe (Torr) 0.28 0.2 0.13 0.09

Ri (mm) R0 R4 R0 R4 R0 R4 R0 R4

��L�10–3 cm–1 50 51 47 50 43 48 41 47

Table 1 consists of the Lorentzian widths ��L obtained

from interferograms by deconvolution. Everywhere

� �� �L LR R4 0
� and the inequality rises at lower pressure

since �� L HeR
p

4

1� � . On the other hand this inequality also

rises with the distance Ri, i.e., �� L iRi
R� at a given pres-

sure. The relation �� L He i Ri Ri
p R� �

�
1

0
suggests that the

real Lorentzian contains an additional component due to

the observed inhomogeneity at low buffer gas pressure.

This component may influence the value of any parameter,

consisting in ��L.

The last consideration is checked by determining of ra-

diative width of the HeI 504.7 nm line emitted by two emit-

ting regions along the radius of HCD.

Generally, the Lorentzian width consists of one light

source proper component ��S and that of instrumental

broadening ��a

��L = ��S + ��a. (1)

In order to eliminate the entirely broadening ��a, the same

interferogram (at pHe = const) has been recorded at differ-

ent distances t between the mirrors of the interferometer;

the following extrapolation ��L���L
0 at t–1�0 gives the

real value of ��S.

The value ��S in our case includes the radiative width

��N, the broadening due to the pressure ��p and the term

��L i –0 concerning establ ished dependence

��L ~ Ri,(��Li–0 = ��Li – ��l0)

��S = ��N + ��p + ��Li–0. (2)

One should note the dual acting of gas pressure in Eq.

(2). The term ��p � p describes the normal collisional in-

teraction and does not depend on the parameter Ri, i.e., it

manifests itself everywhere in HCD. The other term was

found as ��Li–0 � Ri�� p–1 and it may dominates ��p at both

enough low p and long Ri. The contribution of the colli-

sions ��p is estimated according to Ref. 8. The value of

��p turned out to be 0.22�10–3 cm–1 at the particle density

of 5�1011 cm–3. This component was eliminated by

Lorentzian width extrapolation to zero pressure. Then the

width ��S was found to be

��S 	 R=R0 = (13 
1)�10–3 cm–1;

��S 	 R=R4 = (17.2 
1.5)�10–3 cm–1.

The value ��S 	 R= R0 is in a good agreement with the ra-

diative width measured in Ref. 9 and can be considered as

radiative one, i.e., ��S 	 R= R0 = ��N. On the contrary, the

value of ��S 	 R= R0 exceeds in more than 1.3 times that

of ��S 	 R= R0 and cannot be taken as a real radiative width

because of the term ��L4–0 � 0.

Obviously the accuracy of experimental data depends

on both optical system space resolution and steepness of ra-

dial inhomogeneity � � �� L R. Usage of a bottomed cath-

ode introduces additionally a background of broadening.
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At low operating gas pressure pHe � 0.3 Torr, the Lorentzian

width ��L of HeI 504.7 nm line is found broadening when

spontaneous emission of HCD is detected along the cathode

radius at the distance Ri from the geometric axis R0. This

broadening depends abnormally on operating gas pressure,

i.e, ��L � p–1 and rises with distance Ri.

The used operating pressure region is the suitable for

the experiments on SFS, radiation constants, isotope shift,

etc. and the observed radial inhomogeneities in ��L may

compromise the accuracy of the measurements. Moreover,
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Fig. 2. Two-position interferogram of the spectral line HeI 504.7

nm emitted at a distance of 4 mm from the axis (1) and along the

cathode axis (2).



the radial inhomogeneity influences the shape of the spec-

tral line when the Gaussian is not enough dominating.

The observed broadening is analysed within the frames

of the problem of radiative width. The later is found differ-

ent for HeI 504.7 nm emitted by HCD plasma along the

cathode axis [(13 
1)�10–3 cm–1 which is close to the liter-

ature data] and at distance of 4 mm from the axis [(17.2


1.5)�10–3 cm–1 which is influenced by radial broadening].

The results outline the importance of optical system

space resolution at low gas pressure operation, i.e., it has to

be conformed to the current inhomogeneity steepness

� � �� L R.

����������

1. S. Caroli, Improved Hollow Cathode Lamps for Atomic

Spectroscopy, Ellis Harwood, London, New York, 1985.

2. G.N. Rao, J. Govindarajan, and M.N. Reddy, in Hyperfine

Interactions(Part II) 38, p. 539, edited by B. Deutch, E.N.

Kaufmann, and H. de Waard, 1987.

3. G. Todorov, P. Karavassilev, and D. Zhechev, “On the gen-

esis of the magneto-galvanic effect in neon glow dis-

charge”, Physica Scripta 57, 63 (1998).

4. G.M. Petrov and D. Zhechev, “Electron energy distribution

function and electron characteristics of conventional and

micro hollow cathode discharge”, Physics of Plasmas 9,

1815–1819 (2002).

5. D. Zhechev and N. Parvanova, “Broadening, shift and po-

larization of spectral line emitted from hollow cathode dis-

charge”, Optics Communication 212, 301–306 (2002).

6. A.G. Kasabov and V.V. Eliseev, Spektroskop tablitzi dlya

nizkotemp. plazmii, Moskow, Atomizdat, 1973. (in

Russian).

7. E.A. Balik, “The response of scanning Fabry-Perot interfer-

ometers to atomic transition profiles”, Appl. Optics 5, 170L

(1966).

8. I.I. Sobel’man, “On theory of atom spectral line width”,

Uspehi Fiz Nauk 54, 551 (1954).

9. A.R. Malvern, J.L. Nicol, and D.N. Stacey, “The effects of

excitation mechanisms on spectral profiles in helium”, J.

Physics 7B, L518 (1974).

Opto-Electron. Rev., 11, no. 4, 2003 N. Parvanowa 347

Contributed paper



348 Opto-Electron. Rev., 11, no. 4, 2003 © 2003 COSiW SEP, Warsaw

SPIE Bookstore
New and Forthcoming Books

Electronic Image Display: Equipment Selection and Operation

by Jon C. Leachtenauer
A wide range of users will find this guide useful for maintaining image quality in electronic displays. This
professional reference book begins with overviews of display systems and types of displays, then covers such
topics as physical and perceptual quality measurement, human visual performance, display system perfor-
mance requirements, monitor selection and setup, pixel processing, and digitizer and printer operation. An ac-
companying CD-ROM provides image test targets to demonstrate applications described in the text.

Vol. PM113 � November 2003
294 pages � Hardcover � 0-8194-4420-0
SPIE Members $54; List price $66

Fourier Transform Spectroscopy Instrumentation Engineering

by Vidi A. Saptari
Many applications today require the Fourier-transform (FT) spectrometer to perform close to its limitations,
such as taking many quantitative measurements in the visible and in the near infrared wavelength regions. In
such cases, the instrument should not be considered as a perfect “black box”. Knowing where the limitations
of performance arise and which components must be improved are crucial to obtaining repeatable and accu-
rate results. One of the objectives of this book is to help the user identify the instrument's bottleneck.

Vol. TT61 � November 2003
136 pages � Softcover � 0-8194-5164-9
SPIE Members $35; List price $44

Introduction to Complex Mediums for Optics and Electromagnetics

Editors: Werner S. Weiglhofer and Akhlesh Lakhtakia
Complex-mediums electromagnetics (CME) describes the study of electromagnetic fields in materials with
complicated response properties. This truly multidisciplinary field commands the attentions of scientists from
physics and optics to electrical and electronic engineering, from chemistry to materials science, to applied
mathematics, biophysics, and nanotechnology. This book is a collection of essays to explain complex medi-
ums for optical and electromagnetic applications. All contributors were requested to write with two aims: first,
to educate; second, to provide a state-of-the-art review of a particular subtopic. The vast scope of CME exem-
plified by the actual materials covered in the essays should provide a plethora of opportunities to the novice
and the initiated alike.

Vol. PM123 � November 2003
776 pages � Hardcover � 0-8194-4947-4
SPIE Members $76; List price $95

Two Methods for the Exact Solution of Diffraction Problems

by Frederick E. Alzofon
In analyses of radiation scattering, accurately assessing the shape of the scatterer and the wavelength of the in-
cident radiation is a goal that has challenged researchers since the beginning of optical science. This innova-
tive text presents two methods of calculating the electromagnetic fields due to radiation scattering by a single
scatterer. Both methods yield valid results for all wavelengths of the incident radiation as well as a wide vari-
ety of scatterer configurations.

Vol. PM127 � November 2003
140 pages � Softcover � 0-8194-5141-X
SPIE Members $35; List price $44


