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A pressure scanned spectrometer with a Fabry-Perot etalon for weak line shape
and shift investigation is described. In this instrument the spectrum can be
scanned at a number of discrete equidistant points. The Jamin interferometer
is coupled with a Fabry-Perot chamber to control the pressure. The signal
at each point of the line profile is integrated in an electronic counter. The opera-
tion of this instrument has been automatized. Samples of the results obtained
by means of this spectrometer are also included.

1. Introduction

Studies of profiles of spectral lines emitted at very low perturbing gas
pressures can provide valuable information about interatomic potentials.
It must be emphasized, however, that in order to distinguish between
different theoretical models it is necessary that the pressure broadening
and shift coefficients be measured to an accuraney of 5.0 xIO*“8cm-1/Pa.

In a previous paper [1], a pressure scanned spectrometer with a Fabry-
Pérot interferometer (FPI) has been described. It has been later used in
our laboratory in studies of collision broadening of many spectral lines
of neon [2-4] and the 535.0 nm line of thalium [5]. The spectrometer
described in [1] was an analogue-digital instrument. This means that the
signal from the Fabry-Pérot interferometer was recorded in a digital
form using a photon counting technique, whereas in the pressure control
system an analogue processing of the signal was applied.

The present paper describes an improved version of the spectrometer
reported in [1]. This new spectrometer is entirely a digital instrument
and, moreover, enables to perform simultaneously measurements of both

* This work was carried out on the Besearch Project MR 15.
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the profile and the shift of its maximum. This is an instrument with high
sensitivity, high spectral resolution and linear dispersion. It may also
be characterized as an instrument with full automation of line profile
and shift measurements.

In the present spectrometer, similary as in the previous one, the
optical path length between the plates of the Fabry-P6rot interferometer
is changed by discrete steps by the change of the gas pressure in the
interferometer chamber. To obtain a uniform and linear change of the
optical path length a Jamin interferometer is connected to the Fabry-
P~rot etalon. A photon counting technique [6] is used to achieve an
optimal signal to noise ratio.

2. Optical system

The figure 1 shows a schematic diagram of the optical system of the spectro-
meter. The electromagnetic shutters Dx and D2 enable us to record the
signal from the source K1 under investigation (or from the source K1
under investigation and the reference source Kz alternately with the
signal from the Jamin interferometer. The shutters D3 and Z4 allow to
record signal either from the source under investigation K xor from reference
source K a. The light beam from the source K xpasses through the following

Fig. 1 Diagram of the optical system of the spectrometer

Mi —  mirors, Li —is lenses, S —S2 slits, —i 4 shutters, FPI Fabry-Pérot etalon, BV elec-
tromagnetic valve, NV needle valve, PjP2 plates of Jamin interferometer, Ry,R2 tubes of Jamin inter-
ferometer, Kx —  light sources
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system: the lens L x, slit st9 lens L 2, Fabry-Pdrot interferometer, lens Ls,
and is focussed on the entrance slit of the grating spectrograph DFS-8,
which was used here as an entrance monochromator. The light from the
reference source K 3 passes through the system: the lens X5, the semi-
transparent mirror M Aand the slit 8it lens L 2, FPI, lens L 3, and is focussed
on the entrance slit of the monochromator.

The light beam from an auxiliary lamp K 2 passes through the slit s2,
concave spherical mirror 0, the Jamin interferometer and the lens ¢4
which gives an image of interference fringes on the entrance slit of the
monochromator. In order to distinguish the light beams from Fabry-P6rot
etalon and from the Jamin interferometer the entrance slit is fitted with
a diaphragm of the form shown in fig. 2. The mirrors M xand M 2are adjus-
ted in such a way that the light from the Fabry-Pdrot interferometer
cannot pass through the upper part of the diaphram shown in fig. 2.

LIGHT BEAM FROM
JAMIN | OMETER

LIGHT BEAM FROM

rasry-Plrot etaton 2. Diaphgram at the entrance slit of the spectrograph

3. Data recording and pressure control system

In the spectrometer both the data recording and the pressure control are
automatized. The instrument operates in two time sequences:

1. Recording of the signal from the Fabry-P&rot interferometer (coming
from the source Kxor K xand K 2 at discrete points of the line contour.

2. Change of the gas pressure in the Fabry-P6rot interferometer
chamber and the Jamin interferometer producing discrete and equal
increments of the optical path length.

The signal from the photomultiplier is detected using a photon counting
technigue by means of an electronic counter preceded by a preamplifier
and a pulse normalization circuit.

The controlled change of the gas pressure in the chamber of the Fabry-
P&rot interferometer is performed using the Jamin interferometer. In
this interferometer there are two tubes Bxand B 2 (see fig. 1), one of which
is connected to the Fabry-P6rot interferometer chamber and the second
one to the atmosphere. Figure 3 shows the dependence of the intensity
of the light leaving the Jamin interferometer on the difference of the ref-
raction index {Avi) of the air in the tubes Bxand B2.
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Fig. 3. Pulse frequency (M) from the Jamin interferometer as a function of refraction
index An
For explanation see Appendix

4. Operation of the system

A block diagram of the electronic system of the spectrometer is shown
in fig. 4.

. The pulse “start” opens the shutter Dx and simultaneously shuts
the shutter D2. At that time the shutter D3is open and the signal from the
source K x under investigation is measured. The following operation are
then performed:

1. Atime delay (Is.) necessary to stabilization of shutters.

2. A counting of pulses from the photomultiplier (at a given time
interval).

3. Print of the counter data on the printer.

4. Beset of the counter.

I1. The next operation which is used in the measurements of the shift
of the line profile maximum consists of two procedures: first the shutter D3
is shut down and the shutter D4is opened and the signal from the reference
sources K 3is measured, then the shutter 2>3is opened and I>4is shut down.

I11. The third group of operations concern the change of the gas
pressure in the Fabry-P6rot interferometer chamber. An electronic system
which controls the operations of the counter creates a pulse in such a way
that the shutter D xis shut down and the shutter D2is opened. The photo-
multiplier records then the light coming from the Jamin interferometer.
After opening of the shutter D2electromagnetic valve EY is open and the
pressure in the chamber of the Fabry-P/rot etalon as well as in the tube B2
increases. At the moment when the value of the signal from the Jamin
interferometer exceeds a certain determined value, let us say a level B in
fig. 3, a pulse is created which is responsible for following operations:
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Fig. 4. Block diagram of the electronic system of the spectrometer

Fig. 5. Time sequence of the single measuring cycle of the spectrometer
Bemark: if only the source K x is measured steps from A to B are omitted

1. Closing of the electromagnetic valve EY.

2. Closing of the shutter Da

3. Opening of the shutter Dx.

4. Generation of the pulse “start” which goes to the system controlling
the counter, and begins a new measuring cycle in the spectrometer.
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A pressure control system is described in Appendix. Figure 5 shows
a time sequence of the single measuring cycle in our instrument.

We should mention that in the next measuring cycle (after the pressure
control system is activated) the electromagnetic valve EY is shut off when
the signal reaches the certain value A. This leads to the increments of
pressure corresponding to the intervals B1AX AX82, etc. The changes
of the refraction index A/i caused by these pressure increments yield equal
increments of the optical path length in the Fabry-P6érot etalon. The levels
A and B are set approximately symmetrically with respect to the mean
light intensity corresponding to the level C.

The number of the Jamin interferometer fringes within oUe interference
order of the Fabry-P6rot interferometer is equal to Lfit, where L is the
length of the tubes R1and B2in Jamin interferometer and t —distance
between the plates of the Fabry-P6rot etalon. Since the electronic circuit
yields two recordings for one Jamin interferometer fringe, the number of
sampling points within one order of the Fabry-P4rot interferometer beco-
mes equal to L/t. Using a counter of Jamin interferometer fringes (see
Appendix) one can get the number of sampling points equal to Lfmtt
where 1< m< 7.

Because it is very difficult to achieve the degree of modulation of the
light from the Jamin interferometer equal to one, we have applied a system
of compensation of a constant component which is described in Appendix.

5. Examples of the results

The figure 6 shows an example of the interferogram obtained for the
582.02 nm line of Ne I emitted froma low current (1.45 mA) glow discharge
tube of the type described in [2]. The tube contained a helium-neon mixture

Pig. 6. Interferogram of the neon spectral line 582.02 nm perturbed by helium

« —experimental points of investigated light source (Xj), A —experimental points of reference light
source GA)
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Fig. 7. Plot of the dependence of Lorentzian half-width on the neon pressure'(: —
experimental points) and helium pressure (A —experimental points) for the neon
spectral line 582.02 nm

For explanation see text

with neon pressure 364 Pa and the helium pressure 3296 Pa. Figure 6
also shows a fragment of the interferogram of reference tube (the source K 9
composed of a high frequency electrodeless discharge tube with pure neon
at the pressure 120 Pa.

The figure 7 shows a plot of the half-width of the Lorentzian component
of the 582.02 nm Ne | selfbroadened line on the neon pressure. Figure 7

Fig. 8. Plot of the dependence of the shift of neon spectral line 582.02 nm on the neon
(- —experimental points) or helium (A —experimental points) pressure
For explanation see text
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also shows the dependence of the half-width of the same neon line emitted
from a discharge in JSTe-He mixture on the helium pressure at the constant
neon pressure (364 Pa). The plot of the collision shift of the 582.02 nm Ne |
line on the neon and helium pressure is shown in fig. 8.

The full report of our studies of collision effects on the 582.02 nm line
of neon will be published elsewhere.

Appendix

Although there might he a different versions of the control circuit working equally
well, there are several critical points to which particular attention has to he paid of
overall performance of the spectrometer is not to he seriously degraded.

In this section we discuss those points going somewhat deeper into details of
our design.

As it has been mentioned in the previous sections, optical path length inside FPI
is controlled by using long, approximately 1 m, Jamin interferometer with tube B2
connected to the FPI chamber and tube B 1 open to the surrounding atmosphere —see
fig. 1 Itis very important that possibly short connecting tubes with small flow resistan-
ce between FPI chamber and Jamin interferometer be used, to avoid rapid change of
the gas pressure inside interferometers, as well as to allow the relaxation of the tran-
sient phenomena, using appropriate time delay in the measuring sequence. It is also
not recomended to work with gas pressure lower than about 6000 Pa. Disregard of
thosfe precautions can lead to significant pressure difference between FPI and Jamin
interferometer, or pressure drifts during measurement cycle, seriously degrading
linearity of the wavelength scale.

Under typical circumstances signal from the Jamin interferometer, as a function
of the refraction index Aj, has the form shown in fig. 3. There is significant back-
ground signal o caused by scattered light as well as some jitter in the cosecutive
samples due to stochastic fluctuations and residual pressure drifts. At the same time
the amplitude of the interference pattern remains quite constant within the whole
spectral range covering the investigated line profile.

Fig. 9. Fringe counting circuit (simplified to essential components)

CS —change over gate, ports 14 2-3 or 1-3 2-4 are open depending on the logical states of ST trigge*,
Mi, Mt —reset monoflops, CN, CL —integrating counters (only last four stages are shown), OF —fringe
counter with programmed division ratio
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In order to assure unambiguous fringe counting in the presence of the noise and
occasional pressure fluctuation it is necessary to use two alternatively active discrimi-
nation levels A and B (see fig. 3). Actual implementation of this fringe counting prin-
ciple, simplified to essentials is shown in fig. 9. In this circuit there are two integrating
counters CN and CL with corresponding N and L division ratios. Depending upon logi-
cal state of the gate G8 controlled by the ST trigger, counters CN and CL are counting
respectively pulses from photomultiplier and from reference clock or just other way
round. After accumulation of N pulses in the counter CN or L pulses in the counter CL,
a reset circuit is activated and both counters are cleared to zero. Each time when the
counter CN accumulates N counts before the counter CL accumulates L counts a pulse
is generated, changing logical state of the trigger ST and advancing fringe counter CF
by one count. If N nad L are counters division ratio with N > L and fc is reference
clock frequency then, as it can be deduced from fig. 9, a fringe counter OF is advanced
each time when instantenous pulse frequency from Jamin interferometer fa fulfils
alternately the following condition:

N L
fi> -j-fc  OF /i< — [c

for the first time in each fringe period.

Referring to the fig. 3, fringe counter will be advanced twice in each fringe of the
Jamin interferometer in the points BIf Ax, B2, A2, B3, respectively, and so on until
fringe counter accumulates predefined number of counts. In the described spectro-
meter N, L and fc were adjusted in such a way as to assure equal increments of the
optical path length between points BIt Ax, B2, etc., corresponding to the half fringe
from the Jamin interferometer. Unfortunately, under typical experimental conditions
scattered light in the Jamin interferometer changes markedly if spectral range of the
instrument is changed, which, in turn, upsets the proper adjustment of the discrimi-
nation levels A and B. We found it advantageous to sophisticate a little more the fringe

counting circuit by adding a background substruction unit. Basic components of this
unit are shown in fig. 10. Essentially this is a time gate which after each clock pulse
remains closed for predefined number of input pulses. By varying the positions of
keys K\, K2, ... Kn and adjusting properly clock frequency the background signal
/0from Jamin interferometer can be reduced to the acceptable level. It is quite enough
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to adjust background compensation only once each time when spectral range of the
spectrometer is changed.
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LimcpoBoli creKTpoMeTp C 3TasioHoM Pabpu-Mepo AN MCIEROBaHUS  YLUMPEHUS]
W cABUra CNeKTPa/IbHbIX JIMHMIA

QOvcaH aBTOVETVHECKAA CaHA0BAHHL I [IPRMEHVENM CIEKTOVETP € 3TarioHom et epo.
L1171 KOHTO/ I VBVEHEHVS IARMEH/ C 3Ty TOHOM aibpuH B0 CoMpsdteH VHTEBpOVET JHaveHa.
V/BVEpEH/E ovirHaria. MPOBOIUTCA METOIOM CTa. (JOTOHOB.



