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I. ABSTRACT

A low pressure (L - 6 mbar), low current (1 - 10 mA} glow
discharge in neon or argon, kept clean by a titanium getter
pump, is used as a spectral filter for the carrier gas
emission of a high current (100 - 450 mA) iron hollow
cathode discharge lamp, running in the same inert gas as the
filter discharge.

The reduction of the intensity of lines arising from
transitions within the set of np5 (ntl)s - np5 (n+l)p levels
(where n = 2 for Ne and n = 3 for Ar) has been measured for
different combinations of pressure and <current in both
discharges; and the optimum conditions for the efficient
operation of the filter have been determined. The intensity
of 1lines arising from transitions to one of the two
metastable s-levels could be reduced by a factor of between
six and ten.

The results of additional experiments in neon, such as
reversal temperature and equivalent width for the filter
discharge and relative intensities, line widths, and line
shifts for the hollow cathode, are used to calculate the
intensity reductions by simulating the radiative transfer
problem on a computer.



II. INTRODUCTION

Due to the many feasible ways to construct and operate a
hollow cathode lamp and the possibility of using a great
variety of materials for the cathode, hollow cathode
discharge lamps have been used frequently for a wide range
of investigations, ever since their introduction by Paschen
/1/ and Schueler /2/ in the 1920's. The high intensity and
sharpness of the emitted spectral lines, which makes it a
suitable wavelength standard (Crosswhite /3/), and the
relative ease of changing the material under investigaton by
using different inserts for the hollow cathode are
considered as the main advantages. Tolansky /4/ gives a
sumnary of hollow cathode features.

In many cases, the spectrum due to the excitation of the
carrier gas (normally one of the inert gases) will be more
intense than that of the material which is sputtered inside
the hollow cathode, the latter usually being the object of
the investigation (Crosswhite /5/). This is in most cases
not a serious disadvantage as long as the spectral lines of
interest are isolated lines, that is to say at least a few
line widths away from the nearest carrier gas line, and a
conventional spectrograph or interferometer is used to
analyse the spectra, but scattered light c¢an still be a
problem with a grating.

In contrast to this, the use of a Fourier transform spectro-
meter (FTS) means one serious drawback, since the signal-to-
noise ratio for the detection is determined by the fact that
the magnitude of the white photon noise depends on the total
signal detected in the bandwidth interval under
investigation (Brault /6/). If the intensity of the carrier
gas lines can be reduced relative to the other lines, this
will allow one to detect weaker lines in the spectrum of the
sputtered material.



It can be expected that this would have a bearing on
investigations currently undertaken to increase the
knowledge about the spectra of transition metals, such as
chromium, nickel, and manganese, in order to unveil less
dominant features in stellar spectra, especially that of the
sun.

These considerations sparked off the idea of using a low
current, low pressure discharge in the same inert gas as is
used to run the hollow cathode as an active filter to reduce
the intensity of the carrier gas lines in the hollow cathode
light, when this is viewed through the filter discharge. The
discharge is necessary to populate the lower states of the
lines in gquestion which lie some 10-15 eV above the ground
state.

The lines I was concerned with are transitions between the
first excited state and the next highest; they fall in the
red and near infrared part of the electromagnetic spectrum
of neon and argon apart from the resonance 1lines in the
vacuum ultra-violet.

From previous work using such discharges in inert gases for
absorption and negative dispersion experiments (Ladenburg
/1/, Pery-Thorne and Chamberlain /8/), it was concluded that
a discharge of abocut 1 m length and 2 cm diameter, with the
electrodes and a getter pump in sidearms so that the
positive column could be viewed end-on, would give the best
chances of high absorption.

The method chosen to determine the factor by which the total
intensity of a particular inert gas line is reduced is now
described. The region of bright glow in the hollow cathode
discharge was imaged in the middle of the filter discharge
and from there onto the slit of a grating spectrograph. The
intensity reduction of a line was determined by means of a
photomultiplier, measuring once with and once without the



filter discharge running. This method allows one to avoid
any systematic error arising from instabilities in the
hollow cathode, as both measurements can be done directly
one after the other. Short term fluctuations with periods
less than a tenth of a second were smoothed out by the
picoammeter which was used to measure the photomultiplier
current. Line scans with the photomultiplier were also
possible.

The experimental reduction factors have been compared with
those calculated from a simple radiative transfer model and
good agreement was found. In order to obtain data for the
modelling, a number of subsidiary experiments were
performed. The shifts and widths of the hollow cathode lines
were obtained photographically using a microdensitometer.
The equivalent width and reversal temperature of the filter
discharge 1lines were measured by replacing the hollow
cathode lamp by a calibrated tungsten ribbon lamp which
provided the necessary continuous background radiation.

Except for the first one, all these experimental methods are
frequently used for similar experiments and will  be
discussed in due course. The somewhat unusual method of
measuring 'reduction factors' was dictated by the special
purpose of this study.



I1I. THEORY

1. Radiative Transfer -~ Emission and Absorption
Coefficient

One suitable starting point for the theoretical discussion
of the phenomena encountered in this study is the derivation
and solution of the equation of radiative transfer in terms
of the emission and absorption coefficients.

Consider first the 1light from a background source of
intensity I(v,x=0) (=:I°(u)) being passed through an
absorbing slab of excited gas; V is the fregquency and x the
distance along the axis of propagation. The incident beam is
considered to be collimated and is thus confined to the
solid angle d. Furthermore, the incident radiation 1is
assumed to be unpolarized and of a fregquency close to an
absorption line in the layer of gas.

The equatioh of radiative transfer can be obtained by
considering the change in the radiant energy in the
frequency interval dv, per time interval dt, as the beam
passes through a cylindrical volume-element of cross—section
dS and 1length dx. For dx << 1, the change in intensity is
described by

(I(v,x+dx)~I(v,x)) d$ dv afde = LX) gy g5 av anat
(1.1)

The energy absorbed from the beam as it passes through the

volume element is given by the product of the energy of one

photon and the number of upward transitions occurring in the
time interval dt. If there are Nltx) atoms per unit volume



in the lower state 1 at the position x in the absorbing
cell, we can write
asl

L(v) I(v,x) dS dv dx ;—dt (1.2)

= hvy Nl(x) B i

Eabsorbed 1u

The line shape function L{v) describes the frequency res-
ponse of the absorbing atoms and the term gé} takes account
of the fact that we are considering transitions induced by a

collimated beam.

Due to spontaneous and induced emission, the atoms in the
absorbing cell will not only absorb radiation from the
incident beam, but will also emit radiation into the beam.
The emitted energy per solid angle dfl, frequency interval
dy, and time interval 4t is given by

daf

Eemitted = hvy Nu(x) Aul L(v) 4SS dv dx Eﬁ:dt +

, ddl
+ hv Nu(x) Bul L(v) I(v,x) 45 dv dx IE:dt

(1.3)

Using Equs. 1.2 and 1.3 in Egu. 1.1, the equation of
radiative transfer becomes

ar(v,x) _ adi |
difr.x) T By N, (x) + (By1Ny )

3x T - By Ny (%)) I(V,x)) L(v)

Using guBu1= nglu (gu and g, are the statistical weights of
the upper and the lower level respectively), we can define
the emission and the absorption coefficients ¢ (v,x) and
#(v,x) as

=3

£(0,x) = 32 A, N (x) L) (1.4)



gl Nu(x)

hv
X(er) = ﬁ Blu Nl (x) ( 1 - ) L(\’) (1-5)

gu Nl(X)

This allows one to rewrite the equation of radiative
transfer as

QLX) = ¢y, x) - 209, T(V,x) (1.6)

Once the emission and the absorption coefficients of the gas
are specified as functions of frequency and position, this
equation can be solved and the intensity at any frequency
and any position can be calculated. We will now do so for
the especially simple case of a homogeneous absorption cell,
for which Nu' N, L(v), and hence also ¢ and ¥ are
independent of position.
Multiplying Bqu. 1.6 by XM X na integrating over x from
0 to 1, the length of the absorbing cell, yields

- S0 1, £ g _ gme) 1
I(v,1) = I(v) e + £ ) e ) (1.7)

The ratio %é%% is known as the source function S,, and the
product #(v) 1 is called the optical thickness, sometimes
designated as L . The latter determines the amount by which
the intensity of the incident beam is attenuated as it
passes through the absorbing cell. 1In the general case,
where (y) is also a function of the position, the optical

depth is given by

1l
T = I?E(v.x) dx
0



An optical depth of about one means that a photon either
incident or emitted at one end of the absorbing cell has a
fair chance (~37%) to reach the other end. A cell with
T<< 1 is called optically thin and if T>> 1, it is called
optically thick.

To apply Equ. 1.7 to the problem under consideration in this
study, both sides are integrated over the whole 1line being
investigated to give

J I, (v)dv = J (I_v) e XMy 4, + S, f (1-e XMW1,
line line line

Introducing the 1line shape function thgz for the distri-
bution of the incident light (the index ‘'h.c.' is chosen,
because this will be the hollow cathode emission) and LE.éY)
for the distribution of the absorbing cell ('f.d.' for
filter discharge) allows one to rewrite the above equation
as

j s j —% L fv) 1
I.(y) dv = (I () e i ) dv +
line 1 line © Lh'g‘
-¥ L (V) 1
+ S, _{ (1-e Yo RN (1.8)
line

where the following expressions were used for substitution
®(v) =?Eb LE_&?) (1.9)
T,0) = I, () (1.10)

In this special case it is convenient to think of the hollow
cathode line shape function as being normalized to unit

area, so that _I Lh(g) dv =1 , while the filter discharge
line " "

line shape function shall be normalized to ordinate one at
line centre, i.e. LE d(vo) = 1. Using these definitions, Io



is the total intensity of the hollow cathode line

{ = _( Io(v) dv ) , while LA is the peak value of the
line
absorption coefficient; multiplying %, by 1 yields the peak

optical depth‘ro. Dividing Equ. 1.8 by J' Io(v) dv leads to
line '

- ¥, LE.(SY) 1

.[ I({y) av. Io _I ( thxz e ) dv

line - line

fI(v)dv JI(V)dv
line °© line °
-y L! (v} 1
S, _f(l—e o M4 ) av
+ line (1.11)
f.I (v) av
line ©

This equation gives the ratio of the total intensity of the
line under consideration after passing through the absorbing
cell to the total intensity of the same line without an
absorption.

For convenience, the reduction factor RF of a spectral line
is now introduced as the reciprocal of the expression in
Equ. 1.1l. The relevant form of the solution of the equation
of radiative transfer for this problem then finally becomes

1 -¥_ L. (V) 1
— J(Lh(v)e o Pr.d! ) dv +

RF line sCe

+ —

S5 -¥_ L: (V) 1
IV J.( 1-e o L&Y

y dv (1.12)
o line

The elements of this equation will now be discussed in
detail.
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2. The Hollow Cathode Line Shape - Line Broadening Effects

The hollow cathode 1line shapes are determined by several
different effects leading to broadening and shift of the
lines. They can be divided into three groups, namely those
leading to, first, a Gaussian line shape, second, a
Lorentzian line shape, and third, a line shape which is
neither Gaussian nor Lorentzian.

The broadening effect commonly dominant in lines emitted by
low~-density plasmas like the one in the hollow cathode is
Doppler broadening, arising from the thermal motion of the
emitting atoms and the wavelength shift of each emitted
wavetrain due to the Doppler effect. Since the Doppler width
AAD (FWHM) , given by '

- RT ,’1
adg = }\OJB 1n2 i Ay 7-16 | (2.1),

is a function of the gas kinetic temperature T and the mass
M of the emitters, the determination of the temperature is
the major difficulty in estimating the Doppler width. The
fact that the square-root dependence makes the Doppler width
relatively insensitive to small changes in temperature
simplifies the problem slightly.

Doppler broadening leads to spectral 1lines of Gaussian
shape which can be expressed analytically as a function of
the distance from the 1line centre (A—Ao), with the line
width AAG as the only parameter

2

- ( 2]1n2 ( g )}
I=I e (2.2)
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Using /%3 = g-fgéél one can rewrite Equ. 2.2 as
A,
-{ =)
-1 AAG
I o ©
A=

(o)
ith X = 2.3
or wi zia— ( )
I = I° e (2.4)

Natural broadening belongs to the group of line broadening
effects which lead to Lorentzian line shapes, but is
negligibly small for the hollow cathode lines. The natural
lifetimes of all ten 2p5 3p levels in neon are approximately
equal to 2 10—B sec (Bridges and Wiese /9/), leading to
natural line widths of typically a tenth of a milliangstrom

(FWHM) , according to

2
1 _A
Avl’m and AA———A\)

A Lorentzian line shape can be described by

I(]) = I, (2.5).

Using /]L = %AAL we can rewrite Equ. 2.5 to get

i

IQ) = I,

(2.6)

1+(’%—°>2

Another effect leading to Lorentzian line shapes is more
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important for this case, namely Stark broadening by electron
impact. This is the dominant form of pressure broadening in
a low pressure discharge. Theoretical calculations based on
this assumption are within 20% agreement with the results of
most experiments (Griem /10/).

This is also true for the line shifts due to the Stark
effect, although far fewer experiments have been carried out
on shift than on width measurements. As both width and shift
scale with the electron density only, using for instance
Griem's tables /10/, line shift measurements can be employed
to determine the electron density; and hence the cor-
responding pressure broadening width can be estimated.

If 1line broadening effects which produce Gaussian and
Lorentzian line shapes occur simultaneously, this leads to a
combined 1line shape which is a Voigt profile and which can
be described by

a +00 _o2
V(x) =: I(x) = I_ 1= f egy 5 dy (2.7),
ﬂDT * _oo(x-y) + a

which is in fact a convolution of the Gaussian and
Lorentzian profiles in Equs. 2.4 and 2.6 . X is again the
distance from line centre in the same terms as in Equ. 2.3,
and the other parameter a, called the damping ratio, is
essentially the ratio of the Lorentzian and Gaussian widths

= n A_)E =&'
a in2 /GG

A/{G

Consequenntly a = 0 for a pure Gaussian and a = oo for a
pure Lorentzian profile.

If several contributions to either the lLorentzian or the
Gaussian distribution are important, the combined half
widths can be calculated according to



- 13 -

3 - zg:/3 /3 = % 2
[‘L,tot —/"L,n and G, tot n/3c,n (2.8).

If a Veoigt profile 1is used in a calculation, the problem
arises that Equ. 2.7 cannot be integrated analytically.
Three ways to tackle this are conceivable. Either a
numerical integration of the convolution integral must be
attempted, or tabulated values, such as for example those by
Davies and Vaughan /11/, can be used, The third possibility
is to employ analytical approximations for the Voigt
function, which can be found for different levels of
accuracy (Armstrong /12/, Landheer and Durant /13/, Kielkopf
/14/, Jon-Sen Lee /15/).

Another effect which should be mentioned in this context is
the isotope shift. It is due to the fact that the
corresponding electronic levels of different isotopes have
slightly different energies, because the nuclei have
different mass, size, and shape. Since different levels are
shifted by different amounts, the corresponding lines of two
isotopes are slightly displaced from one another.

There are three different effects which are important in
different parts of the periodic system. The 'normal mass
me M
me + M
the electrons in different isotopes, leads to a shift of

shift', due to different reduced masses /U = of

spectral lines of

>

and is only important in the first half of the periodic
system, because of its 1/M2- dependence. This is also true
for the ‘'specific mass shift', which arises from cor-
relations of the motion of electron pairs and can neither
easily nor reliably be calculated. It should be noted that
both effects lead to the lines of the heavier isotopes being
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blue-shifted.

For heavy elements, the ‘'field effect' becomes dominant.
This is due to the change in the charge distribution for
different composition of the nuclei, arising from different
sizes and shapes of the nuclei. This leads to a variation in
the interaction with those electrons, which have a
significant probability of being found inside the nucleus,
namely the s- and P1/2" electrons. Field shifts can be as

high as 1.7 cm L (Mayer-Kuckuk /16/).

In the case of neon, for which the field effect is -
negligible (Keller /17/)}, accurate measurements of the 22Ne—
2ONe mass shifts are available (Odintsov /18/). For the neon

lines of interest, Odintsov has found line shifts of about

25 mA.

If the 1lines shifted by the isotope effect are resolved,
this results in a number of slightly shifted lines of
intensities corresponding to the abundances of the isotopes.
If, however, the isotope shifts are of the order of the line
width, the observed profile of the most abundant isotope
will become asymmetric through the contribution from other
isotopes. It is clear that in such a case it may be
difficult or impossible to find the centre of the spectral
lines of all isotopes, especially if the lines from less
abundant isotopes lead to an apparent shift of the profile
maximum of the dominant line.

Another effect which can seriously influence an observed
line shape 1is known as self-absorption or radiation
trapping. This is not due to influences occurring when the
light is first emitted by an atom, but arises from the re-
absorption of light inside the emitting slab of gas, before
it can leave the slab, by atoms of the same species as the
emitting ones. For this to happen in a homogeneous lavyer,
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the optical depth at line centre of the emitting cell has to
be greater than about 0.2, which can be due to either a long
cell or a high absorption coefficient. The latter is often
the case when the lower state of the transition giving rise-
to the spectral line is a metastable, resonanée, or ground
level. Since the effects of self-absorption are greatest at
line centre (where the absorption coefficient is greatest),
the peak intensity of the emission line is reduced, leading
to an apparently greater line width.

If the emitting cell is not homogeneous, which usually means
that there is a negative temperature gradient towards the
boundaries, the stronger absorption in the cooler outer
layers can even lead to dips occurring in the centre of the
line. This is then called self-reversal.

There is no easy way to describe the profile of a self-
absorbed or self-reversed 1line, but, if self-absorption/
reversal is relatively weak, increasing the width of the
Gaussian contribution to the Voigt profile used to describe
the 1line will account for the broadening of the core at
least in an approximate way. This can be explained as
follows. In those frequently occurring cases where the
damping constant a is fairly small, the central part of a
line will be dominated by the Gaussian component, which has
a compact core and wings which drop rapidly with increasing
distance from the line centre. In contrast to this, the
wings of the Lorentzian component fall off much more slowly
and hence dominate the 1line shape in the wings. As these
wings are much less affected by self-absorption or self-
reversal, the Lorentzian component must remain unchanged
when correcting for these effects.
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3. The Reversal Temperature of an Absorption Line

The reversal temperature of a spectral line in an excited
gas is usually found by observing the line against a
background of continuous radiation. The temperature of the
background source is changed until the spectral 1line just
disappears in the continuous spectrum, i.e. cannot be
observed as either an emission or an absorption line. The
temperature of the background source at which this occurs is
called the reversal temperature TR of the line.

It may be assumed that the reversal temperature determines
the population ratio of the two atomic levels involved,
according to Boltzmann's Equation

SR QL —
Nu gu k TR
"N'_ =" - e (3-1)-
1 9

Thus, for a source in thermal equilibrium, the reversal
temperature for all spectral lines should be the same. On
the other hand it must be stressed that the filter discharge
discussed here is certainly not in thermal equilibrium, and
the reversal temperature is therefore purely a convenient
measure of Nu/Nl.
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4. The Filter Discharge Line Shape - Equivalent Width

The filter discharge 1line shape function 1is, generally
speaking, determined by the same effects as the hollow
cathode 1line shape, but with different weighing of the
effects. Again, Doppler broadening will be dominant, but
this time pressure broadening like natural broadening will
only be important for the line shape in the far wings. This
question is discussed comprehensively in Chapter VII.

Obviously, if a theoretical calculation of the results of
the experiments described in this thesis is to be attempted,
the gquantity Iwo 1 Lé.é?) which appears in Equ. 1l.12 must
be determined. This time, Lé.é?) does not represent a severe
problem, as reasonable estimates for all broadening effects
can be made (see again Chapter VI).

The situation with respect to the determination of the peak
optical depthTo = ¥ 1 is more complicated. To explain this,
let us go back to Equ. 1.7 . Neglecting emission from the
absorbing cell for the time being, we rewrite it here as

I(V,1) = I(V,x=0) e ¥V} 1

{4.1).
Thus, in an absorption experiment with a known intensity
distribution of the incident light I{v,x=0), the absorption
coefficient ¥ (V) can be determined from the observed
absorption profile using

I¢(v,0)

39(\)) = - 1n ( I(v:l)

)

For this to be a feasible method, the line has to be com-
pletely resolved by the instrument used. Otherwise,
contributions to the observed line due to the instruymental
profile have to be taken account of by the assumption that
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the observed profile is a convolution of the actual profile
and a known instrumental profile.

This disadvantage can be overcome by using the concept of
equivalent width. Let us assume that the intensity incident
on the absorbing slab is constant over the whole absorption
line. Then, the absorption profile will be a dip in the
otherwise constant intensity distribution of, for example, a
tungsten filament lamp or a high pressure arc. If the
intensity of the background continuum is Io' the equivalent
width W,, is defined as the width of a rectangle of height Io
and the same area as the dip. Expressing this mathematically
leads to the equation

W, I = {I_ ~I(v,1} ) dv
v o line °
or W, = .( (1- 11¥Lll ) dv '
line o)

where the integral is taken over the whole absorption line.
Substituting Equ. 4.1 yields

W, = J (1-e ¥V 1, 4, (4.2).
line

It has been shown that Wy is independent of the instrumental
width for all practical purposes.

In an actual experiment, one has to bear in mind that the
absorbing medium might itself emit 1light and that the

measured equivalent widths have to be corrected for this
finite emission.

If we assume a background intensity per frequency interval

I, and a filter discharge intensity Ie a L(v), where L(v)

is the line shape function such that L(v) dyv = 1, the
line
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apparent equivalent width W obtained in the usual way is

I - (I XV 1, Ip g.L0) )
W = [¢] (o} _ .d. dv
v h I '
line o
since for a band of Sv, IOSv and (Ioe-';e(wl + If d L(u))Su

are the signals without and with the filter respectively.
Therefore,

I
W = f (1 -e ¥V 1 g, Ld: f L(V) dv .
line o line

The f£irst term on the right is the true equivalent width w,-

We can now write IO = Bo(v.T), where BO is the black-body
function for the background source at temperature T, and

- - em¥) 1
Ip . L) =B W, T (- e ) .

f.
where Bo{v,TR) is the source function for the 1line, which
can be taken as a black-body function at the reversal
temperature Tp, since this simply describes the equilibrium
between the upper and the lower states. Therefore,

I f L(v) dv = B_(V,T,) f (1 - e-at.’(v) l) ay
f£.4. line o R Line

by definition of W,. Therefore,

- e W
B, W, 1)

W =W, v

--hv/kTR
W) =w, (1-5

—7T) (4.3).
e hv /kT

As an example, we find W) = 1.21 W, for a spectral line at

A= 6200 8 with T, = 2150 K and T = 2570 K.
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There is a variety of ways to find ¥{Vv) from an observed
equivalent width and the most important ones will be
reviewed briefly now. By far the simplest situation is
encountered if the absorbing cell is optically thin, 1i.e.
»{v)l << 1, over the whole profile, so that the exponential
in Equ. 4.2 can be expanded as

XM 1oy oy 1 o+ ...
to give
Wu=1 j’XW)ldv (4.4),
line

or in the notation of Equ. 1.9

W= 1o ,(L(\)) dv .
line

This means that the experimental width is a direct measure
of the integral of the absorption coefficient taken over the
whole line. Thus, if L(v) is known, ¥(v) is determined. It
is also possible to substitute Equ. 1.5 in Egu. 4.4 and we
obtain

e N, 1 (2 gln“) j v) a 4
W = B - L(v A (4.5).
4T Tlu 1 94 1ine
g1Nu
Consequently, if g N is known, for instance from reversal
ul

temperature measurements or can be assumed to be much less
than one anyway, the number of atoms in the lower state per
unit volume can be calculated using tabulated f-values to
calculate Blu‘ On the other hand, knowledge of Nl allows one
to calculate the f-values.
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As the optical depth increases, the expansion of the
exponential in Equ. 4.2 can no longer be terminated after
the second term and the complete expression for the
equivalent width must be used. It is only in the case where
L{y) 1is a pure Gaussian profile that the problem can be
tackled for all optical depths in a fairly simple way. If we
expand the exponential, we obtain

2 3
Wy, = f (w1 - XD 0D o gy
line )

. - w? V=V,
Using #(y) -Beo e with w = 2 {{1n2 Lﬁé—
we can write

4V 2 w12 -2 1)} -3.°
G G =t 0 O
WwW.,= (¢l e - —m———a + e - +...)dw
p (4] 2t 3
Zdlnz line
since g’;—';- 23)____11112 . Introducing the peak optical depth
G
G
tG 3?0 1 we obtain

av 0 ™ f 2
wgn_..._g_ Z{(_l)n"'l__G_. e ~ NW dw }

2 \Yln2 n=1 nl line
o2 2 2 2 T
With f e "MW gu= L fe'““’ d(fn'w) = —
av_ o0 [
we £inally find We S T D> (™ =S
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00
n -~ -[
or Wgw % — av, L, | E (—l)n+l ¢ }.

Calling the terms in curly brackets SG yields

G 1
Wl = — AV L S -
v 2 1n2 G G G

Thus, if Wﬁ is known from the experiment, IGSG can be cal-
culated. Finally, to find TG , either tables of TG and TGSG
(see for example Ladenburg and Levy /19/) or a computer

iteration of SG in TG can be used.

If the line shape function is not a pure Gaussian, the Voigt
function is frequently used, but, as was mentioned above,
the Voigt function cannot be integrated analytically, so
that the mentioned numerical approximations have to be
employed in calculations to let

(V) =2 V(D)

Thus, again, if V'(v) is either known or can be confidently
estimated, &bl can be found from iteration of Equ. 3.4 .

In special situations, various authors have expanded the
exponential in Equ. 3.4 to third or fourth order and ex-
pressed 3901 as a series in W, and derived approximate
analytical expressions for &%1 as a function of W, (see for
example Hill /20/). But these approximations are only
asymtotic for small optical depths or large damping
constants and thus cannot be used in cases with strong
absorption by mainly Gaussian shaped lines.

If the absorbing medium is optically thick, again, a simple
relation between W, and X1 can be found. Once the Doppler
core of the line is completely absorbed, further increases
in the absorption can be ascribed entirely to the Lorentzian
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wings, which allows one to derive

2 \
= e

What has been said about Equ. 4.5 applies here as well,
allowing one to find ¥, from W,. There are also publications
available, which give plots of the curves of growth (e.gq.
Yamada /21/). |
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5. Influence of the Instrumental Profile on an Observed Line
Profile

The theoretical resolving power R of a grating spectrograph
is given by the product of the number of grooves N, used to
form the spectral image, and the order n in which the
spectral line is observed

R=znN {(5.1).

The minimum wavelength difference for two spectral lines at
wavelength A to be clearly identified as separate is given

by adg= 2 (5.2,

by Rayleigh's criterium. If either emission or absorption
line shapes are analysed, it is only in those cases, where
aAR in Bqu. 5.2 is much smaller than the intrinsic line
width, that no corrections for the distortion of the
intrinsic profile by the instrumental profile have to be
made. Otherwise the following points have to be considered.

In many cases, the assumption that the instrumental profile
is a Gaussian has been Jjustified experimentally (/22/,
/23/). This is not surprising as the following
considerations show. In an ideal case, the instrumental
profile should be the diffraction pattern of a single slit
of width d convoluted with the diffraction pattern of the
grating. The £irst has the form

- gind |, 2 . wd . .
I-IO(T) with o(wTsm‘f’ where‘fls
the angular spread from the maximum or, since f is small,
o z-'-'f f. The factor x =: -;-I-‘f’ is the path difference between
the limitting rays of the beam of light passing through the
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slit under an angle f (see Fig. 5.1) expressed as the number
of slit widths d in terms of the wavelength A , where the
sincz-function is to be evaluated. Thus, if the intensity
distribution shall be expressed as a function of the
distance from 1line centre in terms of d, we introduce

Iz]j(M)z (5.3)

o X

as a Ssuitable representation. A Gaussian as a function of
the same variable x, with the same peak height I, ,» must
have the form

2
I =1 e (¥/0C)

o (5.4),

where ¢ is a constant which has to be chosen so that Equs.
5.3 and 5.4 show as similar a dependence on x as possible.

Fig 5.1l: A beam of light passing through a single slit.
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A good choice is ¢ = 0.52, which makes the ordinates at x
0.5 d the same. From Table 5.1 and Fig. 5.2 one can see that
up to x = 0.65 away from the line centre, the difference
in ordinate between the two functions remains below 10%, but
further outwards, the basically different behaviour of the
two functions becomes obvious: the sincz—function goes
through zero for x = 1, while the Gaussian never reaches the
abscissa.

Certainly, the Gaussian 1is a good choice to describe the
complete instrumental function, as experiments have shown,
but sometimes Llorentzian wings may have to be assumed to
dominate the regions far away from the line centre (/23/).

Using this result, the half width of an observed Voigt
profile can be corrected for instrumental errors by
decreasing the width of the Gaussian component with
1 , ,
parameter T — AA by the width of an instru-
/gobs 2 VI;E‘ obs

mental Gaussian which has as parameter the square root of
the quadratic sum of the parameters of the slit Gaussian
VQSIit = 0.52 4 i.l.d. , with 'i.l.d.' being the inverse

linear dispersion of the spectrograph, here lgfmm) and the
. 1
grating Gaussian (/jgrating ——ere AR

(1]

2 2 )
ﬂinstr = \/ﬁslit +/jgrating :

The instrumental width can also be calculated using the
following formula, which is a result of diffraction theory
(/24/) .

Rpr = Rth (5.5)

d
S ¥ +

QL
%

2s = + A

with:

Rpr = practical resolving power
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Rth = theoretical resolving power = (1l/g)d
1/g = reciprocal grating constant

d = width of the wave front falling onto the grating
s = slit width

f = focal length of spectrograph

A

= wavelength .

Both ways to determine the instrumental width yield to
remarkably similar results. If we assume
-1
1/9 = 2160 mm
d = 8,1 cm
s = 20/4
£ =3 m
A  =62008,  we obtain
feric™ 0-52 8 i.l.d. = 10.4 mg .
=17.3 m . With al

Therefore AR = 35.4

grating Rth

= 39.4 mk, while the result according
= 43.8 mf. ‘

slit
mA we obtain Aainstr

to Equ. 5.5 is aRinstr

Table 5.1 : Comparison of sincz—function and a Gaussian
with ¢ = 0.52,

2

X sincz(x) e-(x/c)
0.0 1.0 1.0

0.25 0.811 0.794
0.4 0.573 0.553
0.5 0.405 0.397
0.6 0.255 0.264
0.65 0.190 0.210
0.75 0.090 0.125
0.9 0.012 0,050
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Fig. 5.2: Comparative plots of a sincz~function and a

Gaussian with ¢ = 0.52 .
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6. The Spectra of Neon and Argon

The term diagrams ¢f neon and argon are very similar (Moore
/25/). In the atomic ground state lSo the outer shells (n =
=2 and n = 3 respectively) are complete and thus of the
form n52 np6. The ground term of the ion is ns2 nps, and all

excited states of the atom are derived from this term which
2
31
272
To bring the atom to one of the four levels forming the

is an inverted doublet consisting of the two levels

first excited state n32 nps(n+l)s large energies are re-
guired (neon: 16.7 eV, argon: 11.7 eV). Two of these levels
have J-values of 0 or 2, so that transitions to the ground
state are dipole forbidden because of the selection rule ad
=1,0 , but no J=0 —> J=0 transitions allowed.

For the description of the term scheme of neon and argon,
neither LS- not jj-coupling applies regidly. Intermediate
coupling models, as for example calculated by Garstang and
Blerkom /26/, describe the situation much more
satisfactorily. As Fig. 6.1 shows, the energy levels are
divided into two groups, the lower consisting of four and
the upper of ten levels. Half of each group is built on

each of the limits 2P3 and 2Pl . The energy spread within

z 2
the groups is small compared with the energy difference
between the groups, as Table 6.1 shows.

As neither of the notations of the two extreme coupling
cases may be used exclusively, a combination of both in the
form

2s+1 . ]
Ly .33
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- 130 -

(n+l)p set of levels.

Term schemes of neon and argon for the (n+l)s -

u“-” on
pl - plo

N — O

E [eV] B [10%en ] 7 E {eV] [E {107cm ]
_ - |
i
50 © !
2I [+
I
18.6 4150 2! !
3 = 13.0+ 105
|
18.0 4145
12.4 +100
17.44140
11.8 + 95
¥
%
|
L J
[ ;]
16.8 1133 o
x - 11.24 90
NEON ARGON

*

metastable levels

gl - sd



- 31 -

Table 6.1 : Energy differences within the (n+l}s - (n+l)p
set of levels. {For notation see Table 6.2)

neon argon
510 - Epl 0.58 eV 0,56 eV
09 - Ep2 0.17 ev 0.26 eV
Ep - ES 2 ev 1.5 eV

leads to the following representation for the four levels of
the first excited state n32 nps(n+l)s:

1 1 1l 1
P (33 )y Po (33
3 3 1 3 3 1.
Py (G,3) Py (53, .

The 3P1 and lPl levels give rise to resonance lines, and the

3PO and 3P2 levels are metastable. It should be noted that

the energy difference between the 3Pl and the metastable

levels is very small (neon: 0.045 eV and 0.052 eV; argon:
0.1 eV and 0.075 eV) so that, depending on the temperature
of the excited gas, collisicnal population of the 3Pl level
from the neighbouring metastable levels is possible
(Ladenburg /27/) (kT = 0.025 eV for T = 300 K); this level
may therefore be called 'semi-metastable'.

As the levels are not easily fitted to customary notations,
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Paschen /28//29/ suggested the labelling as below, but
Bacher and Goudsmit /30/ revised this; Table 6.2 gives the
levels and the notations. The Bacher/Goudsmit notation will
be used in this thesis, and spectral 1lines are simply
referred to by the significant numbers in the notation for
the levels involved, - '3-9' for example denoting the
transition between the s3 and p9 levels.

For the np5 (n+l)p series the coupling gives rise to a
complex pattern of ten levels, the arrangement of the
highest of these being different for neon and argon (see
Fig. 6.1). It should be noted that in both neon and argon,
the pl and pl0 levels lie relatively far below and above the
other eight levels, so that some difference in the behaviour
of transitions from these levels can be expected. '

The transitions discussed here give rise to a set of strong
lines in the red for neon and in the near infrared for
argon. In both gases the 1-2 1line (16402 and A811s
respectively) is the strongest line with a metastable lower
state, as this is the only transition allowed from the s2
level, because of its J-value of 3 which permits only
transitions to the sl level, where J = 2. The 1-2 line is
the third strongest in both spectra, while the 3-6 1line in
neon and the 3-7 1line in argon (46266 and )7948) are the
seventh and ninth strongest 1lines in the spectra; these
linegs are the strongest lines ending on the s3 levels
{Garstang and Blerkom /26/ and Wiese and Martin /31/).
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Table 6.2:; Bacher/Goudsmit and Paschen notation

nps (n+tl)p levels
Level Bacher /Goudsmit Paschen
Neon Argon
1g ig (n+l) plO (n+l) p
o o _ 1
3P1 3P]. p9 P,
3P° 3P2 p8 Py
3P2 1P1 p7 Py
1Pl 3Po pé Py
lD2 1D2 PS5 Pg
3Dl 301 pé Py
3D2 31[)2 p3 Pg
3D3 303 p2 Pg
’n, ’n) pl P1o

np5 (n+l)s levels

Level Bacher/Goudsmit Paschen
Neon and Argon

1, (n+l) s4 (n+1) s,

3

Po s3 84

3P s2 5
1l 4

3P sl s
2 5
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IV. EXPERIMENTAL AND APPARATUS

1. Introduction

In the course of the work for this thesis, five different
experiments were conducted, namely the investigation of the
reduction factors and four subsidiary experiments to
increase the knowledge about the constituent parts of the
experiment and to obtain the data needed for the modelling
of the reduction process. The latter involved measurements
of hollow cathode line profiles, filter discharge reversal
temperatures and equivalent widths, and absorption profiles.

The general outline of all experiments was such that the
light from the background source, either hollow cathode
discharge lamp or tungsten ribbon lamp, was passed through
the filter discharge. The resulting radiation was then
analysed by means of a grating spectrograph and either
photoelectric or photographic detection. Both the hollow
cathode and the filter discharge were connected to complete
vacuum pumping systems, though of significantly different
nature. Each piece of the equipment will now be described in
detail, ‘
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2. The Hollow Cathode Lamp

As has been mentioned above, high current hollow cathode
lamps have been used in this laboratory for more than a
decade. Different types, made entirely of metal or partly of
glass, with cooled anodes, cooled cathodes, or both, have
been tested at currents between 50 mA and 2 A. Different
carrier gases have been used, namely helium, neon, and
argon, and a great variety of cathode materials has been
investigated at temperatures between room temperature and
the melting point of the metal under investigation.

The hollow cathode lamp used in this study is shown
schematically in Fig. 2.1 . The cathode was made from a
brass cylinder of 6.5 cm length and 5.5 cm diameter which
was drilled out along the axis of symmetry so that hollow
cathode inserts of 20 mm 1length and 12 mm outer diameter
could be used. The inner diameter of the inserts was 8 mm .
Length and inner diameter of all inserts recently used for
high current hollow cathodes in this laboratory have been
standardized to the above sizes in order to simplify
comparison and exchange of inserts between different lamps.

Both ends of the cathode cylinder were machined conically
from the ends of the insert canal to the outer rims. Two
hollow pyrex cylinders of 7 cm length, which were sealed to
the cathode block by silicon rubber, connect the cathode
block to two brass rings, serving as anodes and window
holders. One glass tube each was sealed onto the
glass cylinders, one of smaller diameter used as gas inlet
and a bigger one to connect the pumping line. The glass end-
windows were gently pressed onto large o-rings to ensure
vacuum tightness when pumping down from atmospheric
pressure. The hollow cathode is depicted in Fig. 2.2 .

The hollow cathode was operated as a flow-through system,



Fig 2.1: The hollow cathode lamp (schematically).
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Fig 2.2: Photograph of the hollow cathode lamp.

the gas being admitted from a gas cylinder via a needle
valve and permanently pumped by a throttled rotary pump
(Edwards BS 2412 - G) through a coldfinger, immersed in
liquid nitrogen. The pressure in the discharge chamber was
monitored by means of a capsule dial gauge and a carefully
calibrated Pirani vacuum gauge (Edwards P 12). A flow-~
through system had to be used, since the impurities produced
by the sputtering action at high currents would have led to
an unknown compogition of the gas in the lamp.

Two cooling mechanisms were employed. A spiral of copper
tube, wound around the cathode block and soldered onto it,
was used for the water cooling of the cathode. This method
can be considered as intermediate between those cases, where
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the insert is cooled directly by a water jacket and those,
where it is uncooled, as for the study of metals near the
melting point. Apart from this, the hollow cathode lamp was
placed in the airflow of a fan, mainly to cool the anode
rings which are heated by radiation and convection from the
cathode.

In the beginning, an aluminium hollow cathode insert was
used, as this metal is known for not being easily sputtered.
This had the advantage that emission from aluminium lines
was less likely to complicate the analysis of the carrier
gas emission, but the hollow cathode was found to run very
unstably. Furthermore, it was only at pressures well below
1.5 mbar that a bright and uniform hollow cathode glow could
be achieved, and the hollow cathode glow tended to jump out
of the hollow cathode insert, 'preferring' the adjacent
conical parts of the surrounding brass block. This problem
was solved by using an iron hollow cathode insert. The
hollow cathode was then found to run stably up to about 350
mA in neon and up to 450 mA in argon, at pressures of about
2.5 mbar. Additionally, the hollow cathode being a combined
glass-metal system, the current was not raised permanently
to higher values for fear of cracking the glass, especially
near the anode rings which warmed up to about 50°C on the
outside, despite the fan cooling.

Although in experiments to investigate the line emission
from the sputtered material, the pressure is usually
carefully adjusted such that the carrier gas emission is as
weak as possible, the pressure for these experiments was
chosen such that the carrier gas emission intensity was near
its maximum for a particular current. This was done to
simplify measurements and, as these pressures were found to
lie in the regime of wusually chosen running conditions
anyway, the choice of pressure was not critical. Taking this
into consideration and in order to keep the number of
parameters down, which was anyhow uncomfortably high, the



-39 -

hollow cathode pressure was held pratically constant
throughout all investigations.

After about 15 minutes warming-up time, the hollow cathode
was found to give fairly constant line intensities. Slight
intensity variations with time constants greater than about
three minutes were of no importance, as ratios of the
intensity with and without the filter could be measured
within, say, 20 seconds. Larger intensity variations indi-
cating a change in the running conditions inside the lamp
have not heen observed. Furthermore, the temperature of the
cooling water was not found to change after the initial 15
minutes.

The power supply for this lamp was a home-made construction
congisting of mains transformer, variac, smoothing capacitor
and 900l of ballast resistance, achieved by the combination
of 36 100§l /S5 Watt resistors. The operating voltage across
the hollow cathode was about 300 volts.
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3. The Filter Discharge

At the initial stage of the work for this thesis, my major
task was to design, construct, and make operational the
filter discharge system. The design was based on the design
given by Chamberlain /32/, but included new features, most
important being greaseless tabs to allow very clean sealing
of the discharge tube and a titanium getter pump connected
to the tube to allow long term sealed-off operation of the
discharge. Furthermore, the windows are now sealed to the
ends of the discharge tube, which avoids a complicated
window holder construction, which is usually another source

of impurity and leak problems.

The main part of the filter discharge system, which is shown
schematically in Fig. 3.1, consists of a pyrex tube (D), 1 m
long and of 2 cm outer diameter, with two pyrex windows (W)
sealed onto the ends of it. 5 cm from either end, two
sidearms, some 10 c¢cm 1long, were attached to the main
discharge tube, each ending in a glass~to-metal seal for a
tungsten pin (TP}, 3 cm long, being used as electrodes.
Another sidearm contains a titanium getter pump (G),
manufactured by S.A.E.S. GETTERS S.p.A. as model AP 10GP.
This was placed closer to the cathode since, owing to the
ion bombardement, this is more 1likely to give off
impurities. Opposite the two electrode housings, another two
glass tubes are connected which can each be sealed by a
greaseless tab (GT1 and GT2) with neoprene diaphram.

A Pirani type vacuum gauge (Pi) (Edwards P 12) for accurate
pressure determination at around 1 mbar, a Penning type high
vacuum gauge (Pe) (Edwards Penning 8), and a needle valve
(NV) were installed. The latter is used as a gas inlet from
the gas cylinder (GC). The pumping system consists of a two-
stage glass mercury diffusion pump (DP) with a liquid
nitrogen cold trap (CT) on top, a rotary pump (RP) (Edwards
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EDM 2), and the roughing and backing lines. The main part of
the actuwal system is depicted in Fig 3.2 .

Fig 3.1: The filter discharge system {(schematically).
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Fig 3.2: Photograph of the filter discharge.

It was intended to devise a system which, once having been
thoroughly cleaned, could be filled with gas and operated
sealed off, with the getter pump taking care of the purity
of the gas. High purity of the gas was considered as
absolutely essential, as the population of the metastable
levels is easily destroyed by collisions with impurity
atoms, especially with hydrogen (Meissner/33/ and Dorgelo
/34//35/). For this reason, the whole system was kept under
high wvacuum by the diffusion pump for many days, and to
support outgassing, the glassware was gently heated with a
hot-air-blower. The electrodes were outgassed by running the
discharge at fairly high currents ( 15 mA) for some hours,
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while the polarity was changed twice to outgas both of them
as much as possible. After this had been done, the getter
was activated by passing a current of 1 A through it for
about 15 minutes, while the vacuum had to be better than
1073
inherent impurities into the surrounding vacuum. Hereafter,
the discharge tube was sealed off and the rest of the system
was flushed with the inert gas in use, which was pumped to

mbar. Thus heating the getter makes it give off the

atmosphere by the rotary pump. It was found to be of major
importance to keep the PTFE-tubing, connecting gas cylinder
and needle valve, under a pressure above atmospheric all the
time. If this rule was not observed, air entered the tubing,
leading to pinkish discharge colours, so that all the gas in
the line had to be wasted in order to regain high purity.

After flushing the system for about one minute, the
greaseless tabs were opened and the tab AT was closed. After
thus flushing the discharge tube for about 30 seconds, the
pressure in the chamber was adjusted on the Pirani gauge and
fixed by closing GT2 and the needle valve simultaneously.

when both tabs were closed, the pressure was checked a last
time, and, finally, GTl1 was closed. Henceforth, the pressure
could no longer be monitored. Then the discharge was struck.
Any admixtures of air would give the discharge initially a
characteristic pink hue which disappeared after only about
30 seconds, indicating that the getter was purifying the
gas, supported by the stirring action of the discharge. A
discussion of the time dependence of hydrogén impurities and
its bearing on the population of the metastable states can
be found in Chapter V.2 . '

The getter had to be reactivated occasionally, at intervals
depending on the purity of the gas admitted to the tube when
changing the filling, and not on the length of time the gas
was left in the chamber. In fact, it was never observed that
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the cleanliness of a filling deteriorated at all, even after
several weeks.

The gases used in this experiment were chemically pure argon
and research grade neon, both supplied by B.O.C.

The discharge was operated by a high voltage power supply
manufactured by Chelsea Instruments, using 300 kjl of ballast
resistance in Beries with the tube. The operating voltage
across the tube was about 1000 V in argon and 1300 V in neon
at currents of about 2 mA.

During the early stages of the experiment, it became already
clear that it would be essential to be able to run the
filter discharge at very low currents down to about 2 mA.
Due to the length of the discharge, the small electrode
surface area, and also the incomplete smoothig of the power
supply currents of 4-5 mA were the minimum before the
discharge quenched. BHowever, it was possible to run at lower
currents by placing an Edwards Spark Tester in permanent
operation at the lowest possible intensity with its tip
about 3 cm away from the discharge tube. It must be
emphasized that the 'Tesla' thus became an essential part of
the experiment.
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4. The Spectrograph

For the spectral analysis of the radiation, a 3 meter
grating spectrograph with Littrow-mounting was used; with a
plane grating of 2160 grooves/mm, a ruled area of 130 x 100
mm2 » & collimating lens of 10 cm diameter, and a resolving
power of better than 175,000 in the first order
(theoretically 275,000). The grating was blazed at 5000 ® in
the f£first order. The aperture of the spectrograph was £/30
and the inverse 1linear dispersion was 1 R/mm in the first
order. The instrument was originally built for photographic
work, but had an adaption for photoelectric detection, which
was the method used for all measurements except those of the
hollow cathode 1line widths and shifts. Two different
photomultiplier tubes were employed; an EMI 9526 with S 11
photocathode, selected for low dark current, and an EMI 9728
red-sensitive tube with S8 20 photocathode, selected for high
red-sensitivity. Both were end-window type tubes of 30 mm
diameter and fitted into a special housing which could be
attached to the spectrograph instead of the regular plate
holder. The secondary slit was a fixed-width SOfA 2 50 mR
slit. Both photomultipliers were operated at 950 Volts from
a low wattage EHT power supply (Fluke 412 B). To monitor the
intensity proportional output, the photomultiplier current
was measured by means of a picoammeter manufactured by
Chelsea Instruments, which was capable of detecting currents
between 10711 and 107° A, Furthermore, it produced an output
voltage of about 0.5 V proportional to the input signal,
which allowed one to monitor the signal on a chart recorder.

Since the photomultiplier housing could only be moved by
about 3 mm along the image plane (corresponding to 3 R), the
grating rotation scale of the spectrograph had to be
calibrated very carefully to allow a spectral 1line to be
located mainly by rotating the grating.
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The spectral 1lines themselves could be scanned with the
photomultiplier through a new mechanism which I installed.
The micrometer screw which drives the photomultiplier was
coupled to a potentiometer by spanning an o-ring as driving
belt around the axis of the micrometer screw and the
potentiometer. The voltage drop across the potentiometer
determined the x-deflection of the chart recorder pen, while
the corresponding photomultiplier signal was converted into
a y-deflection by means of the voltage output of the
picoammeter. The reproducibility of the line scans with this
design is demonstrated in Fig 4.1 which actually shows two
scans of the same hollow cathode 1line done directly one
after the other.

For the photographic measurements Kodak High Speed IR black
and white 35 mm-film was used which has an extended red-
sensitivity up to about 8500 2.
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Fig 4.1: Twe hollow cathode 1line scans done directly one
after the other to prove reproducibility.
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5. The White Light Background Source

A tungsten ribbon lamp manufactured by Philips Nat. Lab.
{(Type No. W2GGV22) and supplied with a temperature - current
calibration was employed as continuum background source. The
maximum current of 18.5 A, which could be achieved with the
power supply in use, corresponded to a black-body
temperature of about 2570 K.
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6. The Optical System

Two major considerations determined the lay-out of the
optical system shown in Fig 6.1 . First, all light from the
hollow cathode that entered the spectrograph, must have
passed through the positive column of the filter discharge
and, secondly, only light from regions of the filter
discharge which served to filter the hollow cathode 1light,
should be detected.

Thus, the hollow cathode was imaged into the middle of the
filter discharge by means of the positive lens L1, and this
point was focussed on the entrance slit of the spectrograph
by the lens L2. A circular aperture stop of 9 mm diameter
was placed close to each lens. As the lens closer to the
spectrograph was about 33 cm away from the entrance slit,
the f-number of: the optical system (330 mm/9 mm = 37) was
smaller than that of the spectrograph (300 cm/10 ecm = 30).
This limitation of aperture was unavoidable because two
right-angle reflections (prisms Pl and P2) were necessary to
bring the beam down to the height of the entrance slit and
to align the optical system.

The illuminated width of the grating for £/37 is (3000/37)
mm = 81 mm and therefore the effective resolving power for a
grating of 2160 lines/mm is 175,000.



FPig 6.1: The optical system.
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V. SUBSIDIARY EXPERIMENTS

l. Time Analysis of the Light Qutput from the Hollow Cathode
and the Filter Discharge

In order to analyze the time dependence of the light output
of both discharges under investigation, a series of
photographs of oscilloscope traces were taken with a
polaroid camera. The traces are reproduced in the figures of
this section. The time base settings are given on the
photographs (usually 2 msec/cm, with the exception of Fig.
1.3 where it is 0.5 msec/cm), time is running from left to
right, and intensity from top to bottom (with the exception
of Fig. 1.3). If a spectral line is investigated, it is
always the 1-5 line in argon. In the following, it will be
assumed that the findings for argon hold for neon, too.

As it is clear that smoothing of high voltage DC power
supplies operated at high currents is often fairly difficult
and involves large capacitors, a series of oscilloscope
traces of the photomultiplier output when detecting the 1-5
carrier gas line in the hollow cathode spectrum of argon was
photographed at different currents. The traces are re-
produced in Fig. 1.1 . The voltage zero is indicated by the
broad white lines. The last photograph in Fig. 1.1 shows a
trace, which gives the dark current of the photomultiplier.

It can be easily seen that the smoothing of the power supply
becomes less efficient for higher currents, 1leading to a
higher wvalue of the maximum-to-minimum ratio of the 100 Hz-
. ripples. Furthermore, even at a current as low as 50 mA, the
smoothing is found to be insufficient. Taking these results
into consideration, it seems to be desirable to run the
filter discharge with a power supply which is as
inefficiently smoothened, since the filter should be ‘on'
only when the hollow cathode is ‘on', too.
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Fig. 1.1: Time dependence of the 1light output from the
hollow cathode at currents between 450 and 50 mA at 1 torr
pressure in argon and time dependence of the dark current.
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Fig. l.1 continued:
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In order to find out something about the light output from
the filter discharge, an indirect method was used. A 100 U
resistor was included in the earth lead of the filter
discharge and the difference between the electric potential
on either side of the resistor was analysed by‘ an
oscilloscope with differential input unit. The results are
given in Fig. 1.2 . They show that for low discharge
currents, the expected 100 Hz-ripples are completely
distorted by an oscillation of the current with a frequency
which is roughly ten times as high. Increasing the current
from 1.6 to 10 mA causes the frequency of the oscillations
to increase, while their amplitude becomes almost
insignificant against the finally dominating 100 Hz-ripples.
It should be noted that, assuming that the trace for 10 mA
represents the voltage output of the power supply, the
filter discharge only strikes when the voltage has reached
about 50% of its peak value and quenches at about the same
voltage on the falling flank of the voltage 'pulse’.

Fig. 1.2: Time dependence of the filter discharge current
for I = 1.6 - 10 mA. ( x: 2 msec/cm )}

1.6 mA
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1.2 continued:

Fig.
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Another observation is represented in Fig. 1.3 . It shows a
high peak in the current which occurred before every 100 Hz
‘pulse'. These peaks could be observed on the oscilloscope
for every trace in Fig. 1.2, but, unfortunately, they were
too weak to show up on the photographs. The white spots at
the beginning of each ripple and at about double maximum
intensity indicate the height of the initial peak.

A qualitative interpretation of these phenomena may proceed
like this. Between two mains cycles, the filter discharge
quenches. When the next mains voltage 'pulse' has reached a
sufficient value, obviously earlier and earlier for higher
integrated output voltages, the discharge strikes with a
sudden break-down resulting in a short current peak which
triggers a current oscillation of unknown origin in the
plasma, though it may be speculated that the 'Tesla' plays a
role in this respect. The current oscillations are overlaiad
on the 100 Hz-ripples of the current caused by insufficient
smoothing of the power supply. These oscillations become
less important with increasing current.

Fig. 1.3: Peak at the beginning of each filter discharge
100 Hz current ripple. ( x: 0.5 msec/cm )
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It is assumed that the voltage across the resistor in the
earth lead of the filter discharge, which is proportional to
the current through the filter discharge, is thus directly
proportional to the total light output from the discharge.
Moreover, the emission from every single line is assumed to
be proportional to the total light output. These assumptions
are justified by the traces in Fig. 1.4 which show the
current through the filter (upper trace) and the intensity
of the argon 1-5 line detected simultaneously by the
photomultiplier (lower trace). These traces were obtained
with a two beam oscilloscope with the same time base
settings for both channels. Note how the (invisible) initial
peak in the current causes a broader decay peak in the light
output. It can also be seen that the light output is very
slightly delayed with respect to the current.

Fig. 1.4: Correlation of the time dependence of the current
through the filter discharge (upper trace) and the 1light
output of the 1-5 line (lower trace) for currents between
1.6 and 7 mA.
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The final set of traces in Fig. 1.5 shows the current
through the filter discharge (upper trace) and the intensity
of the hollow cathode line emission after passing through
the filter discharge (lower trace) for hollow cathode
currents between 150 and 450 mA. The filter discharge
parameters were kept constant to 2 mA and 3.7 mbar. It can
be seen that both traces are in fact about zero at the same
time. Note that for low hollow cathode currents the initial
peak in the filter discharge emission, which could be seen
in Fig. 1.2, becomes visible in the combined light output
and may thus be one cause for the deterioration of the
reduction factors for low hollow cathode currents, as it
will be dicussed in Chapter VI.

Fig. 1.5: Time dependence of the current through the filter
discharge (2 mA - 3.7 mbar, upper trace) and the intensity
of the hollow cathode line emission after passing through
the filter discharge (lower trace) for hollow cathode
currents between 150 and 450 mA.
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Fig. 1.5 continued:
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2. Filter Discharge Reversal Temperatures - Impurities

For the 1inert gases and the lines arising from transitions
within the (n+l)s - (n+l)p set of levels, one would expect
the reversal temperature (for constant discharge conditions)
to have roughly the same value for all lines with metastable
lower states and to have another, significantly higher
value, for all lines with non-metastable lower states. An
increase 1in discharge current should also lead to higher
reversal temperatures.

In this study, the reversal temperatures were determined by
spectrally scanning across the 1line under investigation
repeatedly, each time changing the current through the
standard lamp, until the line could no longer be observed.
The standard lamp current was then converted into a black-
body temperature using the calibration chart supplied with
the lamp.

An important result was found by measuring the reversal
temperature of a particular spectral 1line under the same
discharge conditions at different times after switching on
the discharge. This observation was undertaken because it
was expected that the abundance of impurities in the
discharge would decrease while the discharge was running,
due to the increase in efficiency of the getter pump from
the stirring action of the discharge. Fig. 2.1 shows the
decrease of the reversal temperature for the neon 1-5 line
in a discharge at 1.15 mbar and 3.6 mA. It can be seen that
the reversal temperature seems to tail off to a constant
value after about 3-4 hours. The changes in the measured
reversal temperature due to different times of measurement
after striking are very small in comparison to those changes
induced by different discharge currents. Thus, it was
considered as sufficient to measure all reversal
temperatures after the filter discharge had been running for
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longer than four hours. To support this, Fig. 2.2 shows the
intensity of the qﬂ line (hydrogen I, 4861 ) in the same
discharge as a function of time. The %ﬂ intensity also tails
off to a fairly constant value after about 3-4 hours. The
intensities of Hp lie only marginally above the dark current
of the photomultiplier, which was very low in any case

(~10”l0 A}, while a strong neon line would have been

measured as 10"5 A. This indicates the extreme weakness of

the 33 line, and thus the low concentration of hydrogen.

Fig. 2.1: Time dependence of the reversal temperature of
the 1-5 line in neon (pf a. = 1.15 mbar, If a. = 3.6 mA).
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Fig. 2.2: Time dependence of the Hga intensity in a neon
discharge (pf a. - 1.15 mbar, If.d. = 3.6 mA).

NEON, 1-5

1.50

.39

.20

LOG HYDROGEN-BETA INTENSITY
1.19 1
1

.80

Dark Current

.92

] | - 1 1
9.09 1.06 2.0e 3.20 4.99
TIME AFTER STRIKING FILTER DISCHARGE (HOURS]

Fig. 2.3 shows the reversal temperatures obtained for seven
lines in neon at four different filter discharge pressures
and currents between 1.6 and 10 mA. The symbols for the
measured data points distinguish the different filter
discharge pressures according to the following key:

X 8 1 mbar
+ & 2 mbar
O 2 2.6 mbar
0O & 4.4 mbar
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Fig. 2.3: Reversal temperature measurement results for
neon. The labels of the plots give the transition.
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Fig. 2.3 continued:
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Fig. 2.3 continuved:
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Fig. 2.3 continued:
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The lowest reversal temperatures were found for the
metastable lines. They lie at about 2150 K, but it should be
noted that due to an improved efficiency of the 'Tesla', the
minimum current could be lowered to 1.2 mA, while the
minimum for the reduction factor measurements was about 2
mA. The figures show that for decreasing current the
differences in the reversal temperatures due to different
pressures become less significant. For currents above 3 mA,
the reversal temperature is strictly higher for higher
pressures. At about 2 mA, the reversal temperatures for the
metastable lines are approximately 2200 K at all but the
highest pressure. If this temperature is used in Equ. 2.1 ,
a value for N g,/N;g of about 2 1077 results.

The reversal temperatures for the two lines with the s2-
level as lower state lie considerably higher than those for
the metastable 1lines, with differences of up to 100 K
between the values for different pressures. The lowest
reversal temperature for the 2-~4 line is 2460 K at 2.6 mbar.

To convert the standard lamp currents into black-body
temperatures, the accompanying calibration chart was used.
Considering the o0ld age of this, a systematic error of up to
+ 50 K cannot be excluded, while statistical errors of
measurement are expected to lie within + 10 K, which is
confirmed by the scatter of the experimental data.
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3. Filter Discharge Egquivalent Width

It has been pointed out in Chapter III.3 that a measurement
of the equivalent width of an absorption line is a suitable
method to determine the optical depth of an absorption line
if the background intensity is much greater than the
emission intensity of the absorbing medium itself. As a
knowledge of the optical depth of the filter discharge lines
was essential for the intended computer modelling of the
absorption process, a comprehensive set of equivalent widths
has been measured for different filter currents and
pressures in neon.

The method employed was as follows. The standard lamp,
running at the highest possible current to ensure that the
effect of the finite emission of the filter discharge was
smallest, was viewed through the filter discharge and the
resulting absorption profile was scanned with the
photomultipliér and recorded on a x-y-recorder. For these
measurements the primary slit and secondary slit were
matched. The intensity of the background continuum was also
recorded. The area of the absorption line then had to be
divided by the background intensity, giving an egquivalent
width in terms of wavelength as result.

This scanning method was very laborious, as the scans had to
be done by hand by turning the micrometer screw which drove
the photomultiplier across the line. The scans were done on
graph paper and the area of the resulting absorption
profiles had to be determined by counting squares.

To reduce the effort, the equivalent width measurements were
repeated with the photomultiplier stationary at the centre
of the filter discharge line. This was done by measuring the
intensity once with (12) and once without (Il) the €£ilter
discharge in operation and calculating the equivalent width
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according to

where A,R is the spectral slit width (here 50 mg). The
results of these measurements were compared with the results
obtained by the scan method and the deviations could then be
used to correct further equivalent width measurements with a
stationary photomultiplier.

As was expected, the measurements with the stationary photo-
multiplier yielded equivalent widths smaller by typically
30¢ than those which were done by the scan method, since the
invariable slit width of SO/A, corresponding to 50 mR, was
too narrow to measure the absorption in the wings of the
line. The scans yielded equivalent widths of typically 45 ml
for metastable lines and favourable filter discharge
parameters. If this is compared to the 17 ol typical Doppler
width, it becomes immediatemently obvious that the lines
must have been optically thick at line centre.

Furthermore, the measured equivalent widths still had to be
corrected for the finite emission of the filter discharge.
This correction can be calculated from the black-body
temperature of the standard lamp and the reversal
temperature of the lines in the filter discharge, according
to Equ. III.4.3 .

In addition to this, any scattered light will also decrease
the equivalent width. Two sources for scattered 1light are
conceivable. First, although a small aperture stop of 9 mm
diameter about 30 cm away from the lamp was used, the 1light
from the background source would still be sufficiently
divergent, so that some of it could reach the entrance slit
after multiple reflections off the glass walls of the filter
discharge tube without traversing the whole length of the
absorbing positive column. Secondly, the grating had a bad
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reputation for scattered light which was strongly supported
by a distinct fingerprint which could be seen on its
surface. Moreover, the absorption profile scans cannot be
used to £ind any contribution to the wings of the 1line as
the signal-to-noise ratio does not allow this.

Considering all this, it seems to be justified to assume
that the measured equivalent widths lie considerably below
the actual values, say, by about a third according to the
above example.

The problem of finding number densities from the equivalent
widths was solved by using a computer programme for the
calculation of the curve of growth (i.e. the dependence of
the equivalent width on the number density of absorbers),
which I wrote mainly using Equ. III.3.2 and

2

( e
line?ew) = 4Eomc Nl flu

{(Thorne /36/, Equ. 9.24) to calculate the peak optical depth
from Nl. A listing of the programme, which was called 'COG’',
can be found in Appendix VI.

Runs for several filter lines showed that column densities
of about 2 10%3 em™2 could be achieved for the population of
the sl and 83 levels, corresponding to a number density of .

about 2 10 om™3.

Tt 1is instructive to compare this with the total number

density of atoms at 2 mbar, which is about 6 10%° em™3.

Thus, up to every 300,000th atom can be found in the sl or
s3 state under favourable conditions. To achieve this
population ratio in thermal equilibrium would require a
temperature, as determined by Boltzmann's equation, of

35,000 K. Comparing this with the reversal temparatures of
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about 2150 K demonstrates how far from thermal equilibrium
the filter discharge is.

The following table gives a summary of interesting data.

Table 3.1: Summary of interesting data on the problem of
the determination of equivalent widths and peak optical
depths.

transition 1-7 1-5 3-9 3-6 2-4 1-2
wavelength [X] 5945 6143 6163 6266 6383 6402
T, (K] 2178 2186 2160 2144 2457 2250
W o= WP [mR) 45.1 51.3 44.8 51.9 9.7 60.1
calc. correction 1.22 1.25 1.22 1.20 3.01 1.4¢0
used correction 1.33 1.33 1.33 1.33 3.30 1.53
Wl[mR] 60.0 68.3 59.6 69.0 31.9 91.1
col. dens. [101%m %] 4620 3310 950 1450 115 3780

peak optical depth 40.3 65.8 42.9 95,9 3.4 239.1
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4, Hollow Cathode Relative Intensities - Self - reversal

The intensity of an emission line is proportional to the
number of downwards transitions, which is in turn
proportional to Aul“u' if stimulated emission is ignored and
no self-absorption or self-reversal occurs. Thus, if two
spectral lines have the upper state in common, the ratio of
their intensities should be determined solely by the ratio
of the Einstein probability coefficients

I A

1. ul,l
I, An,2

As self-absorption/reversal is proportional to the strength
of the line, it tends to 1level out intensity differences
between spectral lines. Since reliable experimental results
for the A-values are available (Wiese and Martin /31/), it
is possible to check for self-absorption/reversal if
relative emission line intensities can be obtained. To be
able to use the measured line intensities, the spectral
response of the combination of spectrograph and
photomultiplier had to be determined by using the standard
lamp at a certain temperature as a gray-body emitter. Table
4,1 gives the ratio of the A-values and corrected measured
intensities for a number of neon lines. In every case, self-
absorption/reversal decreases with falling hollow cathode
current, but the intensity ratios remain up to 50% below the
ratio of the A-values. This = indicates that self-
absorption/reversal is very strong for all lines.

To support this, two high resolution Fourier transform
spectrometer line profiles (resolution about 500,000) from
an iron-neon hollow cathode operated at 900 mA and 4 torr
are given in Fig 4.1 (Note the log-intensity scale). A
complete set of FPTS line scans can be found in Appendix I
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(by courtesy of R.C.M. Learner; profiles taken at Kitt Peak
National Observatory, Tucson, Arizona, USA, 1981). An
examination of the complete set reveals that, in fact, the
stronger lines show  stronger self-absorption/reversal.
Furthermore, the lines with the sl level as lower state
exhibit the strongest effects followed by the s3, s2, and s4
lines. It should be noted that the 1-2 line (see Fig. 4.1)
is most severely affected, leading to apparently two lines
being observed.

Table 4.1 :

lines ratio of Intensity ratios at
A-values filter discharge current
100 mA 150 mA 250 mA 350 mA

4-9/2-9 4.14 3.11 3,00 2.78 2.35
3-9/2-9 2,60 2.04 2.04 2.01 1.94
4-10/2-10 75.8 55.5 53.9 50.7 50.2
1-5/4-5 1.62 0.96 0.95 0.95 0.92

2-4/3-4 2.97 1.80 1.61 l.61 1.62
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Fig. 4.1: FTS 1line scans of hollow cathode lines 1-2 and
2-4 in neon at 900 mA and 4 torr.
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5. Hollow Cathode Line Shapes and Shifts

The fixed width of the secondary slit of the photomultiplier
housing did not allow the full resolving power of the
spectrograph to be used. Thus, to obtain hollow cathode line
profiles, the photomultiplier was replaced by a 35 mm-film—
holder which I built and Kodak high speed IR black and white
film was used to photograph the spectral 1lines. The films
were analysed by means of a microdensitometer and two of the
traces obtained are reproduced in Fig. 5.1 . The micro-
densitometer measured the density of the film rather than
its transmission and, moreover, it was not certain that the
exposures corresponded to the 1linear part of the film
characteristic. Thus, an indirect method was used to
determine the half width of the lines. Two exposures of a
particular line were taken with the full and the half time
of exposure, and the width of the first one was measured at
a height corresponding to the peak of the second. It must be
stated that this method ignores departures from the
reciprocity law, on the grounds that other errors are likely
to be at least as large.

In addition to these measurements, the Hartmann diaphram of
the entrance slit was used to photograph the hollow cathode
lines with the same line in the filter discharge on top and
below. The hollow cathode line shifts were determined on a
measuring microscope and the corresponding Stark line widths
could then be obtained from Griem's tables /10/, assuming
that the shift was due to the Stark effect. The shifts of
all hollow cathode lines were found to be 3 mR + 1 m® at 350
mA/2.5 mbar and 2 m} + 1 m® at 250 mA/2.25 mbar in neon. The
corresponding Stark widths (FwWHM) of about 3 mk and 2 m%
respectively were employed to de-convolute the expefimental
line widths from their Lorentzian components. The resulting
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Fig. 5.1l: Microdensitometer traces of hollow cathode lines
taken at 350 mA and 2.5 mbar in neon.
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total Gaussian widths could then be corrected for the
Gaussian instrumental function, as described in Chapter
I11.4. The intrinsic Gaussian component cannot be attribu-
ted solely to Doppler broadening because of the self-
absorption/reversal. It would therefore be expected to vary
from one line to another, and this is borne out by Table
5.1, which shows the reduced intrinsic Gaussian widths for a
hollow cathode current of 350 mA and a pressure of 2.5 mbar
in neon, and calculated Doppler widths for a gas kinetic
temperature of T = 700 K, which is thought to lie c¢lose to
the actual tempe;ature in the hollow cathode for these
running conditions. In fact, it can be concluded that the
broadening increases with the f-value of the line; the 1-2
line shows very strong self-absorption/reversal and the 1-5
and the 3-6 lines are also considerably broadened, while the
other lines in the table seem to be 1less affected. These
findings could have been expected from the results described
in Chapter V.4 .

The isotope broadening, which was discussed in Chapter
I11.2, will be taken account of in Chapter VII.
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Table 5.1: Hollow cathode Gaussian widths for different
currents calculated from measured line widths, and expected
Doppler widths in neon for T = 700 K.

transition 1-7 1-5 3-9 3-6 2-4 1-2
experim. FWHM [mf) 54.4 59.5 57.5 60.5 56.8 74.9
Lorentz. FWHM [mﬂ} 3 3 3 3 3 3

tot. Gauss. FWHM [mf] 52.8 57.9 55.9 58.9 55,2 73.3
instr.Gauss.FwHM [mR] 42.9 43.6 43.7 44.0 44.4 44.5
intr.Gauss. FWHM [mgl 30.7 38.1 34.9 39.2 32.8 58,2
calc.Doppl. FWHM [mR] 25.1 26.0 26.1 26.5 27.0 27.1
f-value 0.060 0.159 0.249 0.440 0.196 0.443
A [107 sec™?) 1.13 2.82 1.46 2.49 3.21 5.14
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VI. REDUCTION FACTOR MEASUREMENTS

1. Introduction

The reduction factors, defined in Chapter III.l as the ratio
of hollow cathode line intensity without and with the filter
discharge in operation, were measured for every combination
of the following number of lines and parameters.

Neon: 12 spectral lines

4 hollow cathode running conditions:
100 mA - 2 mbar
150 mA - 2.1 mbar
250 mA ~ 2.25 mbar
350 mA - 2.5 mbar

5 filter discharge pressures:
1 mbar
1.3 mbar
2 mbar
4.4 mbar
6.4 mbar

about 7 filter discharge currents between
2 mA and 10 mA, depending on the
behaviour of the reduction factors

Argons 6 spectral lines

4 hollow cathode running conditions:
150 mA ~ 2.4 mbar
250 mA - 2.4 mbar
350 mA - 2.4 mbar
450 mA - 2.4 mbar
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4 filter discharge pressures:
0.7 mbar
1.7 mbar
3.0 mbar
3.7 mbar

about 6 filter discharge currents between
1.6 mA and 8 mA, depending on the
behaviour of the reduction factors

It was decided to present the roughly 2000 measured
reduction factors as plots of reduction factor against
filter current. For each spectral 1line the five (four)
curves obtained for different pressures in the filter
discharge were plotted on one graph. This was done because
in most applications the decision about the hollow cathode
current is dictated by the nature of the experiment, and the
filter will be a piece of equipment to be adapted to the
particular situation. The complete sets of plots for neon
and argon can be found in the Appendices II (neon) and III
(argon}.,

The reduction factors were measured in the following way.
The filter discharge, previously filled with the inert gas
at one of the pressures under investigation (previously can
mean anything between a few minutes and a week before), was
struck and run at a medium current (~5 mA) for about four
hours to allow the discharge to clean up (see Chapter V.2),.
Then the hollow cathode discharge was struck and run up to
the desired current.

The reduction factors were then measured for each spectral
line at different filter currents. This sequence had to be
repeated for the remaining three hollow cathode currents.
Hereafter, the pressure in the filter discharge was changed,
and all these measurements were repeated and so again for
each remaining filter discharge pressure.
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The reduction factor was defined as the ratio of the hollow
cathode emission line intensity measured by the photomulti-
plier without the filter discharge in operation to that with
it; the readings on the picoammeter were corrected for the
dark current of the photomultiplier where necessary. This
was usually only the case for the long-wavelength lines for
which the sensitivity of the photocathode fell off and for
low hollow cathode currents. The primary slit of the
spectrograph was opened sufficiently widely that no
significant increase in line intensity could be observed if
the slit width was further increased.

It can be argued that this ensures that the hollow cathode
line profiles, which have about the same width as the exit
slit (50/u = 50 mﬂ, see Table V.5.1), are measured so far
out into the wings that the reduction factors reflect the
absorption process integrated practically over the whole
line. A simple argument to make this understandable runs as
follows. Consider a spectral 1line and a less intense
satellite so far away from the main line that with a narrow
entrance slit only the main line is imaged on the exit slit
(see Fig. 1.1 a). If the entrance slit 1is opened, the
intensity detected behind the exit slit will increase since
the broader image of the satellite will partly fall onto the
exit slit (b). When the whole exit slit receives light from
the satellite, the intensity will no longer increase if the
entrance slit is opened even further and the light from the
main line and from the satellite is detected with the ratio
of their total intensities (c).
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Fig. 1l.1: Influence of the entrance slit width on image-
forming process for a strong line and a satellite.

narrow entrance gignal begins signal levels off:
slit - satellite to increase equal fractions of
not included main line and satel-

lite included

r
(a) (b) (c)
—> -y L —Y
exit ‘ exit exit
8lit slit slit

A thorough check of the reduction factors measured in this
way against results obtained from complete 1line scans is
included at the end of this chapter. It will show that no
noticable systematic error has been introduced.

The relative intensity of the filter discharge emission with
respect to the hollow cahtode emission was also recorded, as

this has to be known for the computer calculations described
in Chapter VII,

The large amount of data which was to be presented made it
necessary to find an efficient way to produce the plots. For
this purpose I wrote a computer programme which allows one
to plot up to five sets of data in one coordinate system and
also offers the option of plotting a polynomial of any
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desired order to fit the data points. These fits served to
connect the points which belong together and to indicate the
probable behaviour of the reduction factors between data
points. The latter is not always the case, as a polynomial
is not necessarily a suitable means to smooth the data. It
should be noted that there is no theoretical significance in
using a polynomial fit.

Each set of plots has a title giving the gas , the spectral
line, and the hollow cathode current and pressure. The data
curves for different filter discharge pressures can be
identified by the symbols used to plot the measured data
points. The keys to the symbols are given in the appropriate
sections.
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2. Neon

a) Hollow Cathode Current 350 mA

i} Results

In general, it can be stated that all reduction factor
curves seem to have the same shape, which is exemplified by
Fig. 2.1 . The reduction factor starts with a low value for
low filter currents and increases to a maximum with
increasing current before tailing off in a relatively long
‘wing' for high filter currents. Obviously, the experimental
results often comprise only certain parts of this general
curve, but it is still a useful idea to remember.

Fig 2.1: Typical behaviour of the reduction filter against
filter current.
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The description of the reduction factor results will be
commenced with those obtained at a current of 350 mA and a
pressure of 2.5 mbar in the holliow cathode. Fig. 2.2 shows
the results for the neon lines with metastable lower levels
sl and s3 . The key to the symbols is as follows:

X & 1 mbar
+ & 1.3 mbar
¢ & 2 mbar
O & 4.4 mbar
A 2 6.4 mbar

If the curves are considered in the sequence of increasing
filter discharge pressure, it can be noted that the maxima
of the curves are continuously shifted towards lower filter
discharge currents. For high filter pressures, the maxima
lie outside the range of the experiments but may be expected
at very low currents.

The maximum reduction factor reached for each filter
pressure increases with the pressure to a maximum at 2 mbar
and decreases adain for high pressures. As this is so for
all metastable lines, it becomes clear that a pressure of
about 2 mbar produces the optimum reduction factors.
Henceforth, the shorthand 'ORF' will be used for the
'optimum reduction factor' with respect to a particular line
at a particular hollow cathode current and pressure. Thus,
the ORF corresponds to the highest ordinate in a particular
figure. The filter currents at which the ORFs occur for the
metastable lines lie between 3.5 mA and 4.5 mA, with the
exception of the 1-2 line, where the optimum is found at 2.5
mA. All these ORFs lie between 8.5 and 9.5, again with the
exception of the 1-2 line, where the optimum is about 7.
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In the 1light of these findings, the behaviour of the non-
metastable lines will now be discussed. After what has been
said in Chapter I1II.5, the behaviour of the lines with the
82 level as lower state must be expected to resemble
somewhat that of the lines to the metastable levels. This is
in fact so for the 2-4 and 2-9 lines, as can be seen from
Fig. 2.3, although the following differences occur. General-
ly speaking, higher currents are needed to reach lower
max imum reduction factors. The ORFs are reached at
pressures of 2 and 4.4 mbar and at currents of 5 and 7 mA
respectively. It can also be noted that high pressures are
not as unfavourable as for the metastable 1lines. The ORFs
deteriorate rapidly for rising energy of the upper state of
the 1line, which can also be seen from Fig. 2.3 .

Fig. 2.3: Reduction factors for the lines from the 82 level
in neon. The 1labels of the plots give the gas, the
transition, hollow cathode current and pressure.
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The 2-10 1line behaves differently from the other two lines

from the s2 level that have been measured. In particular, no

reduction whatsoever occurs for any parameters,

with high

pressures and low filter currents being less unprofitable.
This behaviour is similar to that of the 4-10 line
2.4), but the measurements for this line are incomplete.

For

favourable.

the 4-9 1line,

(Fig.

low pressures and high currents are
The reduction factors of the 2-10 line and all

the 84 1lines lie close to one and confirm that the filter
does not operate on these lines to any appreciable extent.

Fig. 2.4:

give the gas,

Reduction factor measurement

results
lines from the s4 level in neon. The labels of the plots
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the transition, hollow cathode current and
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Fig. 2.4 continued:
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ii} Discussion

The shift of the reduction factor maxima towards lower
filter currents with increasing pressure within a particular
plot is to be expected, as higher pressures provide a higher
number density of absorbers so that lower currents are
sufficient to produce a high population of the metastable
levels. Low currents are advantageous, since they mean a low
Nu/Nl ratio (as was shown by the reversal temperature
measurements} and thus cause only weak emission. It is also
no surprise that an intermediate pressure gives best
reduction, as this may be considered as compromise between
a sufficient number density of absorbers and not too many
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emitters.

As was already mentioned in Chapter V.4, the 1-2 line in
neon exhibits the strongest self-absorption/reversal in the
hollow cathode spectrum. This must necessarily lead to lower
reduction factors to be measured for this line, as the
hollow cathode line becomes broader relative to the filter
discharge 1line, and the background light starts 'to leak
around the edges' of the filter line.

The similarity of the behaviour of the 2-4 and 2-9 lines to
that of the lines from the sl and the s3 level was expected,
as they have the 'semi-metastable' s2 level as lower state
{see Chapter III.6). The decreasing reduction with
increasing energy of the upper state can be attributed to
the corresponding decrease in f-value of the 1lines (Wiese
and Martin /31/), which leads to the emission term in Equ.
I1I1.1.12 being small compared with the absorption term.

Those 1lines with the s4 level as lower state show no
reduction, since there is no mechanism which c¢ould provide
an appreciable population of the lower states.

If the reduction factor curves for the highest filter
pressure (6.6 mbar -~ A) are examined closely, a kink between
5 and 6 mA can be found in many of them (1-2, 2-4, 2-9,
2-10, 4-9, 4-10), most noticeably for the 4-9 line because
of the enlarged ordinate scale. The occurrence of this
upward jump for rising currents was observed to coincide
with an unsteadiness in the appearence of the filter
discharge. It could be seen that at around these currents
one of the dark spaces of the glow discharge, which had
previously been located in the cathode sidearm, 'jumped'
into the main part of the discharge tube. This was obviously
associated with a change in the composition of the parts of
the plasma used for filtering, which resulted in a small
unsteadiness of the reduction factors.
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b) Comparison with Lower Hollow Cathode Currents

i) Results

The complete discussion of all aspects of the dependence of
the reduction factors on the spectral lines , hollow cathode
current, filter pressure and current is an overtaxing task.
It must be left to the user of the filter to find out about
his particular points of interest. Nevertheless, a number of
general remarks will be made.

The lower hollow cathode currents investigated were 250,
150, and 100 mA. Down to 150 mA, the ORFs for the meta-
stable lines exhibit little change, but all of them peak at
150 mA hollow cathode current and 2 mbar filter pressure,
with the exception of the 1-2 1line (250 mA, 1 mbar).
However, it should be noted that the next highest pressure
(4.4 mbar) is a serious competitor (see 3-6/100 mA and
1i-5/150 mA), especially since the lowest currents used (2.4
mA (2 mA)) might be lowered in another experiment through a
more sophisticated animation mechanism than the 'Tesla'. For
the non-metastable 1lines, a continuous decline of the ORFs
with decreasing hollow cathode current coincides with a
shift of the optima to lower currents. The optima for the
2-4 and 2-9 lines stay above a value of one, their worst
values being about 3.5 and 1.5 respectively. The 2-10 and
4-10 lines exhibit ORFs of about one only for the highest
filter pressure (6.4 mbar). The ORF is only 0.5 (corres-
ponding to an increase in line intensity by a factor of two)
for the 2-10 line at 2 mbar filter pressure.

ii) Discussion

A decrease in hollow cathode current 1leads to a more
unfavourable ratio of hollow cathode emission to filter

discharge emission, as the hollow cathode temperature
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approaches that of the filter. This disadvantage is
obviously outweighed by the corresponding decrease in hollow
cathode line width, as long as the hollow cathode current is
greater than or equal to 150 mA. The Doppler, Stark, and
self-absorption/reversal broadening all decrease as the
current and hence the temperature and electron density is
lowered.

As was mentioned in Chapter V.4, the metastable lines in the
hollow cathode show much more liability to self-absorption/
reversal than the non-metastable lines. Thus, the latter are
much less broadened by self-absorption/reversal at high
hollow cathode currents so that a decrease in current does
not decrease the line width as much as for the metastable
lines. Hence, the continuous decline of the ORFs for the
non-metastable lines with decreasing hollow cathode current
is comprehensible.

The explanations of the other effects were already given in
Section 1l.a)ii) of this chapter.

c)} Summary and Recommendations

The following table gives a summary of the optimum
combination of parameters and the resulting reduction
factors for some groups of spectral lines as found in the
course of this study.
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Table 2.1:

Neon:

hollow cathode recommended fil- measured reduction

parameters ter discharge factors for lines
parameters 1-2 1-5 3-4 2-4

350 mA, 2.5 mbar 4 mA, 2 mbar 6.8 8.0 8.5 3.7

250 mA, 2.25 mbar 4 mA, 2 mbar 6.0 9.0 8.1 3.4

150 mA, 2.1 mbar 2 mA, 2 mbar 8.5 10.5 9.0 3.3

100 ma, 2 mbar 2 mA, 2/4.4 mbar 6.5 9.0 6.5 3.0

Notes:

The results seem to indicate that for'250, 150 and 100
mA a combination of a lower current and a higher

pressure in the filter, such as e.g. 1 mA/4 mbar, could

be advantageous.

The recommended set of parameters give optimum
reduction of the metastable 1lines. The reduction of
lines from the s2 level is relatively small. The 4-9
and 4-10 lines are hardly affected, but, as the latter
is the strongest 1line in the spectrum, it should be
ensured that a rather higher filter pressure is chosen
to avoid enhancing the intensity of this line.
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3. Argon

a) Results

The complete set of reduction factor plots for argon can be
found in Appendix III. The key to the symbols for different
filter discharge pressures is given below:

[{H]

0.7 mbar
1.7 mbar
3 mbar
3.7 mbar

g & + X
n ®

(]

Only eight argon lines were measured, but the consistency of
the data justifies this restriction in retrospect. As the
behaviour of the reduction factors is less comlex than in
the case of neon, all four hollow cathode currents can be
dealt with at the same time,

It was found that in every plot of the argon results, the
optimum reduction factor ORF (the highest reduction factor
for a particular spectral 1line at a particular hollow
cathode current) occurs for the lowest filter pressure which
was investigated (0.7 mbar). All curves can be understood as
derived from the general curve which was already found to be
typical for the neon 1lines (see Section 2.a)i) and Fig.
2.1).

For the metastable lines it is also true that in all cases
the 1lowest filter current used 1leads to the greatest
reduction, i.e. the optimum current can be assumed to be
less than 1.6 mA. Only when the hollow cathode current was
450 mA did the optimum filter current appear actually to
have been reached at about 2 mA.
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Further close similarities to the findings for neon can be
seen; the lower the hollow cathode current the further to
the right of an imaginary maximum at very 1low filter
currents do the reduction factor curves seem to be shifted.
Furthermore, higher filter pressures seem to shift this
maximum even further towards small currents, although . this
effect is only clearly noticable for high hollow cathode
currents.

For the two non-metastable lines, it was found, as in neon,
that the maxima (this time clearly observed), generally

occur at higher filter currents than for the metastable
lines.

The absolute values of the ORFs for the metastable lines
start at values of between 6 and 7 for the highest hollow
cathode current (450 mA), they reach their greatest values
of between 7 and 10 at 250 mA and start falling again €£for
150 mA, though this effect is not yet noticable for the 1-3
line.

b) Discussion

The most remarkable difference to the neon results must be
seen in the fact that lower currents and lower pressures in
the filter produce the optimum reduction factors. A possible
explanation is the much lower energy of the first excited
state of argon (l11.7 eV as compared with 16.7 eV for neon).
All the other observations can be explained by the same
arguments as those used in the case of neon.
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c) Summary and Recommendations

The following
combination of parameters and the

table gives a summary of the optimum
resulting reduction
factors for some groups of spectral lines as found in the

course of this study.

Table 2.2:

Argon

hollow cathode

recommended f£il-

measured reduction

parameters ter discharge facters for lines
parameters 1-2 1-5
450 mA, 2.4 mbar 2 mA, 1 mbar 5.3 5.6
350 mA, 2.4 mbar 1.6 mA, 1 mbar 6.2 6.6
250 mA, 2.4 mbar 1.6 mA, 1 mbar 6.0 7.4
150 mA, 2.4 mbar 1.6 mA, 1 mbar 4.8 7.0
Notes:
- The results seem to indicate that for all hollow

cathode currents a combination of lower

higher pressure in the filter,

2 mbar, could be advantageous.

current and
such as e.g.
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4. The Significance of the Hollow Cathode Pressure

In the early stages of the experiment, it was found that
lower hollow cathode currents require 1lower pressures for
maximum intensity of the carrier gas lines. Thus, as already
mentioned, the running conditions for the neon measurements
were:

350 mA, 2.5 mbar

250 maA, 2.25 mbar

150 ma, 2.1 mbar

100 ma, 2 mbar .

By contrast, the hollow cathode pressure for the argon
measurements was always 2.4 mbar. Comparing the results for
both gases reveals no obvious dependence on the very small
changes in hollow cathode pressures. For lack of time, no
systematic investigation of the significance of the hollow
cathode pressure was undertaken, but the result of a short
run, which was accidentally done at 1 mbar for a current of
350 mA in neon indicates that much lower hollow cathode
pressures lead to considerably higher reduction factors for
those lines with the sl level as lower state. Table 2,3
compares two runs at 2.5 mbar and 1 mbar for the 1-2 line,

Table 2.3: Example of the dependence of the reduction
factors on the hollow cathode pressure.

Gas: neon line: 1-2 hollow cathode current: 350 mA
filter discharge pressure: 4.4 mbar

filter current [mA]
hollow cathode pressure 2.4 3 4 5

1l mbar 10.5 9.4 7.8 6.6
2.5 mbar 6.3 6.0 5.7 5.2




- 103 -

Since it is mainly those lineg from the sl level which show
very strong self-absorption/reversal, the decreasing
tendency for self-absorption/reversal with decreasing hollow
cathode pressure in combination with the diminishing
importance of pressure broadening is the obvious explanation
for this observation.

Hence, one may find it advantageous‘to decrease the hollow
cathode pressure when a filter discharge is employed,
provided that the lower intensity of the 1lines of the
sputtered material does not cancel this advantage.



- 104 -

5. Errors

The statistical errors in the measurements of the reduction
factors due to inaccurate reading of the picoammeter are
certainly 1less than 2% and thus insignificant in comparison
to other errors.

The dark current of the photomultiplier was measured
frequently and found to be almost constant and usually very
small in comparison with the detected signal. Therefore, the
signal-to-noise ratio can be regarded as very good.

Systematic errors due to long term changes, as for example
changes of temperature during a particular run, cannot have
occurred to any large extent as no inconsistencies have been
found, which c¢ould be attributed to such an effect.
Furthermore, no significant change in 1line intensity
occurred during any particular run (~1 h).

To check for systematic errors, a set of scans of hollow
cathode lines once with and once without the filter in
operation were done. Two examples are shown in Fig. 5.1 and
'a set of experimental traces of hollow cathode emission
profiles and hollow cathode absorption profiles can be found
in Appendix IV. The results are given in Table 5.1 and
indicate that a random error of + 5% must be assumed for the
reduction factors. Nevertheless, the results show no
systematic shift towards greater reduction factors for the
measurements with stationary photomultiplier, which would
have occurred if the method of opening the entrance slit
widely had not led to the signal behind the exit slit being
integral over the whole hollow cathode line.
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Table 5.1: Comparison of reduction factors measured by a
stationary photomultiplier and in a photomultiplier scan.

Hollow cathode: 350 mA / 2.5 mbar 250 mA / 2.25 mbar
Filter discharge: 2 mA / 2.5 mbar ‘2mA / 2.5 mbar
line stationary scan stationary scan
1-7 8l3 8.3 9-5 9-9
1-2 7.0 6.5 7.5 , 7.3
3-6 8.0 7.7 8.5 8.9
2-4 3.0 3.1 3.5 3.7

Fig. 5.1: Photomultiplier scans of the 1-5 and the 2-4
lines in neon at a hollow cathode current of 350 mA and a
pressure of 2.5 mbar.

16383

line 2-4

1 = 350 mA
h.c.

50 m} .
i ph-C- 2.5 mbar
Instumental

Width

~100 ~50 0

Distance from Hollow Cathode Line Centre [mﬂl
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Fig. 5.1 continued:

A6143
4 line 1-5

| I = 350 mA
[ 75 =& 3 ph+C€+ = 2.5 mbar
I ’\ h.c.
{

e

¥ t — t T

-150 -100 =50 O 50 100 150
Distance from Hollow Cathode Line Centre [nﬁﬂ

Although the reduction factors may have a 5% random error,
the relative error (scatter} of those reduction factors
which were measured for a particular line during the same
run (and are thus displayed in the same reduction factor
plot) are even smaller (~2%), which is supported by the
small deviation of the measured data points from the curves

fitted to them (see Chapters VI.2.a}i) and VI.3.a}), and
Appendix II).

From the design of the optical system (see Chapter IV.6}, it
is possible that some light from the hollow cathode may
enter the spectrograph without traversing the full length of
the positive column of the filter discharge (through
reflections from the glass walls of the discharge tube), and
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it is also possible that some light is detected from parts
of the filter discharge not traversed by hollow cathode
radiation. Both these effects will lower the reduction
factor. The measured values are therefore a lower limit and
somewhat higher reduction factors might conceivably be
achieved with a more sophisticated optical system, e.qg.
anti~-reflection coating on the tube walls.
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VII. COMPUTER MODELLING

1. Introduction

In order to model the measured reduction factors, to study
the influence of the different parameters, and to plot
synthesized spectrum profiles, I wrote an interactive
computer programme which was called 'REFA'. The FORTRAN IV
listing of this can be found in Appendix V.

The programme asks the user to enter a number of parameters
and then calculates the corresponding reduction factor and
some other interesting results. Finally, it offers the
options, first, to plot the filter discharge line profiles,
secondly, to plot the absorption profile for a continuum
source as background source, and, thirdly, to plot the
hollow cathode 1line profile with and without the filter in
operation. Kielkopf's Voigt function approximation was used
for the computer modelling and a listing of the function
subroutine 'VOIGT' can also be found in Appendix V.

The computing was done on DEC PDP-11 and PDP-10 computers,
the first in combination with a Tektronix Digital Plotter
and the second with a Hewlett Packard HP 7221 plotter.

The input parameters required are:

- wavelength

~ hollow cathode Lorentzian FWHM

- hollow cathode Gaussian FWHM

~ hollow cathode line shift

transition-probability-sum of the upper state

- filter discharge pressure FWHM

- isotope shift

- ratio of filter discharge to hollow cathode line
intensity '

oa =m0 Q T oo
1
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i - additional filter discharge Gaussian FWHM
3 - peak optical depth

The programme calculates the:
- filter discharge Doppler FWHM
- filter discharge natural FWHM
- filter discharge Voigtian FWHM
- hollow cathode Voigtian FWHM
- filter dischaege damping ratio
- hollow cathode damping ratio
- reduction factor



- 110 -

2. Short Review of how the Input Parameters were obtained

The above list of input parameters will now be commented on
by a short review of the ways by which the parameters were
obtained and a summary of the relevant data. It should be
noted that the computer analysis was performed only on data
fér neon, a restricted number of lines (1-7, 1-5, 3-9, 3-6,
2-4, 1-2), and the following parameters for the discharges:

350 mA
hollow cathode pressure = 2.5 mbar

hollow cathode current

filter discharge current = 2.0 mA
filter discharge pressure = 2.55 mbar

ad b-c-d; hollow cathode parameters

From the photographic analysis of the hollow cathode lines
(see Chapter V.5), a Stark shift of about 3 m® for all lines
at 350 mA hollow cathode current and 2.5 mbar pressure were
found. Griem /10/ gives Stark shift and width data for an
electron temperature of 5000 X (which 1is probably the
temperature closest to the one in the hollow cathode), an

electron number density n  of 1016 cm-'3 » and the following
lines:
line 1-2 1-7 2-3 2=7 3-6
Griem
Adgeah [ 15.0 4.6 15,7 15,2 15.8
shift [mR) 15.8 16.4 15.9 16.3 17.3 .

The mean values for these lines are:

Griem, _
<adgy eP> = 15.3 nf

<shift> = 16.6 m} .
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Stark width and shift are proportional to the electron
number density. Thus, the measured hollow cathode line
shifts of 3 mf correspond to a Stark width of about 3 mR.

{ Note: The electron number density n- and the degree of
ionization can be estimated in the following way:

- <experimental shift) 1016 cm_3

n = <Griem's shift>
- 3 16 =3 15 -3
n ﬂ-i-é-:-é 10 cm = 2 10 cm

The pressure in the hollow cathode was 2.5 mbar. Thus, the
number density of atoms is n = p/{kT) = 6 1016 cm-3. There-
fore, the degree of single ionization is about n /n = 20/600

= 3% . )

The holliow cathode' Gaussian FWHMs were obtained in the
following way. The 1line widths, as obtained from the
photographic analysis, were de-convoluted from 3 mR
Lorentzian width (ab-)using the 'REFA' programme and thus
implicitely Kielkopf's Voigt approximation. The results are
the total hollow cathode Gaussian widths of the lines:

line 1-7 1-5 3-9 3-6 2-4 1-2

h.c.
A,]exp. mB] 54.4 59.5 57.5 60.5 56.8 74.9

h.c. .
A ALOrentz[mR} 3 3 3 3 3 3

sARS: Imf]  52.8 57.9 55.9 58.9 55.2 73.3
r

The instrumental width can be calculated using Equ. VII.5.4
and the following parameters:

1/9 = reciprocal grating constant = 2160 mm 1
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d = width of the wave front falling onto the grating =
(300/37) cm = 8.1 cm

s = slit width = 20/1

f = focal length of spectrograph = 3 m

line 1-7  1-5 3-9  3-6  2-4  1-2
aﬂé:§§;°{m81 42.9 43.6 43.7 44.0 44.4 44.5

Now, the intrinsic Gaussian widths can be calculated
according to:

. 1
h.c. = h.c. ,2 _ instr., 2
‘!’XG,r intrinsic = J(AAG, tot) ( )‘G )T
line 1-7 15  3=9  3-6  2-4  1-2
ayh-c- (mf] 30.7 38.1 34.9 39.2 32.8 58.2

G, intrinsic

Due to the spectral line arising from the second isotope
22
{

can be taken into account by comparing the width of plotted

Ne), the main line (zoNe) is apparently broadened. This
aynthesized hollow cathode line profiles with the Voigtian
width which was used as input parameter to compute the -

profiles, Here some examples:

line 3-9 2-4 1-2

measured width on plot [mR] 37.0  35.0  59.1
computed Voigtian width [mf] 34.6  32.6  56.6
ratio 1.069 1.074 1.044

1f this isotope broadening is included, the following
corrected intrinsic Gaussian widths result {(rounded):

line 1-7 1-5 3-9 3-6 2-4 1.2

h.c.
A)G. intrinsiclmg] 29 36 33 37 31 55
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ad e; transition-probability-sum of the upper state

These were taken from Bridges' and Wiese's paper /9/.

line 1-7 1-5 3-9 3-6 2-4

1-2

1

A [10’ sec™}] 5.22 5.01 5.19 5.13 5.02

5.06

ad £; filter discharge pressure FWHM (see Chapter 111.2)

Kuhn and Lewis /37/ measured pressure broadening for the

relevant neon lines. Their values for T = 77 K and T =

270 K

were linearly extrapolated to T = 300 K and to a pressure of

2.55 mbar. If a line in my set had not been measured by Kuhn

and Lewis, the data for the most similar line were used:

line 1-7 1-5  3-9 3-6 2-4 1-2
4)5;2;sure {m8) 0.5 0.4 0.2 0.2 0.2 0.4
ad g; isotope shift (see Chapter I11I.2)
Odintsov's data /18/ were used:
line 1-7 1-5  3-9 3-6 24 1-2
isot. shift [mf] 20.2 22.9 20.9 21.9 22.9 22.5

ad h; ratio of filter discharge to hollow cathode intensity

The values I measured in the course of my experiments are:

line 1-7 1-5 3-9 3-6 2-4

1-2

If.d./Ih.c. 0.0i11 0.011 0.013 0.012 0.034

0.016
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ad i; additional f.d. Gaussian FWHM

This parameter could be chosen arbitrarily to increase the
filter discharge Gaussian 1line width artificially to
simulate an additional broadening. It must be noted that the
Gaussian width was just additively increased by the input
value and that the egquation for the combination of two

Gaussian lines (Equ. III.2.8)/’3tot =\p3i +/3§ was not used.

Thus, by setting the additional Gaussian width equal to e.g.
20 mR, a filter discharge Doppler width of, say, 17 mf would
be increased to 37 mA. Cbviously, no special type of
broadening is described this way, but the effect of somehow
broadening the filter discharge lines (e.g. through the
Zeeman effect in a magnetic field) can be estimated.

In the course of the computer modelling, the additional

filter discharge Gaussian width was chosen to be equal to O,
5, 10, 20, 40, 60, and 80 mR.

ad j:; peak optical depth (see Chapter III.4)

The experimental egquivalent widths foP for a filter dis-
charge current of 2 mA and a pressure of 2.55 mbar were:

line 1-7 1-5 3-9 3-6 2-4 1-2

WP [mf) 45.1 51.3 44.8 51.9 9.7 60.1

The correction factors for these values according to Equ.
III.4.3 calcultated using the measured reversal tempera-
tures TR (see Chapter III.3) and a temperature T = 2570 K of
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the standard lamp are:

line 1-7 1-5 3-9 3-6 2-4 1-2

T, (K] 2178 2186 2160 2144 2457 2250
corr. for emiss. 1.22 1.25 1.22 1.20 3.01 1.40
total correction 1.33 1.33 1.33 1.33 3.3 1.53
ngp [mR) 60.0 68.3 59.6 69.0 31.9 91,1

The last but one 1line in the above table gives the
correction factors I finally wused which include an
additional correction for stray light and scattered light.
The corrected equivalent widths are given in the last line.

I wrote a curve of growth computer programme {called 'COG',
listing in Appendix VI) which allows one to calculate
equivalent widths W, and peak optical depths POD from column
densities of absorbers N and the line shape parameters. By
repeatedly running this programme, the following Ns and
PODs were found to correspond to the above corrected
equivalent widths:

line 1-7 1-5 3-9 3-6 2-4 1-2

N 12019 %) 4620 3310 950 1450 115 3780
peak opt. depth 40.3 65.8 42.9 95.9 3.4 239.1

Fig. 2.1 shows the output from 'COG' when calculating the
above data.
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programme

'COG' when

calculating the column densities and peak optical depths
given in the above table.
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As onhe can see, the column density for lines with the same
lower level differ slightly from one another. Thus, I used
the following mean values for the column densities of atoms
in the s-states:

state sl 52 s3

0 -2

N [10""cm <) 4000 115 1300

With these Ns 'COG' was run again and calculated:

line 1-7  1-5 3-9  3-6  2-4  1-2
N 1010 en™? 4000 4000 1300 1300 115 4000
Wy [mR] 58.3 70.6 62.6 67.8 31.9 92.4
POD 34.9 79.6 58.7 85.9 3.4 253.1

These peak optical depths were used for the computer
modelling.

A rough comparison of these column densities with those
obtained by J.E. Chamberlain /32/ shows that the results are
almost identical. The actual ratios of number densities as
found in this experiment to J.E.C.'s are about 0.6 (sl), 0.2
(82), and 1.4 (s3).

Note: The filter discharge damping ratios and filter
discharge Voigtian FWHMs, which are required as
input parameters for 'COG', were obtained in
preliminary runs with 'REFA', which gives the
required data as a by-product. The transition
probabilities were taken from data collected by Wiese
et al. /38/. '
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3. Explanation of the Computer Output and the Spectrum
Profile Plots

a) Computer Output

In Appendix VII, 296 reduction factor calculations are
docﬁmented by the corresponding computer output. The whole
set of results has the following order. It consists of eight
subsets, each subset consisting of six pages; each page
corresponds to one spectrum line (lines 1-7, 1-5, 3-9, 3-6,
2-4, 1-2). The first four 1lines are ‘'normal' metastable
lines, i.e. relatively strong and moderately affected by
self-absorption/reversal. The 2-4 line is a strong line with
the ‘'semi-metastable' s2 level as lower state (see Chapter
I1II.6), and the 1-2 line 1is the strongest 1line with a
metastable lower state and is strongly affected by self-
absorption/reversal.

The eight subsets give results for different situations,
which will be discussed in section 4 of this chapter. The
first three 1lines on each page give information on the
spectrum line and the particular situation. Each page
comprises 6 (7) runs, each run for a different filter
discharge Gaussian width; the differences are manifested by
different 'additional f.d. Gaussian FWHM [mR]‘ which have
been chosen to be equal to 0, 5, 10, 20, 40, 60 (,80) mA.

b) 'Spectrum Profile Plots

There are 30 'cases' marked among the runs in Appendix VII,
which give the data for which synthesized spectrum profile
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plots have been computed. Appendix VIII contains these
plots. The 3-9 line was taken as representative for the
group of four ‘normal' metastable lines (1-7, 1-5, 3-9,
3_6) -

Here some explanations on the plots. Fig. 3.1 shows 'case 3°'
as an example. The dominant spectral line sitting on the
zero—-intensity axis is the hollow cathode emission line (1).
If the filter discharge 1is running, the hollow cathode
absorption profile is produced, which is plotted in the same
intensity scale (2). Usually, the two outer parts of the
hollow cathode line which ‘leak around the edges' of the
filter discharge line can be seen as well as the small hump
at the centre of the hollow cathode absorption profile,
which is due to the filter discharge emission.

Fig. 3.1: Plots of computed spectrum profiles for the 3-9
line in neon.

COMPUTED SPECTRUM PROFILES

18
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Both the filter discharge line profile (3) and a continuum
absorption profile (4) (without filter discharge emission,
thus showing the actual equivalent width) have been shifted
upwards by 10 intensity units, so that they do not obscure
the hollow cathode absorption profile. The last two plots do
not have the same intensity scales and both scales are
different from those used for the hollow cathode profiles.
The intensity-equals—20 line is the full intensity line for
both the continuum and the filter discharge spectrum line
profiles.

The last two plots have been included for the following
reasons:

i) the filter discharge line profile:
- to show the two isotope lines
- to show the hollow cathode Stark shift
- to allow line width comparisons
- to show where the filter discharge line intensity
commences to be significantly # 0.
ii) the continuum absorption profile:
- to show how far into the wings the absorption
reaches. .

The following figure shows the computer output from 'REFA'
corresponding to the plots in Fig. 3.1 .

Fig 3.2: Computer output from 'REFA' corresponding to the
plots in Fia, 3,1 .
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4, Analysis

The analysis of the computer modelling results (as given in
Appendices VII and VIII) will be carried out subset by
subset, each subset corresponding to a particular situation.

On subget l; data corresponding to the exper imental

situation

The first subset shows the computer output which is produced
if those input parameters are used which were found to
describe the experimental situation as it was during the
reduction factor measurements. Obviously, the runs with the
additional filter discharge Gaussian width not equal to zero
have a hypothetic character as do the corresponding runs in
the other subsets. Comparison of calculated and measured
reduction factors for five lines starting from the sl and s3
levels shows that the calculated values are between 4% too
high and 16% too low. For the sixth line investigated, 2-4,
the discrepancy is 22%, but this is scarcely surprising in
view of the large correction to the equivalent width of this
line resulting from its high reversal temperature. Here the
actual data:

line 1-7 1-5 3-9 3-6 2-4 1-2
measured RF 8.4 7.5 8,2 8.5 2.8 7.0
computed RF 7.7 7.8 7.5 7.3 2.3 6.0
deviation [%] -9.1 +3.5 -%.3 -16.4 -21.7 -16.7

Generally speaking, the computed reduction factors tend to
be too small, but, nevertheless, the agreement is good in
view of the many sources of error.

A direct comparison of experimental and computed hollow
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cathode absorption profiles is also possible. Fig. 4.1.
shows the two profiles for the 1-7, 2-4, and 1-2 line
respectively. Considering that the experimental resolution
was only about 50 mR and that the hollow cathode line
profiles were only very crudely corrected for self-
absorption/reversal, the similarities are surprisingly
obvious. On the other hand, the profiles for the 1-2 line
reveal that in this case of extreme self-absorption/
reversal the deviations in line shape become significant.
Here, the use of a well resolved empirical 1line profile
could probably improve the accuracy of the modelling.

The fact that the four 'normal' metastable lines behave very
similarly can be proven by comparing the corresponding
spectrum profile plots labelled 'cases 1, 2, 3, and 7'. In
all cases, the filter discharge absorption commences as soon
as the filter discharge line intensity becomes significantly
¥ 0, but yet not far enough in the wings to avoid that some
light from the broader hollow cathode line 'leaks around the
edges' of the filter discharge line.

The effect of the less intense lines of the heavier isotope
22Ne can be observed easily in both the hollow cathode and
the filter discharge line profiles. For the hollow cathode
it causes a broadening and an asymmetry of the emission line
profile while two overlapping lines can be distinguished in
the case of the filter discharge. The hollow cathode
absorption profile shows that the blue-shift of the heavier
isotope line in combination with the red-shift of the hollow
cathode line, due to the Stark effect, leads to more hollow
cathode 1light being absorbed in the blue than in the red
wing of the line.

In the centre of the filter discharge line, the high optical
depths lead to complete absorption. Thus, it can be expected
that if the absorbing atoms were spread over a greater
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spectral range by somehow broadening the line, the optical
depth would still be high enough to maintain a high degree
of absorption at the line core.

This is proven by the sequence of plots labelled ‘cases 3,
4, 5, and 6'. Here, the additional filter discharge Gaussian
FWHM is set to be equal to 0, 5, 20, and 60 mR respectively,
and the peak optical depth is reduced so that the total
number of absorbing atoms is conserved. With the additional
filter discharge Gaussian FWHM equal to 20 m%, the hollow
cathode ‘'leak emission' is already dramatically reduced and
virtually eliminated if the filter discharge line width is
further increased. It is very interesting to see that even
with the additional filter discharge Gaussian equal to 60 ml
(see 'case 6'), the peak optical depth remains much greater
than 1 (I; = 14.2), and the absorption is thus still more or
less complete out to about 60 m® from the line centre. This
is due to the fact that an optical depth of only 3 still
causes the background intensity to be reduced to about 1/20
(e™3 = 0.05).

The plots 1labelled 'case 8' show the spectrum profiles for
the 2-4 line using the parameters corresponding to the
experimental situation as input. Here, the peak optical
depth is only 3.3 and, hence, the absorption is not complete
even near the filter discharge 1line centre. Therefore,
broadening the filter discharge line {(see 'case 9') does not
improve the situation to any appreciable extent (RF: 2.3 —
2.6 for the additional filter discharge Gaussian: 0 —> 20

nf) .

'Cases 10 - 12' show profiles for the very strong 1-2 line,
which is strongly broadened by self-absorption/reversal in
the hollow cathode. Although the peak optical depth is
extremely high (250), the reduction factor is not (6.0),
since the hollow cathode line is very broad. Here, stronger
broadening of the filter discharge line is necessary to
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achieve very high reduction factors.

The following table gives a short summary of computed data
for the additional filter discharge Gaussian FWHM equal to
0, 5, 20, and 60 m respectively.

line 1-7 1-5 3-9 3-6  2-4 1-2
add. f.d.
Gauss. FWHM
0 mf 7.7 7.8 7.5 7.3 2.3 6.0
5 m} 11,3 11.5 1i.2 10.9 2.5 8.0
20 mR 25.8 27.9 26.2 26.9 2.6 18.6
40 mR 40.6 45.2 40.6 43.4 2.2 35.5

According to AE =g %h B, a magnetic field of 500 Gauss

leads to aAd =18 md at A=6200 8, if g =1, due to the
Zeeman effect. A field of some hundred Gauss is easily
achievable, so that it is certainly worth while trying to
broaden the filter discharge lines by applying such a field
to the discharge plasma.

Nevertheless, one has to wait and see, whether the stability
of the discharge in the filter will not be affected by the
field. Heating the discharge is probably not a good idea,
because doubling the Doppler width means increasing the
temperature by a factor of four {4 x 300 K = 1200 K). This
would make the filter very ackward to operate and might be
even not feasible.

On subsets 2 and 3; reduced filter discharge length

As was said above, the reduction factors are more favourably
influenced by broadening the filter discharge line (or by
reducing the hollow cathode line width; see below), than by
an increase in optical depth, since the latter is very high
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anyway. In'fact, it would be very convenient, if the length
of the filter discharge tube could be reduced by a factor of
two or even more. In order to analyse this possibility, the
computer runs in subsets 2 and 3 were carried out with peak
optical depths corresponding to the column density of
absorbing atoms being reduced by a factor of two and four
respectively. The following table gives a summary.

line 1-7 1-5 3-9 3-6 2~4 1-2
full length RF 7.7 7.8 7.5 7.3 2.3 6.0
half length RF 5.7 6.2 6.0 6.0 1.7 4.8

guatre length RF 4.1 4.8 4.6 4.7 1.3 4.0

Obviously, the loss in reduction factor is rather small when
halving the filter discharge length, but is already
relatively high, if the length is quatered. The next table
allows one to judge whether broadening the filter discharge
lines might compensate the losses.

Additional filter discharge Gaussian = 20 -

line 1-7 1-5 3-9 3-6 2-4 1-2
full length RF 25.8 27.9 26.2 26.9 2.6 18.6
half length RF 17.0 20.8 19.4 20.4 l.6 14.5

quatre length RF 8.3 13.5 12.0 13.7 1.3 11.0

It can be concluded that reducing the length of the filter
discharge tube by more than a factor of two will probably
not be a suitable solution, because the loss in reduction
factor cannot be justified by the gain in convenience.

On subset 4; reduced hollow cathode Gaussian width

The hollow cathode Gaussian widths which were used as input
parameters have been reduced by about 10%, and, as expected,
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the computed reduction factors went up,

but not
dramatically.
line 1-7 1-5 3-9 3-6 2-4 1-2
RF 7.7 7.8 7.5 7.3 2.3 .
RF' 10.8 10.4 10.1 9.6 2.6 .

On subset 6; hollow cathode line width = Doppler width (T =

700 K); reduced pressure width and shift

This describes a purely hypothetic situation with the hollow
cathode Gaussian line width being determined only by the
Doppler effect, with T = 700 K and the Lorentzian components

the

of the lines being as small as in subset 5. Now,
improvement is substantial, but not realistic.
line 1-7 1-5 3-9 3-6 2-4 1-2
RF 7.7 7.8 7.5 7.3 2.3 6.0
RF' l4.6 21.4 16.9 20,3 2.9 29.9

On subsets 7 and 8

These calculations were carried out to demonstrate
would happen if either self-absorption/reversal or
temperature dependent Doppler broadening (subset 7) or the

pressure broadening and shift (subset 8) were increased.

expected, the reduction factors decrease in all cases.

what
the

As
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Subset 7:

line 1-7 1-5 3-9 3-6 2-4 1-2

RF 7.7 7.8 . 7.3 2.3 .

RF' 6.4 6.4 . 6.0 2.2 .
Subset 8:

line 1-7 1-5 3-9 3-6 2-4 1-2

RF . 7.8 . 7.3 . .

RF' . 5.5 5.2 5.3 . 5.0
In each case, the 1loss in reduction factor can be easily

(over-} compensated by increasing the filter discharge 1line

width, as the following tables show.

Additional filter discharge Gaussian = 20 mf

Subset 7:

line 1-7 1-5 3-9 3-6 2-4 1-2

RF' 6.4 6.4 6.0 6.0 2.2 4.9

RF'’ 21.8 22.8 21.5 22.0 2.4 13.8
Subset 8:

line 1-7 1-5 3-9 3-6 2-4 1-2

RF' 5.2 5.5 5.2 5.3 5.0

RF"' 15.7 17.5 16.5 17.0 . 13.5
Increasing the hollow cathode pressure may be necessary in

some cases to optimize the sputtered metal line intensities.
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VIII. CONCLUSION AND FUTURE WORK

Summarizing the experimental results, one can say that under
the optimum running conditions, which were found in the
course of this study, the active filter works unexpectedly
well for the metastable lines in neon and argon.

The most important features of the filter like easy, clean,
sealed-off operation make it possible to put the filter in
use in an actual application in combination with a Fourier
transform spectrometer in the near future. Then, it will be
possible to judge, whether the improvement of the signal-to-
noise ratio is worth the effort. In this context, it should
be noted that in these experiments, the hollow cathode lamp
was run only up to currents of 350 mA in neon and 450 mA in
argon. Much higher currents must lead to a more pronounced
Stark broadening of the hollow cathode lines and this will
therefore increase the need of broadening the filter
discharge lines.

The success of the computer modelling Jjustifies to be
confident that the radiative transfer process is well
understood.

Additional computer runs show that increasing the filter
discharge line width would almost certainly increase the
reduction factors dramatically. It should be easy to achieve
this increase by applying a magnetic field of some hundred
Gauss to the filter discharge plasma.

The other possible changes in order to improve the reduction
factors are probably not worth the effort and would involve
changes in the hollow cathode design or operation
parameters, which could be avcocided, if an optimized filter
was used.



Appendix I: FTS Hollow Cathode Line Profiles

The figures in this appendix show a comprehensive set of
hollow cathode line profiles in neon. The hollow cathode had
an iron insert and was run at 900 mA and 4 Torr. The
spectrum was taken with the Fourier transform spectrometer
at the Kitt Peak National Observatory, Tucson, Arizona, USA
(by courtesy of R.C.M. Learner, Imperial College, London).
The spectral resolution was about 500,0600. On the plots,
wavelength and wavenumber scales are given and the lines
are indicated.
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Appendix II: Neon Reduction Factor Measurement Results

The plots in this appendix show the complete set of
reduction factor measurement results for neon. The different
symbols for the measured data points distinguish the filter
discharge pressures according to the following key:

X 2 1 nmbar
+ 2 1.3 mbar
O 2 2 mbar
U 2 4.4 mbar
A & 6.4 mbar

The titles of the plots give the gas, the spectral line, the
hollow cathode current and pressure.
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Appendix III: Argon Reduction Factor Measurement Results

The plots in this appendix show the complete set of
reduction factor measurement results for argon. The
different symbols for the measured data points distinguish
the filter discharge pressures according to the following

key:
X £ 0.7 mbar
+ £ 1.7 mbar
O 2 3,0 mbar
B2 2 3.7 mbar

The titles of the plots give the gas, the spectral line, the
hollow cathode current and pressure.
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Appendix IV: Experimental Traces of Hollow Cathode Line
Profiles with and without Filter

This appendix gives experimental traces of hollow cathode
lines with and without the filter discharge in operation.
The first set of five was recorded for a hollow cathode
current of 350 mA and a pressure of 2.5 mbar, while the
second set gives the profiles of the same lines for Ih.c. =
250 mA and Ph.c.” 2.4 mbar.

1. set: I

h.c.

350 mA

=150 =100 -50 Q 50 100 150
Distance from Hollow Cathode Line Centre (mR)
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2. Set: Ih.c. = 250 mA

-150 -100 -30 0 50 00 . 150
pistance from Hollow Cathode Line Centre (mR)
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A6383
line 2-4

=100 -50 o] 50 100 150
Distance from Hollow Cathode Line Centre (mR)



- A53 -

Appendix V: Listing of Programmes ‘'REFA' and ‘'VOIGT'

This appendix gives the 1listing of the reduction factor
programme 'REFA' discussed in Chapter VII and the Voigt
approximation function subroutine 'VOIGT' (after Kielkopf
/14/). The programmes were written in FORTRAN IV,

PROGRAM REFTA

THIS PROGRAM SIMULATES THE FOLLOWING RADIATIVE TRANSFER
PROBLEM: THE LINE EMISSION OF A BACKGROUND SOURCE (HERE: HOLLOW
CATHODE, H.C.} IS5 VIEWED THROUGH AN ABSORBING SLAE OF GAS
(HERE: FPILTER DISCHARGE, F.D.). THE GASES IN THE H.C.
AND IN THE F.D. ARE THE SAME, SINCE THE H.C. IS MUCH HOTTER
THAN THE F.D. ABSORPTION OCCURS. THE FACTOR BY WHICH THE H.C.-
INTENSITY 1S REDUCED IS CALCULATED.
N.B,: =~ X = DISTANCE FROM LINE CENTRE IN TERMS OF HWHM
= ALL DELTA LAMBDA"S IN MILLIANGSTROM, EXCEPT THE
WAVELENGTH OF THE LINE ITSELF
= I AND LAMBDA INCREASE IN THE SAME DIRECTION,
I.E. FROM LEFT TO RIGHT.

DIMENSION FVAL{l00l)} ,HVAL{100l),XARMA{1001) ,COAB(1001) ,HCAB (1001)
REAL L,LN2,1S8,I1(1001),II1

L{T)=2./(1.+EPSI*LN2+SQRT((1.-EPSI*LN2) **2+(4.*LN2/T**2}})

WRITE FORMATS

nOnMn NN Nonaooonnnanoong

900 FORMAT (“+”,$, DATA FILE CREATION ? (Y¥/ 1 ”})
1000 FORMAT (X,S5, GA5 AND LINE.... -veunsansavesa? 1}
1010 FORMAT (“+°,$, HOLLOW CATHODE (H.C.).cveus.? °)

1030 FORMAT (“+”,$%, "FILTER DISCHARGE {F.D.).....72 °)

1040 FORMAT (“+°,$, "MEASURED REDUCTION FACTOR...? °)

1050 FORMAT (“+”,%, "WAVELENGTH (ANGSTROM] .cvuveueuivocanas tetrrsaanes? D)
1060 FORMAT {“+°,$, H.C. LORENTZIAN FWHM [MILLIANGSTROM] .....000...? )
10706 FORMAT (“+7,$, "H.C. GAUSSIAN FWHM [MILLIANGSTROMI....v.ceveaas? )
1080 FORMAT (“+°,$§, "SHIFT OF H.C. LINE (RED=+) [MILLIANGSTROM}.....? “}
1083 FORMAT (“+”,$, TRANS.-PROB.-5UM OF UPPER STATE {lE7#*SEC**-1]1..7 “)
1086 FORMAT (“+”,%, F.D. PRESSURE FWHM [MILLIANGSTROM] .....c000000e? )
1088 FORMAT (“+7,$, "ISOTOPE SHIFT [MILLIANGSTROM].+10ureneanneenasa? )
1090  FORMAT (“+°,$, RATIO OF F.D. TO H.C. INTENSITY....ccvrevarneea? °)
1100 FORMAT (X,$, P.D. PEAK OPTICAL DEPTH....oeivcnrionsenssncnan? “)
1120 FORMAT (“+”,%, CALCULATED F.D. DOPPLER FWHM (MILLIANGSTROM]...=® “}

1130 FORMAT (X,$, "ADDITIONAL F.D. GAUSSIAN FWHM {MILLIANGSTROM]..? “})
1150 FORMAT (“+°,$, "CALCULATED F.D. NATURAL FWHM [MILLIANGSTROM]..,.= “)
1153 FORMAT (X,5, "CALCULATED F.D. Acicervetneacaanoasnsunsonnsnse® =
1156 FORMAT (X,5, “CALCULATED H.C. A.cv.vinececaannsnconcosennnsna®
1160 FORMAT (X,$, CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROM]..= ~
1170 FORMAT (X,$, CALCULATED H.C. VOIGTIAN FWHM (MILLIANGSTROM]..=
1180 FORMAT (“+°,Fl12.4)

1200  FORMAT (“+°,%, "CALCULATED REDUCTION FACTOR. ...ccasssscrrcsnces®™ )

READ FORMATS

aonnn

2000 FORMAT (B0Al)
2010 FORMAT (Al}

DECIDE WHETHER DATA FILES FOR PLOTTING SHALL BE CREATED

Nnooa

WRITE (5,900)
READ {5,2010} IPLDEC
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READ PARAMETERS

WRITE (5,1000)
READ (5,2000) NLN
WRITE (5,1010}
READ (5,2000) NHC
WRITE (5,1030)
READ (5,2000) NFD
WRITE (5,1040)
READ (5,2000) NRF
WRITE (5,1050)
READ (5,%) WL
WRITE (5,1060})
READ (5,*} HWLOHC
WRITE (5,1070)
READ (5,*) HWGAHC
WRITE (5,1080)
READ (5,*) HCSH
WRITE (5,1083)
READ (5,%) ASUM
WRITE (5,1086)
READ (5,*%) HWPRFD
WRITE (5,1088)
READ (5,") 18
WRITE (5,1090}
READ {(5,%) RIFDHC

NEON ABUNDANCES

A20NE=0.907
A22NE=0.093
ARAT=A22NE/A20NE 1 = 0,103

PI=3.1415926
LN2Z=ALOG(2.)
SRLNZ=SQRT{LN2)
EpPSI=0, 099

CALCULATE H.C. A AND VOIGTIAN FWHM

AHC=SRLN2 * (HWLOHC /HWGAHC) ! = YHC
BLHC=0.5*HWLOHC

BVHC=BLHC /L { AHC)

HWVOHC=BVHC*2. { = HWLOHC/L{AHC}

FIND H.C. LINE SHAFE
FILL HVAL-ARRAY WITH KIELKOPF”S VALUES FOR 20NE KOMPONENT

XMAX=10. t = 10 VOIGTIAN HWHM = 5 PWHM
XINCHC=2., *XMAX/1000. t = 1/50 (1001 VALUES)
WLINC=XINCHC* (HWVOHC/2.) I = })/50 HWHMVOHC

HVAL(501) =0{0.,AHC)
DO 10 I=1,500
X=FLOAT (1) *XINCHC
HVAL(501+I)=0(X,AHC)
DO 20 I=1,500
HVAL({I)=HVAL(1002-1)

ADD SECOND LINE COMPONENT DUE TO ISOTOPE SHIFT.

DETERMINE HOW MANY STEPS THE 22NE COMPONENT IS AWAY FROM

THE MAIN COMPONENT. EXACT TO WITHIN 1/50 HWHMVOHC (<1 MILANG).
{N.B,: THE SECOND ISOTOPE SHOULD HAVE A DIFPERENT DOPPLER
WIDTH. NOT CONSIDERED HERE.)

IIS=IFIX(18/WLINC+0.5)

DO 22 I=1,100]

IF ((I+I15).GT.1001) GOTO 22

HVAL(I)=HVAL(I) +tARAT*HVAL(I+I11S) { LINE FROM HEAVIER ISOTOPE 1S
! BLUE-SHIFTED

CONTINUE
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STORE X-VALUES FOR PLOTTING (IN MILLIANGSTROM)

DO 25 I=1,1001
KARMA { 1) =~XMAX* (HWVOHC/2.) +FLOAT (I-1) *WLINC

NORMALIZE H.C., LINE SHAPE TO UN1T AREA (MILLIANGSTROM~UNITS !)

INTEGRATE OVER UNNORMALIZED H.C. LINE
CALL SIMINT (HVAL,%,1,l001,WLINC, HINT)
NORMALIZE VOIGT PROFILE

DO 30 I=1,1001

HVAL(X) =HVAL(I) /HINT

STORE H.C. LINE PROFILE IN DATA FILE

If {(IPLDEC.EQ. Y") CALL DATFIL {100l,XARMA,HVAL,1000.,0.)

CALCULATE r.D. DOPPLER AND GAUSSIAN WIDTH

TPD=300. t TEMPERATURE OF F.D.
HWDOFD=7. L6E-7*SQRT (TFD/20. } *WL*1000, I ONLY O.K. FOR Z0NE

WRITE (5,1120)

WRITE (5,1180) HWDOFD
WRITE {5,1130)

READ (5,*) ADGAFD
HWGAFD=HWDOFD+ADGAFD

CALCULATE F.D. A AND NATURAL WIDTH

HWNAFPD= { WL*WL*ASUM#*1 .E~8) / (6. *PI)
WRITE (5,1150})
WRITE {5,1180) HWNAFD

CALCULATE F.D. LORENTZIAN WIDTH

HWLOFD=HWPRFD+HWNAFD
AFD=SRLN2* (HRLOFD/HWGAFD)

CALCULATE F.D. VOIGTIAN WIDTH

BLFD=(. 5*HWLOFD
BVFD=BLFD/L ( AFD)
HWVQFD=BVFD*2. | = HWLOFD/L(AFD}

CALCULATE H.C. LINE SHIFT IN TERMS OF F.D. VOIGTIAN FWHM.
BUT F.D. LINE SHAPE I5 CALCULATED WITH OFFSET ORIGIN.

HCSHX=HCSH/ (HWVOFD/2.)

FIND F.D. LINE SHAPE

XINCFD=XINCHC* (HWVOHC/HWVOFD)
XMAXFD»XMAX* { HWWOHC /HWVOFD)

FVAL(501) =U{HCSHX,AFD}) 1 F.,D. LINE “BLUE-SHIFTED =
DO 40 I=1,500 ! H.C. LINE RED-SHIFTED
FVAL(530141) =0 (HCSHX+FLOAT (1) *XINCFD, AFD)

DO 50 I=},500

FVAL{I)=U{=-XMAXFD+FLOAT({I-1) *XINCFD+HCSHX, AFD)

ADD SECOND LINE COMPONENT DUE TO ISOTOPE SHIFT (INTENSITY
REDUCED ACCORDING TO ABUNDANCE RATIO)

DO 52 I=1,1001

IF {({I+II5).GT.1001}) GOTO 52
FVAL{I)=FVAL{I)+ARAT*FVAL(I1+I1S)
CONTINUE
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FIND MAXIMUM VALUE OF F.D. LINE FUNCTION

FDMAX=FVAL(1)

pO 54 I=2,1001

IF (FVAL(I).GT.FDMAX) FDMAX=FVAL(I}
CONTINUE

NORMALIZE F.D. LINE SHAPE TO PEAK VALUE = 1

DO 56 I=1,1001

FVAL(I)=FVAL{I) /PDMAX

CALCULATE INTEGRAL OVER F.D. LINE PROFILE

CALL SIMINT (FVAL,1,1,1001,WLINC,FINT)

CALCULATE SCALING FACTOR FOR F.D. TO GET SAME INTENSITY

SCALE FOR H.C. AND F.D.

FDSCLF=1./FINT*RIFDHC*1000.

STORE F.D, LINE PROFILE IN DATA FILE

IF (IPLDEC.EQ.”Y") CALL DATFIL {100l,XARMA,¥VAL,10.,10.)

WRITE RESULTS EXCEPT REDUCTION FACTOR

WRITE (5,1160)

WRITE {5,1180) HWVOFD
WRITE (5,1170)

WRITE (5,1180) HWVOHC
WRITE (5,1153)

WRITE (5,1180) AFD
WRITE (5,1156}

WRITE (5,1180) AHC

READ PEAK OPTICAL DEPTH

WRITE (5,1100)

READ {5,*%) POD

CALCULATE EXP-FACTOR

DO 60 I=1,1001

IF ((-POD*FVAL(I}).LE.-80.) GOTO 65
COAR(1)=EXP{-PODY*FVAL{1))

GOTO 60

COAB (I)=0.

CONTINUE

STORE CONTINUUM ABSORTION PROFILE WITHOUT
F.D. EMISSION IN DATA FILE.

IF (IPLDEC.EQ.°Y") CALL DATFIL (1001,XARMA,COAB,10.,10.)

CALCULATE INTEGRAL
CALCULATE INTEGRANT AND PUT INTO Il-ARRAY

DO 70 I=1,1001
I1{I)=HVAL{I)*COAB(I)

CALCULATE H.C. ABSORPTION PROFILE INCLUDING F.D. EMISSION

DO 75 I=1,1001
HCAB (I} =Tl (I)+FVAL(I)*l./FPINT*RIFDHC
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STORE ABSORPTION PROFILE INCLUDING F.D. EMISSION IN DATA FILE
IF (IPLDEC.EQ.”Y”) CALL DATFIL (100l,XARMA,HCAB,1000.,0.)

CALL SIMINT (I1,1,1,1001,WLINC,IIl)

FIRST CONTRIBUTION TO RECIPROCAL OF R.F.

RRF=II1

ADD SECOND TERM OF RRF

RRF=RRF+RIFDHC

CALCULATE RECIPROCAL
RF=]1. /RRF

WRITE {5,1200)
WRITE (5,1180}) RF

READ (5,2010) N

IF (N.EQ. Y") GOTO 35
READ (5,2010) W

IF (N.EQ.” °) GOTO 5
S5TOP

END

Function Subroutine 'VOIGT'

noonoaonn

10
20

FUNCTION U{X,A)

CALCULATION OF VOIGT-FUNCTION ACCORDING TO KIELKOPF
JOURNAL OF THE OPTICAL SOCIETY OF AMERICA, VOL, 63,
NO. B,AUGUST 1973, PP, 987-9935

X = DISTENCE FROM LINE CENTRE IN TERMS OF VOHWHM
A=SQRT (LOG(2) } * (LORENTZIAN WIDTH/GAUSSIAN WIDTH) =BL/BG

REAL LORENZ,LN2,L,LOX

GAUSS (X) =EXP(-ALOG (2.} *X*X)

LORENZ {X) =1./{l.+X*X)
EFCTI(X)=(0.8029-0,4207%X*X) /(1. +0.2030%X*X+0.073154%X*+4)
LN2=ALOG(2.)

EPSI=0.099
L=2./{1.+BEPSI*LN2+SQRT( (1.-EPSI*LNZ) **2+(4.*LN2/A%*2)})
G2=(1,/LN2)*(1.-(l.+EPSI*LN2) *L+{EPSI*LN2) *L*#*2}

ETA=L/ (L+G2)

IF ({-ALOG(2.)*X*X).LE.-38.) GOTO 10

GAX=GAUSS (X)

GOTGQ 20

GAX=0.

CONTINUE

LOX=LORENZ (X}

EX=EFCT (X}

U=(1.-ETA) *GAX+ETA*LOX+ETA* (1, -ETA) *EX* {GAX-LOX)

RETURN

END
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Appendix VI: Listing of Programme 'COG'

This Appendix gives the 1listing of the curve of growth
programme 'COG' discussed in Chapter VII. The programme was
written in FORTRAN IV.

PROGRAM COG

1060 FORMAT
1070 FORMAT
1080 FORMAT

“,$, COLUMN DENSITY N [lELO*CM**-2}....7 ~)
“, PEAK OPTICAL DEPTH........... erinaa.= 7,Fl2.1)
X, “EQUIV. WIDTH [MILLIANGSTROM]......= “,Fl12,1}

c

C

C THIS PROGRAMME CALCULATES THE PEAK OPTICAL DEPTH

c FOR AN ABSORPTION LINE FROM THE COLUMN DENSITY OF

C THE ABSORBING SLAB AND THE DATA OF THE LINE

C {(VOIGTIAN WIDTH, DAMPING RATIO A=SQRT(LOG(2))*DLL/DLG,

C G"S, ISOTOPE SHIFT AND ABUNDANCES, AND WAVELENGTH) .

c THE EQUIVALENT WIDTH OF THE ABSORPTION LINE

C IS CALCULATED ACCORDING TC EQUATION

c {9.28) IN A.P. THORNE, SPECTROPHYSICS, P. 366.

C

DIMENSION FVAL(4001),ARR({4001)
REAL N, IS

c
1000 FORMAT (X,$, WAVELENGTH [ANGSTROM] ..0vvcevsnnrea? 7}
1010 FORMAT (“+7,3, CUu.ccccennccnsssoccssasssnssssasa? )
1020 PORMAT (“4°,5, GL.u.cicssnssasncosssssnsssacsaaaa? 7}
1030 FORMAT (“+°,$, AUL [1E7*SEC**=1l]..svierecacessees? 7}
1035 FORMAT ("+7,$,”1S0TOPE SHIFT (MILLIANGSTROM].....7? )
1040 FORMAT (“+”,5,”A (DAMPING RATIO) . iuvirirrevrnnnees? )

. -

{
"+
'+

1050  FORMAT {(“+°,$%, VOIGTIAN FWHM [MILLIANGSTROM].....?
("+
("+
{

C
2000 . FORMAT (Al)
C
5 WRITE (5,1000})
READ (5,*) WLA
WL=WLA/10000. I  WAVELENGTH IN MICRONS

WRITE (5,1010)
READ {5,*) GU
WRITE (5,1020)
READ (5,%) GL
WRITE (5,1030)
READ (5,*) AUL
WRITE (5,1035}
READ (5,*) IS
10 WRITE (5,1040)
READ (5,*) A
WRITE (5,1050)
READ (5,*%) VOPWHM

VOHWHM=VOFWHM/2 .
c
c
c NEON ABUNDANCE
c
A20NE=0,907
A22NE=0.093
ARAT=A2ZNE/A20ONE P o<1
c
C
c NUMBER OF POINTS IN LINE PROFILE
c
NPTS=1000*IFIX {VOFWHM/29.40.5) +1
c
AMAX«20, | THOUGH XMAX=10 IN REFA, SINCE HWVOFDP<<HWVOHC
XINC=XMAX*2./FLOAT (NPTS-1} t = 1/50
WL INC=X INC*VOHWHM I < 0.17 MILLIANGSTROMS
c
c
c CALCULATE F.D. LINE PROFILE
c

DO 20 I=1,NPTS
20 FVAL(I) =U{=-XMAX+PLOAT(I-1) *XINC,A)
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MANY STEPS THE 22NE COMPONENT

IS AWAY FROM THE MAIN COMPONENT. EXACT TO WITHIN

1/25 HWHMVOFD

{ ¢ 2/5 MILLIANGSTROMS) .

LIS=IFIX{IS/WLINC+0.5}

ADD SECOND LINE COMPONENT DUE TC ISOTOPE SHIFT

(INTENSITY REDUCED ACCORDING TO ABUNDANCE RATIC (<1) )

DO 22 1=1,NPTS
IF ({(I+IIS5).GT.NPTS} GOTO 22

FVAL(I)=FVAL(I
CONTINUE

) +ARAT*FVAL(I+I1IS)

FIND RAXIMUM VALUE OF F.D. LINE FUNCTION

FDMAX=FVAL{1)

DO 24 I=2,NPTS
IF (FVAL{I).GT.FDMAX) PDMAX=FVAL(I}

CONTINUE

NORMALIZE F.D.

LINE SHAPE TO PEAK VALUE = 1

PO 26 I=1,NPTS
FVAL(I)=FVAL(I) /FDMAX

CALL SIMINT (FVAL,1,1,NPTS,WLINC,FINT)

WRITE (5,1060)
READ (5,*) N

POD= (WL**4* (GU
WRITE (5,1070)

PO 40 I=]1,NPTS
IF (-POD*FVAL(
ARR(I)=(l.~EXP
GOTQ 40
ARR{I})=1.
CONTINUE

/GL) "AUL*N*1.326) /FINT
POD

I) ,LT.-80.}) GOTO 45
(~POD*FVAL(I)))

CALL SIMINT (ARR,1,1,NPTS,WLINC,EQWI)

WRITE (5,1080)

READ (5,2000)
IF (N.EQ.°Y")
READ (5,2000)
IFP (N.EQ."Y")
READ (5,2000)
IF (N.EQ.” )
STOP

END

EQWI

N
GOTO 30
N
GOTQ 10

N
GOTO 5
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Appendix VII: Modelling - Computer Output

The charts in this appendix show the computer output which
was produced when running the reduction factor programme
'REFA' (for a listing see Appendix V) to calculate the
modelling data discussed in Chapter VII.3. An excerpt of the
explanations of the computer output which were given in
Chapter VII.2 is reproduced here for convenience:

" 296 reduction factor calculations are documented by the
corresponding computer output. The whole set of results has
the following order. It consists of eight subsets, each
subset consisting of six pages; each page corresponds to one
spectrum line (lines 1-7, 1-5, 3-9, 3-6, 2-4, 1-2). The
first four lines are 'normal' metastable lines, i.e.
relatively strong and moderately affected by self-
absorption/reversal. The 2-4 line is a strong line with the
'semi-metastable' s2 level as 1lower state ({see Chapter
I1I1.6), and the 1-2 1line is the strongest 1line with a
metastable lower state and is strongly affected by self-
absorption/reversal.

The eight subsets give results for different situations. The
first three lines on each page give information on the
spectrum line and the particular situation. Each page
comprises 6 (7) runs, each run for a different filter
discharge Gaussian width; the differences are manifested by
different ‘additional F.D. Gaussian FWHM [mB]', which have
been chosen to be equal to 0, 5, 10, 20, 40, 60 (,80) m%. "
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F.D.
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CALCULATED REDUCTION FACTOR .. vssetsssrsnvesses

ADDITIONAL
CALCULATED
CALCULATED
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F.D,

FaDa
FeDs
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H.C.
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Case 1
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GAS AND LINE++setessseresese s NEON, 1-5y 45143
HOLLOW CATHODE (HsCudveveese 350 MA

FILTER DISCHARGE (F,Du).vses? 2 MAr 2.55 MEAR
MEASURER REDUCTION FACTOR...7

WAVELENGTH CANGSTROMIes v e rornnsstaresssrosersa?
H.C, LORENTZIAN FWHM L[MILLIANGSTROMIcovevnreees?
H.C. GAUSSIAN FWHM L[MILLIANGSTROMIssesssnvvees?
Ce LINE (RED=+) (MILLIANGSTROMI..ss.7?
TRANS,.-PRGOB.-SUM OF UPPER STATE E1E7XSEC¥*-11..7
F.ly PRESSURE FWHM IMILLIANGSTROMI:+sssvarsnsess®
ISOTOPE SHIFT LCMILLIANGSTROMIcssvsscverssvvssnnas?
D:. TO HCo INTENSITY :oesvernanseasesT

SHIFT OF H.

RATIO OF F.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

FoDw FEAK OFTICAL DEFPTHo o vv e st s vt s arsrssssnnnne
CALCULATED REDUCTION FACTOR:. vos s evssssssssssvne

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.sO. PEAK OPTICAL DEPTH:setanesrvasnstsnsoness
CALCULATED REDUCTION FACTOR:sses s ssvsvransssns

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

FeDs PEAK OPTICAL DEPTH.s s vv s vavssrsvssnsssrane
CALCULATED REDUCTION FACTOR: v 4 servnranasvsanan
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CALCULATED
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H.C.

F.D.
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FoDo
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VOIGTIAN FWHM CMILLIANGSTROMI..
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F.D,
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CALCULATED REDUCTION FACTOR s vrr ot assnrsor st es=
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0.0054
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Case 2



GAS AND LINEssessssassavnese? NEON»

-~ A63 -

3~-Fr 6163

HOLLOW CATHODE (H.Cs)iseaoss? IS0 MA

FILTER DISCHARGE (F.D.J).....7 2 MA» 2.55 MRAR

MEASURED REDUCTION FACTOR...7

WAVELENGTH CANGSTROM) s e st s vensverrrrvenesnsonea?
-

H.C.
H.C.

F.D.

RATIO OF F.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATER
CALCULATELD

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
F.D.

ADBDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
F.D.

LORENTZIAN FWHM CHMILLIANGSTROMI s vo vt sa v o7
GAUSSIAN FWHM CMILLIANGSTROMIcsvssvearesesa?
SHIFT OF H. ?

C+ LINE (RED=+) {MILLIANGSTROMI...s.7
TRANS . -FROB.~S5UM OF UPFER STATE C1E7%SEC¥%*-11,..7

D, TGO H.C.

ano
FeDe
FOD.
F.D.
H.C.
F.D.

PRESSURE FWHM CMILLIANGSTROMIsssreevrvsnas?
ISOTOPE SHIFT [HILLIANGSTROMI:eornsrnanssrennns
INTENSITY vvaraversnsrones
DOFFLER FWHM CMILLIANGSTROMI...
GAUSSIAN FWHM [CMILLIANGSTROMI..

NATURAL FWHM CMILLIANGSTROMI1..

VOIGTEIAN FuHM [MILLIANGSTROMI. .

VOIGTIAN FWHM
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HoCu A v e i s v s v d @ rarossssrottssisinne

F.Dy PEAK OFTICAL DEPTH v e vvsasvessesssassvens
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Acseoarsress st tssstrseininans
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PEAK OPTICAL DEPTH s s v s veasntsstsssnsnss
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ADDITIDNAL
CALEULATER
CALCULATER
CALCULATED
CALCULATED
CALCULATED
FIDI

F.DI
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FEAK OPTICAL DEPTH s srvvransstsstrsnsanas

CALCULATED REDUCTION FACTOR. e ssvnesetsrrnrnnns
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CALCULATED
CALCULATED
CALCULATED
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F.D.
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PEAK GPTICAL DEPTH. s v avevrnerstesrensnassa?

CALCULATED REDUCTION FACTOR . vsvseen ettt sarvases™

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
GCALCULATED
F.D

FlD’
F.D.
F.D.
HQCO
F.B.
H:C.

GAUSSIAN FWHHM [MILLIANGSTROMI1..?
NATURAL FUWHM [MILLIANGSTROM1...=
VOIGTIAN FWHM L[MILLIANGHSTROMI1,.=
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Prrrterernsssttrseressransissss=
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FEAKR OFPTICAL DEPTH e essvsrrrrsrrrrasnseras®

CALCULATED REDUCTION FACTOR«+vevs ot s errvssssnse=

61463
3
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0.2
20.9
0,013
17,0903
Q
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17.2537
34,6325
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58.4
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10
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20
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57,2533
34,6325
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Q.0757
14,2
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Case 3

Case 4

Case 5

Case 6



- A64 -

GAS AND LINEssvsssssersrsens® NEDN» 3-6r 62464
HOLLOW CATHODE (H.C:).vssass? 350 MA

FILTER DISCHARGE (F.Dh)ue s ? 2 MA» 2,05 MBAR
MEASURED REDUCTION FACTOR...7

WAVELENGTH LCANGSTROMIs s vossesnssnssssvnnrssnenea?
HeC+ LORENTZIAN FWHM [MILLIANGSTROMIsssverssnea®
H.C. GAUSSIAN FWHM CMILLIANGSTROMI:esesvarvsena®

SHIFT OF H.C.

LINE (RED=+) [MILLIANGSTROMI.. ..

7

TRANS . -FPROB,~5UM OF UFFER STATE L[1E7XSEC¥%-113..7
FoeD:, FRESGSURE FWHM [MILLIANGSTROMIs . cvavsssroasa®
ISOTOFE SHIFT CMILLIANGSESTROMI v tvavnansrrsonss
D, TO HoCuo INTENSITY. suvseasivnonsen

RATIO OF F.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.D.
F.L.
FaD
FaoDla
HilCs
F.li,
H.(C.

DOFFLER FWHM CMILLIANGSTROMI...
GAUSSIAN FWHM L[CHILLIANGSTROMI..
NATURAL FWHM CMILLIANGSTROMI...
VAIGTIAN FWHHM CMILLIANGSTROMI,. .
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VOIGTIAN FWHM [MILLIANGSTROMI,. .=

As e trrasssssiasasersrassvrans

Asesrrtrsrresrtrsaasrsrsssastrns

F.D, FEAK OFTICAL DEFPTH: v vt v e s s st srt vt es
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F.D.
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Fl[ll
F.D.
F.D.
HlC.
F.D,
H.C.

GAUSSIAN FWHM LCMILLIANGSTROM2..
NATURAL FWHM L[MILLIANGSTROMI...
VOIGTIAN FUHM CMILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI..
Al.lll.t.illl..tlll".l...'ln‘-

Aoviereressnnrarstsairtsssenass

OFTICAL LEFTH o svvesen vt enassrsnonss

REDUCTION FACTOR . v svrsesvrvnnsnrsnns
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F.D,
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Flo st sttt mnrossssnsssesesssrnits
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CALCULATED REDUCTION FACTOR: s ovevsarsstsvnnrsne
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CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.D,
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F.I
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]

0.1049
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Case 7



GAS AND LINE:sesovsastavstos T NEOUNy

- A65 =

2-4,

6383

HOLLDW CATHODE (HeCuslseevss? ID0 MA

FILTER DISCHARGE (FsDedssoss? 2 MAr

2,55 MBAR

MEASURED REDUCTION FACTOR...7
WAVELENGTH LANGSTROMI:svisvrorcenvanvrssnnsscas

H.C.
HiCo
SHIFT OF H.C.

FsDs

LINE (RED=+) [(MILLIANGSTROMI1....
TRANS «-PROB.~-SUM OF UFFER STATE [1E7%XSEC¥%X~-11.

PRESSURE FWHM CMILLIANGSTROMI+sseserseren

ISOTOPE SHIFT L[MILLIANGSTROMI s eovesssssonnrass

RATIO OF F.D.
CALCULATED
ADDITIONAL
CALCULATED
(CALCULATED
CALCULATED
CALCULATED
CALCULATED
F.D.

FaoDe
[ L
Fa.0
FeDe
H.C»
Flnl
H.C.

TO H.C.

INTENSITY s eveseraornasros

DOFFLER FWHM ECMILLIANGSTROMI..
GAUSSIAN FWHM EMILLIANGSTROMI.
NATURAL FWHM LEMILLIANGSTROMI..
VOIGTIAN FWHM {MILLIANGSTROMI.
VOIGTIAN FUHM [MILLIANGSTROMI].
Al!.0.00'!0!!."IIIIIUOOCOIIOO

At s ss b o bt atatsrssosetstr ot

FEAR OPTICAL DEFTH v svassvvssnsssssnanss

CALCULATED REDUCTION FACTOR s e v+ s st o ssnsssnaas

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
F.D.

FaoDo
Fa.Ds
F.D.
H.C.
F.nl
chl

GAUSSIAN FUHM CMILLIANGSTROMI.
NATURAL FWHM CMILLIANGSTROMI. .
VOIGTIAN FWHM [HMILLIANGSTROM].
VOIGTIAN FWHM CMILLIANGSTROMI.
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Asressvsssearsttrssstrosssssses

PEAK OFTICAL DEPTHs s v err s o ssstsoratsroes
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CALCULATED REDUCTION FACTOR+ ¢ essssattrnarsssans

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F!Dl
F.D.
F.D.
H.C,
F.D.
H.C.

Assorsrrenrernresrobossassrssnns

F.D, PEAK OPTICAL DEFTH s svssrassssesssrensan
CALCULATED REDUCTION FACTOR.vvevsvanssenrsensse

ADDITIONAL
CALCULATED
{CALCULATED
CALCULATED
CALCULATED
CALCULATED
F.0,

F.D.
F.Dl
F.D.
HDCI
F.D.
HIC.

GAUSSIAN FWHM [MILLIANGSTROMZ..
NATURAL FWHM IMILLIANGSTROMI1..
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GAUSSYAN FWHM [CMILLIANGSTRGMI1..
MNATURAL FWHM CMILLIANGSTROMI..
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VOIGTIAN FWHM EHILLIANGSTROMI,

Asersssatrsrrtrsaastrssssrestans
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Asvovsrorarasresssrnnnasesnrnes

PEAK OFTICAL DEPTHs v svertsrsnnrsnenrssone

CALCULATED REDUCTION FACTOR s vssevsasossssrs s
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CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATER
oD

F.D
F.D.
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VOIGTIAN FWHM EMILLIANGSTROMI..
AC...'I..‘."’."I.'IIDQ'.....'

Bovessssrasnssssssarneresronens

PEAK OPTICAL DEFTH: e tvvessvsssossasnssasns

CALCULATED REDUCTION FACTDR s conrsvnossrsassrns

ADDITIGNAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
I:lnl

FlDI
F.D.
FDD'
chi
F.DO
H.Co

GAUSSIAN FUHM [HILLIANGSTROM3. .
NATURAL FWHM CHMILLIANGSTROMI...
VOIGTIAN FWHM [MILLIANGSTROMI1..
VOIGTIAN FWHM [MILLIANGSTROM1. .=

< P T T S T

=)

-

=Y

{12 N [ T I [ O | IOCE A B B 3 B )

I =l o= W= E A

U H U RS

J LIRS | T I B T}

[

Floss o rsrasrssstvssvnsvissssses™

PEAK GPTICAL DEPTH: s vvevsttssnrsnnsavanvses?

CALCULATED REDUCTION FACTOR: s v oo soosss st s onnase=

46383
3
31
3
5.02
0.2
22.9
0.034
17.7004
Q
0.1085
17.8658
32,6344
0.0145
Q.0806
3.3
2,3352
S5
0.1085
22,8657
32,6344
0.0113
0.0806
246
2.5491
10
0.1085
27.84856
32,6344
0.0093
0.0806
2.2
2.6847
20
0.1085
37,8655
32,6344
0.0048
0.0806
1.4
2.3678
40
0.1083
S7.B454
J2.46344
0.0045
0.0806
1.1
2.2408
60
0.1085
77.8654
32.46344
0.,0033
0.,0806

1.8901

Case 8

Case

9



GAS AND LINEsssesecenssarsss™ NEONr

- D66

HOLLOW CATHODE (H.:C:)ovrseee? 350 MA

FILTER DISCHARGE (F.:Ds)ovssss® 2 MAr
MEASURED REDUCTION FACTODR...?

1-2

2,55 MBAR

“AUELENGTH [nNGSTRDHJ.‘.‘OI.Ibllltl"!".'.l".?
H.C. LORENTZIAN FWHM L[MILLIANGSTROMI..csvssoaas?
H.C, GAUSSIAN FWHM L[MILLIANGSTROMI:sservvsrrana?

6402
3

]

SHIFT OF H.C. LINE (RED=+) [MILLIANGSTROMI1.....? 3
TRANS + -PRDB,~-5UM OF UPFER STATE L[1E7XSEC¥%-1]..7 5.06

F.D. PRESSURE FWHM [MILLIANGSTROM)sssevessesses? Q.4

ISOTOPE SHIFT [MILLIANGSTROMI s sesvuravrsarans s 22,5

RATIO OF F.D. TO HeCs INTENSITY i ssesneessnassss? 0.016
CALCULATED F.Dy DOFPPLER FWHH [MILLIANGSTROM...= 17,7531
ADDITIONAL F.D., BAUSSIAN FWHM [MILLIANGSTROM]1..T O

CALCULATED F.D, NATURAL FWHM CMILLIANGSTROM1...= 0.1100
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMY. .= 19.0272
CALCULATED H.,C. VOIGTIAN FWHM [MILLIANGSTROM1. .= S4.8207
EALCULATED F.D. Aoocollin.ol.'lilDlloaaolnloaao“‘ .0239
CALCULATED H.Co Avrrvanssosresrsnsncssarsnssrsres™ 0.0454
FeDoe PEAK OPTICAL DEPTH oo rvrsa s st osstvnevsrsensT 252,7
CALCULATED REDUCTION FACTOR«sosossees st s enn s s™ 4+04049
ADGITIONAL F.D, BAUSSIAN FWHM CHILLIANGSTROMI..? 5

CALCULATED F.D. NATURAL FWHM [MILLIANGSTROM1...= 0.1100
CALCULATED F.D, VOIGTIAN FWHM [MILLIANGSTROM]..= 23.024%
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROMI..= 36.6207
CALCULATED FsDs Avvovorsrrrsssorssnrtosrnotserss™ 00,0187
CALCULATEIY HeCo Asrev st tosstsrassessassnnsstsssns® 0.0454
F.Dy PEAK OPTICAL DEPTH:ss v+ v ersvvasanrssssssss? 1994
CALCULATED REDUCTION FACTOR:+ csesrstosaserssnanes™ 7.9428
ADDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROMI..? 10
CALCULATED F.D. NATURAL FWHM EMILLIANGSTROMI1...= 0.1100
CALCULATED F.D, VOIGTIAN FWHM L[CHMILLIANGSTROMI..= 28.0284
CALCULATED H.C, VOIGTIAN FWHM L[CHMILLIANGSTROMI..= 56.46207
CALCULATED FaeD: Asesrvtntnesvonrtossasssrrsssss™ 0.0153
CALCULATED HsCos Aesvvvnvssrnnesssssssrrrostsssrs 0.0454
F«le PEAK OPTICAL DEPTH: vt serv v esariasrrsessssass® 1465.8 )
CALCULATED REDUCTION FACTOR«tsosvorsssrsesrarses= 10.4%064
ADDITIONAL F.D. GAUSSIAN FWHM L[MILLIANGSTROMI,.? 20
CALCULATED F.D. NATURAL FWHM CMILLIANGSTROMI...= 0.1100
CALCULATED F.D. VOIGTIAN FWHM CHILLIANGSTROMI. .= 38,0244
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROMI..= S4.6207
CALCULATED FaD's Avienersrasrisntetesosiosotnsssea= 0.0112
CALCULATED HuCs Acvrosrrosastsonroteressanssned™ 0,0454
F.Ds PEAK OPTIEAL DEPTH. i sss s erssrsvssraesseseT 1250
CALCULATED REDUCTION FACTOR: ++ 00 sts0etssenseses™ 18.4075
ADDITIONAL F.D, GAUSSIAN FWHM TMILLIANGSTROMI1..? 40
CALCULATED F,.D, NATURAL FWHM [MILLIANGSTROMI1...,= ¢.1100
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMI..= 38,0261
CALCULATED H.C. VOIGTIAN FWHM [(MILLIANGSTROMI..= S6.6207
CALCULATED FoDle Arasreessnsrsnessssastossnsssas™ ¢.0074
CALCULATED HoCo Assssrrssnsrrsrsrstsstssstsense™ 0.0454
Folls PEAK OPTICAL DEPTHivivrevtssrsarsninsessssT B4.5
CALCULATED REDUCTION FACTOR: s v s ssvossvsssaonss = 3%5.4524
ADDITIONAL F.D. GAUSSIAN FWHM C[MILLIANGSTROMI1..? &0
CALCULATED F.D. NATURAL FWHM CMILLIANGSTROMI.,.= 0.1100
CALCULATED F.D, VOIGTIAN FWHM C[MILLIANGSTROMI..= 76,0260
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROMI..= 36.4207
CALCULATED Foells Aresrsssssnrsrrsrstssssssrorees™ 0.0055
CALCULATEDR HeCu Asvrvrtnneorrssnrsasssasonerase= G.0454
F.D. PEAK OFPTICAL PEPTH.v e vt vt ovsvarsarvnssenss? &3.7
CALCULATED REDUCTION FACTOR. s vssveasssnrsaasbse= 43,4487
ADDITIONAL F,D, GAUSSIAN FWHM [MILLIANGSTROMI..? 80
CALCULATED F.D. NATURAL FWHM L[MILLIANGSTROMI1,.,.= 0.1100
CALCULATED F.D. VOIGYIAN FWHM CMILLIANGSTROMI1..= ?8.0259
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSGTROMI,. .= Sh. 6207
CALCULATED FaDe Auvieertrntirrssssssteratatsssr™ 0.0043
CALCULATED HeGo Ao et tanssrsasrssananstsrsases® 0.04%4
Fel's PEAK OFTICAL DEFTH: o vsrevisvvvararsssrrsT 510

CALCULATED REDUCTION FACTOR: v estevssssstanss =

47 .8487

Case 10

Case 11

Case 12



Subset 2

- n67 -

GAS AND LINE.+scsseeersosse s NEONr 1-7r 5945
HOLLOW CATHODE (H.Cedsaraese? 350 MA

FILTER DISCHARGE (F.D.)..vss.7 2 HAr 2,55 MBAR»
MEASURED REDUCTION FACTOR...?7

uAUELENGTH EnNGsTRUH]‘.‘D.‘OIDOO...‘...'lﬂ'.l.l
HsC. LDRENTZIAN FUHM CMILLIANGSTROMI.cssetsr 0o
H.C. GAUSSIAN FWHM [CMILLIANGSTROMIsrvorscarsans
C. LINE (RED=+) L[MILLIANGSTROMI... s
TRANS.-PROB.-SUM OF UFPPER STATE [1E7X%SEC*%X-1]..
F.D., PRESSURE FWHM CMILLIANGSTROMI. sesvsevsvan
ISOTOPE SHIFT CMILLIANGSTROM) . ss e svnssstnsoes

SHIFT DF H.

RATID OF F.D.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.D.
F.D,
F.D.
FoD
H.C.
F.D,
chl

TD HsC.o INTENSITY:ervasonnsnsvsns

DHOFPLER FWHM [MILLIANGSTROMI. ..
GAUSSIAN FWHM LCMILLIANGSTRUMI. .
NATURAL FWHM C[MILLIANGSTROMI...
VOIGTIAN FWHM CHILLIANGSTROMI, .
VOIGTIAN FWHM [MILLIANGSTROMI].

Avesrsrsrtatatsstnstsnstsontss

FeDlo PEAK OPTICAL DEPTH. vavserronesneassrssnnss
CALCULATED REDUCTION FACTOR: s vssossssssnnsses

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

FODI
F‘DO
FeDe
H.C.
F.D.
H.C.

+
1]
Asvssrssrssrssrssnestsaraisansrs
.
.

GAUSSIAN FWHM [MILLIANGSTROMI.
NATURAL FWHM CMILLIANGSTROMI]..
VOIGTIAN FWHM CMILLIANGSTROMI.

Arssscierssistssssssstssanenssn

Boetissressiasstsssnsassssnsns

F.De PEAK DPTICAL DEFTH. s sssvasvatvrnvsasssas
CALCULATED REDUCTION FACTOR s s vevarrovr e

VOIGTIAN FWHM L[MILLIANGSTROMI..

ADDITIONAL F.D. GAUSSIAN FWHM L[MILLIANGSTROMI..
CALCULATED F.D. NATURAL FWHM LCMILLIANGSTROMI...
CALCULATED F.D. VODIGTIAN FWHM [MILLIANGSTROHI..
CALCULATED H.C, VOIGTIAN FWHM LHILLIANGSTROMI..
CALCULATED FaDs Avervsovessstsesnnrersreasasonsss
l:nLCULATED HQCO A.iI"'"li'.'l.'l.ll.l'l!‘GCOG
F.lu. FEAK OPTICAL DEPTH s ss v st avatasrss st ionans

CALCULATED REDUCTION FACTOR:c et tvorsssnsesssonn

ADDITIONAL
CALCULATED
CALCULATED
CALCULATER
CALCULATELD
CALCULATED

FeD. PEAK OFTICAL DEPTH (v eovavetvarsstssrsnnan
CALCULATED REDUCTION FACTOR v s tvensssssnsanas

ADDTITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.nl
F.D,
F.Dl
H.C.
F.D.
H.C.

Falt,
F.D.
Fa.D
H.C.
F.D.
H.C.

GAUSSIAN FWHM [MILLIANGSTROMI,
NATURAL FWHM [HMILLIANGSTROMI..
VOIGTIAN FWHM [HILLIANGSTROMI,.
VOIGTIAN FWHM C[HILLIANGSTROMI.
A..0i.00...!.0...!.!!..0!...!!

Avi bttt tarrstonrsrsrssneny

P

LR AT "N | N IS )

GAUSSIAN FWHM [HMILLIANGSTRGOMI1..
NATURAL FWHM CHILLIANGSTROMI. ..
VOIGTIAN FWHM CMILLIANGSTROMI..
VOIGTIAN FWHM C[HMILLIANGSTROMI..

At oot s e o s be b o tsatesossainsstss

Ao b b et o or s r b oot nasaesssronsass!

foDe PEAK OFTICAL DEFTH. s veses s s st sssrasnnrnss
CALCULATED REDUCTION FACTOR: v e tnssresrrrossr s

ADBDITIONAL
EALCULATED
CALCULATED
CALCULATED
CALCULATED
{CALCULATED

FaD
F.h.
F.D.
H.C.
F.D.
H.C.

GAUSSIAN FWHH L[MILLIANGSTRUMI, .
NATURAL FUWHM [MILLIANGSTROMI...
VOIGTIAN FWHM CMILLIANGSTRUMI, .
VDIGTJAN FWHM {MILLIANGSTROMI,. .
A...O.ll.tl!..llliltttll'!I'.'.

Aroorersavrenesrsononassassesna

F.D. FEAK OFTICAL DEFTHs v reresrr st ssssssnes
CALCULATED REDUCTION FACTOR s s s sossassssrssssvs

HALF LENGTH

LIS (T (I L (- I B B D L B R D)

=y H Il H B N

o= 8o ng -

iaon i

i -

R I O I T VA

5945
3
29
3
S5.+22
0.5
20.2
0.011
146.48%58
0
0.,0979
14.8076
30,4366
00,0302
00,0861
17,5
S5.7483
b
0.097¢
21,8071
30.46364
0.0232
0.08461
13,4
7.9944
10
0.0979
26.8067
30.6384
0.0188
0.0861
11.2
10.7583
20
0.0979
346.8043
30.636646
G.01346
G.0861
B.4
16.9581
40
0.097%
Tih + HOLO
30,4344
0.0088
0.08461
S.b
24,0406
&0
0.0979
76.80%8
30.6366
Q. 0065
00,0861
S.2

31.90708



- A68 -

GAS AND LINE.++vserssesssess® NEONr 1-5r 6143
HOLLOW CATHOBE (H.Ci)esaeaes? 350 MA

FILTER DISCHARGE (F.D.).:44sF 2 MAr

MEASURED REDUCTION FACYOR...7?

WAVELENGTH LANGSTROMI:esesrvnssssntrasnnssrannss?
H.C+ LORENTZIAN FWHM LCMILLIANGSTROMIsvsssvoesssT
HeC+ GAUSSIAN FWHM CMILLIANGSTROMI:eavssevsaens®
C. LINE (RED=+) L[MILLIANGSTROM1.....7
TRANS.~-PROB.-SUM OF UPPER STATE LCIE7XSEC¥%-11..7
F.I: PRESSURE FWHM CMILLIANGSTROMIeesseortnesrs®
ISOTOPE SHIFT L[MILLIANGSTROMIcvsvesavssssvnanss?

SHIFT OF H.

RATIO OF F.D.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATERD

F'Ils PEAK OPTICAL DEPTHs ens st nsossrasassnrsna
- CALCULATED REDUCTION FACTOR s s ssscetsesasvnssss

ADDITIONAL
CALCULATED
CaLCULATEDRD
CALCULATED
CALCULATED
CALCULATED

FeDe PEAK OPTICAL DEPTH s svsvessvssssosrrosrsns
CALCULATED REDUCTION FACTOR: o osssossctsnssvras

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

FeDs PEAK OPTICAL DEPTH+ v ss vt s astavarsavsr sty
CALCULATED REDUCTION FACTOR« v s s esvssvssrsnnss

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.D,
F‘DI
F.DI
FQDI
H.C.
FeDs
H.C.,

FID.
F.Dy
Febe
H.C.
F.Do
H.Cl

F.D.
FOD’
FeDs
ch.
F.D.
H.C.

F.D.
F.D.
F.D.
HIC.
FeDoy
H.C.,

TO HeCo INTENSITY.ousssrsssnasnnns?

DOFPLER FWHM CMILLIANGSTROM]...,=
GAUSSIAN FWHM CMILLIANGSTROMI..T
NATURAL FWHM CMILLIANGSTROMI...=
VOIGTIAN FWHM [MILLIANGSTROMI..=
VOIOTIAN FWHM [MILLIANGSTROMI..
Al...llOOOII!IIIOI“O'OIOOOI'III

Avrrvsrarssstsrsernrsntrsabinsinnas

=i d 0

GAUSSIAN FWHM CMILLIANGSTROMI..
NATURAL FWHM CMILLIANGSTROMI.» .
VOIGTIAN FWHM CMILLIANGSTROM1..
VOIGTIAN FWHM CHMILLIANGSTROM]..
AIDIIUOIIl.‘OOO"OlIlI.IlIllQOO

Blovssnssnisnssstasosssnnesunsssts

IR I I I (T I

GAUSSIAN FWHH [MILLIANGSTROMI..
NATURAL FWHM [MILLIANGSTROMI...
VOIGTIAN FWHM L[MILLIANGSTROMI. .
VOIGTIAN FWHM [MILLIANGSTROMI, .
Al'!...liC.IIIC.'OO'I!'OO'IIQUO

Arsssrsasnsrrsonssassssressnnns

{1 I [ TN I | I [ I}

GAUSSIAN FWHM L[MILLIANGSTROMI..
NATURAL FWHM CMILLIANGSTROMI...
VOIGTIAN FWHM LCMILLIANGSTROMI. .
VOIGTIAN FWHH L[MILLIANGSTROM]..=

Al!llllllllIQDOOl'ClIl.o'0l|'00=

i iF 0o

Apsssstavasstssssasssortorseres™

Finl PEAK DPTICAL DEPTH.'!IOOOC'II'OUIAIOOOOUIDT
CALCULATED REDUCTIGN FACTOR.O.‘O.OD..‘I0..00‘...'-'

ADDITIGNAL
CALCULATELD
CALCULATED
CALCULATED
CALCULATED
CALCULATED

FeDe. PEAK OPTICAL DEPTH v sonstaensnser st srr s
CALCULATED REDUCTION FACTOR: s vesssevsrsnsnnns

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

FeDs PEAK OPTICAL DEPTH: v s vs v vt ssanesvsasorvasn
CALCULATED REBUCTION FACTOR e s s vvser st s s snesses

FoeD»
F'D.
F'D’
HICO
F.D.
H.C.

FIDI
FOD‘
FeDs
H.C.
F.Dre
H.C.

GAUSSIAN FWHM [HMILLIANGSTROM]..
NATURAL FWHM CHMILLIANGSTROM1...
VOIGTIAN FiWHM [MILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI..

Avstrstsosttonnasenrsrsartassba

ioHoHH

Attt rirstrasstsssrrsrtrbosas

-

. -
n -

GAUSSIAN FWHM C[MILLIANGSTROM].
NATURAL FWHM CMILLIANGSTROM]...
VOIGTIAN FWHM CMILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROM]..

Asssrsvsrorsarsssnssasraissronens

-

nnumrn

Avsssetrsrsatosrasosrasssasnness

-

-

2.55 MBARr HALF LENGTH

6143

3

348

3

5.01

0.4

22.9

0.011
17.0349

0

0,1003
17.3038
374300

0,0245

0.,04694

3?.8
6.1977
o)

0.1003
22,3034
37,6300

0.0189

0.,0494

31.1
8.75486
10

0.1003
27.3032
37.6300

0.0104

0.0694

2347
12,1216
20

0,1003
37.3029
37.46300

0.0112

0.06%94

1%.2
20,7378
40

0,1003
G97.3027
37.46300

0.,0073

0.06%94

12.9
37.3051
&0

0.1003
77.3026
37,4300

0.0054

0.0894

9‘?

47,3706



GAS AND LINE.vssssesrsvonses? NEDN»

- A69 -

3-9s 6143

HOLLOW CATHODE (H.C.Jdssssrs«® 350 MA

FILTER DISCHARGE (F.Dedsvese® 2 MA»

MEAR

2,99

MEASURED REDUCTION FACTOR...7?
UAUELENGTH tANGSTRDH]'.IICl.ll""'l’lll".iil'?

HCB.
H.C.

F.In.

HALF LENGTH

LORENTZIAN FWHM [MILLIANGSTROMI.ssesevvnee®
GAUSSIAN FWHM [CMILLIANGSTROMIsoravr v vses?
SHIFT OF H.

C. LINE (RED=+)> L[MILLIANGSTROMI:+s..7
TRANS.-PROB.~SUM OF UPPER STATE [C1E7%SEC%%-11,.7

PRESSURE FWHM CMILLIANGSTROM1:rseseonntesa?

ISOTOPE SHIFT CHMILLIANGSTROMI, s vvaransavoesrass®

RATIO OF F.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
GCALCULATED
CALCULATED
FeDo

D, TO H.C,

F.D.
F.D.
Fa.Ds.
Fa.D.
H.C.
FOD.
H.C.

INTENSITY e sasrevassnnanss?

DOFPPLER FWHM [MILLIANGSTROM]1...=
GAUSSIAN FWHM [MILLIANGSTROMI1..?7
NATURAL FWHM L[MILLIANGSTROMI1,...=
VOIGTIAN FWHM CMILLIANGSTROMI..=
VOIGTIAN FWHM CMILLIANGSTROMI..=

Avsesrtosnsrttsastasnssrestonses=

Assrssrsssenrsrtttraaratssrosses™

PEAK ODPTICAL DEFTH s sv v v s srassrsrsnssvras?®

CALCUL“TED REDUCTIUN F“CTDR' P N N N R A A RS

ADDITIONAL
CALCULATED
CALCULATED
CALEULATED
CALCULATED
CALCULATED
Flnl

F.D.
FiDy
F.Ds
H.C.
F.D,
H.C.

GALJSSIAN FWHM [CMILLIANGSTROM1..7
NATURAL FWHM CMILLIANGSTROMI1...=
VOIGTIAN FWHM [MILLIANGSTROMI, .=
VOIGTIAN FWHM LCMILLIANGSTROMI..=

Bvos o s oo s s bassanttsssssstsssoss™

Brorrsranasstsonetssststasstsnna

PEAK OPTICAL DEFTH:.:osesssesssssssnsssnnns?

CALCULATED REDUCTION FACTOR+ s essrosssntasssnpre=

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
F.D,

F.D.
FIDI
F.D,
H.C.
F‘nl
H.C.

GAUSSIAN FWHM [MILLIANGSTROMI]..?T
NATURAL FWHM CMILLIANGSTROM1...=
VOIGTIAN FWHM CMILLIANGSTROM], .=

VOIGTIAN FWHM CMILLEANGSTROMI.

Assssssssresassanssasscsnvasns

Revtrotsesetsssssatsessssessss

PEAK UPTICAL DEPTHI...lll.ll"."l.l"...

CALCULATED REDUCTION FACTOR:. v eosvesrsrrrnansers

ADRDYTIONAL
CALCULATED
CALCULATED

CALCULATED
CALCULATED

CALCULATED
F‘D.

F.D.
F.D.
F.D.
H.C.
F+D.
H.C.

GAUSSIAN FWHM EMILLIANGSTROMI,
NATURAL FWHM CMILLIANGSTROMI..
VOIGTIAN FWHM [MILLIANGSTROMI.
VOIGTIAN FWHM [MILLIANGSTROMI.

Av et e verasssnrsessrsnsrosstrons

Assveoarstatosrtrnetarssanssns

PEAK OPTICAL DEPTHe s st sttt aanntstronatse

CALCULATED REDUCTION FACTOR: s st reosssssassnss

ADDITIONAL
CALCULATED
CALCULATED
CALCULATEDR
CALCULATED
CALCULATED
Fln.

FI Dl
F.D.
F.D.
H.C.
F.D,
H.C.

NATURAL FWHM L[CHMILLIANGSTROM1..
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM CMILLIANGSTROMI.

.
.
.
.

. s e

.

=
7

H=- 0 im

‘GAUSSIQN FWHM CHILLIANGSTROMI. .7

=

Arosorsennrorssbterttassssannsssa=

Flo v o st o st br s an s sesstsisiston

CALCULATED REDUCTION FACTOR:s s s vestsssssassses

ADDITIONAL
CALEULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

FeDo
Flnl
F.B.
H.C.
F.+Dy
H.C.

GAUSSIAN FWHM LCMILLIANGSTROMI.
NATURAL FWHM [HILLIANGSTROMI..
VDIGTIAN FWHM CMILLIANGSTROMI.
VDIGTIAN FWHM CMILLIANGSTROMI,
A"Ol.ll..ll‘.tl.!!tl..'IOOIOI

Aresresststrersssarssastonsans

F.D. PEAK OPTICAL DEPTHs v snrerossvssnarsnnsnsa
CALCULATED REDUETION FACTOR s v s e tnnestsnnanns

L]

PEAK DPTICAL DEFTH:ts vvsvasesvesrserrsrasa?

+

+ s e

(LI I T T T [ I S )

61463
3
33
K]
.19
0.2
20.9
0.013
17,0903
0
0.1044
17,2537
34.6325
0.0148
0.0757
29.4
5.94605
9
0.1046
22,2535
34,6325
0.0115
0.0757
23.0
8.4504
10
0.1044
27.2535
34.4632%5
G.00794
00,0757
19.0
11,4502
20
0,1046
37.2534
34,4325
0.0068
0.0757
14,2
19.3949
40
0.1044
S7.2533
34.6325
0.0044
0.0757
.5
32.48%054
40
0.1046
77,2532
34.6325
0.0033
C.0757
7.2

38.8125

Case 13

Case 14



GAS AND LINE.ssesstsrsssrsssT NEON,

A70 -

JI-br 62464

HOLLOW CATHODE {(H:CuidesoaersT 3530 MA

FILTER DISCHARBE (F.D.}ssessT 2 MAr 2.55

MBAR

MEASURED REDUCTION FACTOR...7
WAVELENGTH CANGSTROMIsessvr vt oortcnssosrosssans?

HeCo
H.C.

SHIFT OF H.C.

HALF LENGTH

LORENTZIAN FWHM [MILLIANGSTROMIscssvsvraa0?
GAUSSIAN FWHH TMILLIANGSTROMI.ssosaseasses®
LIMNE (RED=+) LMILLIANGSTROMI+ss+s7

TRANS.~FPROB.~SUM OF UPPER STATE L1EV*SEC¥%~11,.7
F+D. PRESSURE FWHH CMILLIANGSTROMI s ssvaosssasa?
ISOTOPE SHIFT C[MILLIANGSTROMIs v esssvesnnrsonen®

RATIO OF F.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
F.D. PEAK

DI
F.D.
FeDs
F'DI
F«Do
H.C.
F.D.
H.C.

TO H.C.

INTENSITY s aesvssenvonnne
DOPPLER FWHM CHILLIANGSTROMI..
GAUSSIAN FWHM [MILLIANGSTROMD.
NATURAL FWHM [MILLIANGSTRUMI..
VOIGTIAN FWHM LCMILLIANGSTROMI.
VOIGTIAN FWHM [HMILLIANGSTROMI,
gr.’.l.l‘.'.ll“..’llllt‘lllll

Bsroasssossstsnstsssssssssssnns

CALCULATED REDUCTION FACTOR s v sstev e vt sasnsns

ADDITIONAL
CALCULATED
CALEULATED
CALCULATED
CALCULATED
CALCULATED
FeDe

F.D.
F.Ds
FID!
H.C.
FOD!
H.C.

GAUSSIAN FWHM CMILLIANGSTROMI.
NATURAL FWHM IMILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM [MILLIANGSTROMI.
Aoservvsnsserrarsrsrvorerrrane

Asssrrsararsssssrstrrreersrassos

PEAK OPTICAL DEPTH s erveaverarorsnarants

CALCULATED REDUCTION FACTOR:veev v vosernossnann

ADDITIONAL
CALCULATED
CALCULATED
CALCULATER
CALCULATED
CALCULATED
F.DI

FeDe
FaDs
FIDI
H.C.
F+Ds
H.C.

GAUSSIAN FWHM [MILLIANGSTROMI.
NATURAL FWHM [MILLIANGSTROMI..
VOIGTIAN FWHM [CMILLIANGSTROMI.
VOIBTIAN FWHM CHMILLIANGSTROM].
Alb.l.'.l.'llllll.ll.'.llt...’

Aeersresssserestrrssonnsrsrsreass

FEAK OPTICAL DEFPTH e s v v st s svaasrssnnansns

CALCULATED REBUCTION FACTOR:vs v s rersessa o

ADDITIONAL
CALCULATED
CALCULATED

CALCULATED
CALCULATED

CALCULATED
FeDeo

F.Dl
F.D,.
Folt,

H.C.
F.D.

H.C.

GAUSSIAN FWHM [MILLIANGSTROMI.
NATURAL FWHM [MILLIANGSTRGMI..
VOIGTIAN FWHM LMILLIANGSTROMI.
VOIGSTIAN FWHM [MILLIANGSTROMI.

Assseersesssstestrrosessstsras

Aresssnssassesrarvssssdrsonains

PEAK DPTICAL DEPTH.'.0.00I'IIIIU“OIO!.‘.

CALCULATED REDUCTION FACTOR. s+ covsvsavssssssas

ADDITIONAL
CALCULATED
CALCULATER
CALCULATED
CALCULATED
CALCULATED
F.D.

Folls
F.D.
FQDI
H.C.
F.D.
HECI

GAUSSIAN FWHM [MILLIANGSTROMI.
NATURAL FWHM [MILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM TMILLIANGSTROMI.
Asessssrisssssrarrstrsesnnsnsss

Arvessrarrrrstecrssarsbonarses

PEAK OPTICAL DEPTH v v veservesssntsinvssns

CALCULATED REDUCTION FACTOR s e ov v e vt s s toaensrs

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
FlDQ

F.D.
FeDo
F.D.
H.C.
F.lia
HOC.

GAUSSIAN FWHM [MILLIANGSTROMI.
NATURAL FWHM LCMILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM CHILLIANGSTROMI,
A.....'.'..l'.lI"IIIII.I..II.

Aeeresesssrressbosstotstrsasts

7
o=
T
.
3
7
=

OPTICAL DEPTH:esvsrevessrsnnsssarnnas?

.=

+ 8 v s e v + =

0o N

=& i H & U -

-+

[ T T |

P T TR “ * s & = =
H-x @ 0nen-—

a a8 .
now N

e

PEAK OPTICAL DEPTHe+svverrrossnsrsasssssas?

CALCULATED REDUCTION FACTOR: s v v ervsesvsasas s s ns™

4244

3

37

3

el3

0.2

21.%

0.012
17.3740

]

0.104%
17.5405
38,6293

0.0147

0.0475

43.0
JFPE7T
]

0.1069
22.5404
38.6293

0.0114

0.,0475

33.7
8.4828
10
' 00,1069
2745403
38.46293
00,0093
C+0675
27.9
11.8080
20

0.106%
37.5402
38,4293

0.0048

0.0875

21,0
20.4448
40

0.1069
37.45401
38,4293

0.0045

G.0675

14,1
36,5798
&0

0.104%
77.3401
38,6293

0.0033

Q.0675

10.46

46,1556



GAS AND LINE:sessssressseres? NEON»

- A7V -

2~4y 46383

HOLLOW CATHODE (HiCidavswas e 350 MA

FILTER DISCHARGE (FiDilvassse® 2 MAr

MEASURED REDUCTION FACTOR...T
HAUELENGTH [“NGSTRDHJ"..."'.O’.l..il".'ﬁll!l?

H.C.
H.C.
SHIFT GF H.C.

LORENTZIAN FWHM EMILLIANGSTROMIseesssasaer?
GAUSSIAN FWHM [MILLIANGSTROMI:sessessssass?
LINE (RED=+) CMILLIANGSTROM1..ss.7

TRANS.-FPROB,~SUH OF UFPER STATE CIE7XSECK%-1J3..7

F.Do

PRESSURE FWHM [MILLIANGSTROMI:seessrosasesT

ISOTOPE SHIFT EMILLIANGSTROMIessvosvasasssadsna?

RATIC OF F.D,
CALCULATERD
ADDITIONAL
EALCULATED
CALEULATED
CALCULATED
CALCULATED
CALCULATED
F.D.

FeDe
F'DI
F.D.
F.D'
HICI
F.D,.
H+.C.

ADDITIONAL
CALCUELATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
Foby

FeDo
FoDs
FID.
H.C,
F.D.
H.C.

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
F.oft,

F.D.
F.D.
F.Do
H.C.
F.D.
H.C.

ADDITIONAL F.D.
CALCULATED F.D.
- CALCULATED-FiD.
CaALCULATED H.C.
CALCYULATED F.D.
CALCULATED H.C.
Flni

ADRDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
=D

F.D,
Fa.D
FeDe.
H.C.
FaD,
H.C.

ARDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
Fln.

F.D,
FeD.
F.D.
H.C.
F.D.
H.C.

T0O H.C.

INTENSITY ¢ osssvansonssnssT

DOPPLER FWHM [CMILLIANGSTROMI...=
GAUSSIAN FWHM CMILLIANGSTROM1..T
NATURAL FWMM CMILLIANGSTROMI...=

VDIGTIAN FWHM [MILLIANGSTROM].
VOIGTIAN FWHM [CMILLIANGSTROMI.
n.v'IOOOODIOOO'I'IIII‘IOIO'I.Q.

Revoerrtorisrartssdrstsntanans

FPEAK OPTICAL DEPTH s tisesstsssrsaosssrnnes
CALCULATED REDUCTION FACTOR: s oo vsanas v snnses

GAUSSIAN FWHM [MILLIANGSTROMI.
NATURAL FWHM EMILLIANGSTROMI..
VOIGTIAN FWHM L[CMILLIANGSTROMI.
VOIGTIAN FWHM CMILLIANGSTROMI.
A..!O‘il&Dl-.‘!'.'.‘l"tl'!!'.

Avessrrre st estrrssrssssnstnss

PEAK OFPTICAL DEFTH.s cvs vt sssssavssarnnssne
CALCULATELDN REDUCTION FACTOR: e esstrrertsrrnranns

GAUSSIAN FWHM CMILLIANGSTROMI.
NATURAL FWHM L[MILLIANGSTROMI],.
VDIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM LCMILLIANGSTROMI1.
Al'lll.ll.0-.0'!."'!!"00"!‘

Ao s iressansisnssevanssonssbanas

PEAK OPTICAL DEPTH. v svasesararnenssssnsnans
CALCULATED REDUCTION FACTOR: ssvvnsevsassvesvsss

GAUSSIAN FUHM [HILLIANGSTROMI.
NATURAL FWHM [MILLIANGSTROMI1..
YOIGTIAN FWHM [MILLIANGSTRGMI.
VOIGTIAN FWHM CMILLIANGSTROMI.
A...l...'II!.DII..II.IODI.D...

Astrsssrsatassrtsrstsstsntrnnny

PEAK OPTICAL DEPTH.: cvovsssvssntesvsvanins
CALCULATED REDUCTION FACTOR s+ v o s sassenvssstanss

GAUSSIAN FWHM [MILLIANGSTROMI.
NATURAL FUWHM [MILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM L[MILLIANGSTROMI.
Al.ll.i.b!'Il.o.lllll!l..l.'il

Asvioss s psssrttosssttsctttsss

PEAK OPTICAL DEPTH s vovevetrtnsnsnssvsanss
CALCULATED REDUCTION FACTOR. e tsvsvessnsnsrarass

GAUSSIAN FUHM CMILLIANGSTROMI.
NATURAL FWHM CMILLIANGSTROMI]..
VOIGTIAN FWHM CMILLIANGSTROMID.
VOIGTIAN FWHM [HMILLIANGSTROMI:
A.‘C..'ll.'.OII'IIIIOOOCI.EIII

Blesveeesssenessvonssestnsssitas

PEAN DPTICAL DEPTH.OO'OUOIGI‘OUC.CIOIIICI
CALCULATED REDUCTION FACTOR: v ot v s easrsssosessns

*
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.
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]
L3
]
]
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" BonouU R

2,55 MBAR* HALF LENGTH

4383
3
31
3
5,02
0.2
22,9
0,034
17.7004
0
0.1085
17,8658
32.6344
0.0145
0.0806
1‘7
i.7128
5
0,108%
22.8657
32,6344
0,0113
0.0806
1,3
1.7223
10
0.1085
27.8654
32.4344
0.0093
0.0804
1.1
1.7305
20
0.1085
37 .865%
32,6344
0.0068
0.0806
0.8
1.4325
40
0.1085
57.8454
32.4344
0.004%
0.0804
0.55
1.4902
40
0.1085
77,8654
32.46344
0,0033
0.0806
0.4

case 15

Case 16



Gﬁs “ND LINE.".O'O‘..&.IO.I? NEUN!
HOLLOW CATHODE (HsCadevrnseo? 350 MA
FILTER DISCHARGE (F.:D.):..+.7 2 MAr
MEASURED REBUCTION FACTOR...?

- A2 -

1-2»

56402

UAUELENGTH [ANGSTRDHJO.'IOCOIO'!IDOO'!OOOO!I'I.?

H+Co
H.C.

F.D.

LORENTZIAN FWHM CMILLIANGSTROMIs evesveanes?
GAUSSIAN FWHM CMILLIANGSTROMI: s sorsoroeeesT
SHIFT OF H.

C+ LINE (RED=+) [MILLIANGSTROMIl...:.7?
TRANS.-PROB.~SUM OF UFPER STATE L1E7*SECK¥-11..7

PRESSURE FWHHM CMILLIANGSTROMI:veevrsennsnes?

ISOTOPE SHIFT CMILLIANGSTROMIcavesrorasroonanae?

RATIO OF F.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATEDR
F.D,

D. TO H.C.

F.D.
FaDe
F.D.
F.D.
H.C.
F.D
H+E.

DOPFLER FUWHM

[MILLIANGSTROMI...

BAUSSIAN FWHM [MILLIANGSTROMI..

NATURAL FWHM

CHMILLIANGSTROM1W ..

VOIGTIAN FWHM EMILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI. .

Ao e st s srsestssassssssosttssinse

Avertatosresrstesistentessriats

PEAK OPTICAL DEPTHssesssssesssssnsrnesasssa

CALCUL“TED REDUCTIDN FaCTUROO LB R R R NN EN NN EEEE]

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
F.B.

ADDITIONAL
CALCULATED
CALCULATER
CALCULATED
CALCULATED
CALCULATED
Fobs

Fol,
FIDI
F.Il.
H.C.
F.D.
H.C.

FIDi
F.Ds
F.D.
H.C.
FeDle
H.C.

GAUSSIAN FWHM CMILLYANGSTROMI..

NATURAL FWHM

[MILLIANGSTROM1: .

VOIGTIAN FWHM L[MILLIANGSTROMI..
VOIGTIAN FWHM [CMILLIANGSTROMI..

Atvserasrrsssrsssssasssrsrrasnns

As st sr s testnr b st st tassonsasss

PEAK OPTICAL TEPTHe s ersvev e v v ovessssvsnns
CALCULATED REDUCTION FACTORscsenessvesssvrsssrve

BAUSSIAN FWHM [MILLIANGSTROMI..

NATURAL FUWHM

CMILLIANGSTROMI, o

VOIGTIAN FWHM EMILLIANGSTROMI..
VOIGTIAN FWHM CMILLTANGSTROMI. .

[ T N R

Arvrererssissassstrsrssnsstssrnne

PEAK OPTICAL DEPTH: s s co s v s st s ettt st sassa

CALCULATED REDUCTION FACTOR.v:aravsssevasrrrane

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
FCD'

Felle
Foele
F.D.
H.C.
F'II‘
H.C.

GAUSSIAN FWHM CMILLIANGSTROMI..

NATURAL FUWHM

[MILLIANGSTROMI. ..

VOIGTIAN FWHM [MILLIANGSTROMI]..
VOIGTIAN FWHM L[MILLIANGSTROMI..

Asrrsrresrsorssssr sttt tsstoting

Airrssrtansrtttstonserssarsnars

PEAK OPTICAL DEPTH:¢ssessesesrsressasnanns

CALCULATED REDUCTION FACTOR vssssssssssessssans

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
FeD.

F.D.
F.D.
FODC
H.C
F.n.
H.C.

GaUSSTAN FWHM [MILLIANGSTROMI..

NATURAL FWHM

[MILL TANGSTROM1. ..

VOIGTIAN FWHM CMILLIANGSTROMI..
VOIGYIAN FWHM CMILLIANGSTROMI..

Pt sttt sttt sssna s bt sossrntsatan

Ao tsasstssssssrstrssstsssrissa

PEAK OPTICAL DEPTH:«vosavesssvasvesssnvane

CALCULATED REDUCTION FACTOR s everertnentrrsesnn

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
FoD,

F.I.
F.DC
FID.
H.CO
F.le
H.CC

BAUSSIAN FWHM [HMILLIANGSTROMI..
NATURAL FWHM CMILLIANGSTROMI ...
VOIGTIAN FWHM L[MILLIANGSTROMI..
VOIGTIAN FWHHM CMILLIANGSTROMI..

Aossosseisisirsesstronetrrnenrtns

Ao eossisssnsssstssanstasistintns

PEAK OPTICAL DEPTH: oo essseaseressssersnny

CALCULATED REDUCTION FACTOR«:s s+ v 00t sstssnerses

ADDI TIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
'rlnl

F.Dl
th.
FIDI
H.C.
F.D‘
HoCo

GAUSSIAN FWHM [MILLIANGSTROMI..

NATURAL FUWHM

CHMILLIANGSTRDM. 4.

VOIGTIAN FWHM LCMILLIANGSTROMI..
VOIGTIAN FWHM [MILLIANGSTROMI..

Arrirevsrerissntstssssrnsrnrssss

Av it sr it rasorternsstrrvranns

PEAK OPTICAL DEPTH. covvvnnvtsssesnnroroney’

CALCULATED REDUCTION FACTOR s s esvsnvrsnnsresssn

INTENSITY vesacastsanneneal

[N I T < B (- I [

=2 6w n-2

=0 F I H -3

it A

no-x

i 0B Ir -

= d A0

I TR O T | I

2.55 MEAR» HALF LENGTH

0.+1100
18.0272
56,6207
0.0239
0.0454

124.6
4.8113

0.1100
23.0269
56446207

0.0187

Q.0454

99.9
643184

10
0.1100
28,0288
5646207
0.0153
0.,0454
83.0
8.38%1

0.1100
389.0264
S56.4207

0.0112

0.0454

14.52446

40
0.1100
58.0261
566207
0.0074
Q. 0454

30.6320

&0
0.1100
78,0240
N6 6207
0.0053
0.0454
31.9
40,5003

80
0.1100
78.025%
966207
0.0043
0.0454

A5.5279

Case 17

Case 18



- A73 -

Subset 3

GAS AND LINEvessssssssesseae™ NEONr 1-7» 5745

HOLLOW CATHODE (H:Cilersssesse™ 330 MA

FILTER DISCHARGE (FeDsdes.seT 2 MAy 2,55 MEAR» GUATRE LENGTH
MEASURED REDUCTION FACTOR...?T

WAVELENGTH LCANGSTROMI«scavrrrvessiennsesnsrsnnaesy® G945

H.C. LORENTZIAN FWHM L[MILLIANGSTROM]:sevesessse® 3

H.C+ GAUSSIAN FWHM LMILLIANGSTROMIevssseeassser? 29

SHIFT OF H.C. LINE (RED=+) CMILLIANGSTROMI..ss.7 3
TRANS . ~PROB,~SUM OF UFPER STATE L[C1E7XSECX%-13..,7 5.22

F.D. PRESSURE FUHM CMILLIANGSTROMI::isreessssseT 0.5

ISOTOPE SHIFT [MILLIANGSTROMI: e ovansersssnannae? 20.2

RATIO OF F.D:s TO H.Cy INTENSITY . osssneressrrsss® 0,011
CALCULATED F.D. DOFPLER FWHM CMILLIANGSTROMI...= 14,4858
ADDITIONAL F,D. GAUSSIAN FWHM CMILLIANGSTROMI..? QO

CALCULATED F.D. NATURAL FWHM CMILLIANGSTROMI:..= 0.,0979
CALCULATED F.B. VOIGTIAN FWHM CMILLIANGSTROMI, .= 16.8076
CALCULATED H.C. VOIGTIAN FWHM CHILLIANGSTROMI. .= 30,6366
CALCULATED FuDo Avvevarsearrassnrantserrentnrss = 00,0302
CALCULATED HeCo Avvrovsnsstsettrsatrnatronsonns® 0,08461
F+Doe FEAK OPTICAL DEFTH s sa vt evsvrsssssvrenses® BY7
CALCULATED REDUCTION FACTOR: s s vt s sesr st snatssnei= 4.1034
ADDITIONAL F.D. GAUSSIAN FWHM [CMILLIANGSTROM1..? §

CALCULATED F.D. NATURAL FWHM EMILLIANGSTROMI1...= 0.0979
CALCULATED F.D. VOIGTIAN FUHM L[MILLIANGSTROMI, .= 21,8071
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROMI, .= 30.4344
CALCULATED FueDs Asseasroressrstororsvsascrsonss™ 0.0232
CALEULATED HsCo Assrvvrrsosritsssorstsssonstsns= 0.08461
F.D., PEAK OPTICAL DEPTH:+esrasvrrrresarevsrrrs s 6.8
CALCULATED REDUCTION FACTOR s st ssssasssssasns o= 5.3174
ADDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROM1..7 10
CALCULATED F.D. NATURAL FWHM CMIILLIANGSTROMI}.. .= 0.097%
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROM], .= 26.8067
CALCULATED H.C: VOIGTIAN FWHM [MILLIANGSTROM1..= 30. 46346
CALCULATED F.sDts Avvrnsnastsssnssssrsrsresrrvarss® 00,0188
CALCULATED HeCs Assrrrrrarsasnsrrrsrressrssrsnss= 0.0861
F.De PEAK OPTICAL DEFTH e issssesssssnsssssssssss® Tub
CALEULATED REDUCTION FACTOR s v e s s st s s e v e essse= &6.5414
ADDITIONAL F.D. GAUSSIAN FWHM L[MILLIANGSTROMI..? 20
CALCULATED F.D. NATURAL FWHH [MILLIANGSTROM]...= 0.0%79
CALCULATED F.D. VOIGTIAN FWHM L[MILLIANGSTROMI..= 36.8B043
CALCULATED H,C. VOIGTIAM-FWHM EMILLIANGSTROM]1,.= I0.6366
CALCULATED FoDe Avevusnorostovessorsnsonssenvrs™ 0.0136
CALCULATED HeCys Arvssrsenrsratressnsstsrassssrase= 0.08461
F.Ds PEAK OPTICAL DEPTHosevssvstrssrsvsaniasress® 4,2
CALCULATED REDUCTION FACTOR:»s vosseosreesserosss™ 8.3203
ADDITIONAL F.D. GAUSSIAN FUWHM CMILLIANGSTROMI..T 40
CALCULATED F.D, NATURAL FWHM [MILLIANGSTROM]:..= 0.0%79
CALCULATED F.D, VYOIGTIAN FWHM CHILLIANGSTROM)}..= 56,8060
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROM1..= 30,6364
CALCULATED FoD'% Aicrcssssstssasnsersesstrecssios™ 0.,0088
CALCULATED HeCov Avssnrvrrsoronstsrntssrsanrras e Q.0861
F.D' PERK OPTICAL DEPTHI...'I‘...."'I'.II.....? 2‘8
CALCULATED REDUCTION FACTOR: s essssvsanssasessse= 7.6976
ADDITIONAL F.Ds GAUSSIAN FWHM CMILLIANGSTROMI, .7 &0
CALCULATED F,D, NATURAL FWHM L[MILLIANGSTROMI...= 0.0979
CALCULATED F.D., VOIGTIAN FWHM CMILLIANGSTROMI, .= 74,8058
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROM}..= 30.463646
CALCULATED FeDs Astvesersrossorosnsssssesssseer™ 00,0045
CALCULATED HeCow Asvessssarsrseartrosssetrrssnnses™ 0.08461

F.Dl PEA!‘ UPTICQL DEPTH.|’...'|.‘.“.0..ll."l'? 2!1
CALCULATED REDUCTION FACTOR v seavstrssnsvroates= 5.7356



- A74 -

GAS AND LINE.+sscsssssrarsss® NEONs 1-5r &143
HOLLOW CATHODE (H.C.):ssesse? 350 MA

FILTER DISCHARGE (F.D.)>.s...? 2 MAy 2.355 MBAR,
MEASURED REDUCTIODN FACTOR...7

WAVELENGTH CANGSTROMI e revosssevnsrarassrsrrsasn
H.Cu. LORENTZIAN FWHM [MILLIANGSTROMIsssservasns
H.C, GAUSSIAN FWHM L[MILLIANGSTROMI+esoveavsvses
C. LINE (RED=+) [MILLIANGSTROMI.....
TRANS . ~PROP,-5UM OF UFPFER STATE L1EV¥SECHX-11..
FeD, PRESSURE FWHM [MILLIANGSTROMIsussesrorsanss
ISOTOPE SHIFT CMILLIANGSTROMI«ssrvanverrrssnanss
Ds TO HeCo INTENSITY e esonrtorsvsssanse

SHIFT OF H.

RATIO OF F.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

Faio
FeDo
FeDe
FOD.
H.C.
F.Do
H.C.

DOPPLER FWHM L[MILLIANGSTROMI, ..
GAUSSIAN FWHM [MILLIANGSTROM.,
NATURAL FWHM [MILLXANGSTROMI. ..
VDIGTIAN FWHM L[MILLIANGSTROMI..
VOIGTIAN FWHM L[MILLIANGSTROMI..
A‘.0.0“.l..l.llll‘l..ll.ll...'

Avsrersiasiresrstrssasrraisnsases

F.Ds PEAK OPTICAL DEFTHa s sssssvtrensssrsnananss
CALCULATED REDUCTION FAETOR s v s v essssasannnane

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.Dl
F’D'
FoDts
H‘C.
F.D.
H.C.

GAUSSIAN FWHM CMILLIANGSTROMI..
NATURAL FWHM CMILLIANGSTROM1...
VOIGTIAN FWHM CMILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI..
Aeesosssrorssosrssnrssonesnsnns

Assestersressaressssonestsapens

F«De PEAK OPTICAL DEPTH. s ss vt ss s st ssrssntsnns
CALCULATED REDUCTION FACTOR: s s esvsssoresnrtnnns

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.Ds
F.D‘
F.Ds
H.C.
F.D.
H.C.

GAUSSIAN FWHM [MILLIANGSTROM..
NATURAL FWHM TMILLIANGSTROMI...
VOIGTIAN FWHM L[HILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI..
ﬁ."""'."'.""ll'll'll'.'.l

Arrrartosasssssrsosnsnsrsnonnens

FosDls PEAK OPTICAL DEPTH . s st s esvvosansrrvanvaans
CALCULATED REDUCTION FACTOR . s s s rvsnerssenanoses

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.D.
FIDO
F.D.
H.C.
F.D.
H.C.

GAUSSIAN FWHM CMILLIANGSTROMI..
NATURAL FWHM CHILLIANGSTROMI...
VOIGTIAN FWHM CMILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI..
Allt'lll"l.it.t!.".l"l‘lOOOO

Aisversstsrrrssrssassanonssrans

F‘D. pEﬂK DPTICAL DE?TH...O'!I't“’.‘l.".‘.'!.
CALCULATED REDUCTION FACTOR e ssrserssssnssrsnsss

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.D.
FeDo
F+Dy
HOC!
F.D.
H.C.

GAUSSTAN FWHM [MILLIANGSTROM1..
NATURAL FWHM C[CMILLIANGSTROM]...
VOIGTIAN FWHM [MILLIANGSTROMI..
VOIGTIAN FWHM EMILLIANGSTROMI..
Asersrtassnsarsissrsottsssssnns

Blossorsssenosesessssostotosnnssa

FaD. PEAK OPTICAL DEFTH. s ss s eesrerosansss s
CALCULATED REDUCTION FACTDOR s vssavssevsvarsans

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.D.
FID‘
F.D.
HeCo
FIDI
H.C.

GAUSSIAN FWHM [MILLIANGSTRUMI..
NATURAL FWHM C[MILLIANGSTROMI...
VOIGTIAN FWHM [MILLIANGSTROMI..
VOIGTIAN FWHM [HMILLIANGSTROMI..
Asorrrssiertsesrrsoresstsssnanss

Aveososisssve bt tassessnsirsrnnn

Felloo PEAK OPTICAL BEFTH: v os s v orssnsnssnontnase
CALCULATED REDUCTION FACTOR: ¢ v e v onvassvassnnaas

QUATRE LENGTH
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3
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0.1003
17.3038
37,4300

0.0245

0.0674

4,7847

0.1003
22,3034
37.4300

0.0189

0.04694

46.4103

0.1003
27.3032
37.46300

0.0154

0.0674

0.1003
37.302%9
37.6300

0.0112

0:06%4

13.5475

0.1003
57.3027
37.6300

0.0073

0. 0694

22,9977

0.1003
7743026
37.6300

00,0034

00,0694

24,3792



GAS AND LINE:.+ssossvsssasers? NEONy

- A75 -

3-9r 6143

HOLLOW CATHODE (HiCedsssas a7 350 MA

FILTER DISCHARGE (F+DsdovsssT 2 MHAr

2.535 HMBAR»

MEASURED REDUCTION FACTOR. 7
WAVELENGTH CANGSTROMD s vesvsvtssvennvsnssesares?

H+C+
H.C.

SHIFT OF H.C.

[MILLIANGSTROMI, <+

TRANS.-PROB.-SUM OF UPPER STATE EC1E7XSECX%-11.

FeDo

PRESSURE FWHM LCHMILLIANGSTROMI+sseroresras

ISOTOPE SHIFT CMILLIANGSTROHI . evveesrsvrnenss

RATIO OF F.D.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
F.D,

F.D.
F.D.
FeDe
FeDo
H.Co
F.Do
H.C.

TG H.C.

INTENSIETY  avenesanvnesnns
DOPPLER FWHM [MILLIANGSTROMI..
GAUSSIAN FUHM [MILLIANGSTROMI.
NATURAL FWHM L[MILLIANGSTROMI..
VOIGTIAN FUWHM CHILLIANGSTROMI.
VOIGTIAN FWHM CHILLIANGSTROMI.
AIIIODQOQDIQO.lll'....llﬂ.."il

Aretssrtserrsttstsesessrtornas

PEAK OPTICAL DEFTHe s vstrasssnsrssenssens

CALCULATED REDUCTION FACTOR s sssevrevssvrssesre

ADDITIONAL
CALCULATED
CALCULATELD
CALCULATED
CALCULATED
CALCULATED
I:.ID.

FeDs
E.D.
FID.
H.C.
FCDO
HICI

GAUSSIAN FWHM [MILLIANGSTROMI.
NATURAL FWHM [MILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM [MILLIANGSTROMI.
A....O'li.I'...i.illlll...!l..

Asstrsonsrttrrsrssssrssstsoensns

PEAK OPTICAL DEPTH . s v vs st vt rressnssnse

CALCULATED REDUCTION FACTOR:.s s s v esoetssavsnseas

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED

CALCULATED
Fa.D,

F.D.
FODO
FID.
H.C.
F+Ds
H.Co

GAUSSIAN FWHH CMILLIANGSTROMI.
NATURAL FWHM L[MILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM [MILLIANGSTROMI.
AU‘.!'IDQOOQQOOOIIO'OUOOOUIOIO

Auisassrersrssttsstssrnsrssonas

FEAK OPTICAL DEPTH s vetvessssantsasasssres

CALCULATEDR REDUCTION FACTOR:es s v rsssrensnes

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATER
CALCULATERD
F.D.

FID.
F.D‘
FODI
H.C.
F.D.
H.C.

GAUSSIAN FWHM [MILLIANGSTROMI,
NATURAL FWHM EMILLIANGSTROMI..
VOIGTIAN FWHM [MILLIANGSTROMI.
VOIGTIAN FWHHM [MILLIANGSTROMI.
AIIII!..I..IOlillllQOOOGU'I.O'

Bosresanstossvrnosssssieennnsss

FPEAK OFTICAL DEPTH s svcvsavatstsesnrsrss

e &8 4 8 w ® s s e e
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CALCULATED REDUCTION FACTOR s vs v o vt st rennntnse

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
F.l.

FOD.
F.DO
FaDo
H.C.
F.D.
H'c’

GAUSSIAN FWHM CMILLIANGSTROMI.
NATURAL FWHM [MILLIANGSTROMI..
VOIGTIAN FWHM [MILLIANGSTROMI.
VOIGTIAN FWHM [MILLIANGSTROMI.
AIIllilll..0.00....!1!....0!!.

Aassvssrnsssssessarisssstsassson

PEAK OPTICAL DEPTH:tsvsvscseterssreessnros

CALCULATED REDUCTION FACTOR: s esssavsssassanrse

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
[E U

F‘Dl
FIDI
F.D.
H.C.
F‘DO
H.C.

GAUSEIAN FWHM CMILLIANGSTROMI.
NATURAL FWHM [MILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM [MILLIANGSTROMI.
AIIIIOOIl.llIIIlIIIOQ!"ilII.O

Aeort s rtersenrssstessstssosnas

FEAK OPTICAL DEPTHe v e sttt anrnatssessinss

CALCULATED REDUCTION FACTOR: s ss s et vtscrvrsnes

- v m e e e s

n -

QUATRE LENGTH

LORENTZIAN FWHM [MILLIANGSTROMIsssesssnnes?
GAUSSTAMN FWHM EMILLIANGSTROMIssvesvovanrar?
LINE (RED=+)

T
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3
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0.2
20,9
0,013
17,0903
0
0.1046
17.2537
34,4325
0,0148
0.0757
14,7
4.5504
5
0.1044
22, 253%
34,6325
0.0115
0.0757
11.5
6,0746
10
0.1044
27.2535
34,6325
0.0094
0.07%7
2.5
7.9264
20
0.1044
37,2534
34,6325
0.0048
0.0757
7.1
12,0274
420
0.1044
57,2533
34,4325
0.0044
0.0757
4.8
16,6107
&0
0.1046
77,2532
34,4325
0.,0033
0.,0757
3.6

14,2743

Case 19

Case 20



GAS AND LINE+ssvsrsstsnsrssreT NEON»

HOLLOW CATHODRE (

FILTER DISCHARGE (F.:Di).ss.e® 2 HMarr

AT76

3-46r L2466
HeCodoaeresse? 350 MA

2455

HEAR

MEASURED REDUCTION FACTOR. .. T
WAVELENGTH LANGSTROMI s s vt asrvossevssnvesurersa

H.C.
H.C.

Cv LI

LORENTZIAN FWHH [MILLIANGSTROMIsessvsrsees

GAUSSIAN FWHM IMILLIANGSTROMIsassesrsvass
SHIFT OF H.

NE (RED=+) [MILLIANGSTROMI.+...

TRANS.-FPROB,.—-S5UM OF UFPER STATE CIE7XSECX%-11,

F.D.

PRESSURE FWHM [MILLIANGSTROMIssevversrnse

ISDTDPE SHIFT [HILLIQNGSTRDH}'.OC!.O“.O'.“Q.

RATIO OF F.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATELD
CALCULATED
CALCULATED
Folte

nD. TO
FID.
Folte
FaDa
Fa.Ds
HeCo
Fella
H.C.

HeCo INTENSITY v ossrsasnrsensa
DNOFPFPLER FWHM CMILLIANGSTROMI..
GAUSSIAN FWHM CMILLIANGSTROMI.
NATURAL FWHM CMILLIANGSTROMI, .
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM CMILLIANGSTROMI.
nil.ll..I.i...lllll!...llll.!.

Asssressssessossasrtssssnanvsss

FEAK OPTICAL LDEPTH..cvssevretnssasssnrnae

CALCULATED REDUCTION FACTOR: s cvsnrsersrensness

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
GALCULATED
CALCULATED
FaD

FQD.
F.D.
F.D‘
H.C.
F.D.
HeCo

GAUSSIAN FWHM [MILLIANGSTROMI.
NATURAL FWHM CMILLIANGSTROMI..
VOIGTIAN FWHM CHMILLIANGSTROMI.
VOIGTIAN FWHM CMILLIANGSTROM].
AO.I..QIIQOGI.DD!liI.Q.beUIOI

Flr s ss s st stosssssastsssssspsas

PEAK OPTICAL DEFTH.vovvasvsssssnsnnrsnsas

CALCULATET REDUCTION FACTORssssssnvtestrsstnsn

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
F‘n‘

Fln'
FIDl
Fln.
HeE
F.D.
HICI

GAUSSIAN FWHM CMILLIANGSTROMI.
NATURAL FWHHM LMILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM CMILLIANGSTROMI.
Arsavrassisrrtrorasssroronotsns

Avsvirerrsrsersnssssrsranssnss

PEAK OPTICAL DEPTH: v e vssssssansersssnnsns

CALCULATED REDUCTION FACTOR:ssssesrrseenvrvsre

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
FaDy

F.D.
F.D.
FID.
HIC'
F.D
HeCo

GAUSSTIAN FWHM CHILLIANGSTROMI.
NATURAL FWHM CMILLIANGSTROMI..
VOIGTIAN FWHM [MILLIANGSTROMI,
VOIGTIAN FWHM [MILLIANGSTROMI.
A’I‘!!.0!'0'0.'0!l“.t‘."'ll!

Avstser st sss s ssttoretasssatons

PEAK OPTICAL DEPTH: s +seerssvrssarernesnn

CALCULATED REDUCTION FACTOR: e esss et v eassvassnn

ADDITIONAL
CALCULATED
CALCULATED
CALEULATED
CALCULATED
CALCULATED
F.D.

FOD.
FaDe
Fa.D.
HeC»
F.D.
H.C.

GAUSSIAN FWHM [MILLIANGSTROMI,.
NATURAL FWHMH [MILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHH CHILLIANGSTROMI.
AOOIi'l.i'OIIDIIOOOOII'IDI..QO

Arsrsasarassransersssrsssnnses

FEAK OFTICAL DEPTH . vt rernvratsrernnasnss

CALCULATED REDUCTION FACTOR: et sevsssvorerrssses

ADDITIONAL
CALCULATED
CALCULATELDR
CALCULATED
CALCULATED
CALCULATED
..

F.D"
FOD.
FaDs
H.C»
F.D,
H.C.

GAUSSTAN FWHM [MILLIANGSTROMI.
NATURAL FWHM CMI{LLIANGSTROM]..
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM CMILLIANGSTROMI.
ﬁ.."'.'.."“"II’.II'l...."

Aosossrsaresrontttsrroneranness

FEAK OFTICAL DEFTH:v essvosvonstsstsnntses

CALCULATED REDUCTION FACTOR s es v s vssosavarssass
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- A77 -

GAS AND LINEssssersrrovrssseT NEONy 2-4y 4383
HOLLOW CATHODE (HsCedeservees IS0 MA

FILTER DISCHARGE (F. D) esvee® 2 MAr 2,50 MPARy
MEASURELD REDUCYION FACTOR...7

WAVELENGTH CANGSTROMI s cvtransrrnrsesrannssnnns
HiC: LORENTZIAN FWHM [MILLIANGSTROMIs oo a oo
HsC, GAUSSIAN FWHM [CMILLIANGSTROMI+ .+t sesansvona

SHIFT OF H.C.

LINE (RED=+) CMILLIANGSTROMI. ...

TRANS.-FROB.-SUM OF UFFER STATE LL1E7XSEC**%-11..
F.D. PRESSURE FWHM CMILLIANGSTROMI:ssorsreranss
ISOTOFPE SHIFT L[MILLIANGSTROMI:ovsretranasrronss

RATIO OF F.D.

CALCYLATED
APDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATELDR

FQD!
F.D.
F.D.
F.D,
H.C.
FaDe
H.C.

TO H.Co INTENSITY s o ersasasnenenn

DOPPLER FWHM [MILLIANGSTROMI,..
GAUSSIAN FWHM L[MILLIANGSTROMI..
NATURAL FWHM [MIL{JANGSTROMI1...
VOIGTIAN FWHM CMILLIANGSTROMI..
VOIGTIAN FWHM L[MILLIANGSTROMI..
Al.l.'.'lli.i."l||lll".ll.|l'

Avvrsrssssvestsssvsseisssnssers

Fells PEAK OPTICAL DEFTH: e sov e trrnrssrsrorantsrns
CALCUL“TED REI’UCTION FACTDF!IO LR LI A R B

ADRDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F!D.
F.D.
[y U
H.C.
F.D.
H.C.

GAUSSIAN FWHM [CMILLIANGSTROMI..
NATURAL FWHM L[MILLIANGSTROMI1...
VOIGTIAN FWHM C[HILLIANGSTROMI..
VOIGTIAN FWHM LCHILLIANGSTROMI..
A.ll.!ll.lll'lt.l..lllil.l'.l’l

Aevrosratrnessnerernrosnssononns

FeD: PEAK OPTICAL DEFPTHs v secssnsttrrrnarasersons
CALCULATED REDUCTION FACTOR .+ cussr vt e st st snnn

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.Do
F.Li.
FeD.
H.C.
F+D.
H.C.,

GAUSSIAN FWHM [MILLIANGSTROMI,.
NATURAL FWHM [CHILLIANGSTROMI...
VOIGTIAN FWHM CMILLIANGSTROMI..
VOIGTIAN FWHM LMILLIANGSTROMI..
AlllllOlil..ill.lilll!ll'lttl'.

Arsertstanttrstosrrsassstsetasntrs

FoeDs FEAK OFTICAL DEFTH: vt s s s vresessnstssasasas
CALCULATED REDUCTION FACTOR: s s v e sssntcsvnrssnssn

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.D,
Folls
F.D.
H.C.
Faolly
HICO

GAUSSIAN fWHM CMILLIANGSTROMI..
NATURAL FWHM (MILLIANGSTROMI...
VOIGTIAN FWHM CMILLIANGSTROMI..
VOIGTIAN FWHM [MILLIANGSTROMI1..
Al’llll.’lll‘l'.‘l'l'l...l!!I"

Assvosorssrasstossssretonsossass

F.I'e FEAR OGFTICAL DEPTH: ¢ svvrsrvrsessssnvrasoss
CALCULATEIl REDUCTION FACTOR:esnsvsssevosnassvns

ADDITIONAL
CALCULATELD
CALCULATEYD
CALCULATED
CALCULATED
CALCULATED

F.D.
Faolls
FaDe
H‘C‘
Falts
H.C.

GAUSSIAN FWHM CMILLIANGSTROMI]..
NATURAL FWHM CMILLIANGSTROMI1...
VOIGTIAN FWHM [MILLIANGSTROMI..
VOIGTIAN FWHM [HMILLIANGSTROMI. .
Bossvarrsrassssoerssrnsssssernns

B siessoersnanrsassrssnnnnssnnns

Fo.D, PEAK OFTICAL DEFTH  avesvnneresrsatssssnnes
CALCULATED REDUCTION FACTOR o vostrsraarersnnnas

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.O,.
Folle
Fa.l,
H.C.
F.O,
H.C»

GAUSSIAN FWHM LCHILLIANGSTROMI..
NATURAL FWHM LCMILLIANGSTROM?I. .,
VOIGTIAN FWHM CMILLIANGSTROMI..
VOIGTIAN FWHM EMILLIANGSTROMI..
L P I R R B S
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CALCULATED REDUCTION FACTOR: s evvss et tarensessnn
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- AT78 -

GAS AND LINE--O-:-.O......-:? NEOM, 1-2 6402
HOLLOW CATHODE (H:Cuy)sseasseT 350 MA

FILTER DISCHARGE (F.Du)+sse.7 2 MAry 2.35 MBARy QUATRE LENGTH
HMEASURED REDUCTION FACTOR...7

WAVELENGTH CANGSTROMI . s ervorornrsrsararsacensves?
He.Cs LORENTZIAN FWHM CMILLIANGSTROMI:«isvscorervs?
H.C. GAUSSTIAN FWHM EMILLIANGSTROMIsvsseanssssna®

SHIFT OF H

CALCULATED
ARDITIGNAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.Ds PEAK OPTICAL DEFTH: ¢ vere st v sarasasrsness
CALCULATED REDUCTION FACTOR: v s s s st tstansorses

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

FeDe PEAK OPTICAL DBEPTH s v vesnsarrsssrserersane
CALCULATED REDUCTION FACTOR  cesvs s o vssarernans

ADPRITIONAL
CALCULATED
CALCULATED
GALCULATED
CALCULATED
CALCULATED

Fuol, PEAK OPTICAL DEPTHus tvevvoossvaersrsosstsnas
CALCULATED REDUCTION FACTOR ssasssssssasnvasrsn

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATERD

FDDO PEﬁh DPTICAL DEPTH‘Q"O.!00‘."‘!.!‘000‘!!
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FeDs PEAK OPTICAL DEPTH:s e votoonnesssrnanaenss
CALCULATED REDUCTION FACTOR: rssssvvtsssrsnstnse

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATER

FDD.
FOD.
F.Dl
H.CO
F.D.
H.C.

GAUSSIAN FWHM CMILLIANGSTROMI.
NATURAL FWHM CMILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI,.
VOIGTIAN FWHM CMILLIANGSTROMI.
AO'.O0.0..'.'rO"l"“'."ll.'

Aivserenssrsnenetsssssrstsssns

.
)
.
.
)
*
.

*
+
.
.

.

.

FsDs PEAX OPTICAL DEFPTH v+ esr s s vsssnnrscnssosaes
CALCULATED REDUCTION FACTOR: ¢t e v v esersrnrsrnnanse

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

FeDs

F.D.

FIDI
H.Co
F.D.
H.C,

GAUSSIAN FWHHM [MILLIANGSTROMY,
NATURAL FWHHM CHILLIANGSTROMI..
VOIGTIAN FWHM [HMILLIANGSTROMI.
VOIGTIAN FWHM CMILLIANGSTRQMI,.
Ailll!.l'b"llIIIOIOIOIIIIOOC'

Assras s ettt ottt st essas

Fsls PEAK OPTICAL DEPTHs s o svsvererssssvonsssss
CALCULATED REDUCTION FACTOR:ssavssavrerssraess

ADDITIONAL
CALCULATED
CALCULATER
CALCULATED
CALCULATED
CALCULATED

F.D.
F.D.
FOD.
HeCs
F.D,
H.C.

GAUSSIAN FWHM [MILLIANGSTROMI.
NATURAL FWHM CHMILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM CHMILLIANGETROMI.
A.blilil'.ll.Olliillll..illl..

Bererirssesetsrssssnentsansnnne

F'D__.l FEﬁK DPTICAL DEPTH'..QQO..l.l!l"'l‘!l...
CALCULATED REDUCTION FACTOR: s s ervsnasrransssra

ADDITIONAL
CALCULATED
GALCULATED
CALCULATED
CALGULATED
(:ALCULATED

FID‘
F.D.
FeDs
H+C»
FaDs
H.C.

GAUSSTIAN FWHM LMILLIANGSTROMI.
NATURAL FWHM CMILLIANGSTROMI..
VUDIGTIAN FWHM [MILLIANGSTROMI.
VOIGTIAN FWHH CMILLIANGSTROMI.
n."“..llt-t.ll"‘..lo.‘..."

Aesrstovssntnsssossrssanssrans

F.D. PEAK OPTICAL DEPTH. o vt sssassvsasrsvanns
CALCULATED REDUCTION FACTOR vsvsrsssasnssrrons

s & =2 = s e = =

PO e
M- A nui -

(= i N H L it

H=0H 00 1=

[T T | N 1 O

Ho-2 il T W n -

GAUSSIAN WIDTH

46244
3
33
3
5.13
0.2
21.9
0,012
17.3740
0
0.1069
17.5405
34,6325
0.0147
0.0737
85.8
8.8109
=1
0.,10469
22.5404
34.6325
0.0114
Q.0757
&7.3
13.4638
10
0.1069
27.5403
34,6325
0.0093
0.0757
55.7
19,2263
20
0.1049
37.5402
34,6325
0.0048
0.0757
41.9
30.7882
40
0.1069
57.3401
34.6325
0.0045
0.0757
28.1
45.5110
&0
0.1046%
77,5401
34,6325
0.0033
0.0757
2101

S4.8780



GAS AND LINEOC’!I"'.‘.OQ.'U!? NEON'
HOLLOW CATHODE (H«Cedsssrsss? IS0 MAy
FILTER DISCHARGE (F.D.).uvs..P 2 MAy

- A83 -

2~-4y $383
REDUCED

2.55 MBAR

MEASURED REDUCTION FACTOR...7
WAVELENGTH CANGSTROMI s s esrerrroranasrvasassnsa?

HQC‘
ch.

SHIFT OF H.

LORENTZIAN FWHM CMILLIANGSTROMI+eoesvssasa?
GAUSSIAN FWHM [MILLIANGSTROMI+seasaerssree?
C. LINE

(REIN=1) [MILLIANGSTROMI, v+ .7

TRANS ., ~PROR.-SUM OF UPPER STATE L[1E7¥SECKk%-131,.7

FQD!

PRESSURE FWHM CMILLIANGSTROMIe+srssovseerse?

ISOTOPE SHIFT CMILLIANGSTROMIcsvssionnvssenonasT?

RATIOD OF F.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATELD
FIDC

D. TO H.C,

FeDo
FuDs
F.[I.
F.D.
H.C.
F.D.
H+Ce

INTENSITY tavessarssnsesna®
DOPPLER FWHM C[MILLIANGSTROM]...=
GAUSSIAN FWHM CMILLIANGSTROMI..?
NATURAL FWHM L[MILLIANGSTROMI1...=
VOIGTIAN FWHM CHMILLIANGSTROMI..=
VOIGTIAN FWHM CMILLIANGSTROMI1. .=
Aioassonssstossrsrnsrssosssersr™

Blo vt e ssaossntns sttt biotossnsssse

FEAK OFPTICAL DEPTH:svsstsvesersvrrsanarasres?

CALCULATED REDUCTION FACTOR: s e s vees s v s tssorsss ¥

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

Flnl
FIDI
F.D
H.C.
F.D.
H.C.

GAUSSIAN FWHM LCHILLIANGSTROM]..T
NATURAL. FWHM CMILLIANGSTROMI...=
VOIGTIAN FWHM CHILLIANGSTROM], .=
VOIGTIAN FWHM CMILLIANGSTROMI]. .=
Arssnsrresssnsrrssessssosssssss™

Plecasnssnessasnsssqssesotssossosr®

Felle PEAK OPTICAL DEPTH:y s vvtrrensrsssssnsssesss?

CALCULATED -REDUCTION FACTORT 3. vuvasovabsansvsans = -

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATELD
F!DQ

F.D.
F.D.
F.D.
H.C,
F.D.
H.C.

GAUSSIAN FWHM CMILLIANGSTROMI..?
NATURAL FWHH CHILLIANGSTROM1...=
VOIGTIAN FWHM [CMILLIANGSTROMI, .=
VOIGTIAN FWHM CMILLIANGSTROMI. .=

Aoooo.ooono----oooo---nolcoonloﬂ

Boovevtsorsosssanssasstorsssssss™

PEAK OPTICAL DEFTHssv oo s st sevssnesssnsesT

CALCULATEDR REDUCTION FACTOR s st rsreessrrrr s ss™

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
Foba

Fln.
FIDO
F.Do
H.C.
FID.
H.C.

GAUSSIAN FWHM CMILLIANGSTROMI,..?
NATURAL FWHM CHMILLIANGSTROMI...=
VOIGTIAN FWHM [MILLIANGSTROMI..=
VOIGTIAN FWHM [MILLIANGSTROMI..=
Avsssrotarrtrasstttorntotranerss=

Aerrorattrassastsrasassssssnsass™

PEAK OFTICAL DEPTH: s s vsasosavvaronsrsnnsl®

CALCULATED REDUCTION FACTOR: svssstcsse s s vass o

ADDITIONAL
CALCULATED
CALCULATED
CALCULATER
CALCULATED
CALCULATED
FODO

F.D.
F.D,
F.DI
H.C.,
FOBO
H.C.

GAUSSIAN FWHM EMILLIANGSTROMI1..?
NATURAL FWHM EMILLIANGSTROMI...=
VOIGTIAN FWHM EMILLIANGSTROMI. .=
VOIGTIAN FWHM [MILLIANGSTROM1..=
Atssrorssstiissssssrssstsstsesss=

Plesssarassstastsrasssostsssntnss

PEAK OPTICAL DEPTH: oo voseessasarssostsrnns?

CALCULATED REDUCTION FACTOR s ersssssvnnsssnsne s

ADDITIONAL
CALCULATED
CALCULATER
CALCULATED
CALCULATELD
CALCULATED
F.D,

F.D,
F‘n'
F.D'
H'C.
F.D,
H.C,

GAUSSIAN FWHM CMILLIANGSTROMI1..7
NATURAL FWHM CMILELIANGSTROM]...=
VOIGTIAN FWHM L[MILLIANGSTROMI. .=
VOIGTIAN FWHM [MILLIANGSTROMI..=
Revvorvorobosnsrnasannasenssssnaesrs

Aroosronrasssasorocsssstrrtantss=

PEAK OPTICAL DEPTH.: o s rvsssarstsarnnenss?

CALCULATED RETUCTION FACTOR s erssessvssenssrr s

GAUSSIAN WINTH

4383

3

28

3

5.02

0.2

22.9

0.034
17,7004

Q

C.1085
17.8658
29.46378

0.0145

0.0892

3.3
2.4972
]

00,1085
22,8457
29.4378

0.0113

0.0892

2.4
2,723%9
10

0.1085
27.846%54
29.4378

0.0093

0.0892

202
2.8522
20

0.108%5
37,8455
29 .4378

0.0048

0.0892

1.6
2.4747
40

Q.1085
57.8654
29.6378

0.0045

C.0892

1.1
2.2828
&0

0.1085
77.8454
29,6378

0.0033

0.0892

0.8

1.9070

Case 23

Case 24



GAS AND LINE+ssesvvanssssv e ® NEON»

- AB4

HOLLOW CATHODE (HiCrdrvrnvne® JIEO MAr

FILTER DISCHARGE (F.Dedswese? 2 MAy
MEASURED REDUCTION FACTOR...?

1-2»

4402
REDUCED
2.55 MBAR

WAVELENGTH CANGSTROMI s vsvsvevnrnvrsvsavansnsas
H.C. LORENTZIAN FWHM C[MILLIANGSTROMI:osasverss
H.C. GAUSSIAN FWHM CMILLIANGSTROMJ.sevsnsonrse
Cs LINE (RED=+) L[MILLIANGSTROMI.:...
TRANS+—FROP.~S5UM OF UFFPER STATE LC1E7XSECk%~11.

SHIFT OF H.

F.D+ PRESSURE FWHM

CHILLIANGSTROMD cesevassvnas

ISOTOPE SHIFT [MILLIANGSTROMI: ¢cvensrsovnssesan

RATIO OF F.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
{ALCULATED

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
LALCULATED

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

D. TO H.C.

INTENSITY vnaavrsensnanans

F.D. DOPPLER FWHM [MILLIANGSTROMI..
Fo.Dv GAUSSIAN FWHM CHMILLIANGSTROMID.
F+Dy NATURAL FWHM CMILLIANGSTROMI..
F.D: VOIGTIAN FUWHM [MILLIANGSTROMI.
H.C. VOIGTIAN FWHM CMILLIANGSTROMI.

Felle Asveorsrorssorronnronsnsonsvens

HiCyr Avsssrsnsrrensssnrssrssnsnsves
FoD. PEAK OPTICAL DPEPTH v e varvorrressonrnasnss
CALCULATED REDUCTION FACTOR: cvv s vsrsssovsrane

F.D, GAUSSIAN FWHM L[MILLIANGSTROMI.
F.D0D. NATURAL FWHM EMILLIANGSTROMI..
F.Ds VOIGTIAN FWHM CMILLIANGSTROMI.
H.C. VRIGTIAN FWHM [MILLIANGSTROMI].

FaDe Arssrrrsrnnsnesrorasrnsssasss

HeCo Arrrersstrsrrsessrossstorens

F.ls PERK OPTICAL DEPTH: s vssesvrensersssosa
CALCULATED REDUCTION FACTOR:+vstvcsserser o

L)

..

.

.

F.D. GAUSSIAN FWHM CMILLIANGSTROMI.
F.D. NATURAL FWUHM CMILLIANGSTROMI..
F.D. VOIGTIAN FWHM CMILLIANGSTROMI].
H.C. VDIGTIAN FWHM [MILLIANGSTROMI].

FoDe Avsaserninssssrsvessscsaronnss

H.C. ﬁlll.lllll.l'.llllll.l..lttl"
FuDs PEAK OPTICAL DEPTH.ssssssrrvsasosssronens
CALCULATED REDUCTION FAETOR. e e s sssvssovsesn oy

F+D: GAUSSIAN FWHM [CHMILLIANGSTROMI.
F.Dls NATURAL FWHM [CMILLIANGSTROMI..
F+Ds VOIGTIAN FWHM CHMILLIANGSTROMI.
H.C,» VOIGTIAN FWHM L[MILLIANGSTROMI.

FiDe Aurroeratsssesvorstsessrtatnsns

HiCs Avssesasnraresarstasnarssronenes

F.0. PEAK OPTICAL DEPTH. s cve v st snsnrrananns
CALCULATED REDUCTION FACTOR: s s oo v s sesavesaases

F.D. GAUSSIAN FWHM [MILLIANGSTROMI,
F.Dy NATURAL FWHM CMILLIANGSTROMI..
F.0. VOIGTIAN FWHM CMILLIANGSTROMI.
H.C. VOIGTIAN FWHM [CMILLIANGSTROMI.

FeDe Avesrssserarttessissatrassssann

H.GC.
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F.Do PEAK OPTICAL DEPTH v+ s st svsvsvasvsssssasss?
CALCULATED REDUCTION FACTOR:s s tessssetsssssnsss™

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

F.DO. GAUSSIAN FWHM [HMILLIANGSTROMI,.?
F.O, NATURAL FWHM [MILLIANGSTROMI.,.=
F.0, VOIGTIAN FWHM CHILLTIANGSTROM]. .=
H.C., VOIGTIAN FWHM CMILLIANGSTROMI..=

Fulls Aueisstarearstorssasstorsnosper®

\
HeCo Averrntnsrrsrsosorsaisarasnssnee=

IFeDs PEAK OPTICAL DEPTH . v usvevsveeasvsnnsssens?
CALCULATED REDUCTION FACTORs v ev ot visvrassansee®

F.D. GAUSSIAN FWHM [MILLIANGSTROMI..?
F+«De NATURAL FWHM [MILLIANGSTROMI...=
F+Ds VOIGTIAN FWHHM [MILLIANGSTROMI..=
H.C+ VOIGTIAN FWHM CMILLIANGSTROM1..=

F.D,

D R R O I I N N A N N I I I A AN W]

Hello Avssrsssrerererarsnntsriassssiss=
Fo. PEAK OPTICAL DEPTH: v ecerrevsesnssssannsaes?
CALCULATED REDUCTION FACTOR:rvssseaassssosvrsss=

GAUSSIAN WIDTH

6402
3
a9
3
S5.06
0.4
2249
0.016
17.7531
0
0.1100
18.0272
S0.6228
0.0239
0.0310
252.7
7.2839
S
0.1100
23,0269
50.46228
0.0187
0.0510
199.4
?.8943
10
0.1100
28.024646
50.622
0.01%3
0.0510
1465.8
13.%5445
20
0+1100
38,0244
F0.622
0.0112
0.0510
125.0
23.1105
A0
00,1100
o8.0261
50.46228
0.,0074
0.0510
84,49
38.1222
50
0.1100
78.0240
50,6228
0.0055
0.0510
63.7
44,7399
80
0.1100
98,0259
50.46228
0.0043
0.0510
51.¢

49.0343

Case 25

Case 26



- AB85 ~

Subset 5

GAS AND LINE++ssvesessssssssT NEGN:s 1-7y 5945

HOLLOW CATHODE (H+Cs2sssveves? 350 MAr REDUCED H.C. PRESSURE WIDTH AND SHIFT
FILTER DISCHARGE (F.D.}s+s+.T 2 MAy 2.55 MBAR

MEASURED REDUCTION FACTOR...7

WAVELENGTH LCANGSTROMlescassrarsrrrsnrvsnssrsseees® 5945

H+Cs LORENTZIAN FWHM CMILLIANGSTROMIZ+::esvsvrsesT 1

H:C. GAUSBIAN FWHM [MILLIANGSTROMI s orovesraers? 29
SHIFT OF H.C., LINE {RED=+) [MILLIAMGSTROM]1,....7 1
TRANS.-PROB.~-SUM OF UPPER STATE [C1E7¥SEC*%-1]..7 5.22
F+D: PRESSURE FWHM CMILLIANGSTROMIcstvsavsvaeresT 0,5
ISODTOPE SHIFT L[MILLIANGSTROMIessasnrvassosnrnes® 20,2
.7

RATIO OF F4Ds TO HeCs INTENSITY 4+ usovearosessresT 0,011
CALCULATED F.D. DOPPLER FWHM L[MILLIANGSTROMl...= 14,4858
ADDITIONAL F.D. GAUSSIAN FWHM LCMILLIANGSTROM1..T O

CALCULATED F.D, NATURAL FWHM L[MILLIANGSTROMI,..= 0.0979
CALCULATED F,D., VOIGTIAN FWHM L[MILLIANGSTROHI1, .= 16,8074
CALCULATED H.C. VOIGTIAN FWHM L[CMILLIANGSTROM]..= 29 G380
CALCULATED FeDe Acvsonrassersesnrsssssttasessnsss= Q.,0302
CALCULATED H.cl A...Q....’OI..Q.C.ll.l..l.ll.l'z 0‘0287
F+Ds PEAK OPTICAL DEPTHsssessssssonsssnrsassrres® 34,9
CALCULATED REDUCTION FACTOR.sessvvovssssssanness 10.8352
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROM]1..? S

CALCULATED F.D. NATURAL FWHM CMILLIANGSTROM]...= 0.0979
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMI. .= 21.8071
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROMI..= 29,5380
CALCULATED F.Ds Acsvrossrrestssnrasarsvsssesnss= 0.0232
CALCULATED H:Cs Asrsavavssrssnasssssssnsrassser™ 0.0287
FeDe PEAK OPTICAL DEPTH:y s s vosnrssconnsrerresrss® 27,2
CALCULATED REDUCTIGON FACTOR: s s s ersoanrensnssras= 16.7361
ADDITIONAL F.D. GAUSSIAN FWHM CMILL IANGSTROM]..? 10
CALCULATED F,.,D., NATURAL FWHHM CMILLIANGSTROMJ...= Q. 0979
CALCULATED F.D., VOIGTIAN FWHM [CHMILLIANGSTROM3..= 24.80647
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROMI..= 29.5380
CALCULATED F.Du Accereteesstsessssnssissssnssner 0,0188
CALCULATED HiCy Avvesstosssrnsonrsrsrsosesasssss™ 0.0287
F+De PEAK OPTICAL DEPTHu ¢t v et vesrvbsasasrrssares? 22,4
CALCULATED REDUCTION FACTOR« s s s v vvnsne s ot sn o= 24,3238
ADDITIONAL F.D. GAUSSIAN FWHM [MILL.IANGSTROMI..? 20
CALCULATED F..D. NATURAL FWHM CMILLIANGSTROMI, ..= 0.0%979
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI, .= 34,8043
CALCULATED H.C. VOIGTIAN FWHM LCMILLIANGSTROMI. .= 29,5380
CALCULATED FuoDs Avvsesssttrsvsbrrrossstsnsisrrer™ 00,0134
CALCULATED HuCv Ac o esvsssossssosssnsssorpiqnsetd 00,0287
F.D. PEAK OPTICAL DEPTHs v essvsonsstatssnesnrase? 16.8
CALCULATED REDUETION FACTOR s s cssvsss vt osrvanss® 41,2977
ADDITIONAL F.D, GAUSSIAN FWHM [MILLIANGSTROMI..? 40
CALCULATED F.D. NATURAL FWHM CHILLIANGSTROM]...= Q.0979
CALCULATED F,D. VOIGTIAN FWHM EMILLIANGSTROMl.,= 56.8060
CALCULATED H.C. VOIGTIAN FWHM L[MILLIANGSTROMI..= 29.5380
CALCULATED FeDe Acsvenrssosssrssssststsetsssnsae™ ¢.,0088
CALCULATED HuCh Asessvenvssvsersssssnstssossts e 0.,0287
F.Do PEAK OPTICAL DEPTHs s o evosrsssnsnssesnssses? 11,2
CALCULATED REDUCTION FACTOR:essvoveanaassesarse= 42,0492
ARDITIONAL F.D. GAUSSIAN FWHM IMILLIANGSTROHI1..? &0
CALCULATED F.D. NATURAL FWHM CMILLIANGSTROMI,, .= 0.0979
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI. .= 74.80u8
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROHM]. .= 29.5380
CALCULATED FaDe Aseveertstvsnrsssarosstssssonrsaes 0.0045
CALCULATED HuCh Avvrvvrevevssrssnrssnsrsasssnsss® 0.,0287
F.D. PEAK OFTICAL DEPTHevvsostrensassrsnrsnssas? 8,4

CALCULATED REDUCTION FACTOR et v ronssersnnsoass 48.7706



- A86 -

GAS AND LINE:cs+sssoossessss? NEONy 1-S¢ &143

HOLLOW CATHODE {(HeCedrossrers? 350 MAr REDUCED H.C. PRESSURE WIDTH AND SHIFT
FILYER DISCHARGE (F.Du)vsees? 2 MAr 2,55 MEAR
HEASURED REDUCTION FACTOR...7 .

WAVELENGTH LANGSTROMI cssverrsnrrosensnsssosrsas? 46143
HyC. LORENTZIAN FWHM CMILLIANGSTROMI:csssroases? 1
H.€+ GAUSSIAN FWHM LMILLIANGSTROMI. v sseseersea? 36
BHIFT OF H.C. LINE (RED=%+) [MILLIANGSTROMI:+¢e.? 1
TRANS . ~PROB.-SUM OF UPPER STATE C1E7XSEC¥*%-11,.% 5.01
F+Dy PRESSURE FWHM [MILLIANGSTROMIctesssseess+47 0.4
ISOTOPE SHIFT LHILLIANGSTROMI:srvsorsnsnnnssnsanse? 22,9
RATIO OF F.D:. TO H,Ce INTENSITY v srsensesensass® 0,011

CALCULATED F.D., DOPFLER FWHM LCMILLIANGSTROM1...= 17,0349
ADDITIONAL F.D, GAUSSIAN FWHM CMILLIANGSTROM1..7 O

CALCULATED F.D. NATURAL FWHM L[MILLIANGSTROM1...= 0.,1003
CALCULATED F.D. VOIGTIAN FWHM CHILLIANGSTROMI..= 17.3038
CALCULATED H.Cs VOIGTIAN FWHM L[MILLIANGSTROMI..= 34,5373 -
CALCULATED FaDe Assersssssrsssssronssasrsssvess™ 0.0245
CALCULATED HsCs Acenvsrrssvsssrsssscesessssinsves= 0.0231
F:D:s PEAK OPTICAL DEPTH v ottt vsvsssssscsessrass? 7944
CALCULATED REDUCTION FACTOR+ st sv s vt s titarnssaeas™ 10.4005
ADDITIONAL F.D. GAUSSIAN FWHM CHMILLIANGSTROM]..? 5

CALCULATED F.D. NATURAL FWHM CMILLIANGSTROM1...= 0,1003
CALCULATER F.D., VOIGTIAN FWHM [HILLIANGSTROM]..= 22,3034
CALCULATED H.C. VOIGTIAN FWHM L[MILLIANGSTROMI..= 36,5373
CALCULATED FoDe Assveorsressanrsssssnnnssrsssss™ Q.0189
CALCULATED HeCi Assvrrrssarsosevesanarsosransses= 0.0231
Fel's PEAK OPTICAL DEPTH: s orasrsssnnsnsnsrasases? 62,2
CALCULATED REDUCTION FACTOR«tsaessssstssrrsssas™ 146.2573
ADDITIONAL F+D. GAUSSIAN FWHM CHILLIANGSTROM]1..T 190
CALECULATED F.D, NATURAL FWHM (MILLIANGSTROMI...= 0.1003
CALCULATED F.D, VDIGTIAN FWHM LMILLIANGSTROMI]..= 27.3032
CALCULATED H.C, VOIGTJAN FWHM L[MILLIANGSTROMI..= 36,5373
CALCULATED FeDs Avserrrorerrersstssstssssonsess™ 0,0154
CALCULATED HeCos Avvervtvvrernssvsrtrsrsasssennssr™ 0.0231
F.D:. PEAK OPTICAL BEPTH: s vt esssssasssnrrsssans® G143
CALCULATED REDUCTION FACTOR++ s susvetsesvesssese= 24,2723
ADDITIONAL F.D:+ GAUSSIAN FWHM CMILLIANGSTROM2..? 20
CALCULATED F.D. NATURAL FWHM CHILLIANGSTROMI.,.= 0.,1003
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI1..= 37,3029
CALCULATED H.C. VOIGTIAN FUHM LHILLIANGSTROMI1..= 3645373
EﬁLCULﬂTED FID. Ai.!l!.ll.Ol...l....l.lll.l....= 0.0112
CALCULATED HeCu Avsvrsnnsonsnsnnssssrsrnssssiss™ 0.0231
F.D. PEAK OPTICAL DEPTH s s s rresenssrsrsssaessss? 38.4
CALCULATED REDUCTION FACTOR: v o snsesvsssnorsssas™ 43,2844
ADDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROMI1.,? 490
CALCULATED F«D» NATURAL FWHM [MILLIANGSTROM]:.,= 0.1003
CALCULATED F.D. VDIGTIAN FWHM [MILLIANGSTROMI..= 97.3027
CALCULATED H.C. VOIGTIAN FWHM L[MILLIANGSTROMI..= 36,5373
CALCULATED FoDlu Aceveevsreretsorssssssssessoses= 0.0073
CALCULATED HiCo Avvrtnsrnntrttttsorstronsrnsesas= 0.0231
F+Ds PEAK OPTICAL DEPTH s vvveerrvsonnnssosvsses® 25.8
CALCULATED REDUCTION FACTOR s v v v s enssv st s ssanse= 66,8447
ADDITIONAL F.D+. GAUSSIAN FWHM [MILLIANGSTROMI..T &0
CALCULATED F.D: NATURAL FWHM CMILLIANGSTROM1...= 0.1003
CALCULATED F.D. VOIGTIAN FWHN (MILLIANGSTROMI..= 77.3024
CALCULATED H.C. VOIGTIAN FWHM L[MILLIANGSTROMI..= 36,5373
CALCULATED FeDs Asvsvsorsesrstrrrensasssssarases™ 0.0054
CALCULATED H+C+ Arronoarnesnnrorstereretsessterss™ 00,0231

F.D: PEAK OPTICAL DEPTH e errorsrsvssrtsnssaenesT 19,4
CALCULATED RETRUCTION FACTOR .t v vevsrrsrrrosssnere= 75.1520



- A87 -

GAS AND LINE. . i vesesereseesT NEONr 3~9) 4143

HOLLOW CATHODE (H.C.)sawsees® 350 HA
FILTER DISCHARGE {(F.Dui}svsss? 2

REUUCED

MAr 2.35 MBAR

MEASURED REDUCTION FACTDR...7
WAVELENGTH LCANGSTROMIssvsnsrvanvrrrrasnsssnens

H+C>»
H.C.»

F.D.

LORENTZIAN FWHM [HILLIANGSTROMI: s vas s
GAUSSIAN FWHM CMILLIANGSTROMIsicsvsnvress
SHIFT OF H.

C. LINE (RED=+) CMILLIANGSTROMI1....
TRANS.~PROB.-8UM OF UPPER STATE LC1E7XSECk¥-11.

PRESSURE FWHM [MILLIANGSTROMI:ieovevsorros

ISOTOPE SHIFT L[MILLIANGSTROMI:.ssssvenaasssnses

RATIO OF F.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
FaDe

D. TO H.C.

F.Ds
F.Dl
F.D,
F'D.
H.C.,
F.D.
H.C.

INTENSITY csessaessennsse
DOFFLER FWHM CMILELIANGSTROMI..
GAUSSIAN FWHM CMILLIANGSTROMZ.
NATURAL FWHM [MILLIANGSTROMI..
VDIGTIAN FWHM CMILLIANGSTROMI.
VDIGTIAN FWHM LCMILLIANGSTROMI.
nO..!OOOlll‘ll.ll!.'.'llllllt.

Assesrtrosrssssssvrertssasosssins

PEﬁK DPTIC“L DEPTH‘ID.'Ilt'.."!!!'l..".

CALCULATED REDUCTION FACTDR: cossssnsss oot en s

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
F+Dy

F.DI
FODI
F’DO
H.C.
F.D.
H.C.

GAUSSIAN FWHM CMILLIANGSTROMI.
NATURAL FWHM CMILLIANGSTROMI..

VOIGTIAN FWHM L[MILLIANGSTROMI.
VDIGTIAN FWHM [MILLIANGSTROMI.
ﬂ.'."ol!.l!'illll...'l’ltll..

Avvosnrrsorartrsssnnarrssrnnes

PEAK OPTICAL DEPTH:vs st tosveessssnssnsans

CALCULATED REDUCTION FACTORsssvesrsnsessr e

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
FlD.

F.D.
FIDI
FsDs
H.C.
F.D.
H.C.

GAUSSIAN FWHM [MILLIANGSTROMI.
NATURAL FWHM [CMILLIANGSTROM1..
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM [CMILLIANGSTROMI.
PAosvorusvssssssansessrasvsanan

Aisessrorssssnrosrstssrsrsnnss

PEAK DPTICAL DEPTH. v evstasonsoasssrvosas

CALCULATED REDUCTION FACTOR: s vssvss vt ssvsnevsn

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
F.D.

Feble
F.D,
FODI
H.C.
F.D.
H.C

GAUSSIAN FWHM L[MILLIANGSTROMI,.
NATURAL FWHHM [MILLIANGSTROMI,. .
VRIGTIAN FWHM [MILLIANGSTROMI.
VOIGTIAN FWHM LCMILLIANGSTROMI.
Arlrasaesessrasssresirsisasssss

Averevvsnecrsttsnrunnntattrsns

PEAK OPTICAL DEPTH s e it esnsstvaarnvnssn

CALCULATED REDUCTION FACTOR s s s tvervrsntnnsaas

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
F.D.

F.D.
F.D.
F.D.
HICO
F.D.
H.C.

BAUSSIAN FWHM CMILLIANGSTROMI.
NATURAL FWHM CMILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI,
VOIGTIAN FWHM [CHILLIANGSTROMI.
n.o.l.lliilll.lt-t‘lntl’o.!-l.

Aserrtrosarsrssnsstsrasasssnae

PEAK OFTICAL DEPTHs sovvtssnsntsassvonnsns

CALCULATED REDUCTION FACTOR: v s v ssaasvssvsoss

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
Fa.D.

FeDe
F'D.
F.D.
H.C.
FODI
H.C.

GAUSSIAN FWHM CMILLIANGSTROMI.
NATURAL FWHM CMILLIANGSTROMI..
VOIGTIAN FWHM CMILLIANGSTROMI.
VOIGTIAN FWHM CMILLIANGSTROMI.
Allllttll‘.ll'lll'l!!'.'.lllll

Aevror e trarorsensatetssasnsas

PEAK OPTICAL DEPTH: v et vsveevsantrrasnrns

CALCULATED REDUCTION FACTOR. s v svresatestatnen

H.C.
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1
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1

.19

0.2

20.9

0.013
17.0903

0

0.10446
17,2537
33.5376

0.0148

0.0252

8.7
10,1425
]

0.10446
22,2535
33.5376

0.0115

0.,0232

A35.9
15.9987
10

C.1046
27,2535
33.5374

20,0094

0.0252

38.0
23.6478
20

00,1044
37.2534
33,5374

0.0068

Q.0252

28.4
40.3145
40

0.1044
597.2533
33,5376

0.,0044

0.,0252

19.0
58,4556
40

0.1044
77,2532
33.5376

0.,0033

Q.0252

14,3

64,8058

PRESSURE WILTH AND SHIFT

Case 27



- AB8 -

GAS AND LINE:sesosrssanarsss? NEON» I-6s 6246

HOLLOW CATHODE (H.Cedessrsss® 350 MAy REDUCED H.C. FRESSURE WIDTH AND SHIFT
FILTER DISCHARGE (F.D.)....® 2 HAr 2,35 MBAR

MEASURED REDUCTION FACTOR...?

WAVELENGTH LCANGSTROMI.«ssrvtrrassvrasrnsssnarsres? &H266
He.C. LORENTZIAN FWHM LCMILLIANGSTROMI+ s vsvrraes¥ 1
H.C. GAUSSIAN FWHM [MILLIANGSTROMI:seesararvess® 37
SHIFT OF H.C, LINE (RED=%) [MILLIANGSTROMI. o007 1
TRANS . ~PROB,-S5UNM OF UFPER STATE [LE7*SECX%-1]1..% 5.13
FeDs PRESSURE FWHM CMILLIANGSTROMI:«sssssvaevsss?® 0,2
ISOTOPE SHIFT LCMILLIANGSTROMI:vivevnnneesranaes? 21.9
RATIO OF F.Ds TO H.Co INTENSITYvsrvvrsnsnsrrsas? 0,012

CALCULATED F.D. DOPFLER FWHM [MILLIANGSTROM]..,.= 17.3740
ADDITIONAL F.D, GAUSSIAN FWHM CMILLIANGSTROM1..7 ©

CALCULATED F.D. NATURAL FWHHM LCMILLIANGSTROM1...= 0.10469
CALCULATED F,D, VOIGTIAN FWHM LCMILLIANGSTROM]..= 17.54035
CALCULATED H.C. VOIGTIAN FWHHM CMILLIANGSTROMI. .= 37.5372
CALCULATED FusDy Asrssrestvssrsstsrrssssrsssessr= 0.0147
CALCULATED HeCs Avsrsstrsssnensssessssnssssssna= 0.,0225
FeD:s PEAK OPTICAL DEPTHs s svsrrsrrevesserasrsses? B9.7
CALCULATED REDUCTION FACTOR« s s s s vt v vt tssvonee® ?.+0855
ADDITIONAL F.D. GAUSSIAN FUHM CMILLIANGSTROM]..? §

CALCULATED F.D. NATURAL FWHM LCMILLIANGSTROM1...= 00,1069
CALCULATED F.D., VOIGTIAN FWHM LMILLIANGSTROMI,.= 22.5404
CALCULATED H.C, VOIGTIAN FWHM L[MILLIANGSTROMI..= 37.5372
CALCULATED F.De¢ Beossosss sttt essnssitsssronnness™ 0.0114
CALCULATED HeCs Averrvvrrvsorvsrosnrssssrsnsnnar™ 0,0225
F«De PEAK OPTICAL DEPTH v s v v s sa v ssevssvsnsess® &7.4
CALCULATED REDUCTION FACTOR.sevsvnssesnstssssss™ 15.1268
ADDITIONAL F.D. GAUSSIAN FWHM L[MILLIANGSTROM1..7? 10
CALCULATED F.D. NATURAL FWHM CMILLIANGSTROMI...= 0.10469
CALCULATED F.D. VOIGTIAN FWHM LCMILLIANGSTROMI3..= 27.5403
CALCULATED H.C. VOIGTIAN FWHM L[MILLIANGSTROMI1..= 37.5372
CALCULATED FoDe Acssorrvarraranartosrrenasrasas™ 0,0093
CALCULATED HsC: Assssroresnsrnrrsnsssrsissarsans™ 0.0225
F.D. FEAK OFPTICAL DEPTH s ivscusssvrseisavrres® 55,8
CALCULATED REDUCTION FACTOR: s s oo vss s cesssas s4™ 22.7796
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROM]..?T 20
CALCULATED F.D. NATURAL FWHM CHMILLIANGSTROM1...= 0.1049
CALCUL.ATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI..= 37.5402
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROM}..= 37.5372
CALCULATED F.D:o Assssassssstsronssssstsssnnssse= 0.0048
CALCULATED HuCo Avevrerensrbsrorsostttososniosss™ 00,0225
F.0. PEAK OPTICAL DEPTH: s evvennsnasserensosesasT 41,9
CALCULATED REDUCTION FACTOR s s e vesstassnassssses= 41.1277
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROM1..? 40
CALCULATED F,D. NATURAL FWHM [MILLIANGSTROMI1...= 00,1069
CALCULATED F.D, VOIGTIAN FUHM LCMILLIANGSTROMI1..= S57.59401
CALCULATED H.C. VOIGTIAN FWHM L[MILLIANGSTROM1..= 37.0372
CALCULATED FeDe Avssorererrersrssnrsonsassssesas™ 00,0045
CALCULATED H+Cs Assvsnrsversssrrsrosssnsrnassssss™ 0.0225
F.D. PEAK OPTICAL DEPTH: v svesesrsrerrenassseses? 28,1
CALCULATED REDUCTION FACTOR .+ s svasas st ersases= 42,8374
ANDITIONAL F.D. GAUSSIAN FUHM CMILLIANGSTROMI..T &40
CALCULATED-F.D. NATURAL FWHM CMILLIANGSTROM1...= 0.10469
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI..= 77.5401
GCALCULATED H.C. VOIGTIAN FWHM CHILLIANGSTROMI1..= 37.5372
CALCULATED F oDy As v ervottsanvssstssnssssteses= 0.0033
CALCULATED H'Cy Asvssratssrssovsrsrsstasestonss™ 0.,022%

F.bD:. PEAK OFTICAL DEFTH st v s o rstssseserssseed® 21,1
CALCULATED REDUCTION FACTOR . vevsreasnantsrerase= 69.9741



~ A89 -

GAS AND LINE.c+ssssrrerarses? NEON» 2-4, 6383

HOLLOW CATHODE (H.Cs)evevves? 350 MAr REDUCED H.C. PRESSURE WIDTH AND SHIFT
FILTER DISCHARGE (F.D.}...+¢s? 2 MAy 2,55 MEAR

MEASURED REDUCTION FACTOR,..7

WAVELENGTH CANGSTROMI v s esveasresrsvranarssnenss? 6383

HeCs LORENTZIAN FWHM CHILLIANGSTROMIseesessvaes? 1

H.C+ GAUSSIAN FWHM CMILLIANGSTROMI:sesssssseassT 31

SHIFT OF H.C. LINE (RED=+) [MILLIANGSTROMI..., .7 1
TRANS . ~PROB.-5UM OF UPPER STATE [C1E7XSEC¥%-1]..7 5.02

FeD. PRESSURE FWHM [MILLIANGSTROMI: e svresnses? 0.2

ISOTOPE SHIFT CMILLIANGSTROMI+soverevansnsanase? 22,9

RATIO OF F.D, TO H4Cs INTENSITY:ssrvunsssssavseas? 0,034
CALCULATED F.D, DOPPLER FWHM LCMILLIANGSTROMI,. .= 17,7004
ADDITIONAL F.D. GAUSSIAN FWHM EMILLIANGSTROM1..? O

CALCULATED F.Ds NATURAL FWHM [MILLIANGSTROMI,..= 0.1085
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMI. .= 17,8658
CALCULATED H.C+ VOIGTIAN FWHM CMILLIANGSTROMI..= 31.53748
CALCULATED FoDv Avvosvrrsssrsssornsssssstrrtres™ 0.014%
CALCULATED HeCs Avsevorsnsssnrersnrenisssrevssss 0.0249
FeDle PEAK OPTICAL DEPTH.vstevvsvsvvesesssvessssT 3.4
CALCULATED REDUCTION FACTOR. ssv v s ot astronsresa= 2.3464
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI..? S

CALCULATED F.D., NATURAL FWHM EMILLIANGSTROMI:..= 0.1085
CALCULATED F.Ds VOIGTIAN FWHM CMILLIANGSTROMI, .= 22.8457
CALCULATED H.C. VYOIGTIAN FWHM CMILLIANGSTROMI. .= 31.5378
CALCULATED FoDs Assrsesrerrstrsorstvssrrsrsresos® 00,0113
CALCULATED HiECs Avuscssrsssroorsssesssssonsnsssse™ 0.,0249
FeD:e FEAK GPTICAL DEPTHetovesresvrsnrsranrsensssT 24
CALCULATED REDUCTION FACTORs vvosvervracnnsvres e 2.7570
AODDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI..? 10
CALCULATED F.D. NATURAL FWHM L[MILLIANGSTROMI. .= Q.1085
CALCULATED F.D. VOIGTIAMN FWHM L[MILLIANGSTROMI..= 27.8656
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROMI..= 31,5378
CALCULATED FoDs Asvssrsstarossorsssrrasrtsssenes™ Q.00%93
CALCULATEIY HiCs Asvorossrssressssrronssnsnssns = 0.,0269
FsDy FEAK OPTICAL DEPTH:vessssrsnvervaessssssss? 2,2
CALCULATED REDUCTION FACTOR:+ ts s s suossressrerves™ 2.8922
ADDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROMI..F? 20
CALCULATED F.Dv NATURAL FWHM CMILLIANGSTROMI...= 0.1085
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMZ..= 37.8455
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROMI..= 31.5378
CALCULATEDR FoDo Arserrstsvsessnrrrsetsrrssrrrsa™ 0.0048
CALCULATED HuCho Avverssersnrsrsossrsterrsorseeses® 0.026%
F.D. PEAK OPTICAL DEPTH: vousveosraesvvnrsrtrsnsT 14d
CALCULATED REDUCTION FACTOR: s sasvesvernenssvsess 2.7137
ADDITIONAL F.D, GAUSSIAN FWHM EMILLIANGSTROM1. .7 40
CALCULATED F.D. NATURAL FWHH [MILLIANGSTROMI...= 0.108%
CALCULATED F,D. VOIGTIAN FWHM [CMILLIANGSTROMI..= 5i7.8654
CALCULATED H.,C. VOIGTIAN FWHM CMILLIANGSTROMI..= 31.5378
CALCULATED Folls Asvverrr st reoveonasetssesonsnss™ 0.0045
CALCULATED HeC:o Asversnnessrvrronesessstonnssss= 0.0249
Felle PEAK OFTICAL DEPTHetsecesronersersrrrerese? 1,41
CALCULATED REDUCTION FACTOR: s tssesovvestsesas e 2.3101
ADDITIONAL F.D. GAUSSIAN FWHM CHILLIANGSTROMI..7? &0
CALCULATED F.D. NATURAL FWHM LMILLIANGSTROMI...= 0.,1085
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI,. .= ?7.84654
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROM]. .= 31.5378
CALCULATED F.Dls Auiannarastrtrsorstorsanssssnses™ 0.0033
CALCULATED HuCo Asessnioressrsstrserssranssssrna™ 0.0249
F.Ds FEAK OPTICAL DEPTH. sesssvssrrsovensnnsrresT 0,8

CALCULATED REDUCTION FACTOR:sstevssosnvsnsnnnsse 1,9219



- A90 -

GAS AND LINE..ssssvsvsrasrses? NEONr 1-2+ 6402

HOLLOW CATHODE (H.C:)svsass+.? 350 MAr REDUCED H.C. FRESSURE WIDTH AND SHIFT
FILTER DISCHARGE (FsD'i)sess.? 2 MAr 2,55 MHEAR

MEASURED REDUCTION FACTOR...7

WAVELENGTH LANGSTROMI s s s vevrensrrssenrenssesasssT 6402

H.Cs» LORENTZIAN FWHM CHMHILLIANGSTROMIvessorvnesee? 1

H.C+ GAUSSIAN FWHM CMILLIANGSTROMI«sseesssvrens® GI

SHIFT OF H.,C, LINE (RED=+) L[MILLIANGSTROMI.ses.+7 1

TRANS .-PROB.-SUM OF UFPFER STATE LCI1E7%SEC¥X-11..7 5.06

F.De PRESSURE FWHM LMILLIANGSTROMIssiesessvsaes® 0.4

ISOTOPE SHIFT L[MILLIANGSTROMIesseossnvsssesenss? 22,5

RATIO OF F.D. 7O H.C, INTENSITY, ot enneesssarss® 0,016
CALCULATED F,D. DOPFLER FWHM [CMILLIANGSTROMI...= 17,7531
ADDITIONAL F,D. GAUSSIAN FWHM CHILLIANGSTROM1..7 O

CALCULATED F.D., NATURAL FUHM CMILLIANGSTROM3...= 0.1100
CALCULATED F.DO, VOIGTIAN FWHH L[MILLIANGSTROMI. .= 18.0272
CALCULATED H.C, VOIGTIAN FWHM L[MILLIANGSTROMI1. .= 55. 3363
CALCULATED Fuls Assvssrsencranssrsborsrsstosase= 0.023%
CALCULATED HuCo Avevvsrsrrrasssrrosssssnsrssnsa™ 00,0151
F:D:, FEAK OPTICAL DEFTHsss sessrssrbonsersrranens? 2531
CALCULATED REDUCTION FACTOR: ¢+ s v s ovevosvssrrpee= &. 9783
ADDITIONAL F.D. GAUSSIAN FWHM CHILLIANGSTROMI..? 5

CALCULATED F.D, NATURAL FWHM LCMILLIANGSTROMJ.,.= 0.1100
CALCULATED F.D, VOIGTIAN FWHM LCHMILLIANGSTROM], .= 23,0249
CALCULATED H.C. VOIGTIAN FWHM THILLIANGSTROMI..= 3T.53463
CALCULATED FoDy Avevvrrsstsstsssssrsreststrsses™ 0.0187
CALCULATED HeCr Arrrsssnrsvransarsssssssrrssssse™ 0.,0151
FeDls PEAK OPTICAL TEPTH s s vervsorvssvssrssrssss? 199,7
CALCULATED REDUCTION FACTOR s+ s s tssev et st orses™ ?.4700
ADDITIONAL F.D, GAUSSIAN FWHM CHMILLIANGSTROMI..? 10
CALCULATED F.D, NATURAL FUWHM CMILLIANGSTROMI1.+..= 0.1100
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI1. .= 28.0244
CALCULATED H.C, VOIGTIAN FWHM L[MILLIANGSTROMI..= 599.5343
CALCULATED FoDse Asessssvossnonassrsotansosnassss™ 0.0153
CALCULATED HeCe Acrassstrrtanrsssrssrsrroossanrs= 0.0121
Fu.D. PEAK OPTICAL DEFTHs v s tvs ot ssesereansssess? 1846.0
CALCULATED REDUCTION FACTOR s v s st rasrvrsvsansse= 13.1622
ADDRITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI..? 20
CALCULATED F.DO. NATURAL FWHM (MHILLIANGSTROMI...= 0.1100
CALCULATED F.D, VOIGTIAN FWHM CHILLIANGSTROMI..= 38,0264
CALCULATED H.C. VOIGTIAN FWHM LCHILLIANGSTROMI, .= 55.5363
CALCULATED FoDle Ascssvttsarrrsrassvassasssssnes™ 0.0112
CALCULATED HoCs Asvvsosarsrsrsttsrassssastssres™ 0.0151
FsDly PEAK OPTICAL DEFTHe s v tes oot s ensrerssrnsns? 125,2
CALCULATED REDUCTION FACTOR s ces s v s s s s s st snsvse® 24,2843
ADDITIONAL F.D. GAUSSIAN FWHM CHILLIANGSTROMI, .? 40
CALCULATED F.D. NATURAL FWHM IMIELLIANGSTROMI...= 0.1100
CALCULATED F.D, VOIGTIAN FWHM [CMILLIANGSTROMI,. .= S58.0261
CALCULATED H.C. VOIGTIAN FWHM CHILLIANGSTROUMI..= H55.5343
CALCULATED FoDy Averetrosrsstrastsartrstorertas® 0.0074
CALCULATED HiCo Assrsrnrrsrstssossnensrrotersonss= 00,0151
F.D. PEAK DPTICﬁL DEFTHo vasrersascnssressrrsrese? 84,5
CALCULATED REDUCTION FACTOR: s vossensssevsessvves= 47,0783
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI..? &0
CALCULATED F.D:s NATURAL FWHM CMILLIANGSTROMI...= 0,1100
CALCULATED F.B. VOIGTIAN FWHM CHMILLIANGSTROMI..= 78.0240
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROM. .= 05,3343
CALCULATED F oDy Avteserroesoseorstseavrsonnastsed 00,0055
CALCULATED HusCs Avsrevsraerssonsisnbrsotonnssrsi® 0.0151
F+Dls PEAK OPTICAL DEFPTHs v e vvsevvvvenssenses s s® 63,7
CALCULATED REDUCTION FACTOR . v v tsssaesvarssersaa= 54.3409
ADDITIONAL F.D. GAUSSIAN FWHM CMILLLIANGSTROMI,..? 80
CALCULATED F,D, NATURAL FWHM THMILLIANGSTROMI...= 0.1100
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMI, o= 78,0259
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROMI..= 55.5343
CALCULATED F. Dy Asssrorrtossrassvtersssssrsvesesr= 00,0043
CALCULATED H'Cs Asvsrvsrronesonosssroserrsssses™ 0.0151
Folts, PEAK OPTICAL LEFTHe v s st eosrasrserssrsrsnsns?

o=
4}
sy
-

CALCULATED REDUCTION FACTOR: s sossrevsssrsssnnss S9&.7810



- A91 -

Subset 6

GAS AND LINE.ssesssvesesseesT NEON,» 1-7» 5945
HOLLOW CATHODE {(HeCedssvseee? 330 MA» DNOFFLER
FILTER DISCHARGE (F.DeYseees® 2 MAy 2,55 MBAR
MEASURED REDUCTION FACTOR...?

WAVELENGTH LANGSTROMI s oo s seevase vt enntnsrnronas
H:Ce LORENTZIAN FWHM CMILLIANGSTROMI .. vvres0
H.Cs GAUSSTIAN FWHM L[MILLIANGSTROMI. s vsanenan
SHIFT OF H.C, LINE (RED=+) [MILLIANGSTROMI..,.
TRANS,—FROB.-SUM OF UPPER STATE C1E7XSECHkX-1].
F+D. PRESSURE FWHM L[MILLIANGSTROMI:s s eesssesan
ISOTOPE SHIFT IMILLIANGSTROMI:vesensssarsannne
RATIO OF F.D. TO HsCs INTENSITYeunnsvrsrvrvannes
CALCULATED F.D. DOPPLER FWHM EMILLIANGSTROM]..
ADDITIONAL F.D, GAUSSIAN FWHM L[MILLIANGSTROMI.
CALCULATED F.DIs NATURAL FWHM [HILLIANGSTROM]. .
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMI].
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROMI.
CALCULATED FoDe Acssossrssctsertossnrsnnsrnerss
CALCULATED Hu€s Asssrrosrvssssrasstsiovatnsrona
F.Dse PEAK OPTICAL DEPTH:srrsteassesrervaansasrn
CALCULATED REDUCTION FACTOR e esrevsrrvssnsnesn

ADDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROMI.
CALCULATED F.D. NATURAL FWHM EMILLIANGSTROMI,.
CALCULATED F.Ds VOIGTIAN FWHH [MILLIANGSTROMI.
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROMI.
CALCULATED FiDs Avvrvvvsnernsrsrsssssrenssornas
CALCULATED HiGo Avvsscrsrrsrarsrrantsrssssnsss
F:.D. PEAK OFTICAL DEFPTH: s sv v esonsennsrssnnonne
CALCULATED REDBUCTION FACTOR s avenvenrrvecscnos

ADDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROM3.
CALCULATED F.D. NATURAL FWHM CMILLIANGSTROMI..
CALCULATED F.D. VODIGTIAN FWHM CMILLIANGSTROMY.
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROMI.
CALCULATED FuD'e Avissorasrsstenssrtsrsassssens
CALCULATED HeCo Assscsnrsresiostsrrssssasinsssns
F.Be PEAK OFTICAL DEPTHa v ov vt asvnvrennsnasvnsn
CALCULATED REDUCTION FACTOR:ssssveosasrserverss

ADDITIONAL F.D's GAUSSIAN FWHM [MYILLIANGSTROMI.
CALCULATER F.D., NATURAL FWHM [MILLIANGSTROMI..
CALCULATED F.D. VOIGTIAN FiWwHM [MILLIANGSTROMI.
CALCULATED H.C. VOIGTIAN FWHM L[MILLIANGSTROMI.
DALCULATED FODI AllllllillhttIIO!.OC..‘II'I.'.
CALCULATED HeCu Avesrvasasrtrntsntoestssrannas
F.ED. PE“K DPTICAL DEPTHII.l'.i"!.'.'..illll!'
CALCULATED REDUCTION FACTOR .+ essvsnsevsrnnnass

ADDITIONAL F.D. GAUSSIAN FUHM [MILLIANGSTROMI],
CALCULATED F+«D+ NATURAL FWHM L[MILLIANGSTROMI, .
CALCULATER F.D. VOIGTIAN FWHM [MILLIANGSTRKOMZ,
CALCULATED H.L. VOIGTIAN FWHM [MILLIANGHTROMI.
CALCULATED FDDD A.COOl..l.il....'llllllll....l
CALCULATEDR HiCy Assvessrssrsisrsstvesnacnrtsea
F.b, PEAK OPTICAL DEFTH: s evretserrrtassnesrs
CALCULATED REDUCTION FACTOR s s ssevsvseasssssns

ADDITIONAL F,D. GAUSSIAN FWHM [MILLIANGSTROMI.
CALCULATED F.D. NATURAL FWHM CMILLIANGSTROMI..
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI,.
CALCULATELD H.C. VOIGTIAN FWHM [MILLIANGSTROMI,
CALCULATED FueDe Aveversersrrsrrvsrrssonsnsines
CALCULATED HuCo Avevrrrsrersrsanstarsssananaas
FeDe PEAK OPTICAL DEFTH s v v v ev e rtovsonsvrsarsnss
CALCULATED REDUCTION FACTOR v e vevvvtavnsnvsvss
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GAS GND LINEoo-onllloillolll? NEDNI 1-5, 6143

HOLLOW CATHODE (H.Csdssessss? 350 MAy DOPPLER WIDTH (T = 700 K) & REDUCED PRESSURE W. & SH
FILTER DISCHARGE (F.D.?s+...7 2 MAr 2,55 MHAR

MEASURED REDUCTION FACTOR...?

WAVELENGTH LCANGSTROMIesersanserrrerrrasassrssae? 6143

HiCs LLORENTZIAN FWHM L[MILLIAMGSTROMI . sssvessess? 1

H+C+ GAUSSIAN FWHM CHILLIANGSTROMI: s sesenrasses? 26,0

SHIFT OF H.C. LINE (REI'~+) LCMILLIANGSTROM1.....7 1
TRANS,-FRDB,-SUM OF UPFER STATE L[1E7*SEC**-11..7 5.01

F.D'y FRESSURE FWHM L[MILLIANGSTROMI:ivsvsvvvsess? 04

ISOTOPE SHIFT L[MILLIANGSTROMI: s svvevsssssessaas™ 22,9

RATIO OF F.D, TO H.C: INTENSITY . veeeocoserssrss? Q0,011
CALCULATED F,D, DOPFLER FWHM CMILLIANGSTROM1...= 17.0349
ADDITIONAL F.D. GAUSSIAN FWHM LCMILLIANGSTROMI..? ©

CALCULATED F.D. NATURAL FWHM LCHMILLIANGSTROMI,...= 0.1003
CALCULATED F.I'e VOIGTIAN FWHM [CMILLIANGSTROM1,.= 17.3038
CALCULATED H.C. VOIGYIAN FWHM LCHILLIANGGTROMI, = 26,5387
CALCULATED FoD: Acerrrrrrrstsrstrrsssssrssssss e 00,0245
CALCULATED HesCr Assrrrvrrr st resnssonsatttasg e Q.0320
FeDs FEAK OFTICAL DEPTHs evvessvvrrrnssssssronesT 79.4
CALCULATED REDUCTION FACTOR«ssvessssnnrsssnsnans= 21.4240
ADDITIONAL F.D. GAUSSIAN FWHM CHMILLIANGSTROM1..7 5

CALCULATED F.D, NATURAL FWHM L[MILLIANGSTROM). .= 0.1003
CALCULATED F.I's VOIGTIAN FWHM CMILLIANGSTROMI. .= 22.3034
CALCULATED H.C. VOIGTIAN FWHM CHILLIANGSTROMI..= 26.53485
CALCULATED FoI's Assovervsnoresnssssavssasvsvresas 0.0147
CALCULATED HeCo Asvvvavosrsttsssssessserosnatsses 0.0320
FsDo PEAK OPTICAL DEPTH.coovvesnorsasrsrnoneess® 62,2
CALCULATED REDUCTION FACTOR s cvn v s s v sttt s ot s4a= 33.8914
ADDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROM1..,? 10
CALCULATED F.D. NATURAL FWHH LCMILLIANGSTROM)...= 0.1003
CALCULATED F.D. VOIGTIAN FWHM LCMILLIANGSTROMI, .= 27.3032
CALCULATED H,.C. VOIGTIAN FWHM CHILLIANGSTROMI,.= 24 .5385
CALCULATED FoDe Asvossvoresnssesssvsssssstssas = G.0154
CALCULATED HeGs Assrsrrvessstsonnrsasrsrsssnsss™ ¢.0320
F.D. PEAK OFTICAL DEFTH v ousv s o vssnsvesssseess® 51,3
CALCULATED RETWCTION FACTOR: s s s s s s s r et e s ssses= 45,1958
ADDITIONAL F,D. GAUSSIAN FWHM CHMILLIANGSTROM]..? 20
CALCULATED F.D. NATURAL FWHM L[MILLIANGSTROM]...= 0.1003
CALCULATED f.D, VOIGTIAN FWHM CMILLIANGSTROMI. .= 37.3029
CALCULATED H.C. VOIGTIAN FWHH CMILLIANGSTROMI, .= 26,5385
CALCULATED FoDle Avveresvrassrsrssssnssasvsssneess 0.0112
CALCULATED HsC:o Acvsvssssnvrrosssessinssstosnna? 00,0320
FeDs PEAK OPTICAL DEPTH:sesvesonrrvsrsssavsnasss® 38,4
CALCULATED REDUCTION FACTOR: e s st s ot e ers vt s ™ 59,9074
ADDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROMI..? 40
CALCULATED F.D. NATURAL FWHH [MILLIANGSTROMI...= 0.1003
CALCULATED F,D. VOIGTIAN FWHM [MILLIANGSTROMI.,= 57.3027
CALCULATED H.C. VOIGTIAN FWHM L[MILLIANGSTROMI, .= 26.538%
CALCULATED FuD: Assessvsrosvssrstsssssonrsstass® 0.0073
CALCULATED H.Cs Aot snes st rassnvontnsras® 0.0320
oDy PEAK DPTICAL DEPTH. cesrvasasrtstrannenssse? 25,8
CALCULATED REDUCTION FACTOR. e sssserrusnnnasya® 73.2494
ADDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROMI..?7 &0
CALCULATED F.D, NATURAL FWHM [MILLIANGSTROM1.,.= 0.1003
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI, .= 77.3024
CALCULATEDR H.C. VOIGTIAN FWHM CHILLIANGSTRUM], .= 24,5385
CALCULATED FoDle Acsvsnrssonronsnnsnissstsevens s 0,00%4
CALCULATED HsCs Avivsvsrassrosrnttsaerssttverer® 0.0320
Folte PEAK OFTICAL DEPTHevovsrsnnssnrnrnssssanss? 19,4

CALCULATED REDUCTION FACTOR: v o vsnvsnnsvtrnens 80,1940



- A93 -

GAS AND LINE.ssvessssvressss? NEONs 3-95 6163

HOLLOW CATHOEE (H.Cidessesre.? 350 MA» DOPPLER WIDTH (T = 700 K) § REOUCED PRESSURE W, & SH.
FILTER DISCHARGE (FOD')OI.ll? 2 MA» 2.59% MBAR

MEASURED REBUCTION FACTOR..,7

WAVELENGTH LCANGSTROMI:ssovasroorosrsosersnsnrers? 6163

H.C. LORENTZIAN FWHM C[MILLIANGSTROMI+sroorevssa? 1 8
H.C. GAUSSIAN FWHM CMILLIANGSTROMI:sssssvoseess® 6.1 Case 2

SHIFT OF H.€., LINE {(RED=%) [MILLIANGSTROMI«.., 7 1
TRANS ., -PROB.~SUM OF UPPER STATE EiE7¥SECX¥-131..7 5.19

F.D. PRESSURE FWHM C[MILLIANGSTROMIsssoersvveres® 0.2

ISOTOPE SHIFT CMILLIANGSTROMIsesssrracnsnssensas® 20,9

RATIO OF F+D. TO HeCos INTENSITYstsesravreneeerse® 0.013
CALCULATED F.D. DOPPLER FWHM IMILLIANGSTROM1...= 17.0903
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI..T O

CALCULATED F.D. NATURAL FWHM [CMILLIANGSTROMI...= 0.10446
CALCULATED F.D. VOIGTIAN FWHM L[HILLIANGSTROMI, .= 17,2537
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROMI,.= 24,6385
CALCULATED FiDe Avssssvevstsorssssrssornssrnsne= 0.0148
CALCULATED HiCos Assororsasrssrssrtnssnntstsraos= 0.031%
F.Ds PEAK OPTICAL DEPTHs csssnvssrssassassnssrsse® 38,7
CALCULATED REDUCTION FACTORe«roroosrssevvernosss= 16,7254
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI1..? 5

CALCULATED F.D. NATURAL FWHM CMILLIANGSTROM)...= 0.1046
CALCULATED F.D. VOIGTIAN FWHM CHMILLIANGSTROM2..= 22.2535
CALCULATED H.C., VOIGTIAN FWHM L[MILLIANGSTROMI..= 246 . 4385
CALCULATED FuDle Avsenorsensattasosittsntsoveisss™ 0.0115
CALCULATED HuCy Asscessssesstsnrersessansrreses™ 00,0319
FeD. PEAK OPTICAL DEPTHeso st eentersanssnsersnss? 45.9
CALCULATED REDUCTION FACTORcssesvvvorervrrssrnss= 24,8582
ADDITIONAL F.D. GAUSSIAN FWHM EMILLTANGSTROMI1..? 10
CALCULATED F.D. NATURAL FWHM LCMILLIANGSTROM1...= 0.1046
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI, .= 27,2835
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROM1..= 26.4385
CALCULATED FeDe Assetttorrorsssttssssnotttotoss™ 0,00%4
CALCULATED HeCos Acrsvostosertssossssssrasssssssn® 0.031%9
F.D. PEAK OPTICAL DEPTH::csssvssrssssssssssssasT 3B.O
CALCULATED REDUCTION FACTOR. sssstrserreranss o= 36,6199
ADDITIONAL F.D, GAUSSIAN FWHM [MILLIANGSTROMI..T? 20
CALCULATED F.D. NATURAL FWHM [MILLIANGSTROMIl...= 0.10446
CALCULATED F.D., VOIGTIAN FWHM CHILLIANGSTRUMI..= 37.2534
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROMI, .= 26,6385
CALCULATED F.Dy Asessstrsrsssasssasasssssssssonns™ 0.,0058
CALCULATED HusCs Assrresrsssstttoarsensetsttsone= 0,031%
FeDe PEAK OPTICAL DEPTH. oo evsvsnsrssvsnssrsseese? 28,4
CALCULATED REDUCTION FACTOR: +sevenssserersrorase= 50,4412
ADDITIGNAL F.D, GAUSSIAN FWHM [MILLIANGSTROMI1,.,.? 40
CALCULATED F.D, NATURAL FWHM LCMILLIANGSTROMI...= 0.1044
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROM)..= S57.4533
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROM]..= 26 . 6385
CALCULATED FeDs Asrsvsreronnsrorosvessrtstotors= 0.0044
CALCULATED HiCs Asvoverasosensstsrsssnsrarssses = - 0.031%9
F.Do PEAK OPTICAL DEPTH.cseerrstvsessnsrsnrsesa® 17,0
CALCULATED REDUCTION FACTOR« seotvtsessstsovssss= 62,2319
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI1..T7 60
CALCULATED F.D, NATURAL FWHM [MILLIANGSTROM1...= 0.104646
CALCULATED F.D, VOIGTIAN FWHM [MILLIANGSTROMI1.,= 77.2532
CALCULATED H.C. VOIGTIAN FWHN CMILLIANGSTROMI..= 26,4385
CALCULATED FoDs Asveeorsssaasossrrssssasssssoss= 0.0033
CALCULATED HoCo Asvovsarronnssosstarsenersnssnes™ 0.031%
F+Ds PEAK OPTICAL DEPTH:. oo essnvaveresssrenrsssss® 14,3

CALCULATED REDUCTION FACTOR.+vr vt esnneesstsrass &7.7050



- AS4 -

GAS AND LINE.«+sssssss9ses:¢7 NEDNr 3-6r 6266

HOLLOW CATHODE (HWsCs)dosevae? 350 MAy DOPPLER WILTH (T.= 700 K) %8 REINUCED PRESSURE W. % SH
FILTER DISCHARGE (F.By)ssede? 2 MAr 2.55 MBAR

MEASURED REDUCTION FACTOR...7T

WAVELENGTH CANGSTRDHI .o eresverssssnsraarrsasres? H266

H.Cs LORENTZIAN FWHM L[MILLIANGSTROMI:+arssrenses? 1

H.C. GAUSSIAN FWHM CMILLIANGSTROMIsssassesassas? 26,5

SHIFT OF H.C. LINE (RED=+) [MILLIANGSTROMI.+es.7 1
TRANS.-PROB.-SUM OF UFFER STATE [1E7*SECKX¥-11..,7% 5,13

F.D. PRESSURE FWHM L[MILLIANGSTROMI:ssusanssaeea? 0.2

ISDTOPE SHIFT L[MILLIANGSTRDMI:vssvursvvnnsnsass? 21.9

RATIO OF F D, TD H.Cs INTENSITYserarvrsvrnsrvesre? 0,012
CALCULATED F.D., DOPPLER FWHM [CMILLIANGSTROMI...= 17,3740
ADDITIDONAL F.D. GAUSSIAN FWHM CMILLIANGSTROM]..? O

CALCULATED F.D. NATURAL FWHM [CMILLIANGSTROMI...= 0.104%
CALCULATED F.D, VOIGTIAN FWHM CMILLIANGSTROMI. .= 17.5405
CALCULATED H.C., VOIGTIAN FWHM CMILLIANGSTROMI. .= 27.03894
CALCULATED FsDs Arrssrrsonssresssnnsstssnnssssosnse®s Q0.0147
CALCULATED H.Er Asrersnvorrsstnnrrsrnnrsssrsesa= 0.0314
FeDs PEAK OPTICAL DEPTHo v evsvvnnsrsranarsssassns? 85,9
CALCULATED REDUCTION FACTOR: s vvrsrstransnvons st 20,2987
ADDITIONAL F.D, GAUSSIAN FWHM [MILLIANGSTROM]..T? ©

CALCULATED F.D:. NATURAL FWHM L[MILLIANGSTRDMI1., .= 0.104%
CALCULATED ¥.D. VYOIGTIAN FWHM [MILLIANGSTROM]. .= 22.5404
CALCULATED H.L. VDIGTIAN FWHM [MILLIANGSTROMI. .= 27.0384
CALCULATED F+Ds Avsvsnrevtses vt satrssatsssrones™ 0.0114
CALCULATED HuDw Avvsvrenererssssaenarssssrsonss™ 0.0314
FeDo PEAK OPTICAL DEPTH:csrsssaerrarerrrsranrss® 67,4
CALCULATED REDUCTION FACTOR s+ v rvestsssrsensana= 32,4137
ADDITIONAL F.D. GAUSSIAN FWHM [HILLIANGSTROMI,..? 10
CALCULATED F.D. NATURAL FWHM [MILLIANGSTROMI1.. .= 0.1049
CALCULATED F.D, VDIGTIAN FWHM [MILLIANGSTROMI. .= 27,5403
CALCULATED H.C. VDIGTIAN FWHM CMILL IANGSTROM]..= 27.0384
CALCULATED FoDs Asrsrenensrronassssasnsrsrarns ™ 0.0093
CALCULATED HiC: Avveraressasansrsrssasassssrsns= 0.0314
F+D+ PEAK OPTICAL DEPTHs v esnsveersnrissrvaneaes? 55.8
CALCULATED REDUCTION FACTOR: s v oasrrrrsnnssssssa= 43.2971
ADDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROMI,..? 20
CALCULATED F.D. NATURAL FWHM L[CMILLIANGSTROMI...= 0.10469
CALCULATED F,D. VOIGTIAN FWHM LCHILLIANGSTROMI. .= 37.5402
GCALCULATED H.C. VOIGTIAN FWHM LCMILLIANGSTROMI. .= 27.0384
CALCULATED F.D' Asesssrrsransssasesertersoitass= 0.0048
CALCULATED HesCs Av st s s sttt rbrsasssstonostsiss 0.0314
Fo.bs PEAK OPTICAL DEPTHs v ervveavssssonssrsesss s 41,9
CALCULATED REDUCTION FACTOR: s v v v rssss v o v s s s rres= 56.8708
ADDITIONAL F.D., GAUSSIAN FWHM CMILLIANGSTROM],..? 40
CALCULATED F.D, NATURAL FWHM LMILLIANGSTROMI,..= 0.1046%
CALCULATED F.DB. VDIGTIAN FWHM [MILLIANGSTROMI]..= TU7.5401
CALCULATED H.C. VOIGTIAN FWHM L[MILLIANGSTROMI1..= 27.03d4
CALCULATED FuDs Asvesrrorassantstsotsetsssnsnas?s 0.0045
CALCULATED HeCs Asvessssrtanstsarsvassstoastnoss e 0.0314
F.Oy, PEAK OPTICAL DEPTH:vssssasvssnssesrsreases? 28,1
CALCULATED REDUCTION FACTORs e s s oneass e ot et s 48,3407
ADDITIONAL F.D. GAUSSIAN FUHM C[HILLIANGSTROM]..? &0
CALCULATEDr F.D. NATURAL FWHM CMILLIANGSTROM1...= 0.1049 ‘
CALCULATED F.D, VOIGTIAN FWHM LMILLIANGSTROMI, .= 77.5401
CALCULATED H,C, VDIGTIAN FWHM EMILLIANGSTROMI, .= 27.0384
CALCULATED Fubs Aveosvrrsoraronsssravnstaosss o= 0.0043
CALCULATED Hulis Asseseresrrrssonasrbrassassoesse™ 0.0314
FeDe PEAK OFPTICAL DEPTH. . ssassss s svsnsassssses® 21,1

CALCULATED REDUCTION FACTORs cvovtr st onnanarese 74,3078



- A95 -

GAS AND LINE:ssssssscessrsss? NEGNs 2-4, 6383

HOLLOW CATHODE (H«Culsvssaes? 350 MAy ROPFLER WIDTH (T = 700 K) & REDUCED PRESSURE W, &% S
FILTER DISCHARGE (F.D.}:ses+7 2 MAr 2.55 MBAR

MEASUREDR REDUCTION FACTOR...?%

WAVELENGTH CANGSTROMI:cvasvrvavtsntssaassrsass? 6383
H.C. LORENTZIAN FWHM LMILLIANGSTROMJ:+sssoreses? 1

- H.Cs GAUSSIAN FWHM CHILLIANGSTROMI e vresenesr s e? 27,0
SHIFT OF H.C. LINE (RED=+) CMILLIANGSTROMI... .+ 7 1
TRANS.,—PROB.-SUM OF UPPER STATE C1E7*SEC%%-11..7 5.02
F+D. PRESSURE FWHM CMILLIANGSTROMI:cessesrsasss® 0.2
ISOTOPE SHIFT IMILLIANGSTROMI«sssvernsnsrnreeas? 22,9
RATIO OF F+D. TO H.C: INTENSITY+ssveerrersresses? 0,034

CALCULATER F.D. DOPPLER FUWHM CMILLIANGSTROM1...= 17.7004
ADDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTRCOMI..T O

CALCULATED F.D. NATURAL FWHM CHMILLIANGSTROMI...= 0.,108%5
CALCULATER F.D, VOIGTIAN FWHM L[MILLIANGSTROMI..= 17.8658
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROMI..= 27.5383
CALCUL“TED Flnl ﬁll't'l'.’..'.'..IQ‘DOO'..'CI‘I: 000145
CALCULATED H‘CI ﬁ'Illl..'..!!....'l.l’...Ill.l.= 000308
F'ﬂ! PEAK UPTICAL DEPTH.I.OIIQ.OOll.l...'ll."l.? 3'4
CALCULATED REDUCTION FACTOR s ersesvssvssvsses = 2.8788

ADDITIONAL F.D, GAUSSIAN FWHM {MILLIANGSTROMI..? S

CALCULATED F,D. NATURAL FWHM [CMILLIANGSTROMI.s® 0. 1085
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMI..= 22.86%57
CALCULATED H.C. VOIGTIAN FWHM L[MILLIANGSTROMI..= 273383
CALCULATED F.D: Auvseostssstsvsostssssssatnints= 0,0113
CALCULATERD H.C. Assrrsrstssserroserstosrsattnses™ 0.0308
FeDy PEAK OPTICAL DEFTHs v essvsevsstnrvarnsnnsss? 206

CALCULATED REDUCTION FACTOR: s et s vova s st srnsss= 3.0498

ADDITIONAL F.D. GAUSSIAN FWHM EMILLIANGSTROM]..T? 10

CALCULATED F.D. NATURAL FWHM EMILL IANGSTROM],...= 0.1085
CALCULATED F.D:. VOIGTIAN FWHM LCMILLIANGSTROMI,..= 27 .8656
CALCULATED H.C. VOIGTIAN FWHH [MILLIANGSTROMI. .= 27.5383
CALCULATED FeDe Asvsevstrvsoretrossrrsnsstanssaes= 0.00%93
CALCULATED H.C. Averaretsarserserssssestorssrsser= C.0308
F«Do PEAK OFTICAL DEPTH: s e vrsssssnenscesrnnraes® 2,2

CALCULATED REDUCTION FACTOR: s vvsvtverornsesnees= 3.,1796

ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROM]..? 20

CALCULATED F.D., NATURAL FWHM CHILLIANGSTROMI...= 0.1085
CALCULATED F.D, VOIGTIAN FWHM CMILLIANGSTROM2..= 37,8695
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROMI..= 27.5383
CALCULATED F.Ds Assssrasrasrsrsstssastsrrrastases™ 0.0048
CQLCULATED H.C. ﬁ...000l.lIC.III...."I.Q...'...‘= 000308
F.De PEAK OPTICAL DEFTH: o sssasserariasssnsssse? 1.6

CALCULATED REDUCTION FACTOR: e s covusr s s s s ot 2.8826

ADDITIONAL F.D. GAUSSIAN FWUHM EHILLIANGSTROMI..? 40

CALCULATED F.D, NATURAL FWHM CHILLIANGSTROMI.. = 0.1085
CALCULATED F.D. VOIGTIAN FUWHM CMILLIANGSTROMI..= 57 .8654
CALCULATED H.C. VOIGTIAN RWHM [MILLIANGSTROM], .= 27.5383
CALCULATED FoDeo Aerrrrroretntsratsatssossssngtam 0.004%
CALCULATED HeCo Aevsessssstroseesssasrsssssrerrsh 0.0308
F.Ds PEAK OPTICAL DEPTHesesrorsvsnrssannsssresss? 1.1

CALCULATED REDUCTION FACTOR:s s s+ v esvvssssrrrasas 2,3707

ADDITIONAL F.D. GAUSSIAN FUHM [MILLIANGSTROMI1..? &0

CALCULATED F.D. NATURAL FWHM CMILLIANGSTROMI,..= 0.1085
CALCULATED F.D., VOIGTIAN FWHM EMILLIANGSTROMI..= 77,8459
CALCULATED H.C+ VOIGTIAN FWHM CHILLIANGSTROM3..= 27.5383
CALCULATED FaDe Avavsvrrrsasesasansstsrstsneness 00,0033
CALCULATED HsCo Avsrrssnssrsestncstsntivnsnsessrs 0.0308

F.D PEAK OPTICAL DEPTH.vesvnorestsatrssacssess? 0.8
CALCULATED REDUCTION FACTOR:svsvessssssnsssinsss® 1.9452
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GAS AND LINE..esssssaseserae® NEON» 1-2» 6402

HOLLOW CATHODE (H.:Cedevsess+? 350 MAs» DOFPFLER WIRTH (7 = 700 K) & REDUCED PRESSURE W. & SH
FILTER DISCHARGE (F.D.)y.vs+? 2 MAr 2.35 MEAR
MEASURED REDUCTION FACTOR...?

WAVELENGTH CANGSTROM) s s esonresnssrrersrssernass? 6402
HeCs LORENTZIAN FWHM CMILLIANGSTROMI: e erransas® 1
H.C, GAUSSIAN FWHM CMILLIANGSTROMI:sseoraravas T 27,1
SHIFT OF H.C. LINE (RED=+) [MILLIANGSTROM1.....7? 1
TRANS.~PROB.-5UM OF UFPER STATE [1E7XSECX%k-13,.7% 5,046
F.O0, PRESSURE FWHM CHILLIANGSGTROMI:ssertersnassrse® 0.4
ISOTOPE SHIFT EHILLIANGSTROMI..ovoassarvansrssa? 22,5

RATIO OF F.D, TO H.Co INTENSITY s vvovssvaarveses? 0.016
CALCULATED F.D, DOFFLER FWHM [MILLIANGSTROMI,..= 17.7531
ADDITIONAL F.D. GAUSSIAN FWHH [MILLIANGSTROM1..7 O

CALCULATED F.DI, NATURAL FWHM [MILLIANGSTROMI...= ¢,1100
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI. .= 18.0272
CALCULATED H,C. VODIGTIAN FWHM [MILLIANGSTROMI..= 27.6383
CALCULATED FoDe Areoneresearsrvasrsrssrorrsssner= 0.023%
CALCULATED H.C. AOUQQo‘lt00'|“¢¢oo'l0||0illOllo= 0.0307
FsDe PEAK OPTICAL TEFPTH: st oevssvsserssssarenrses® 283,1
CALCULATED REDUCTION FACTOR. s vevsvesess s stes™ 29,8444
ADDITIONAL F.D. GAUSSIAN FWHM {MILLIANGSTROMY..? O

CALCULATED F.D. NATURAL FWHM L[MILLIANGSTROMI...= ¢.1100
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMI,. .= 23.0246%
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROMI1..= 27.4383
CALCULATED FeDo Acssrsorsresassrrnsrsnstnonsssen= 0.0187
CALCULATED HaCo Avvssrrsnssiertrssssasnrstnersss™ 00,0307
Folls, FEAK OPTICAL DEPTH: ssssrsvrvnsssanserssses? 199,77
CALCULATED REDUCTION FACTOR e+ avsservnaners s e= 37.51%4
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI..T 10
CALCULATED F.D. NATURAL FWHM [CMILLIANGSTROMI.,.= 0.1100
CALCULATED F.D. VOIGTIAN FWHM L[HILLIANGSTROMI..= 28,0246
CALCULATED H.C., VOIGTIAN FWHM EHILLIANGSTROM]..= 27,4383
CALCULATED FeDle Asossossrsorsnasssssrasassrones= 0.0153
CALCULATED HeCo Avsrvransonsrsssnrsrosirerassnas® 0.0307
F.lle PEAK COPTICAL DEFTH s s vttvvseresssssssorsns® 166.0
CALCULATED REDUCTION FACTOR++ s v essves s st vsnns= 45.4%716
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI..T 20
CALCULATED F.D, NATURAL FWHM [MILLIANGSTROMI1,,.= 00,1100
CALCULATED F.D., VOIGTIAN FWHM [MILLIANGSTROMI..= 38,0264
CALCULATED H.C. VOIGTIAN FWHM {(MILLIANGSTROMI1, .= 27,6383
CALCULATED FoDv Avresrsosssosrostsrssterserassss™= c.0112
CALCULATED HuCo Avssusvatvsveseossssrsssnntssss=™ 00,0307
F.lDe PEAK OPTICAL DEPTH: vavsserrsenrsrrsransrsea? 125,2
CALCULATED REBUCTION FACTOR: s sssesesessssserrss® 50,9474
ADDITIONAL F.I'y GAUSSIAN FWHM CMILLYIANGSTROMI,.? 40
CALCULATED F.D. NATURAL FWHM [MILLIANGSTROMI1...= 0.1100
CALCULATED F.D, VOIGTIAN FWHM CMILLIANGSTROMI,.= 58.0261
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROMI..= 27+ 4383
CALCULATED FuDe Asevroncsrsrssaonsssssarsssnsas™ 0.0074
CALCULATED H.Co Avsvrrrsrersaorssrsvsisrsvrrore e 0.,0307
Fl[l‘ PEQK DPTICQL DEPTHO'.lll.l...ll...'l'll!..? 84!5
CALCULATED REDUCTION FACTOR e e esssvsasrssvassss® G4, 1369
ADOITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROMI1..T &0
CALCULATED F.D., NATURAL FWHHM CMILLIANGSTROM)...= 0.1100
CALCULATED F.D, VOIGTIAN FWHM LMILLIANGSGTROMI,. .= 78,0240
CALCULATED H.C. VOIGTIAN FWHM IMILLYIANGSTROMI, .= 274303
CALCULATED FuDls Avssvsssssvssssvonsssonrsnsrass® 0.0055
CALCULATED HiCo Acvsvvnsnterarrsrossttrronstsress 0.0307
F.D. PEAK OPTICAL DEFTH: v srrsvrorrrvssreraass? 63,7
CALCULATED REDUCTION FACTOR s s seensos v vt avassess® 5926606
ADDYXTIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI..? 80
CALCULATED F.D. NATURAL FWHM CHMILLIANGSTROMI.. .= 0.1100
CALCULATER F.,D. VOIGTIAN FWHM CMILLIANGSTROM], .= 98,0259
CALCULATED H.C. VOIGTIAN FWHM EMILLIANGSTROMI. .= 27,6383
CALCULATED FoDo Avstvsrssesrsssansssass st tennse st 0.0043
CALCULATED HiCr Asesr s rsersarassrarsssaressrss™ 0.0307
F.Do PEAK OFTICAL DEPTH . e sssvvsserssvessrssness® 1,1

CALCULATED REDUCTION FACTOR: s« v s vvnvssssnsnnes 61,2317
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Subset 7

GAS AND LINE.vsesverrsoaraes® NEONy, 1-7y 5943

HOLLOW CATHODE (H«CuedawsenreT 350 MAr INCREASED H.C, GAUSSIAN WIDTH
FILTER DISCHARGE (F.D.).,..s.7 2 MAr 2.355 MBAR

MEASURED REDUCTION FACTOR...7

WAVELENGTH TANGSTROMI:escarsssenssrssssrrsesrses? 5945
H.C, LORENTZIAN FWHM CMILLIANGSTROMIssssssrsses® 3
H.C. GAUSSIAN FWHM EMILLIANGSTROMI:sssrerreraesT 33
SHIFT OF H.C. LINE (RED=+) [MILLIANGSTROMl.....7 3
TRANS.-PROB.-5UM OF UFPER STATE LI1E7*SEC*¥%*-11..7 5,22
F.D. PRESSURE FWHM L[MILLIANGSTROMI.issverrrnsesT 0.5
ISDTOPE SHIFT CMILLIANGSTROMI:usvaraossnrasenea? 20,2
RATIO OF F.D. TO H.Co INTENSITY:sssvrssvaarsaes® 0,011

CALCULATED F.D., DOPPLER FWHM L[MILLIANGSTROM1...= 14,4858
ADDITIONAL F.D., GAUSSIAN FWHM [MILLIANGSTROMI..? O

CALCULATED F.D. NATURAL FWHM CMILLIANGSTROMI...= 0.0979
CALCULATED f.D. VOIGTIAN FWHM [MILLIANGSTROMI]..= 14.8076
CALCULATED H.C., VOIGTIAN FWHM L[MILLIANGSTROM], .= 34,6325
CALCULATED FoDs Avssvsvrssertsrvsanesssssnsssrsss™ 0.0302
CALCULATED HeCo AsveesssornrrrrrosssstsrssnnsasS 0.0757
FiDs PEAK OPTICAL DEPTH:cssessrsssnrsssasserses® 34,9
CALCULATED REDUCTION FACTOR+ s svvvsnvratsnnnssoss 643405

ADDITIONAL F.D. GAUSSIAN FWHM CHMILLIANGSTROMI..T

4]

CALCULATED F.D., NATURAL FWHM [MILLIANGSTROM].,.= 00,0979
CALCULATED F.D, VOIGTIAN FWHM CMILLIANGSTROMI, .= 21.8071
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROMI,.= 34,6320
CALCULATED F.D: Avsssssstst st ssstssestssssats ™ 0,0232
CALCULATED HeCw Avosannvssrestsnnanrsssrsnasses™ 0.0757
FeDs PEAK OPTICAL DEPTHs v ersvstsnssacrensnrnasse® 27,2
CALCULATED REDUCTION FACTOR s eso v et e v v avsreaos® 7.0884
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROM1..7 10
CALCULATED F.D., NATURAL FWHM C[MILLIANGSTROM1...= Q.0%79
CALCULATED F.D, VOIGTIAN FWHM [CMILLIANGSTROM1..= 26,8067
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROMI1..= 34.46325
CALCULQTED FeDe Aoto.aoc--onocoo||||oooo-o'|l-|= 0.0188
CALCULATED HsCov Avevrorrotsrosrsbarsstistrosstoe= 0.0757
Foelle PEAK OPTICAL TEPTH v s s rs s st v osctsssrenes? 22,4
CALCULATED REDUCTION FACTOR s s vt s s st ensstevsnos= 12,6894
ADDITIONAL F.D, GAUSSIAN FWHM CHMILLIANGSTROM1..T 20
CALCULATED F.Dy NATURAL FWHM [MILLIANGSTROMI...= 0.097%
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI..= 36.8063
CALCULATED H.C, VOIGTIAN FWHM [MILLIANGSTROMI, .= 34,6325
CALCULATEDRY FoDs Asvrvessvrssanrsrssssorrasrsanes= 0,01346
CALCULATED HsGs As vt vrrssatss st tssssssssressss™ 0.,0757
F+Ds PEAK OPTICAL DEPTH: vereasvecrssssnssecanss® 16.8
CALCULATED REDUCTION FACTOR: s+t arevacassersaes™ 21,7509
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI,.? 40
CALCULATED F.Ds NATURAL FWHM THILLIANGSTROMI...= 0. 0979
CALCULATED F.D., VOIGTIAN FWHM LMILLIANGSTROMI,,= 56.80460
CALCULATED H.C. VOIGTIAN FWHM (MILLIANGSTROMZ, .= 34,6325
CALCULATED F.Dy, Avvisssravserrsossststttrosetns® 0.0088
CALCULATED HeCv Aerorvrrarsrerrossresersasersses ™ 0.0757
FeDse PEAK OPTICAL DEPTHr tsvsvsorerssrserosanres? 11,2
CALCULATED REDUCTION FACTOR s vs s v s s s bt s st s e ss ™ 37.4611
ADDITIONAL F.D. GAUSSIAN FWHM EMILLIANGSTROMI..T &0
CALCULATED F.D. NATURAL FWHM LCMILLIANGSTROM]...= 0.0979
CALCULATEL F.D. VOIGTIAN FWHM [MILLIANGSTROMI1, .= 76,8058
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROMI1..= J4.6325
CALCULATED F. Dy Acssssesststtosssssssssttsssgse® 0.0065
CALCULATED H'Ch Avvvvvrrrrootreresnsrasssrrons ™ 0.0757
Fs+bly PEAK OPTICAL DEFTHs cvvrtssrsesstsassrrenss? 8.4

CALCULATED REDUCTION FACTOR: sovesssrsnacsrrnnes 46,3150
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GRS AND LINE-.;-I'..--..--..? NEON» 1-5r 4143

HOLLOW CATHODE (H.C.Yisssese? 350 MAr INCREASED H.C. GAUSSIAN WIDTH
FILTER DISCHARGE (F.D.)++0++T7 2 MAr 2.55 MHAR

MEASURED REDUCTION FACTOR.4+.7

WAVELENBTH LANGETROMI:sseevrirssrnsasnrnnnsessa? 6143

~ M€ "LORENTZIAN FWHM [MILLIANGSTROMZ: s esasess? 3

HeCs GAUSSIAN FWHM [MILLIANGSTROMIsssssverrsssse® 4l
SHIFT OF H.C. LINE (RED=%) [MILLIANGSTROMI:...:% 3
TRANS . ~PROE.-5UM OF UPPER STATE [I1EVXSEC*x-1]..% 5.01
F.D: PRESSURE FWHM CMILLIANGSTROMI.:cssossesese? 0.4

ISOTOFE SHIFT L[MILLIANGSTROMI. cosvsvssosvneasse? 22,9
RATIO OF F.Ds TO HeCo INTENSITY . s vvssosearensss? 0,011
CALCULATED F.D. DOPPLER FWHM CMILLIANGSTROM]...= 17,0349
ADDBITIONAL F.D. GAUSSIAN FWHM L[MILLYIANGSTROMI1..? O
CALCULATED F.B:+ NATURAL FWHM [MILLIANGSTROMI...= 0,1003
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI..= 17.3038
CALCULATED H.C. VDIGTIAN FWHM L[MILLIANGSTROM],.= 42,6267
CALCULATED FeDe Acrsrvrsrssttsrrsractssstanasrsse™ 0.0243
CALCULATED HsCo Avsvvosrsrorssasrsvisrssanansss™ 0.04609
F+Ds PEAK OPTICAL DEPTHss o essvvrsnenresnsraerse® 79,46
CALCULATED REDUCTION FACTOR s oo v v et ssosiansr o™ 643632
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI1..T? $
CALCULATED F.D. NATURAL FWHM LCMIL.LIANGSTROM3...= 0.1003
CALCULATED F.D. VOIGTIAN FWHM C[MILLIANGSTROM1..= 22,3034
CALCULATED H.,C. VOIGTIAN FWHM [MILLIANGSTROMI. .= 42, 62467
CALCULATED FoDs Avssavoaseraronrassarssnsssnnsa= 0.0189
CALCULATED HeCo Ao oo s ssvsssssssnensssnsnsss 00,0609
F+Dse PEAK OPTICAL DEPTHs s s savevesaonvessrsvseedT 62,2
CALCULATED REDUCTION FACTOR: v o s v et sassssosnarne= ?.038%
ADDITIONAL F.D's GAUSSIAN FWHM [MILLIANGSTROMI..? 10
CALCULATED F.D'v NATURAL FWHM [MILLIANGSTROMI.. .= 0,1003
CALCULATED F.D. VOIGTIAN FWHM L[MILLIANGSTROMI,..= 27,3032
CALCULATED H,C. VOIGTIAN FWHM CHILLIANGSTROMI1..= 42.6267
CALCULATED F oD+ Aerorerrreosnsnrstossnstnnenssea™ 0.0154
CALCULATED HeC:v Avsvesassrressssstssssstsesness= 0.,0409
F.D., PEAK OPTICAL DEPTHit ¢ orvivnrnsreraarsaserse? 51,3
CALCULATED REDUCTION FACTOR s v vonesssasssvessas= 12.7532
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI,.T 20
CALCULATED F.D: NATURAL FWHM L[MILLIANGSTROMI1...= 0.1003
CALCULATED F.D. VDIGTIAN FWHM CMILLIANGSTROM1. .= 37.302%9
CALCULATED H.C, VOIGTIAN FUWHM CHILLIANGSTROMI, .= 42,4247
CALCULATED FuI'e Asssvorvrstronrrossosaosssasses™ 0.0112
CALCULATED HeCo Avesssnerssrooriseertsessssones= 0.04609%
F+De PEAK OPTICAL DEPTH v s tvsevtttsresosseessss? 38.4
CALCULATED REDUCTION FACTOR: s sn v s st vttt s tnases = 22,7563
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI1. .7 40
CALCULATED F.D. NATURAL FWHM C[MILLIANGSTROM]...= 0.,1003
CALCULATED F.D., VDIGTIAN FWHM CMILLIANGSTROMI,. .= 57.3027
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROMI..= 42,6267
CALCULATED F.Ds Ausevarssovrssssesoesstsonsrses™ 0.0073
CALCULATED HsDo Avversnsnonnvnssserronorssrsnsonae= 0.0609
FeDs PEAK OPTICAL DEPTH v errer s vnnssseasiress® 25.8
CALCULATED REDUCTION FACTOR:.css v v esesssssrsose= 41.8831
ADDITIONAL F.D., GAUSSIAN FWHM L[MILLIANGSTROMI..T &0
CALCULATED F.D. NATURAL FWHM [MILLIANGSTROMI,..= ¢.1003
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMI1, .= 77.3026
CALCULATED H.C+ VOIGTIAN FWHM CMILLIANGSTROMI..= 42,6267
CALCULATED FuDle Aveov ottt soressonesssnssssssrses= 0.0054
CALCULATED HuCs Avvvsosrreseronsrstasnsassssrss= 0.04609
F.Doe PEAK OPTICAL DEPTH v evvvesavvrvavsrnesseas? 19,4

o F

CALCULATED REDUCTION FACTOR: s sss vt tsess vt esss §2.7339



GAS AND LINE«esesssseerses s ® NEONy
HOLLOW CATHODE (H:sC.)osvsees? 350 MAr
FILTER DISCHARGE (F.Du)ess s 2 MAY
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3-9r 4163

2,55 MEBAR

MEASURED REDUCTION FACTOR,.,?

HAUELENGTH [AHGSTRDHJD..I‘C!I.O'illll.ll..llll.?
LORENTZIAN FWHM L[MILLIANGSTROMIs s eessve0es?
GAUSSIAN FWHM LCMILLIANGSTROMIcsrsoressrrones?
LINE (RED=+) C[HMILLIANGSTROMIsss4sT?

H.€.
ch.

SHIFT OF H.C.

TRANS +~PROB.~-5UM OF UPPER STATE [C1E7XSEC*¥X~11..7

F.D.

PRESSURE FWHM CMILLIANGSTROMIZssevssransssa?

ISOTOPE SHIFT [MILLIANGSTROMIscvsnstvnssrnrnese?

RATIO OF F.

CALCULATED
ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCLULATED
F+D.

D. TO H.C.

F.D.
F.D.
F.D.
F.D'
H+C.
F.D.
ch.

INTENSITY v evsrnsvsonnnsea?
DOPFLER FWHM CMILLIANGSTROMI...=
GAUSSIAN FWHM CMILLIANGSTROM]..?
NATURAL FWHM CMILLIANGSTROM2,,.=
VOIGTIAN FUHM CMILLIANGSTROMI. .=
VOIGTIAN FWHM CMILLIANGSTROMI, .=
R'l...'.'.'l‘...ll."'.....lll!‘=

Astessssstssnssssastrsttsssssss™

PEAK OPTICAL DEPTH  vvvesvavsnseavsesessnes?

CALCULATED REDUCTION FACTORts o vvsvstrsrssravses™

ADDITIONAL
CALCULATED
CALCULATED
- CALCULATED

"CALCULATED
CALCULATED
Flni

FeDs
F'D.
F.D.
H.Co
F.D.
H.C.

GAUSSIAN FWHM CMILLIANGSTROMI, .7
NATURAL FWHM CMILLIANGSTROMI,...=
VOIGTIAN FWHM CHMILLYIANGSTROM1..=
VOIGTIAN FUHM CHILLIANGSTROMI, .=
Ar s v ieTadrietarsissessrreressset

Plasssansasassnnssssssasnnssnssss®

PEAK OPTICAL DEPTH:¢vsiewseessssavssesssss®

CALCULATED REDUCTION FACTORvevrssssrsorsvsrrrs o=

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATEL
F.D.

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED
FODI

F.Dy
F.D.
F'Dl
H.C,
F.I.
H.C,

PEAK DPTICAL DEPTHI‘.III..‘I.QII.DD.‘I.II.
CALCULATED REDUCTION FACTOR:s s s s vasavsssssavies

F.D.
F.L.
F.D.
H.C.
F.D.
H.C.

GAUSSIAN FWHM CHILLIANGSTROMI. .7
NATURAL FWHHM L[MILLIANGSTROMI1...=
VOIGTIAN FWHM CMILLIANGSTROMI1. .
VOIGTIAN FWHM CMILLIANGSTROMI..
nlto!ldilbII'.O'IIO'IIDIO'QI!!‘

Arsetesssrsssrteassonanstsostne

4N 65 0 A

GAUSSIAN FWHM CMILLIANGSTROM1. .7
NATURAL FWHM CMILLIANGSTROMI .. =
VOIGTIAN FUWHM CMILLIANGSTROM]. .=
VOIGTIAN FWHM CHILLIANGSTROM1, .=
Assssecsssrsrssrsssrrarsssstsse™

Beesensetssrtosnnstssossstsntes™

PEhK UPTICQL DEPTH'OCCIC!"'.OOOl'I!IOO'O'?

CALCULATED REDUCTION FACTOR: v essssrvessassssrss=

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED

FID.
FIDI
F.D.
H.Cl
F.DD
HOCI

GAUSSIAN FWHM CMILLIANGSTROMI1..?
NATURAL FWHM {MILL TANGSTROMI...=
VOIGTIAN FWHM [MILLIANGSTROMI,.=
VOIGTIAN FWHM CMILLIANGSTROMI. .=
L T S S

R R N N R

F.Ds PEAK OPTICAL DEPTHsvevst s et erstsacrsannnss?
CALCULATED REDUCTION FACTOR:+ssssrrsnnsssssases=

ADDITIONAL
CALCULATERD
CALCULATED
CALCULATED
CALCULATED
CALCULATED
FQDD

F.De
F.D'
F.rl.
H.Cl
F.D.
HIC.

GAUSSIAN FUHM CMILLIANGSTROMI].
NATURAL FWHHM L[MILLIANGSTROMI..
VOIGTIAN FWHM [MILLIANGSTROMI.
VOIGTIAN FWHM [MILLIANGSTROMI.

- s ..

[ I O T

.
.
-
-
-
-
.
-
.
-
-
-
-
-
.
-
-
-
-
-
.
.
.
-
-
-
.
-

[

Avisrrsssansrsssrssrsanersrsses®

PEAK OPTICAL DEPTH:vssosvorannsrvessrnsnas?

CALCULATED REDUCTION FACTOR o s v vsnsssstesrsoess=

INCREASED H.C.

5163
3
38
3
5.19
0.2
20.9
0.013
17.0903
0
0.1046
17,2537
39,6286
0.0148
0.0657
S8.7
6,0240
5
0.1046
22,2535
39.6284
0.0115
0.,06%7
as5.9
8, 4882
10
0.,1046
27,2535
39.6288
00,0094
0,0657
38.0
12,2744
20
0.1046
37,2534
39,6286
0.0048
0.0657
26.4
21.5156
40
0.1046
57.2533
39.4286
0.0044
0.04657
19.0
37,6419
60
00,1044
77.2532
39,6285
0.0033
0.0857
14.3

46,6785

GAUSSIAN WIDTH

Case 29
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GAS AND LINE.eessrorsorass s NEONy 3-&6» 62646

HOLLOW CATHODE (HeChYesseree? 350 MAr INCREASED H.C. GAUSSIAN WIDTH
FILTER DISCHARGE (FeDBedeve s 2 MAr 2,55 MBAR,

MEASURED REDUCTION FACTOR...?

WAVELENGTH LANGSTROMI . svssrnerrrnnasasssanssars? 6266

H,C. LORENTZIAN FWHM [MILLIANGSTROMI:sssvaseses® 3

H.sC, GAUSSIAN FWHM CMILLIANGSTROMI:esvosasssress? 42

SHIFT OQF H.C, LINE (RED=+) IMILLIANGSTROMI.: s.s7 3
TRANS.-FPROB.~SUM OF UPPER STATE CIE7¥SEC*%¥-11,.7 5.13

F.D. PRESSURE FWHM [MILLIANGSTROMIasvreriarnses® 0,2

ISOTOPE SHIFT CMILLIANGSTROMI . setnesvactnnoress® 21,9

RATIO OF F.D, TO H.Cs INTENSITY i sunrornvsaresss? 0.012
CALCULATED F.D., DOFPLER FWHM L[MILLIANGSTROMI...= 17.37460
ADDITIONAL F.D, GAUSSIAN FWHM CMILLIANGSTROMI..T O

CALCULATED F.D. NATURAL FWHM C[MILLIANGSTROMI1...= 0.10469
CALCULATED F.D. VDIGTIAN FWHM EMILLIANGSTROMI1..= 17.5405
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROM]..= 43,5242
CALCULATED FueDo Asvosasssrortrsnseastosssssnass= 0.0147
CALCULATED HeCo Arrsvsrnersrsrensrorsssnansrs o= 0.0599
F+Ds PEAK OPTICAL DEPTHu st s v snvrrrsssssrssress? B9
CALCULATED REDUCTION FACTOR. s ¢t s oss sttt sassssas™ 5.9761
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI,.? §

CALCULATED F.D. NATURAL FWHHM C[MILLIANGSTROM1...= 0.10469
CALCULATED FiD. VOIGTIAN FWHM CMILLIANGSTROMI..= 22.5404
CALCULATEDR H.C. VOIGTIAN FWHM [MILLIANGSTROMI,.= 43,4262
CALCULATED FaDe Acerrsrrrssnsstsssssssssssonsss™ 0.0114
CALCULATED HiCs Avsvsrrrarsrrsarerasrivrranoness 0.0595
FeDs PEAK OPTICAL DEPTHesess st rasresrsrnsncnerss® &67:4
CALCULATED REDUCTION FACTOR: s+ vt e vssrsesnssessa™ 8.5792%
ADDITIONAL F.D. GAUSSIAN FWlM CMILLIANGSTROHI..? 10
CALCULATED F.D. NATURAL FUWHM [HMILLIANGSTROMI1...= 0.1069
CALCULATED F.D. VOIGTIAN FWHM L[MILLIANGSTROM]..= 27.35403
CALCULATED H.C. VODIGTIAN FWHM CMILLIANGSTROMI. .= 43,4242
CALCULATED FueDe Avevevonrranesssnsssasarosanssss 0.,0093 *
CALCULATED HuCo Assrvistorsrotsvetsosssavsorassss™ 0.0595
F.D, PEAK OPTICAL DEFTH: s csvvvversossassersaase? 30.8
CALCULATED REDUCTION FACTOR: ¢4 v et v rsnsanssssress 12,1920
ANDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROMI..? 20
CALCULATED F.D. NATURAL FWHM L[MILLIANGSTROMI1,..= 00,1069
CALCULATED F.D, VOIGTIAN FWHM [MILLIANGSTROMI1..= 37.5402
CALCULATED H.C, VOIGTIAN FWHM [MILLIANGSTROMI..= 43,4262
CALCULATED FueDe Avsseretsesest et ssssssssnsss= 0.00468
CALCULATED HeCo Avvrsnrnnsssssrssroaassssasnress™ 0.0595
F.t, PEAK OPTICAL IEPTH: s i v s s v v e s et e prsssssgs? 41,9
CALCULATED REDUCTION FACTOR:.s cvevussessrscsnsses® 21.99283
ADDITIONAL F.D., GAUSSIAN FWHM CMILLIANGSTROM1..? 40
CALCULATED F.D. NATURAL FWHM [MILLIANGSTROM1...= 0.1049
CALCULATED F.Its VOIGTIAN FWHM CMILLIANGSTROMI..= 57.5401
CALCULATED H.C. VOIGTIAN FWHM EMILLIANGSTROMI1. .= 43,4262
CALCULATED FuoDe Avecsnevsnrsrsessttarsrssssessss™ 0.004%
CALCULATED HuCo Assvrcrnrrresnntrarsatssssssnres™ 0.0595
F.bs PEAK OPTICAL DEFPTHuos e trossessssssnrrssssss™ 28,1
CALCULATED REDUCTION FACTOR: s s esestorsnstsesess™ 40,3590
ADDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROMI..T &0
CALCULATED F.D, NATURAL FWHM L[MILLIANGSTROM].:..= 00,1047
CALCULATED F.Ds VOIGTIAN FWHM LCMILLIANGSTROMI. .= 77.5401
CALCULATED H.C. VOIGTIAN FWHM [CMILLIANGSTROMI. .= 45,6242
CALCULATED FuD. Avesssesrasstessssstatststrsssss 00,0013
CALCULATED HuCho Avvritsersnrestossrtssssnsonssss= 0,05%3
F.D: PEAK OPTICAL DEFTH e e e s rrrasrsserrsrasaas® 21,1

CALCULATED REDUCTION FACTOR: s vsvseetvssatsvsrss= 50.4703
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GAS AND LINE.sseessesssesras® NEONr 2-4r 4383

HOLLOW CATHCDE (Hu.Cs)eresear? 350 MAy INCREASED H.C+ GAUSSIAN WIDTH
FILTER DISCHARGE (F.Dls).e.+s? 2 MAr 2.55 MBAR

MEASURED REDUCTION FACTOR...7

WAVELENGTH LCANGSTROMI s sosrsiusersrvsernsnreses? 6383

H.C: LORENTZIAN FWHM [MILLIANGSTROMI::ivervassss? 3

H.C. GAUSSIAN FWHM [MILLIANGSTROMI:+sissasenrs+aT 35

SHIFT OF H.C, LINE (RED=+) {MILLIANGSTROMI],.,..7 3

TRANS.-PROE.~-SUM OF UFFER STATE E1E7XSEC%%-11,.7 5.02

F+D., PRESSURE FWHM EMILLIANGSTROMI:sarerssrsees™® 0.2
ISOTOPE SHIFT IMILLJANGSTROMI:eseeevossvssrasae® 22,9
RATIO DF F.D. TO H.Co INTENSITY:srvrnsrssassere? 0,034
CALCULATED F.D. DOPPLER FWHM EMILLIANGSTROM],...= 17,7004
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI,.? O
CALCULATED F.D, NATURAL FWHM [MILLIANGSTROMI1,..= 0, 1085
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI1,.= 17,8658
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROMD. .= 36,6308
CALCULATED FeDy Avsvsvottrostosntrrtvortoncater® 0,0143
CALCULATED HesCs Avvoersrssnsrrortrsssssasssssss™ Q.,0714
FvD+ PEAK OPTICAL PEPTHu v e ssssrsvsrsvassrsress™ 304
CALCULATED REDUCTION FACTOR s+ s v s st nar vttt ersss= 2,1872
ADDITIONAL F.D., GAUSSIAN FWHM [MILLIANGSTROMI..7" 5
CALCULATED F.D. NATURAL FWHM [MILLIANGSTROM1,..= 0.1085%
CALCULATED F.D, VOIGTIAN FWHM L[MILLIANGSTROMI..= 22.8457
CALCULATED H.C. VOIGTIAN FWHM L[CMILLIANGSTROM]..= 34.6308
CALCULATED FeDe Assssornnrnnrrrrrsnsnrresiranstnns 0.0113
CALCULATED HeCo Asrvrevvsassrssssssnsrsssossenes™ 0.0714
F«De PEAK OPTICAL DEPTH . v versssravvesssrreness® 246
CALCULATED REDUCTION FACTOR i s vavvstvarrsanvs v = 2.3528
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI..7? 10
CALCULATED F.D. NATURAL FWHM [MILLIANGSTROMI,..= 0,1085
CALCULATED F.D, VOIGTIAN FWHM CMILLIANGSTROMI1..= 27.846546
CALCULATED H.C. VOIGTIAN FWHM EMILLIANGSTROMI, .= 346.4308
CALCULATED F+Ds Avrsovvesesarsrssossvrassssssss= 0.0093
CALCULATED H«Cs Attt eressrssrarassssssssssstessss 0.0714
F+D. PEAK OPTICAL DEPTH:ssvav v ras i snsnsnrerasss? 2,42
CALCULATED REDUCTION FACTOR: v+ v esvsrsanrsesrssvs= 2.4894
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI..? 20
CALCULATED F.D. NATURAL FWHM L[MILLIANGSTROM]...= 0.1085
CALCULATED F+D. VOIGTIAN FWHM [MILLIANGSTROMI. ,= 37,8655
CALCULATED H,C. VOIGTIAN FWHH L[MILLIANGSTROMI..= 34.4308
CALCULATED FoeDs Avssvrvnrsvororvrrvassstssrssss™ 0.0048
CALCULATED HsCo Acvsssesassrsesssssrsnssstssersons 0.0714
FeD. PEAK OPTICAL BEPTH: oo ssssssstvrserasveraneT 146
CALCULATED REDUCTION FACTOR s evevsr sttt v o= 2.4332
ADDITIONAL F.D. GAUSSIAN FWHM [CMILLIANGSTROMI..T 40
CALCULATED F,.,D., NATURAL FWHM [MILLIANGSTROMI...= 0.1085
CALCULATED F.D., VOIGTIAN FWHM CMILLIANGSTROMI,.= 57 .8454
CALCULATED H.C. VOIGTIAN FWHM [HILLIANGSTRGMI, 4= 34646308
CALCULATED FaDy Avssviveeri oo varnonssnosaiqeasst 0+ Q04T
CALCULATED HsCo Asvssrnvrttrsssonttsrrrnsratsssm 0.0714
F«D:e PEAK OPTICAL DEPTHe v svevonansssnsasesaes® 141
CALCULATED REDUCTION FACTOR (¢ s s v crssrvsnanoss e 2,1831
ADDITIONAL F.D., GAUSSIAN FWHM [MILLIANGSTROM1,.? 40
CALCULATED F.D. NATURAL FWHM CMILLIANGSTROMI...= 0.1085
CALCULATED F.DI. VOIGTIAN FWHM CMILLIANGSTROMI,.= 77.8465%4
CALCULATED H.C, VOIGTIAN FWHM CMILLIANGSTROMI,..= 34.46300
CALCULATED FuDe Asvreonsssorossnronsstsssssonas™ G.0033
CALCULATED HaCo Assccrrtorsrorrvsnansnstersnsranas 0.0714
? 0.8

F.D. PEAK OPTICAL DEPTH:eosrerronnasasrsnsnanas
+

CALCULATED REDUCTION FACTOR v crovsossessssnnas 1.846460
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GAS AND LINE+sssssverssnssses? NEON» 1-2»
HOLLOW CATHODE (H:Csdeesssees? IS0 MA»
FILTER DISCHARGE (F.Dusdessse® 2 MAr 2.
MEASURED REDUCTION FACTOR...T
WAVELENGTH CANGSTROMI e s s s sossreonenvrasssssnene?
HeTo LORENTZIAN FWHM [MILLIANGSTROMI+oosvsvreas?
H+Cy GAUSSIAN FWHM CMILLIANGSTROMIs s esvevsveass?
SHIFT OF H.C. LINE (RED=+) CMILLIANGSTRUMD.eos ?
TRANS . -PROB.—~SUM OF UPPER STATE LC1E7XSECk%-13..7
F«D. PRESSURE FWHM LCMILLIANGSTROMI++assersssarssf
ISOTOPE SHIFT [MILLIANGSTROMI. s veseasesvnerarss?
RATIO OF F.D, TO HeCo INTENSITY e eonreeosoressas?
CALCULATED F.D. DOPPLER FWHM CHMILLIANGSTROM3,..=
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI1..T
CALCULATED F+D, NATURAL FWHM CHILLIANGSTROMI,..=
CALCULATED F.D. VDIGTIAN FWHM CMILLIANGSTROM]..=
CALCULATED H.C, VOIGTIAN FWHM CHILLIANGSTROMI..=
CALCULATED FeDs Avvevststsorsrsssrtssstsntnsroes™
CALCULATED HoCo Avssvrsntoscronvsassssnornssss ™
Foli. PEAK OPTICAL DEPTH s et vesessssssassveseassT
CALCULATED REDUCTION FACTOR: s sesssas ot o evaeasees=

&402

25 MBAR

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED HeCs Arovrasnsnsoonsrssnossostttosss™
FeDs PEAK OPTICAL DEPTHe s ss s o ssssssasnsssnsae?
CALCULATED REDUCTION FACTOR: s esas sttt s snsnenner™

F.D.
FeDes
FeDs
H.C.
F.DO

GAUSSIAN FWHM CMILLIANGSTROM1..T
NATURAL FWHM LCMILLIANGSTROM2...=
VOIGTIAN FWHM CHMILLIANGSTROMI..=
VOIGTIAN FWHM CMILLIANGSTROMI1..=

N T N R TR

ADRITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED F.D.
CALCULATED HusCt Avsrsvensvsvesersstrsasssasrasees™
F.D. PEAK UOPTICAL DEPTHu v erorronstorsrrasnsssss?
CALCULATED REDUCTION FACTOR . e s ses vt o s s s tasssnss=

F.D.
F.D.
FIDC
M.C.

GAUSSIAN FWHM CMILLIANGSTROMI1..?
NATURAL FWHM CMILLIANGSTROM1...=
VOIGTIAN FWHHM LCMILLIANGSTROMI..=
VOIGTIAN FWHM CMILLIANGSTROM1..=

Plooososnsasssnstsstsosenssvesss=™

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
C“LCULATED ch. A....".'I.".l.“'.".ll.".ID=
FeDs PEAK OPTICAL DEPTH.eessessssnrsrsssansssse?
CALCULATED REBDUCTION FACTOR: v st sanvsssnsrsssese™

F.D.
FeDs
F.D.
H+Cs
FeDe

GAUSSTIAN FUHM CMILLIANGSTROM1..?
NATURAL FWHM CMILLIANGSTROMI...=
VOIGTIAN FWHM CMILLIANGSTROMI..=
VOIGTIAN FWHM CMILLIANGSTROMI..=

Aoorssorossrtosaseerasssonrssntes™

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CALCULATED HuGs Avvesronvrssnosessssssrsrneissase=
FsDs PEAK OPTICAL DEPTH v evsvsnenatasssnrnnsaas?
CALCULATED REDUCTION FACTOR« v osnvssssssovsun b

F.D.
FeDo
F.O.
H.C+
F.D.

GAUSSTIAN FWHM CMILLIANGSTROMI. .7
NATURAL FWHM [MILLIANGSTROMI...=
VOIGTIAN FWHM CMILLIANGSTROMI1..=
VOIGTIAN FWHM [CMILLIANGSTROMI..=

Ao ovovstossssssossotssssvasrpry

ADDITIDNAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CRLCULATED H.C‘ a"‘."'i".."bill‘l"UOO.‘!II-—-
F.Ds PEAK OFTICAL DEPTH+ s esscsvessssessenveses?
CALCULATED REDUCTION FACTOR: ¢t s vovsasssssassvas=

F.D.
F.D,
F.Dl
H.C.
FOD.

GAUSSIAN FWHM CMILLIANGSTROM1..?
NATURAL FWHM [MILLIANGSTROMI...=
VOIGTIAN FWHM [CMILLIANGSTROMI,..=
VOIGTIAN FWHM [CMILLIANGSTROMI..=

As v esetesssttsssssssrersssssas™

ADDITIONAL F.D. GAUSSIAN #£WHM CMILLIANGSTROM1..?
CALCULATED F.D. NATURAL FWHM [MILLIANGSTROM1,,.=
CALEULATED F.D+ VOIGTIAN FWHM CMILLIANGSTROMI..=
CALCULATED H.C. VOIGTIAN FWHM [CMILLIANGSTROMI,.=
CALCULATED FueDls Avvurrrttironontetnrsrssnnsssnsrs=
CALCULATED HeCs Aovrsrerrrrorrsnvstiovsseanssss=
FeDs PEAK OPTICAL DEFTH. s sesvrenanssestrssnrsas?

CALCULATED REDUCTION FACTOR ¢ s s v v v st irrsessasses=

INCREASED H.C.

56402
3
63
3
5.06
0.4
22.5
0.016
17.7531
0
0.1100
18,0272
54,6184
0.0239
0,03%6
253.1
4,8788
5
0.1100
23,0269
64,6184
0.0187
0.0394
199.7
6.1979
10
0,1100
28,0266
64,6184
0,0153
0.03%94
1460
8.0592
20
0.1100
38,0244
64,6104
0.0112
0.0394
125.2
13,7783
40
0.1100
56,0261
54,6184
0,0074
0.03%94
B4.5
30,5473
&0
0.1100
78,0240
64,6184
0.0055
0.03%4
63,7
41,4440
BO
0.1100
98,0259
64.6164
0,0043
0.0394
51,1

44,5048

GAUSSIAN WIDTH
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Subset 8

GAS AND LINE.:vvsessvesoasss? NEONy 1-7y 5945

HOLLOW EATHAODE (H.Cus}sssses .7 IS0 MAr INCREASED PRESSURE WIDTH AND SHIFT
FILTER DISCHARGE (F.Du)s.es 7 2 MAr 2.355 MBAR
HEASURED REDUCTION FACTOR.. .7

WAVELENGTH LANGSTROMIesesoessraarrtacrsaerssees® 5945
H.C., LDRENTZIAN FWHM [MILLIANGSTROMIsvsovasnvavas® &
H.C. GAUSSIAN FWHM LCHILLIANGSTROM)sssesaesvrsvee® 29
SHIFT OF H.Ce. LINE (RED=+} {MILLIANGSTROMIs«s++s? &
TRANS . -PROB.-SUM OF UFPER STATE CIE7XSEC**-13..7 5.22
F.D. PRESSURE FWHM L[MILLIANGSTROMI e veooanersoas™ 0.0
ISOTOPE SHIFT LMILLIANGSTROMIeesrsorsvsvesrsese® 20,2

B

RATIO OF F.De TO H,Co INTENSITY v esvevnssesssns? 0.011
CALCULATEDR F.D. DOPPLER FWHM CMILLIANGSETROMI...= 14,4858
ADDITIONAL F.D. GAUSSIAN FWHM CMILLXANGSTROMI..T ©

CALCULATEDR F.D, NATURAL FWHM CMILLIANGSTROMI...= Q,097%
CALCULATED F.D, VOIGTIAN FWHH [MILLIANGSTROMI, .= 16,8074
CALCULATED H.C, VOIGTIAN FWHM CHILLIANGSTROMI1..= 32,3402
CALCULATED FoDy Assevvevsostarsrsrntsottsrrrones® 0.0302
CALCULATED HeCy Ascvvonnrrsatnssnresrosrsrsseres= 00,1723
F.D, FEAK OPTICAL DEPTHusernrsrsvnsrssrssersrssT 34.8
CALCULATED REDUCTION FACTOR s s v vn et s v rtanvsssosr= SeR2025
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI..? S

CALCULATED F.D, NATURAL FUWHM CMILLIANGSTROMI1...= 0.0%979
CALCULATED F.D. VOIGTIAN FWHM [CMILLIANGSTROMI, .= 21.8071
CALCULATER H.C. VOIGTIAN FWHM [CMILLIANGSTROMI,..= 32,3402
CALCULATED FaDe Asvvvrssrrsossvesassrtstasisansn= Q.0232
CALCULATED HeC, Acrvvesansrrrerrsnetrsraestssranres™ Q.1723
F.D, PEAK OPTICAL OEFTH. v svsoravsasssssreessese? 27,1
CALCULATED REDUCTION FACTOR s s v vt st vss ot ssnsss 742616
ADDITIONAL F.D, GAUSSIAN FWHM CMILLIANGSTROM]..T 10
CALCULATED F.D. NATURAL FUWHM LEMILLIANGSTROM1...= 0.0979
CALCULATED F.D, YOIGTIAN FWHM L[CMILLIANGSTROMI1..= 26,8047
CALEULATED H.C. VOIGTIAN FUWHM CMILLIANGGTROMI, o= 32,3402
CALCULATED F.Di Avsarrvnsrssrsrsrsansssnsantsaas™ 0.0188
CALCULATED H«Cys Aeursvanserissrrosssssserstssses 0.1723
Fele PEAK OPTICAL BEFTHo s s oo vorntsrvrnarerasns® 22,4
CALCULATED REDUCTION FACTOR et vernsrrassvrrsras™ ?.8447
ADDITIONAL F.D. GAUSSIAN FWHM L[MILLIANGSTROMI..® 20
CALCULATED F.D, NATURAL FWHM CMILLIANGSTROMI...= 0.097%
CALCULATED F.D. VOIGTIAN FWHM L[MILLIANGSTROM1,.= 346.80463
CALCULATED H.C. VOIGTIAN FWHM L[MILLIANGSTROMI1..= 32,3402
CALCULATED FaDe Arsrterstessonssssasrstsasstsrse= 0.01348
CALEULATED H+Cs Aevrrrrrssrtosenssrnarssasssrsee® Q,1723
F.Ds PEAK OFTICAL DEPTH: s e tevessstnersvavrssses® 1647
CALCULATED REDUCTION FACTOR: ss st ren v sssassas= 15.6%07
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROM1..? 40
CALCULATED F.li,2 NATURAL FWHM CMILLIANGSTROMI...= G.097%
CALCULATED F.D. VOIGTIAN FWHM EMILLIANGSTROMI..= 5468040
CALCULATED H.C., VOIGTIAN FWHM [CMILLIANGSTROMI1. .= 32.3402
CALCULATED Fels Arsrsseseotsveetsssertpsesattesd 0.00688
CALCULATED HueCu Assssrorrnsiasstsonsessstivasser™ 0.1723
F.Ds PEAK OPFTICAL DEPTHs v et s ssnsvevssvnnassrss? 11,1

CALCULATED REDUCTION FACTOR:cecsvrstrnssrnrrsen 25,9207

AGBDITIONAL F.0. GAUSSIAN FWUHM CMILLIANGSTROM]..7? &0

CALCULATED F.DB. NATURAL FWHM C[MILLIANGSTROMI1...= 0.077%
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMI..= 76,8058
CALCULATED H.C. VOIGTIAN FWHM L[MILL IANGSTROHM].,.= 32,3402
CALCULATED F'D. AO."00""'l'il"'lll-lll‘Oil!= 0'0065
CALCULATED HUC' ﬂb.i.""‘.il...""."'.lll'.0= 001723

FODQ PEAK DPTICAL I'EPTHOI00'00!00.!‘.0.!.'!!0.'? 8.3
CALCULATED REDUCTION FACTOR: ¢t sssvas et tossssnens™ 33.4824
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GAS AND LINE.seseosassssrsrs? NEONr 1-5»
HOLLOW CATHODE (H.LCsdsvseses? IS0 MAs
FILTER DISCHARGE (F.:Dte)iess e 2 MAr 2.
MEASURED REBUCTION FACTOR...7

WAVELENGTH LANGSTROMI:vessrsvronssssrssessrosad?
H.C. LORENTZIAN FWHM [CMILLIANGSTROMI..vverrosss?
H.C. GAUSSIAN FWHM CMILLIANGSTROMI:++ocnesrsass?
SHIFT OF H«C, LINE (RED=+) [CHILLIANGSTROMI.s .., 7
TRANS +-FROB.-SUM OF UPPER STATE C1E7%SECk%-1]..7
F.D. PRESSURE FWHM [HILLYANGSTROMI...csisssus00a?
ISOTOPE SHIFT CMILLIANGSTROMI.sssvrssrasvoraens?
RATID OF F.D. TO HoeCys INTENSITY.wsrensrsessnees?
CALCULATED F.D. DOPFLER FWHM L[CHMILLTANGSTROMI...=
ADDITIONAL F.D'e GAUSSIAN FWHM L[MILLIANGSTROM1..?
CALCULATELD F.D., NATURAL FWHM L[HMILLIANGSTROMI1., .=
CALCULATED F.D, VOIGTIAN FWHM [CMILLIANGSTROMI..=
CALCULATED H.C, VOIGTIAN FWHM C[MILLIANGSTROM]..=
CALCULRTED FIDI é"‘.“"lvl"‘.“"lll.t“l""’z
CﬁLCULhTED HIC. A..'.'!'...IO.Q'!I'C."...0'!"=
FODI PEAK DPTICAL DEPTH.U“.OO...lI‘O"l!OOOlCO?
CALCULATED REDUCTION FACTOR:ss v v avsvv s et arser=

6143

55 MBAR

ADDITIONAL F.D. GAUSSIAN FWHH CMILLIANGSTROM1..7?
CALCULATED F.D, NATURAL FWHM EMILLIANGSTROM].,.=
CALCULATED F.D, VOIGTIAN FWHM CMILLIANGSTROM1..=
CALCULATED H,C, VOIGTIAN FWHM L[MILLIANGSTROMI..=
CALCULATED FeDs Avvveretosrnrtsstosssssrsisnees®™
CALCULATED HeC:+ Avevesrrvossrsstratstarsontens®
F.D, PEAK OPTICAL DEPTH:s st s v tssvstessasrasana®

CALCULATED REDUCTION FACTORs s e es s vasrass1s1s=

ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI..?T
CALCULATED F.D. NATURAL FWHM CMILLIANGSTROMI1...=
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMI..=
CALCULATED H.C. VOIGTIAN FWHM CHILLIANGSTROMI,.=
CALCULATED FaDs Assvrro vt sronsessrtssssstessens™
CALCULATED HeCo Asvsrsrrrrorattacsastoasssararss=
F.D. PEAK OPTICAL DEPTH: st sevrerrrennsnornatnareas?

CALCULATED REDUECTION FACTOR:«sssresssssrrssn st

ADDITIONAL
CALCULATED
CALCULATED
CALCULATED
CALCULATED
CRLCULATED ch. Rl0'O‘C."OO"..Q....OOJ‘-l|.l‘=
F.DO PEAK OPTICﬁL DEPTHOO"QIl'.'.'.O"O’lIIOlI?
CALCULATED REDUCTION FACLTOR . evsvrsstresrrrsnae™

F.D.
FeD.
F.D.
H.C.
F.D.

GAUSSIAN FWHM [MILLTANGGETROMD..?
NATURAL FWHM CHMILLIANGSTROMI1...=
VOIGTIAN FWHH [MILLIANGSTROM]. .=
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CALCULATED REDUCTION FACTOR s e s ssrasav st stasars
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HOLLOW CATHODE (HiCodevovrseT 300 HAy

FILTER DISCHARGE (F.De).vss.T 2 MAr 2,55 MBAR
HEASURED REDUCTION FACTOR...?

WAVELENGTH [ANGSTROM): s vsnvssssssssssssansssass?
H.C+ LORENTZIAN FWHM CMILLIANGSTROMIsseessssasa®
H.C. GAUSSTAN FWHM CMILLIANGSTROMI+vsorsvnvsssa?
SHIFT OF H.C, LINE (RED=+) [MILLIANGSTROM]...+.:7
TRANS.-PROB.-5UM OF UPPER STATE [1E7%XSEC¥%~11],.7
F.D. PRESSURE FWHM CMILLIANGSTROMIsc¢sevsssrsaas?
ISOTOPE SHIFT [MILLIANGSTROMI:viecosrarecnnsase?
RATIO OF F Ds TO HsCy INTENSITYsesnsnsssssrrees?

CALCULATED F.D.
ADDITIONAL F.D.
CALCULATED F.D,
CALCULATED F.D.
CALCULATED H.C.
CALCULATED F.D.
CALCULATED H.C.,

DOPPLER FWHM EMILLIANGSTROM} .. .=
GAUSSIAN FWHM CMILLIANGSTROMI,.?
NATURAL FWHM [MILLIANGSTROMI...=
VOIGTIAN FWHM CMILLIANGSTROMI..=
VOIGTIAN FWHM CHMILLIANGSTROMI. .=
Plasesestsstottspsserstrersnneess

Alr s s sstessssntssbssntestsnsosese®

F.D, PEAK OPTICAL DEPTH:sessaervassastrssnsansas?
CALCULATED REDUCTION FACTOR s s eveerassraserss™

ADDITIONAL F.D. GAUSSIAN FWHM CMIL1L IANGSTROMI,.?
CALCULATED F+D:. NATURAL FWHM CMILLIANGSTROM],..=
CALCULATED F.D. VOIGTIAN FWHM EMILLIANGSTROMI..=
CALCULATED H.C,» VOIGTIAN FWHM CMILLIANGSBTROMI: .=
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CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMI. .=
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CALCULATED FoDe Asvevvrsssrsssasssssrsoroststsss™
CALCULATED HeCo Avvvscrnsortorassesssronssrrsss™
FeDs PEAK OPTICAL DEPTH s cs vssvesvassessssernnns?
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tﬂLCULﬁTED Falls Aovsvrosrsstssasssortrtsrasontasl
CALCULATED H4Cy Aesesesvsernttsssestststsssstts™
F.D. PEAK OPTICAL DEPTH. . ossveasssssvassrssensae?
CALCULATED REDUCTION FACTORccessesssssessstssss™
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CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROM1..=
CALCULATED F.DO A...l.lll.ll.l.lll..iﬁlilll.l'.u
CALCUL“TED HoCo ACOOI.IQI..O’I"'l.‘.llll"“’l‘
F.0s PEAK OPTICAL DEPTH::covssossstssrsanncsnsss®
CALCULATED REDUCTION FACTOR v svos et vs oot ssrssse=

ADDITIONAL F.D., GAUSSIAN FWHM [MILLIANGSTROMI..
CALCULATED F+D¢ NATURAL FWHM CMILLYIANGSTROMI...
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMI..
CALCULATED H.C. VOIGTIAN FWHM CHILLIANGSTRGMI..
C“LCUL“TED FOD. AIOlllll..l‘l'.ll.‘.l!lll...ltl
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GAS AND LINE«sssvesseeasrsesT NEONy 3-6r 6266 i
HOLLOW CATHODE {(H+C+dssssees® 350 MAr INCREASER FRESSURE WIDTH AND SHIFT
FILTER DISCHARGE (F.D.).. s+ T 2 MAr 2.35 MBAR

MEASURED REDUCTION FACTOR...7

WAVELENGTH CANGSTROM):esvorstssrssassssrsannessT 6266

H.C. LORENTZIAN FWHM CMILLIANGSTROMI::iuvsesess? &

H.C. GAUSSIAN FWHM LCMILLIANGSTROMI«+easvrersrs P 37

SHIFT OF H.C. LINE (RED=+) LHILLIANGSTROMI+s.s? &
TRANS.-PROB.-SUM OF UPPER STATE L[1E7*SECK¥-11.,.7 5,13

F.D:+ PRESSURE FWHM [(MILLIANGSTROMI:::essasanssses? 0.2

ISOTOPE SHIFT EMILLIANGSTROMI«svovvnesernsavsesT 21,9

RATIO OF F.D. YO H.Cs INTENSITY :vevreverarnsass T 0,012

CALCULATEDR F.D, DOPFLER FWHM C[MILLIANGSTROM1.:..,= 17.3740
ADDITIONAL F.Dh., GAUSSIAN FWHM CMILLIANGSTROM1,.7 O

CALCHLATED Fo D NATURAL FWHM IMILLIANGSTROMY, &= 0.106%
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMI. .= 17 .5405
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROMI,.= 40.3112
CALCULATED FeDs Acsssensrsrrsrsrsnossssrsrensss™ 0.0147
CALCULATED HeCo Avverotrsrorrstsaantsratnassonse 0.1350
¥.D, PEAK OPTICAL DEPTHnoooooa.-atgo'o-n-looooa? 85.8
CALCULATED REDUCTION FACTOR+ s v v v evsstssnes st o= 5.2717
ADDITIONAL F.Dts GAUSSIAN FWHM CHILLIANGSTROMI1..? 5

CALCULATED F.D. NATURAL FWHM CHILLIANGSTROMI1...= Q1049
CALCULATED F.D. VOIGTIAN FWHM [CHMILLIANGSTROMI..= 22.5404
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROM1. .= 40,3112
CALCULATED F oDy Asvesrrsrstssossrtssrassrsnagss® 0.0114
CALCULATED HeCo Avseosssnessnsnnsessassssrrsnss™ 0.1350
FeDls PEAX DFTICAL DEPTHss e vsosvesesssrsravssnssT G743
CALCULATED REDUCTION FACTOR: +sevevrsssssrnossss™ 7.+.4308
ADDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROMI1..? 10
CALCULATED F.D. NATURAL FWHM CMILLTANGSTROM1...= 0.1046%
CALCULATED F,.Iy VOIGTIAN FWHM CMILLIANGSTROMD, .= 27.%5403
CALCULATED H.C. VOIGTIAN FWHM [MILLIANGSTROMI..= 40,3112
CALCULATED FaDi Arsssevnsonrsssnsesssssssesssse™ Q.0093
CALCULATED HeCQo Avvsveanesrronnsastarnnnersrsss= 0.1350
F.Do PEAR OPTICAL DEPTH: v evesuvvsssssssrsssres? 53,7
CALCULATED REDUCTION FACTOR: covssvsr s v vasv o™ 10,2421
AODITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI1..7? 20
CALCULATED F.D. NATURAL FWHM CMILLIANGSTROM1...= 0.1064%
CALCULATED F.D. VOIGTIAN FWHH EMILLIANGSTROMI. .= 37.5402
CALCULATED H.C. VOIGTIAN FWHM C[MILLIANGSTROM1,.= A40.3112
CALCULATED FoDs Avsrervrrsensasrtrrssrsvtrrsness= 0.0068
CALCULATED H.Co At v ssstsrseesssasvtsssssronsss™ 0+1350
F+D+ FEAK OPTICAL DEPTH s e vevvesnronssssssrenss? 41,9 .
CALCULATED REDUCTION FACTORves s s vt s s vttt sssnnes= 17.0445
ADDITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI..T 40
CALCULATED F.D. NATURAL FWHM [MILLIANGSTROMI1...= C.104%
CALCULATED F.D. VOIGTIAN FWHM CMILLIANGSTROMI, .= 57.5401
CALCULATER H.C. VOIGTIAN FWHM CMILLIANGSTROM]..= 40,3112
CALCULATED F oDy Asseosorrnaverosssatssatssntstnsa 00,0045
CALCULATED HaCo Assovosstetrsssssnsssseisssesss™ 0. 1350
F.D, FEAK OPTICAL DEPTH. s ssaerssesssrsrsnsseesT 28,1
CALCULATED REDUCTION FACTOR: s v vt saessessosesess® 28,9424
ADDITIONAL F.D, GAUSSIAN FWHH CHILLIANGSTROM1,..? &40
CALEULATED F.D., NATURAL FWHH CMILLIANGSTROMI,..,= 0.1067
CALCULATED F.D, VOIGTIAN FWHHMH CMILLIANGSTROMI,. .= 77.5401
CALCULATED H.C. VOIGTIAN FWHM CMILLIANGSTROMI..= 40.3112
CALCULATED FaDls Acvvtearsatnstrarssnrsssttesvssasss™ 0.0033
CALCULATED HaCs Aivr et arsoassssrasassrrrssrsnsrss 0.1350

F.lo FEAK OPTICAL REPTH:vessvesnsassvasssanssss® 2141
CALCULATED REDUCTION FACTOR: vvossess v v o ssna s 37.7617
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GAS AND LINEseesssesearsrse.T NEONy -4y 6383

HOLLOW CATHODE (H+Csdoevsees? 350 MA» INCREASED FPRESSURE WIDTH AND SHIFT
FILTER DISCHARGE (F.D+}.....T 2 MAr 2.55 MBAR

MEASURED REDUCTION FACTOR...7

WAVELENGTH CANGSTROMItsvrsensvtnrsvasrssrssasss® 6383

H+Cs LORENTZIAN FUHM CMILLIANGSTROMIscsisssvess® &

H«C+ GAUSSTIAN FWHM [MILLIANGSTROMI s vavesavasa® 31

SHIFT OF H.C. LINE {RED=+) EMILLIANGSTROMI.....7 &
TRANS.-FROB.-SUM OF UFPER STATE L[1E7XSECX¥—11..7 5.02

F.D+ PRESSURE FWHM CMILLIANGSTROMI: tssresssreeae® 0.2

ISOTOPE SHIFT CHMILLIANGSTROMIessvsvscarsvsrasne® 22,9

RATIO OF F.D. TO H.Cy INTENSITY:vesvernsssrasss? 0,039
CALCULATED F.D, DOPPLER FWHM CMILLIANGSTROMIJ.,..= 17.7004
ADDITIONAL F.D, GAUSSIAN FWHM CMILLIANGSTROM2..7? O

CALCULATED F.D. NATURAL FWHM [CMILLIANGSTROMI...= 0.108%5
CALCULATED F.D., VOIGTIAN FWHM CMILLIANGSTROM]. .= 17,8438
CALCULATET H.C, VOIGTIAN FWHM EMILLIANGSTROMI..= 34.3315
CALCULATED F4D'o Avsronrsssrsrassrssstosrssonsrsss 0.0145
CALCULATEER HeCo Aveverrosossrsorsrsanarearrsass= 0.1611
Fasts PEAK OPTICAL DEPTH. csesvenrscvarssvrareass? 3.3
CALCULATED REDUCTION FACTOR v eossesrnssssnsnss= 2.,0694
ADDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROMI..T S

CALCULATED F.Ds NATURAL FWHM LMILLIANGSTRGMI,. .= 0,108%
CALCULATED F.D. VOIGTIAN FWHM [MILLIANGSTROMI..= 22,8657
CALCULATED H.C, VOIGTIAN FWHM {MILLIANGSTRUMI..= 34.3315
CALCULATED FeDe Avososssrsssrtorsrsrsssssssssssas™ 0.0113
CALCULATED HeCo Asvirroorsssttsrsaastrssassssnes= 0.1611
FeDs PEAK OPTICAL DEPTH st sssssvssvrsssarssvsss® 2.4
CALCULATED REDUCTION FACTOR v+ v esrsvassssssssss= 2.2542
ADDITIONAL F.D. GAUSSIAN FWHM [CMILLIANGSTROMI..T 10
CALCULATED F.D. NATURAL FWHM CMILLIANGSTROMI...= 0.1085
CALCULATED F.D, VOIGTIAN FWHM CMILLIANGSTROMI. .= 27,8456
CALCULATED H+Cs VOIGTIAN FWHM CHILLIANGSTROMI..= 34,3315
CALCULATED F.D, Ascvvnscassasssasnsssonnrsrrasa™ 0,0093
CALCULATED HeCr Avvrvsvsvrsnrarsrsrenssrsnssres= 0.1611%
F.De PEAK OPTICAL DEFPTH vt ssttrarsnenssnssnssss® 2.2
CALCULATED REDUCTION FACTOR v e s vseesvssossetsret 2.3862
ADBITIONAL F.D. GAUSSIAN FWHM CMILLIANGSTROMI..T 20
CALCULATED F.D, NATURAL FWHM CMILLIANGSTROM]...= 0.,1085
CALCULATED F.D., VOIGTIAN FWHM CMILLIANGSTROMI,.= 3784655
CALCULATED H.C,s VOIGTIAN FWHM CMILLIANGSTROMI..= 34.3315
CALCULATED FeDs Assvsersosrsssssarrrnsrtsasosse™ 0.0048
CALCULATED He€r Avrsrssrsrsssotrsrsasssosssnssvse™= 0.1611
Fslle PEAK OFTICAL DEPTHs s s s srsssrsrsssesnanrsse® 1.6
CALCULATED REDUCTYON FACTOR . vssvsvstosanrnssss o= 2.3475
AMDITIONAL F.01, GAUSSIAN FWHM CMILLIANGSTROMI..T 40
CALCULATED F.D. NATURAL FUWHM CMILLIANGSTROMI . .= Q.1085
CALCULATER F.I'y VOIGTIAN FWHM CMILLIANGSTROMY, ,= 57 .86%54
CALCULATED H.C. VOIGTIAN FWHM [HMILLIANGSTROM]..= 34,3315
CALCULATEE Falte Avesssronrrstesrrsrsestssntsasa™ 0.004%
CALCULATED HaCo Avreersrerssstosrsssssostsssspe™ 041611
F.Dy PEAK OPTICAL DEPTH.sovtsvsasrescnrarsresss? 141
CALCULATED REDUCTION FACTOR v o vt res v asvssrsas o= 2,1301
ATDITIONAL F.D. GAUSSIAN FWHM [MILLIANGSTROMI..? &0
CALCULLATED F.D. NATURAL FWHM LCMILLIANGSTR{MI...= 0.1085
CALCULATED F.D. VOIGTIAN FWHHM LMILLIANGSTROMI..= 77,8654
CALCULATED H.C: VCQIGTIAN FWHM CMILLIANGSTROMI. .= 34,3315
CALCULATED FaDls Assesrssosrantasasanesirrnssrsss™ 0.0033
CALCULATED HoCo Asverionrsssresrsrrsssssnnrnsss= 0.1611

FeDs FPEAK OPTICAL DEPTH s tsestassssrssrsssrrsss® 0.8
CALCULATED REDUCTION FACTOR . ¢+ s v s s assstssospsa® 1.9378
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Appendix VIII: Modelling - Spectrum Profile Plots

The plots in this appendix have been produced for the 30
'cases', which are marked in Appendix VII and which should
be referred to for information on the corresponding
parameters and results. An excerpt of the explanations on
the plots which were given in Chapter VII.l is reproduced
here for convenience.

" There are 30 ‘cases' marked among the computer runs in
Appendix VII, which give the data for which synthesized
spectrum profile plots have been computed. This appendix
contains these plots. The 3-9 line was taken as
representative for the dgroup of four 'normal' metastable
lines (1-7, 1-5, 3-9, 3-6).

Here some explanations on the plots. 'Case 3' is chosen as
an example. The dominant spectral line sitting on the zero-
intensity axis is the hollow cathode emission line. If the
filter discharge is running, the hollow cathode absorption
profile is produced, which is plotted in the same intensity
scale. Usually, the two outer parts of the hollow cathode
line which 'leak around the edges' of the filter discharge
line can be seen as well as the small hump at the centre of
the hollow cathode absorption profile, which is due to the
filter discharge emission.

Both the filter discharge line profile and a continuum
absorption profile {(without filter discharge emission, thus
showing the actual equivalent width) have been shifted
upwards by 10 intensity units, so that they do not obscure
the hollow cathode absorption profile. The last two plots do
not have the same intensity scales and both scales are

different from those used for the hollow cathode profiles.
The intensity-equals—-20 line is the full intensity line for



both the
profiles.

The last

reasons:

1)

ii)
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continuum and the filter discharge spectrum line

two plots have been included for the following

the filter discharge line profile:

to show the two isotope lines

to show the hollow cathode Stark shift

to allow line width comparisons

to show where the filter discharge line intensity
commences to be significantly # 0.

the continuum absorption profile:

to show how far into the wings the absorption

reaches.
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