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ABSTRACT

The introduction of hydrogen into metals during welding is known to cause
hydrogen assisted cracking and embrittlement in certain situations. Tt has
been shown that the weld metal hydrogen content is directly related to
hydrogen concentration in the weld arc plasma. In this paper we describe a
simple spectroscopic technique for measuring the arc plasma hydrogen
concentration in real time when an argon shield gas is used. This technique
is based on the fact that the intensity ratio of the hydrogen Balmer Alpha
emission line at 65632 and an argon emission line at 69652 was observed to an
approximately linear function of hydrogen concentration in the weld arc
plasma. This technique was experimentally verified under a variety of welding
conditions for gas metal arc welding and found to have an error of less than
10% when measuring hydrogen concentrations in the arrc plasma as low as 0.25%
by volume. This method of hydrogen measurement is alsoc applicable when
welding with shield gases not containing argon so long as a sultable ratioing

line is available.

PACS numbers: 52.70.Kz, 07.65.EH, 52.80.Mg, 81.40Np
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I. INTRODUCTION

Hydrogen assisted cracking and embrittlement are often responsible for weld
failure in high strength steels., TDuring welding, hydrogen may be introduced
into the weldment because molten metal will absorb hydrogen in proportion to its
concentration in the arc atmosphere [1]. '"The wost coummon sources of hydrogen 1in
the weld arc plasma are the disassociation of hydrogen bearing compounds such as
water vapor, lubricants, and electrode coatings. Once hydrogen has been intro-~
duced into the metal, cracking may occur as a result of interactions between the
dissolved hydrogen and the metal {2], [3]. Savage, Nippes, and Husa [1] have
analyzed the transfer of hydrogen from the weld arc plasma to the weldment when
an AX-140 electrode is deposited on HY-130 plate. In thelr experiments, hydro-
gen was Introduced into the arc plasma by either adding water vapor or hydrogen
gas to the shield gas. They concluded that hydrogen induced crécking ocecurs
when the volume of dissolved hydrogen exceeds 1 ppm in the weldment, This
corresponds to a hydrogen concentrallion of approximately 0.25% of the shileld
gas.

To minimize hydrogen assisted cracking and embrittlement 1in critical welds,
low moisture electrodes and special welding procedures have been developed.
However, in practice, it is not always possible to guarantee strict adherence to
the proper welding procedures. Consequently, in many cases, the welds must be
caraefully inspected to insure thelr integrity. The cost of locating and
repairing defective welds is high., For the past few years, we have been devel-
oping a real-time weld quality monitor to detect defects as they occur [4]. 1In
this paper, we discuss the development of an electro-optic based system to moni-

tor In real time the concentration of hydrogen in the weld arc plasma.
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This system 1s based on the fact that the Intensity of light emitted by the are

plasma at wavelengths corresponding to the atomic transitions of hydrogen is

proportional to the hydrogen concentration in the plasma. By monitoring the

hydrogen emission wavelengths in arc welding, it is possible to measure hydro-

gen in concentrations as low as 0.25%7 of the shield gas with an error of less

than 10%. Similar accuracies have also been obtained in limited experiments

with tungsten inert gas welding and laser welding.
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IT. THEORETICAL BACKGROUND

The optical emissions of the weld arc result from atoms radiating energy
after having been excited by electron coliisions. The wavelength of light
emitted by a particular atom will depend on the excitation gained by the atom in
its collision with an electron and the transition probablility of a particular
wavelength. If none of the optical energy is absorbed by the weld plasma, the
intensity of a given gspectral line will be proportional to the number of atoms
radiating at that wavelength. This suggests that, if we measure the intensity
of the spectral lines emitted by a particular element or compound, it should be
possible to infer its concentration,

If we consider the weld plasma to be in local thermodynamic equilibrium,
the excitation levels within the plasma take on a Boltzmann distribution. Thus,
if N atoms of a particular element exist in the plasma, the number of atoms

N, which have an energy E_ 1s [5]

-%_/kT
Ng, e m

-— 1

Vo B(T) D
where

T = °K
By = degeneracy factor
k = Boltzmann's constant

and B{T) is the partition function

. -E_/kT
B(T) = ) g e T (2)
r+*all states

The optical energy, corresponding to an atomic transition from state m to
n, emitted by the plasma from a small volume element Av, is equal to Nm Amn Av

where Amn is5 the transition probability from state m to n. Recalling that the
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energy of a photon is hv = Em - En’ the intensity of the m—to-n transition per

unit solid angle may be expressed as

-E_/kT
hv Av Ng A © n

Ton = ATB0T) (3)

The total intensity of light emitted at a given wavelength may be found by
integrating Fq. (3) over all volume alements (Av) of thc plasma. Uufortunately,
random variations in factors such as temperature and volume of excited gas
severely limit the accuracy of this method. Changes in temperature may be
caused by variations in the arc length and current. Furthermore, the tem—
perature inside of the arc is not uniform, but decreases radially from the
center of the plasma. The volume of cxcited gas will change with any insta—
bility in the arc, which has the effect of changing the parameter ¥ in the
intensity equation.

Not all of the light radiated from the piasma will reach the detector, A
portinn will be absorbed by smoke and particulate matter in the air. But more
importantiy, the amount of light actually received by the deteclur will crici-
cally depend on the aligament of the optical system used to collect the light.
Any small pointing or focusing error will cause a significant change in the
observed intensity.

Obviously, if the intensity measurements are to be of any value in deter-
mining concentrations, the varlatliouns due to random factors must somehow be
removed by a normallzation procedure. Probably the best way to normalize is to
take a ratio of the spectral line intensities of two elements which have similar
excitation energies, Emi. By choosing spectral lines with approximately equal
excitation levels, temperature dependence is reduced, Furthermore, if the wave-

lengths of the two transitions are relatively close, scattering and other
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wavelength dependent factors will affect each spectral line intensity in the
same manner so that rhe ratio will be approximately constant for a glven con-—

centration of the two elements., The intensity ratlo of spectral lines resulting
from two different elements is

I g A exp(*Em kT

e N W W W & 1 B (D 5
I g A exp(~E_ /kT) B,(T)
m,n, 2 72 m, myn, m, 2
ILf Em = Em
1 2
I g A
m i} :!hﬂl. m, mn, Bl(T) -
I T g
mny 2Ny Tmy Ay o, BT
272
In general, the transition probabilities A are not well-known (typlcal

m,n
i1
errors for argon are * 257). But if the intensity ratios are found experi-

mentally using plasmas of known compositions, it is possible te¢ develop an

emplrical curve, relating observed intensity ratio to atomlc concentratlon ratio

N

T This empirical curve may then be used to determine the concentration ratio
2

of two elements frem an observed intensity ratio,
Although, as we have just stated that A a and A a,. are generally not
171 272
well-known, the ratio A /A is well-known for the special case when both
M T

transitions are produced by the same element, and have the same lower state

(i.e., n = n, = nz). The intensity ratio may then be written as

I v o An o exp(-E_ /kT)
A W W 1 =
v, g A exp(-E_ /kT)
m, 1, 2 m, myn m,

From this equation, it is evident that if the two tramsitions are chosen so

that Em - Em is large, the ratio may be solved for the plasma temperalture
1 2



T = [2 1 2"
T H(Tg A )3 ]] 7
2 m2 mzn mln

Thus far, we have considered the spectrum to be composed of discrete lines
of negligible width, but in fact all spectral emissions have a non-zero width
due to the finite lifetime of an atomic state. In a plasma, the lineshape will
be even broader than that of the natural line width because processes such as
Doppler broadening, pressure broadening and the Stark effect will increase the

line width. TIf we again assume local thermodynamic equilibrium, the Doppler

broadening may be calculated from [4]

1h

{SRT n2 ] AO (8)

mc

m = atomic mass

[¢]
1

speed of light

In our welding work, the lines of primary interest are argon at 6965 A, iron in
the region of 6500 A, and the hydrogen Balmer alpha line at 6563 A. At 20,000

°K, these lines have the following Doppler line widthe:

Argon: Ahd =0.110 A
Iron: Akd = (0,087 A

Hydrogen: A)y = 0.662 A .

The calculation of pressure broadening is more complicated because we must
know the collision frequency hetween the atoms in the plasma. To calculate the
collision frequency, the collision cross section of the species in the plasmna
must be known, and, in general, can only be found experimentally. If we con—

sider a plasma composed only of hydrogen and argon, the collision frequency can



7

be approximated using gas kinetic theory [7]. With argon as the background gas,

the collision frequency of a hydrogen atom with argon is

2 (BkT (1 i
Yeor = M(ry + )" [ Gt )] Y

(®
B B

where

TpsTg = atonic radii

MA’MB masses

.NB = number density of the background gas.

To find the collision frequency of argon, we use the rate at which an argon

atom collides with the argon background gas.

iy
2 ,8kT
()

Vool = ™2 1y T

co B _ (10)

The pressure broadeniag is then found from [6]

AZ

Veol
c T

A (11)

where T is the natural lifetime. By substituting the collision frequencies in
the above and assuming that the natural lifetime is small, we obtain

Argon: AX = 0.003 A

I

li

Hydrogen: AX = 0,006 &

Obvicusly at welding temperatures and pressures, the effects of pressure

hroadening are insignificant when compared with the effects of Doppler

broadening.
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The final broadening mechanism to be rconsidered, the Stark affect, may
prove to be of particular importance in future work because the electron density
of the plasma can be determined from the width of a Stark broadened hydrogen

line, 1f we assume a quasistatic situation as set Fforth by Griem [8], the Stark

broadening may be calculated as follows [9]:

3)% £, ﬁ(nf - ng hlc
Ak = mec (12)
e
= C(AO) EA
where
E = 3.4 EO
aund
2/3
E ~ 2.0603 eN is the Holtsmark normal field.
o] 4ﬂ€0
€y = dielectric constant of free space
M o= h/2w

h = Planck's constant

n, = principal duantum number
m = electron mass
Z = particle charge

N = electron density

e = electron charge

c speed of light

Bekefi [9] has tabulated valuee of C(AO) for the prominent hydrogen lines.

Typical electron densities for weld arc plasmas are on the order of 1016 cm_3.

By substituting thls electron density into the above equation, we obtain
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AX = 10 A for the hydrogen linewidth at 6563 A. At these electron densities,
Stark broadening is only significant for hydrogen and helium.

In addition to spectral lines, optical spectra contailn background
emissions which are slowly varying functions of wavelength. These background
emissions are the result of blackbody radiation., Since blackbody radiation is a
function of temperature, the primary sources of blackbody radiation in a welding
environment are the weld arc plasma and the hase metal.

In the preceding discussion, we have assumed that all of the optical
radiation generated by the plasma is emitted. Often times, this condition does
not hold and some of the optical radiation emitted from the inside of the plasma
is absorbed in a process known as radiation trapping [10]. Radiation trapping
can have twa effects on the ohserved apectrum. It may change the line shape of
a spectral line, or it may redistribute the energy within the spectrum.
Radiation trapping effects are most prevalent in so-called resonance transitions
where an atomic transition occurs between an upper state and the ground state.
Fortunately, most of the transitions which generate spectral lines of interest
in arc welding are not rescnance transitions. Therefore, radiation trapping is

minimal, and can be neglected,
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III. INSTRUMENTATION

Figure 1 is a hlack diagram of the hydrogen monitoring system. A lens,
which 1s mounted on the weld head, focuses light from the weld arc onto a metal-
clad, optical-fiber bundle. This fiber bundle guides the light to the entrance
slit of a monochromator. 1In our application, the monochromator is operated as a
spectrograph where the exit slit has been replaced by a linear photodiode array
consisting of 1024 photodicdes. The photodiode array converts the spectrum to a
series of analog voltages which are proportional to the light intensity. The
spectrum along with the signals from the curreat, voltage, and travel speed
transducers are digitized by an A/D converter, processed, and then stored on a
floppy disk.

The lens used for focusing the light from the weld arc is a 25 mm conven
lens with a focal length of 50 mm. Since the lens is mounted on the weld head,
it always points at the arc as the welder traverses the work piece. Even though
the lens is about two feet from the arc, metal splatter occasionally strikes it.
Pitting is avoided by placing a disk of pyrex glass over the lens so that any
metal splatter will strike the disk. When the glass disk is pitted teo the
extant that it affects light collection efficlency, it is replaced. The two-
meter fiber optic cable that 1s used to guide the light from the lens to the
monochrometer is composed of glass fibers in a metal sheath. The metal protects
the fibers from excessive bending, while at the same time adding mechanical
strength. A graph of the transmittance of the [iber versus wavelength ls shown
in Figure 2. Because of absorption in the glass, ultraviolet (UV) radiation
below 3500 A is heavily attenuated.

A 0,32 meter Czerny-Turner type diffraction grating monochromator digperses

the light from the weld arc into its spectral components. 1In this type of
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monochrometer, light is focused from the entrance slit onto the grating by a
parabolic mirror. After the grating has dispersed the 1ight, a seecond mirrvor
focuses the spectrum onto the exit focal plane where a photodiode array is posi-
tioned. The angle of the diffraction grating with respect to the optical axis
of the input mirror determines which portion of the spectrum is projected onto
the photodicde array. This angle may be changed by rotating the grating,
allnwing the entire gpectrum from the near Infrared (IR) to the UV to be
observed. Presently, a 1200 line/mm holographic grating is used for hydrogen
detection, while a 2400 line/wm grating is used when higher resolution spectra
are required. When the 1200 line/mm grating is used, a 500 A band of the
spectrum is focused onto the photodiode array. The monochromator optics and
photadiode array impese a theoretical resolution limit of approximately 0.4 A
[11]. This resolution is comparable to the Doppler linewidths of argon and
hydrogen.

The photodiode array consists of a linear array of 1024 photodiodes on a
s1licon bar one-inch long. The length of time that light is integrated by the
array may be varied from 500 microseconds to geveral seconds. An integration
time of 50 milliseconds was selected to minimize the effects of dark current.
The voltages representing the optical energy integrated by the array are out-
putted in a serial staircase form sultable for A/D conversion. The spectral
response of the photodiode array is illustrated in Figure 3., Notice the signi-
ficant drop-off in the near IR region cof the spectrum, The UV transmittance of
the optical fiber and the near IR response of the photodiode array limit the
overall spectral response of the system to the region from 3500 A to 9000A.

System control and data acquisition are implemented by a 16-bit LSI-11/23
microcomputer. The computer contains a parallel input output port and an

analog-to-digital converters, The parallel I/0 port is used to send commands
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to the interface electronics which enable the data acquisition. The analog-to-
digital converter converts the analog stalrcase array voltages and rhe trans-—
ducer outputs from the voltage, current and travel speed transducers to a signed
12-bit format. The minimum conversion time of the A/D converter is
10 microseconds or 100,000 voltage samples per second. With an array integra-
tion time of 50 milliseconds, the maximum data acquisition rate is 20 complete
spectra per second. FEach spectrom constets of 1024 samples uniformly distrib-
uted over a 500 A band. 1If the spectra are stored on a floppy disk, the access
time of the disk limits the data acquisition to approximately two spectra per
second.

Table 1 gives a summary of the performance specifications of the data
acquisitian gystem. Tt should he noted that with the high resolution grating,
the Doppler profile of the spectral lines is not quite resolvable. In choosing
the 1200 line/mm grating and the 0.32 meter monochromator, a trade—off was made
between the desire to observe as much of the spectrum as possible while at the
same time preserving spectral resolution. In making this trade—-off, we have
designed the system resolution so that the atomlc emission lines can be easily
resolved, and so that significant effects such as Stark broadening are
measurable. As shown in Table 1, the time resolution of the system is limited
to 0.5 seconds when the data are stored on the disk, Even at this slow data
acquisition rate, a considerable amount of data 1Is generated on each welding
run. Lf greater temporal resolution is desired, processing can bec minimized by
only recording the spectra near a few important wavelengths.

In this experiment, hydrogen was introduced into the weld arc plasma

through the shield gas by mixing gas containing 98% argon and 2% oxygen with gas
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TABLE 1

SYSTEM SPECIFICATIONS

Optical Resolution: 0.5 A (1200 line/mm) 0.24 A (2400 1ine/wm)
Bandwidth: 500 A (1200 lina/mm) 250 A (2400 line/mm)
Time Resolution: 50 msec (0.5 sec when stored in disk)
Current Transducer: Hall Effect Transducer
Voltage Transducer: Voltage Divider

Speed Traunsducer: Tachometer
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containing 90% argon and 10% hydrogen. By regulating the flow rates of these
two gases, the volume concentration of hydrogen in the shield gas can be varied
from 0.00% to 3.00%. Table 2 lists the error in setting the hydrogen content of

the shield gas which occur when reading the hydrogen flow rate meter,



ERROR IN SETTING HYD
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TARLE 2

ROGEN CONTENT OF SHIRLD GAS

#H m%RROR
0.00 t 0,0%
0.25 *17.0%
0.50 *10.0%
0.75 t 6.7%
1.00 + 5.0%
1.25 * 3.8%
1.50 bt 3.1%
1.75 t 2.6%
2.00 t2.2%7

._-2.25 T 2.0%
2.50 +1.8%
2.75 * 1.6%
3,00 £ 1.4%
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IV. EXPERIMENTAL RESULTS

A. Procedure

The materials used for welding were ASTM-242 low-alloy, high-strength
steel, and R705-3 electrode wire. The nominal composition of these materials
can be found in Table 3. 1In an effort to remove gsurface contaminants from the
base metal, a small amount of the welding plate was ground away before welding.

All welding was performed on a semi-automatic Gas Metal Arc welder, This
welder consisted of a welding head mounted to a carrlage which was wmotorized on
one axis. Generally, an arc length of 20 mm was used except when welding at
hydrogen concentrations abowve 1.5%. At these higher concentrations, it was
necesgsary to lengthen the are to establish stable operation. The nominal wvalues
for welder voltage and curreant were 30 V and 300 A, respectively. Travel speed
was varied from 10 cm/min (4 ipm) to 60 cm/min (24 ipm).

The first step when recording data was to adjust the welder for the proper
current, voltage, and travel spced. The gas mixture was then adjusted for the
desired hydrogen concentration, and the gas lines bled to remove any residual
zases. After all preparations were completed, the welder was started, A single
pass of the metal plate lasted approximately 25 seconds during which fifty
spectra were acquired and stored on the floppy disk. In all of the welding per-
formed in this experiment, a bead of metal was deposited on the base metal

plate.

B, Sample Spectra

There are two prominent hydrogen lines in the visible region of the
spectrum which can be used for monitoring hydrogen concentration. One is the
Balmer series alpha line at 6563 A, and the other is the Balmer series Beta line

at 4861 AR, The 4861 A line wac nat usged herause saveral aemission lines of the
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TABLE 3

£708~-3 WELDING WIRE COMPOSITON (%)

C
Mn
51
P

max

5
max

0.06-0.15
0.9-1.4
0.45-0.70
0.025

0.035

ASTM 242 LOW ALLOY STEEL COMPOSITION (%)

Mn

51

Cua

Cr

Fe

0.12%

0.25
0.07-0.15
0.05 max
0.25-0.55
0.25-0.40
0.47%-0.65
0.072%-0.10%

Remainder
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base metal interfered with the hydrogen spectrum. TIn addition, the 6563 A line
is near several strong argon emission lines which can he used for normalizarion.

Figure 4 is a spectral sample taken with the monochrometer get at a center
wavelength of 6725 & and a hydrogen shield gas coucentratlon of 2.0% by volume,
Notice that most of the spectral lines are due to either hydrogen, argon, or
iron. The hydrogen line is by far the broadest line in the spectrum. An
expanded plot of the hydrogen line is shown in Figure 5. The large width of the
hydrogen line relative to the other emission lines is due to the Stark
broadening mechanism mentioned earlier.

C. BSignal Processing

Both line broadening mechanisms and variations in the spectral background
level will affect the peak intensity of a spectral line. When a line is
broadened, the optical energy generated in an atomic transition is spread over a
larger bandwidth. The effects of line broadening may be significantcly reduced
if the intensity is integrated over a substantial portion of the linewidth.
Since an integral provides a measure of total energy, it should remain rela-
tively constant regardless of linewidth.

The background level of the spectrum is due to two sources. The first
source 1s the bias level of the photodiode array. The bias level may be set by
adjusting a potentiometer in the interface electronics, but in time it will
change due to drift in the electronic circuitry. The second source is blackbody
emissions from the weld arc plasma and hot base metal. Because only a small
portion of the spectrum is examined at any one time (i,e,, 500 A), the blackbody
radiation can be considered to be uniform over the bandwidth of the monochro-
meter. Since the bias level is also uniform, a region free of spectral lines
can be used to determine the background level. To minimize the effects of

naise, the background level was determined by averaging over a 1{) A bandwidth




«geg prajys o: poppe uafoapky juediad om] -opdues [raioeds y G/a9 — Y G/%0  f ®INBT4

() HLOND TIAHM

(%]

g/69 G769 S/BY  S7BY  S//9 G249 G99 SZ99 SS9 SC59 0 S4v9

é%;/\;{%; 1 poc
P
w + D09
n 1 Y -
m @ B
% @ a tope =
o o Ky © —1
= w0 M
—_ M .
@ . SR 701 ot
Iro o)) S
xI % bt
.mV -4-
% P posl —
o w —<
@ =0
o 10081
o =
ps
] = foorg <<
9 S
w0
&
n 1 00vC
[91)
o
1 0BLC
uaboipAy 02

- DRRE



sga7vads usfoapAy popurdxyg ¢ 2aIndTg

(H) HLINI TIAUM
E099  S6S9 /889 6489 (/59 €969 GGSS swm@ bEGT  [ES9 mﬂm@

T e \L.%i{u\ua\s? DOE
N
7 { 009
-_.
o J R
o I o 1 006
o x o
™ w o
0 h
- | N one i
Po i I>a
v
& 1 DOSI
R
3
@ 1 oper
Izo
+ 01T
£ 00be
| o0/t
uaboupiy w02

T RGRE




24
centeted at 6800 A. Before the integrated line intensities were computed, the
background level was subtracted from the entire spectrum.

Figure 4 shows that the Stark broadened hydrogen line at 6563 A extends
over a bandwidth of more than 60 A. To avoid interference from the iron lines
at 6546 A and 6592 A and the zirconium line at 6569 A, (see Fig. 8) the hydrogen
line integration was limited to * 3.5 A about the line peak. Figure 6 is a plot
of the integrated line intensity versus hydrogen concentration. Although a
generally increasing trend Ls evident in this plot, it is obvious that good
quantitative measurements of the hydrogen concentration cannct be made by
measuring just the hydrogen Intensity.

The graph of the intensity versus hydrogen concentration clearly shows the
need for the normalization procedure discussed earlier. Recall that in
this approach the hydrogen line Intensity is divided by the intensity of a
nearby spectral line. To be effective, intensity variations in the ratioing
line should be highly correlated with intensity variations in the hydrogen line.
This is extremely important if ratioiung is to have the desired effect of
removing random varlations 1in the intensity of the hydrogen line.

Table 4 is a list of the correlation coefficicents (p) between the intensity
fluctuations of hydrogen and the major iron and argon lines in the spectrum
plotted in Figure 4, The closer the correlation coefficient is to unity, the
more highly correlated are variations in the intensity of the two lines.
Clearly, the argon line at 6965 A is the most highly correlated with the hydro-
gen line. This probably results from two factors. First, the excitation energy
of the 6963 A line is 13.3 eV, and the excitation energy of the 6563 A hydrogen
line is 12,0 eV. Since these values are quite close, the temperature dependence
of the two lines is very similar, Second, the argon emissions are due to argon

present in the shield gas, while the iron emissions are due to iron vapor from
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TABLE 4

CORRELATTION COEFFICLENTS

1% H 2% H
Element A p p
Argon 6965 A 0.8380 0.900
Argon 6752 A 0.8264 0.831
Iron 6495 A 0.0500 0.0183
Iron Gh40 0,3451 0.4319
Iron 6593 A 0.0702 ~0.6754
Iron 6678 A 0.0308 -0.2468
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the electrode and base metal. During welding, the shield gas flow rate remains
essentially constant which implies that the volume of argon in the weld plasma
remains nearly constant. Conversely, metal transfer processes and arc instabil-
ities can vary the volume of iron vapor in the weld plasma considerably. Since
argon is a more stable component of the weld plasma than iron vapor, 1ts opti-
cal emissions will be more highly correlated with the optical emissions of other
plasma components. 1f we let R denote the ratio of the hydrogen line intensity

with the argon line intensity, and I(2A) denote the Intensity profile of the

spectra, the ratio can he expressed as

1 AHmhfz 1 AB+Ab/2
g = bh jAH—Ah/Z Hndr -7 JAB—Ab/Z 10
(13)
A, _+haf2 A, +AbS2
1 Ar 1 B
Yy J3Ar—Aa/2 VA - 5 JAB—Ab/z I(A)dA
where
Ah = 7.0 A
AH = 563 A
Aa = 7.0 A
AAr = 6965 A
Ab = 10.0 A
AB = 6800 A

A more generalized form of this equation is obtained by multiplying the inten-
sity profile, TI(A), by a filter function and integrating over the entire

spectra. Equation (13) then becomes

JT(D £,(0dx = [ (D) £,(0d)
Ro=_z= i (14)

JoIO) £, (Ndx - [ T(D) £,(0dA

—_— -
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where in this case

iﬁg A - 6563 A < An/2
fH(l) = 3

0 elsewhere

Lo |a- 6800 Aj < ab/2
fB(A) = 3

0 elsewhere

L |x- 6965 A] < a/2
fAr(X)

elsewhere

]
JS— S
S >
o]

D. Results

The intensity railo glvea by Egquation (14) is plotted versus hydrogen con-
centration for three separate data sets in Figure 7. Tt is evident from this
plot that the intensity ratio is very nearly a linear function of the hydrogen
concentration. A linear regression was used to determine a bhest-fit line for
each data set. The best-fit lines and the coefficients of determination for the
three data sers are listed in Table 5. WNotlce that the regression lines of
Table 5 do not pass through the origin. The reason for the offset from zero at
the origin can be fouad by examining the spectrum, plotted in Figure 8, taken
with no hydrogen added to the shield gas. The occurrence of a hydrogen emission
line clearly indicates that hydrogen exists in the weld plasma. The source of
this hydrogen has not been positively identified but 1s thought to be due to
molsture in the gas feed system and hydrogen in the base metal.

The coefficients of determination of the regression lines indicate that the
linear fit is quite good, but a definite nonlinear region exists at the lower
hydrogen concentrations. This nonlinearity could be attributed to several

sources, but the most likely is error in getting the gas Flow rates. For



INTENSITY RATIO

29

25

1 I 1 ] T T T
— ® No.l 9/17/72

ool ® Na2 10/6/82

& No.3 0/8/82

HYOROGEN CONCENTRATION

(PERCENT)

2.0

Tigure 7. Intensity ratio versus hydrogen cencentration.



30

TABLE 5

LINEAR REGRESSION

DATA SET SLOPE INTERCEPT COEFFICIENT OF DETERMINATION
1 0.7974 0.0283 0.98
2 0.7548 0.0363 0.97
3 0.6819 0.1156 0.97

Combined 0.7501 0.0010 0.97
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example, when setting the flow rate for the 0.25% hydrogen mixture, an ertor of
17% occurs when reading the hydrogen flow rate meter. Other possible sources of
nonlinearities are interference from adjacent emission lines and errors in
determining the background level.

If the standard deviation of a data set ig divided by its mean, the
regulting normalized standard devliation provides a measure of the percent error
in the data set. Figure 9 is a plot of the normalized standard deviation of the
hydrogen ratio versus the hydrogen content of the shield gas. Except for the
second data set, the error is well below 10% for most values of hydrogen,

The error in the sccond data set cxceeds 10% when the hydrogen concentration
exceeds 1.5% of the shield gas, We believe this occurred because a stable arc
could not be maintained on this data set at the higher hydrogen levels. Because
all of the other data had less than 10% error for hydrogen contents below

1.5%, it appears that the measurement error is on the ovder of 10%, or less,
when measuring the intensity ratio. Tt may be possible to reduce this error by
optimizing the integration time, or by using a more sophisticated filter
function,.

The stability of the intensity ratio with respect to travel-speed
variations is also important if the hydrogen detector is to be used in practical
applications. TFigure 10 is a plot of the variation of the ratio about the mean
versus travel speed for two different hydrogen concentrations. Frow this plot,
it is seen that the error in measuring the ratio is on the order of *I0%. It
should be noted that from Figure § this error is approximately the same error
that is expected if travel speed is not varied,

From the preceding analysis 1t appears that there 1s a linear relationship
between the Intensity vatio and the concentration of hydrogen gas in the shield

gas mixture., Thus once the best-fit line to a series of test data points has
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been found, the actual hydrogen concentration of an unknown shield gas mixture
can be found by substituting the observed intensity ratio into the begt-fit line
equation. It should be noted that hydrogen introduced from sources other than

the shield gas will also be detected and measured by thig system.

E. Interference Filter Based H Monitor

The moncchromator based hydrogen monitor is an excellent research tool.
However, the monochromator, detector array, and computer are expensive.
As an alternative, optical interference filters and photodetectors can be used
to measure the appropriate line intensities. 1In an interference filter based
system, light from the weld plasma would be passed through each of three filters
centered at 6563 A, 6965 A, and 6800 R, respectively, corresponding to the three
regions of the spectrum required for hydrogen monitoring. A photodetector posi-
tioned behind each interference filter would convert the light intensity to an
analog voltage which could then be processed by either simple analog electron-
ics, or a small microprocessor, to compute the hydrogen concentration in the
weld plasma.

Optical interference filters are composed of layers of dielectric materlals
with differing indices of refraction. An interference filter is essentially a
series of Fabry Perot interferometers stacked end to end [12]. By controlling
the thickness and index of refraction of each layer, it is possible to tailor
the transmittance function of the filter. TIf the bandwidth of the filter is
very narrow (less than 10 A), the filter must be temperature stabilized to pre-
vant drift in the passband. In addition, narrow band filters require the input
light to bhe collimated. These inconveniences can be avoided by working with

filters having full width at half maximum (FWHM) bandwidths that are greater
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than 10 A, The transmittance characteristics of an optical interference filter

can be modeled as a Gaussian function,

. ~Oea /26
£(A) = e (15)
ov2m
where
B
o’ T rr——
2v24n2
Ac = center wavelength
g = RMS bandwidth
B = FWHM bandwidth

1f the uniform filter functions in Equation (14) are replaced with Gaussian
filter functions, the operation of the interference filter based hydrogen moni-
tor can be simulated with the spectra used earlier. We assume that the three
filters all have the same bandwidth. Systems using filters with bandwidths of
10 A, 20 A, 50 A, and 100 A FWHM were simulated using data set #1. The inten-
sity ratie, R, is plotted versus hydrogen concentration in Figure 11. Notice
that as the filter width is increased, the ratio increases, and nonlinearities
become more apparent. These effects occur because as the filter bandwidth
increases, interfering lines near the desired hydrogen and argon lines have a
greater effect on the ratio. More lmportantly, from the plot of the normalized
standard deviation shown in Figure 12, we see that the error increases signi-
ficantly as the Filter FWHM width is increased. TFrom Figures 11 and 12 it
appears that filter bandwidths of between 10 A and 20 A FWHM should result 1in a
hydrogen monitor which pertorms almost as well as the monochrometer based

hydrogen system.
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V. CONCLUSIONS

The spectroscopic technique described ia this paper is capable of measuring
the absolute hydrogen concentration in weld arc plasmas at concentration levels
which have been shown to cause weld failure (0.1 - 0.2% of the shield gas)., The
measurement accuracy is approximately 10%Z. Since the method is a real-time
techanique, hydrogen contaamination problems can be spotted and corrected as the
weld is being made, thus reducing costly rework. The cost of the interference
filter based hydrogen monitor should be low enough to allow its general use when
welding steels which are susceptible to hydrogen embrittlement.

Although our experiments were conducted by mixing known concentrations of
hydrogen gas with the shield gas, this spectroscopic technique will measure the
hydrogen from all sources including water and lubricants. It should also be
possible to adapt the technique to other welding configurations which use dif-
ferent shield gasses or flux bearing electrodes. If argon is not present in the
shield gas, an emission line from a different element will have to be used to
normalize the hydrogen line intensity. This will result in a different relation
between the intensity ratio and hydrogen concentration. However, by properly
chuosing the normalizing line, it should be possible to obtain a nearly linear
variation of the line ratio with respect to hydrogen concentration,

The same spectroscoplc techniques developed for detecting hydrogen can also
be used for detecting many other impurities which affect weld quality. For
example, by tuning the monochrometer to a prominent axygen spectral line, we
have detected oxygen contamination in titanium welding. The system has also
been used to detect loss of shield gas 4] and to detect flux voids while

welding with flux core electrodes.
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In summary, the optical techniques described in this paper provide an

effective research tool for studying the physics and chemistry of welding, while
at the same time offer the prospect of improved weld quality and, hence, reduced

cost in commerclal welding.
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APPENDIX A

SIGNAL PROCESSING SOFTWARE

Main Program
Correlation Routine
Integration Function
Filter Funetiaon

Disk Read Routine



42

A.1. Main Program

[ R R T S T ] HARURERERTRAHERT AR TR RRXGARRREARRERRT D RN RS

PROGRAM ZPSTAT
SY JIM SHEA AUGUST 33,1982

THIS PROCGRAM CALCULATES THE STATISTICS AND RATIOS 0OF
SPELIRAL DATA, IT WILL RATIC OME LINE HITH 4P 7O
FOUR OTHER LIMES

PSR

oDonaonoa

FABEARR ST DRTRRRERRBEAERRRE GRS RAERBRERAREEREERFRAEFAREIARRE RS RH IS

*
YARIABLES: *
IDATA INTECER ARRAY USED TO HOLD A DATA SCAN. *

2

BAKDIO: THE BACKGROUND DIODE NUMBER.
INTBAK ! HUMBER OF DIQDES INTEGRATED ABGUT THE
BACKGROUND

LINDIOC THE LINE DIODE NUMBER.

INTLINI NUMBER CF JIODES INTEGRATED RBOUT THE
LINE DICDE.

RATDIO: ARRAY USED TC HOLD THE FOUR RATIO DIGCDES.
INTRAT. ARRAY USED TO MOLD THE NUMBER OF DIOQDES
INTEGRATSD ABOUT THE RATIO DICDE.

oo oDn0OoOnoOnnDOnnn

AAREFHBERERR TR HE AR AR AR ER RS RHRE SR RN FF R AR BT HRRTE RSN

COMMON/ARRAY/IDATA
INTEGER INTDIO, INTLIN, IRTHAT (3]
INTEGER IDATA(I0Z4),.BAKDIO.LINDIO.RATDIO(A)

c
BYTE LFILE(&)
[
REAL INTEG.2ACKGN(100) ,LINECIOQ), TEMP(100),RATIO(S, 100}
REAL MEAND . MEANZ(4),5TD1,.3TD24), R 14) , MEANL , tEANE
REAL RMEAN(4) (RSTD(4), MEAN.STD,MAXRAT(4) ,MINRAT (&)
c
c
g
c SET THE REGION OF THE SPECTRUM TE RE USED FOR
[o4 THE BACKGROUND CALCULATION
c
SAKDIR=9Z0
INTEAK =10
c
C GET THE FILE NAME
[
TYPE 100
160 FORMAT (/' ENTER THE FILE NAMED '$)
ACCEPT 200, (LFILELTIY I=1,6)
200 FORMAT(5AL)




onoo

1Q00

10G1

1002
1003

{004

&3

GET THE DIOQDE NUMBER OF THE WAVELENGTH OF INTEREST

TYPE 101

FORMNAT(/* ENTER THE DIODE NUMBER QF THE LINE GF INTEIREST:

ACCEPT ZG1L.LINDIQ

FORMAT (14}

TYFE 10Z .

FORMAT(’ HOW MANY DIODES 3HOULD BE IMTEGRATED ON SITHER SIDE /.
‘OF THE LINEI'S)

ACCEPT Z20Z,INTLIN

FGRMAT(I )

)

GET YHE LINES TO BE USED FOR AVERAGING. UP TGO FOUR
LINES MAY BE USED. DATA ENTRY IS STOPPED WHEN A
RETURN IS5 ENTERED WITHOUT ANY DATA.

TYPE 103

FORMAT(/' ENTER THE DICDE NUMBERS OF THE LINES TO 2E¢,
’ USED FOR AVERAGING. ./,  TO STOP DATA ENTRY ENTER ',
‘A RETURN®)

NUMRAT=0

NUMRAT = KUMRAT+1

TYPE 104,NUMRAT

FORMAT(’ RATIG DIODE NUMBER',IZ.’!‘$)

ACCERT 203,RATDIO(NUMRAT)

TORMAT(14)

IF(RATDICI{NUMRAT).EG.0! GO TO 22

TYPE 300

FORMAT (‘' NUMBER CF DIDDES TO B8F INTEGRATED ON ZITHER SIDE’,

' OF THE LINE %)

ACCEPT 400, INTRATI(NUMRAT )

FORMAT (14}

IF C (NUMRAT ,NE.4) .AND. (RATDIO(NUMRAT) .NE. Q) GO TC 10

IF (NUMRAT . NE. 3INUMRAT =NUMRAT~1

IF ((NUMRAT.EQ. 4}.AND. (RATDIO(4}.58.0)) NUMRAT=3

SEE IF THE BACKGRQUND REGION SHOULD BE CHANGED

TYRE 1000

FORMAT(/, 7 DO YOU WANT TO USE A NON-DEFAULT 3ACKXGROUND REGION
ACCEPT 1001.,IBAK

FARMAT (AL}

IFCIBAK . NE. "Y ) GO TQ 500

TYPE 1002

FORMAT(* ENTER THE SACKGROUND DIODE NUMBER! “3)
ACCEPT 1003,BAKDIO

FORMAT(14)

TYPE 1004

FORMAT(’ ENTER INTEGRATION RANGE:‘$)

ACCEPT 1003, INTBAK

1'%}



44

EXTRACT THE DATA FROM THE FILE

HNprOonn

00 ISCAN=1
[e] CALL READIT(LFILE,ISCAN—~L, IDATA,FILEND)
IF(FILENR.EG.O.) GO TO 30
CALL CONUCIDATA) _
BACKGN( ISCANY = INTEG(BAKDIO . INTRAK )
LINE(ISCAN}=INTEG(LINDIC, INTLIN)
DO 2% I=1,NUMRAT _
RATIOCL, ISCANY=INTSG(RATDIC(T), INTRAT(I))
2% CONTINUE
ISCAN= ISCAN+L
GO TO Zo
) 1SCAN=ISCAN=1

#aa4ad% SUBTRAGCT THE SIAS 4 ##F 4403383 4A4FH8%

OO0 DW

Do 700 I=1.ISEAN
LINE(I)=LINE{1)~BACKEGN(I}
IF(LINE(TY,LT.O.) TYPE 701,1-1
701 FORMAT( ' LINE WENT BELOW BACXGROUND ON 3CAN‘.I3)
B0 200 J=1.NUMRAT
RATIC(J.II=RATIO(J, 1)}-BACKGN(I)
IF(RATIOCS, 1) .LT.C.) TYPE 702,J.1-1

702 FORMAT(‘ RATIO LINE DIODE MNWM‘, I4. 'WENT RELJN ACK ‘.
X 'GROUND ON 3CANY.I3)

800 CONTINUE

700 CONTINUE

~

c CALCULATE THE STATISTIUS AND RATIOS

[

DO 30 I=1.NUMRAT
Dg 70 J=1.ISCAN
TEMP(J)aRATIO(T, J}
70 CONTINUE

CALL CORREL{ISCAN,LINE TEMP MEANL  MEANZ(I),STDL.STDZ2(I),RI{T})
So CONTINUE

CALL CORREL (ISCAN,LINE,BACKGN,MEANL . MEANS,STOL,STDB,R)

CALCULATE RATIOED MEANS AND STANDARD DEVIATIONS

oo

DO 80 I=1,NUMRAT
D0 8% Ja1,ISCAN
RATIOUI - 2=l INECJY/RATIOCI )
a5 CONTINUE
DO F00 K=1.ISCAN
TEMPR(K}2RATIO(Y. K}
00 CONTINUE
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CALL CORREL(ISCAN,LINE, TEMP,.MEAN,RMEAN(I) STD,RSTD( I}, RJUNK )
0 CONTINUE

FIND THE MAXIMUM AND MINIMUM YALUE OF THE RATIOED DATA

[y Re NNl

S0 401 I=1,NUMRAT
MAXRAT(I) =0,
MINRAT(I}=100000,
DG $i0C J=1,13ZCAN
IF{MAXRATLI) .LT.RATIO(I,J)} MAXRAT(1)=RATIOD(I,J)
IF{MINRAT (1) .GT.RATIOCI ,J}) MINRATII)=RATIO(I.J)

610 CONTINUE

501 CONTINUE

c

c

c DISPLAY THIS WONDERFUL DATA

C

C
TYPE 110

110 FORMAT(// ' a#asen UNRATIDED STATISTICS x#swx‘)
TYPE 111 ,MEANL

t11 FORMAT( * MEAN OF wWIME OF INTEREST *.r9.2)
TYPE 112,57D¢

11z FORMAT( * STANDARD DEVIATION OF LIMNE OF INTEREST :'.F8.3)
TYPE 412,.3TD1/MEANL

312 FCRMAT NCORMAL JZED STANDARRD DEVIATION | .,F8.4)
TYPE 113 \

113 FORMAT{‘ STATISTICS OF LINES USED FOR RATIOING:
TYPE 114, (RATDIC(I).I=1,NUMRAT)

114 FORMAT DIODE NUMBER OF RATIO LINE',I8,3I12)
TYPE 115, (MEANZ2(T) . I=!,.NUMRAT)

115 FORMATI10X, MEAN" FB.3,3F12.3)
TYPE 114,(8TD2(I}),I=1,NUMRAT)

1164 FORMAT(LOX, © STANDARD DEVIATION',F2.3,2F12.3)
TYPE 416, (STRZCII/MEANZ(]Y, T2t , NUMRAT]

LEPS FORMAT(CX, ' NORMALIZED STANDARD UDEVIATION' FS,4,3F17.4)
TYPE 117.(RICI}.I=1,.NUMRAT)

117 FORMAT(10X. "CORRELATION COEFFICIENT ', F8.4,3F12.4)
TYPE 1:i8

1183 FORMAT (/' a+=2+ RATIDED DATA s%axs’)
TYPE 119, (RATDIQ(L).1+1,NUMRAT)

119 FORMAT(‘ DIODE NUMBER OF RATIO LINE:'.IB,3I12)
TYPE 420, (MAXRAT(1) . I=1,NUMRAT)

820 FURMAT (44X, ' MAXTMUM OF THE RATIQS! *,FR.4,3F12.4)
TYPE 430+ (MINRAT(1),I=1,NUMRAT)

630 FORMAT(4X, " MINIMUM OF THE RATIDS: .F3.4,3F12.%)
TYPE (20, (RMEAN(I)  I=1,NUMRAT)

120 FORMAT (41X, MEAN‘,F83,4,2F12.4})
TYPE 121,(RSTD(I),I=1,.NUMRAT)

1214 FORMAT (4K, * STANDARD DEVIATION' ,FHB.4,3F12.4}

TYPE 421;((RSTBCIJ/9HEAN(I)),I=1.NUMRAT)
471 FORMAT(’ NORMALIZED STANDARD DEVIATION',F&,4.3F12.4)




[sReNrF Ry

130

140
240

Joe

SEE IF THE DATA SHOULD BE SATHERED ON A DIFFERENT FILE

TYPE 130

FORMAT{(/’ DO YOU WANT TO CALCULATE THESE STATISTICS FOR A
"DIFFERENT FILE? '%)

ACCEPT 230, [ANS

FORMAT (A1)

IFCIANS.NE. 'Y'") GO TO 300
TYPE 140

FORMAT (' ENTER THE FILE NAMES!
ACCERTY 240, (LFILE(I).I=t.6)
FORMAT{5A1)

GO T4 &00

CALL EXIT

END

46
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A.2. Correlarion Rourine

CEAEABBSRBLARLEBRBHHR HERLLBRRALIRARERTRR SRR RR AR R SRR SRR

P

c #
o4 SUBRUUTINE CORREL *
c +
c g2Y JIM SHEA. AUGUST S, 1982 *
c . ES
CHARBES AR DI AT ED D IS AT RN AN NN T TR RN RN BR LN H
c *
C THIS SUBROUTINE PERFCRMS A CORRELATION ON A DATA 4+
c SET OF UP 70 100 POINTS,. IT RETURNS THE CORRELATION +
c CCEFFICIENT, MEANS. AND STANDARD DEVIATICNS. *
c *
[ R A TR TR Ly A I N P P e I SISy
C .

SUBROUTINE CUORREL (N,ARRAY1,ARRAYZ2.,MEAN1, MEANZ,STD1.5TD2. )

REAL X, ¥ XY X2 2, ARRAY L (100)  ARRAYZ2 (100}

REAL MEAML (MEANZ
c

X=0.

¥=0.

X¥ag,

X2=0,

¥2=aa,
[

DO 10 I=s1.N
N=ARRAYI(TYxX
Y=aRRAYZ(TI+Y
XY=ARRAY L LI} #ARRAYZ( 1)+ XY
KZ=ARRAYI ([} ##2+X2
Y2RARPAYZ (1) ##2+Y2

10 CONTINUE

SCAN=FLOATIN)

MEANI=X/SCAN

MEANZ=Y/SCAN

STO13SGRTC{XZ2-X##2/SCAN) 7 (SCAN-1.))

STD2=SGRT{ (Y2-Y*+#2/SCAN) / {SCAN~1.})

Re (Y- (X#Y) /SCANY / (SCAN-1.)

C IF STD1=0 QR STD220 WE HAVE A DETERMINISTIC SYSTEM.
IF({STD1.LT.1E-10}.0R.(STD2.LT.1E~10)}) GO TO 20
R=R/(ETR1I+*8TD2)

RETURN

20 =10

RETURN

END
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A.3. JIntegration Function

[ R e e R L e R s L R T R e T E A P gy
FUNCTION SUBROUTINE INTEG

*
#
-
BY JIM SHEA AUGUST 3.,1982 *
*
*

FERERRERER R G R ARRGRH L HRERRER GRS EELER AR AR AR AR R FRR IR L B> 4D

THIS FUNCTION INTEGRATES THE DIODES AND RETURNS A REAL
RESULT.

AAOOO00naGon

REAL FLUNCTION INTEG(ONTR. INT)
INTEGER INT,CNTR,IDATA(I024)
COMMON/ARRAY / [DATA

IF{{CNTR=12).GT7.INT) GO TC tO
TYFE 100

100 FORMAT(* INTEGRATION ERROR")

10 INTEG20Q.
DO ZC T={(CNTR~INT), (CNTR+INT)
INTEG=INTEG+FLOAT(IDATACI))
20 CONTINUE
INTEG= INTEG/FLOAT(Z#INT+1)
RETURN
END
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FUNCTIGN SUBRUUTINE INTEG

BY JIM SHEA AUGUST 5,178z

}iii**i**i-‘i-l-l'*'l-*ii******iii'lr'lb-l--ii.**4*{%4‘&64*46044*{** AR ST T2

THIS FUNCTION APPLIES A GAUSSIAN FILTER TC THE DICDES
AND RETURNS A REAL RESULT.

anoonoanond

REAL FUNCTION INTEG(CNTR,FWHM)

INTEGER INT,CNTR,IDATA(1024),.BAKDIO
COMMON/ARRAY / IDATA

COMMON/NOSP/BAKDIO

Cr {03

CALCULATE SISMA IN ANGSTROMS

SIGMAaFWHM /2,354

INTEG=0Q.

BO 10 [=CNTR=4# [FINX(SIGMA) ,CNTR+6#IFIX(SICMA)}
TEMP=(FLOAT(I~CNTR)*, 52 %22/ (2, #(SIGMA¥R2] }
TEMP« . 398944 (1, /SIGMA) #EXP (-TEMP)
IFCOILLT. 12, 0R.CILGT.1023)) G0 TO 20

IMTEG=INTEC+IDATACT ) « TEMP
GG 70 10

INTEG= INTEG+IDATA(BAKDIC) #TEMP
10 CONTINUE

RETURN

END
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A.5. Disk Read Routine

SUBROUTINE READIT (LFILE,SCAN,IDATA.FILEND)
C THIS SUBROUTINE READS A FILE F8RCH DISK.

INTEGER SCAN.DBLK(4),IDATA(1024)

S8YTE LFILE(&)

DATA IDNAM/ZRDM/ .
DATA DBLK(1)/3RDM1/.,0BLK(4)/3RDAT/

c
FILEND=L,

c

CCALCULATE S81.CCX NUMBER FROM SCAN NUMBER.
ISCAN=SLAN®4 :

CALL IRADSO(A,LFILE,DBLK(2))
C GET THE DISK HANDLER

IF(IFETCHCIDNAMY . NE.O) STCP ‘FETCH ERROR
C ALLOCATE CHANNEL FOR DATA TRANSFER,

ICHAN= [GETC ()
C CHEEK FOR CHANNEL ALLOCATION SRROR

IFCICHAN.LT.0) STOP ‘CHAMNEL ALLICATION ERROR-
€ FIND THE FILE IN THE DISK

IF(LOOKUP(ICHAN,DBLX).LT.0) STCP ‘ LOODKUP ERROR”

C READ THE FILE AND STCGRE [T IN IDATA AND CHECK FOR ERRORS
IFCIREALWII0ZE, IDATA ISCAN, ICHAN) LT .0) G0 TO 190

[
C CLOSE THE CHANNEL
CALL CLOSEC(ICHAN)
CALL IFREEC(ICHAN)
c
RETURN
c
C SET #ILEND (END QF DATA TO O
1o FILEND=0.
CALL CLOSEC(ICHAN)
CALL IFREEC!ICHAN)
RETURN
END
C
c
[ e i e
c
c SUBROUTINE CONV(IDATA)
C THIS SUBROUTINE CONVERTS DATA SRGM THE ADAC A/D SEPRESENTATION
C T8 INTEGER FORMAT.
[

SUBROLTINE CONV(IDATA)

]

INTEGER=22 IDATA{1023)

(&)

DO 10 I=12,1024
IDATA(I)=-IDATA(I)/IDATA(71%4.38
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IFUIDATA(I)LLE.O) IDATA(I}=tDATA(I)+4095%4,58
10 CONTTNUE
RETURN
END




B.3.1.

B.3.3.

B.3.4.

STATISTICAL ANALYSIS CF SPECTRAL DATA

Variation of

Data Set No.

Data Set No.

Data Set No.

Hydrogen Concentration in Shield Gas

1

2

3

APPENDIX B

Variation of Travel Speed

1 Percent Hydrogen

0.5 Percenr Hydrogen

Filter Simultation on Data Set No.

10 % Filter
20 % Filter
50 R Filter

100 X Filter

52

1
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B.l. Variation of Hydrogen Concentration in Shield Gas

B.1l.1. Data Sert No. 1

File Name Hydrogen Concentration (%)

HEOO 0.00

HDO1 $6.25

HDO2 0.50

HDO3 0.75

HDO4 1.00

HDOS 1.25

HDO6 1.50

HDO7 1.75

HDO8B 2.00

HDO9 2,25

HD1O 2.50

HD11 2.75

HD12 3.00

Element Wavelength (&) Diode Number

Iron 6454.98 77
Hydrogen 6563.82 204
Ircn 6677.99 421
Argon 6752.83 564

Argon 6065.43 974
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ENTER THE FILE NAME: HD

ENTER THE DIOQDE NUMABER 0OF THE LINE OF INTERESTIZ04

HOW MANY DIODES SHOULD BE INTEGRATED ON EITHER SIDE OF THE LINEI7

ENTER

THE DIODE NUMBERS QOF THE LINES

TQ STOP DATA ENTRY ENTER A RETURN

RATIO
NUMBER
RATID
NUMBER
RATIQ
NUMBER
RAT LU
NUMBER
Do vou
ENTER

DIODE NUMBER
OF DIGQDES 7O
SIODE NUMBER
OF DICDES TO
DIDDE NUMBER
OF DISDES 70
Giulk NUMBER
CF DICRES 7D

1:364

BE INTEGRATED ON EITHER SIDE

2:974

BE INTEGRATED ON EITHER SIDE

2177

BE INTEGRATED ON EITHER SIDE

4:421

BE INTEGRATED ON EITHER SIDE

WANT TO USE A NON=~STANDARD
THE SACKGROUND DIDDE NUMBERIS2Y
ENTER THE NUMBER OF DICDES TQ 8& INTEGRATED ON EITHER SIDE OF

FILE NAME ! HDOO

#xabat UNRATICED STATISTICS senen
HEAN OF LIME OF INTEREST : 137.77%

STANDARD DEVIATION OF LINE OF INTEREST !
NORMAL IZED STANDARD BEVIATION

STATISTICS QF LINES USED FQR RATIDING

DICDE NUMBER OF RATIC LINE 344

MEAN 93.0&1

SiIHNURRY UBVIX LU 7,924
NORMALIZED STANDARD DEVIATION 0.0841
CORRELATION COEFFICIENT ©.766%

#%#4# RATIOED DATA #a#wa
DIQDE NUMBER OF RATIO LINE: 544
MAXIMUM QF THE
MINIMUM OF THE RATIOS: 11,2987

NORMAL

RATIOS! 11,7362

MEAN 1.4B17

STANDARD DEVIATION 0.C0914

IZED STANDARD

DEVIATIONO.OALY

TO BE USED FOR AVERAGING.

OF THE LINE
QF THE LINE
OF THE LINE

OF THE LINE
SACKCGROUND REGION Y

7
7
7

7

THE LINEI1Q

12.847
: 0.0934
74 77
&11.744 24, 849/
42.231 31.049
0.0490 0.7045
Q.438B3 G.&8772
274 77
0.2674 Q.792%
C¢.1841 0.34147
0.22%3 0.354%4
0.0157 0.0945%
0.0740 0.1461

421
L. YUy
20.307
D.2002
0.7207
421
1.7910
1.00848
1.34644
0.2127

¢.1381



FILE NAME ! HDO1

#224n4 UNRATIOED STATISTICS #%zax
MEAN OF LINE OF INTEREST  299.327
STAMDARD DEUIATION OF LINE OF INTCREST !

26,166
NORMALIZED STANDARD DEVIATICN : 0.08B7a
STATISTICS OF LINES USED FOR RATIOING
DIODE NUMBER COF RATIOD LIME 364 74 77 421
MEAN [&0.9%6 938,247 2B2.171 133.33¢%
STANDARD DEVIATION 11,304 4£8.113 73,302 29.000
NORMALIZED 3TANDARD DEVIATION 0.0702 D,.0724 Q0.1913 a, 1821
CORRELATION COEFFICIENT 0.8777 0.6921 ~-0.&334 ~Q,3997
tarndt RATIOED DATA #23s%

D10DE NUMBER OF RATIQ LINE: 544 74 77 az1
MAXIMUM OF THE RATIQS! 2.0739 Q. 39050 1.4338 4,0928
MINIMUM OF THE RATIOS: 1.4450 C¢.2754 Q,30%2 1.3064

MEAN 1.35%8%9 ¢,3193 Q.3219 2.0%6%
STANDARD DEUWIATION ©.0803 0.0218 Q.2312 0,64073
NORMALIZED STANDARD DEVIATIONG.(C432 0.0683 .2814 2.2932
FILE NAME @ HpOZ2
srnradt UNRATIOED STATISTICS »#aae
MEAN OF LINE CF INTEREST | 283.3928
STANDARD DEVIATION OF LINE OF INTEREST : 20,339
MORMALIZED STANRARD DEVIATION ! 0.0734
STATISTICS CF LINES USED FOR RATIOING
DICDE NUMBER OF RATIO LINE 354 P74 7 421
MEAN 111.360 701.944 328.7%82 135.580
STANDARD DEVIATION 7.908 30,396 33.986 19.980
NORPALIZED ITANDARD URVIATIUN 0.0709 0.0721 3.1642 Q,147a
CORRELATION COEFFILIENT 0.8%9561 0.7812 0.2227 3.2569
saxt4 RATIOED DATA #2a+%

DICDE NUMBER OF RATIO LINE: 3e4 274 77 =

VIMUM 2F THE RATIOS: 2.803%9 0.43513 1.2380 2.848a
MINIMUM QF THE RATIOS: 2.3932 Q.3647 C.&248 1.5%41

MEAN 2.5451 Q.4047 Q.8847 2.1332

STANDARD DEVIATION 0.0841 0.0197 ¢.1490 ¢.3173

NORMAL IZED STANDARD DEVIATIONO.O331L Q.0488 Q.1584 Q.1488




FILE NAME I HDOZ

56

#+##ad UNRATIOED STATISTICS ##anse
MEAM JF LINE OF INTEREST . ZBa.702
STANDARD DEVIATICON OF LINE OF INTEREST @ 34.348

NORMAL IZED STANDARD DEVIATINN ! N_0R93
STATISTICS OF LINES USED FOR RATIOING

DIGDE MUMBER OF RATIO LINE
MEAN

. STANDARD DEVIATION
NOSRMALIZED STANDARD DEVIATION
CORRELATION COEFFICIENT

+#+4% RATIOED DATA #4439

364
1Z20.9185
2?.174
0.0744
$.8137

DIODE NUMBER CF RATIO LINE:L T&H4
MAXIMUM OF THE RATIOS. 4.0774
MINIMUM JF THE RATICS. 2.9218

MEAR 3.2043
STANDARD DEVIATION 0Q.1497
NGQRMALIZED STAMDARD DEUVIATIONO.OX2S

FILE NAME ! HDO4

+#43#3 UNRATICED STATISTICS ##+
MEAN COF LINE OF [NTEREST !

3
707.399

STANDARD DEVIATION OF LINE OF INTEREST ! &3.945

NORMALIZED STANDARD DEVIATION [  0.0904
STATISTICS OF LIMNER WSED FOR RATIOING

DIODE NUMBER OF .RATIO LINE
MEAN

STANDARD DEVIATIONM

NORMALIZED STANDARD DEVIATION
CORNELATIUN LCOEFFICIENT

rxRa3w RATICED DATA #adan
DIODE NUMBER JOF RATIO LINE:D

Sh4
163,249
11.343
0.0723
V. /7382

S64

MAXIMUM OF THE RATIOS. 3.4423
MINIMUM OF THE RATIOS! 3.8280
MEAN 4.3223t

STANDARD DEVIATION 0.2879

NORMALIZED STANDARD DEVIATIONOG.O

4464

374 77
773.35989 313.424
48.7153 31.0488
0.0631 0.0991
L7346 0.413&
?74 77
C.4380 1.34461
0.4337 0.9341
Q.4959 1.2344
Q0.029% 0.1203
0.05603 .N97%
374 77
?73.48% 323,460
76.782 42,781
0.0789 G.19ai
T.3033 =J.al84
74 77
1.0194 3.4316
0.5612% 1.0487
Q.72%92 2.2931
0.,0684 Q.5744
3.0948 0.2350&

421
130,207
13,248
0.1017
0.3024
421
2.7367
2.1990
2.97%7
0.3274
a_tind
121
133,490
24,377
0.1988
=g, 4844
421
3.37%2
2.48025
5.%5513
1.3720

0.2472



FILZ NAME ! HDOT

*#3%28 UNRATIOED STATISTICS #sann
MEAN OF LINE OF INTEREST : 719.343
STANDARD DEUTATION OF LINE GF INTEREST 32,338

NORMALIZED STANDARD DEVIATION ; 0.0453
STATISTICS OF LINES USED FOR RATIOING

DIODE NUMBER OF RATIO LINE 364 74 77
MEAN 134,437 B&40.171 311, 2a8%
STANDARD DEVIATION 7.4H19 36,887 31.0046
NORMALIZED STANDARD DEVIATION 0.03%58 Q.0429 0.099%
CORRELATION COEFFICIENT 0.%&38 0.4343 0,3449
422t RATIOED DATA #eeea
DIODE NUMBER OF RATIO LINE: s&4 ?74 77
MAXIMUM OF THE RATIOS! &.1413 Q. 7938 2.9647
MINIMUM OF THE RATIOS: 4,7asz2 C.7%8s 1.919%7
MEAN 3,2B1é 0.8372 2.330s
STANDARD DEUIATION 0.2610 U.uegs 0.2254
NORMALIZED STANDARD SEYIATIONG. 0494 0.0487 0.0972
FILZ NAME ! HDOA
xsa4% UNRATICED STATISTICS #as#s
MEAN OF LINE OF INTEREST : &7%.476&
STANDARD DEVIATION OF LINE OF INTEREST 58.3541
NORMALIZED STANDARD DEVIATION |  0.08&s4
STATISTICS QF LINES USED FOR RATIOING
DIODE NUHBER OF RATID LINE S&4 974 77
MEAN 121,131 £E%0. 344 498, 922
STAMDARD DEVIATION %.188 33.633 a% . 4H9%
NORMALJZED 3TANDARD DEVIATION 0.,07%8 0.0833 0.0713
CORRELATION COEFFICIENT 0.8829 0.8894 =0,0773
3888 RATIODED DATA +oxne
DIODE NIUMRER OF RATIO LINET 854 774 77
MAXIMUM QF THE RATICS! &.3008 1.1237 2.045%
MINIMUM OF THE RATIGS: =,2092 Q.950% 1.1044
HEAM 3J,.3777 1.0389 1,362%
STANDARD DEVIATION §,22%1 Q.0417 ¢.1730
NORMALIZED STANDARD DEVIATIONO.0404 Q.0402 ¢.1270

421
131.487
12,9218
0,0982
0.2697
421
6.7993
4.%5420
J.3183
0.3%18
0.1000
az1
204,711
17.531
Q.0832
-0.008&
az1
4,9929
2.744%
3.2949
0.4439

0.1347



FILE NAME [ HDO7

58

s#zexs UNRATIDED STATISTICS ##ass
MEAN QF LINE OF INTEREST | 704.242

STANDARD DEVIATION OQF LIMNE OF INTEREST
NORMAL IZED STANDARD DEVIATION

STATISTICS OF LINES USED FOR RATIOING

DIQDE NUMBER OF RATIO LINE
MEAM t01.85¢
1Q.45¢
0.1025
¢.3a70

STAMDARD DEVIATION
NORMALIZED STANDARD DEVIATION
CORRELATION COEFFICIENT

asa4+ RATIOED DATA @6aud
DIODE NUMBER QF RATIO LINE!
MAKIMUNM OF THE RATIOS!
MINIMUM QF THE RATIOS:
HEAN
STANDARD DEVIATION

5484
T.TIoS
&.,0349
§.9289
0.38%6

NORMALIZED STANDARD DEVIATIONG,.O0362

FILE NAME : HDO®

#peewe UNRATIOED STATISTICS #weaw
MEAN OF LINE OF INTERESYT [ 8¥7.232

STANDARD DEUIATION OF LINE OF INTEREST
NORMAL 1ZED STANDARD DEVIATION

STATISTICS UF LINES USED FOR RATIOING
DIQDE NUMBER OF RATIO LINE 364

MEAN 97,0465

STANDARD DEVIATION 11.477
NORMALIZED STANDARD DEVIATION 0.1203
CORRELATICON COEFFICIENT 0.46342

enaew RATIOED DATR ##2#%
DIUDE NUMBER OF RATIC LINE:
MaXIMUM OF THE RATICS!:
MINIMUM QF THE RATIOS:
MEAN
STANDARD DEVIATION

344
11.1384
7.3677
83,7034
0.2487

NORMALIZED STANDARD DEVIATIONQ,.G933

Z64

L &9,095
¢ 0.0981
774 77
534,259 432.321
61.311 38.370
o.111¢ 0.0888
0.%402 -0.0434
?74 77
1.40Z0 Z.4874
1.18%% 1.1782
1.2733 1.4421
0.0304 ¢.2241%
0.03%8 0.1365
V72,032
v 0.0B40
374 77
543.973 400.770
70.072 44.728
0.1288 Q. 1171
0.7027 0.17%8
74 77
Z.0233 3.0207
1.3819 1.56314
1.3912 2.1633
0.13%92 G.2942
0.10C1L 0.13%5%

421
172.82%
16.802
3.0972
0.045%
421
S.lda4
2.9515
4.1108
0.35B8&
0.13%9
421
160,923
22.841
0.1419
0.2447
az1
7.2348
3.3%02
s.4212
0.817a

0.1308
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FILE NAME © HDO9

Fhxda4 UNRATIDED STATISTICS #wwxs
HEAN QF LINE OF INTEREST : 58B.800
STANDARD DEVIATION OF LINE OF INTEREST

¢ 1530.9684
NORMAL TZED STANDARD DEVIATION : ¢.1474
STATISTICS OF LINES USED FOR RATIOING
DIGDE NUMBER OF RATIO LINE 3484 974 77 AZ21
MEAN 94.412 303.974 319.524 P WL ¥,
s1AMURARD DEVIATION 13,5614 83.887 33.144 21.816
NORMALIZED STANDARD DEWIATION ©.1807 Q.1544 Q. 14844 Q0.1748
CORRELATICN COEFFICIENT 0.8738 0.7191 9.4334 Q.5143
+%##s RATIOED DATA #*ha%s
DIODE NUMBER OQF RATIO LINE! Sb4 974 77 421
MAXIMUM OF THE RATIDS: 13.1722 2.0224 4.0447 10.00483
MINIMUM OF THE RATIOS! 8.782s8 1.3802 2.1149 5.3944
: MEAN 10,3947 1.7727 2.822% 7.2383
STANDARD DEVIATION 0.935387 0.1142 C.43538 1.1334
NORMALIZED STANDARD DEVIATIONO.Q922 [P Q.14608 0.1393
FILE NAME [ HMDLO
sia4as UNRATICED STATISTICS #44as
MEAM CUF LINE C&Ff INTEREST [10¢91.270
STANDARD DEVIATICON OF LINE OF INTEREST ! (34,739
NORMALIZED STANDARD DEWIATION | 0.1418
STATISTICS GF LINES USED FOR RATIQING
DIODE NUMBER OF RATID LLINE b4 974 77 21
MEAMN YH.12Z2 354,735 SBG LT 124,548
STANDARD DEVIATION 13.934 81.128 S1.702 24,302
NORMAL IZED STANDARD DEVIATION 0.1420 0.1442 00,1337 0.1571
CORRELATION COEFFICIENT 0.882% Q.9293 0.14680 0.2173
+ox4a% RATICED DATA #ua%s
DIODE NUMBER OF RATIO LINE!D 584 74 7?7 azi
MAXIMUM CF THE RATIOS. 13.2840 2.2976 J.7824 ?.B385
MINIMUM OF THE RATIOS: 2,3292 1.75846 2.0492 T.0631
MEAN 11.1331 1.9724 Z2.8478 7.2057
STANDARD DEVIATION 0.74643 0.1112 0.5197 1.28484
NORMALIZED STANDARD DEVIATIONO.(QLES 0.0384 9.1812 0.1924
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FILE NAME @ MD1t

Fanr2 UNRATIOED STATISTICS #eus
MEAN GF LINE OF INTEREST i1

%
44,4680

STANDARD DEVIATION OF LINE OF INTEREST ! 147.743

NORMALIZED STANDARD DEVIATION

STATISTICS OF LINES USEDR FOR RAT
DIODE NUMBER COF RATIO LINE

HEAN

STANDARD DEVIATION

NORMALIZED STANDARD DEVIATION
CORRELATION COEFFICIENT

**rax RATIOED DATA #d8na
DIODE NUMBER QF RATID LINE! b
MAXIMUM OF THE RATIO8: (3.3556
MINIMUM OF THE RATIOS. 11.&9

I0ING
Sh4
Bb.442
13.1463
C.1519
Q. 932860

&4
57
ras

MEAN 132.2429

STANDARD DEVIATION 0C.74
NOQRMALIZED 3TANDARD DEVIATIONG.OS

FILE NAME [ HDLZ

9
81

#axd#4 UNRATIOED STATISTICS wwass
MEAN OF LINE OF INTEREST :1342,93%

STANDARD DEVIATICN QF LINE OF INTEREST
NORMAL IZED STANDARD DEVINTION

STATISTICS OF LINES USED FOR RATIQINS

D.LC E NUMBER OF RATIO LINE

MEAN

STANDARD DEVIATION

NORMALIZED STANDARD DEVIATICN
CORRELATION COEFFICIENT

£*324 RATIOED CATA #3423

544
108.934
12,325
Q.1177
Q. 9330

DIQDE MUMBER CF RATIO LINED 364
HMAXIMUM OF THE RATICS. 14.46190
MINIHUM OF THE RATIOS. 12.0312

MEAN 13.2377
STANDARD DEVIATION ©.Z678
MORMALIZED STANDARD DEVIATIONO.Q422

H CGald43
974 77 421
520.158 299,474 118.78%
89.891 %.701 13.438
0.1728 Q. 0991 0.1131
0.7176 0.2492 0.3883
74 77 421
2,84037 5.16%7 12.4413
1.9404 2.7430 7.2993
2.2130 3.8413 7. 6781
Q1642 ©.3738 1.3990
F.0741 Q.1494 U. 1343
¢ 169.3B4
HI N S R
774 77 421
623.07%9 418.2244 1735.411
80.8344 37.237 17.2%8
Q.1297 Q.0870 Q.0784
0.9303 Q. 4447 0.334%
?74 77 421
2.56%% 4.3393 10,1174
2.0881 2.78%0 b.5587
2.3220 2.4403 §.2334
0.0%87 0.3924 0.3847
O.0423 O.1134 0. 1072




B.

1.

e

File Name

Data Set No.

HL.GO
HLOL
HLG2
HLO3
HLGA
HLOS
HLO®6
HLO?7
HLCS
HLOS
EL10
HL11
HL1Z2

Element

Iron

Bydrogen

Iron
Argon
Argon

2

61

Wavelength (R)

6494.98
6563.82
6677.99
6752.83
6965.43

Hydrogen Concentration (%)

.00
.25
.50
.75
.00
.25
.50
.75
.00
.25
.50
.75
.00

WM HEHEEPREOOOO

Diode Number

77
204
421
562
572
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s BUN MANYSP

ENTER THE FILE NAME] HL

ENTER THE DIODE NUMBER OF THE LINE 0OF INTEREST:Z04
HOW MANY DIODES SHQULD ZE INTEGRATED ON EITHER SIDE OF THE LINE:7

ENTER THE DICDE NUMBERS OF THE LINES 70 BE USED FOR AVERAGING.
TQ STIP DATA ENTRY ENTER A RETURN

RATIQ DIODE NUMBER [:!3542

NUMBER OF DIQDES TQ BE INTEGRATED OGN EITHER SIDE OF THE LINE 17
RATIO DIODE NUMBER 2:972

NUMBER OF DIODES T8 3E INTEGRATED ON EITHER SIDE OF THE LINE :7
RATIO DIODE NUMBER 3177

NUMBER CF DIODES TO BE INTEGRATED ON EITHER SIDE OF THE LINE .7
RATIO DIDDE NUMBER 4:421%

NUMBER OF DIODES TO 8E INTEGRATED 0ON EITHER SIDE QOF THE LINE 7
DO YQU WANT 7O USE A NON-STANDARD BACKGROUND REGICN @Y

ENTER THE BACKGROUND DIODE NUMBERI423

ENTER THE NUMBER OF DIODES TCQ BE INTEGRATED ON EITHER SIDE OF THE

FILE NAME | HLOO

»egxerw UNRATIOED STATISTICS wwense
HEAN OF LINE OF INTEREST | 826.082
STANDARD DEWIATION OF LINE OF INTEREST © 12,433

NORMALIZED STANDARD DEVIATION G.1447
STATISTICS OF LINES USED FOR RATIQING
DIODE NUMBER OF SATIOD LINE a2 L rd 77
MEAN 83.7456 &31.363 194,393
STANDARD DEVIATION 13:.808 70.2497 a8, 430
NORMALIZED STANDARD DEVIATION 0.1410 0.1113 ¢.2484
CORRELATION COEFFICIENT 0.372Za Q.793% Q.461%4
s#ase RATIOED DATA @asus
DICDE NUMBER CF RATIO LINE! 82 97z 77
MAXINUM OF THE RATIOS! 1.1928 Q.,1641 G.7077
MINIRUM GF THE RATIOSS J.84887 Q.11Q0 G.2873
MEAN 1.QZ99 Q.13563 0.4592
STANDARD DEVIATION $.0738 0.0120 0.0921
NORMAL. IZED STANDARD DEVIATIONG.O734 0.0878 08,2006

LINEILO

421
75.483%9
19.283
G.2315
Q.4440
az21
1.9388
Q. 7142
t.1701
0.2393

0.2047

[ERE
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FILE NAME [ HMLOT

#Eieus UNRATIOED STATISTICS #exas
MEAN CF LINE OF INTEREST ! 145,070

STANDARD DEVIATION OF LINE OF INTEREST
NORMALIZED STANDARD DEVWIATION

STATISTICS OF LINES USED FOR RATIOING

CIOUE NUMBER UF RATID LINE
MEAN

STANDARD DEVIATION

NCRMALIZED STANDARD DEUIATION
CORRELATION CUOEFFICIENT

#usi®t RATIOED DATA sunts

352
80.278
8.797
0. 1098
0.923%

DIODE NUMBER GF RATIQ LINE! J&2
MAXIMUM OF THE RATIOS! 2.0187
MINIMUM OF THE RATIOS! 1.56462

HEAN 1.8077
STANDARD DEVIATION 0.0827
NORMALIZED STANDARD DEVIATIONO.04S57

FILE NAME ! HLOZ

##eanr UNRATIOED STATISTICS #eaws
MEAN QF LINE OF INTEREST ! 214.0354

STANDARD DEVIATION OF LLINE OF INTEREST
NORMAL IZED STANDARD DEVIATION

STATISTICS OF LINES USED FCOR RATIOING

DIODE NUMBER QF RATIO LINE
MEAN

STANDARD DEVIATION

NORMALIZED STANDARD DEVIATION
CORRELATION CREFFICIENT

seann RATIOED DATA 2#3ex

62
85.230

9.307
0.1092
00,8838

DIODE NUMBER OF RATIO LINE: 262
MAXIMUM OF THE RATIQS: 2.9418
MINIMUM OF THE RATIOS! 2.240%

MEAN 2.334%
STANDARD DEVIATION 0.1430
NQRMALIZED STANRARD DEVIATIONO.OS72

14,737
LC.1153
972 77
5356.308 Z82.332
52.679 83,319
Q.0%947 G.224a1
©.7821 C. 4509
72 77
0.2983 0.957a
Q.2187 Q.3371
0.,2609 0.3348
0.0188 0.117%
0.0720 q.2197
26,4677
. 0.12a3
3?72 77
382.17¢% 317.886
&4, 644 48.107
c.1110 0.1313
¢.8070 0.2330
972 77
¢.42582 1.1194
0.3188 0.309%
Q0.3716 0.46924
0.0282 0.1293
0.07&0 0.1867

2zl
?6.840
23.8146
0.2439
0.3234
4Z1
Z.7472
1.070%9
1.3733
0.,38693
Q.2348
421
109.479
19.229
0.17%8
©.328%
421
3.1863
1.4304
2.01%4
G.3744

0.1855
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FILE NAME : HLO3

#aatud UNRATIQED STATISTICS weses
MEAN OF LINE OF INTEREST ! 282.40%

STANDARD DEUIATION OF LINE OF INTEREST

: 38,632
NORMALIZED STANDARD DEVIATION @ 0.1297
STATISTICS OF LINES USED FOR RATIDING
DISDE NUMBER OF RATIO LINE Jé&z 972 77
HEAN £8.853 549.199 121.42@
STANDARD DEVIATION 11,823 68,751 70.971
NORMAL IZED STANDARD DEVIATION 0,1332 0.1252 0.1584
CORRELATION COEFFICIENT 0.9424 0.923% a.7088
2xs38 RATIOQED DATA 2e4ws
DIODE NUMBER OF RATIO LINE: =242 972 77
MAXIMUM OF THE RATIOS! 3.%:192 0.28%98 0.9304
MINIMUM OF THE RATIOS! 2.8%564 0.4729 a.8714
MEAN 3.1820 09,3144 0.4794
STANDARD DEVIATION ©.1413 0.0238 0.0914
NORMALIZED STANDARD DEVIATIONO.O444 0,0501 0.134%
FILE NAME : KLO4
s#une4 UNRATICED STATISTICT #»ase
MEAN OF LINE OF INTEREST ! 314.233
STANDARD DEUIATION OF LINE OF INTEREST [ 3%.840
NORWALIZED STANDARD DEVIATION © OC.1141
STATISTICS QF LINES USED FOR RATIOING - -
N 352 z
DICDE NUMBER OF RATIO :éaﬁ 74.299 471.224 331.354
STANDARD DEVIATION  &.880 48.207 47,386
NORMALIZED STANDARD DEVIATION ©.0922 0.1023 0.1495
CORRELATION SOEFFICIENT  0.8351 0.8399 C.0B4Z
s4%#5s RATIOED DATA ##tas
DIODE NUMBER OF RATIO LINE: 562 372 77
MAXIMUM OF THE RATIOS: 4.9824 0.787¢ 1.7723
MINIMUM OF THE RATIOS: 3,7327 0.37%8 0.7391
MEAN 4.21:4 0.5671 G.9699
STANDARD DEVIATION ©.2&02 Q.0391 0.2031
NORMAL IZ2ED STANDARD DEYIATIONG.O&1B 0.0%84 0.2094

421

148,774

27.73%3

0.18463

0.7092
421
2,9943
1.5318
1.9363
0.3044
0,1572

421

114_232¢

21.004

Q. 1837

Q.0482
21
4.,39730
1.%441
2.8449
0.5778
2.2381
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FILE NAME [ HLO3

*n#edn UNRATIOED STATISTICS awess
MEAN OF LINE OF INTEREST ! 409.948
STANDARD DEVIATION OF LINE OF INTEREST

;i 59.73%9
NORMAL IZED STANDARD DEVIATION ¢ 0.1457 -
STATISTICS OF LINES USED FOR RATIOQING
DIDDE NUMBER OF RATIO LINE 352 972 77 421
MEAN 78,158 490,387 347.849 123,041
STANDARD DEVUIATION 10.284& 44,202 48,152 24,108
NORMALIZED STANDARD DEVIATION 0.13146 0.1309 0.1959 0.2122
CORRELATION COEFFICIENT 0.8402 0.8097 0.3087 Q.2%22
*aa+# RATIOED DATA #xuaw

DIGDE NUMBER 0OF RATID LINE: 52 72 77 428
MAXTIMUM OF THE RATICS: 7.7713 1.0904 2.0913 5.3499
MINIMUM OF THE RATIGS: 4,.58443 0.473% Q.B8837 2.4093

MEAN J.2359 0.8377 1.2237 3.4923
STANDARD DEVWIATION 0©,49%4 Q.0779 0.3040 0.9732
NORMALIZED STANDARD DEVIATIONO.0%43 0.0930 Q.2500 G.2786
FILE NAME | HLGS
saanae UNRATIOED STATISTICS ##a+s
MEAN OF LINE OF INTEREST ! 342.13%9
STANDARD DEVIATION OF LINE OF INTEREST @ 172.586
NORMRLIZED STANDARD DEVIATIUON . T.3072
STATISTICS OF LINES USED FOR RATIQING
DIGDE NUMBER OF RATIO LINE 542 72 77 421
MEAN 77,493 %21.384 204,064 70.724
STANDARD DEVIATION 20.2%a 132,208 44,842 17.6233
NORMALIZED STANDARD DEVIATION 0.2519 C.2536 0.2197 0.2493
CORRELATION COEFFICIENT 0Q.9600 0.9%3%0 -0, 0393 -0.0961
seaaps RATIOED DATA #aus%

DIODE NUMBER OF RATIC LINZI 62 272 s 421
MAXIMUM QF THE RATIUS. &.4010 1.3718 4,837¢ 14,0603
MINIMUM OF THE RATIOS: 3.8130 0.&4327 0.7080 1.77560

MEAN 7.1707 1,08662 2.8790 8.4282
STANDARD DEVIATION O,9231 g.1390 1,0027 3.044)

NORMALIZED STANDARD DEVIATIONO.1287 0.1304 0.3483 0.3412
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FILE NaME [ HLC7

*h#n%d UNRATIDED STATISTILS s#esan
MEAN OF LINE OF [NTEREST ! 378.548
STANDARD DEVIATION QF LINE OF INTEREST : &7.903

.

NORHALIZED STANDARD BJEVIATION [ ¢.238&
STATISTICS OF LINES USED FOR RATIDING

DIODE NUMBER OF RATID LINE
MEAN

STANDARD DEVIATION

NORMALIZED STANDARD DEVIATION
CORRELATICON COEFFICIENT

xasae RATIOED DATA 2sau43

562
60,171
10.18%9
0.16%3
0.7624

DINNF NIMAFR NIF RATTO LINES gL
MAXIMUM QF THE RATIOS! 9.2280
MINIMUM OF THE RATIOS! 4.4949

MEAN +2747
STANDARD DEVIATICON 1.0928
NORHALIZED STANDARD DEVIATIONO.1TAZ

372 77

273.899 373.770

80.481 43.330

0.2738 0. 1485

0.8143 -0.0717
972 77
2.207% 2.47%6
0.3207 Q.58942
1.3080 1.0468
Q.2230 0.4018
G.17Z0 v.383%

RATIO LINE DIODE nNUM JHENT BELOW 3ACKGROUND ON SCAN 27

FILE NAME [ HLOQ

#@dats UNRATIDED STATISTICS #»asen
MEAN OF LINE OF INTEREST | 385

9.419

STANDARD DEVIATION OF LINE OF INTEREST ! 143,271
NORMALIZED STANDARD DEVIATION | 0.2804

STATISTICS OF LINES USED FOR RAT!
DIODE NUMBER QF RATIO LINE
HEAN
STANDARD DJEWVIATION
NORMALIZED STANDARD DEVIATION

CORRELATION COEFFICIENT

*Euas FATICED DATA saaxa
DIODE NUMBER OF RATIO LINE! z&
MAXIMUIM OF THE RATIONS: 14.413
MINIMUM OF THE RATIOS: 1.787
MEAN 5,999
STANDARD DEVIATICON {.398
NORMAL IZED STANDARD DEVIATIONOD.ZZB

QING

S42 972 77
83.224 370.372 303.02%9
17,6458 130,124 125 _0%a
Q.2073 0.3313 0.29%6
0.8429 Q.9021 0.04351
P4 72 77
= &.08481 1.7493
5 1.1830 ~¢.35074
3 1.8134 1.1641
1 0.7062 0.4413
4 Q.4%994 0.3791

421
130.573
21.184
0,1421
~0.0094
423
7.2162
1.7403
2.9%48
1.08%93
Q.3837
321
208.87Y
40.27%
0.1928
=0.2143
421
3.39460
Q.3722
2.7188
G.%443
0.3233
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FLILE NAME . HLO?

##a2xd UNRATIODED STATISTICS ##nws
MEAN OF (.INE OF INTEREST ! 734.707
STANDARD DEVIATION OF i.INE OF INTEREST ! 141.502
NORMALIZED STANDARD DEVIATIGN ! 0©.2200
STATISTICS QF LINES USED FOR RATIBING

DICDE NURABER OF RATID LINE 362 972 77 421
MEAN 99,480 41%.113 626,464 I152.98¢
STANDARD DEUVIATION 13.283 102,235 78.812 26,823
NORMALIZSED STANDARD DEVIATION 0.1333 0.2480 a.1194 0. 1060
CORRELATICN COUEFFICIENT 0.8433 ¢.8223 ~0.3303 -0,3231
andat FATICED DATA watus
DICDE NUMBER OF RATIO LINE! 562 972 77 421
HAXIMUM JF THE RATIOSI 3.3:08 3.7123 1.7823 4,299%
1 - 1 JF THE RATIOS. 3.91&1 0, ?937 0.4546 1.21358
MEAN 7.314Z 1.8307 . 1936 Z2.9513
STANDARD DEUIATION 1.0207 0.4411% a.31a0 3.7%34
NORMALIZED STAKDARD DEVIATIDNO.1409 Q.2410 C.2393 0.2333
FILE NAME * HI 10
fragxe UNRATIDED STATISTICS »sw#a
HEAN OF LINE OF INTEREST | 444.4857
STANDARD DEVIATION OF LINE OF INTEREST @ {70,2%0
NORMALIZED STANDARD DEVIATION 0.25548
STATISTICS OF LINES USED FOR RATIQING
DIODE NUMBER OF RATIO LINE 342 972 7 421
MEAN 83.481 348,321 T47.437 221,902
STANDARD DEVIATION 11.92& 78.044 73,114 28.5333
NORMAL IZED STANDARD DEVIATION 9.1429 Q.281% 0.1372 0.1224
CORRELATION COEFFICIENT 0.8471 0.85%7 -0.4370 -0.3777
*»24% RATIOED DATA anaus
DIODE NUMAER OF RATIO LINE! TL2 P72 7 421
MAXIMUM OF THE RATIOCS: 10.2191 3.3258 2.2349 2.0913
MINIMUM OF THE RATIOSI 3.741% 1.1934 0.3221 0.8&820
MEAN 7.8884 1.7603 1.2378 3.08353
STANDARD DEVIATION 1.2708 0.3732 0.4051L G.?432
NORMALIZED STANDARD DEVIATIONO, 181t 0.1904 0.3228 0.23039




FILE NAME I HLI11

638

+adaex [UJNRATIDED STATISTILS ###ss

MEAN OF LINE OF INTEREST !

STANDARD DEUIATION OF LINE QF INTEREST

705.744

157.127
NORMALIZED STANDARD DEVIATION @ Q,Z2Z6
STATISTICS OF LINES USED FOR RATIOING
DIODE NUMBER OF RATIO LINE 362 972 77
HEAN 89.307 343.138 623,923
STANDARD DEVIATICN 9.38%9 ?3.93% 50.461
NORMAL ITZED STANDARD DEUVIATICON G.1071 0.2758 0.128%
CORRELATICN COEFFICIENT 0.792Z2 G.7%904 ~0.3231
za#an2 RATICED DATA #eiss
DIODE NUMBER OF RATIO LINES A2 72 77
MAXIMUM OF THE RATIOS. 9.8334 3.3442 2.1303
MINIMUM OF THE RATIOS! 3.4337 1.4329 0.34648
MEAN 7,8272 2.1209 1.1637
STANDARD DEVIATION 1.25611 0.34102 0.3617
NURMALLZED STANDARD DEVIATIONOG.L411 Q.1734 G.3108
FILE NAME [ HLiZ
saenax UNRATIDED STATISTILS ###es
MEAN (F LINE OF INTEZREST | 813.2%4
STANDARD DEVIATION OF LINE OF INTEREST @ 17%.320
MORMALIZED STANDARD DEUIATION 0.2133
STATISTICY OF LINES USED FOR RATIOING
DICDE NUMBER JF RATIO LINE Js2 972 77
MEAN 95,374 237.23% 700,970
STANDARD DEVIATION 7.743 20,130 88.778
NORMALIZED STANDARD DEVIATION O.0829% 0,2473 O.126867
CORRELATION CDEFFICIENT 045143 0.8391 -0.6702
#%#488 RATIDED DATA tass
DIODE NUMBER OF RATIO LINE: S462 972 77
MAXIMUM® OF THE RATIOS: 10.3492 4,931 4 2.31468
MINIMUM OF THE RATIOS! 3.3933 1.3%98 0.3443
MEAN B.4040 2.2214 1.1992
STANDARD DEVIATION 1,.3373 0.4101 0.3368
NGRMALIZED ITANDARD DEVIATIONG. 1893 0.2429 9.297%

421
™83.717
33.677
00,1317
-Q.5517
421
3.1113
¢.,82%94
2.8313
0.28777
0.3078
421
281.021
34.426
0.42986
-0.6724
az21
5.7088
0.8227
2.93888
0.8574

0n.29062



B.1.3. Data Set No.

File Name

Element

Hydrogen
Argon
Argon

HACO
HAOL
HADZ
HAQO3
HAO4
HAOS
HAQG
HAU7Z
HAOQSB
HAOQS
HALO
BATL
HAL2

3

69

Wavelength (X)

6563.82
6752.83
6965.43

Hydrogen Cencentration (%)

00
.25
.50
.75
.00
.25
.50
.75
.00
225
.50
.75
.00

WM O 0 OO0

Dicde Number

146
506
91a



70

.RUN FIXSPC

ENTER THE FILE NAME! HA

£ R_A
ENTER"TUE DIODE NUMBER OF THE LINE OF INTEREST:144é
#8LHERF DICDES SHOULD BE INTEGRATED ON EITHER SIDE OF THE LINE:7

ENTER THE DIOQDE NUMBERS OF THE LINES 7O BE USED FOR AVERAGING.

TQ STOP DATA ENTRY ENTER A RETURN
RATIO DICDE NUMBER 1:S0é&

NUMBER OF DIQDES 7O 8& INTEGRATED ON EITHER SIDE OF THE LINE

RATIO DIODE NUMBER 2:914

NUMBER OF DIODES TO BE INTEGRATED ON EITHER SIDE OF THE LINE

RATIO DIULE NUMBER 3.

20 YOU WANT TO USE A NON~STANDARD SACKGROUND REGION :Y]

ENTER THE BACKGROUND DIODE NUMBER:S69

ENTER THE NUMBER OF DIODES TO BE INTEGRATED OGN EITHER SIDE OF THE LINE:1O

FILE NAME ! Hano

#*#%#% UNRATICED STATISTICS ##s#s
MEAN OF LINE OF INTEREST : 101.552

STANDARD DEVIATION ©F LINE OF INTEREST : 10,784
NCRMALIZED STANDARD DEVIATION : 0.1762
STATISTICS OF LINES USED FOR RATIODING
DIODE NUMBER OF RATID LINE S04 914
MEAN 4%9.4%4 323.5a2
STANDARD DEVIATION 7.4469 44,4657
NORMALIZED STANDARD DEVIATION 0.107% 0.08%3
CORRELATION COEFFIZIENT Q.84612 0.43%5
+*»x4% RATIOED DATA »644w
DIODE NUMBER OF RATIO LINE: 304 ?16
MAXIMUM OF THE RATIOS: 1.7107 0.2308
MINIMUM OF THE RATIOS: 1.129¢ G.1611
MEAN 1,3482 Q. 1745
STANDARD DEVIATION 0.1249 2.0128

NORMALIZED STANDARD DEVIATIONG, 0851

0.0813

7

7
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FILE MNAME : HAQIL

#r4a4e UNRATIOED STATISTICS #saee
MEAN OF LINE OF INTEREST ! 110.179
STANDARD DEMIATION QF LINE OF INTEREST @ ].927

NGRMALIZED STANDARD DEVIATICON 1 0.0810
STATISTICS OF LINES USED FOR RATIOING
DIGDE NUMBER OF RATIO LINE S04 Fia
MEAN SB.5SE8 426.27&
STANDARD DEVIATION 4,298 41,387
NGRMAL IZED STANDARD DEVIATION 0.0734 Q.0983
CORRELATION COEFFICIENT ©0.7308 0.738%9
rexxs RATIOED DATA #axas
DICDE NUMBER OF RATIC LINE: 506 ?14
MAXIMUM OF THE RATIOS: 2.1138 Q.3031
MINIMUM OJF THE RATIOSI 1.673Q 0.2Z27
MEAN 1.8833 Q.2574
STANDARD DEVIATION 0.109Q Q0.01790
NCRMALIZED STANDARD DEVIATIONO.CY7% 0.04637

FILE NAME [ HAOZ

dRedrd (UNRATIDED STATISTICS axsnn

MEAN QF LINE OF INTEREST . 134.&04
STANDARD DEVIATION COF LINE OF INTEREST @ 10,423
NCO=ALIZED STANDARD DEUIATION 3 ¢.077A
STATISTICS JF LINES USED FOR RATIOING
DIODE NUMBER OF RATIOD LINE S06 7146
MEAN S1.479 362.011
TANDARD DEVIATION 3.952 24,778
NOCRMALIZED STANDARD DEVIATION 0.0748 T.0684
CO~IELATICN CUEFFICIENT 0.4380 Q.3773
Hiaar QATIOED DATA 4xaxs
GIODE NUMBER OF RATIO LINE:D 508 EAY-Y
MAXIMUM IF THE RATIOS: 3.044% 2.4314
MINIMUM OF THE RATING: 2.24%9 0.3120
MEAN 2.48217 0.3724
ST=NDARD DEVIATION 0.1758 0.0324%
NORMALIZTD 3TANDARD DEVIATICNO.0&70O D.08&7



FILE NAME © HAO3

12

ARt UNRATIOED STATISTICS #s4#a4

ME~q OF LINE QF I[NTEREST
STANDARD DEVIATION OF LINE OF

¢ 189.03¢

INTEREST ; 11.14%

NORMAL IZED STANDARD DEVIATION | 90,0390
STATISTICS OF LINES USED FOR RATICING

DIODE NUMBER OF RATIO LINE 304 ?ia
MEAN 460,108 392.840

STANDARD DEVIATION 3.230 21.837

NORMALIZED STAMDARD DEVIATION 0.034% 0.0545
CORAELATICN COEFFICIENT 0.35062 0.8124

#4#4% RATIOED DATA ##4%#

DIODE NUMBER OF RATIO LINE: 3066 914
MAXIMUM OF THE RATIOS: 33,4960 0.3206
MINIMUM OF THE RATIONS: 2.8%47 Q.4372

MEAN 3.148% Q.47ZF
STANDARD DEVIATION 9.180%9 0.0143
NORMALIZED STANDARD DEVIATIONO.OS74 0.034%9
FILE MNAME @ HAGCH
#urasd UNRATIOED STATISTICS sw#ass
MEAN OF LINE COF INTEREST ; 410.393
STANDARD DEVIATION OF LINE OF INTEREST | 246.%92
NORMAL IZED STANDARD OJEVIATION ! 0.0448
STATISTICS OF LINES USED FOR RATIOING
DIODE MNUMBER OF RATID LINE I04 914
MEAN 98.222 200, 148
STANDARD DEVIATICN &.997 44,324
NORMAL IZED STANDARD LEVIATION 0.0713 0.0884
CORRELATION COEFFICIENT Q.7333 0.8839
#4444 RATIOED DATA ##3#%

DIODE NUMBER OF RATIOD LINED 304 ?lé
MAXIMUM OQF THE RATIQS: 4.7617 C.9123
MINIMUM OF THE RATIOS: 35.853& 4.7%78

MEAN 4.1848 Q.8223
STar ARD DEVIATION 0.199& 0.0363

NORMALIZED STANDARD DEVIATIONG.0477

Q.0441
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EILE NAME [ HAOQS

ettt UNRATIODED STATISTICS ##easa
MEAN 0F LINF AF INTEREST ! 439.042
STANDARD DEVIATION OF LINE OF INTEREST @ 24,944

NCRMALIZED STANDARD DEVIATION | 0.0%68
STATISTICS OF LINES USED FOR RATIOQING

DIODE NUMBER OF RATIO LINE 3ChH 16

MEAN 91,494 432.201

STANDARD DEVIATICN 7.420 43.215

NORMALIZED STANDARD DEUIATION 0.0811% 0.1C34

CORRELATICON COEFFICIENT 0.82%7 C.3084

*x#a® RATIOED DATA #exss

DIOQDE NUMBER OF RATIO LINED 504 914
MAXIMUM OF THE RATIOS: 5.3489 1.19%9
MINIMUM OF THE RATIOS: 4.3904 Q.,9223
MEAN 4.8112 1.0214
STANDARD DEVIATION 0.2248 Q.0829
NORMALIZED STANDARD DEVIATIONC,.O04467 G.0814

FILE NAME . HAQGS

#4ax%% UNRATIOED STATISTICS ###¥#%
MEAN OF LINE OF INTEREST . 321.294

STANDARD DEVIATION OF LINE OF INTEREST . 39.09%
NORMALIZED STANDARD DEVIATION 1 0.0730
STATISTICS OF LINES USEDL FOR RATIQING
DIODE NUMBER OF RATIO LIME 3046 714
MEAN 93.049 429 . S%7
STAaNDARD DEVIATIODN 8,293 53.3%94
NORMALIZED STANDARD DEVIATION 0.08%9t 0.1255%
CORRELATION COEFFICIENT 0.8334 0.91138
sheet RATICED DATA #x#a4
DIODE NUMBER OF RATIO LINED 506 914
MAXIMUM OF THE RATIDS: &6.3363 1.4659
MINIMUM CF THE RATIOS: 4,98565 1.0678
MEAN S.b6162 1.2228
STANDARD DEVIATION 0.288%9 0.0838

NORMALIZED STANDARD DEVIATIONQ.OS14 Q.0686



FILE NAME [ HAOQ7
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susass UNRATIOED STATISTICS wswdawr

MEAN OF LINE OF INTEREST

. &70.943

STANDARD DEVIATION OF LINE OF INTEREST @ 28.140

NORMALIZED STANDARD DEVIATICN

STATISTICS OF LINES USED FOR RATIOING
DIODE NUMBER OF RATIO LINE J06

MEAN 108.721

STANDARD LEVIATION 7.428
NORMALIZED STANDARD DEVIATION 0.0683
CORRELATION CCEFFICIENT 0.3921

*4xdx RATIONED DJATA ###ns
DIQDE NUMBER OF RATIZ LINE!D
MAXIMUM OF THE RATIGS:
MINIMUM OF THE RATIOS:
MEAN
STANDARD DEVIATION

308
7.2322
3.7%980
5.3485
0.3665

NORMALIZED STANDARD DEVIATIONO.OZTS

FILE NAME @ HAOB

+##a+% UNRATIDED STATISTICS #daes

MEAN OF LINE OF INTEREST
STANDARD DEVIATION OF LINE OF INTEREST

i 693.981

0.053Z

L Y-]
521.17&
40,8465
0.0784
G.6570

914
1.4794
1.14612
1.3300
0.077%9
0.05848

38.002

NORMALIZED STANDARD DEVIATION @ 0.0348
STATISTICS OF LINES USED FOR RATIOING
DEIOBE NUMBER 1F RATIO i INF 204

MEAN 104.302

STANDARD DEVIATION 4,183
NORMAL IZED STANDARD REVIATION 0.0593
CORRELATION COEFFICIENT 0.8174

+3#44 RATIOED DATA +awas
DIODE NUMBER OF RATION LINE:
MAaXIMUM GF THE RATIOS!
MINIMUM OF THE RATIOS:
ME AN
STANDARD DEVIATION

j=leg)
7.357%
5.2740
4.56591
0.2333

NCORMALIZED STANDARD DEVIATIONO.O350

714
438.27%9
32.619
0.0712
Q.876%7
2t4
1.,46308
1.4004
1.5147
0.9532

¢.0351
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FILE NAME . HAQ9

rasawn UNMRATIOED STATISTILS sware
MEAN OF LINE CF INTEREST ! 744.037
STANDARD DEVIATION OF LINE OF INTEREST

v 39,515
NOTMAL IZED STANDARD DEVIATION @  o.0s800
STATISTICS OF LINES USED FOR RATIOING
DIDDE NUMBER OF RATIO LINE 504 F14
MEAN 102.331 43Z2.203
STANDARD DEVIATION B.373 40.209
NORMALIZED STANDARD DEVIATION 0.0817 0.088%9
CCRRELATION COEFFICIENT 0.3&51 0,9085
*xu%s RATIOED DATA ®#zan
DIODE NUMBER OF RATIO LINE: 504 LAY
MANIMUM OF THE RATIOS: 8,1:52 1.7943
MIMIMUM OF THE RATIOS: &4.835s8g 1.3381
MEAN 7.2443 1.4480
STANDARD DEVIATION 0©.3108 0.0641
NORMAL [ZED STANDARD DEVIATIONG.0428 0,0389

FILE NAME [ HALC

#akawt UNRATIOED STATISTICS #aeax
MEAN OF LINE OF INTEREST ! 789.286
STANDARD DEVIATION OF LINE OF INTEREST : 71.788

NCIMAL IZED STANDARD DEVTATION @ ©.0910
STATISTICS OF LINES USED FOR RATIQING
RICDE NUMBER QF RATIO LIME 04 714
MEAN 99.44% 432.1:121
STANMDARD DEWIATION F.4638 44,340
NORMAL IZED STANDARD DEVIATION 0.09&9 0.1031
CORRELATION COEFFICIENT 0.923% 0.90%4
a2 % RATIOED DATAR sax#a
DIODE NUMBER OF RATIO LINES 304 ?1a
MAXIMUM OF THE RATIOS: S.6417 2.0093
MINIMUM OF THE RATIOS: 7.29%% l.41%&
MEAN 7.%483 1.3303
STANDARD DEVIATION 2920 0.%800

NORMALIZED STANDARD DEVIATIONO.03&7 0.0437
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FILE NAME [ HALll

®daedr UNRATIODED STATISTICS wanas
MEAN OF LINE OF INTERFST ‘14%4.224

STANDARD DEVIATIGN OF LINE OF

NORMALIZED STANDARD DEVIATIAN G.1386%9
STATISTICS OF LINES USED FOR RATIOING
DIODE NUMBER OF RATIO LINE 304 s
MEAN 121.3&2 659.471
STANDARD DEVTATION 13.913 125,713
NORMALIZED STANDARD DEVIATION 0,114% 0.1906
CORRELATION CROEFFICIENT 0.9071 0.911%9
“aaed RATIONED DATA #easd
DICDE NUMBER OF RATIO LINE: S0b 218
MAXIMUM OF THE RATIOSI 13.7920 2.8%%0
MINIMUM QF THE RATIQS. 9.0720 1.7200
MEAN 11_8477 2.2178
STANDARD DEVIATION 1.30&7 0.213%0
NORMALIZED STANDARD DEVIATIONG.1101 Q.0%70
FILE NAME . HRiZ
aurars UNRATICED STATISTICS sssx+
MEAN OF LINE COF INTEREST ! 780.359
STANDARD DEVIATION QF LINE OF INTEREST 2863.05%
NUORMALIZED STANDARD DEVIATION G.337¢
STATISTICS OF LINES USED FOR RATIODING
DIODE NUMBER OF RATIO LINE 206 Fié
HEAM  71.192 481.0324
STANDARD DEVIATION 10.093 141,137
NORMALIZED STANDARD DEVIATION 0.i41i8 0.3353
CORRELATION COEFFICIENT 0.2184 0.86&84%
#4444 FATIOED DATA »éwuan
PIODE NUMBER OF RATIO LINE: 506 14
HAXIMUM OF THE RaATIOS: 14.35%02 2,584
MINIRUM JF THE RATIOS: g.32a34 Q.3C00C
MEAN 10.787%8 1.8913
STANDARD DEVIATION 2.512% 0.3417
NORMALIZED STANDARD BEVIATIONO.Z33& 0.1807

INTEREST @ 271.73%9
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B.2., Variation of Travel Speed

B.2.1. 1 Percent Hydrogen

File Name Travel Speed (cm/min)
SA4 10
SA8 20
SA12 30
5416 40
SA20 50
SA24 60
Element Wavelength (3) Diode Mumber
Hydrogen 6563.82 146
Argon 6752.83 506

Argon 6965.43 916
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SAs

*ad%as UNRATIOED STATISTILS #dtadi

MEANM OF LINE 0OF INTEREST

STANDARD DEVIATICN QF LINé oF
NORMAL IZED STANDARD DEVIATION

372.307
INTEREST

STATISTICS OF LINES UBED FOR RATIAQING

DIODE NUMBER OF RATIO LINE
MEAN

STANDARD DEVIATION

NORMALIZED STANDARD DEVIATION
CORRELATION COEFFICIENT

#naw# FATIOED DATA #34%%

DICDE NUMBER OF RATIO LINED
MAXIMUM® OF THE RATIOS: 3.35
MINIMUM OF THE RATICSI 4.5

MEAN 4.9

208

73.226

a
o]

506
353
8&d
|41

STANDARD DEVIATION 0.2245

NORMALIZED STANDARD DEVIATIONO.O

DG YOU WANT TO CALCULATE THESE STATISTICS FOR A DIFFERENT FILE? Y

ENTER THE FILE NAME. SA8
AB

sasasns UNRATIOED STATISTICE #%a
MEAN OF LINE OF INTEREST :

4357

-

30%

4,732
Q627
. 7450

441

34
3
Q
o

?is
0.7721
0.5274
[= 39 1A=
0,0325
0.0473

STANDARD DEVIATION OF LINE OF INTEREST
NORMALIZEDR STANDARD DEVIATION !
STATISTILS OF LINES USED FOR RATIDING

DIDDE NUMBER UF NATIO LINE
MEAN

STANDARD DEVIATION

NORMALIZED STANDARD DEVIATION
CORRELATION COEFFICIENT

+3+42 RATIOED DATA #2a%#

DIODE NUMBER OF RATID LINE:
MAXIMUM OF THE RATIOS: 5.9
MINIMUM OF THE RATIQS! 4.4

MEAN 4.9
STANDARD DEWIATION 0.2

&

o]
o

304
Q20
477
823
286

NCRMALIZED STANDARD DEVIATIONG.0489

306
1.337
J.148
. 0839
8637

448
3
¢
Q

LAY
0.7458
G.3819
0.4571¢
0.0316
C.Q480

23.838
0.0440

?ié
2.641
3.230
0649
.7148

27.622
0.0904

J1s
4,935
&.537
0788
.845%556
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sa12

#anrss UNRATIOED STATISTICS #+s##
MEAN OF LINE OF INTEREST : 353.300
STANDARD DEVIATION - OF LINE OF INTEREST : 235.782

MORMALIZZD STANDARD DEVIATIUN [ 0.0729
STATISTICS OF LINES USED FOR RATIOING
DIODE NUMBER GF RATIO LINE S04 914
HEAN 68.741 514.323
STANDARD DEVIATION 5.030 40.46548
NORMALITED STANDARD DEVIATION 0.0732 0.0790
CORRELATION CREFFICIENT 0.8416 0.3581
w4444 RATIODED DATA #ddes
DIODE MUMBER OF RATIO LINE: LTS P15
MAXIMUM QF THE RATIOS. 35.43356 Q.7498
HINIMUM OF THE RATICQSE. 4.40Z1 $ Q. 6366
MEAN 5.1470 0.4882
STANDARD DEVIATION 0.2143 0.0290
NORMALL1LED STANUDARD DEVIATIONC.US: & C.0421

DO YOU WANT 70O CALCULATE THESE STATISTICS FOR A DIFFERENT FILE?

ENTER THE FILZ NAME. SAL4
SAlS

#4zee UNRATIOED STATISTICS swees
MEAN COF LIME JF INTEREST | 239.3844
STANDARD DEUIATION QF LINE QF INTEREST : 23.612
NORMALIZED STANDARD DEVIATION @  ¢.0984
STATISTICS CF LINES USED FUOR RATIOING

DIQDE NUMBER OF RATID LINE 5048 916

MEAN A7 ,709% 327.3%09

STANDARD DEVIATION 4,449 37.335

NORMALIZED STANDARD DEVIATIOGN Q.0935% 0.105%9

CORRELATICN COERFFIGIENT ¢.9173 0.3479

*x%e® RATICED DATA *e%ss

DIODE NUMBER (OF RATIO LINE: 5046 716
MaxXIMUM OF THE RATIOS: %.4432 0.7778
MINIFMUM QF THE RATIQS: 4,4140Q Q,46028
MEAN 3.0199 0.&728
STANDARD DEVIATION ©.2001 0.0388

NORMAL IZED STANDARD DEVIATIONO.0399 0.0377
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#Haa#4 UNRATIOED STATISTICS #wess

MEAN OF LINE OF INTEREST | 208,446

STANDARD DEVIATION OF LINE OF INTEREST ! 16.503
NORMALIZED STANDARD DEVIATION | 0.0791
STATISTICNS OF LINES USED FOR RATIOING
DIODE NUMBER OF RATIO LINE S04 714
MEAN 43.27 314,325
STANDARD DEVIATICN 4,921 29.244
NORMALIZED STANDARD DEVIATION 0.1137 0.0930
CORRELATION CIOEFFICIENT 0.79%4 Q.,8021
snae® RATIOED DATA sdwidw
DIODE NUMBER OF RATIO LINE? 304 ERY-)
MAXIMUM OF THE RATIOS: 35.7001 0.7743
MINIMUM OF THE RATIOS: 4.2423 0.3898
MEAM 4.3493 0,86348
STANDARD DEVIATION 0.3440 ¢,0373
NORMALIZED STANDARD DEVIATIONO.Q7i4 0.05560

0O YOU WANT TO CALCULATE THESE STATISTICS FOR A DIFFERENT FILE® Y

ENTER THE FILE MAME. SAZ4
SAZ4

+rea4% UNRATIDED STATISTICS »edex

MEAN OF LINE OF INTEREST

.

STANDARD DEVIATICN OF LINE OF

42.355
NORMALIZED STANDARD DEVIATION @ 0.120
STATISTICS OF LINES USED FUR HATIDING

DIODE NUMBER OF RATID LINE
MEAN

STANDARD DEVIATION

NORMALIZED STANDARD DEVIATION
CORRELATION COEFFICIENT

*2##% RATICED DATA #aa3%
DIGDE NUMBER OF RATID LINE:

306

HMAXIMUM QF THE RATIQS: 3.2337
MINIMUM OF THE RATIOS! 4,1843

MEAN  4.4984

STANDARD DEVIATICN 0.2B20

NORMAL IZED ITANDARD DEVIATIONG.J&00

334.13%9
INTEREST ! 2

306 714
7I3.3467 223.727
7.804 £3.438
Q.1033 Q.1243
0.8729 0.7181

Y-

Q.73860

0.,4098

0.56748

0.02328

0.0301
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B.2.2. 0.5 Percent Hydrogen

File Name Travel Speed (cm/min)
SPN4 10
SPNG 20
SPN12 30
SPN16 40
SPN20 50
SPN24 60
Element Wavelength (K) Dicde Number
Hydrogen 6563.82 204
Argon 6752.83 564

Argon 6965.43 974



SPN4

#assed UNRATICED STATISTICS #w#%s
MEAN OF LINE OF INTEREST [ 373.325
STANDARD DEVIATICN OF LINE OF INTER

MORMALIZED STANDARD DEVIAT
STATISTICS OF LINES USED FOR RATIDING

DIODE NUMBER OF RATIO LINE 564

MEAN 144,525

STANDARD DEVIATICN 28,463

NORMALIZED STANDARD DEVIATION ©0.1934&

CORRELATION COEFFICIENT 0.9772

*«#x%ns RATIOED DATA #xut#

DICDE NUMBER OF RATIO LINED Th4
MAXIMUM UF THE RATIOSE J 1307
MINIMUM OF THE RATIOSI 1.2801

MEAN 2.50246
STANDARD DEVIATION 0.2807
NORMALIZED STANDARD DEVIATIONO.11Z22

DO YOU WANT TO CALCULATE THESE STATISTIC

ENTER THE FILE NAME. 3PNB

+4taat UNRATIOED STATISTICS ##xss
MEAN OF LINE OF INTEREST | 403.479
STANDARE DEVIATION GF LINE OF INTERE
NORMALIZIED STANDARD DEVIATI
STATISTICS OF LINES USED FOR RATIOING
DIGDE NUMBER OF RATIO LINE 354
MEAN 158,147
STANDARD DEUIATION 23.320
NORMAL IZED STANDARD DEVIATION 0.:487
CORRELATION £OEFFICIENT 0.9671

trerd RATIGED DATA wane+e
DIODE NUMBER COF RATIO LINED 3&4
MAXIMUM CF THE RATIAS: 2.7279
MINIMUM GOF THE RATICS: 1.8344
MEAN  2.3364
STANDARD DEVIATICON 0.17%3
NORMAL IZED STANRDARD DEVIATIONG.DAR1

D0 YOU WANT TO CALCULATE THESE STATISTILS

EST : 97.991

I0ON I 0.28Z5

374

B817.483

219.843

0.24689

Q.?5&62
974
F.&6770
0.3363
Q.4626
0.0810
0.1103

S FOR A DIFFERENT FILE? Y

8T § 72.333

ON : 0.1805

374

852.178

141 . 755

0.1644

0.9022
974
0.5356
0.312%
a.4747
9.0466
0.0982

FOR A DIFFERENT FILE? Y




83

ENTER THE FILE NAME: SPN1zZ

Frd¥ay UNRATIOED STATISTICS ##%xy
HEAN OF LINE OF [NTEREST : 439.8589
STANDARD DEVIATION OF LINE OF INTEREST
NORMALIZED STANDARD DEVIATION
STATISTICS OF LINES USED FOR RATIDING
DIODE NUMBER OF RATIO LINE 344 74
HMEAN 149.031 773.424
STANDARD DEVIATION 11,503 33.4851
NORMALIZED STANDARD DEVIATION 0.0779 0.0424
CCRRELATION COEFFICIENT 0.4370 Q.4338

74.592
0.14%%

*a44r RATIOED DATA »*eana
DICDE NUMBER OF RATIO LINE; 5464 974
MAXIMUM OF THE RATINS: S$.4045 0.947%
MINIMUM OF THE RATIOS: 2.4371 0.3041
MEAN 2Z.9%520 2.3861
STANDARD DEVIATION 0.4%08 Q0.0724
NORMALIZED STANDARD DEVIATIONO. 1527 0.1279

D0 YCOU WANT 7O CALCULATE THESE STATISTICS FOR a DIFFERENT FILE? v

ENTER THE FILE NAME! SPN1s

#xtwax UNRATIOED STATISTICS s4aas
MEAN OF LINE OF INTEREST : 3&1.344
STANDARD DEVIATION OF LINE OF [NTEREST : 41.047
NGRMALIZED STANDARD DEVIATION | 0.113%
STATISTICS OF LINES USED FOR RATIDING

DIODE NUMBER OF RATID LINE 344 374
MEAN 129_.272 674 214
STANDARD DEVIATION 10,993 30.845
NORMALIZED STANDARD DEVIATION 0.08%0 0.0734
CORRELATIGN COEFFILIENT 0.8595 Q,8263
t4aes RATIOED DATA sexss
DICDE NUMBER OF RATIO LINE: 554 974
MAXIMUM OF THE RATIOS! 3.1341 0.6213
MINIMUM OF THE RATIOS: 2.39867 0,428%
MEAN 2.7937 0.333%
STANDARD DEVIATION @.1703 0.0346
NORMALIZED STANDARD DEVIATIONG.Q&LO 0.0683

DO YOU WANT TQ CALLULATE THESE STATISTICS FOR A DIFFERENT FILE? Y
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ENTER THE FILE NAME! SPNZ20

#xxadu UNRATICED STATISTICE w»enw
MEAN OF LINE OF INTEREST : 394,835

STANDARD DEVIATION OF LINE OF INTEREST

3%.330
MNORMALIZED STANDARD DEVIATION | 0,1308
STATISTICS OF LINES USED FOR RATIRING
DIODE NUMBER OF RATIO LINE 364 974
MEAN 147.900 783,409
STANDARD DEVIATION 14.597 80.323
NORMAL IZED STANDARD DEVIATION 0.1122 Q.1066
CORRELATION COSFFIGIENT Q.947% G. 7480
+as4% RATIOED DATA #3e#2 *

DIODE NUMBER CF RATIO LINE: 364 974
MAXIMUM OF THE RATIOS: 2.9313 20,5803
MINIMUNM CF THE RATIOS Z£.3337 0.4484

MEAN 2,660% 0.5221
STANDARD DEVIATION 0©.1343 Q.030&
NORMALIZED STANDARD DEVIATIONC, OS50S 0.0284

DO YDU WANT TO CALCULATE THESE STATISTICS FUOR A DIFFERENT FILE?

ENTER THE FILE NAMED SPNZ4

#3222 UNRATIJED STATISTICS ##ea
MEAN OF LINE OF INTEREST ! 400.737

STANDARD DEVIATION JF LINE OF INTEREST
NORMAL IZED STANDARD DEVIATION

STATISTICS QF LINES USED FOR RATIQING
DIODE NUMBFER &f RATIO LINE n&4
MEAN 147,095
STANDARD DEVIATICN 17.913
NORMALIZED STANDARD DEVIATION 0.1218
CORRELATION COEFFICIENT 0Q.9748

++x44 RATIOED DATA s#eax
DIODE NUMBER JF RATIC LINE: 44
MAXIMUM OF THE RATIDS: 2.9284
MINIMUM OF THE RATIRS: 2.33462
MEAN 2.7183
STANDARD DEVIATION 0.0993
NORMAL IZED STANDARD DEVIATIONO.O34S

B0 YOU WANT TO CALCULATE THESE STATISTICS FOR A DIFFERENT FILE?T

54.704
0.136%

Y

374
B21.879
34.014
0.1144
Q.9414

?74
0.5293
0.3977
C.aB&S
0.0237
0.0488
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B.3. Filter Simultation on Data Set No. 1.
B.3.1. 10 R Filter

RUN FILTER
ENTER THE FILE NAME: HD

ENTER THE DIODE NWUMBER OF THE LINE OF INTEREETIZOS
WHAT IS THE FWHM (IN ANGSTROMS) OF THE FILTERI 10.

ENTER THE DIODE NUMBERS OF THE LINES TO. BE USED FOR AVERAGING.
TO STOP DATA EZNTRY ENTER A RETURN

RATIO DIODE NUMBER (1:974

WHAT IS THE FWHM (IN ANGETROMS) OF THE FILTERD 10.

RATID DIODE MUMBER 2@

N0 YQU WANT TO USE A NON-STANDARD BACKGROUND REGION 1Y

ENTER THE SACKXGROUND DIODE NUMBERISZS

WHAT 1S5 THE FWHM (IN ANGSTROMS) OF THE FILTER: 10.

FILE NAME [ HDOO

texadxr UNRATIOED STATISTILS #xsss
HEAN OF LINE OF INTEREST ! 247.013
STANDARD DEVIATION QF LINE OF INTEREST | 25.71é
NORMALIZED STANDARD DEWIATION I  0,104%
STATISTICS GF LINES USED FOR RATIGING
DIDDE NUMBER QF RATIO ULINE 374
’ MEAN 3%4.721
STANDARD DEVIATION 39.193
NORMALIZED STANDARD DREVIATION 0.0693
CORRELATION COEFFICIENT 0.46020

#*A®* RATICED DATA #awsn
DIGDE NUMBER CF RATIO LINE:D ?74
MAXIMUM OF THE RATIOS! 0.3%1¢9
MINIMUM QF TRE RATIOS! 0,228%
MEAN 0.2391
STANDARD DEVWIATION 0.0233
NORMALIZED STANDARD DEVIATIONG.0874
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FILE NAME | HOO2

#hAntn UNRATIOED STATISTICS ###4#
HEAN OF LINE OF [NTEREST . 5i8.64%

STANDARD DEVIATION OF LINE QF INTEREST
NORMAL IZED STANDARD DEVIATICN

STATISTICS OF LINES USED FOR RATIOING
DICDE NUMBER OF RATIO LINE 74
MEAN12305.46%
STANDARD DEVIATION 93.512
NORMALIZED STANDARD DEVIATION 0.0716
CORRELATION CQEFFICIENT O.4080

axex4 RATICED DATA #aaus
DIGDE NUMBER OF RATIO LINE! 74
MAXIMUM OF THE RATIOS! 0.4947
MINIMUM OF THE RATIOS: 0.33%09
MEAN 0.3981
STANDARD DEVIATION 0.02s61
NORMALIZED STANDARD DEVIATIANO.0&L2T

FILE NAME [ HDO2

supa4t UNRATIOED STATISTICS sesas
MEAM OF LINE OF INTEREST ! 489,37%&

STANDARD LDEWIATION OF LINE OF INTEREST
NORMALIZED STANDARD DEVIATICN

STATISTICS OF LINES USED FOR RATIOING
DICDE NUMBER OF RATIO LINE e
MEAN 980.243
STANDARD ODEVIATION 70,745%
NORMALITED STANDARD DEVIATION 0.0722
CORRELATION COEFFICIENT 0.7279

%444+ RATIOED DATA saada
DIODE NUMBER OF RATIO LINE: 974
MAXIMUM OF THE RATIOS: 0,3622
MINIMUM OF THE RATIOS: Q. 4473
MEAN O.5001
STANDARD DEVIATION 0.0270
NORMALIZED STANDARD DEUIATIONO, 0S40

.
.

PR

35.95%8
0.08693

3%.458
0,0728
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FILZ NAME @ HBD3

taanan UNRATICED STATISTICS #xnxa
MEAN OF LINE OF INTEREST ! &47.0&7

STANDARD DEVIATION OF LINE OF INTEREST
NORHALIZED STANDARD DEVIATION

STATISTICS OF LINES USED FOR RATIDING
DICDE NUMBER OF RATIO LINE ?74
MEAN1083.350
STANDARD DEVIATION 4&B.3063
NORMALIZED STANDARD DEVIATIDN 0.06320
CORRELATION COEFFICIENT 0.7408

#4234 % FATICED DATA #4##w
DIODE NUMBER OQF RATIN LINE® 74
MAXIMUM OF THE RATIOS: 0.7&94
MINIMUM OF THE RATIDS! 0.5461
MEAN 0.5972
STANDARD DEVIATION 0.038&1
NORMALIZCD GTANDARD DEVIATIONG.O&C04

FILZ NAME [ Hho4

twtxte UNRATIOED STATISTICS ##wasw
HMEAN OF LINE OF INTCREST L113B.936

STANDARD DEVIATION CF LINE OF INTEREEBT
NORMALIZED STANDARD DEVIATION

STATISTICS OF LINES USED FOR RATICING
DICDE NUMBER OF RATIO LINE 974
MEAN1335., 200
STANDARD DEVIATION 104,439
NCRMALIZED STANDARD DEVIATION 0.0787
CORRELATION COEFFICIENT 0.,3894

za%e® RATIOED DATA sz4axs
DIODE NUMBER OF RATIO LINE! 974
MAXIMUM OF THE RATIOS: 1.1973
MINIMUM QF THE RATIOS: ©.733:
MEAM 0.8583
STANUDARD DEVIATION 0.0783
NORMAL IZED STANDARD CEVIATIONQ,.Q912

36.773
0.0877

?&6.197
0.0830
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FILE NAME [ HDOS

#3422 UNRATIQED STATISTICS #uwss
MEAN OF LINE OF INTEREST !1174.320
STANDARD DEVIATICN OF LINE OF INTEREST
NORMALIZED STANDARD DEVIATION
STATISTICS OF LINES USED FOR RATIDING
DIADE NUMBER OF RATIO LINE 974
MEAN1Z200,090
STANDARD DEVIATION 51.904
NORMALIZED STANDARD REUIATION 0.0433
CORRELATION COEFFICIENT 0, 4444

+xed4 RATICED DATA z2a4##3
RIODE NUMBER QOF RATIO LINED 774
MAXIMUM OF THE RATIOS: 1.148&
MINIMUM OF THE RATIOS: 0,8976
MEAM o.9914
STANDARD DEVTATION 0.0478
NORMALIZED STANDARD DEVIATIONO.O487

FILE NAME | HDQ4

ernett UNRATIOED STATISTICS wdsas
MEAN CF LINE OF INTEREST :(1130.%20
STANDARD DEVIATION OF LINE OF INTEREST
NORMALIZZD STANDARD DEVIATION
STATISTICS GF LINES USED FOR RATIOING
DICDE NUMBER OF RATIO LINE 74
MEAN F07.072
STANDARD DEVIATION 77.46179
NORMAL IZED STANDARD DEVIATION 0.088s8
CORRELATION COEFFILIENT 0.8833

ew%4®x RATIOED DATA *###a
DICDE NUMBER OF RATIO LINE: 274
HAXIMUM OF THE RATINS. 1.3428
HINIMUM OF THE RATIOS! 11,1408
MEAN t.,2481
STANDARD DEVIATION 0.0801
NORMAL IZED STANDARD DEVIATIONO.O402

e na

523.83é6
0.,043%8

93,709
0.0829
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FILE NAME © HDOT

#4#444 (UNRATIOED STATISTICS awase
HEAN OF LINE OF INTEREST (i1

STANDARD DEVIATION OF LINE OF INTEREST

NORMALIZED STANDARD DEVIATIAN
STATISTICS OF LINES USED FCR RATIGING
DICDE NUMBER OF RATIO LINE 74
MEAN 772,402
STANDARD DEVIATION 85,724
NORMALIZED STANDARD DEUIATION 0.1110
CORRELATION COEFFICIENT O.9438
*##43 IATIOED DATA #2#xs
Q1ODE NUNMBER QF RATIO LINES 974

*
72.442

MAXIMUM OF THE RATIDS! 1.4978
MINIMUM OF THE RATIOS: 1.4133
MEAN 1.3218

STANDARD DEVIATION 0.0604
NORMALIZED STANDARD DEWIATIONO.0397

FILE NAME . HDOS

#a4#44 UNRATIOED STATISTICS #x#xa

MEAN QF LINE OF INTEREST il4

STANDARD DEVIATION QOF LINE OF INTEREST

NORMALIZED STANDARD RDEVIATICN
STATISTICES CF LINES USED FCR RATIODING
DIGDE NUMBER OF RATIO LINE 374
. MEAN 737.824
STANDARD DEVIATION 97.705
NORMAL IZED STANDARD DEVIATION 0.128B%9
CORRELATION COEFFICIENT 0.7300
sazen RATIOED DATA senss
DIGDE NUMBER QF RATIO LINE! 974
MAXIMUM OF THE RATIGEI 2.3745%

14.567

MINIMUM OF THE RATIOS. 1.5507

MEAN 1.8842

STANDARD DEVIATION 9.1820
NORMALIZED STANDARD DEVIATIONQ.O09&&

awra

PR

i02.241
0.0%38

118,387
0.0838
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FILE NAME [ HDO9

*xeawd UNRATIOED STATISTICS andsw
MEAN OF LINE OF INTEREST :1457.247
STANDARD DEVIATION OF LINE OF INTEREST
NORMAL IZED STANDARD DEVIATION
STATISTICS OF LINEE USED FOR RATIODING
DIODE NUMBER OF RATIO LINE 9748
HEAN 702.09%9
STANDARD DEVIATION 114.607
NORMAL IZED STANDARD DEVIATION 0.15461
’ CORRELATION COEFFICIENT @.%220

218,317
Q.1477

aase

s#axet RATIGED DATA ##ans
DIODE NUMBER CF RATIO LINE: 974
MAXIMUM OF THE RATIOS! 2.38673
MINIMUM OF THE RATIOS! 1.9809
MEAN 2.0B&8
STANDARD DEVIATION 0.1223
NORMALIZED STANDARD DEVIATIONO,.O0A34

FILE NAME . HD10

satade UNRATIOED STATISTICS #séwas
MEAN OF LINE OF INTEREST [1770.991
STANDARD DEVIATICN OF LINE OF INTEREST ! 233.256
NORMALIZED STANDARD DEVIATION @ 0O.1414
STATICTICS GF LINES UWUSEDR FOR RATIQING
DIODE NUMBER QF RATID LINE 974
MEAN 773.178
STANDARD DEVIATICN 113.1732
RORMALIZED STANDARD DEVIATION 0O, 1464
CORRELATION COEFFICIENT 0.92%1

24444 RATICED DATA ###ud
DICDE NUMBER OF RATIO LINED 74
HAXIMUM OF THE RATIOS. 2.8992
MINIMUM OF THE RATICS! 2.07i2
MEAN 2.3227
STANDARD DEVIATION 0.1309
NORMALIZED STANDARD DEVIATIONO.OIAS
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FILE NAME [ MDI11l

sedens UNRATIDED STATISTICS #eaed
MEAN OF LINE OF INTEREST [1849.459
STANDARD DEVIATION OF LINE OF INTEREST
NORMALIZED STANDARD DEVIATICN
STATISTICS OF LINES USED FOR RATIDING
DICDE NYMBER OF RATIO LINE 974
MEAN 724.986&
STANDARD DEVIATION 1285.294
NORMALIZED STANDARD DEVIATION ¢.1728
CORRELATION COEFFICIENT 0.9145

+ne44 RATIQED DATA =na#a
DICDE NUMBER OF RATIO LINE: 974
MAXIMUM OF THE RATIOS: 3.3471
HINIMUM OF THE RATIOS: 2.2580
MEAN 2.3958
STANDARD DEVIATION ©.l1%6&
NORMALIZED STANDARD DEVIATIONG.OV7SY

FILE NAME [ HDIZ2

srxe#d UNRATIDED STATISTICS #nees
MEAN OF LINE OF INTEREST !2347.77¢
STANDARD DEVIATION OF LINE OF INTEREST
NORMAL IZED STANDARD DEVIATICN
STATISTICE QF LINES USED FCOR RATICING
DIODE NUMBER OF RATIO LINE 74
MEAN 848,188
STANDARD DEVIATION 112,319
NORMALIZEZD STANDARD DEVIATION 0.1294
CORRELATION COEFFICIENT 0.749f

susas RATIOED DATA #anas
DIODE NUMBER OF RATIOQ LINE!D P74
MAXIMUM OF THE RATIOS. 3.0211
MINIMUM OF THE RATIOS: 2.4419
MEAN 2.7328
STANDARD DEYIATION 00,1150
NORMALIZED STAKDARD DEVIATIONG.C421

PP

273.589
0.1463

Z281.34%
0.118%9
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B.3.2. 20 R Filter

FILE NAME ! HDOO

#aazad UNRATIOED STATISTICS #usss
MEAM OF LINE QF I[NTEREST [ 202,713
STANDARD DEVIATION CF LINE OF INTEREST
MORMALIZED STANDARD DEVIATION
STATISTICS OF LINES USED FOR RATIDING
DIGDE NUMBER OF RATIC LINE 974
HEAN 448,543
STANDARD DEVIATION 32.304
NORMALIZED STANDARD DEVIATICN 0©,048%9
CORRELATION COEFFICIENT 0,3448

24,109
0.118%9

#dessy RATIOED DATA =auww
DICDE NUHMBER OF RATIO LINE:! 974
MAXIMUR OF THE RATIOS, 0.33746
HINIMUM OF THE RATIQS: ©0.3287
MEAN 0.4328
STANDARD DEUVIATION 9.0453
NORMALIZED STANDARD DEVIATIONO.1047

FILE NAME | HDO1

zdeans UNRATIDED STATISTICS ausas
MEAM OF LINE OF INTEREST . 408.484
STANDARD DREVIATION OF LINE QF IMTEREST [ 22.138
MORMAL TZED STANDARD DEMIATIONM o 0.0%42
STATISTICE CF LIMES USED FOR RATIOING
DICDE NUMBER QF RATIOD LINE 75
MEAN 713.230
STANDARD DEVIATION 49,201
NCRMEALIZED STANDARD DEVIATION 0.04690
CORRELATION COEFFICIENT 0.2807

+ee0e RATIOED DATA ewwwns
DIODE NUMBER OF RATIO LINE: 974
MAXIMUM OF THE RATINS: 0.710%8
HINIMUM OF THE RATIOS: Q.3979
HEAN 0.3744
STANDARD JEVIATION 0.041!¢
HORMAL IZED ZTANDARD DEVIATIONQ.O714
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FILE NAME [ HDOZ

+2#4an UNRATIOED STATISTICS whiks
MEAN CF LINE OF INTEREST : 283.178
STAMDARD DEVIATION OF LINE OF INTEREST 2F.923
NORMAL IZED STANDARD DEVIATION [ 0.,07&5
STATISTICS OF LINES USED FOR RATIOING
DICDE NUMBER OF RATIC LINE 374
MEAN 538.008
STANDARD DEVIATION 38.168
NORMALIZED STANDARD DEWIATION 0.0709
CORRELATION COEFFICIENT 0.5633%

zwwetnr RATIDED DATA srxnn

DIODE NUMBER OF RATIO LINED 74
HMAXIMUM OF THE RATIOS: 0.8087
MINIMUM OF THE RATIOSI 0.&6299

MEAN 0Q.7132
STANDARD DEVIATICN 0.0443

NORMAL IZED STANDARD DEVIATIONO.O0&ZO

FILE NRME . HIUS

ssxsas UNRATICED STATISTICS ##ass
MEAN OF LINE OF INTEREST [ 471.254

STANDARD DEVIATION OF LINE OF INTEREST @ 42.473
NORMALIZED STANDARD DEVIATION [ Q2.0B&D
STATISTICS OF LINES USED FOUR RATIDING
DIODE NUMBER OF RATIC LINE 774

MEAN 5%3.234

STANDARD DEVIATION 37240

NORMALIZED STANDARD DEVIATION 0.0628
CORRELATION COEFFICIENT 0.7147

sannn RATIDED DATA #enes
DIODE NUMBER OF RATIOD LINED 274
MAXIMUM OF THE RATIOS! 1.0704
MINIMUM OF THE RATIDS: 0.7326
MEAN 0.8281%
STANDARD DEVIATION ©.0313
NORMALIZED STANDARD DEVIATIONG.O0&20
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FILE NAME . HDO4

ewdaas UNRATIDED STATISTICS ##wes
MEAN OF LINE OF INTEREST ! 244.03%
STANDARD DEVIATION OF CLINE OF INTEREST
NORMALIZED STANDARD DEVIATION
STATISTICS OF LINES USED FOR RATIDING
DICDE NUMBER OF RATIO LINE 974
MEAN 73%.524
STANDARD DEVIATION $7.334
NORMAL IZED STANDARD DEVIATION 0.0778
CORRELATION CREFFICIENT Q0.4437

+#a%® RATINED DATA #4244
DIODE NUMBER OF RATID LINE? 974
MAXIMUM OF THE RATIOS! 1.399%
MINIMUM OF THE RATIOS!: 1.0008
HEAN {,.1488
STANDARD DBEVIATION 0.1028
NCRMALIZED STANDARD DEVIATIONG, 89T

FILE NAME [ HDQS

sunens UNRATICED STATISTICS ssssaa
MEAN OF LINE 0QF INTEREST | 83%.17¢
STANDARD DEVIATION OF LINE OF INTEREST
NORMAL IZED STANDARD DEVIATION
STATISTICS OF LINES USED FOR RATIOING
DIUDE NUMBEXR OF RATIOC LINE F74
MEAN £34.922
STANDARD DEVIATION 30.327
NORMAL IZED STANDARD DEVIATION 0.0443
CORRELATION CREFFICIENT 0.42%0

+ase4 RATIOED DATA zxeaw
DIODE NUMBER OF IATIO LINES 374
MAXIMUM OF THE RATICS: 1.3718
HINIMWUM OF THE RATIOSI 1.2097
MEAN 1.3134
STANDARD DEVIATION 0.04885
NORMAL IZED STANDARD DEVIATIOND.OS2Z

PYET

51,873
0.0731

40,881
0.0475
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FILE NAME ! HDO&

Had% UNRATIDED STATISTICS serss
MEAN OF LINE OF INTEREST 849,058
STANDARD DEVIATION OF LINE GF INTEREST @ 47.1462
NORMALIZED - STAMDARD DEVIATION : 0.0/791
STATISTICS OF LINES USED FOR RATIOING
DIUDE NUMBER OF RATID LINE 274
MEAN 499 _S52
STANDARD DEVIATION 40,807
NORMAILLIZED STANDARD DEVIATION 0.08t7
CORRELATION COEFFICIENT Q.349%

thete RATIOED DATA ##easn
DICDE NUMBER OF RATIO LINE: 374
PAXIMUM OF THE RATIOS: 1.83:4
MINIMUM OF THE RATIOS: 1.5433
MEAN 1.7014
STANDARD DEWIATION 0.069%
NORMAL IZED STANDARD DEVIATIONG.OA0T

FILE NAME [ HDO7

+ranen UNRATISED STATISTILS saseas
MEAN OF LINE OF INTEREST . 87%.748
DARD DEVIATICON OF LINE OF INTEREST & 77.950
STAN NDEMQL;ZED STANDARD DEVIATION | Q,08%0Q
STATISTICS OF LINES USED FOR RATIOING
DIODE NUMBER OF RATIO LINE 774
MEAN 424,425
STANDARD DEVIATION 45.520
NORMAL IZED STANDARD DEVIATIGN 0.1072
CORRELATICN COEFFICIENT 0.9372

*%%2% RATIOED DATA «a#ns
DICDE NUMBER OF RATIO LINEX 974
HAXIMUN OF THE RATIOS: 2.3492
MINIMUM OF THE RATIOS: 1.%177
. MEAN Z.0478
STANDARD DEVIATION 0.0847
NORMALIZED STANDARD DEVIATIONC.OA4CY



96

FILE NAME @ HDOS

#ata44 UNRATIOED STATISTICS atsws
MEAN OF LINE OF INTEREST :11043.329
STANDARD DEVIATION OF LINE QF INTEREST
NORMALIZED STANDARD DEVIATICN
STATISTICS OF LINES USED FOR RATIOING
DIDDE NUMBER CF RATIO LINE 974
MEAN 415,338
STANDARD DEVIATION 33.6453
NORMALIZED STANDARD DEVIATION 0.1292
CORRELATION COEFFICIENT 0.7456

§7.3709
¢.0842

b

#u42#44 RATIDED DATA ##4ss
DIODE NUMBER QF RATIO LINE! 974
MAXIMUM OF THE RATIOS. 3.1487
MINIMUM QF THE RATIONS. 2.2301
MEAN Z.3331
STANDARD DEVIATION 0.238é&
NORMALIZED STANDARD DEVIATIONG.0941

FILE NAME | HDO%

#axwwr UNRATIOED STATISTICS »esan
MEAN OF LIME OF INTEREST :1066.3821
STANDARD DEVIATION OF LINE OF INTEREST
NORMALIZED STANDARD DEVIATION
STATISTICS OF LINES USED FOR RATIOING
DIODE NUMBER OF RATIO LINE 974
MEAN 382.304
STANDARD DEVIATION 42,834
NORMALIZED STANDARD DEVIATION 0.1543

CORRELATION CDEFFICIENT 0.9197

138.342
0.1483

a4 RATICED DATA sosas
DIODE NUMBER OF RATIO LINE: 974
MAXIMUM OF THE RATIOS: 3.1837
MINIMUM OF THE RATIOS: 2.3248
MEAN 2.8017
STANDARD DEVIATION 0.1782
NORMALIZED STANDARD DEVIATIONG,0636
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FILE NAME ! HD1O

++44x2 UNRATIOED STATISTICS x###x4
MEAN OF LINE GF INTEREST [1311.342Z
STANDARD DEVIATION OF LINE OF INTEREST [ 184.920
NORMAL IZED STANDARD DEWIATION [ 0.1410
STATISTICS OF LINES USED FOR RATIOING
DICDE NUMBER OF RATIC LINE 974
MEAN 423.136
STANDARD DEVIATION 50.701
NORMALIZED STANDARD DEVIATICN 0.1434
CORRELATION COEFFICIENT 0.9211

*x4#% RATICED DATA #*#axx
DIGDE NUMBER OF RATIC LINED e74
MAXIMUM OF THE RATIODS: 3.422%9
MINIMUM QF THE RATIOS: 2.74%4
. MEAN  3.1068
STANDARD DEVTIATION 4.1811
NORMALIZED STANDARD DEVIATIONG.OI83

FILE NAME [ HD1i

+4daan UNRATIOED STATISTICS ###ew
MEAN OF LINE OF INTEREEBT [13%B.319
STANCARD DEVIATION OF LINE OF INTEREST

- 19g8.%08
NORMALIZED STANDARD DEVIATION [ 0.1444
STATISTICS OF LINES USED FOR RATIQING
DIODE NUMBER QF RATIC LINE 374

MEAN 394,348

STANDARD DEVIATION 66,908

NORMALIZED STANDARD DEVIATION 0.16%97
CORRELATION CDEFFICIENT Q.9057

+hu%y RATIOED DATA #%244
DIQDE NUMBER OF RATID LINED 2?74
MAXIMUM GF THE RATIODS: 4.3234
MINIMUM OF THE RATIOS! 2.0230
MEAN 3.4663
STANDARD DEVIATION 0.2733
NORMALIZED STANDARD DEWIATIONG.O789
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FILE NAME © HDI1?

#*auee UNRATIQED STATISTICS ####s
MEAN CF LINE OF INTEREST 1173:.6&5
STANDARD DEVIATION OF LINE OF INTEREST
NORMALIZED STANDARD DEVIATICN
STATISYICS OF LINES USED FUR RATIOING
DIODE NUMBER UOF RATIO LINE 274
MEAN 47%.504
STANDARD DEVIATION &40.234
NORMAL1ZED STANDARD DEVIATION 0.12&7
CORRELATION COEFFICIENT 0.9403

+4edd RATIOED DATA 2#saw
DIONE NUMRER NF RATIO LINE! 974
MAXIMUM QF THE RATIOS: 4.,0074
MINIMUM OF THE RATIOS: 23,2272
MEAM J.&480
STANDARD DEVIATION 0.1560
NORMAL IZED STANDARD REVIATIONG.C433

aaun

210.023
0.1213
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B.3.3. 50 2 Filter

WRUN NTYFPE
SRUN FILTER
ENTER THE FILE NaME: HD

ENTER THE DICDE NUMSBER OF THE LINE OF INTEREET 204
WHAT 135 THE FWHM (IN ANGSTROMS) OF THE FILYER: 30.

ENTER THE DIODE NUMBERS OF THE LINE3 TD BE USED £0OR AVERAGING.
TO STOP DATA ENTRY ENTER A RETURN

RATID DICDE NUMBER 1:974

HHAT IS THE FUWHM (IN ANGSTROMS) OF THE FILTER: =Zo.

RATIO DRIODE NUMBER 2!

PO YOU WANT TO USE A NON=-STANDARD SACKGROUND REGION Hay

ENTER THE SACKGROUND DIODE NUMBER:&2S
HHAT IS THE FWHM (IN ANGSTROMS) OF THE FILTER: 50.

FILE NAME @ HDOOQ

rx#%dd UNRATIDED STATISTICS #4#%as
HEAM OF LINE QF INTEREST | 134.490
STANDARD DEVIATION OF LINE OF INTEREST © 19,740
NORMALIZED STANDARD DEVIATION : 0.144&7
STATISTICS OF LINES USED FOR RATIOTNA
DIODE NUMBER OQF RATIC LINE 374
MEAN 200.120
STANDARD DEVIATION 13,490
NORMALIZED STANDARD DEVIATION 0.0&84
CORRELATION COCFFICIENT 0.4817

#eo%xd RATICED DATA sas4%

DIQDE NUMBER CTF RATIO LINE: §74
MAXIMLUM OF THE RATIOS: 94,9009
MINIMUM OF THE RATIQS:T ©.4782

MEAN 0.4730
STANDARD DEVIATIDN 0.0909
NORMAL IZED STANDARD DEVIATIONO.!1348
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FILE NAHE [ HDOL

##¢24a UNRATIOED STATISTICS #dwbs

MEAN COF LINE OF INTEREST .

STANDARD DEUIATICN OF LINE OF
NORMALIZED STANPARD DEVIATION

258.3575
INTEREST

STATISTICS OF LINES USED FOR RATIOING

DIODE NUMBER OF RATID LINE
MEAN

STANDARD DEVIATION

NORMALIZED STANDARD DEVIATION
CORRELATION COEFFICIENT

»au44 RATIOED DATA #%u#a
DICDE NUMBER OF RATIO LINED

974
297.193
18.964
0.0838
-0.1861

374

MAXIMUM OF THME RATIOS: 1.0%53

MINIMUM CF THE RATICSD 0.7

180

MEAN 0.8742
STANDARD DEVIATION 9.0823
NORMALIZED STANDARD DEVIATIONO,0947

FILE NAME | HDO2

H#wnes UNRATIGED STATIETICS #a+4
MEAN OF LINE OF INTEREST @

STANRARD DEVIATICOM OF LINE OF INTEREST
NORMALIZED STANDARD DEVIATION

STATISTICS OF LINES USED FOR RA
DICDE NUMBER OF RATIO LINE
MEAN

STANDARD DEVIATION
NORMALIZED STANDARD DEVIATION

CORRELATION COEFFICIENT

+e2#2 RATIQED DATA »#anw
DIODE NUMBER QOF RATIO LINE.

*x
240,732

TIQING
374
229,454
13,374
V067
0.5191

974

HAXIMUM OF THE RATIOS! 1.2030

MINIMUM OF THE RATIOS: 0.8

825

HEAN 1.030s
STANDARD DEVIATION 0.0830

NORMAL IZED STANDARD DEUTIATIONSG.O

790

15.04%9
0.0%8Z

21.210
a_aAA1
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FILE NAME [ HDO3

sxsana UNRATIOED STATISTICS #%aan
MEAN OF LINE OF INTEREST @ 293.017
STANDARD DEVIATION OF LINE QF INTEREST | 29%.5%3
NORMALIZED STANDARD DEVIATION @ 0.0877
STATISTILS OF LINES USED FOR RATIOING
DIODE NUMBER OF RATIO LINE 974
MEAN 230,477
STANDARD DEVIATION 15.533
NORMALIZED STANDARD DEVIATION 0,.04620
CORRELATION CDEFFICIENT 0.44%4

#ata® RATICED DATA #8##3
DIODE NUMBER OF RATIO LINE: 774
MAXTMIIM OF THE RATIOS! 1.5170
MINIMUM OF THE RATIOS: 1.0422
MEAN 1.1703
STANDARD DEVIATION 0.0803
NORMALIZED STANDARD DEVIATIONO.Q&84

FILE NaAME | HDO4

FaRt#+ UNRATIOED STATISTICS ###xs
MEAN OF LINE OF INTEREST ! 473.207

STANDARD DEVIATION OF LINE OF INTEREST ! 29.290
NORMAL IZED STANDARD DEUIATION ! 0,Q&61%
STATISTICS OF LINES USED FOR RATIOING
DIBDE NUMBER OF RATIC LINE 974
MEAN 306.057
STANDARD DEVIATION 22.98%
NORMAL IZED STANDARD DEVIATION QL0731

CORRELATION COEFFICIENT 0.2477

**a%% RATIOED DATA ##aax
DIODE NUMBER OF RATIO LINE: 974
MAXTIMUM OF THE RATIOS: 2.1760
MINIMUM CF THE RATIOS: 1.3340
MEAN [.5540
STANDARD REVIATION 0,14%2
NORMALIZED STANDARD DEVIATIONG.O934
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FILE NAME : HDOZ

#u#»asr UNRATIDED STATISTICS wdewd

MEAN OF LINE QF INTEREET

STANDRRD DEYIATION OF LINE OF INTEREST
NORMALIZED  STANDARD

STATISTICS OF LINES USED FOR
DIGCDE NUMBER OF RATIO LI

. 483.73t

DEVIATION
RATIOING
NE 974

MEAN 273.102

STANDARD DEVIATI
NORMALIZED STANDARD DEVIATI

CN  13.3:8
ON  0.048S

CORRELATION COEFFICIENT 0.2989

+##u% RATIOED DATA #axkn
DIODE NUMBER OF RATIO LINE!

974

MAXIMUM OF THE RATIOS! 2.1615

MINIMUM OF THE RATIDS: 1
MEAN 1

.4138
. 7744

STANDARD DEVIATION C.1110
NORMALIZED STANDARD DEVIATIONG.Q42S

FILE NAME | HDO5

s##na% UNRATIDED STATISTICS
MEAN UF LINE UF [NTEREST
STANDARD DEVIATION OF LI
NORMALIZED STAN

STATISTICS OF LINES USED FOR
DIODE NUMBER OF RATIO L

M

STANDARD DEVIAT

NORMALIZED STANDARD DEVIAT
CORRELATICN COEFFICI

sesi# RATIOED DATA saaun
DIODE NUMBER 0OF RATIO LINE:
MAXIMUM OF THE RATIOS:
MINIMUM COF THE RATIOS.
MEAN
STANDARD DEVIATIAON

LA L T

. S00.883

NE QF INTEREST
DARD DEVIATIGN

RATIOING
INE 774
EAN 210.992
ICN 15.858
ION 0.0782
ENT 0.8034

?74
2.3938
2.1183
2.3787
Q.1104

NORMALIZED STANDARD DEVIATIONO.O44%
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FILE NAME [ HDO7

+x2as8 UNRATIOED STATISTICS »axws
MEAN OF LINE OF INTEREST . 312.388
STANDARD DEVIATION GF LINE CF INTEREST
NORMALIZED STAMDARD DEUIATION
STATIESTICS QF LINES USED FGR RATIDING
DIODE NUMBER OF RATIO LINE 274
MEAN 177.9%98
STANDARD DEVWIATICN 17,878
NORMALIZED STANDARD DEVIATION 0.1004
CURRELATION COEFFICIENT 0.9014

41,568
0.0813

##axt RATIOED DATA sénns
DIGCDE NUMBER OF RATIO LINED 974
MAXIMUM OF THE RATIOS: 3.4340
MINIMiM QF THE RATIOS: 2.56434
MEAN 2.28871
STANDARD DEVIATION Q.138B
NORMALIZED STANDARD DEVIATIONC.Q40:

FILE NAME [ HDCBH

#xxens UNRATIOED STATISTICS »##sx
MEAN OF LINE OF INTEREST @ %97.730
STANDARD DEVIATION OF LINE OF INTEREST 49.8%7
NORMALIZED STANDARD DEVIATION |  0.083%
STATISTICS QOF LINES USED FOR RATIQING
DIODE NUMBER OF RATIO LINE 974
MEAN 173.761
STANDARD DEVIATION 22.310
NORMALIZED STANDARD DEVIATION 0.1293
CORRELATION CDEFFICIENT 0.7344

#édud JATIOED DATA sssss
DIODE NUMBER OF RATID LINE: 74
MAXIMUM OF THE RATIOS. 4.2712
MINIMUM OF THE RATIQS: 3.014&53
MEAN  3.4723
STANDARD DEVIATION 0.3299
NORMALIZED STANDARD DEVIATIONC.OF%0
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FILZ NapE [ HDOW

a4 aad [NRATTOAEDN STATISTTICS sae
NEAN OF LINE OF INTEREST |

STANDARD DEVIATION OF LINE OF INTEREST
NORMALIZED STANDARD DEVIATION

STATISTICS OF LINES HUSED FOR RA
DIODE NUMBER OF RATIO LINE

MEAN

STANDARD DEVIATION

NORMALIZED STANDARD DEVIATION
CORRELATIDON COEFFICIENT

#u#+4 RATIOQED DATA 2e#e%
CIODE NUMBER OF RATIO LIKE:

L 21

&02.4622

TICING
974

L1:08.75-1

23.024
Q.1578
0.7097

974

HAXIMUM OF THE RATIOS. 4.3498
MINIMUM OF THE RATIOS: 3.37a2

MEAM 3.3

142

STANDARD DEVIATION 0.2453
NDRMALIZED STANDARD DEVIATIONO.0&43

FILE NAME . HD1O

wadad UNRATIOED STATISTICS w#tnws
HEAN OF LINE OF INTEREZT °© 739,282

.

STANDARD DEVIATION OF LINE 0OF INTEREST :
NORMALIZED STANDARD DEVIATION !

STATISTICS COF LINES USED FOR RATIOING

DIODE NUMBER OF RATIO LINE
HMEAN

STANDARD DEVIATION

NORMALIZED STANDARD DEVIATION
CORRELATION COEFFICIENT

#ae#t RATIOED DATA 2s%a
DICDE NUMBER OF RATIO LINE:

974
176.834
23.832
a.1349
0.8898

274

HAXIMUM CF THE RATIOS: 4.9484
MINIMUM OF THE RATIOS! 3.4444

MEAN 4.18%7

STANDARD DEVIATION 0.2729
NORMALIZED STANDARD DEVIATIONC.0&S:

28,333
0.14569

101,293
0.1370
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FILE NAME [ HD11i

wxenat UNRATIOED STATISTICS s###ex
MEAN OF LINE OF INTEREST : 753.917
STANDARD DEVIATION OF LINE OF INTEREST ! 108.0%98
HORMALIZED STANDARD DEVIARTION & U.14234
STATISTICS OF LINES USED FDR RATIOING
DIOQDE NUMBER CF RATIO LINE 74
‘ MEAN 163.237
STANDARD DEVIATION 24.584
NORMALIZED STANDARD DEVIATION 0.1&29
CORRELATION COEFFICIENT 0.B&30

axx#% RATICED DATA xa%s»

DIODE MUMBFR NF RATIO LINE: Clp
MAXINUM OF THE RATIDS: 4.2244
MINIMUM OF THE RATIOS: 3.%2s81%

MEAN 4.4301
STANDARD REVIATION 0.4220
NORMALIZED STANDAARD DEVIATIONQ,Q907

FILE NAME ! HD12Z

+rwwttd UNRATIZDED STATISTICS sunsa
MEAN OF LINE OF INTEREST : 9s8.400
STANDARD DEVIATION OF LINE OF INTEREST
NORMALIZED STANDARD DEVIATION
STATISTICS OF LINES USED FOR RATIQING
DIDDE NUMBER OF RATIO LINE F748
MEAN 198,408
STANDARD DEVIATION 23,594
NORMALIZED STANDARD DEVIATION 0.1188
CORRELATION COEFFICIENT 0.9040

117.202
0.1212

axedd+ RATICED DATA »exan
DICDE NUMBER OF RATIO LINE! 974
MAXIMUM CF THE RATIOS! =.%148
MINIMUM OF THE RATIOS: 4.1804
MEAN 4,3807
STANDARD DEWIATION 6,2%4)
NCRMALIZED STANDARD CEVIATIONO.CSZ21
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B.3.4. 100 & Filter

«RUN FILTER
ENTER THE FILE NAMED HD

ENTER THE DIODE NUMSER-OF THE LINE OF INTEREST!204
WHAT 1§ THE FWHM (IN ANGSTROMS) OF THE FILTER: 100.

ENTER THE DICDE NUMBERS OF THE LINES TO BE USED FOR AVERAGING.
TQ 3TCP DATA ENTRY ENTER A RETURN
RATIO DIODE NUMBER 11374
WHAT [S THE FWHM (IN ANGSTROMS) OF THE FILTER: (0Q0.
ANTIO DIQDE MNUMBER 21
DO YOU WANT TO USE A NON-STANDARD BACKGROUND REGION Y
ENTER THE BACKGROUND DIQDE NUMBERI&ZS
HHAT 1S THE FWHM {(IN ANGSTROMS) OF THE FILTERI 100.

FILE NAME | HDOO

ranas UNRATICED STATISTICS #2esw
MEAN OF LINE 0OF INTEREST ! 91,391
STANDARD DEVIATION OF LIMNE OQF INTEREST
NORMAL IZED STANDARD DEYIATICN
STATISTICS OF LINES USED FOR RATIOING -
DIODE NUMBER OF RATIO LINE 974
HEAN 93.367
STANDARD DEWIATION 7.413
NORMAL IZED STANDARD DEVIATION ¢.0794
CORRELATION COEFFILIENT 0.1998

v 13.3286
i 0.1s684

*awrd RATIDED DATA ##ad#

DICDE NUMBER QOF RATIO LINE: 2?74
MAXIMUM OF THE RATIOS: 11,4378
MININMUM OF THE RATIOS: 0.5344

MEAN 0.9828
STANDARD DEVIATION 0.1777
NORMALIZED STANDARD DEVIATIONO. 1809
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FILE NAME | HDOIL

£#%#44 UNRATIOED STATISTICS azxxss
MEAN OF LINE OF INTEREST ! 173.804

STANDARD DEUIATION OF LIME QF INTEREET

i2.4642
NORMALIZED STANDARD DEVIATION [ 0.0727
STATISTICS OF LINES USED FOR RATIOING
DICDE NUMBER COF RATIO LINE 274
MEAN 134.923
STANDARD DEVIATION (1.747
NORMALIZED STANDARD DEVIATION (.0871
CORRELATION COEFFICIENT =-0.4872
+x24% RATIOED DATA ##ae¥
DICDE NUMBER OF RATIO LINED 774
MAXIMUM OF THE RATIOS: 1.4784
MINIMUM OF THE RATIRS. ¢.9843
MEAN 1.20135
STANDARD DEVIATION Q.1770
NORMALIZED STANDARD DEVIATIONG. 1340
FILE NAME { HDOZ
*nxras UNRATIOED STATISTICE sxs%+4
MEAN OF LINE 0OF INTEREST . 137.324
STAMDARD DEVIATION OF LINE OF INTEREST 15.973
NORMALIZED STANDARD DEWIATION [ 0.1014

STATISTICS QF LINES USED FCR RATIQING
DIODE NUMBER QF RATIO LINE 974
MEAN 10S8.179
STANDARD DEVIATION 8.048
NORMAL IZED STANDARD DEVIATION ©.0763
CORRELATICN COEFFICIENT 0.1973

#%%%4+ RATICED DATA #+#ri#

DICDE NUMBER OF RATIO LINE! 2?74
HAXIMUM OF THE RATIDSI 1.846%
MINIMUM OF THE RATIOSI 1.:473

MEAN 1.30379

STANDARD DEVIATION 0©.1724
NORMALIZED STANDARD DEVIATIONCQ.1146
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FILE NAME [ HDOS

#auued UNRATIOED STATISTICS #swexw
HMEAN OF LIME OF INTEREST ! 1B3.908
STANDARD DEVIATION OF LINE OF INTEREST : 17.163

NCRMAL IZED STANDARD DEVIATION [ 0.0932
STATISTICS OF LINES USED FOR RATIQING

DICDE NUMBER OF RATIO LINE 3?74
MEAN (12,417

STANDARD DEVIATION 8.417

NORMALIZED STANDARD DEVIATION 0.072¢9
CORRELATION COEFFICIENT 0,3223

##xe# RFATIOED DATA #xitax
DIODE NUMBER OJF RATIO LINE! 974
MAXIMUM OF THE RATIOS: Z2.03&8
MINIMUM OF THE RATIOS. 1.3346
MEAN 1.3943
STANDARD DEVIATION 0.1344
NERMALIZED STANDARD DEVIATIONG.Q84Z

FILE NaME | HDO4

senerer UNRATIOED STATISTICS #wzas
MEAN OF LINE OF INTEREST | 284.1:80
STANDARD DEVIATION OF LINE QF INTEREST 1! 146,722
NORMALIZED STANDARD DEVIATION [ 0.0390
STATISTICS OF LINES USED FOR RATIOING
DIODE NUMBER OF RATIO LINE 2?74
MEAN 140.519
STANDARD DEVIATION 13.8543
NORMALIZED STANDARD DEVIATION ©.0963
CORRELATION CCEFFICIENT 0.021%

*aa4w RATIOED DATA 2#®as
DIODE NUMBER GOF RATIC LINE! ?74
MAXIMUM OF THE RATIOQS: 3.0480
MINIMUM OF THE RATIOS.! 1.5348
MEAN  2.0426
STANDARD DEVIRTION 0O.Z5612
NORMALIZED STANDARD DEVIATIONG, 1279
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FILE NAME . HDOS

¥aaess UUNRATIOED STATISTICS ###xx
MEAN OF LINE OF INTEREST . I8%.804
STANDARD DEVIATION OF LINE OF INTEREST [ 17.098
NORMALIZED STANDARD DEVIATION . 0.05%0
STATISTICS OF LINMES USED FOR RATIOQING
DICDE NUMBER OF RATIO LINE 974
MEAN 123.443
STANDARD DEVIATION 7.024
NORMALIZED STANDARD DEVIATION 0.0360
CORRELATION COEFFICIENT 0.0440

#%%%# RATIOED DATA ##%%4+
DIODE NUMBER OF RATIO LINE: 278
MAXIMUM QF THE RATIOS: 2.92%97
MINIMUM OF THE RATIOS: 2.0472
MEAN 2.3172
STANDARD DEVIATION 1917
NORMALIZED STANDARD DEVIATIONO,08Z27

FILE NAME [ HDO&

##a%#4 UNRATIOED STATISTICS #3aax
MEAN OF LINE OF INTEREST [ 213.448
STANDARD DEVIATION QF LINE OF INTEREST ; 22.%%2
NORMALIZED STANDARD DEVIATION | 0.07ZC
STATISTICS OF LINES USED FOR RATIOING
DIODE NUMBER OF RATIO LINE 374
MEAN B7.384
STANDARD DEVIATION 8.217
NORMALIZED STANDARD DEVIATION 0.0938
CCRRELATION CREFFICIENT ©.&8418

x4t RATIOED DATA #%xas
DICDE NUMBER OF RATID LINE: 974
MAXIMUM OF THE RATIOS: 4.0098
MINIMUM OF THE RATIOS: Z2.9635%
MEAN 3.396&
STANDARD DEVIATION 0.2564
NORMAL IZED STANDARD DEVIATIONO.QT713
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FILE NAME [ HDO?7

axnsss UNRATICED STATISTICS #ewdsw
MEAN OF LINE OF INTEREST ! 319.068
STANDARD DEVIATICN OF LINE QF INTEREST [ 24.408
NORMAL IZED STANDARD DEVIATION | 0.0745
STATISTICS OF LINES USED FOR RATIDING
DIODE NUMBER OF RATIO LINE 974
MEAN 73.4132
STAMDARD DEVIATION 8.318
NORMALIZED STANDARD DEVIATION 0.1160
CORRELATION CDEFFICIENT 0.7921

###d® RATIOED DATA ##dds
DIODE NUMBER OF RATIOD LINED ?74
MAXIMUM OF THE RATIOS! 35.6479
MINIMUM OF THE RATIOS: 3.834%
MEAM 4_.27482
STANDARD DEVIATION 0.3470C
NORMAL JZED STANDARD DEUIATIONG.0793

FILE NAME . HDOB

#a2une UNRATIQED STATISTICS ##a#%»
MEAN OF LINE OF INTEREST | 244.8937
STANDARD DEVIATION OF LINE OF INTEREST
NORMAL IZED STANDARD DEVIATIDN
STATISTICS OF LINES USED FOR RATIOING
DIOCDE NUMBER OF RATIO LINE 274
MEAN 72.109%
STANDARD DEVIATICN 10.084
NORMAL IZED STANDARD DEVIATION 0.1379
CORRELATION COEFFICIENT ©.7113

29.753
a.0821

sa#an RATIOED DATA #eaex
DIODE NUMBER OF RATIO LINE: 74
MAXIMUM OF THE RATIGS! 5.3472
MINTMLI® OF THE RATIOS: 4.2447
MEAN 5.0492
STANDARD DEVIATION Q.34Q9
NORMAL ITED STANDARD DEVIATIONG. 1071
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FILE NAME [ HDO?

#a4x4n UNRATIDED STATISTICS ####x
MEAN OF LINE OF INTEREST ! 363.1%0
STANDARD DEVIATION GF LINE OF INTEREST [ 352.4630
NORMAL IZED STANDARD DEVIATION @  O.1449
STATISTICS OF LIMNES USED FOR RATIOING
DIOPE NUMBER OF RATIO LINE 73
MEAN &B.322
STANDARD DEVIATION 10Q.3ZB
NORMALIZED STANDARD DEVIATION (.1342
CORRELATION COEFFICIENT 0.8734

4222 RATIDED DATA #wxasx
DIADE NUMBER OF RATIO LINE: ?74
MAXIMUM OF THE RATIOS: 4.4327
MINIMUM OF THE RATIOS: 4,35480
MEAN 3,33284
STANDARD DEVIATION 0.3107
NORMALIZED STANDARD DEVIATIONO.O7L9

FILE NAME | HD1O

#%aded UNRATIOED STATISTICS =sa#x
MEAN OF LINE OF INTEREST ! 443.330
STANDARD DEVIATION OF LINE OF INTEREST : 358.8233
NORMALIZED STANDARD DEVIATION ! 0.1327
STATTSTICS OF LINES USED FOR RATIOING
DICDE NUMBER OF RATID LINE ?74
MEAN 75,479
STANDARD DEVIATION 10.390
NORMALIZED STANDARD DEVIATION 0.1399
CORRELATIUN COEFFICIENT 0.8324

+e#as RATIOED DATA #44xs
DIODE NUMBER 0F RATID LINE: F74
MAXINUM OF THE RATIDS: 7.1292
MINIMUM QF YHE RATIOS! 4,7891
HEAN 35,3849
STANDARD DEVIATION 0.4700
NORMALIZED STANDARD DEVIATIOND.O799
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FILE MAME 7 ®Di1

*dade UUNRATIOED STATISTICS #4844
MEAN QF LINE OF INTEREST ! 445,317
STANDARD DEVIATION OF LINE QF INFEREST
NORMALIZED STANDARD DEVIATION
STATISTICS OF LINES USED FOR RATIOING
DICDE NUMBER OF RATIO LINE 374
MEAN 71,197
STANDARD DEVIATION 12.3&8
NORMALIZED STANDARD DEVIATION ¢.1807
CORRELATION COEFFICIENT 0.7771

#atas AATIOED DATA wxnese
DIODE NUMBER OF RATID LINE: 374
MAXIMUM OF THE RATIOS: 8.%480
MINIMUM QF THE RATIOS!: 4.7743
MEAN 5.347%
STANDARD DEVIATION 0Q.8098
NEBRMALIZED STANDARD DEVIATIONO.127&

FILE NAME [ HD12Z

#etex® UNRATIOED STATISTICS #i#wse
MEAN CF LINE QF INTEREST . 572.320
STANDARD DEVTIATION GF LINE OF INTEREST
NORRALIZED STANDARD DEVIATION
STATISTICS OF LINES USED FOR RATIDING
DIGDE NUMBER OF RATIO LINE 774
MEAM 84,073
STANDARD DEVIATION (1.204
NORMALIZED STAMDARD DEVIATION ©.1323
CORRELATION COEFFICIENT 0.7941

+2a8% RATIOED DATA 2#s8s
DIODDE NUMBER OF RATIOC LINE: 974
MAXIMUM OF THE RATIDS: g9.4979
HINIMUM OF THE RATIOS: .27%2
MEAN &4.3434
STANDARD DEVIATION §,3700
NORMALIZED STANDARD DEVIATICNO.OB33

62.023
J.13%2

60,232

9.1192
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