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Abstract 

A ground based near-infrared tunable diode laser absorption spectrometer (TDLAS), 

capable of measuring methane (CI14) and nitrous oxide (N20) in their natural 

abundance's within the atmosphere, has been designed and constructed. The 

spectrometer has high resolution (0.0003 cm7l), high precision (equivalent to a 

minimum detectable absorption of -2x 10-7) and uses the latest developments in near- 
infrared technology to provide similar sensitivities to mid-infrared laser spectrometers. 
A theoretical analysis of the noise performance of different detection schemes has been 

performed. It was concluded that near optimum performance could be achieved using 

second harmonic wavelength modulation spectroscopy in the 50-100 kHz region. 

Instrument sensitivity was enhanced through the use of a Herriott multipass cell. A 

computer model of the behaviour of a paraxial ray passing through such a cell has been 

developed, allowing suitable choice of cell design and spot pattern to be made. The 

model was modified to allow the behaviour of an astigmatic Herriott cell to be 

investigated. The model has shown that the astigmatic cell has all the inherent stability 

properties of the conventional cell. An astigmatic cell capable of supporting a 100 in 

pathlength in a2 litre mode volume was designed, built and tested. 

Performance assessment of the spectrometer was carried out. Detection limits 

equivalent to 560 pptV of methane and 22 ppbV of nitrous oxide were obtained. A 

field test and intercomparison with methane monitors (Flame Ionisation Detectors), 

showed that the retrieved concentrations from the spectrometer agreed to within the 

measurement uncertainty of the other instruments. 

Laboratory support for high resolution spectroscopic measurements of gases of 

atmospheric interest, including, methane, nitrous oxide and ammonia has been carried 

out. A rotational analysis of nitrous oxide was performed. 
A coolable Herriott cell capable of operating between 77 and 298 K has been designed, 

built and tested. 
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I- Introduction 

In the last two decades there has been increasing interest and concern about man's 

effect on the environment. It is clear that the Earth's atmosphere is changing. The 

concentrations of trace gases are (generally) increasing, not on geological timescales, 
but at rates as large as I% per year. The largest changes in concentrations are being 

observed in methane (CH4), carbon monoxide (CO) and nitrous oxide (N20). The 

timescale of these changes point to man's activities as being responsible [1]. Further 

evidence that that these changes are anthropogenic include the observation that the 
increase in CO is largely confined to the highly populated and industrialised northern 
hemisphere. Industrialisation, however, is not only responsible for these changes. 
Changes in land use and agricultural practices, including the heavy use of nitrogen 
based fertilisers and animal husbandry, are also thought to contribute to the release of 
trace gases [2]. 

These anthropogenic changes are thought to be responsible for two phenomenon being 

observed in the Earth's current climate, ozone depletion and global warming. Both are 
described below. 

1.1 Global Warmin 

The ultimate energy source for all weather and climate is radiation from the sun. 
Averaged globally and annually, about a third of incoming solar radiation is reflected 
back to space. Of the remainder, some is absorbed by the atmosphere, but most is 

absorbed by the land , ocean and ice surfaces. The solar radiation absorbed by the 
Earth's surface and atmosphere (- 240 Wmý) is balanced at the top of the atmosphere 
by outgoing radiation at infrared wavelengths. Some of the outgoing infrared radiation 
is trapped by the naturally occurring greenhouse gases (principally water vapour, but 

also carbon dioxide, ozone, methane and nitrous oxide) and by clouds, which keep the 
troposphere about 33*C warmer than it would otherwise be. This is known as the 

natural greenhouse effect In an unperturbed state, the net incoming solar radiation at 
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the top of the atmosphere, averaged over the globe over long periods of time, must be 

balanced by net outgoing radiation 
A change in average net radiation at the top of the troposphere, because of a change in 

either solar or infrared radiation is defined as radiative forcing. A radiative forcing 

perturbs the balance between incoming and outgoing radiation. Over time, climate 

responds to the perturbation to re-establish the radiative balance. A positive radiative 

forcing tends on average to warm the surface, while a negative forcing will tend to 

cool it. 

For example, an increase in the concentration of any of the greenhouse gases would 
bring about a reduction in outgoing radiation. This would result in a positive radiative 
forcing and a warming of the Earth's surface. When the concentration of such naturally 

occurring greenhouse gases increase it is referred to as the enhanced greenhouse effect. 

It is estimated that the global mean temperature has increased by over two degrees, 

over the past two centuries, as a direct consequence of the enhanced greenhouse effect 

[3]. 

1.2 Ozone Denletion 

Ozone is a key species in stratospheric chemistry. It is extremely important to the 

Earth's ecosystem since it absorbs harmful radiation 230nm) which sterilis, es 

biological life on a nuclei level. 

Decreases in stratospheric ozone have occurred since the 1970s. In 1988 the 

International Ozone Trends Panel reported a maximum decline of 6.2% in ozone 

between 30*N and 64N in the period from 1969 to 1986 [4]. The most startling 

feature was the discovery of the Antarctic Ozone hole by Farman in 1984 [5]. The 

October average total ozone values over Antarctica are 50-70 % lower than those 

observed in the 1960s. The ozone loss occurs at altitudes between 14 krn and 24 km. 

The chemistry responsible for this ozone depletion will now be described. 
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1.2.1 Ozone Chemistrv 

The destruction of ozone is brought about by catalytic reaction cycles that may be 

summarised as: 

X'u+03 XO*+02 

03+ hv 0+ 02 

0+ XO*-> X*+ 02 

NET: 203 + hv -> 
302 

In this set of reactions, X- and XO - are radicals that catalyse the conversion0f 03 to 

02. The most important catalysts in the atmosphere are the oxides of nitrogen, NO and 
N02. Ground level emissions of N20 are responsible for the bulk of oxides of nitrogen 
in the stratosphere. 
The large reduction in ozone observed during the winter months is caused by the 

enhanced CFC-ozone chemistry that occurs in the cold stratosphere over the poles. 
Above about 17-25 krn, the available solar radiation is energetic enough to destroy the 

CFC's releasing chlorine and chlorine monoxide molecules: 

n02 (1.2) 
CFC13 +hv(%: 5260nm)-ýCO2 +IHF+3(Cl. or CIO. ) 

These molecules are extremely powerful ozone destroying catalysts. The relevant 

ozone destruction cycle that results from the release of these molecules is obtained by 

substituting Cl and CIO for X- and XO - in the reactions given in (1.1). CFC 

concentrations are increasing at approximately 6% per year [6]. 

1.3 Atmospheric Monitorin 

Accurate and precise monitoring of atmospheric trace gases and industrial pollutants 
has become increasingly important as a consequence of the concerns over the causes 

and effects of atmospheric pollution as detailed previously. Many techniques exist for 
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monitoring trace gases and pollutants, ranging from ground based spectroscopic 

techniques to aircraft, balloon and satellite observations. The retrieved data from such 

measurements is being used in theoretical models to predict current and long term 

trends. In addition, legislation concerning gaseous emissions from industrial sources 

and motor vehicles, and the requirement for safety monitors capable of long term 

unattended operation has led to the search for new and inexpensive instrumentation to 

accurately monitor gases such as N20, CH4, CO and NH3 [7]. A review of different 

detection techniques and instrumentation currently available is given below. 

1.3.1 Measurement Technioue and Instrumentation Review 

Fourier transform Infrared (FTIR) spectroscopy has been used extensively for trace gas 
detection. Spectral coverage is very broad (2-10 gm) with all wavelengths being 

detected simultaneously. Solar spectra have successfully been recorded on a variety of 

platforms. The Atmospheric Trace Molecule Spectroscopy (ATMOS) instrument was 

part of the ATLAS payload on the Space Shuttle and was used to record solar 

occulation spectra at sunrise and sunset [8]. Toon et al [9] have used FTIR on board 

an aircraft and measured key trace species across the polar vortex boundary. The 

disadvantage of FTIR is that sensitivity is limited by the low intensity of the IR light 

sources, the instrumentation is very expensive, not particularly compact and has slow 

response times (typically 1-2 minutes). Instrument resolution is typically 0.01 cm7 

Tunable Diode Laser Heterodyne Spectrometers (TDLHS) operate by heterodyning 

tunable diode laser radiation, at wavelengths around 10 g m, with solar radiation. By 

measuring the power generated in a narrow window (5-50 MHz) in the RF region, as 
the laser is tuned, resolutions of 0.00 1 caf ' (3 0 MHz) can be obtained. Martin has used 
this technique for retrievals Of 03, HN03 and CLON02 [10]. This technique precludes 

point monitoring. 
LIDAR utilise two IR laser wavelengths, one where the molecule absorbs and the other 

where there is very little absorption. Both are back-scattered, but the signal with no 

absorption will be stronger providing a differential spectrum. This technique has been 
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used to measure a wide variety of gases, including NO, N027 03 and C02- Sensitivity 

with this technique is limited by pressure broadening. 

Laser Induced Fluorescence (LIF) measures the fluorescence from molecules that have 

been electronically excited by laser radiation. This technique is one of the most 

sensitive, but is not widely applicable because a different excitation scheme is needed 
for each species and many polyatomic molecules photodissociate rather than fluoresce. 

Optoacoustic techniques have only recently been investigated. Modulated light 

absorption in a resonant cell results in the formation of pressure waves which are 
detected with a microphone. An advantage of this technique is that the sensitivity is not 
dependent on the absorption pathlength, meaning that instrumentation can be kept 

compact. Good sensitivities can be obtained but high laser powers are needed. This 

technique is one of the most promising for future development. 

Analytical techniques such as Mass Spectroscopy (MS), Gas Chromatography and 
Titration can provide exceptional sensitivity and accuracy, but are not suitable for ill 

situ real time measurements. 
Tunable Diode Laser Absorption Spectroscopy (TDLAS) measures the absorption 

resulting from the interaction of light with molecules. A semiconductor laser, usually 

operating in the infrared, is used as a source. A variety of detection techniques exist to 

allow the absorption to be detected. Of all the techniques discussed so far, TDLAS has 

been shown to provide some of the best sensitivities. Consequently, it has become one 

of the most widely used techniques for trace gas and pollutant detection. 

At the outset of this research virtually all TDLAS operated in the mid-infrared. 
Instruments such as the Airborne Laser Infrared Absorption Spectrometer (ALIAS) 

[II] used lead salt lasers operating in the 3 -10 pm region to record spectra of N20, 

CH4, N02 and HN03. Absorptions as small as WO could be detected giving 
detection limits in the parts per trillion (ppt -I part in 1012) to parts per billion (ppb -I 
part in 109) for the species mentioned. 
The mid-infrared has conventionally been chosen because the strong fundamental 

transitions of most molecular species are found in this region. However, the mid- 
infrared lead salt lasers used in these spectrometers have low power outputs, suffer 
from poor mode and beam quality and require cryogenic cooling. This limits the 
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sensitivity that mid-infrared instruments can achieve. It also prevents long term 

unattended operation and inhibits their use on aircraft. 
In the near-infrared, where the first or second overtone bands are found, the transitions 

are usually two to three orders of magnitude weaker than the fundamentals. In 1992, 

Cooper and Martineli [12] suggested that the latest advances in near-infrared lasers 

(high bandwidths, excellent mode purity and high output powers), developed for the 

communication bands at 1.3 and 1.5 p m, could compensate for the weaker 
linestrengths associated with overtone transitions and provide sensitivities close or 

equivalent to those obtained with n-dd-infrared lasers. The main advantage, however, 

would arise from the fact that these lasers and the accompanying detectors would 
operate at room temperature. This would significantly reduce the weight, size and cost 
of the instrumentation. 

The main aim of this study has been to design, construct and assess the performance of 

a ground based near-infrared tunable diode laser absorption spectrometer. This 

spectrometer would utilise the latest advances in near-infrared technology to provide 

sensitivities equivalent to n-dd-infrared instrumentation. 

The remainder of this thesis has been split up into six chapters, organised as follows: 

Chapter 2 contains the background theory relating to infrared spectroscopy, the 

semiconductor laser and the physics necessary for the interpretation of atmospheric 

spectra. 
Chapter 3 describes work carried out in the laboratory aimed at measuring 

spectroscopic parameters (linestrengths, line positions, broadening coefficients etc. ) of 

gas species of interest to this study (CYL, N20, NH3). The operating characteristics of 
the lasers used are also described. 

Chapter 4 contains a detailed description and analysis of the multipass Herriott cell 
used in the instrument to provide pathlength and sensitivity enhancement. Design and 
testing of an astigmatic Herriott cell, capable of providing aI 00m pathlength in a2 
litre mode volume is described. 

Chapter 5 covers the design of the near-infrared tunable diode laser absorption 
spectrometer capable of detecting methane and nitrous oxide. A theoretical sensitivity 
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analysis of different detection schemes has been performed so as to assess which is 

best suited to this particular application, with an emphasis on high sensitivity, 

practicality and cost effectiveness. The optical and electronic layout of the instrument is 

described and a study into optical fringe reduction techniques is discussed. 

Chapter 6 details the steps taken to calibrate and assess the performance of the 

instrument. A field test, measuring methane at a landfill site is described and the results 

of an intercomparison with other methane monitors are given. An overall error budget 

for methane and nitrous oxide measurements has been determined. 
Chapter 7 covers the design, construction and operation of a coolable Herriott cell, 

capable of operating between 77 and 298 K. This cell has important applications in 

simplifying congested spectra and allowing the temperature dependence of molecular 
line parameters to be determined. 
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2.1 Spectroscopic Theorv 

2.1.1 Classirication of Molecules 

For the purpose of spectroscopic study, molecules are classified according to their 

principal moment of inertia. The moment of inertia, 1, of any molecule about any axis 
through the centre of gravity is given by [ 13 ]: 

miril (2.1) 

where mi and ri are the mass and distance of atom i from the axis. Convention has the 

axis with the maximum moment of inertia labelled the c axis, and the axis with the 

minimum moment of inertia, the a axis. A third axis, perpendicular to the other two, is 

called the b axis. According to convention: 

Ic ý: Ib ý! 18 (2.2) 

Molecules can be classified into four distinct groups by their moment of inertia. Linear, 

Spherical Top, Symmetric Top and Asymmetric Top. The last two classes can be 

further differentiated into oblate and prolate symmetric tops and near oblate and near 

prolate asymmetric tops. Table 2.1 lists the different classes, the relationship of their 

principle moments of inertia, and a typical molecular example. 

Moment of Inertia Class Example 

IG = Ib > 'a =0 Linear N20 

ic =Ib=I Spherical Top C114 

Symmetric Top 
Ic > Ib =I - Oblate CHC13 
IG =Ib>, 

a - Prolate 
Asymmetric Top 

CH3CI 

Ic > lb ; ts I 

,a ; tý Ib > 1. 
- Near Oblate 

- Near Prolate 
HON02 

H20 

Table 2.1 - Classification of Molecules 
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2.1.2 The Harmonic Oscillator-RiOd Rotor Model 

A molecule in space will posses vibrational, rotational and electronic motion. The 

combined energy of the molecule will be quantized into discrete states which can be 

determined by solving the Schr6dinger equation: 

HT = ET (2.3) 

The complexity involved in solving this directly for a system of interacting nuclei and 

electrons, however, precludes this approach from being used in all but the simplest of 

molecules. 

The Born-Oppenheimer approximation assumes that the rotational, vibrational and 

electronic motions can be treated as if they are independent. As such, the combined 

energy of the molecule will simply be the sum of the energies associated with these 

motions: 

E= Ec +Ev +Er (2.4) 

This allows the Hamiltonian and wavefunction to be resolved into corresponding 

components, i. e.: 

H=H+H+H (2.5) 

Solutions for the energy levels of the independent motions are much more easily 
obtained. 
Molecular spectroscopy may be defined as the study of the interaction of 
electromagnetic waves with matter. Absorption or emission of electromagnetic 
radiation occurs when there is a transition between two different states of either the 
rotation , vibrational or electronic energy levels. In the infrared, where this study is 

concerned, the electromagnetic radiation does not have the required energy to bring 
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about electronic transitions and spectra obtained in this region are a result of rotational 

and vibrational transitions only. 
A simplified analysis of the rotational and vibrational motions of a diatomic molecule 

can go along way to explaining the form the absorption spectrum takes. Such an 

analysis is given below. 

Vibration - Harmonic Oscillator Approximation 

The vibration of a diatomic molecule may be approximated by assuming that the 

compression and extension of the bond between the two atoms can be likened to the 

behaviour of a spring. In this case the bond will obey Hooke's law: 

f= -k(r - rq) (2.6) 

where f is the restoring force, k the force constant and r the internuclear distance. The 

energy curve resulting will be parabolic and will have the fonn: 

I k(r - r.,, )' 2 

(2.7) 

This model for the vibrating diatomic molecule is called the simple harmonic oscillator. 
Continuing the spring analogy, the bond will exhibit a particular oscillation frequency 

dependent upon the mass of the system and the force constant. Classically this 

oscillation frequency will be: 

Zý, I il (2.8) 

sc 27cc 

where g is the reduced mass. 
Solving the Schr6dinger equation for the simple harmonic oscillator, with potential 

energy given by (2.7), gives the allowed vibrational energies. They can be shown to be 

L 14]: 

a 12 



(v 
+ .) zi.. 

(2.9) 

where v is the vibrational quantum number. Equation (2.9) shows that vibrational 

energy levels are equally spaced for a hannonic oscillator. 
It can be shown that the selection rule for the harmonic oscillator is: 

AV = ±1 (2.10) 

The selection rule states that transitions can only occur between neighbouring states. 
This would give rise to a series of superimposed transitions at a frequency given by 

UOSC * 
Later we will see that real molecules do not obey exactly the simple laws of harmonic 

motion. 

Rotation - Rigid Rotor Approximation 

A rigid rotor is a useful model for the end over end rotation of a diatomic molecule. 

The bond joining the nuclei is regarded as a rigid, weightless rod. The moment of 

inertia about the centre of gravity can be shown to be [13]: 

MIM2 22 

MI+M2 
r. 

(2.11) 

where m, and m2 are the masses of the two nuclei, r,, is the bond length and g, as 
before, is the reduced mass. The Schr6dinger equation can be used to determine the 

allowed rotational energy levels for the rigid rotor approximation. They can be shown 
to be [14]: 

h 
J J+l) 

87c, IC 

(2.12) 

J is the rotational quantum number and can take any integer value from zero upwards. 
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Equation (2.12) is usually given as: 

ej = BJ(J + 1) (2.13) 

where B, the rotational constant, is: 

Bh 
(2.14) 

Tii-ic 

The separation of the energy levels increases with increasing J. 

Selection rules for rotational transitions can be shown to be: 

AJ = ±1 

The rigid rotor model predicts that transitions will occur at frequencies given by 2B, 

4B, 6B, 8B,....,, crif'. In other words a series of equally spaced lines with separation 
2B. 

Rovibrational Transitions 

So far, rotational and vibrational transitions have been treated separately. However, 

lines resulting from both vibrational and rotational transitions are allowed. Using the 

Bom-Oppenheimer approximation, the energy of the combined transition, is just the 

sum of the energies associated with the individual transitions, i. e.: 

C Tot = F, 
v 

+er (2.16) 

Selection rules for rovibrational transitions are the same as for individual transitions, 
i. e.: 

AJ = ±15, AV = ±1 (2.17) 

Rovibrational transitions would give rise to a spectrum, centred at a frequency given by 

Uosc . with equally spaced lines on either side, with separation 2B. The centre 

frequency is usually referred to as the band centre. Transitions with Ai=+I are 
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known as R branch transitions while those with AJ= -I are referred to as P branch 

transitions. 

2.1.3 Anharmonicitv and CentrifuLyal Distortion 

Anharmonicity 

Real molecules do not obey the laws of simple harmonic motion. For example, if the 

molecule is stretched, there will come a point where it will eventually break, and the 

molecule will dissociate into atoms. An empirical expression which fits the potential 

energy curve associated with real vibrating molecules was derived by Morse. If this 

expression is used in the Schr6dinger equation, the pattern of allowed vibrational 

energy levels becomes [14]: 

Ye 
12 

aoxe 
(2.18) 

where U. is the oscillation frequency and X. is the anhannonicity constant which will 

always be positive. Instead of the vibrational levels being equally spaced, as was the 

case with the hannonic oscillator, the separation decreases with increasing v. This 

anhannonicity also leads to changes in the selection rules. They can be shown to be: 

Av = ±1, ± 2:, ± 3,.... (2.19) 

The transitions associated with Av = ±2, ±3 are known as the first and second 

overtones. Each additional overtone transition will have rapidly diminishing probability. 
As a rule of thumb, for each additional vibrational quantcthe intensity of the lines will 
be - 100 times weaker. The first and second overtones will to a first approximation be 

at 2 U. and 3 Z!,. 

At room temperature, virtually all molecules will be in the ground state, because hU. 

ý: kT. If the molecule is very anharmonic or has a very low vibrational frequency, then 

some molecules will be in the v=I state, giving rise to the possibility of hot band 
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transitions, i. e. v=I -> v=2. The low population of the v=1 state means that such 

transitions will be extremely weak. 

Centrifugal Distortion 

Real atomic bonds are not rigid, and as the rotational energy increases (high J), 

centrifugal distortion will lead to an increasing bond length. From the expression for 

the moment of inertia in (2.11), it can be seen that the increased bond length win lead 

to an increased inertia and ultimately in a reduced rotational constant, B. Thus the 

rotational transitions will no longer have equal spacing, but will gradually start to 

converge as the rotational energy is increased. Solving the Schr6dinger equation for a 

non rigid rotor gives the allowed rotational energies: 

&I = BJ(J + 1) - DJ 2 (J + 1) 2 (2.20) 

D is known as the centrifugal distortion constant, and is given by: 

h3- 
327C4 I'r'kc 

This implies a harmonic force field. If this is not the case, then the rotational energies 

are given by: 

&I = BJ(J + 1) - DJ'(J +1)2 +Hj3 (j + 1)3 +Kj4(j + 1)4 (2.22) 

where H and K are small constants depending on the molecular geometry. 
The selection rule for the non rigid rotor are the same as the rigid rotor. 

2.1.4 Polvatomic Molecules 

So far only an analysis of the rotational and vibrational motions of a diatomic molecule 
has been considered. The effect of vibration and rotation on polyatomic molecules will 
now be discussed. 

16 



Vibration 

A molecule consisting of N atoms will have 3N degrees of freedom. Specifying the 
translational movement of the molecule requires three of these 3N degrees of freedom 

and another three are used to specify the three perpendicular components of the 

rotation. The only other type of motion allowed is internal vibration. Therefore, 3N-6 

modes of vibration are possible in aN atom non linear molecule. If the molecule is 

linear, only two degrees of freedom are required to specify the rotation, giving 3N-5 

modes of vibration. Thus, while a diatomic molecule only had one fundamental 

oscillation frequency, U, polyatomic molecules will have 3N-6 or 3N-5. 

Vibrational modes are further distinguished by the change in the electric dipole they 

produce. If the change in the electric dipole is along the symmetry axis, the vibration is 

referred to as being parallel, while if it is at right angles to the symmetry axis it is 
known as a perpendicular transition 
PolYatomic selection rules are also changed, with combination bands and difference 

bands now permitted i. e. V, + V2.2v, + V3. V1 - V2 , These bands will normally be 

very weak, but can significantly complicate spectra. 

Rotation 

The discussion on diatomic molecules can equally be applied to polyatomic linear 

molecules, with the rotational energy levels given by the expression in (2.20). 
PolYatOMiC linear molecules will generally have greater moments of inertia than 
diatomic's leading to spectral lines that are more closely spaced. 
Symmetric top molecule's rotational energy levels become more complicated. There 
are now two directions of rotation and consequently two quantum numbers are used to 
describe the degree of rotation. J,, is chosen to represent the total angular momentum 
and K is used to represent the rotation about the top axis. The energy levels for the 
symmetric top can be shown to be: 

cl. K = BJQ + 1) + (A - J3)K 2- DjJ'(J +1)2 -DIKJ(J + I)K 2- DKK' (2.23) 
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A and B are the rotational constants for the two moments of inertia, i. e.: 

A=j7 
h 

C, 
B 

h (2.24) 
C2I C 81C21bC 

J, as before, can take any positive integer value while K can take values: 

K=J, J-1 
, J-2 ....... 0 ....... . 

(J- 1) , -J (2.25) 

The selection rules for this molecule may be shown to be: 

AJ = ±1, AK =0 (2.26) 

The spectrum will be similar to that obtained for a linear molecule except that, for each 

rotational transition, J+l additional lines will be associated with K. 

Rovibrational Transitions - Selection rules 

For rovibrational transitions, the selection rules are found to depend on whether the 

vibrational transition is parallel or perpendicular. The selection rules are summarised 
below: 

Linear Molecule - Parallel 

AJ =±1, Av =±1, (±2, ± 3,... ), At =0 (2.27) 

Linear Molecule - Perpendicular 

AJ = 0, ± 1, Av =±1, (±2, ± 3,... ), Al = ±1 (2.28) 

For the first time, selection rules now say that a vibrational transition can take place 
without a simultaneous rotational transition. This gives rise to a set of lines between 

the P and R branches. These lines are commonly referred to as Q branch transitions. In 

addition, the orbital angular momentum quantum number, 1, has been included. A 
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component of the orbital angular momentum along the intemuclear axis allows 
Al = ±1 for perpendicular transitions. 

Symmetric Top - Parallel 

Av=±I, AJ=O, ±11, AK=O 

Symmetric Top - Perpendicular 

Av = ±1, AJ = 0, ± 1, AK = ±1 

Again, for perpendicular vibration, Q branch transitions will be allowed. 4P 

(2.29) 

(2.30) 

For more complicated molecular shapes the complexity of the spectrum increases. This 

is outwith the scope of work covered in this thesis but an analysis can be found in 

Herzberg's book [15]. 

2.1.5 Thermal Populations 

It will be shown later that one of the main factors governing the strength of a transition 

is the population of the energy level from which the excitation is occurring. The 

fractional population of the mth level is given by the Boltzmann distribution [ 16]: 

Nln 
= 

g. exp(-E. /kT) 
1: Ni Igiexp(-Ei/kT) 
ii 

(2.31) 

where g. is known as the statistical weight of the state and E. is the energy of the state 
The statistical weight will comprise of the degeneracies associated with vibration, 
rotation and nuclear spin. The denominator is known as the partition function, and is 

the sum of all the states accessible to the molecule at a temperature T. The partition 
sum, Q, will be the product of the internal partition functions associated with vibration 
and rotation. i. e. 
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Q=Q,, Q, (2.32) 

The vibrational partition surn, Q, can be written as the product of the 3N-6 normal 
modes of vibration for aN atom molecule: 

Q,, = Q, (I)Q, (2) ..... Q, (3n-6) (2.33) 

where for each mode: 

1 (2.34) 
[I 

- exp(hcv, /kT)l 

The fractional population of a given level will be given by: 

Fv =9V exp 
(Ev - E. 1) (2.35) 

QV kT 

The rotational partition function, Q,, will be the sum of all the rotational levels. It can 
be shown to be: 

Qr (2J + 1) exp(-E, /kT) (2.36) 

The (2J +1) term represents the statistical weight of each rotational level, and arises 
fforn the (2J+I) values that M, can take. 

2.1.6 Spin Degeneracy 

The discussion so far about the thermal population of a given level has not considered 
the effect of nuclear spin degeneracy. Spin degeneracy does not affect the vibrational 
population levels, but can be an important factor in the population of rotational levels. 
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Particles with spin of half integer value (Fermi particles), that exchange position with 

an identical particle equidistant from the centre of the molecule, will cause the overall 

sign of the wavefunction (T = W. ViV,, W. j to change (a consequence of the Pauli 

Exclusion principle). In such a case it is said that the overall functions are 

antisymmetrical to nuclear exchange. If the particle has integer spin (Bose particles), 

the exchange will not lead to a change in sign of the overall wavefunction and the 

function is said to be symmetrical to nuclear exchange. Determining all the possible 

spin combinations allows the number of symmetric and antisymmetric nuclear spin 

wavefunctions for a given molecule to be determined. Taking the example of acetylene, 
it is found that the ratio of symmetric to antisymmetric functions is three to one. In 

order to preserve the antisymmetry of the overall wavefunction, it is found thafthe 

symmetrical nuclear spin functions can only exist for even J and that the 

antisymmetrical nuclear spin functions can only exist for odd J. This leads to the 

populations of the odd J energy levels being three times greater than the even J energy 
levels. Consequently, rotational line intensities of acetylene exhibit a characteristic 

strong - weak - strong - weak signature. Calculating the number of symmetrical and 

antisymmetrical wavefunctions becomes increasingly complicated as the symmetry of 

the molecule becomes lower. 

2.1.7 Absorption Coefficients and Line Intensities 

The Beer-Lambert Law describes the homogeneous attenuation of radiation traveffing 

through a homogeneous absorbing medium. It takes the form: 

I(v, x) = I. exp(-a(v)x) (2.37) 

where I(v, x) is the emergent intensity, L is the incident intensity, x is the concentration 

pathlength product and a(v) is the absolute absorption coefficient. x represents the 

number of absorbing molecules per unit area and will have units of molecules. cm7 2- The 

absolute absorption coefficient will be given in units of cmý. moleculd". For the 

absorption of monochromatic light by one molecular gas in the atmosphere, the Beer- 
Lambert law becomes: 
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I,, exp(-(x(v)P. 1) (2.38) 

where a(v) is the linear absorption coefficient defined in cirf 1 atmospheres-', P. is the 

partial pressure (atm. ) of the gas in the atmosphere and I is the optical pathlength in 

cm. 

The absorption coefficient can be related to the molecular line intensity, S, by: 

a(v) = Sg(v - v. ) *N (2.39) 

where g(v - v,, ) is the normalized lineshape function (units Of cm) and v. is the 

frequency at line centre. The molecular line intensity, S, is given in units of cm 

molecule". N is the total number of absorbing molecules per cm' per atmosphere. The 

value of N at 296 K is known as Loschmidt's number (NL = 2.479 x 1019 molecules crif 
3 

atnf '). 

The line intensity can also be related to the Einstein coefficient for stimulated 

absorption, Bjj, between levels i and j by: 

S= 
lfv-ji 

Bji (Ni - Nj) 
c 

(2.40) 

where -Vji is in Hz and Ni and Nj are the population of the two levels under 

consideration. Following Duxbury [17] and substituting the expressions for the Einstein 

coefficients it can be shown that the line intensity (cm moleculd-1) is given by: 

'N 
s=C, 

Nvji 
exp 

(-P 
)[I-exp 

(-hcvji) ]I(illIF 
1#2 

(2.41) 

NoQvQr 
ýýT ý -kT ) 

where C= 8n'/3hc, N is the number of absorbing gas molecules per cra' per 

atmosphere, Q, and Q are the vibrational and rotational partition functions 
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and I 
('II'Flj)l 2 

is the square of the dipole transition moment with units Coulomb per cm 
(C*Cný). ý4 is the electric dipole moment operator and is given by [13]: 

gF qiri (2.42) 

where qj and ri are the charge and position vector of the ith particle. The transition 

moment can be though of as an oscillating electric dipole moment due to the transition. 

The square of the transition moment gives the transition probability. 

2.1.8 Lineshal2es 

So far, nothing has been said about the form of the lineshape function, g(v - v. ). For 

atmospheric measurements, the lineshapes fall into three regimes, namely Doppler 

broadened, Lorentzian pressure broadened and an intermediate case, Voigt. 

All radiative transitions have a characteristic lifetime, At. As a consequence of 

Heisenberg's uncertainty principle, there will be an uncertainty in the energy of the 

transition, i. e.: 

AEAt 2: ft (2.43) 

This leads to all transitions having a characteristic natural linewidth (HWIHM), that can 
I be shown to be [13]: 

AV zt - 
327rY 1('II'Flj)12 

(4ne. )3hc' 

(2.44) 

When collisions occur between atoms or molecules there is an exchange of energy 
which leads to a broadening of the energy levels. The more collisions that occur the 

greater the broadening effect. This broadening mechanism dominates at high pressure. 
For this reason, this broadening mechanism is usually referred to as pressure 
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broadening. It has a characteristic Lorentzian lineshape given by the follovAng 

expression: 

9L(V- V. ) = 
1/y L 

(2.45) 

V-V , 
)2 2 R +YL 

where 7L the Lorentzian ERVHM, is given by: 

(2.46) 

YL =[yap& +Ybpbl 
T. ) ( 
F) 

where y. and yb are the self and foreign gas broadening coefficients and P. and Pb are 

partial pressures of the respective gases. 
At low sample pressures Doppler broadening is found to dominate. Doppler 

broadening'arises from the motion of absorbing or emitting molecules relative to the 

source or the detector. It can be shown that the characteristic lineshape resulting from 

Doppler broadening takes the form: 

I 
n(2) 2 

7r 
9D(V- V 

(L 

7D 71 

(+-V. ) 2 Ln(21 
exp ( 

(2.47) 

where the Doppler width, YD 5, is defined as 

I 
v. (2kT. ln(2))i 

m 
YD = ýý) 

cm 

(2.48) 

At intermediate pressures, the lineshape is a convolution of both the Lorentzian and 
Gaussian lineshapes. It is known as the Voigt lineshape and can be expressed as: 
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9v(v- V. ) -2X-) 
exp(-y 

2) 

-- dy 
(2.49) 

7r )2 7r 

1 

f1x2+ 

(Z 
-y 

where 

-1 (2.50) 
2 

B 
D)Fln(2) 

(TI 

L 
7c 

X L ln(2)12 L 

IDI 

z 
][I 

n(2)12 
D 

There are many approximations to this integral. A commonly used one is that derived 

by Humlicek [18]. The width of the Voigt function can be determined empirically by 

the following expression: 

1 
22 )2 

,yv=0.53 67 L+ 
(0-2166Y 

L+7D 
(2.51) 
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2.2 Diode Laser Theorv 

2.2.1-Theorv of Operation 

At the heart of the semiconductor laser is the p-n junction. The p-n junction is formed 

from a single-crystal material in which one region is doped with acceptor impurity 

atoms to form the p-region and the adjacent region is doped with donor atoms to form 

the n-region. Majority carrier electrons in the n-region will begin diffusing into the p- 

region and majority carrier holes in the p-region will diffuse into the n-region. 
Eventually a steady state is reached, in such a way that further diffusion of holes and 

electrons is opposed by the electric field across the p-n junction, arising from the 

negatively charged acceptors on the p side and the positively charged donors on the n 

side. The Fermi level, defined as the energy at which the probability of occupation is 

exactly one-half, will be continuous across the junction. 

If an external voltage is applied, the electric field across the junction will be reduced, 

allowing further diffusion of electrons and holes. A narrow depletion region forms 

where electrons and holes are present simultaneously. These electron-hole pairs can 

undergo several processes by which they can recombine either radiatively or non 

radiatively. Radiative recombination involves the emission of a photon with 

energy, hv =- E., where E. is the bandgap of the material. This photon can be 

reabsorbed, forming another electron hole pair. By suitable choice of doping material 

and bias voltage, a situation known as population inversion can occur. The rate of 
photon emission exceeds that of absorption and the junction is then said to exhibit 
optical gain. The wavelength of the stimulated emission in p rn is [ 19]: 

1.24 

Eg 
(2.52) 

A second requirement for lasing is that the emission is coherent. This is achieved by 
forming an optical cavity about the junction. Cleaving the crystal, so that the ends act 
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as two partially reflecting parallel mirrors, forms a Fabry-Perot resonant cavity. The 

cavity will cause a build-up of optical intensity from positive feedback. The resonant 

modes of the cavity can be shown to be: 

( 
=[tL "2) 

(2.53) 

where N is an integer, ýt is the refractive index of the material concerned, L is the cavity 

length, and% is the wavelength of the emission. The broad gain curve, typical of a 

semiconductor laser, ensures that several longitudinal cavity modes can lase at one 

time. The laser output is referred to as being multimode. This basic p-n junction diode 

laser configuration is known as a homojunction laser. 

2.2.2 Confinement 

In the homojunction laser both the charge carriers and photons can diffuse out from the 

active region of the diode. This leads to poor internal and external quantum 

efficiencies, resulting in high threshold currents. To improve the quantum efficiency, 

these charge carriers and photons must be confined within the active region. This is 

achieved by sandwiching the active material between two passive layers of material that 

have wider bandgaps. This is known as a double heterostructure. The potential barriers 

formed at both junctions ensures that the charge carriers are confined. The passive 
layers also confine the photons via index guiding. The layers are of lower refractive 
index than the active region, resulting in total internal reflection occurring at the 
interface. 

2.2.3 Single mode operation 

For spectroscopic purposes it is advantageous if the laser output is single mode. 
Several techniques exist to enable single mode operation. Two of these techniques 
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incorporate a grating into the semiconductor structure. In the distributed feedback laser 

(DFB) the grating is adjacent to the active region where the current flows. The grating 
layer is etched with a first order grating of period A. This provides additional 
feedback by backscattering. Coherent coupling can only take place when the following 

condition is met: 

M'% 
2g 

(2.54) 

where A is the grating period, g is the refractive index, X is the lasing wavelength and 

m is the order of Bragg diff-raction. Any cavity modes that do not meet this condition 

will destructively interfere ensuring single mode operation. A consequence of this 

additional feedback mechanism is a reduced linewidth. Typically linewidths of the order 

10-50 NIHz are achieved. 
The second technique operates on the same principle, but the grating is in the passive 

part of the laser. These devices are known as distributed Bragg reflection (DBR) lasers. 

These lasers, however, are not as efficient as DFB devices. 

A third technique used to achieve single mode operation is to use an external cavity. 
The front facet of the diode is anti reflection coated and an external grating and the 

back facet of the diode form the cavity surfaces. The grating selects one particular 

wavelength to feedback into the laser, ensuring that only one mode will lase. The 

higher Q factor, associated with the longer cavity length gives linewidths in the 100 

kHz region. However, the external grating is alignment sensitive, making these devices 

less practical to operate. 

2.2.4 Tuninf! Mechanism 

The operating wavelength of the laser can be tuned by either changing the laser current 
or the diode temperature. In both cases 31 the tuning mechanism is thermal. Change in 

the junction temperature changes the bandgap of the material, and from equation 
(2.52), the wavelength of the diode. It. is strictly more correct to say that current tuning 

28 



is dominated by the thermal mechanism, because the change in the current density also 

causes the wavelength to change. The current density tunes the laser in the opposite 

sense to thermal tuning. Thermal tuning changes the refractive index of the material 

and hence the cavity length. 

The conflict in the tuning rates of the broad band gain curve of the laser and the 

longitutinal modes leads to mode hops. In DFB lasers the tuning rates are similar, 

giving continuous tuning over 3-5 mn. 

2.2.5 Near and Mid-infrared Lasers - ComDarison of Characteristics 

In the mid-infrared, laser diodes are made from group II-group VI elements such as 
PbS,, PbSe and PbTe. For this reason they are normally referred to as lead salt lasers. 

The bandgaps of these materials allow coverage between 2.5 - 20 Pm. Lead salt 

materials have poor electrical and quantum efficiencies, in addition, growing these 

materials is difficult, which has resulted in homostructure devices being the dominant 

type of lead salt laser commercially produced. The poor efficiency, means that 

cryogenic operation (- 30K) and high threshold currents of 0.5 -I amp are required. 
This has limited the practicality of these devices in field instruments. Laser output is 

multimode, but at low currents is dominant mode. The lack of confinement in the 
homostructure device produces inferior near and far field beam quality. Typical power 

outputs of 100 - 500 IM are obtained. Recent developments in material growth 

techniques has allowed double heterostructure devices to be manufactured. The 
increased efficiency associated with confinement allows the lasers to be operated at 
liquid nitrogen temperatures (77K). 

In the near-infrared, commercial production of lasers for the communications industry, 
has led to superior production techniques. The lasers are made of group III - group V 

elements such as GaAs. In practice the structure of commercial lasers is significantly 
more complicated. High quantum efficiency allows low threshold currents (20-30 mA), 
high output power (1-10 mW) and room temperature operation. Confinement and 
distributed feedback gives superior beam quality and single mode operation. A recent 
development has been the strained quantum well laser. In the quantum well laser, the 
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active layer is so thin (<20nm), that carriers are confined in quantum states. This 

improves efficiency and threshold currents as low as a 2-5 mA can be achieved. 

The near-infrared lasers used for communication purposes are usually packaged with 

inbuilt thermoelectric coolers and optical isolators to further improve noise 

perfonnance. 
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Chapter 3- 

Spectroscopic Measurements 
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3.1 Introduction 

This chapter describes work undertaken in the laboratory aimed at measuring near- 
infrared spectroscopic parameters (line positions, line intensity, broadening coefficients 

etc. ) of different gas species of interest, including methane (CH4), nitrous oxide (N20), 

acetylene (12 C2H2,13C 2H 2) and ammonia (14NH3,15'NH3). Spectroscopic measurement 

was carried out using near-infrared distributed feed back (DFB) lasers and a multipass 

absorption Herriott cell (Chapter 4), allowing absorptions as small as - IxIO -4 to be 

observed. Before any measurements were taken, the operating characteristics of the 

lasers (wavelength coverage, side mode suppression ratio, power output etc. ) were 
determined. This work is described first. 
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3.2 Laser Characteristics 

Three lasers were used in this study. All were single mode distributed feedback devices 

operating in the near-infrared. The operating characteristics of each device was 
determined before being used for spectroscopic measurement. 

3.2.1 Anritsu 1650 nm DFB (SD3B254F) 

This device came in a butterfly package, had inbuilt thermoelectric coolers for 

temperature control, an optical isolator to prevent feedback and was fibre coupled 

(SNff 10/125 pm). An internal photodiode was provided to allow the power of the 

device to be monitored. The laser had a spectral halfwidth of -10 Nfflz. The 

specification sheet for this device is given in Appendix 1. The device was bought to 

measure the 2V3Q branch of CH4. 

The wavelength coverage of this laser was measured with a Burleigh waverneter ( WA- 

1000,0.00 1 cm7 1 resolution) The temperature of the diode was incremented in 2-5'C 

steps between 2.5 T and 40 T. At each temperature, the wavelength of the device was 

recorded at laser currents of 40,80 and 120 mA. Figure 3.1 shows the wavelength of 

the laser against temperature for these different current values. It is seen that a linear 

relationship between the temperature of the device and the operating wavelength was 
found. Equations representing this linear relationship are given for each current setting. 
They are listed in Table 3.1. The tuning rate with temperature was - -0.3 76 cm7 I/ T. 

The diode could be tuned between 6014 and 5999 cm71 by varying the temperature 
between 2.5 and 40T. At higher laser currents, the tuning rate with temperature was 

shown to increase. 

Scanning the laser current between 40 and 120 mA typically changed the wavelength 
by -0.7 cm7'. As the temperature of the laser was decreased, the tuning rate with 
current exhibited a slight increase. Figure 3.2 shows how the laser wavelength changed 
with current at. a temperature of - 25 T. The wavelength was recorded at 10 mA 
intervals between 30 and 120 mA. It is seen that the wavelength does not have a linear 
dependence with current. The average tuning rate is - -0.008cm7l/mA. A polynomial fit 

to the observed behaviour was made. Table 3.2 lists the polynomial coefficients 
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obtained from this fit. The lasing threshold occurred at -26 mA. The threshold current 

went down as the temperature was reduced. 
Laser power was recorded with an HP 8153A lightwave multimeter. Typical power 
levels of -I mW were obtained at 100 mA (25 *C). 
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Figure 3.1 - Temperature Dependence of Laser Operating Frequency -Anritsu Laser 
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Figure 3.2 - Laser operating frequency against laser current - Anritsu Laser 
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Current Eguation 

40 mA y (cnf 1) = -0.4036x CC) +6597.9 

80 mA y (crif 1) = -0.4108x CC) +6596.4 

120 mA y (cnf 1) = -0.4165x CC) +6594.3 

Table 3.1 - Equations representing linear dependence of the laser operating 
frequency with temperature - Anritsu Laser 

Polvnomial Coefficient Value 

y (cm. 1) = aox (mA) 
3 +alx(mA) 2 +a2x (mA)+a3 

ao 1.416 x 10-7 

al -6.353 x 10-5 

a2 -1.625 xlO'3 

a3 6005.43 

Table 3.2 - Polynomial coefficients for laser frequency dependence 
with current (25 'C) - Anritsu Laser 
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Figure 3.3 - Mode Structure of the Anritsu Laser 
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The mode structure of the diode was also investigated using a spherical mirror High Q 

Fabry-Perot scanning Interferometer (TecOptics FSR 7.5 GHZ). Figure 3.3 shows the 

mode structure. No side modes are apparent. The slight asymmetry is caused by 

misalignment of the laser beam going into the interferometer. By expanding the 

baseline it was possible to observe the side modes. They were approximately 40000 

times weaker than the main mode. This would give a side mode suppression ratio of - 
46 dB. 

3.2.2 Thomson 1520 nm DFB (MKL 120ODFB XII/12 

The Thomson laser was packaged in a standard TO-18 can. No thermoelectric cooler 

or optical isolator was provided. The laser had a quoted spectral halfwidth of - 40 

Nfffz. The specification sheet for this laser can be found in Appendix 1. This device 

was bought to measure the 3 v, band of nitrous oxide at 1520 nm, 

The wavelength coverage of this laser was measured with the Bruker 120M Fourier 

Transform Spectrometer at the National Physical Laboratory (NPL). The laser was 

passed though a ground glass scatter plate ensuring that the coherence of the beam was 

destroyed. A X20 beam expander produced a collimated beam - 10 cm in diameter 

which was directed into the Bruker side port. 

Figure 3.4 shows the wavelength dependence with temperature. The temperature was 

incremented in 2.5 T steps over the range 5. to 35 T. At each temperature the 

wavelength was recorded at 40,80 and 120 mA. It is seen that a linear relationship 

between the temperature of the device and the operating wavelength was found. 

Equations representing this linear relationship are given for each current setting. They 

are listed in Table 3.3. The tuning rate with temperature was - -0.41 crif 1/ T. The 

diode could be tuned between 6596 and 6578 cm7l by varying the temperature between 

5 and 35T. At higher laser currents the tuning rate with temperature increased. 

Scanning the laser current between 40 and 120 mA typically changed the wavelength 

by -3.5 cm7 1. The tuningrate with current is significantly bigger than was observed with 

the Anritsu device. As the temperature of the laser was decreased the tuning rate with 

current exhibited a slight increase. Figure 3.5 shows how the laser wavelength changed 
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with current at a temperature of - 25 T. The wavelength was recorded at 2.5 mA 
intervals between 40 and 120 m. A. It is seen that the wavelength does not have a linear 

dependence with current. The average tuning rate was - 0.044 cm71/mA- At higher 

currents this tuning rate increased. A polynon-dal fit to the observed behaviour was 

made. Table 3.4 gives the polynomial coefficients obtained from this fit. The laser 

threshold occurred at -33 mA- The threshold current went down as the temperature 

wasreduced. 
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Figure 3.4 - Temperature Dependence of Laser Operating Frequency -Thomson Laser 

Current Eauation. 

40 mA y (crrf 1) -0.3759x CC) +6014.7 

80 mA y (cnf 1) 
-0.3760x CC) +6014.4 

120 mA y (cnf 1) 
-0.3762x CC) +6014 .0 

Table 3.3 - Equations representing linear dependence of the laser operating 
frequency with temperature - Thomson Laser 
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Wavelength against Laser Current - Thomson Diode 
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Figure 3.5 - Laser operating frequency against laser current - Thomson Laser 

Polvnomial Coefficient Value 
32 

Y (cm- 1) = aoX (mA) +aix(mA) +a2x (mA)+a3 

ao 8.477 x 10'8 

al -1.596 x 10'4 

a2 -2.569 xlO'2 

a3 6588.90 

Table 3.4 - Polynomial coefficients for laser frequency dependence 
with current (25'C) - Thomson Laser 

The laser power was measured with a Ge detector (Hamamatsu B1720-02) At 100 

mA, the typical power output was --; 7 mW (25 *C). 

The spherical mirror Fabry-Perot scanning Interferometer (TecOptics FSR 7.5 GHz) 

was again used to study the mode structure of the laser. Figure 3.6 shows the main 
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mode, with no side modes apparent. The side mode suppression ratio was determined 

to be - 37 dB. 
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Figure 3.6 - Mode Structure of the Thomson Laser 

3.2.1 NEC 1550 nm DFB (NDL5650) 

This device was packaged in a standard can configuration. Like the Thomson diode, no 

optical isolator or inbuilt thermoelectric cooler were provided. The laser has a spectral 
halfwidth of - 50 MHz. This device operated at 1550 nm. 
The tuning characteristics of this laser were determined by A Burley, a member of the 

group at the University of Strathclyde. Wavelength dependence with current and 

temperature were recorded using a BOMEM DA3.002 Fourier transform 

spectrometer. Details of this work can be found in his thesis Near-inftared 

Spectroscopy ofMolecules ofMetrological Interest [20]. Summarising: the wavelength 
tuning rate with temperature was - -0.3 67 crff 1/ *C, changing the temperature between 

5 and 35 *C resulted in the operating frequency of the laser changing from - 6447 to 
643 5 cnf 1. The wavelength dependence with current was non linear with an average 
tuning rate of - -0.03 3 cm7 '/mA. This tuning rate increased at higher currents. 
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The other characteristics were determined by myself The power output of the laser 

was - 4.5 mW at 100 mA (25 'C) Threshold current was -30 mA. 

Figure 3.7 shows the mode structure of this laser. The side mode suppression ratio 

was determined to be -33 dB. 
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Figure 3.7 - Mode Structure of the NEC Laser 
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3.3 Spectroscopic Measurements 

3.3.1 Introduction 

The three lasers described previously, have been used to perform spectroscopic 

measurements on nitrous oxide (N20), methane (014), acetylene (12 C2112,13C2H2) and 

ammonia (14NH3,15NH3). These gases play an important role in atmospheric chemistry 

and/or are pollutants from large scale industrial processes. The molecular overtone 

bands in the 1-2 [un region have been much less studied than the fundamental bands in 

the mid-infrared. In particular, the linestrengths and pressure broadening coefficients of 

these species are in need for improvement. 

Tunable diode laser absorption spectroscopy (TDLAS) offers significant advantages 

over other spectroscopic techniques, such as Fourier Transform Spectroscopy (FTS). 

These advantages include better sensitivity (typically a minimum detectable absorption 

of Ix 104could be detected. This is a factor of - 100 better than what is usually 

achieved with FTS) and higher resolution (0.0003 crrf 1 for the lasers used here). This 

enables high precision Doppler limited spectroscopic measurements to be taken. The 

main disadvantage of TDLAS is that absolute frequency calibration is difficult and 

spectral coverage is very narrow (typically 3-4 run for each laser). 

3.3.2 Experimental Description 

The electronic and optical set up used for these measurements is very similar to the one 
described in Section 5.5.2 and Section 5.5.3. The main differences being: The reference 

cell channel was replaced with a high Q Fabry-Perot scanning interferometer (FSR 7.5 

Ghz), allowing a relative frequency scale to be determined. The laser was amplitude 

modulated with a mechanical chopper instead of frequency modulated. An alternative 
temperature controlled laser mount was used, allowing the diode temperature to be 

varied over an extended range (-20 to +40 "C). This mount was built and designed by 

Barry NfDonald a previous member of the group at Strathclyde University. A detailed 
description of this mount can be found in his thesis [21]. The Herriott multipass cell 

41 



used for pathlength enhancement has been extensively described in Chapter 4 of this 

thesis. 

The wavelength of the laser is tuned by scanning the laser current, typically between 40 

and 120 mA. As was shown in Section 3.2, this will typically change the laser 

wavelength by - 2-3 cm7. In order to achieve continuous coverage over the entire 

wavelength region accessible to the laser (20-30 cm7), a series of such scans are 

repeated over a wide range of diode operating temperatures (-20 to +40 'C). Typically 

temperature is incremented in 2.5 OC steps. This ensures that each recorded spectral 

region overlaps, allowing them to be joined up later to give continuous coverage. 

3.3.3 Post Measurement Transformation of Recorded Data 

Figure 3.8 shows a typical spectrum recorded with the experimental set up (N20,2.5 

Torr, 25.1 m pathlength). It is seen that the spectrum has a large sloping background 

and that the frequency scale given by the etalon spacing is non linear. If linestrength, 

broadening coefficient and line position information is to be determined, the 

background and non linearity must be removed. Once removed, the spectral regions 

corresponding to each scan must be joined up. Software has been developed in 

MATLAB to serni automate this transformation process. A program listing can be 

found in Appendix 2. 

The software allows the user to nominate a number of points on the spectrum that 

he/she thinks are the background signal. The program carries out a polynomial fit to 

these points and ratios it with the recorded spectrum. The program then automatically 
finds the etalon peaks and by means of cubic interpolation frequency linearizes the data. 

An example of the resulting spectrum is shown in Figure 3.9. 

Adjoining spectra are loaded up and displayed. The user chooses two coincident 

points, one from each spectrum. The program will then splice these two spectra 

together. Linear interpolation is used to ensure that the frequency increment per data 

point is the same. 
An absolute wavelength scale on the recorded spectra is achieved by identifying lines 

on the spectra that have either been assigned in the literature or have been recorded on 

the BOMEM FTS available at Strathclyde University. 
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Figure 3.8 - Typical spectrum recorded with TDLAS 
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Figure 3.9 - Spectrum after Transformation 

43 



3.3.4 Nitrous Oxide 

Nitrous oxide was recorded with the Thomson DFB. A 25 m pathlength and 2.5 Torr 

sample pressure were used. N20 was transferred to the cell from aI litre glass bulb via 

clean glassware. 12 spectra were recorded at 5T intervals between -20 and +40 T. 

The cell was refilled every three scans to minimize adsorption and gas leak effects. 

Each scan took -2 minutes to record, during which the temperature inside the cell was 

monitored. Temperature was shown to change by less than 0.1 *C during this period. A 

maximum 2T temperature difference was observed over the time taken to record the 

12 scans. The average cell temperature was 26 T. 

Rotational Analysis 

Figure 3.10 shows the combined spectrum of the 12 separate scans. The observed 

transitions belong to the 3v3 band. The wavelength calibration was obtained from a 

FTS spectrum of N20 in the same region taken on the BONIEM DA3.002. J quantum 

number assignments were made and a rotational analysis performed. Figure 3.11 

shows the relationship between the observed line position and the rotational quantum 

number J. The smooth transition in the line position with quantum number indicates 

correct assignment. A least squares polynomial fit of this behaviour has allowed the 

rotational parameters to be determined. The rotational energy was fit in terms of 

effective parameters: 

E. =BX-DX' +HX3 +LX4 

EVR -= G+ER 
X=J(J+I) 

(3.1) 

where ER represents the rotational energy and G is the effective vibrational energy. 
Transition frequencies, v(J F +- J ") , are given as: 

f ff 
V(i 1 <_jff)= v. +ER - 

ER 

Gf - GFf 
(3.2) 
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Figure 3.10 - N20 Spectrum (25.1 m, 2.5 Torr) 
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Figure 3.11 - N20 line positions against rotational quantum number, J 
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where a prime and double prime denote upper and lower states, respectively, and V. is 

the band centre. Ground state parameters were taken from work on N20 carried out by 

Toth [22]. These parameters and the fitted parameters for the 3V3 state are listed in 

Table 3.5. The observed and fitted line positions are listed in Table 3.6. The rms, 
deviation in the fit was 0.028 crif 1. Importantly the observed - calculated residuals did 

not show any systematic offset. 

Ground State [22] B 0.419011001 
Dx 107 1.7609193 

, Hx 1013 
-0.16529 

Upper State(3V3) V,, 6580.1551238 

B 0.409176616 
Dx 107 3.045713001 

X 1013 176.6870618 
Lx 1016 

-1.18422164 

Table 3.5 - Rotational Parameters for the (3V3) band of N20 

Linestrengths, Linewidths and Broadening Coefficients 

The linestrengths for the assigned transitions are listed in Tahle 3.6. Uncertainties in 

linestrengths are estimated to be - 5% (la). This uncertainty was based on an error 

budget similar to the one described in Section 6.5.4. The main uncertainties arising 
from the pressure, temperature and absorption pathlength used in the calculation. An 

additional uncertainty of - 1% was associated with the background removal process. 
The R(39) and R(40) transitions are heavily blended (superimposed). It should be 

noted that the linestrength given is the combined strength for both transitions. 

The recorded lineshapes had a HWHN4 of 0.0061 cm7 This compares well with the 

theoretical Doppler width for N20 (0.00612 cm7l). 
The air broadening coefficient for the R(17) transition was also measured. AI Torr 

N20 sample was mixed with varying sample pressures of dry air and the spectrum 
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recorded. Figure 3.12 shows a plot of the recorded linewidth against sample pressure. 
At low sample pressures Doppler broadening dominates. At higher pressures the 

relationship between the HWHM and sample pressure takes the form: 

7(p) = Y. p (3.3) 

where y(P) is the FMHM of the lineshape, P is the sample pressure of the buffer gas 

and y. is the pressure broadening coefficient. A fit of the data to this function has 

allowed the pressure broadening coefficient to be determined. A value of 0.0669 

CM-1/atra was calculated. An uncertainty of 34% (Icr) is associated with this 

measurement. The main uncertainty resulting from changes in the FSR of the scanning 
interferometer with temperature (1-2 %) and the measurements of sample pressure and 

temperature within the cell. This measured broadening coefficient agrees well with the 

coefficient for other bands of N20 listed in I-HTRAN [23]. A typical value was - 
0.0672 cm7 Vatm. 
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Figure 3.12 - Air Broadened Half Width against Sample Pressure 
R(17) Transition 
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Assignment Linestrength 
(cm moleculd"') 

Obs 
(crn7l) 

Calc 
(cm7 ') 

I Obs-Calc 
(cnf 1) 

1 

1 

P (7) 1.13E-23 6573.807 6573.877 -0.070 
P (6) 1.06E-23 6574.811 

1 
6574.833 -0.022 

P (5) 9.41E-24 6575.793 6575.769 0.024 
P (4) 6.43E-24 6576.731 6576.685 0.046 
P (3) 5.03E-24 6577.633 6577.582 0.051 
P (2) 3.40E-24 6578.509 6578.538 -0.029 
P (1) 1.76E-24 6579.365 6579.337 0.028 
R (0) 1.76E-24 6581.017 6580.973 0.044 
R (1) 3.12E-24 6581.815 6581.772 0.043 
R (2) 5.11 E-24 6582.575 6582.551 0.023 
R (3) 6.63E-24 6583.326 6583.310 0.016 
R (4) 8.25E-24 6584.053 6584.050 0.003 
R (5) 9.87E-24 6584.765 6584.770 -0-005 
R (6) 1.13E-23 6585.459 6585.470 -0.011 
R (7) 1.26E-23 6586.130 6586.150 -0.020 
R (8) 1.40E-23 6586.778 6586.811 -0.033 
R (9) 1.46E-23 6587.404 6587.451 -0.047 
R (10) 1.53E-23 6588.003 6588.072 -0.069 
R(II) 1.58E-23 6588.608 6588.673 -0.065 
R (12) 1.67E-23 6589.196 6589.254 -0.058 
R (13) 1.69E-23 6589.758 6589.815 -0.057 
R (14) 1.72E-23 6590.300 6590.356 -0.056 
R (15) 1.76E-23 6590.844 6590.876 -0.032 
R (16) 1.77E-23 6591.368 6591.377 -0.009 
R (17) 1.8 1 E-23 6591.875 6591.858 0.018 
R (18) 1.77E-23 6592.331 6592.318 0.013 
R (19) 1.76E-23 6592.771 6592.758 0.013 
R (20) 1.69E-23 6593.193 6593.178 0.016 
R (21) 1.63E-23 6593.595 6593.577 0.018 
R (22) 1.62E-23 6593.976 6593.956 0.020 
R (23) 1.52E-23 6594.332 6594.315 0.017 
R (24) 1.42E-23 6594.663 6594.653 0.010 
R (25) 1.37E-23 6594.970 6594.970 0.000 
R (26) 1.27E-23 6595.267 6595.267 0.000 
R (27) 1.18E-23 6595.541 6595.543 -0.003 
R (28) 1.08E-23 6595.795 6595.799 -0.004 
R (29) 1.06E-23 6596.018 6596.034 -0.015 
R (30) 9.78E-24 6596.244 6596.248 -0.003 
R (3 1) 8.74E-24 6596.449 6596.441 0.008 

1 

R (32) 8.05E-24 6596.616 6596.613 0.003 
1R (33) 7.09E-24 6596.752 6596.765 -0.013 

Table 3.6 - Assigned N20 Transitions of the 3 V3 band 

with linestrengths and linepositions 
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Assignment Linestrength 
(cm moleculd") 

Obs 
(cnf 1) 

Calc 
(cm-) 

Obs-Calc 
(cni-') 

* (34) 6.49E-24 6596.876 6596.895 -0.019 
* (35) 6.09E-24 6596.988 6597.005 -0.017 
* (36) 5.20E-24 6597.076 6597.093 -0.017 
* (37) 4.56E-24 6597.145 6597.161 -0.016 
* (38) 4.46E-24 6597.194 6597.208 -0.014 

R (39), R(40) 6.70E-24 6597.220 6597.238 -0.018 
R (41) 2.53E-24 6597.171 6597.185 -0.014 
R (43) 2.12E-24 6597.113 6597.127 -0.014 
R (44) 1.94E-24 6597.034 6597.048 -0.014 
R (45) 1.65E-24 6596.933 6596.948 -0.015 
R (46) 1.31E-24 6596.813 6596.828 -0.015 
R (47) 1.05E-24 6596.685 6596.687 -0.002 
R (48) 9.09E-25 6596.535 6596.525 0.010 
R (49) 7.78E-25 6596.347 6596.342 0.005 
R (50) 6.55E-25 6596.130 6596.139 -0.009 
R (5 1) 4.62E-25 6595.910 6595.916 -0.005 
R (52) 4.54E-25 6595.666 6595.672 -0.006 
R (53) 3.35E-25 6595.401 6595.408 -0.008 
R (54) 2.58E-25 6595.115 6595.125 ý -0.010 
R (55) 2.1 1E-25 6594.813 6594.821 -0.009 
R (56) 1.99E-25 6594.496 6594.498 -0.003 

IL R (58) 
_ ___1.16E-25 

6593.779 6593.794 -O. Llýj 

Table 3.6 - Assigned N20 Transitions of the 3V3 band 
with linestrengths and linepositions 
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3.3.5 Methane 

Methane spectra were recorded with the Anritsu laser. A sample pressure of 0.1 Torr 

was used with a 25.1 rn pathlength. The maximum temperature difference during the 

measurement period was -IT. Average cell temperature was 24 T. Twenty separate 

scans were recorded and combined. 
Figure 3.13 shows the recorded spectrum of the Q branch of the 2V3 band. Figure 

3.14 shows the Q (10) manifold from this spectrum. It is clear that the lines are heavily 

blended. This is found to be the case for all the Q branch multiplets except the Q (1) 

transition which is a single unblended line. Margolis [24] has identified the positions of 

the individual transitions that make up these manifolds. These line positions have been 

used in conjunction with a non linear least square fit routine, FITSPEC, written by 

Kelly Chance [25], to allow the individual strengths of each transition in the recorded 

spectrum to be determined. Table 3.7 lists the linestrengths determined with this 

technique and the linestrengths measured by Margolis. In all cases the residuals 
between the fitted spectrum and the recorded data were less than 2%. 

CH4 Spcctrurn - OATarr, 25-Im PaNength 
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Figure 3.13 - Recorded Spectrum of the 2 v, Q branch of Methane 
(0.1 Torr sample pressure, 25.1 m pathlength) 
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Figure 3.14 - Recorded Spectrum of the 2V3Q (10) multiplet of Methane 
(0.1 Toff sample pressure, 25.1 m pathlength 

Manifold Frequency Strength x 1022 

(cm molecul6") 
TWs Work 

Strength x 1022 x 10 22 

(cm molecul6") Cul U 

(24] MHgolis [241 

L 

Q (10) 5998.21122 1.45 1.439 

. 23045 1.15 1.149 

. 24261 1.07 1.100 

. 
28040 2.24 2.220 

. 31977 1.33 1.330 

. 33479 1.22 1.209 

. 43964 1.10 1.070 

. 44193 2.13 2.140 

. 44275 0.764 )4 0.764 
(9) 5999.47429 2.22 2.220 

. 
48102 3.34 3.350 

. 492 11 2.15 2.120 

. 
51383 1.90 1.860 

. 52704 3.52 3.500 

. 54100 1.80 1.820 

. 
62541 1.88 1.879 

. 
63430 1.82 1.810 

Table 3.7 - Calculated Linestrengths for the Q branch manifolds of the 2V3 band 
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Manifold Frequency Strength x 1022 Strength x 10 22 I 
(cm7') (cm molecule7l) (cm, molecule I) 

This Work Margolis [24] 

Q (8) 6000.63682 2.23 2.250 

. 64340 3.00 3.049 

. 
66346 3.13 3.129 

. 
67486 2.66 2.660 

. 73732 1.05 1.070 

. 74837 5.26 5.240 

. 75070 2.77 2.779 
Q (7) 6001.65242 3.93 3.899 

. 66458 3.31 3.310 

. 67517 6.18 6.169 

. 68410 3.92 3.910 

. 73887 2.45 2.500 

. 74158 4.80 4.809 
Q (6) 6002.51720 6.85 6.839 

. 52535 6.85 6.839 

. 
53672 5.013 5.019 

. 
58552 5.00 4.959 

. 59208 5.87 5.870 

. 
59654 4.10 4.049 

Q (5) 6003.24722 3.74 3.740 

. 25405 6,03 6.030 

. 29868 5.55 5.540 

. 
31111 5.69 5.709 

Q (4) 6003.83695 6.20 6.190 

. 87142 5.95 5.959 

. 88305 5.7 5.690 

. 89285 8.40 8.339 
Q (3) 6004.29301 9.83 9.830 

. 
31330 5.67 5.690 

. 
32910 5.78 5.779 

Q (2) 6004.64354 4.50 4.490 

. 65274 3.61 3.609 
Q (1) 6004.86318 3.23 3.229 

Table 3.7 - Calculated Linestrengths for the Q branch manifolds of the 2V3 band 

The uncertainty associated with the linestrength measurements is - 5% (Icy). The main 

uncertainty arising from the pressure, temperature, and pathlength used in the 

linestrength calculation. An additional uncertainty of - 2% is associated with the fitting 

52 



procedure. The differences between the Margolis linestrengths and the ones measured 
in this study are within the measurement uncertainty of both experiments. 
The pressure broadening coefficient of the Q(I) transition was measured. The Q(I) 

transition was chosen because it was a single isolated line. The width of this feature 

(0.1 Torr, 22 *C) was determined to be 0.0091 cm7 1 +/- 3 %. This is in good agreement 

with the theoretical Doppler width (0.00909 cm7). Figure 3.15 shows a plot of the 

recorded linewidth against the dry air sample pressure. 

Air Broa&mcd Hdf Wb(kh agmßt Presm= forthe QI 2v3C1-14Tramtion 

E 

PmsýAtm 

Figure 3.15 - Air Broadened Half Width against Sample Pressure 
Q (1) Transition 

A pressure broadening coefficient of 0.0621 cnf 1/atm was obtained from this data. The 
broadening coefficient listed in HITRAN [23] for this particular transition was 0.0641 

cnf Vatm. Again it is seen that good agreement was achieved. 
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3.3.6 C12 Acetylene 

Measurement of Acetylene (12 C2H2) was made with both the NEC and Thomson lasers. 

Figure 3.16 shows the spectrum recorded with the Thomson laser. A sample pressure 

of 0.15 Torr and a pathlength of 11.1 m were used. The average cell temperature 

during measurement was 24 T. The maximum change in temperature during 

measurement was 3 T. Twelve scans were combined. 

Karen Kepplers work on acetylene [26] has been used to identify many of the 

transitions in this spectrum. The superior resolution and signal to noise of the spectra 

recorded with the TDLAS have allowed additional assignments to made. Table 3.8 

lists the identified lines, measured line positions from this study and line positions from 

Keppler et al. Unes marked with an asterix are new assignments. 

d'Il A. -J-. 

a 

Figure 3.16 _ 
12 C2H2 (0.15 Torr, 11.1 m pathlength) 
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Rotation State Frequency Frequency Difference 11 1 
(ClTf 1) 

1 

11 Upper Lower 11 This Work lKeppler [261 

'S 101(00) 000(00) 6576.481 6576.482 -0.00101 

'19 101 (01)lf 000 (01)lf 6576.592 6576.594 -0.00239 
18 11011 000(00) 6577.944 

, 20 101 (01)le 000 (01)le 6578.123 6578.127 -0.0039 
D 101(00) 000(00) 6578.571 6578.575 -0.00455 
L21 101 (01)lf 000 (01)lf 6580.199 6580.206 -0.0069 9 

ý. Io 101(00) 000(00) 6580.624 6580.644 -0.0197 
117* 11011 000(00) 6580.7211 
L22 101 (01)le 000 (01)le 6581.628 6581.652 -0.0238 
L25 101 (10)le 000 (10)le 6581.908 6581.933 -0.0241 
Lil 101(00) 000(00) 6582.664 6582.685 -0.0208 
116* 11011 000(00) 6583.272 
U2 101(00) 000(00) 6584.688 6584.702 -0.0142 
115 11011 000(00) 6585.923 3 6585.936 -0.0133 
U3 101(00) 000(00) 6586.685 5 6586.691 -0.0065 
114* 11011 000(00) 6588.55 
U4 101(00) 000(00) 6588.652 6588.654 -0.0016 
U5 101(00) 000(00) 6590.622 6590.592 0.0303 
313 11011 000(00) 6591.176 6591.148 0.0284 

16 101(00) 000(00) 6592.553 6592.503 0.0497 
? 12* 11011 000(00) 6593.767 
?, 17 101(00) 000(00) 6594.433 6594.387 0.0464 
M8 101(00) 000(00) 6596.277 6596.245 0.0315 
Pil 11011 000(00) 6596.306 6596.276 0.0296 
R19 101(00) 000(00) 6598.104 6598.077 0.0273 
Plo* 11011 000(00) 6598.843 
R20 101(00) 000(00) 6599.914 6599.882 0.0321 
P9 11011 000(00) 6601.358 6601.324 0.034 
R21 101(00) 000(00) 6601.697 6601.661 0.0363 
R22 101(00) 000(00) 6603.432 6603.414 0.018 
P8* 11011 000(00) 6603.84 
R23 101(00) 000(00) 6605.152 6605.14 1 0.0111 

Table 3.8 - Assigned 12 C2112 Transitions (Thomson Laser Spectrum) 

A line list (position, transmission) of the all the other lines that have not been identified 

is given in Appendix 3. 
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Figure 3.17 shows the spectrum recorded with the NEC laser. A sample pressure of 
2.0 Torr and a pathlength of 25.1 m were used. The average cell temperature during 

measurement was 22 T. A maximum change in temperature of 2T was observed 
during measurement. Sixteen individual scans were recorded 
As before, Karen Kepplers work on acetylene [26] has been used to identify many of 

the transitions in this spectrum. Table 3.9 lists the identified lines, measured line 

positions from this study and line positions from Keppler et aL Lines marked with an 

asterix are new assignments. Some of the lines identified come from singly substituted 
C13 isotopic acetylene naturally present at - 1% in the acetylene sample used here. 

These lines are identified in Table 3.9. 

C12 Aectylcne 

I 
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034 

012 

ol 
'Wavemunbedcm-1 

Figure 3.17 - 
12C2H2 (2.0 Torr, 25.1 m pathlength) 
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Rotation State 

Upper Lower 

Frequency 
(cnf 1) 

This Work 

Frequency 
(Cnf 1) 

Keppler f261 

Difference 

22 (C13)* 00(00) 000(00) 6434.615 
P42* 101(00) 000(00) 6436.043 
P21 (C13)* 200(00) 000(00) 6437.376 
P41 101(00) 000(00) 6439.396 6439.38 0.015595 
P32 101 (10)lf 000 (10)lf 6442.213 6442.144 0.069107 
P40* 101(00) 000(00) 6442.789 
P20 (C13) 200(00) 000(00) 6442.845 6442.782 0.063186 
P31 101 (10)lf 000 (10)lf 6445.319 6445.257 0.06212 
P 19 (C 13) 200(00) 000(00) 6445.548 6445.486 0.062265 
P39 101(00) 000(00) 6446.106 6446.047 0.059274 

22 10 1 (20)2f 000 (20)2f 6446.131 6446.072 0.058974 
P32 101 (10)le 000 (10)le 6446.908 6446.857 0.051399 
P18 (C13) 200(00) 000(00) 6448.214 6448.176 0.038405 
P30 101 (10)lf 000 (10)lf 6448.379 6448.343 0.036296 

30 101 (10)le 000 (10)le 6448.497 6448.462 0.034788 
P38 101(00) 000(00) 6449.387 6449.347 0.039984 
P31 101 (10)lf 000 (10)lf 6449.92 6449.88 0.039708 
P21 101 (1 1)2f 000 (1 1)2f 6450.265 6450.227 0.038032 
P17 (C13) 200(00) 000(00) 6450.866 6450.838 7866 0.027866 8 
P29 101 (10)lf OOO(IO)Ij 6451.419 6451.407 0.012285 
P29 101 (10)le 000 (10)le l 6451.544 6451.533 1476 0.011476 
P20 101 (20)2f 000 (20)2ý 6451.787 6451.777 0473 0.01,0473 
P37 10 (00) 1 000(00) 0) 6452.618 11 6452.61 8 E_05 2! E- 5 9, -0 
P30 1101 (10)Ie OOO(10) le 

1 
6453.095 

l 
09 11 6453.7 )0226 )0 -0.00226 

P16(CI3) 11200 (00) 000 (00 0 6453.473 11 6451 074 - )074 

Table 3.9 - Assigned C2H2 Transitions (NEC Laser Spectrum) 

A line list (position, transmission) of the all the other lines that have not been identified 

is given in Appendix 3. 
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3.3.7 C13 Acetylene 

Measurement of Acetylene (13 C2H2) was made with both the NEC and Thomson lasers. 

An isotopically enriched Acetylene sample was used. Figure 3.18 and Figure 3.19 

shows the spectrum recorded with each laser. A sample pressure of 0.3 Torr and a 

pathlength of 25.1 m were used for the spectrum in Figure 3.18, while a 1.1 Torr 

sample pressure and 11.1 rn pathlength were used for the spectrum shown in Figure 

3.19. 

C13 Aectykne 

III 

as 

I 

A 
6438 64d» 6442 6444 6446 664 mm 6452 6454 ffl 

Wavemanberlcm- 1 

Figure 3.18 - 13 C2H2 (0.3 Torr sample pressure, 25.1 m pathlength) - NEC 

Latrasse used a 0.0 1 cm7 1 resolution BOMEM FTS to record 13 C2H2 [27]. This work 
has been used to help assign and wavelength calibrate the recorded spectra. Table 3.10 

lists the identified lines, the recorded line positions from this study and those 
determined by Latrasse. Lines marked with an asterix are new assignments. 
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Figure 3.19 - 
13 C2H2 (1.1 Torr sample pressure, 11.1 m. pathlength) - Thomson 

A line list (position, transnýssion) of all other transitions not identified in these spectra 
is given in Appendix 3. 
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Rotation State 

Upper Lower 

Frequency 
(Cnf 1) 

This Work 

Frequency 
(cm7') 

Latrasse [271 

Difference 

P32 101(00) 000(00) 6439.270 6439.283 -0.0131 
P31 101(00) 000(00) 6442.204 6442.211 -0.0079 
P30 101(00) 000(00) 6445.112 6445.118 -0.0059 
P29 101(00) 000(00) 6448.004 6448.002 0.0019 
P28 101(00) 000(00) 6450.867 6450.868 -0.0009 
P27 101(00) 000(00) 6453.701 6453.703 -0.0026 
R24 101(00) OOO(OO)l 6570.521 6570.522 -0.0012 
R17 110(n) 000(00) 6572.091 6572.099 -0.00775 
R25 1 101(00) OOO(OO)l 6572.153 6572.1591 -0.00632 
R26 101(00) 000(00) 6573.765 6573.771 -0.00562 
IRI 8 1110(11) OOO(OO) l 6573.934 6573.939 -0.00476 
R27 '01 (00) 000(00) 6575.338 6575.357 -0.01888 
R19 110(11) 000(00) 6575.74 6575.759 -0.01929 
R28 101(00) 000(00) 6576.901 6576.922 -0.02167 
R20 110(n) 000(00) 6577.53 6577.943 -0.41317 
IR29 1101(00) 000(00) 6578.437 6578.458 -0.02181 
R21 110(11) 000(00) 6579.297 6579.324 -0.02675 
JR30 1101(00) 000(00) 6579.936 6579.973 -0.03692 
R22 110(11) 000(00) 6581.021 6581.06 -0.03884 
JR31 1101(00) 000(00) 6581.424 6581.467 -0.04308 
R23 110(11) OOO(OO) 

l 
6582.739 6582.776 -0.03687 

R32* 101(00) 1 000(00) 6582.894 
R33* 101(00) OOO(OO) l 6584.327 
R24 110(11) 000(00) 6584.417 6584.458 -0.04032 
R34* 101(00) 000(00) 6585.742 
R25 110(11) 000(00) 6586.073 6586.118 -0.04514 JR35* 101(00) OOO(OO) l 6587.164 
R26* 110(n) 000(00) 6587.71 
JR36* 101(00) OOO(OO) l 6588.489 
R27* 110(n) 000(00) 6589.299 
R28* J 110(n) 

1 

OOO(OO) l 6590.875 
R29* 110(11) 000(00) 6592.424 
R30* 110(11) 000(00) 6593.953 
JR37* 101(00 OOO(OO) l 6589.826 
R38* 101(00) 000(00) 6591.144 

101(00) 000(00) 11 6592.811 , 

Table 3.10 - Assigned 13 C2H2Transitions 
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3.3.8 Ammonia 

The Thomson and NEC lasers were used to record the spectra of 14 NH3 and "NH3. 

Unfortunately, due to time constraints no assignment of the recorded transitions have 

been made. However, the recorded spectra are shown in Figure 3.20 through to 

Figure 3.23. A line listing of all the recorded transitions is given in Appendix 3. For 
14 NH3, only a relative wavenumber calibration has been given, as time constraints have 

not allowed the spectral features to be identified. The reader is referred to work carried 

out by Lundsberg-Nielsen on 14 NH3 [28] for spectral identification. From the tuning 

characteristics of the diodes it is known that the spectrum in Figure 3.20 is in the 

region 6436-6456 cm7l and the spectrum in Figure 3.21 is in the region 6570-6605 

crif 1. A partial assignment of the stronger transitions of "NH3has been carried out by 

Duxbury [29]. 
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Figure 3.20 - 14 NH3 (sample pressure 0.47 Torr, pathlength 25.1 m) 
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Figure 3.21 - 
14NH3 (sample pressure 0.47 Torr, pathlength 25.1 m) 
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Figure 3.22 - 
15NH3 (sample pressure 0.47 Torr, pathlength 25.1 rn) 
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15 NH3 
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Figure 3.23 - 
15NH3 (sample pressure 1.02 Torr, pathlength 11.1 m) 
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Chapter 4- 

Multipass Cell 
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4.1 Introduction 

From the Beer-Lambert law (section 2.1.7), increasing the pathlength increases the 

absorbance which will result in improved sensitivity for TDLAS measurements. In the 

mid-infrared where the fundamental rotational-vibrational transitions of most molecules 

occur, pathlengths of the order of I metre are required to obtain the necessary 
detection limits. However, the overtone transitions which are found in the near- 
infrared, are several orders of magnitude weaker and pathlengths up to several hundred 

metres are required. For a Balloon or aircraft based platform where weight and size 

restrictions are important design considerations, a folded light path must be used to 

obtain the necessary pathlength enhancement. For ground based measurements 

portability is not an overiding design consideration and pathlength can be enhanced 

using other techniques. The most common of these, involves open path measurements 

where the detector is placed some way from the laser source or a retroreflector is used 

to return the beam to the detector near the source. This technique has the advantage 

that it allows information about gas concentrations over large areas to be retrieved. 
However, the sensitivity of these instruments is severly hampered by pressure 
broadening and weather effects such as turbulance and scattering from dust particles. 
The HAWK [30] instrument uses this technique to determine methane emissions from 

landfill sites. 
Another technique used to obtain high absorption pathlengths is to use optical fibres. 

Special D-shaped fibres allow light traveling through them to interact with the 

surrounding gas. The core in these fibres is extremely close to the surface allowing the 

laser electromagnetic field to extend beyond the fibre [3 1 ]. Again pressure broadening 

limits sensitivity. The fibre transmission is also susceptible to fluctuation if the fibre 

position is varied. It is therefore concluded that an evacuable folded fight path is also 
the best option for a ground based TDLAS. 

Historically, the optical arrangement most commonly used for mulipass cells has been 

the White cell [32]. This arrangement consists of three concave spherical mirrors. A 

schematic of this is shown in Figure 4.1. 
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M3 

M2 

10 ::: -ýl 

Figure 4.1 - Schematic of White Cell 

The beam is focused at the entrance of the cell and is injected so that it hits mirror MI. 

The beam is then focused onto M2 and is then reflected to mirror M3. The beam can 

then exit the cell having made four passes as is shown in the schematic. However, 

mirrors MI and M4 can be adjusted so that the beam is reimaged onto M2 and is again 

reflected onto MI. This will facilitate another 4 passes. This process can be repeated a 

number of times but is limited in practical terms by astigmatism in the mirrors and the 

mirror dimensions. The typical number of passes that can be supported within this type 

of cell is usually 32-40. 

While the White cell has been successfully used in many instruments, including ATLAS 

[33], practical experience of the cell has highlighted several significant weaknesses. 
These include susceptibility to interference fringing, high alignment sensitivity and 
inefficient use of the mirror surfaces. For these reasons it was decided to investigate 

other optical arrangements for multipass use. 
The literature shows that many other optical arrangements have been used for 

pathlength enhancement, including the Chernin cell [34], eight mirror multipass cell [6] 

and the Horn-Pimentel cell [35]. These, however, had not been extensively applied to 
trace gas monitoring and appeared to suffer many of weaknesses of the White cell. 
Most promising was the Herriott cell. This cell was successfully used, under hostile 

conditions, in the ALIAS instrument [I I] and was found to be well suited to field 

applications. 

66 



The Hemott cell was first devised by Herriott el al [36] in 1964 and was initially 
intended for use as an optical delay line. It is only in recent years that it has been used 

as a multipass absorption cell [37]. 

------------------ 
------------ 

Figure 4.2 - Schematic of Herriott Cell 

The cell consists of two identical coaxial spherical mirrors separated by some distance, 

d. The beam enters through a hole in the front mirror and propagates back and forth 

between the mirrors tracing out an ellipse on the mirror surface. The beam exits the cell 

at an angle to the input beam, and the cell can be treated simply as an optical element 

equivalent to a reflection from a convex mirror in the position of the coupling hole. 

This property makes it very easy design into optical systems. The number of passes is 

changed by adjusting the mirror separation. This arrangement is simpler than the White 

cell and uses the mirror surface more efficiently. A schematic of the cell is shown in 

Figure 4.2. 

A set of mirrors were procured (Ealing Cat no. 35-9943) to investigate the suitability 

of the Herfiott cell for use in a portable field instrument. The specification of this set 

was: 

R 60.0 cm 

D 7.5 cm 

dh 0.4 cm 

h 2.5 cm 
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where R is the mirror radii of curvature, D is the mirror diameter, dhis the diameter of 

the coupling hole and h is the off axis height of the coupling hole. The mirrors were 

coated in protected aluminium. giving a quoted reflectivity of 95 % at 1550 rim. 
These mirrors have also been used to validate theoretical and modelling predictions of 

the Herriott cell behaviour. The theoretical and modelling descriptions of the cell is 

described in the following section. 
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4.2 Herriott Cell 

4.2.1 Introduction 

As described in Section 4.1 , the Herriott cell consists of two identical coaxial spherical 

mirrors separated by some distance, d. The beam enters off axially through a hole in the 
front mirror and propagates back and forth between the miffors tracing out an ellipse 

on the miffor surface. The following sections describe the relevant theory and the 

matrix model that will allow the behaviour of a paraxial ray passing through the 

Herriott cell system to be predicted. These predictions are compared with experimental 

observations and will be used to assess the suitability of the cell for field applications. 

4.2.2 Matrix Descrivtion of Optical Elements and Analvtical Eguations 

It is well established that the propagation of a ray through optical media such as 
homogeneous and isotropic materials, thin lenses and curved reflecting surfaces can be 

described by simple 2x2 matrices. If beam propagation through a Herriott cell is 

considered, it is seen that it involves both passage through a homogeneous medium and 

reflection from a curved mirror. It is evident therefore that the Herriott cell can be 

described by a combination of these 2x2 matrices. 
The matrix description of a spherical mirror of radius R, R (R), can easily be shown to 

be [38]: 

10 
R(R) = 

[-YR 

1 

-- 

The matrix for propagation through a homogeneous medium, D (d), is: 

D(d) =1 
d] 10 

1 (4.2) 
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In terms of ray optics the Herriott cell is equivalent to a series of equally spaced thin 

lenses as shown in Figure 4.3. The lenses are of focal length, f, and they are separated 
by a distance, d. The thin lens model of the Herriott cell will be used to analyse the 

behaviour of the paraxial ray. 

Beam propagation through a thin lens can be described by the following matrix: 

(4.3) 

The equivalence of the two matrices in equations (4.1) and (4.3) can be shown by 

substituting the relationship R= 2f into either one. 

Figure 4.3 - Series of equally spaced thin lenses 

Using a Cartesian co-ordinate system, a ray in the section between the ný and (n+lr 

lenses is described by the co-ordinates (x,,, y,, ) of the point where it intersects the 

centre plane of the dh lens, and by the slopes x, / and y,, / just to the right of this lens. 

The traversal of the ray in the x and y directions can be treated independently, and as 
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such, the ray parameters, (x, xý), will only be considered in the analysis from this 

point onwards, but a set of identical relationships can be found for (Y., y. ). 

The matrix relating the ray parameters just after the (n + 1) Ih lens, (x. +,, x.,, '), to those 
just after the e lens, (x,,, x. ), is the product of the free space and thin lens propagation 

matrices in equations (4.2) and (4.3), i. e.: 

Xn+, i, [I d] [10 Xn 

Xn +oi -Y, 1] Xn' (4.4) 

or, in equation form: 

xn+l = Ax. + Bx. 1 

xn+l' = Cx. + Dx. ' (4.5) 

where AB, C and D are the elements of the matrix resulting from the multiplication of 

the two square matrices. I 

A=I- d 
f 

B=d 

c=-i 
f 

D=I 

The first of (4.5) gives: 

Xn 1= (x. +l - Ax. ) 

and thus: 

Xn+l 
I=I (Xn+2 

- JA-Xm+l 
B 

(4.6) 

(4.7) 

(4.8) 
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Using the second of (4.5) in equation (4.8) and substituting for xý from equation 

(4.7) gives: 

Xn+2 - (A + D)x. +, + (AD - BQx. =0 (4.9) 

This is the difference equation governing the evolution of the ray through the lens wave 

guide. Using equation (4.6) it can be shown that AD - BC = 1. Consequently, equation 
(4.9) can be rewritten as: 

x, +2 - 2bx.., + x� =0 (4.10) 

where: 

I (A+D) =1 2(- 

Equation (4.10) is the equivalent, in terms of difference equations, of the differential 

equation k" + Gx = 0, whose solution is x (z) =x (O)exp ±Z-z ]. A solution of the 

form x. = xoe"I is tried. Substitution of the solution into equation (4.10) gives: 

iq i ie (4.12) 
e=e 

where: 

cosO =b= 
(I 

- ý1-10 
(4.13) 

The general solution can be obtained by taking the linear superposition of e""' and 

e". The solution takes the form: 
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x. = xsin (nO +a. ) (4.14) 

where: 

(X. ) 2= 4f (x. 2+ dx. x. 1 + dfx. ') 
4f -d 

and: 

tanax 
(I 

+ 2f 
(4.16) Fdf ix-lo, 

A set of corresponding solutions can be obtained for the Y co-ordinates. These are: 

y. = y. sin (nO +a y) (4.17) 

where: 

(Y. ) 2= 4f (Y. 2+ dy. y. ' + dfy. ") 
(4.18) 

ýf 
-d 

and: 

f- 
1+2f 

(4.19) 
tanay = 

FLdf 
- 1/( 

It has been shown that the evolution of a paraxial ray through the Herriott cell can be 

described by sinusoidal equations in x and y. These equations will now be used to help 

predict the properties of the Herriott cell. 
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4.2.3 Condition for Re-entrance 

A ray is said to be re-entrant if, after a given number of passes, it arrives back at its 

injection point. If the ray was not coupled out of the cell it would retrace its original 

path exactly. Re-entrant solutions are used exclusively when using the Herriott cell as a 

multipass arrangement and allow the beam to be coupled in and out of the cell through 

one hole. These solutions also offer significant advantages in terms of stability, as will 
be shown later. The conditions for a re-entrant beam can be obtained from the general 

solutions for the Herriott cell. 
Expansion of equation (4.14) followed by substitution of equations (4.15) and (4.16) 

into it, gives: 

f fd xn = x. cos (n0) + 
ýý -d 

+ 2fx, ')sin(n0) 
(4.20) 

d 
(x 

Sirrfflarly for y,,: 

rd- (4.21) 
y, = y, cos (nO) +0+ 2fyol sin (nO 

f -d(y 

If 0 satisfies the condition: 

nO = m7c (4.22) 

where n and rn. are two integers that define the pass number and the pattern of transits 

through the cell. Substitution of equation (4.22) into equations (4.20) and (4.21) 

gives: 

Xn ý- Xo 

ya ý-- Y. 

(4.23) 
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In other words the beam will end up back at its starting point. The condition given in 

equation (4.22) is known as the re-entrance condition. 
The integer, n, will be even as there must be an integral number of round trips if the 
beam is to enter and exit through a coupling hole in one mirror. Also there must be no 

common factors (other than two). If such factors exist the pattern will be degenerate 

and a pattern with lower pass number (reduced by the common factor) will be 

supported by the cell. 

4.2.4 Conditions for Circular Spot Patterns 

According to equations (4.14) and (4.17), the locus of the points on the mirror 

surface will generally lie on an ellipse. For a round mirror the spot pattern 

circumference will be at its maximum if the spots map out a circular pattern. 
Maximising the spot pattern circumference has several advantages. These include 

increasing the maximum number of passes that can be obtained from the mirrors and 

reducing the possibility of beam overlap, thus minimising possible fringing effects. For 

the spots to trace out a circular pattern then the following must be true [37]: 

Xnt&, c ý Ymax (4.24) 

and: 

ccx= ay ± 
7C (4.25) 
2 

Equation (4.24) and (4.25) impose certain conditions on the initial values x,,, Xý yý 

and y,,. Prescribing x. and y., allows the radius of the spot pattern, A, and the slopes xý 

and y. to be determined from equation (4.14) and (4.20). Assuming that xo =0 and 

that y,, has some arbitrary value dictated by the mirror diameter, then the required input 

slopes for a circular spot pattem are: 

4f -d 

2f 
(4.26) 
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and: 

yo/ 

FY. ' -(xo'dy 
- yo 

(4.27) 
d 

The pattern radius, A, is defined by the co-ordinate y, i. e.: 

y.., = yý (4.28) 

To test the validity of these equations, the Herriott cell was set up over a range of 
different mirror separations and a HeNe laser was directed into the cell with the 

required injection slopes. In each case a circular spot pattern was obtained. A 

beneficial consequence of knowing the injection slopes for circular spot patterns is that 

that they can be used to ensure both mirrors are parallel to each other. An elliptical 

pattern would result from non parallel mirrors. 

4.2.5 Maximum Number of Passes 

The maximum number of passes that can be obtained from a given set of mirrors is 

limited in practical terms by the requirement that neighbouring spots must be separated 
by the diameter of the coupling hole. If this is not the case then more than one beam 

will be able to exit through the hole resulting in ffinging effects being observed at the 
detector. 

For a circular spot pattern the above criteria will be met when: 

27cx. 
; -> 

dh 
N 

(4.29) 

where dh is the diameter of the hole, Y,, is the distance from the centre of the mirror to 

the coupling hole and N is the number of spots on the mirror. Rearranging (4.29) 

gives: 
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27cx (4.30) 
N< ýwýý* 

dh 

This equation tells us the maximum number of spots that can be obtained on one 

mirror. The maximum number of passes will just be twice this amount (i. e. N spots on 

each mirror will give 2N passes). The maximum number of passes, n, is therefore: 

47rx 
n< dh 

(4.31) 

Using the cell parameters of the Ealing mirrors, equation (4.3 1) predicts that the 

maximum number of passes that can be supported within this cell will be 64. 

Experimentally it was possible to get a greater number of passes ( up to 15) out the 

cell, but this could only be achieved by sending the beam through the coupling hole off 

centre. This effectively reduced the coupling hole diameter. It is therefore concluded 

that the equation for the maximum number of passes is in good agreement with the 

experimental observations. 

4.2.6 Focusiniz Properties of the Herriott Cell 

In addition to being steered, laser beams are also focused after each bounce. If the 
beams are to have the same diameter after each pass the input beam must be properly 

mode matched to the cell. 
Considering the ray as a propagating Gaussian beam, Boyd and Kogelnik [39] have 

shown that if the beam is properly mode matched, the spot size at the mirror surfaces 

will be: 

( Id) 
Y2 r 

2R 2- 1V4 

ý-2 [ d(R - d/2) 

The minimum spot size will occur at the centre of the cell and is given by: 

(4.32) 
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1V2 
v V4(R--d)/4 (2' 

(4.33) 

If the input beam is not properly mode matched to the cell then the spot size and the 

focal plane will fluctuate from bounce to bounce. Taking the example of the Ealing 

mirrors, equations (4.32) and (4.33) predict that the spot diameter on the mirror 

surfaces, 2o)(,, 2),, will be 0.98 mm while the beam diameter at the focal plane will be 

0.76 mm. It was assumed that the mirrors had a 50 cm. separation and a laser source 

operating at 1550 nm was used. 

The value of R (for a given d) for which the mirror spot size is a minimum, is found to 
be R=d. When this condition is satisfied the system is known as a confocal symmetrical 

resonator. The spot size at the mirror surfaces becomes: 

(0 (1,2) conf = j2- ( Id ) yl 
ý2 -7m) 

(0 (1,2) Gouf = %F2 (o 0 conf 
(4.34) 

Again assuming a laser wavelength of 1550 nrn, the spot diameter at the mirror 

surfaces is 0.97 mm, , while the beam diameter at the focal plane will be 0.76 mm. 
These calculations show that the theoretical spot sizes on the mirror surfaces are 

significantly smaller than the coupling hole diameter used in the Ealing mirrors (4mm). 

As such this mirror set represents a conservative design, however, the spot sizes will 
always be larger than the theoretical predictions due to non ideal effects such as 
scattering and diff-raction. 

While reducing the coupling hole diameter, would allow more efficient use of the 

mirrors it would also compromise other more important design criteria such as 

minimising fringe levels and reducing the spacing sensitivity. Practical experience has 

shown that a hole diameter which is at least two to three times the spot diameter 

should be used. 
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4.2.7 Mode Stabilitv of the Herriott Cell 

The ability of an optical resonator to support low (diff-raction) loss modes depends on 

the mirrors separation, d, and their radii of curvature, P, The ratio of the mirror spot 

size at a given d/R to its minimum confocal (d/R =1) value is given by the ratio of 

equations (4.32) and (4.34) [38]: 

y2 

(1,2) 
(4.35) 

0 (1,2) conf 
- 

ý/R (2 - d/R)_ 

The ratio is plotted out in Figure 4.4. 
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Figure 4.4 - Spot Size Ratio 

The ratio becomes infinite at d=0 and d= 2K The diffraction losses under these 

conditions would be extremely high, as most of the beam energy would miss the cell 

mirrors. The mirror system will only be stable if the separation is bound as follows: 
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0 <d <2R (4.36) 

This is known as the stability condition. However, for practical use the cell spacing is 

kept within the following range: 

R 
<d< 

3R 
22 

(4.37) 

In this region the maximum spot size is - 15% greater than the minimum confocal 

value. This ensures that fringing due to beam spot overlap does not become a problem. 

4.2.8 Spacina Tolerance 

If the mirror spacing is changed from its exact re-entrant position the last spot will be 

swept across the coupling hole. The tolerance for spacing changes i. e. the range over 

which the beam still exits through the hole can be determined if we follow McManus 

[40] and define the transverse spot velocity, v, = dS/dd, with S the lateral position of 

the last spot on the input mirror. The spacing tolerance will be given by the coupling 
hole diameter divided by the spot velocity i. e. : 

Ad=dh/v.. (4.38) 

We can use equation (4.14) to determine the (vector) spot velocity: 

VS nx, cos(nO). 
(I/ R) Y2 

A 
x 

(2d 
- d'/R) 

(4.39) 

ny. cos(nO). - 
(I/R)Y2 A 

(2d 
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For a nearly re-entrant beam Cos (nO ) ýzý ± 1. Further, if the cell is close to 

confocal, d ; -- R and equation (4.39) simplifies to: 

v. ; te 
n (x,, 2 

+ Y02) 
Y2 

d 
(4.40) 

Assuming x. = 0, as in the case of a circular spot pattern, equation (4.40) reduces to: 

VS -- 
ny,, 
d 

(4.41) 

In other words the spot velocity increases proportionally with pass number, n, and the 

input co-ordinate, y., but is inversely proportional to the mirror spacing, d. 

Taking the example of a 50 pass Herriott cell separated by 56 cm with y,, =3 cm, the 

spot velocity will be - 2.7. This means that a change in separation of I mm will cause 

the lateral position of the last spot to move by 2.7 mm. Assuming a coupling hole 

diameter of 4 mm , the spacing tolerance would be 1.5 mm. 
To verify the equation for spacing tolerance, the Herriott cell spacing was adjusted 

with a micrometer and the distance over which the beam still exited through the 

coupling hole was recorded. The spacing tolerance for the pattern discussed above was 

1.60 mm. The discrepancy between the measured and predicted tolerances arose 
because the cell was not at confocal spacing. If no confocal assumptions are made then 

the predicted spacing tolerance (equation (4.39)) become 1.49 mm. This is a far better 

agreement with the observations. 
Such tolerances should be easily achievable in a field instrument. 

4.2.9 Tilt Sensitivity 

Trutna and Byer [37] have carried out a simple geometric analysis to determine how 

the reflex spot co-ordinates change when either the front or back mirror is tilted. If the 
front mirror is rotated by an angle (D, about the Y axis, the change in the position of 

the e spot on the front mirror is given by: 
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A X. (, ), ) =R [Co4n + 1)0 - Cos0]0, 
(4.42) 

2+ d/R 

If instead the back mirror is rotated by an angle (D2 about the Y axis, the change in the 

position of the spots on the front mirror is: 

A X. 
(1)2) 

=R [Co4n0)-1]02 (4.43) 

2+ d/R 

If the re-entrant condition (n 0=m 7c ) is substituted into both of these equations, the 

bracketed expressions in each become zero. In other words the position of the exit spot 

will not change when either mirror is tilted. This is an important result that confirms the 

inherent stability of re-entrant solutions supported within the Herriott cell. A set of 

similar relationships can be found for the change in the spot positions on the back 

mirror, while identical relationships for rotation about the X axis can also be obtained. 
This predicted insensitivity to tilt was validated experimentally, however, although the 

spot position in the plane of the coupling hole does not change, the slopes of the exit 
beam does. As a consequence, the position of the exit beam outside the cell changes. 
Using equation (4.42) it is predicted that if the front mirror is tilted through an angle, 
4),, the exit beam slope will change by 2 (D, . This was confirmed experimentally and is 

consistent with the cell being modelled as a single convex mirror at the plane of the 

coupling hole. 

The analytical equations have been used to help understand much of the Herriott cell 
behaviour. A computer model of the cell based on a matrix description of optical 

elements has also been developed. This model has allowed futher investigation into the 

Herriott cell behaviour. This model will now be discussed. 
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4.2.10 Computational Model of The Herriott Cell 

The behaviour of the Herriott cell has been explored by direct computation using a 

program written in the MATLAB language at the University of Strathclyde. A detailed 

description and listing of this program can be found in Appendix 2. 

If we consider one traverse of the Herriott cell, it involves propagation through free 

space and reflection off one mirror. As described in Section 4.2.2, the matrix for one 
traverse, C (Rd) is the product of the free space propagation matrix, D (d), and the 

reflection matrix, R (R). 

C (Rd) =R (R)D (d) (4.44) 

The location and slope of a paraxial ray after n traverses, Zn, is just the product of the 

matrix for one traverse, C (Rd), raised to the power n, and the initial vector, 7,., i. e.: 

za= C'Z 

where Z, is the vector: 

x0 

0x0 
YO 
YO 

and Z, is: 

Zn H 

Xn 

Xn 

Y. 
Yn 

(4.45) 

(4.46) 

(4.47) 
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This model has been used to confirm the analytical expressions for spacing and tilt 

sensitivity derived earlier, and to allow spot patterns that are best suited to TDLAS 

measurements to be chosen. 

4.2.11 Maps of Re-entrant Solutions 

The model can be used to determine the number of passes in the cell at any given 

mirror spacing. This is achieved by stepping through values of n for a given separation 

until a re-entrant solution is found, i. e. the co-ordinates of the e spot fall within the 

coupling hole radius. Changes in separation alter the angular advance, 0, on each 

reflection, allowing a different solution to be supported. If this process is repeated for a 

range of different separations, a map of re-entrant solutions is generated. The map is 

independent of choices of specific cell parameters and proves to be useful tool in the 

design and set up of the Herriott cell. 
Due to the finite sizes of the beam, coupling hole and mirror, the number of passes, n, 

that can be supported within the cell has been limited to a maximum value of 110. 

Figure 4.5 shows how the pass number changes with the normalised separation (R/d). 

To make these calculations, it was assumed that the mirror diameter was 7.5 cm with a 
4 mm diameter coupling hole placed 3.5 cm above the centre of the mirror. 
If the region marked #1 on Figure 4.5 is examined, it is seem that at a normalised 

separation of 0.937,50 passes are supported within the cell. If a 50 pass Herriott cell 

with 50 cra spacing needs to be designed, then the required radii of curvature would 
be, R= 50/0.937 = 53.67 cm. If on the other hand the mirrors were required to be 

separated by 78cm, the required radii would be 83.24 cm. In other words, a specific 

solution can be obtained at any given separation by changing the radii of curvature. 
This is an important result, as the converse is also true, i. e. a specific solution can be 

found for a given radii of curvature by changing the mirror separation. This means that 

any error in the radii of curvature can be compensated for by changing the mirror 

spacing, allowing the tolerances in the precision of manufacture to be kept relaxed and 
the cost of manufacture to be reduced. 
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Figure 4.5 - Map of Re-entrant Solutions 

This result also has another important consequence. If both the mirrors and the 

material separating them are made of the same material, any changes in ambient 

temperature will cause the cell to expand/contract isotropically. Consequently, any 

change in the separation will be matched by a corresponding change in the mirror radii 

of curvature, allowing the same re-entrant solution to be supported within the cell. This 

has been validated using the model and is of great benefit for field applications where 

ambient temperature variations up to ±300C can be expected. In a White cell such 

temperature variations would significantly affect the alignment, resulting in ambiguity 
in the number of passes supported within the cell. In the Herriott cell no such 

ambiguity will exist, allowing the effect of temperature variations on the pathlength to 

be determined precisely. This behaviour was confirmed in Chapter 7, where succesful 

operation of a Herriott cell at temperatures as low as 77K was achieved. 
Figure 4.6 shows the spot pattern obtained for a Herriott cell giving 50 passes at 50 

cm separation. The small circle represents the coupling hole. The pass numbers for the 

front mirrors are shown in Figure 4.7. All the even pass numbers are located on the 
front (coupling hole) mirror with the odd numbered passes on the back mirror. 
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Figure 4.7 - Even Pass Numbers on Front Mirror 

The modelled spot patterns highlight that the reflex spots only cover a very small area 

of the mirror. Thus, although more efficient than the White cell in terms of the number 

of passes that can be supported within a cell, a large percentage of the mode volume is 

still not used. 
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4.2.12 Modelled Spacing Tolerance 

If Figure 4.5 is examined more closely, it is evident that as the pass number increases, 

the distance over which the beam will still exit the coupling hole gets correspondingly 

smaller. This distance was defined in Section 4.2.8 as the spacing tolerance. The 

regions #2 and #3 in Figure 4.5 occur at similar normalised separations, but #3 has 

twice as many passes as #2. A close up of this region is shown in Figure 4.8. 

Pass Number against Normalised Separation 
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Figure 4.8 - Expanded Region of Figure 4.5 

The spacing tolerance for the two regions, as determined from Figure 4.8, are I mm 

and 2 mm respectively. Thus the spacing tolerance, to a first approximation is 

proportional to the pass number. The analytical equation for spacing tolerance 
(equation (4.41)) given in Section 4.2.8, predicts tolerance values of 1.02 mm and 
2.01 mm. It is clear that there is good agreement between the modelled results, the 
derived analytical equations and the experimental observations 
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4.2.13 Modelled Tilt Tolerance 

Tilt can be accounted for in the model by adding a constant to the slopes, ((XX /, ay /), 

at each reflection off the tilted mirror. If for example the back mirror was tilted by the 

angle (D, in the x direction, the beam would undergo an additional angular deflection of 

20, on each reflection off that mirror. Figure 4.9 and Figure 4.10 show the spot 

pattern obtained when there is no tilt and when there is a 0.5' tilt in the x direction. 

It is evident that while the shape and orientation of the spot pattern as a whole has 

changed, the order of appearance of the spots has not. More significantly the co- 

ordinates of the exit spot have remained unchanged. In other words the position of the 

exit spot on the front miffor is independent of tilt. The model is therefore in good 

agreement with the analytical expressions and experimental observations (Section 

4.2.9). The model was also used to determine how the exit beam slopes changed when 

either mirror was tilted. As expected, when the front mirror is tilted through an angle 

(Dj . the exit beam slope will change by 2 (Dj * 
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Figure 4.9 - Spot Pattern without a 0.5* tilt in the x direction 
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Figure 4.10 - Spot Pattern with a 0.50 tilt in the x direction 

4.2.14 Best Choice Spot Patterns 

In TDLAS measurements one of the main factors limiting sensitivity is optical 

interference fringes. These are caused by interference at the detector of coherent 

beams that have travelled different pathlengths. One of the main sources of such 

fringing will be the multipass cell. It will be discussed how, through a suitable choice of 

spot pattern, the elimination of such fiinging can be made significantly easier. 

In a Herriott cell , the most important source of fringing will be the spillover of light 

from the beam spots that neighbour the coupling hole on the input mirror. Ideally it 

should be possible to make the neighbouring spot spacing large enough so that no 

spillover will occur, however, imperfections on the mirror surface will produce a cone 

of near forward scattered light surrounding the main beam, making the beam diameter 

larger than the theoretical calculations (Section 4.2.6). Also, poor coupling of the beam 
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into the cell will cause diffraction, again leading to a larger than expected beam 

diameter. Practically, the non ideal effects mentioned above and the requirement for 

low volume, high pass number cells make it impossible to totally eliminate fringing. 

Therefore, other techniques to remove the ffinges must be used. These techniques, 
including piezo cell mirror dithering, digital filtering or the use of a Brewster plate 

spoiler are discussed in detail in Section 5.4, but common to all is the requirement that 

the Free Spectral Range (FSR) of the fringes must be considerably different from the 

width of the absorption feature that is being recorded. 
For a Herriott cell the FSR is given by [40]: 

FSR c 
Ad 

(4.48) 

where c is the speed of light and Ad is the path difference between the interfering 

beams. Using equation (4.48) it can be seen that in order to obtain spot patterns that 

will give narrow FSR fringes, the path difference between the exit spot and either of 

the two neighbouring spots (S I and S2) should be as large as possible. This will be the 

case when both SI and S2 correspond to spots nearly midway through the beam orbit. 
Kebabian and McManus [41] have shown that re-entrant solutions can be grouped into 

families that have a fixed relationship between the pass number n and the integer m. 
Figure 4.11 shows the re-entrant solutions against the normalised separation and the 

groups of families to which they belong. It is found that each family has a distinct 

relationship between the exit spot number and the two nearest neighbour spot numbers, 
SI and S2. Table 4.1 lists the families and the spot number relationships. Of all the 
families listed, only the 2m ±4 family has both its neighbouring spots close to midway 
through the beam orbit. This family will therefore have narrow FSR ffinging and will be 

best suited to TDLAS measurements. Figure 4.12 shows the spot patterns for the 
2m ±4 and 2m ±2 families. 

Experimentally the variation of the ffinge FSR with different spot patterns has been 

observed using an experimental set up identical to the one described in Section 5.5. 
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Figure 4.11 - Re-entrant Solutions and their Family Groupings 

Family Neighbouring SPOt Numbers (SI, S2) 

n=2m±2 (4), (n - 4) 

n=2m±4 (n/2 - 2), (n/2 + 2) 

n=2m±6 (n/3 ±4/3), (2n/3 ±4/3) 

n=2m±8 (n/4 ± 1), (3 n/4 ± 1) 

(n/5 ±4/5), (4n/5 ±4/5)or 
n=2m±10 

1 
(2n/5 ±4/5), (3n/5 ±4/5) 

1 

Table 4.1 - Family Groupings and Spot number relationsMps 
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Figure 4.12 - Spot Pattems for the 2m ±2 and the 2m ±4 fanfilies 
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4.2.15 Cell Solution chosen for eround based TDLAS. 

For the ground based instrument described in this thesis (Chapter 5), the 48 pass 

solution shown in Figure 4.12 will be used. This solution is found at a mirror 

seperation of 52.1 cm. The computer model predicts an absorption pathlength of 
25.1 Im. A spacing tolerance of 1.5 mm ensures that this solution will have the required 

stability for field applications. In addition, this choice of solution will ensure that the 

FSR of fringing generated by neighbouring spots to the coupling hole will be 

significantly smaller than the width of the feature being measured. The performance of 

this Herriott cell in the ground based spectrometer is assessed in Chapter 6. 

4.2.16 Conclusions 

A model of the Herriott cell, based on a matrix description of the optical elements, has 

been written in the MATLAB language. This model coupled with analytical equations 
has been used to understand and predict the behaviour of the cell. All predictions were 

validated experimentally using mirrors bought from Ealing Electro-Optics. Modelling 

predictions have allowed a suitable solution for the ground based TDLAS to be 

determined. 

It was found that the Herriott cell was insensitive to tilt and spacing changes and had 

several advantages over the traditionally used White cell. These included the ability to 

choose patterns that produced fringes with a small FSR and the ability of the cell to 

maintain a given re-entrant solution over a wide temperature range. Consequently it is 

concluded that the Herriott cell is well suited for field applications. 
The main drawback of this multipass arrangement is that inefficient use of the miffor 

surfaces means that the cells can only support a moderate number of passes. It is felt 

that for a ground based instrument this inefficiency would not pose a problem, but in 

the case of a piggy back balloon deployment where size and weight must be kept to a 

minimum such inefficiencies could not be tolerated. Thus another more efjýrlcient 

solution must be found. Such a solution is discussed in the following section. 
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4.3 Astiamatic Herriott Cell 

4.3.1 Introduction 

So far, only the conventional Herriott Cell has been considered for use as a multipass 

arrangement. A different variant of this cell, known as the astigmatic Herriott cell [36], 

uses mirrors that have two different radii of curvature. This variant offers several 

advantages, the main one being that the circulating beam more fully fills the whole 

volume of the cell, giving a more even distribution of spots on the mirror surface. Thus 

for a given number of passes, the beam spots will be more widely spaced than in the 

conventional case, allowing smaller mode volumes and smaller mirrors. Figure 4.13 

shows a schematic of an astigmatic mirror. 

z 

Figure 4.13 - Schematic of Astigmatic Herriott Cell Mirror 

One of the main factors that has inhibited the use of astigmatic cells has been the need 

for extreme precision in manufacturing the mirrors. Unlike in the conventional Herriott 

cell, where errors in the radii of curvature can be compensated for by changing the 

mirror spacing, the astigmatic case requires that the re-entrant condition be achieved 
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for both axes simultaneously. This is not possible through changes in the mirror 

separation only. 
McManus el al [40] have demonstrated that changes in the mirror spacing coupled 

with the rotation of one mirror about its optical axis, can provide the required 

compensation to both radii of curvature. Using this technique allows the mirrors to be 

made with relaxed tolerances and reduced cost. 
The properties of the astigmatic Herriott cell will now be investigated. 

4.3.2 Properties of the Astigmatic Herriott Cell 

McManus et al [40] have derived analytical expressions to describe the propagation of 

a paraxial beam through the astigmatic Herriott cell. A 4x4 matrix description of the 

cell can be reduced to a pair of coupled difference equations that naturally yield 

analytical expressions for circulation frequencies within the cell. This approach is 

analogous to the W matrix description of the conventional Herriott cell, and the 

reduction of such a matrix to a single difference equation, as was described in Section 

4.2.2. Using this technique they have shown that the co-ordinate of the reflex spot after 

n passes is: 

x. =(A 
2 

-2-e 
2 )Xn-1 

- Xn-2 +CY. 
-1 

ya = 
(B2 

-2-e 
2)y 

ß_1 - 
Ya-2 -8 Xn-1 

(4.49) 

where: 

A=2- [(cc. d) cos 
2T+ (ayd) sin 

2 TI 

B=2- [(a. d) sin 
2 

c+(ccyd) COS2 C] 

e 1/2 (cc,, 
- ccy)d sin(2T) 

F, = 1/4 [(cc 
x-a, 

)dl2 sin(4, c) 

and where: 

(4.50) 
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cc, = 2/R. 

ay = 2/Ry 

0, /2 

(4.51) 

Ot is the rotation angle between the mirrors. The coupling term, c, will usually be 

small. If the rotation angle between the two mirrors was zero, the coupling term would 
become zero, and the resultant motions would be sinusoidal in x and y, as in the case of 

the conventional Herriott cell. 
McManus et al have also derived equations that give the cosines of the angular 

advances in two passes: 

CoSox2 = 1/2[A 2 
-2-e 

2 
_4] 

CoSoy2 = 1/2 [B 2 
-2-e' +ý] 

with: 

(4.52) 

)12)y 2) f2 /(B2 
-A 

22 (4.53) 4=1/2(B'-A ( +[1-4, 

For a simplified analysis, in which the two mirrors are assumed to be identical, with no 

rotation or tilt, equations originally presented by Herriott et al [42] can be used. In this 

simplified analysis, the equations for the spot co-ordinates after n passes become: 

x. = X, sin(n0. ) 

ya = Y. sin(nOy) 
(4.54) 

where: 

0x= cos-'(1 - d/R. ) 

0y= cos-'(1 - d/Ry) (4.55) 
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X,, and Y. are the co-ordinates of the point where the injection beam first hits the back 

mirror and they define the size of the overall spot pattern. R,, and Ry are the mirror radii 

of curvature and d, as in earlier sections, is the mirror separation. It should be noted 

that the expressions in (4.54) assume that the entrance/exit point is at the centre of the 

mirror (i. e. at the co-ordinate (0,0)). It is seen that the spots trace out a path on the 

mirror surfaces that is sinusoidal in x and y, but with different frequencies, i. e. a 
Lissajous pattern. 

4.3.3 Conditions for Re-entrance 

As a result of having two independent re-entrant equations describing the circulation of 

the beams within the cavity, two independent conditions for re-entrance are required. 
These are: 

nOx = Mx7l 

nO y= 
my7C (4.56) 

Substitution of these conditions into the equation (4.53) gives x. =0 and y. = 0, i. e. the 

beam returns to the entrance point. As in the case of the conventional Herriott cell, n 

must be an even integer and there should be no common factors (other than two) 

within the set of integers (n, m., my). 
These integers define the pattern of transits through the cell and the choice of n, m,, and 

my can have a significant effect on the cell behaviour. When m. and my are both chosen 
to be even, the beam undergoes a whole number of complete transverse oscillations. 
This means that the output beam will exit from the diagonally opposite comer from the 

one it was originally aimed at. Under these conditions, the beam acts as if it is 

reflecting from a convex mirror, equivalent to the back of the cell input mirror, at the 

coupling hole. This is identical to the behaviour of the conventional Herriott cell and is 

especially useful when incorporating the -cell into an optical design. Solutions with even 

m,, and my tend to have symmetrical patterns, allowing a more even distribution of 

spots. It is for these reasons that patterns with even m. and my are exclusively used 
when searching for suitable solutions. 
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4.3.4 Maximum Number of Passes 

In the conventional Herriott cell, the beam maps out a single ellipse on the mirror 

surface. In the case of the astigmatic cell, with the coupling hole at the centre of the 

front mirror, the beam maps out a rectangular pattern defined by the initial injection 

co-ordinates, Y,,, and Y.. Assuming that a circular mirror is used, the pattern area will 
be maximised when both injection co-ordinates are the same, i. e. the pattern will be 

square. It is assumed that the spots must at least be separated by the diameter of the 

hole, dh, and that they are evenly spaced over the mirror surface. The maximum 

number of passes, n, using these assumptions, can be shown to be: 

8XO2 

dh 2 (4.57) 

If Xý = 3.5 cm and dh= 0.4 cm, the maximum number of passes would be 612. This 

compares with a maximum of 110 passes for the conventional Herriott cell under 
identical conditions. It is clear from this comparison that the astigmatic Herriott cell 

gives a significantly greater number of passes over the standard cell. 

4.3.5 Other Properties 

Even when using the simplified analytical expressions for the astigmatic Herriott cell, 

the expressions for the focusing properties (Section 4.2.6) and the stability condition 
(Section 4.2.7) become complicated. If rotation of one mirror about the optical axis is 

included, the expressions become extremely complicated. If it is assumed that the two 

radii of curvature are similar, i. e. R,, -- Ry, then the expressions for the conventional 
Herriott cell are a good approximation [42]. This is also true for the spacing tolerance 
(Section 4.2.8) and tilt sensitivity (Section 4.2.9). The exact behaviour of the cell will 
therefore only be investigated numerically using the 4A matrix model. This 4A matrix 
description of the astigmatic Herriott cell will now be described. 
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4.3.6 4A Matrix Description of Astigmatic Herriott Cell 

The 4A matrix description for the astigmatic cell is similar to the W matrix 
description of the conventional Herriott cell (Section 4.4.1). The matrix for one 

traverse, C (Rd), is the product of the free space propagation matrix, D (d), and the 

reflection matrix, R (R), where: 

Id00 

D(d) =0100 001d 

-0 
00 1- 

and: 

1000 

R(Rx3, R -2/R. 100 
Y) 0010 

00 -2/Ry Ij 

(4.58) 

(4.59) 

When the mirror axes are rotated by an angle 0, to the co-ordinate axes, the reflection 

matrix becomes [40): 

R' (Rx 
s RY) = T(-O, )R(R.,, RY)T(O, ) 

where T(O, ) is the rotation matrix [40]: 

cosot 0 sinO, 0 
0, 

*. 
cosot 0 sinO, 

JAut) sinOt 0 cosot 0 
0 -sinO, 0 cosot- 

(4.60) 

(4.61) 
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The rotation matrices mix x and y components of the beam co-ordinates. The 

behaviour of the cell, however, is similar to the unrotated case, with essentially 

sinusoidal x and y spot motions. 
As in the case of the standard Herriott cell, the co-ordinate of the beam spot after n 

passes, Z,,, is given by CL,,, with: 

x0 

Y. 
yoll 

and: 

Xn 

zu = 
Xn 

Yn 

Yll 

(4.62) 

(4.63) 

This model has been incorporated into a MATLAB program which has been used to 

design and investigate the properties of the astigmatic Herriott cell. A program listing 

can be found in Appendix 2. The results of this work will now be discussed. 

4.3.7 MaiDs 
-of 

Re-entrant Solutions 

As in the case of the conventional Herriott cell, creating a map of re-entrant solutions 

can be a useful tool in helping to design and set up a cell configuration. Due to the 

astigmatism, the pass number is mapped against the two dimensional space of (0 
x$0 Y) . 

Once again the map of solutions is completely general and is independent of specific 

choices of cell parameters. It is generated in an identical fashion to the standard cell, 

with the model being used to step through values of n at'an arbitrary point (0x$0Y)'- 

until a re-entrant solution is found. Figure 4.14 shows a very small region of the map 
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In this case the solutions are mapped against and 0, are known as the 

reduced angular variables [40], and are defined as: 

7r/2 

7t/2 (4.64) 

The reduced angular variables are used simply as a matter of convenience. 

It is seen that the map is made up of overlapping circular zones. Each zone on the map 

represents a re-entrant solution, with the number of cavity passes indicated by the 

colour. Zones with larger diameters correspond to lower pass solutions. The maximum 

pass number was limited to 1000. 
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Figure 4.14 - Map of Re-entrant Solutions 
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Figure 4.15 shows the sub-set of the solutions in which the beam acts as if it were 

reflecting from a single mirror located at the cell input, i. e. m, and Mr both even. As 

stated previously, only members of this sub-set are considered as possible 

configurations. It is evident from Figure 4.15 that considerably fewer solutions belong 

to this subset. 
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Figure 4.15 - Subset of Re-entrant Solutions 

To determine specific cell parameters ftom these maps, a zone corresponding to a 

solution with pass number, n, should be chosen and the centre co-ordmates of the 

zone, i. e. (0,0 
_, 
), should be incorporated into equations (4.54). This will recover tile 

normalised separations, which can then be used to determine the required radii of 

curvature for a given mirror spacing. As an example, if the region marked #1 on 
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Figure 4.14 is considered, it corresponds to a re-entrant solution with 194 passes. The 

centre co-ordinates of this zone are (-0.178, -0.211). If these co-ordinates are 

converted from reduced angular variables into (0 
xp0 Y) , and incorporated into equation 

(4.54) 
, the normalised separations are: 

R,, /d = 0.822 

RVd = 0.791 

For a mirror spacing of 50 cm, the required radii of curvature would therefore be: 

R., = 60.83 cm 
Ry = 63.23 cm 

Figure 4.16 shows the spot pattern obtained for this solution. The circle in the centre 

represents the coupling hole. 
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Figure 4.16 -194 Pass Solution at (1.392,1.360) 

Adjustments in the mirror rotation and spacing, map out trajectories through the 
(Oxv0y) space on the map of re-entrant solutions. A set of these trajectories are shown 
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in Figure 4.14. The trajectories can be determined using the equations in (4.52) and 

(4.53) and can be used to ascertain the required spacing and rotation changes to move 

from one solution to another. For example movement from the solution marked #1 on 

Figure 4.14 to the solution marked #2 can be achieved through a rotation of 15' and a 

change in separation of 2.0 mm. These trajectories are approximately linear, if the 

rotation angle remains fixed. 

4.3.8 Desh! n Considerations and Desien Criteria 

The MATLAB model has been used to design an astigmatic Herriott cell, which will 

provide a long pathlength in a small volume. A pathlength of - 100 m is required to 

obtain the necessary detection limits for the weaker overtone transitions of the 

molecules that are of interest. In order to keep the instrument small, a mirror 

separation of 50 cm was decided upon, dictating that the required number of passes 
from the astigmatic cell would be of the order of 200. 

It was decided that it would be beneficial if the mirrors could also support a 100 pass 

solution at a separation of one metre. Such a solution would be useful for work in the 

mid-infrared where low laser powers would limit the number of passes that could be 

obtained. This solution would also be used as a backup if the higher pass solution 

proved to be too sensitive to spacing and tilt changes in a field application. 

With the basic criteria set, it is important to decide what factors make a specific spot 

pattern a suitable candidate for absorption measurements. The design considerations 
involved in choosing a suitable pattern are fisted below. 

Low Fringe Levels 

Fringing from within the cell can be a major contribution to noise levels. It is therefore 
important that any pattern has its innermost spots as widely spaced from the centre as 

possible, reducing the possibility of beam spillover. 

Easy Removal of Fringes 

Any ffinging that does occur should have a Free Spectral Range significantly smaller 
than the linewidth of the feature that is being measured. This is achieved by making 
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sure that the spots nearest the coupling hole are close to ýnidway through their orbit. 

Minimum Mode Size 

Another important criteria for a suitable spot pattern is that the mirror spacing should 

be close to confocal. This will minimise the mode size of the propagating beam, 

allowing the cell to be made smaller. This is advantageous where rapid cell response 

times are required. Patterns close to confocal will have by definition, values of m. and 

my which are approximately half the value of the pass number, n. 

Tilt Sensitivity 

Certain patterns will be less sensitive to tilt than others. Patterns must therefore be 

checked to ensure that interinediate spots are not susceptible to being driven out the 

coupling hole through misaligmnents. 

Recognisable 

The spot pattern should be easy to recognise as it will be difficult to visually count the 

reflex spots on the mirror surface. 

Suitable Neighbour 

The spot pattern should have a low pass solution nearby. This low pass solution will 
have a large spacing tolerance and will therefore be easy to find. The low pass pattern 

will act as a marker for the high pass solution. The computer model can be used to 
determine the required adjustments to both spacing and twist which will allow 

movement from the marker pattern to the actual solution. 

4.3.9 Candidate Patterns 

Using the model a systematic search for candidate patterns was carried out. The initial 

search was aimed at finding solutions with even m. and even my whose patterns were 

close to confocal and had wide spacing around the coupling hole. Shown below in 

Figure 4.17 is an example of a typical solution generated with the model. It does not 
fulfil these initial design criteria. The solution does not have even m,, and my and as a 
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result a characteristic asymmetrical pattern is produced. It is also noted that 

neighbouring spots are close to the coupling hole. 
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After a comprehensive search, the number of candidate solutions was narrowed down 

to two. These were: 

Solution 1 

N= 202 

d= 50cm 

NU = 84 

My = 78 

Solution 2 

N= 202 

d= 50cm 

N4x = 90 

My = 92 

Each one will give a nominal pathlength of 101 m with a 50 cm mirror spacing. Figure 

4.18 and Figure 4.19 show the spot patterns corresponding to these solutions. 
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Both patterns fulfil the principle criteria, described earlier. Additionally, each solution 

was further tested against the secondary criteria listed in Section 4.3.8. Solution I was 
found to be better suited to absorption measurements. The reasons are outlined below. 

Although both patterns proved to be equally insensitive to tilt and were easily 

recognisable , solution 2 had spots neighbouring the coupling hole with pass numbers 

that were not close to midway through the beam orbit. i. e. one of the closest spots to 

the entrance/exit hole was pass number 200. This would produce fringing with a FSR 

of the order of 300 MHz, which is equivalent to the typical linewidth of a light 

molecule (- 200 MHz). Consequently, the removal of these fringes, without distortion 

to the absorption feature, would be extremely difficult. 

The next criteria which had to be met was that the pattern should have a low pass 

number solution nearby. To ascertain this, a map of re-entrant solutions was generatcd 

in the regions where each pattern was found. Figure 4.20 shows the map of re-entrant 

solutions about solution 1. 
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Solution 1, corresponding to 202 passes, has been labelled on Figure 4.20. Also 

marked is a nearby solution with 62 passes. Movement between these two patterns can 
be achieved through a rotation of 20' followed by a change in spacing of 5 mm. The 

spot pattern corresponding to the 62 pass solution is shown below. 
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Figure 4.21 - 62 Pass Marker Solution 

This pattern is easily recognisable and has most of its spots near the outside edge of the 

mirror. This should make identification easy. The unsuitability of solution 2 was 

confirmed when the map of re-entrant solutions showed that there were no low pass 

patterns nearby. 
Having chosen solution I as the best suited pattern for TDLAS, all that remained was 
to ensure that the mirrors would also be able to support a 100 pass solution at a 

separation of I metre. To ascertain this, a map of re-entrant solutions was generated in 

the (0,,, Oy) region corresponding to aI metre spacing. Four candidate patterns were 

found in this region. The best of these patterns had 98 passes with a mirror spacing of 

109 



99 cm. Figure 4.22 shows the 98 pass pattern. This pattern is recognisable and the 

spots neighbouring the coupling hole are well spaced and are nearly midway through 

the beam orbit. 
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Figure 4.22 - 98 Pass solution at 99 cm separation 

It is concluded that the use of the 4x4 matrix model of the astigmatic Herriott cell has 

allowed a systematic search for a candidate pattern, suitable to TDLAS measurements, 

to be carried out. This search has provided a pattern that fulfils the design criteria 
described in Section 4.3.8. The chosen solution, (202,84,78), will provide a pathlength 

of 101 metres at a separation of 50 cm and will also support a 98 pass solution with a 
99 cm separation. 

Having chosen a suitable pattern, the specification of other cell parameters must be 

decided. These include the manufacturing material, the coupling hole diameter and the 

precision of manufacture. Again the model was used to determine many of these 

parameters. 
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4.3.10 Mirror Specification 

Radii of Curvature - Built in Deviations 

The solution, as it stands, will appear at a mirror axis angle of 0 degrees. This is not 

desirable as the adjustability goes to zero at zero rotation angle. Consequently, it 

would be difficult to compensate for any errors in the radii of curvature. To overcome 

this, deviations must be built into the mirror radii so that the solution appears at a 

mirror axis relative angle of - 15-20 degrees. The required deviations can be easily 

determined by using an approximate expression for the effective radii against the 

rotation angle [43]: 

Rx-eff -R,, 
/[cos', c+ysin', r] 

Ry-eff - Ry/[cos' c +y-' sin', c] 
(4.65) 

where 'r is the symmetric half angle between the mirror axes, and y= R"/RY . The 

centre co-ordinates of the solution zone, (O,, Oy) , are used to determine R,,, ff and 

Ry, ff. The simultaneous equations in equation (4.65) can then be solved to give the 

required radii of curvature, R. and Ry. The answer comes out fairly close to what you 

would get from the exact expressions in equation (4.52). Equation (4.65) also shows 
how the effective astigmatism is at a maximum when the axes are aligned, and zero 

when the axes are at 900 (, c =± 450). 

The required radii of curvature to allow the 202 pass solution to appear at an axis angle 

of - 20 degrees are: 

Rx = 77.274 cm 
Ry = 67.425 cm 

The spot pattern for the rotated case, as shown in Figure 4.23, is a slightly distorted 

version of the pattern in Figure 4.18. The model predicts that the solution will appear 
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at a rotation angle of 19.9 degrees and a separation of 49.967 cm. The 98 pass solution 

will appear at a rotation angle of 18 degrees. 
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Figure 4.23 - Rotated Spot Pattem 

Mirror Precision 

As described in Section 4.3.1, errors in the miffor radii of curvature for an astigmatic 

cell can be compensated for by a combination of spacing and twist adjustments. The 

model has been used to ascertain the maximum error in the radii of curvature that can 
be accommodated by such changes. To determine this, the spacing and twist settings 
for the chosen re-entrant pattern are used, and a small error in the radii of curvature is 

incorporated into the model. The spacing and twist are then changed so that the beam 

once again exits the cell in the same pattern. This process is repeated until spacing and 

twist adjustments can no longer be used to compensate for the errors. The maximum 

error will dictate the required precision of manufacture. 

Figure 4.24 shows the required twist and spacing adjustments against the percentage 

error for the chosen pattem[202,84,76). For a 1% error in the radii, i. e. R, = R., /1.01, 

Ry = R/0.99, the required spacing and twist adjustments are 0.11 cm. and 14.8 
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degrees. The maximum error that could be accommodated was - 10%. This would 

represent a very relaxed tolerance on the radii. For the purpose of manufacture, a 1% 

tolerance was specified. 
If spacing and twist adjustments were not possible, the model predicts a radii of 

curvature tolerance better than 0.001 % would be necessary. Such tolerances would 

practically be difficult to achieve and would certainly be prohibitively expensive to 

manufacture. 
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Figure 4.24 - Spacing and Rotation Changes against Percentage Error 

Reflectivity 

The coating chosen for the multipass cell, is extremely important. With over 200 

reflections, a large percentage of the beam energy will be lost at the mirror surfaces. 

Examining the noise characteristics of multipass cells, shows that when the laser power 

falls to less that I/e of its initial value, there will be no further gain in sensitivity. For 

the high power near-infrared lasers, this is not actually strictly true [44], however, 

minimising reflection losses is an important factor in providing good instrument 

performance. A reflectivity of 99.2 % would allow - 20 % of the beam power to be 

transmitted after 202 passes. It was felt that this would certainly be adequate. 
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The cell will be used with many different laser sources in the near and mid-infrared 
(0.8 - 10[im) , therefore the coating must provide the specified reflectivity over this 

range. Particularly important is that it should also have a high enough reflectivity (- 98 

%) in the visible (0.6 Vm), so that the pattern and exit beam of the trace laser (HeNe) 

can be seen. The coating must also be able to withstand the hostile environment it 

would experience in field applications. 
Discussions with coating vendors revealed that coating LH 41 was ideally suited. This 

was a broadband dielectric protected silver coating with a specified reflectivity of - 98 

% at 0.6 pra and > 99.2 % from 1.0- 10 gm. 

Mirror and Coupling Hole Diameter 

A mirror diameter of 7.5 cm was chosen. This would easily allow up to 200 passes to 

be supported within the cell. as shown by the pass number calculations in Section 4.3.4. 

Models of the spot pattern on a mirror of that size, showed that the distance of 

approach between the exit spot and its nearest neighbour was -7 mm. The coupling 

hole radius was chosen to be half this distance, i. e. 3.5 mm. In order to allow easier 

beam injection, the hole was tapered and opened out to 9mm. diameter at the back of 

the mirror. 

These parameters represent a conservative design, and while it would be possible to 

support a similar number of passes on a mirror half this size, the chosen values 

represents a compromise between a small cell mode volume and the reduction of 

ffinging effects and good spacing tolerance. 

Material of Manufacture 

The chosen material of manufacture was aluminium. This was chosen because it is 

easily machinable, has a low density, has high strength and is relatively cheap. The main 
drawback of this material is that it has a relatively large expansion coefficient compared 

to other materials such as INVAR ( -1 x 10-6) [45]. However, as discussed in 

Section 4.2.10, if the mirrors and the material separating them are made of the same 

material the cell will expand/contract isotropically, allowing the same re-entrant 

solution to be supported within the cell. Consequently, the expansion coefficient was 

not an influential factor in the choice of mateial. 
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Other Parameters 

The specification of the other cell parameters are listed below. 

Surface Quality - scratch dig 40/20 

Surface Accuracy - X/2 at 600 mn 

Mounting Arrangements -4 M4 Tapped Holes ( see machine drawings-Appendix 4) 

The mirrors were made by an American company, Opticon [46], at a cost of $7000. 

This included a one of tooling charge of $2500 and a coating charge of $700. 

The experimental observations obtained with these mirrors were compared with the 

modelling predictions. The findings are discussed in the next section. 

4.3.11 Modelline Predictions and Experimental Observations 

The astigmatic mirrors were set up on an aluminium breadboard. The front coupling 
hole mirror was mounted in a Newport Gimbal mount (model 605-4-DM). This 

allowed the mirror to be tilted about the X and Y axes with a resolution of 0.01 

degrees. The back mirror was mounted on a Newport rotation stage (model M- 

UBG80CC, resolution 0.001 degrees), which in turn was attached to a micrometer 

stage with a resolution of 5gm. This arrangement provided all the degrees of 

movement and the necessary resolution to allow a detailed comparison with the 

modelling predictions to be carried out. 

202 Pass Solution Set Up and Observed Spot Patterns 

As described in Section 4.3.8, the 202 pass solution was chosen with a low pass 

marker solution nearby (see Figure 4.20). Although the marker solution was easily 

found, it proved difficult to move from this solution to the 202 pass pattern in one 

movýment. The model was therefore used to find intermediate patterns that could be 

used as stepping stones between the two solutions. This technique proved to be far 

more successful, and once it had been completed a couple of times, the 202 pass 

solution could be found in a matter of minutes. Figure 4.25 shows the modelled 

marker patterns. Beside each one is a picture of the spot pattern that was actually 

observed with the mirrors. 
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Figure 4.26 and Figure 4.27 show the modelled and observed spot patterns for the 

202 and 98 pass solutions. 
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Figure 4.26 - 202 Pass Solution 
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Figure 4.27 - 98 Pass Solution 

It is seen that a good match between the modelled and observed patterns was achieved. 

The variation in spot size results from intensity variations. The 202 pass solution 
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appeared at a rotation angle of - 20 degrees, and a separation of 49.9 cm while the 98 

pass solution was found at 98.9cm and - 17.8 degrees. Using the model it has been 

calculated that the error in the radii of curvature is less than 0.1 %. This is well within 

the specified accuracy. 

Spacing Tolerance 

The spacing tolerance, defined in Section 4.2.8, is the separation change over which 

the cell can support a given re-entrant solution. This was measured experimentally for 

both the 202 and the 98 pass solutions. The tolerances were measured to be 0.75 mm 

and 2.1 mm respectively. The model predicted tolerances of 0.76 mm and 2.2 mm, 

while the analytical expression derived for the non astigmatic cell predicted 0.69 mm 

and 2.8 mm. It is concluded that the modelled and observed spacing tolerances were in 

good agreement. A reasonable agreement was also obtained using the analytical 

expression for the conventional Herriott cell. 

If the spacing tolerance for the 98 pass solution is compared with the measured 

tolerance for the 48 pass solution, in the conventional cell (Section 4.2.15), it is seen 

that the higher pass solution can accommodate greater changes in the mirror spacing. 

This is possible because the astigmatic cell uses the mirror surfaces far more efficiently, 

and can consequently accommodate larger coupling holes. This property means that the 

spacing tolerance for the 202 pass solution should be practically achievable in a field 

instrument. 

Rotation Tolerance 

Changing the relative angle between the two mirror axes, will change the effective radii 

of curvature and result in the movement of the reflex spots on both mirrors. The 

rotation tolerance is defined as the maximum rotation that can be accommodated 
before another pattern will be supported within the cell. The model was used to predict 

the rotation tolerance for both the 202 and 98 pass solutions. The predicted values 

were ± 1.23 degrees and ± 1.52 degrees. The measured tolerances were ± 1.25 

degrees and ± 1.5 degrees. Again, the modelling predictions and experimental 

observations were in excellent agreement. The positions of the reflex spots were 
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significantly more sensitive to changes in spacing than in rotation. it is therefore 

expected that such tolerances could be easily met in a field application. 

Tilt Tolerance 

The model has been used to investigate the effects of tilt on the astigmatic Herriott cell. 
The behaviour was found to be identical to that of the conventional cell with the 

position of the exit beam on the front mirror being independent of tilt. However, tilt 

will cause movement of intermediate spots on the mirror surfaces and can drive them 

out the coupling hole. The maximum tilt that can be tolerated before such an event 

occurs is defined as the tilt tolerance. The measured tolerance for the 202 and 98 pass 

solutions was 0.6 degrees and 0.66 degrees respectively. The modelled results were in 

good agreement. 

Reflectivity 

The mirror reflectivity was measured in the visible and at 1.65 grn by recording the 

laser intensity before and after the beam had circulated within the cell. The 

measurements were taken at 62,98 and 202 passes. The reflectivity in the visible was - 

97.8 %, while at 1.65 gm it was - 99.25 %. This agrees well with the specified 

performance of the coating. The good agreement in the measured reflectivity at three 

different pass numbers is a good indication that the actual pass number and modelled 

pass number were also in agreement. 

Recorded Spectra 

Spectra of ambient methane at atmospheric pressure were recorded with an open path 

astigmatic cell arrangement. Figure 4.28 shows a typical spectrum obtained. This is the 

Q (6) manifold, consisting of six individual transitions that are heavily blended at 

atmospheric pressure, hence the slightly unusual lineshape. 

The inability to evacuate the cell at the time this spectrum was recorded meant that it 

was not possible to check for slowly varying etalon fringes. Noise levels on this 

spectrum were equivalent to a minimum detectable absorption of 6x 10-7. 
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Figure 4.28 - Ambient Methane, Q (6) transitions (101m Astigmatic Cell) 

4.3.12 Conclusions 

A model of the astigmatic Herriott cell, based on a 4A matrix description of the optical 

elements, has been written in the MATLAB language. This model has been used 

extensively to design an astigmatic cell for TDLAS measurements. 
The astigmatic cell behaviour was found to be substantially similar to the conventional 

Herriott cell, however, the astigmatic cell uses the mirror surfaces more efficiently, 

allowing higher pass numbered solutions to be supported. Having a more even 
distribution of spots also allowed for an enlarged coupling hole diameter giving better 

spacing tolerances and a reduced possibility of fringing. The chosen design provided 
202 passes at a separation of 50 cm. and 98 passes at a separation of 99 cm. The 

modelling predictions and experimental observations were found to be in excellent 

agreement 
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4.4 Other Work 

This section details other work carried out on multipass cells, including investigation 

into multiple beam optical arrangements where more than one beam can be supported 

within the cell. Additional ways of increasing the number of passes that could be 

supported within the Herriott cell were also investigated. 

4.4.1 Multiple Beam Cells 

Another advantage of the Herriott cell, is its ability to support more than one 
independent optical path. The ALIAS instrument [11] supported four independent 

beams, each going through 80 passes, in a conventional Herriott cell, allowing different 

gas species to be measured simultaneously. Four coupling holes were placed in the 
front mirror with four beams entering and exiting through one coupling hole each. 
Investigation into the possibility of supporting four independent paths in the astigmatic 

cell was investigated with the model and the findings confirmed experimentally. 
The spot pattern for four beams being injected into the cell is shown in Figure 4.29. 

Each is injected at a slightly different angle and goes through 82 passes before exit. An 

advantage of the astigarnatic cell is that all the beams can enter and exit through one 

coupling hole in the centre of the mirror. This facilitates a simpler input/output optical 

system than was used in ALIAS. In addition, four beams can easily be supported on 7.5 

cm diameter mirrors, whereas the ALIAS instrument required 15 cm diameter mirrors. 
Martin [10] has succesfully validated the modelling predictions for multiple beam cell 

operation with the astigmatic mirrors described previously. 

4.4.2 Additional Technioues to increase the ýass number of a Herriott Cell 

Investigation into ways of increasing the pass number of the conventional Herriott cell 

without the expense of designing astigmatism into them was undertaken. The first 

method investigated, involved placing a peturber mirror into the system. This 
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secondary mirror picked off the last spot before exit, directing the beam into a new 

elliptical pattern. This re-direction could be repeated several times. In this case several 

ellipses are seen and a corresponding increase in the pathlength is obtained. Figure 

4.30 shows a schematic of the observed spot pattern. Experimentally, it was shown 

that this method could be used to increase the pathlength, however some of the 

inherent stability properties of the cell were lost. It was also difficult to get the beam to 

exit out of the coupling hole. Consequently, it was concluded that the perturber mirror 

sytern was not suited to field applications. 
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Figure 4.29 - Modelling prediction for Multiple Beam Herriott cell 

Another method of increasing the cell pathlength is to stress the mirror surface so that 

it becomes astigmatic. Experimentally this was achieved by over tightening two of the 

four locating bolts which held the mirror in place This stressed the surface along one 
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axis, thus providing the necessary astigmatism. This technique was shown to increase 

the pathlength by a factor of three to four. 

Not knowing the exact astigmatism in the mirrors, however, meant modelling was 
impossible. Consequently, it was difficult to achieve re-entrance. It was concluded that 

this method would also not be suited to field applications. A particular concern was 

that temperature induced creep would change the level of astigmatism in the mirrors 

and hence the pass number. 
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5.1 Introduction 

This chapter describes the design and development of a high resolution 
(0.00033 cm7 1) ground based near-infrared tunable diode laser absorption spectrometer 
(TDLAS). 

As discussed previously (Chapter 1), accurate and precise monitoring of trace gases 

and industrial pollutants has become increasingly important over recent years, due to 

increased concern about global warming, ozone depletion and degradation of air 

quality. While a wide variety of techniques exist for measuring these gases, the very 
low concentrations typically encountered, (parts per trillion (ppt) up to parts per 

million (ppm)) have resulted in tunable diode laser absorption spectroscopy becoming 

one of the leading techniques for high sensitivity atmospheric analysis of trace gas 

constituents. 
One disadvantage of TDLAS is that each laser has an extremely small wavelength 

coverage (typically 3nm) . This usually precludes measuring more than one gas species 

with each device. For the development and testing of this instrument two DFB lasers 

were procured. The first, a device from Anritsu operated at 1650 mn and covered the 

Q branch of the 2 v, band of methane. The second laser was manufactured by 

Thomson semiconductors and covered the 3V3 nitrous oxide band at 1520 nm. A 

detailed description of these devices and their operating characteristics can be found in 

Chapter Three. 

Methane and nitrous oxide both play an important role the chemistry of the atmosphere 

and are pollution products from large scale industry. More information about the 

potential applications of this instrumentation is given in Section 5.2. 

The instrument described here has been designed to: 

* Take advantage of near-infrared tunable diode lasers and detectors now available, 

which can be mounted in compact, lightweight packages requiring no cryogenic 

cooling. 

Use the available high power of near-infrared sources to achieve long atmospheric 

pathlengths and therefore high sensitivity. 
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om Use the high spectral resolution and high mode purity of near-infrared distributed 

feedback (DFB) lasers to obtain equivalent gas detection levels to mid-infrared 
instruments. 

Use the high detection bandwidth of near-infrared detectors to enable high 

frequency detection, reducing the effect of low frequency laser excess noise. 

Make use of the high quality beam profile of near-infrared lasers to minimise stray 

optical reflections and etalon fringes to obtain maximum sensitivity. 

Use the latest design of multipass cell to minimise etalon ffinging and allow large 

optical pathlengths in small volumes. 

Employ rapid current tuning of lasers to obtain fast response measurements. 

it was hoped that these design features would provide sensitivities close to those 

achieved with mid-infrared TDLAS. 

Also included in this chapter is a study of the different detection schemes commonly 

used with TDLAS. This study was aimed at assessing which detection scheme was best 

suited to this particular application, with an emphaphis on high sensitivity, practicality 

and cost effectiveness. 
Finally, a detailed investigation into fringe removal techniques is described. Optical 

fringing is found to be one of the limiting factors in the obtainable sensitivity of 
TDLAS. 
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5.2 Near-Infrared TDLAS ADDlications 

5.2.1 Introduction 

This section describes potential applications for a ground based TDLAS. In particular, 

special attention has been given to applications involving the measurement of methane 

and nitrous oxide. These gases play an important role in tropospheric/stratospheric 

chemistry. A greater knowledge about the size and identity of sources and sinks of 
these species will help quantify and improve our understanding of the role these gases 

play in global warming and ozone depletion. 

The instrument also has many potential applications as a monitor for atmospheric 

pollutants. 

5.2.2 Methane and Nitrous Oxide Measurements 

As detailed above, methane and nitrous oxide play an important role in the greenhouse 

effect and ozone depletion. Details of the role these gases play will now be discussed. 

Methane 

The effect of methane on global warming 

Methane concentrations have increased from a pre industrial value of 700 ppb to 1780 

ppb today [3]. The recent rate of concentration change per year (during the 1980's) has 

been 0.8%. This increase in concentration is a direct consequence of human activities, 

the main sources being rice paddies, animal husbandry, landfills, biomass burning and 
fossil fuel production and use [6]. 

The direct radiative forcing due to the increase in methane concentration since pre- 
industrial times is about 0.5 Wmý [3]. 
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The effect of methane on ozone concentrations 

A small amount (< 15%) of the CH4 released at the Earth's surface diffuses into the 

stratosphere where it can act as a terminator for the Cl atom, by forming HCI: 

CH4+Cl->CH3+ HCI (5.1) 

Although HCl can recycle to Cl via reactions with OI-L some diffuses down to the 

tropopause and is rained out, thereby acting as a permanent CI sink. The observed 
increase in CH4may therefore result in lowered Cl atom concentrations and hence 

decreased Cl atom destruction of03. A doubling of Cli4concentrations would cause 

an estimated 3% increase in the total observed ozone column [6]. 

Nitrous Oxide 

The effect of nitrous oxide on global warming 
Nitrous oxide concentrations have increased from a pre industrial value of 275 ppb to 

a current value of 330 ppb [3]. The recent rate of concentration change per year (over 

the past four decades) is 0.25% [3 ]. There are many small sources of N20 both natural 

and anthropogenic. The main anthropogenic sources are from agriculture, biomass 

burning and a number of industrial processes (adipic acid and nitric acid production). 
Natural sources are expected to be twice as large as anthropogenic sources [6]. 

The radiative forcing due to the change in N20 since pre industrial times is about 0.1 

Wnf2 [3]. 

The effect of nitrous oxide on ozone concentrations 
Ground level emissions of N20 are responsible for the bulk of oxides of nitrogen in the 

stratosphere. In the stratosphere, N20 is mainly broken down by photolysis but is also 
broken down by its reaction with energetic oxygen atoms produced by solar ultraviolet 

radiation: 
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N20 + 0('D) -> 2NO (5.2) 

This process leads to NO. production that allows the catalytic chain of reaction given 
in equation (L 1) to be initiated. It is estimated that if N20 concentrations increase by 

20% over the next 60 years a 3% reduction in the total ozone column will result [6]. 

5.2.3 Measurement Technioues 

It has been shown that methane and nitrous oxide play an important role in both global 

warming and ozone depletion. Ground based measurements can help our understanding 

of these processes by allowing us to identify and quantify the different sources and 

sinks of these species. Some of the techniques used to measure and identify these 

sources and sinks will now be discussed. 

Source and Sink Ouantification - Flux Measurements 

The quantification of sources and sinks of gaseous species is achieved by measuring the 

gas flux normal to the surface. The most popular technique used for measuring gas 
fluxes is that of eddy correlation. In this, the three components of the wind velocity are 

correlated with fast (<Is) concentration measurements to yield the net flux of the gas 

normal to the surface. The wind velocity can be measured with three-axis sonic 

anemometers and the gas concentration with near-infrared TDLAS. Up to date, 

concentration measurements have been made-with mid-infrared TDLAS. An example 

of such measurements are those taken by Fowler at peat bog sites in northern Scotland 

[47]. Measurement of both methane and nitrous oxide fluxes were taken using a mid- 
infrared TDLAS developed by Aerodyne Research Inc. [48]. Fowler estimated that 

concentration retrievals had to be made with a precision better than 1%. 

An extension of this technique is to spatially map gaseous emissions using open path 

measurements. In this case the multipass cell is discarded and the beam is directed at a 

130 



retroreflector some distance away. The beam is returned by the retroreflector to the 

detector. This allows the average gas concentrations over large areas to be 

determined. Measurement of the gas flux across the boundary can be made downwind 

on a vertical plane set up, by using mirrors on two masts and passing the beam between 

them at different heights. Again mid-infrared TDLAS have conventionally been used. 
An example of such an instrument is HAWK developed by Partridge at the National 

Physical Laboratory [30). This has been used to spatially map methane concentrations 

at a land fill site. 
The final technique uses flux boxes to determine flux concentrations. The flux box is a 

metal container with one of its ends open in order to be placed against the ground. In 

most flux box designs the box is fitted with a bleed pipe, whose purpose is to release 

gas from inside the box ( if the rate of gas ingress is high). Assuming a gas tight seal is 

formed between the box and ground, the horizontal distribution of gas at the 

measurement site can be eliminated from the measurement, allowing the vertical flux 

only to be measured. The gas concentration is recorded by pumping gas from the flux 

box through the multipass cell. The gas from the cell is recirculated back into the flux 

box, so that gas pressure inside the box remains fairly constant throughout the 

measurement period. Measurements of methane gas fluxes from a land fill site using 
flux boxes have been carried out by the National Physical Laboratory [49]. They, 

however, monitored concentrations with flame ionisation detectors (FID's). TDLAS 

should provide better sensitivity and faster response times over FID's. 

Source and Sink Identification - Isotopic Signature 

Isotope ratio measurements of gaseous species can provide important information 

about the species global budget, as well as about the gas production and consumption 

processes occurring within the various sources. Taking methane as an example, 14cii4 

measurements have been used to estimate the contribution of fossil sources such as 

natural gas and methane from coal mining or from the oil industry. In contrast the 

stable isotope ratios, 
13CjV12Cjj4 (813C) 

and 
12 CH3D/ 12Cjj4 (8D ), are determined by 

the different methane production processes, i. e., a) biogenic methane production by 
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acetate fermentation, b) thermogenic production (at high temperatures) and c) 
incomplete combustion of biomass or fossil fuels. The isotopic signatures for the three 

different processes are clearly distinguishable. For many biogenic C114sources, the CH4 

flux into the atmosphere is reduced by partial bacterial oxidation of the C114, which 

causes an enrichment of both the 8"C and the 5D values. Further effects modifying 

the isotopic signature include the gradual isotopic enrichment of residual organic 

material in the course of degradation and molecular diffusion, which may alter isotope 

signatures on geological timescales. Thus it is seen that parallel VC and 8D 

measurements allow conclusions to be drawn about the production, consumption and 

transport of methane. 
Conventionally, isotopic measurements have been performed exclusively with mass 

spectrometry, however, a mid-infrared TDLAS was recently used by Bergamaschi et al 

[50] to measure both the VC and the 8D values for methane. Such measurements 

could in future be performed using a near-infrared TDLAS. 

Nitrous oxide production and consumption processes also exhibits characteristic 
N21'0 / N2'60 isotopic signatures. These signature have been measured by Wahlen and 

Yoshinari [51]. 

5.2.4 Atmospheric Pollutants 

There has been an increase in concern over recent years about the release of pollutants 
into the atmosphere. This has led to an increase in legislation and guidelines aimed at 

controlling the release of these pollutants. Near-infrared TDLAS should fulfil an 
important role in assessing compliance with new legislation, as well as direct safety 

monitoring of pollutants. Pollutants of concern include HCl, BF, H2S and N113. They 

are given off at low concentrations (10ppb - lOppm) by the petrochemical, metal 

processing and incineration industries [52]. There is a requirement for a high sensitivity 

monitor for these species capable of long term unattended operation. Near-infrared 

TDLAS should be capable of such measurements. 
There has also been widespread concern about exhaust en-dssions from motor vehicles. 
In particular there is a need to better specify vehicle CO, volatile organic compound 
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(VOC) and NO. emissions under actual operating conditions. A mid-infrared TDLAS 

has been developed by Aerodyne Research Inc. to carry out measurements of NO. on 

moving vehicles [48]. The instrument measures concentrations in an open path between 

the TDLAS on one side of the road and the retroreflector on the other. The instrument 

could measure a minimum detectable concentration of 5pprn of NO over a 

measurement time of 40 ms. Recently a near-infrared TDLAS operating at 1579mn 

has also been developed by Unisearch Associates Inc. to measureCO/CO2ratios [53]. 

This instrument also measures gas concentrations in an open path across the road. 

5.2.5 Summarv 

It is clear that there are a wide variety of applications for a ground based near-infrared 
TDLASP including fundamental studies of atmospheric chemistry as in the case of 

methane and nitrous oxide measurements and industrial applications such as the 

monitoring of pollutants like HCL and N113. While many techniques already exist for 

making these measurements, none combine the ability to perform in situ measurements 

with high sensitivity and be capable of long term unattended operation. As such, near- 
infrared TDLAS should provide significant advantages over existing technology. 
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5.3 Detection TechniqUe 

5.3.1 Introduction 

The chosen method of detection is extremely important as it can have a significant 

effect on the sensitivity of the instrument and the complexity and cost of the detection 

electronics. Investigation of the literature, followed up by experimentation in the 

laboratory has been carried out to determine which detection scheme would be best 

suited to TDLAS measurements. The different detection schemes considered are 

described below. 

5.3.2 Direct Measurement/Amplitude Modulation 

The simplest of all the detection schemes involves recording the direct signal from the 

detector whilst tuning the laser through the absorption feature. Direct measurement, 

however, is not generally used as it suffers from all the attendant difficulties associated 

with detecting small differences in large background signals. The principal sensitivity 
limitation for direct absorption measurements will be laser excess noise. This noise has 

a IN form typical of any semiconductor device and is caused by the random 

spontaneous emission of photons from the diode. The detector is also a semiconductor 

based device which will exhibit noise with IN characteristics, however, the laser noise 
is generally much larger than the detector noise unless the laser power output is 

particularly low (< 10 pW ). 

Figure 5.1 shows the noise spectrum of the Anritsu 1650nm DFB laser recorded with 

a. Spectrum Analyser (NU TF2371). This spectrum clearly shows the typical IN 

characteristics of laser excess noise. 

Amplitude modulation involves modulating the laser amplitude, usually with a 

mechanical chopper, whilst tuning the laser over the absorption feature. The signal is 

detected at the modulation frequency using a lock in amplifier. The main advantage of 

this scheme is that the lock in amplifier effectively acts as a band pass filter about the 

modulation frequency, reducing the bandwidth of the detection electronics and hence 
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reducing the noise. Figure 5.2 shows a typical spectrum obtained using amplitude 

modulation. 
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Again, it is clear that this scheme will also suffer from the difficulties associated with 

measuring small changes on a large background signal. The mechanical nature of the 

modulation also means that the detection band can only be shifted to frequencies of the 

order 1-2 kHz. Laser excess noise is still dominant in this region. 
Amplitude modulation has been extensively used in the laboratory at Strathclyde. The 

best sensitivity that could be achieved in practice was equivalent to a minimum 

detectable absorption of Ix 10-4 in aI Elz bandwidth. This was about an order of 

magnitude better than was achieved with direct measurement, but is still well short of 

the required sensitivity for trace gas detection of N20 or CH4. 

5.3.3 Sweet) Inteimatio 

An alternative method to amplitude modulation is sweep integration, whereby the 

absorption line is scanned rapidly many times and the signal averaged to produce a 
direct absorption signal. Scan rates can vary between 200 Hz and 300 kHz. The 

sensitivity should in theory improve with the square root of the scan rate. The use of a 
high pass filter to cut out low frequency noise and a pre-subtraction technique to 

reduce the sloping background have been shown to produce sensitivities close to the 

best obtained with other detection techniques [54]. The main disadvantage of sweep 
integration is that high bandwidth current controllers and detection electronics are 

required, making the system costly. In addition it has been shown that optical ffinging, 

which cannot be averaged out, ultimately limits the achievable sensitivity of all 
detection techniques (Section 6.3). Consequently, it was decided high frequency sweep 
integration was not a cost effective option to obtain the required sensitivity. 

5.3.4 Freguencl Modulation 

A variety of frequency modulation schemes exist. In all approaches, the diode laser 

ftequency is modulated by adding an ac component to the laser injection current. The 

absorption signal is then detected with a lock in amplifier or RF mbdng schemes, 
depending on the modulation frequency employed. 
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Frequency Modulation Spectroscopy (FMS) uses modulation frequencies comparable 

to or greater than the absorption linewidth (100 MHz to several gigi-hertz) [55]. One 

tone FMS detects the signal at the modulation frequency while two tone FMS uses a 

pair of closely spaced frequencies and detects the signal at the difference frequency (I- 

10 Mliz). At these frequencies laser noise will be negligible and the system in theory 

will give detector limited performance. This is equivalent to absorption's smaller than 

10,7 [56]. 

Wavelength modulation spectroscopy (WMS), on the other hand, uses modulation 
frequencies that are much lower that the absorption linewidth that is being measured. 
Typical modulation frequencies of 1-100 kHz are used. The signal can be detected at 
the modulation frequency (10 or a multiple of the modulation frequency (2f, 3f, 4f 

etc. ). For this reason, WMS is commonly referred to as Harmonic detection. At these 

lower frequencies laser noise can still be significant and sensitivities equivalent to an 

absorption of - 10-6 have been practically achieved [32,44,57]. Theoretical 

descriptions of both approaches have been covered extensively in the literature. These 

descriptions will now be reviewed. 

Wavelength Modulation Spectroscoi)3: 

Theoretical Description 

A laser whose injection current is modulated at a frequency, co,,, will have an 

instantaneous frequency that can be expressed as: 

výt) = 'V a co4m,. t) (5.3) 

where 'V is the mean frequency which is slowly tuned by ramping the diode current. If 

G (v) is the absorption line shape function, then the detector output, S (v), will be: 

S(v) = G[-;, -, +a co4co t)] (5.4) 

If a Lorentzian line shape is considered, the output from the detector would take the 
form: 
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S(Xl M) =1 
(5.5) 

1+ IX +m C04CD Al' 

where x, the normalised frequency, is defined as: 

X= 
V-vo (5.6) 

AV 

and m, the modulation index, is: 

m= a (5.7) 
AV 

rn represents the maximum deviation in terms of frequency half widths, Av, from the 

carrier frequency v. . 
The detector signal is usually fed into a lock in amplifier, which selects one of the signal 
harmonics. In the case of very small modulation depths, Wilson [58] has shown that 

the e harmonic will be proportional to the e derivative of the absorption line. 

However, it has been shown that the harmonic signals are maximised at larger 

modulation amplitudes [59]. At these large modulation depths, the lineshape is no 
longer proportional to the derivative of the absorption feature and exact expressions 
for the Fourier components must be used. Wilson has shown these to be: 

2f 
S(V)cosnOdO 

7C 0 

= 
7c 

f G(-v +a cos 0) cos nOd0 

H. (y) is the normalised e Fourier component/harmonic of the detector output. Again 

considering a Lorentzian pressure broadened line, the second harmonic component of 
the detector output would be: 
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H2(X, m) 
22 

cos20d0 
7t 0 l+ [x + MC0S01 (5.9) 

This integral can easily be evaluated computationally over any normalised frequency 

and modulation depth. Evaluating such integrals allows the theoretical output from a 
Lock in amplifier to be determined. Similar integrals can also be derived for both 

Gaussian Doppler broadened lines and intermediate Voigt lines. 

Software was developed in MATLAB at Strathclyde to evaluate the necessary 
integrals. A listing of this code can be found in Appendix 2. 

Peak Heights 

As stated previously, the harmonic signals are maximised when the modulation index is 

increased such that the lineshapes are no longer proportional to the derivatives. Reid 

and Labrie [59] have determined the modulation index required to maximise the peak 

height for a second harmonic Doppler and Lorentz line. Their work was extended by 

Silver [60] to include peak heights for n=1,2,4,6. Using the software developed at 

Strathclyde, this work has been further extended to include n=1,2,3,4,5,6. Table 

5.1 shows the modulation index and normalised peak heights, H(n), at the different 

detection harmonics for both Doppler and Lorentzian lineshapes. 

It is seen that at higher detection harmonics, the required strength of modulation 
increases while the peak signal decreases. This would indicate that the optimum 
harmonic would be n=1, however, it will be shown later (section 5.3.5) that when 

signal to noise considerations are taken into account this is not the case. It is also 

evident that the peak heights of the Doppler broadened fines are greater than those for 

the Lorentz lineshape. This indicates that harmonic detection is best suited to the 

Doppler lineshape. Voigt- fineshapes, naturally, will have intermediate peak heights. 
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Harmonic 

n= m 

Dgppler 

peak- H(n) m 

Lorentz 

peak - H(n) 

1 1.6 0.574 2.0 0.500 

2 2.1 0.438 2.2 0.343 

3 3.3 0.361 3.6 0.234 

4 3.6 0.236 5.0 0.177 

5 4.7 0.190 5.6 0.145 

IL 
6 5.2 0.160 6.5 0.121 

Table 5.1 - Computed Peak Heights and Optimal Modulation Indices 

Comparison of Theory with Experimental Results 

A detailed comparison between the theoretical lineshapes for second harmonic 

detection and those obtained experimentally was carried out by Reid and Labrie [59]. 

In general, excellent agreement was found for both Doppler and Lorentzian. lineshapes, 

however, this work was carried out using lead salt lasers operating in the mid-infrared. 
It was felt that it would be worthwhile extending this comparison to include the n=1, 
2,4 harmonics using the near-infrared DFB lasers available at Strathclyde. 

Figure 5.3 and Figure 5.4 show the odd and even hannonic lineshapes of a Doppler 

broadened line as predicted by the computer model. For each harmonic the optimum 

modulation index was used. The lineshapes are broadly similar to those you would 

obtain at lower modulation indices where the lineshapes are proportional to the 
derivatives. However, it is evident that at higher harmonic detection and greater 

modulation depths the lineshapes become broadened. 

Comparison between the modelled and experimental lineshapes provided good 

agreement. Figure 5.5 shows a Doppler broadened (1.5 Toff) water line recorded 

using second hannonic detection at - 1.52 pm. This line was chosen as there were no 

nearby lines that would cause interference. The points marked with crosses show the 

modelled lineshape. Experimentally, the optimum modulation level was determined by 

observing the lock in output on an oscilloscope and increasing the modulation until the 

second harmonic peak height reached a maximum. For second harmonic detection this 

140 



Odd Harmonics - Doppler Lincshape 

DopplaLinsshVs 

0. 

M 

.a 

5LhHwmo= 

IM 2M 250 M 330 U0 
Arb&ý Umt, 

Figure 5.3 - Odd Harmonics 

Even Harmonies - Dopplcr Lineshape 

a 

A 

2w 2M 300 
ArbiW"Umto 

Figure 5.4 - Even Harmonics 

Doppler Ijueehapt 

f 6thHumomic 

4LhHumonic 

. 03- 2ndHamom 

141 



should occur at a modulation index of 2.2. The experimentally determined modulation 
index that provided the best fit with the modelled output was 2.212. This is an 

excellent agreement. 
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Figure 5.5 - Comparison between experimental and modelled 
2nd Harmonic Doppler Line 

The residuals between the two lineshapes were better than 0.1% in the central region of 
the line. The residuals, however, increase to - 1% at the wings. This was felt to be 

caused by a slight Lorentzian component to the recorded line shape. This would seem 
to be confirmed by the observation that the wings of the recorded line extend out 
further than the modelled output. 

The fit of the same line in the pressure broadened regime (1.5 Torr H20 + 300 Torr 

N2) gave residuals of approximately 1%. While still reasonable, the fit was not so 

good as the Doppler broadened line. This was felt to be caused by the increased 
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modulation depths required for the Lorentzian lineshape. At these larger modulation 
depths, the linear frequency tuning assumption used in the theoretical description is no 
longer valid. 
The Ist harmonic Doppler lineshape exhibited residuals of - 0.1% while the Ist 

harmonic pressure broadened line had residuals of - 1%. The 4th harmonic residuals 
for both lineshapes were significantly worse (>4 %). Again, it was felt that the 

departure from the modelled lineshape resulted from the breakdown of the linear 

frequency tuning assumption at higher modulation depths. The good fit, for both the 

first and second harmonic Doppler lines, where smaller modulation depths are used, 

would seem to confirm this. 

The theoretical expressions for the harmonic components of different lineshapes can 

only be used to generate the harmonic lineshape of single unblended lines. In practice 

recorded lines are usually either blended or have some interference from nearby lines. 

Software has been developed in MATLAB to allow the harmonic components of more 

complicated lineshapes to be determined. 

The program, which is listed in Appendix 2, calculates the Fourier component of a 

synthetic or experimentally recorded direct absorption spectrum on a point by point 

basis. For each point on the recorded spectrum, S 6), the integral given in equation 
(5.10) must be calculated. 

I-Z 
H. (j) f S(i) cos no i do 

7c i=O (5.10) 

The upper limit of the integral, i=z, corresponds to the number of data points that 

are found within the modulation limits, m Av, where m is the modulation index and Av 

is the HWIHM of the recorded absorption features. z can be determined using equation 
(5.7): 

MAV Z=- 

vf 

(5.11) 
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where V is the frequency tuning rate per data point. The program automatically 

carries out cubic interpolation of the data set to ensure an integral number of point fall 

within the modulation limits. 

At each integration step, i, Oi must be calculated. Oi is given by: 

0i = Cos-' iv') (mAv 

(5.12) 

Calculating 01 for the limits of the integration in equation (5.10), i. e. i=0 and i=z, 

gives us Oi=. =0 and Oi=,. = 7c. Thus it is seen that the integration limits are the same 

as those given in the expression for the theoretical Harmonic components in equation 
(5.8). Indeed it is seen that the expressions in equations (S. 10) and (5.8) are identical. 

The program was used to generate the second harmonic component of a single 
Doppler fine first. This allowed a comparison with the second harmonic Doppler line 

generated using the theoretical expression given by Wilson [58]. It was found that the 

residuals between the two spectrum could be reduced to less than 0.2 %. To achieve 

this level of agreement it was necessary to refine the integration by increasing the 

number of points (through interpolation) within the integration limits. 

Q(6) Multiplet In Methane 
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Figure 5.6 - Comparison between experimental and theoretical second 
harmonic component of the Q (6) multiplet in methane 

144 



Figure 5.6 shows a recorded spectrum of the Q6 multiplet of the 2V3 band of 

methane. This feature consists of six lines which are heavily blended. The second 

spectrum on this figure is the second harmonic spectrum generated by the program. 
The rms residuals between the two are better than 0.3%. 

Frecluency Modulation Spectroscol2v 

As discussed earlier, Frequency Modulation Spectroscopy (FMS) is essentially an 

extension of conventional Wavelength Modulation Spectroscopy (WMS). WMS has 

already been described theoretically using the laser intensity, however, FMS theory is 

cast in terms of the laser electric field. The electric field representation retains the 

phase information, giving a fuller picture of the results. Since both approaches are 

essentially the same, it is evident that the electric field representation can equally be 

applied to WMS. JA Silver [60] has performed mathematical derivations for frequency 

modulation as applied to a laser system. Here only a brief overview of the derivations 

are given. 

Theoretical Description 

If a time dependent phase shift, ý(t), is imposed on the laser carrier frequency, the 

resulting electric field is: 

E(t) = E. exp[ica. t + iý(t)] 

ý(t) =0 sin(m t) 
(5.13) 

The maximum excursion from the centre frequency (o . will be Pco 
, where cD . 

is the 

modulation frequency. The FM index 0 can be related to the wavelength modulation 

index by: 

M=ox (5.14) 
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However, the laser intensity cannot be assumed to be uniform over the range of 
frequency modulation. Consequently, simultaneous frequency and amplitude 

modulation of the electric field occurs: 

E(t) = E. [I+ m sin((o. t+xv)lexp[io). t+ip sin((o. t)] (5.15) 

where M is the amplitude modulation index and V is the AM-FM phase difference. M 

is defined as: 

M= 
210 (5.16) 

where 1,, is the laser intensity at line centre, and I.. is the maximum laser intensity 

within the modulation limits. 

The modulation harmonics are determined using Fourier analysis of the detector 

current that results from the interaction of the modulated laser field with the absorption 
feature. In the absence of absorption the photocurrent may be non zero because of the 

simultaneous amplitude modulation. The portion of the signal resulting from this is 

known as Residual Amplitude Modulation (RAM) or R (M), and can significantly 

reduce sensitivity by two effects: introducing a strongly sloping baseline to the signal 

and adding noise due to the amplitude modulation of the power fluctuation of the laser. 

Silver [60] has shown that the RAM components of the laser power are given by: 

2NHO sin(O + W) n=I 
21OR(M) 1/2 M2% co# + 2y + 7c) n=2 

0 n>2 

where 0 is the detector phase angle. The in phase (0 or; r) component corresponds to 

pure absorption. 

The electric field representation can be used to determine theoretical sensitivity limits 

for both WMS and FMS- Comparison of these theoretical lin-dts will allow the best 
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detection technique for near-infrared TDLAS to be determined. This sensitivity analysis 
is now discussed. 

5.3.5 Theoretical Sensitivitv Analvsis 

The main sources of noise that will limit sensitivity in TDLAS measurements are shot 

noise, detector/thermal noise from the preamplifier, laser excess noise and RAM. 

Ancillary electronics such as the lock in amplifier, signal generator and the temperature 

and current controller will also act as noise sources but they can normally be specified 

to ensure they do not limit sensitivity. Consequently, they are not included in the 

sensitivity analysis at this stage, but are quantified in Section 6.5. The four main 

sources of noise are now described in more detail. 

Shot Noise 

Electric current has noise due to the finite nature of the charge carriers. There is always 

some non-uniformity in the electron flow which generates noise in the current. The 

shot noise is given by: 

i,,. t 
(rms) = (2qlAf) IV 2 (5.18) 

where q is the charge on an electron, Af is the detection bandwidth and I is the RMS 

AC current. If frequency modulation is employed, Silver [60] has shown that the shot 

noise is given by: 

,, 21 n ]Y2 

shot(rms) = 
[2qM 

ri (P. )(I +2 (5.19) 

where P. is mean power at the detector, n is the detection harmonic and ri is the 

detector responsivity. The responsivity is given by: 
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ri = 
qil 
hvo (5.20) 

where q is the detector quantum efficiency, h is Plancks constant and v. is the laser 

frequency. 

Detector/Thermal Noise 

Detector/Thermal noise is generated in every resistor. It occurs because of thermal 

fluctuations in the electron density within the resistor itself The noise is given by: 

y 

themal 
(rMS) 

= 
(4kT. 

ff Af) 
ý RI, ) (5.21) 

where k is Boltzmann's constant, Tff is the preamplifier effective temperature and R, is 

the detection electronic input resistance. Careful design of the detector preamplifier 

should ensure that is not a don-ýinant noise source. 

Laser Excess Noise 

Laser excess noise has a characteristic IN form. While the reasons for this form are not 

generally well understood it is clear that excess noise will make measurements at low 

frequencies difficult. The excess noise component is given as: 

i= ri Af Ylaex 

excess fb (5.22) 

The parameter a.. is a system dependent constant defined as the excess noise at I Hz 

bandwidth and I Hz frequency. The frequency exponent, b, will typically have a value 
of 1, however, it can vary between the range 0.8 to 1.5. 
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Residual Amplitude Modulation (RAM) 

Silver [60] has shown that the RAM induced noise depends on the product of the 

standard deviation of the laser power, cyp , with the AM function, RM, as defined in 

Equation (5.17), i. e.: 

'RAM=, %f2- ri R(M) ap 

Combined Noise 

(5.23) 

All of the four main noise sources are incoherent and as such the total random noise 

will be the square root of the sum of the squares of each noise contribution, i. e.: 

',. 
i. = 

('shot 2+i 
diermal 

2+ iaxoe" 2+i 
RAM 

2 )Y2 

2k-T,, fr + r, 2 C 
Y2 (5.24) 

2q+(P*)(I + a2"x + 2R'(M)a',, 
(Af-f 

-b 
2 

Detector Signal 

The detector signal is given by the product of the laser power arriving at the detector 

and the detector responsivity. However, as was shown in the WMS description in 

Section 5.3.4, the normalised peak height of the detector output varies with detection 

harmonic and lineshape. The normalised height, H(n), must also be incorporated, i. e.: 

i 
signs, = %F2 r, (P. ) H(n) (5.25) 

The normalised peak heights have been shown to be fairly independent of the 

modulation frequency and can thus be used in the FMS regime also [60]. 
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Minimum Detectable Absorption 

The minimum detectable absorption (MDA) is defined as the absorbance corresponding 

to the maximum peak height at unit signal to noise ratio. The MDA is given by: 

MDA I noise 
'. 

ignal 

(5.26) 

The expressions presented above were programmed into MATLAB at Strathclyde 

University (see Appendix 2), allowing the MDA for different hannonics under both the 

WMS and FMS regimes to be determined. The findings are now discussed. 

System Dependent Parameters 

As detailed in the previous section, several system dependent parameters need to be 

evaluated before the theoretical sensitivity limits can be determined. A brief overview 

of how this was done is given below. The evaluated parameters for the two diode 

systems are tabulated in Table 5.2. 

0P 

ap was defined in the previous section as the standard deviation of the laser power. It 

was measured by recording the preamplified detector output using a digitising 

oscilloscope (Le Croy - 600 Mu BM). This scope has statistical facilities allowing the 

rms deviation of the signal to be determined. While the detector and preamplifier will 

also contribute noise to this signal, there contribution should be small if the full laser 

intensity is focused onto the detector. If the detector responsivity and preamplifier gain 

are known, the standard deviation can be given as a fraction of the total laser power. 
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a. 1 
oex is the excess noise at lHz frequency and IHz bandwidth. The output from the 

preamplifier and detector, with full laser power incident, was fed into a NU TF2371 

Spectrum analyser. Figure 5.1 shows the noise frequency spectrum of the Anritsu 

1650nm DFB. Again, assuming that the detector responsivity and preamplifier gain are 
known it is quite simple to define the excess noise as a fraction of the laser power. The 

spectrum analyser output also allows the frequency exponent, b, to be determined. 

M 

M is the amplitude modulation index. It can be evaluated by measuring the slope 

efficiency of the laser and the frequency tuning rate. M will be given by: 

M= mo liq 
dP / dco 
dl dI 

(5.27) 

Where the slope efficiency, dP/dI, is defined as the change in laser intensity brought 

about by a change in the diode operating current. The tuning rate, d(O/dI, is defined as 

the change in laser frequency brought about by a change in operating current. For near- 
infrared lasers these parameters can be assumed to be constant over typical operating 

currents and temperatures, however, the tuning rate will be dependent on the 

modulation frequency employed. 

Figure 5.7 shows how the tuning rate of the Thomson diode varies within the 

frequency range 500 Hz to 50 kHz. The tuning rate was measured by optin-dsing the 

modulation depth for a second harmonic Doppler broadened line over this frequency 

range. Since it has already been shown that optimum modulation occurs at a 

modulation index of 2.2 and given that the Doppler width of any gas can be 

theoretically determined using equation (2.48), the tuning rate at each modulation 
frequency can be easily calculated. It is seen that the d. c tuning rate (0.025 caf 1/mA), 

as determined in section 3.2.2, is significantly greater than the tuning rate at higher 

frequencies. This decrease in tuning rate with increasing frequency is consistent with 
the thermal time constant involved in the diode tuning mechanism. Bandwidth 

limitations in the current controller, however, prevented measuring the tuning rate at 
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higher frequencies. For the purpose of the WMS and FMS comparison, the fit to the 

measured rates below 5OkHz (WMS), which is given by the equation in Table 5.2, has 

been extrapolated to the high frequency (>50 N*U) region associated with FMS 

detection. Similar behaviour was found for the Anritsu diode. 

Parameter 

Thomson Diode 

InGaAs Detector with 

150 k fl Transimpedance 

Amplifier 

Anritsu Diode 

Ge Detector with 

100 kfI Transimpedance 

Amplifier 

P, 5 mW I Mw 

VO 6580 crif 6060 cnf 

11 0.54 0.52 

V 
dI 0.083 mW/mA 0.013 mW/mA 

d(o 
f )I (cm7 1/mA) 

dI 0.0124 [f (kU -0.20491 0.0054 [f (kHz)'o 

R, 150 kf) 100 kfI 

Teff 296 K 296 K 

Af 100 kHz 100 kHz 

"P 8xI 04 PO 5XIO-4 po 

Oex 5XIO-1 PO 5XIO., P, 

b 1 1 

T ; r/2 g12 

Table 5.2 - Evaluated Laser Parameters 

The parameters used for the two laser systems are listed in Table 5.2. These 

parameters have been used to determine the theoretical noise performance of the 
instrument under both WMS and FMS regimes. The findings are now discussed. 
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Figure 5.7 - Tuning Rate against Modulation Frequency for Thomson Diode 

Theoretical Sensitivity Limits 

Figure 5.8 shows the theoretical sensitivity limits for WMS using Ist, 2nd, 4th and 6th 

harmonic detection for the Thomson and Anritsu laser diode systems. The performance 

of both lasers was extremely similar. Table 5.3 generalises the findings for both lasers. 

Laser excess noise dominates all detection methods below frequencies of -I OkHz. At 

very low frequencies (<50 Hz) Ist harmonic detection provides the best sensitivity 
(4xlO'5). This is due to the larger signal obtained with Ist harmonic detection. At 

higher harmonics, the decrease in the peak intensity results in poorer sensitivity in this 

region. 
As the frequency is increased up to -10 kHz, the sensitivity of all methods improve as 

a result of the decrease in the excess noise. The improvement in the sensitivity for I st 
harmonic detection is markedly less rapid in this region when compared with the 
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others. This is due to greater RAM noise. In fact, RAM noise becomes dominant above 
10kHz for Ist harmonic detection, resulting in the sensitivity getting progressively 

worse at higher frequencies. This is a consequence of increasing RAM induced noise 
brought about by the reduction in frequency tuning rate at higher modulation 
frequencies. Thus the best sensitivity for Ist harmonic WMS occurs at 10 kHz and is 

equivalent to a MDA of Ix 10-5. 

One tone FMS would have a sensitivity limit of 5x10-4. Again it is dominated by RAM 

noise. The predicted sensitivity is about 2 orders of magnitude worse than what is 

claimed for this technique by Cooper el al [56]. The difference is attributed to a 

complete lack of RAM noise in the diode that they used. This lack of RAM noise is 

peculiar to their diode and similar predicted sensitivity limits would be expected with 

other near I-R diodes that exhibit more consistent behaviour. 

The best sensitivity in the region 1-500 kHz is obtained by using 2nd harmonic 

detection. Higher harmonics have similar noise levels but smaller signals. At 100kHz 

the predicted sensitivity for 2nd harmonic WMS is IXIO-7 . Beyond 
* 
500 kHz RAM 

noise begins to dominate 2nd Harmonic detection and sensitivity limits get worse. 
Higher harmonic WMS which does not suffer from RAM induced noise exhibits better 

sensitivity limits in this region. Excess noise remains dominant up to 100 Nf&. Above 

this region shot noise is dominant and the best sensitivity, equivalent to a MDA of 
4xlO'8,, is achieved using 4th harmonic WMS. 

The behaviour of the Anritsu diode was remarkably similar to the Thomson device. The 

main difference being that RAM noise became dominant at slightly lower frequencies. 

This is a consequence of the smaller current tuning coefficient exhibited by this laser 

which meant that the laser current had to be modulated more to provide similar 

modulation depths to the Thomson diode. The lower power output of this laser 

resulted in increased Detector/Thermal noise levels. Overall, however, sensitivity limits 

for both devices were very similar over the full range of detection frequencies. 

Considering the Thomson diode, it is seen that the best sensitivity is achieved using 4th 

harmonic WMS at detection frequencies in the MHz range. However, 2nd harmonic 

detection provides sensitivity limits that are just over a factor of two worse at kHz 

detection frequencies. The ability to use cheaper conventional commercial electronic 
components and low bandwidth photodiodes at kHz frequencies instead of discrete RF 
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components in the Nfflz region with all the attendant problems associated with this 

was felt to far outweigh the slight improvement in sensitivity. Consequently 2nd 

Harmonic detection in the 5 0-100 kHz region was felt to be the best detection scheme. 
The Anritsu device also showed very little improvement in sensitivity by going to high 

detection frequencies. Thus again it is concluded that 50-100 kHz 2nd harmonic WMS 

is the most suitable detection scheme. 

Detection Detection Typical Min. Det. Abs. Dominant Noise 
Scheme Fregueng. inlHzBandWidth Source 

0 to 10 kHz Ix 10-1 Excess 

if 10 to 100 kHz 3x 10's RAM 

0.1 to I MHz 6x 10'5 RAM I 

I to 500 N1Hz 9X 10-1 RAM 

0 to 10 kHz 2x 10'6 Excess 

2f 10 to 100 kHz IX 10-7 Excess 

0.1 to I Nfliz 2x 10-7 Excess and RAM 

I to 500 MHz IX 10-6 RAM 

0 to 10 kHz 3x 10'6 Excess 

4f 10 to 100 IdIz 4x 10*7 Excess 

0.1 to 100 NfHz 6x 10's Excess 

100 to 500 Nfflz 4x 10's Shot 

0 to 10 kHz 4x 10-6 Excess 

6f 10 to 100 kHz 5x 10-7 Excess 

0.1 to 100 MHZ 8x 10-1 Excess 
100 to 500 Nfflz 4x 10's Shot 

Table 5.3 - Summary of Sensitivity Analysis 
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Figure 5.8 - Theoretical noise levels for different detection schemes 
for the Thomson and Anritsu lasers 
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Additional Technigues to improve Sensitivity 

RAM Removal 

The theoretical description of FMS showed that a phase difference, V, exists between 

AM and FM components of the detected signal. This difference in phase can be used 

to remove the noise and sloping baseline due to RAM. This is achieved by selecting a 

suitable detector phase angle, O, so that the RAM component defined in (5.17) is 

reduced to zero. Taking the case of 2nd harmonic WMS, the RAM term will become 

zero if the following is true: 

0+7c+2y = 
7c 

or 
31c 

22 
(5.28) 

Experimentally the RAM baseline could be removed by changing the phase by -25* 
from the optimum phase condition (0 =0 or 7c). This indicates that the phase 
difference, y, between AM and FM is - 30*. This is in good agreement with the 

findings of Feher and Martin [3 1]. 

The removal of RAM induced noise would improve noise levels by between 10% and 
50 % depending on the modulation frequency chosen. Changing the detector phase 

angle by 250, however, will cause a reduction in signal intensity by - 15%. 

Signal Averaging 

The sensitivity can be improved by averaging the signal. Sensitivity will improve with 
the square root of the number of points averaged. This will only improve sensitivity to 

a level determined by optical ffinging which is statistically dependent. 
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5.3.6 Conclusions 

Theoretical calculations show that near optimum sensitivities can be achieved using 

second harmonic WMS in the 50-100 kHz region. Shot noise limited performance can 
be obtained for higher harmonic WMS if frequencies above 100 N*Iz are used, but the 

increase in the sensitivity ( typically a factor of two for both lasers tested here ) was not 
felt to be worthwhile when the additional complexity and cost of the detection 

electronics was taken into consideration. In addition, it has been shown that poorer fits 

are obtained between theoretical and experimentally recorded lineshapes for higher 

harmonic WMS. This will adversely affect the accuracy of concentration retrievals 
(Section 6.2). Finally, the increased linewidth associated with higher harmonic 

detection will increase the possibility of unwanted interference from nearby lines. 

These calculations have extrapolated the tuning efficiency behaviour as measured at 
low frequencies to the high frequency region. While there is no explicit evidence that 

such an extrapolation is valid, Cooper et al's work [56] measuring the sensitivity limits 

for a similar experimental set up, showed similar behaviour to that predicted for the 

two lasers used here. In particular, the reduction in the sensitivity at the very highest 

frequencies, brought about by the reduction in tuning efficiency, is well mimicked. 
It should also be noted that while theory predicts quantum limited performance for 

both devices at high detection frequencies, practical experience gained at Strathclyde 

University has shown that the noise levels will always be dominated by mechanical 

vibrations and optical ffinging (Section 6.3). This is in agreement with the findings of 
Bomse et al [55] and Nakagawa et al [62]. Generally, the measurements taken at 
Strathclyde have indicated that if no active ffinge reduction is employed, optical fringes 

would limit sensitivity to a MDA of IxIO-6. Different methods of fringe reduction have 

therefore been investigated to determine which would be best suited to the proposed 

application. The findings are discussed in the following section. 
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5.4 Frinze Removal 

5.4.1 Introduction 

4. 

As was discussed in Section 5.3.6, optical fringing brought about by the interference of 

two coherent beams at the detector is one of the main factors that stop the instrument 

achieving the sensitivity predicted by theory. This section looks at the different 

methods that can be used to eliminate fringing and determines their effectiveness and 

suitability to the proposed system. 
Common to all methods investigated is the necessity that the fringe FSR be 

significantly removed from the period of the absorption feature. 

5.4.2 Brewster Plate Spoiler 

The Brewster plate spoiler works by continuously changing the effective pathdifference 
between the two interfering beams that are causing fringing. The change in pathlength 
is achieved by oscillating an opaque plate (n>l) about the Brewster angle. The 

Brewster angle is chosen so as to minimise insertion losses when polarised lasers are 

used. 

0 01", 
.. 

1. 
. 

n 

n> 

Figure 5.9 - Schematic of a Brewster plate spoiler 

159 



Figure 5.9 shows a schematic of a Brewster plate spoiler. Oscillation of the plate 

about the Brewster angle will cause the distance d1 to change. This change will cause 

the pathlength between the cavity surfaces on either side of the plate to oscillate, which 

will in turn cause an oscillation of the fringe FSR. Webster [62] has shown that the 

change in pathlength between the cavity surfaces, brought about a by change in the 

angle of incidence of the Brewster plate from Oj, to 0,,, will be (assun-dng the plate is 

in free space): 

AL = d, F [co40,1 
- Orl) + n] - d2 t [co40 

i, -0 �) + n] 
(5.29) 

where n is the refractive index of the Brewster plate. 
If the oscillation frequency is greater than the laser scan rate, the varying fringe output 

will effectively be time averaged. In order for this averaging to be successful the 

minimum change in pathlength must be equivalent to half the fringe FSR. It can easily 
be shown that this is equivalent to changing the pathlength by one quarter of the laser 

operating wavelength, Le.: 

ALmlin = 
)l 
4 

(5.30) 

This is an important result as it shows that the required change in pathlength depends 

only on the operating wavelength of the laser and is independent of the cavity length. 

Thus the required pathlength change is independent of the fringe FSR. 

In practise, Webster found that fringe reduction was optimised by changing the 

pathlength by three or four times more than the minimum requirement. At 1.5 pm this 

would correspond to - 1-1.5 pm. If a 0.5 mrn thick fused silica plate (n--l. 458) is 

used at the Brewster angle (56.555 *), a 0.25 0 oscillation would change the pathlength 
by - 1.5 gm. Thus it is seen that very little movement of the plate is required. 
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Practical Set Up and Results 

To obtain the fine angular oscillations required, a scanning galvanometer was used. A 

scanner was procured ftom General Scanning Inc. (Model G300PD). This had an 

angular resolution of 0.01 0 and was identical to the scanner used successfully by 

Webster in his experiments [62]. General Scanning Inc. also provided a control 

electronics board which offsets and/or amplifies waveforms, supplied by a function 

generator. A 0.5 nun thick fused silica plate was attached to the scanner with epoxy 

resin. 
Initial investigation was aimed at trying to reproduce the results obtained by Webster in 

the mid-infrared (7.65 gm) with a 1.52 pm DFB laser. The schematic of the optical 

set up used is shown below. 

Figure 5.10 - Schematic of the Optical Set up 

2nd Harmonic WMS detection was used with a modulating frequency of Io kHz. The 

system was intentially aligned to promote fringing between the detector and the laser 

source which were separated by Im. The cell was 15 cm long and was filled with a5 
Torr N20 and 100 Torr N2mixture. Figure 5.11 shows the scan recorded. The 

observed lines are part of the 3V3 band of N20. They correspond to absorptions of the 
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order of two to three percent. It is seen that the fringing is equivalent to a MDA of - 
0.1 %. The etalon channel was used to determine the FSR of the fiinges. The FSR is - 
160 MHz This is in good agreement with the theoretical FSR (150 NE&) associated 

with the cavity surface spacing. 

MO Spectrum -No Minge Removal 

N20 Spectrum - Brewster Plate On 
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Figure 5.12 - N20 Spectrum with Fringe Spoiling 
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Figure 5.11 - N20 Spectrum without Fringe Spoiling 



The Brewster plate spoiler was turned on and the scan repeated. Figure 5.12 shows 

the spectrum that was obtained. It is seen that the fringe amplitude has reduced 

significantly ( by two orders of magnitude). Experimentation with different oscillation 
frequencies and amplitudes was carried out to determine which gave the best reduction 
in fringe levels. It was found that the optimum oscillation frequency depended on the 

scan rate of the laser, with higher frequencies being required for faster scan rates. For a 

typical scan rate of -I mA/sec the optimum oscillation frequency was - 60 Hz. This 

frequency, however, depends on the fringe FSR, as the oscillation must cause an 

averaging of the fiinge amplitude in less than the time taken for the TDL to scan over 
half of one fringe period. 
The optimum oscillation amplitude was found to be four to five times the minimum 

requirement given in equation (5.30). This was in good agreement with Webster's 

results. At higher amplitudes, signal amplitude modulation caused by beam 

displacement at the detector and variations in the plate transmission with angle of 
incidence began to dominate. Choosing the oscillation frequency so that it and its 

harmonics lie outwith the effective bandwidth of the lock in amplifier should eliminate 

this problem. The maximum reduction in the fiinge level was typically two orders of 

magnitude. 
Webster also suggested that the Brewster plate could be used to spoil ffinges generated 

within a multipass cell. This claim was investigated by removing the reference cell and 
incorporating a Herriott cell into the optical system shown in Figure 5.10. For the 

Brewster plate to be used successfully it must be incorporated at some point between 

the two surfaces that are generating the fringing. In the case of the Herriott cell this 

will be between the two spherical mirrors. Since it is difficult to determine which beams 

within the cell are producing fringing, the plate should be mounted so that all beams 

pass through it. 

Inserting the plate in the middle of the cell significantly distorted the 48 pass solution 
that was set up (see solution described in Section 4.2.15). Both the cell separation and 
beam input slope had to be altered to bring back the original solution. It was also noted 
that the beam throughput was significantly reduced ( between 50-80 % depending on 
the plate orientation). The various beam trajectories within the cell made it impossible 

to have the plate at the Brewster angle for the majority of passes. Several plate 
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oscillations and amplitudes were tried, but the end result in all cases was a reduction in 

the signal to noise obtained without the plate in place. This was felt to be caused by the 

reduction in laser throughput caused by the plate itself . Anti reflection coating the 

plate would significantly reduce this problem, however, financial and time constraints 

prevented further investigation into this. 

One of the main advantages of the Brewster plate spoiler is that it can easily be placed 

at any point in the optical path. As such, it proved to be a useful diagnostic tool when 
trying to find which surfaces in the optical set up were producing ffinging. It is 

concluded that this technique would not be suitable for fringe reduction within the 

multipass cell. Apart from the reduction in throughput discussed earlier, the beam 

displacement brought about by the plate is not ideal for field applications. Small 

changes in the plate position caused by external vibration etc. would be amplified each 

time the beam passed through it, possibly resulting in large displacements at the 

detector. Throughput would also be affected by small changes in the plate orientation 

as a direct consequence of the variation in plate transmittance with the angle of 
incidence. Again this would be amplified in a multiPass set up. 

5.4.3 Piezo Mirror Ditherin 

Piezo miffor dithering works on the same principle as a Brewster Plate Spoiler. That is 

it changes the separation between the two optical surfaces responsible for generating 
the fringing. The change in separation is achieved by mounting one of the optical 
surfaces to a piezoelectric element. Applying a sinusoidal voltage to this element will 
cause the separation between the two surfaces to change continuously, which will in 

turn modulate the fiinge FSP, As in the case of the Brewster plate spoiler, this FSR 

modulation allows the fitinges to be averaged or washed out. This technique has been 

successfully used by Stanton and Silver [63] to reduce fringe amplitudes by up to two 

orders of magnitude. 
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Experimental Set up and Results 

One of the main disadvantages of the Brewster plate spoiler was that it was not suitable 
for removing ffinges generated within the Herriott multipass cell. Investigation into the 

suitability of piezoelectric dithering for this application was therefore carried out. A 

schematic of the Herriott cell used is shown in Figure 5.20. A piezoelectric element 
from Strathclyde University (unknown origin) was attached between the back miffor of 
the Herriott cell and the Kinematic mount (Section 5.5). The element was electrically 
insulated from both the miffor and mount with small pieces of Mylar. A Burleigh piezo 

controller was used to apply a sinusoidal waveform to the piezo. Figure 5.13 shows a 

spectrum of air. Piezo fhnge dithering was turned on approximately half way through 

recording the spectrum. It is seen that the fringe amplitude has dramatically reduced 
(by a factor of 30). The small absorption features are water lines and correspond to - 
0.0005 % absorptions. 
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Figure 5.13 - Spectrum of Air with Piezo Dithering 
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Thus it is seen that piezo dithering can significantly reduce ffinging generated within a 
Herriott multipass cell. Long term use of this ffinge reduction technique has shown that 

fringe amplitude can typically be reduced by a factor of twenty. This technique, 

combined with careful optical design and alignment can give sensitivity limits 

equivalent to a n-dnimum detectable absorption of - 2xlO-7 (see section 6.3). The 

optimum dithering frequency, as with the Brewster plate spoiler, depended on the scan 

rate of the laser. It was typically in the region 50 - 150 Hz. 

5.4.4 Fourier Transform Frinim Removal 

Post measurement removal of ffinging can be performed by using Fourier transform 

techniques. MATLAB has powerful Fourier transform tools built into it which can be 

used to remove ffinging who's period is either substantially greater or smaller than the 

absorption feature that is being measured. Details of how this is done are given below. 

MATLAB can calculate the discrete Fourier transform of any data set. This allows a 

spectral analysis of the recorded data to be performed. - Fringing can be removed by 

setting the frequencies corresponding to the unwanted fiinge period to zero and back- 

transforming the spectrum. The software used to perforrn this process is listed in 

Appendix 2. 
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Figure 5.14 - Water Spectrum exhibiting both high and low frequency fringing 
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Figure 5.14 shows a spectrum of water recorded at 1520nm. It is evident that the 

spectrum exhibits both low and high frequency fringing. This is generated by etaloning 
from a non wedged window used at the cell entrance and etaloning from within the 

multipass cell respectively. 
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Figure 5.15 - Power Spectral Density of Water Spectrum in Figure 5.14 
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Figure 5.16 - Water Spectrum with low frequency fringing removed. 



Figure 5.15 shows the power spectral density of the water spectrum in Figure 5.14. 

The spectral density gives a measure of the energy at various frequencies. Marked are 

the clearly distinguishable features corresponding to the high and low frequency 

fringing and the absorption feature itself. 

The feature corresponding to the low frequency fringing was set to zero and the data 

back-transformed. Figure 5.16 shows the spectrum obtained. 

The slowly varying background has all but disappeared. The absorption feature and 
high frequency fringing were unaffected by this process. 

Figure 5.17 shows the spectrum obtained when both the low and frequency 

components are removed. 
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Figure 5.17 - Water Spectrum with low and high frequency fringing removed 

The spectrum has been substantially improved by using Fourier transform techniques to 

ri remove ffinging. The process has been shown to work equally well for f nging with a 
period that is either substantially smaller or greater that the linewidth of the absorption 
feature. Importantly, the absorption feature itself is not affected by the Fourier 

transform removal of the fringing. It should be noted however, that choosing the 

correct region of the Fourier transformed spectrum to be removed is not always 
obvious. Usually it is determined through trial and error. 
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5.4.5 Conclusions 

Of the three fringe removal techniques used, the Brewster plate spoiler was least suited 

to TDLAS because it could not remove fiinging generated within the multipass cell. 

Piezo mirror dithering and Fourier transform fringe removal techniques were found to 

be well suited to TDLAS applications, with both being capable of reducing fringe 

amplitudes by a factor of twenty or more. 
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5.5 Instrument Desip- 

5.5.1 Introduction 

This section describes a ground based prototype tunable diode laser absorption 

spectrometer (TDLAS) that has successfully been used to measure methane and 

nitrous oxide in their natural abundances within the atmosphere (1.78 ppm and 330 ppb 

respectively). 
Where possible commercial electronic and optical components have been used. The 

decision to use commercial components was taken because in general it proved to be 

cheaper, but more importantly, drastically reduced the development time. However, 

some items such as the diode laser mount, evacuable cell and the detector preamplifiers 
have been designed and built in house. 

5.5.2 Ogtical Design 

Figure 5.18 shows a schematic of the optical layout. A brief description of the optical 

train will be given. The main components will then be discussed in more detail. 

Optical Train 

The optics fit on a 30 x 60 cm2 lightweight aluminium honeycomb breadboard ( Ealing 

Cat. no. 54-1953). This gives the optics the required stability while minin-dsing the 

overall weight of the instrument. The compact design is facilitated by the small optical 

absorption cell and the thermoelectric temperature controlled laser diode mount. The 

optical train of the module is as follows. 

Infrared light from the laser diode is collimated by an anti reflection coated microscope 

objective (Newport F40B, f=4.5 min, NA = 0.47). The 4mm diameter collimated 
beam passes through a 50/50 pellicle beamsplitter (Ealing Cat. no. 22-3453), allowing 

a visible trace laser diode (Ealing Cat. no. 21-6515) to be brought into the system. This 

trace beam is an indispensable aid to alignment of the optics. The 50150 bearnsplitter 
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transmits 50 % in the visible and 85% in the near-infrared (1500-1800 nm). Two irises 

are set up further along the optical train to ensure both beams are coalligned. 
The laser then passes through a 90/10 beamsplitter (Ealing Cat no. 22-3420) where 
10 % of the laser power is directed through a Brewster reference cell which is filled 

with a low pressure mixture of methane or nitrous oxide. This cell provides strong 

absorption features, allowing spectral line positions to be identified. Where laser 

wavelength stability is a problem, these lines can also be used to line lock the laser. An 

InGaAs detector (Newport 818-BB-30) is used to detect the reference beam. 

The remaining 90 % of the infrared beam is reflected by two aluminium coated beam 

steering mirrors (Ealing Cat no. 23-6604) before being sent into the Herriott cell. The 

nearly collimated output beam exits from the cell at an angle of - 6.6* relative to the 

input beam. The beam is collected by an aluminium. coated Off Axis Paraboloid (Ealing 

Cat no. 43-8853) and focused onto a Germanium/InGaAs detector 50mm, away. 
All components are mounted on Newport VPH series holders and SP series posts. The 

optical axis height is 7.5cm 
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Figure 5.18 - Schematic of the Optical Module 
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Distributed Feedback (DFB) Near-infrared Lasers 

The optical source chosen for the instrument ir near-infrared (0.8 - 2.0 PM) DFB laser 

diodes. The main advantages of DFB devices over their mid-infrared lead salt 

counterparts have been well documented elsewhere in this thesis (see section 2.2.5) 

External Cavity Lasers (ECL) were also considered, however, experience gained at 
Strathclyde University with an ECL (BTD TSL 1000) has cast doubt on their 

suitability to TDLAS. It was found that the wavelength stability of these devices was 

poor because of the highly alignment sensitive external optics. In addition, the inability 

to wavelength modulate these lasers at high frequencies (>2 kHz) coupled with low 

output powers resulted in the ECL giving substantially poorer noise performance than 

DFB lasers. 

Two DFB lasers will be used in this instrument set up. A 1.52 Am device from 

Thomson Semiconductors (NIKL 1200 DFB X1 1/12) for detecting the 3V3 transitions 

of nitrous oxide and a 1.65 Am laser from Anritsu (SD3B254F) for detecting the Q 

branch transitions of the 2V3 band of methane. The characteristics and specification of 

both devices are given in Section 3.2.1 and 3.2.2. The Thomson laser comes in a 

standard can package which is mounted directly in the temperature controlled laser 

mount. The methane device comes in a butterfly package, has inbuilt thermoelectric 

coolers and is fibre coupled. It is housed in a die cast box for protection. 

Temperature Controlled Laser Mount 

The temperature controlled diode mount was designed and built at Strathclyde 

University. Commercial devices are available (Newport, JLX) but the cost is 

prohibitive (> L2000). Figure 5.19 shows a schematic of the mount. The main body is 

made from Aluminium. 

Temperature control is achieved through the use of two 5W thermoelectric coolers 
(RS 284-804). These thermoelectric devices use the Peltier effect, which is the change 
in temperature produced at the junction between two dissimilar metals or 

semiconductors when a current is passed through that junction. The direction of the 
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current determines whether the temperature rises or falls. These devices are capable of 

creating a temperature difference of up to 60T between the two surfaces. The coolers 

are attached to the mount with thermally conductive adhesive (RS 850-984). This 

adhesive also acts as an electrical insulator which ensures the static sensitive diodes are 
insulated from the outside casing. 
The ý diode itself is mounted on a removable copper plate. This allows diodes for 

different species to be incorporated quickly and easily into the mount. Copper was 

chosen because of its superior thermal properties. A curve matched thermister (RS 

Components) is embedded in this copper plate beside the laser to allow the temperature 

of the device to be monitored. 

Removable Co 

is 

4ation Stage 

Peltier Co 

Figure 5.19 - Schematic of Temperature ControUed Diode Mount 

The mount also incorporates the collimating optics. An X-Y-Z translation stage 
(Nficrocontrol) with 5 pm resolution is used to ensure accurate collimation. Finally, a 

fibre optic bulkhead connector is situated on the backplate to allow collimation of fibre 

coupled lasers. 
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Evacuable Herriott Cell 

Figure 5.20 shows the schematic of the Herriott cell. The main body of the cell is made 
from four inch inner diameter glass QVF piping. This piping allows a clear 

unobstructed view of both mirror surfaces facilitating easy optical alignment. The 

piping is closed at both ends by 20 cm diameter, I cm. thick aluminium. flanges. Viton 

O-rings provide an evacuable seal and allows for thermal contraction or expansion in 

the glass. The front of the cell is attached rigidly to the breadboard. The back of the 

cell has some degree of movement to allow for table contraction or expansion. 

Air i 

Figure 5.20 - Schematic of the Evacuable Herriott Cell 

vindow 
i O-ring 

Air Wet 

The front flange has the coupling hole mirror directly attached to it with epoxy resin. A 

wedged fused quartz window (unknown origin, 40mm diameter, wedge angle 5'), 

placed 3.5 cm. off axis, allows beam entrance and exit. The wedge spoils any etalon 
fringing generated between the two window surfaces. A 3cm diameter Viton O-ring 

provides the seal. 
The second flange bears an aluminium. slide and rail, to which the back mirror is 

attached. The rail is 15 cm. long. This mirror is mounted on a Kinematic mount 
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adjustment. A pizoelecrtic element (unknown origin) is placed on the mirror mount to 

allow finge reduction (Section 5.4.3). An elecrical feedthrough on the backplate was 

sealed with epoxy resin. A young tap on the QVF piping allows gas fill for static 

measurement. 
Air is sampled through aI metre length of 1/4 inch O. D. PTFE tubing. The flow rate is 

controlled by a Teflon needle valve attached to the front flange. Pressure is monitored 
by a 1000 Torr Full scale Capacitance Manometer (MKS Baratron 122AA-O I OOOAB). 

A rotary pump (Leybold D8B) draws air through the multipass cell with a pumping 

speed of 161 Ymin. The sample line resistance limits the maximum flow rate to 30 

standard litres per minute (slm). The flow rate was measured by rapidly injecting small 

amounts of C114into a stream of carrier gas (dry nitrogen) flowing through the cell and 

measuring the spectral contrast as a function of time. Figure 5.21 shows the results of 

the response test on the cell. The time response of the cell (1/e) was approximately 2.5 

seconds. 

01 Papanse Test 

as$ 

465 

090 

0 10 2D 30 40 5D OD 70 ao so IOD 

rundseconik 

Figure 5.21 - Flow response test of multipass cell 
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Temperature within the cell is monitored by two curve matched thermistors (RS 

Components). They have a rated accuracy of +/- 0.5 K at 296 K. They are placed at 

each end of the cell allowing any temperature gradient within the cell to be detected. 

The Herriott cell mirrors (Ealing Cat no. 25-9943 ) have a 60 cm radii of curvature and 
7.5 cm diameter. A 48 pass solution provides a 25.1 m pathlength in a3 litre volume. 
A 4mm hole placed 3.5cm off axis on the front mirror allows beam entrance and exit. 
Figure 5.22 shows the spot pattern obtained. 
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Figure 5.22 - 48 Pass Herriott Cell Solution 

This pattern was chosen because it belongs to a subset of solutions that ensures that 

the FSR of any fringing generated within the cell will be significantly smaller than the 

width of the feature to be measured. Further details about the choice of spot pattern 

can be found in Chapter 4. 
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Detectors 

There are two suitable materials available for detection in the region 1 -2 Pm. They are 

Germanium and InGaAs. A Hamamatsu Ge detector (B 1720-02) and Newport InGaAs 

detector (Newport 818-BB-30) were procured to allow detection at 1.65 gm and 1.52 

gm respectively. The specification of the two detectors are given below. 

Detector Responsivity Active Area Cut Off Dark Current 11 
Frequency 

I 

InGaAs 0.6 AAjW at i. sum 5x 10-3 mný >I GHz <I nA 

Ge 0.8 AVatl. 65um I mm 2> 10 Nffh < 300 nA 

Table 5.4 - Specification of the InGaAs and Ge Detectors 

Unlike HgCdTe or InSb mid-infrared detectors both these detectors operate at room 

temperature. 

The main design criteria in choosing a suitable detector include responsivity at the 

detection wavelength, active area diameter and detection bandwidth. These are now 
discussed in more detail. 

Active area diameter and Detector Bandwidth 

The detector area will affect both the bandwidth of the detector and the dark current 

noise. Theory predicts that the detector area must be minimised to provide low dark 

current levels and large detection bandwidths. However, it is advantageous to have the 

detector area sufficiently large to allow it to be underfilled, thus making the system 
insensitive to misalignments. A compromise between these conflicting design 

requirements must be found. 

Theoretical calculations have shown that for both materials considered here, a good 

compromise would be to use a Imm diameter active area. This area dimension can be 

easily underfilled, will give bandwidths in the tens of MHz region and will exhibit dark 

current noise equivalent powers (NEP) of 10"" W/Hz". 
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The Newport InGaAs device does not follow this design compromise. It has an 

extremely small active area resulting in dark noise levels and detection bandwidths that 

are superior to the Germanium device. This would seem to be at the expense of 

alignment sensitivity, however, this detector has a focusing element attached to it 

which has been designed to ensure that the beam (collimated or diverging up to 20' ) 

will underfill the detector area. This detector would seem to provide the best of both 

worlds. 

Other Design considerations 

These detectors can be thernoelectrically cooled to reduce dark current (cooling down 

to 245 K can reduce dark noise by up to three orders of magnitude), however, detailed 

noise calculations in Section 5.3.5 indicate that the dark noise levels exhibited by these 

two detectors at room temperature will be an order of magnitude smaller than the 

calculated thermal/shot noise levels. Cooling is therefore unnecessary. 
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5.5.3 Electronics 

The instrument electronics have all been bought in commercially with the exception of 

the detector pre amplifiers, which have been designed at Strathclyde University and the 

National Physical Laboratory. A schematic of the electronics is given in Figure 5.23. 

The majority of the electronics are situated on an equipment rack with dimensions 50 x 

50 x 70 CM3 .A 
few components such as the pressure sensor and pre amplifiers are 

situated on the optical module. 
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Figure 5.23 - Schematic of the Electronics 
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Electronic Description 

A description of the role these electronics play in the operation of the instrument is 

given below. 

The system is controlled by an Archimedes A3 10. Control software was developed by 

Dr Liam Donahoe, a previous research student in the group. A full program listing and 
detailed description can be found in the relevant part of his thesis, 'Iniftared 

Spectroscopy Related to Atmospheric Chemistty and Physics' [64]. 

The control software and electronics perform two primary functions: 

9 Scanning and modulating the laser wavelength. 

* Signal Detection and Data Acquisition 

These functions will now be described. 

Scanning and Modulating the Laser Wavelength 

Wavelength modulation spectroscopy (WMS) requires the laser wavelength to be 

modulated at high frequency as the mean laser wavelength is slowly tuned through the 

absorption feature. The laser wavelength can be tuned by varying the junction 

temperature and/or the injection current. The tuning mechanism of these lasers is 

detailed in Chapter 2. Changing the junction temperature provides course tuning and is 

used to shift the laser operating wavelength close to the wavelength of the absorption 
feature. Current tuning is then used to fine tune the laser wavelength across the feature. 

A thermoelectric temperature controller (ILX LDT-5412) maintains the laser 

temperature during the current scan preventing drift in the centre wavelength of the 

laser. A current controller (ILX-3207B) controls the injection current. The output level 

of this controller can be adjusted manually or remotely via an analogue voltage 

control/modulation port. 
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The computer generates a 0-5 V ramp via the 12 bit DAC (Apple DA101). This ramp 

scans the current via the analogue voltage control/modulation port (transfer function - 
100mANolt). The resolution of the ramp is controlled in software (1-4096 steps) and 

the range of the ramp is determined by the variable potentiometer. This arrangement 

allows the injection current to be scanned over any region accessible to the diode. 

Current offset is set manually on the controller. 
Modulating the laser wavelength is achieved by modulating the diode current at high 

frequency. A 200 MHz function generator (RS 610-635) provides the modulating 

waveform. In order for the laser wavelength to be both modulated and scanned, the 

voltage ramp and function generator waveform must be superimposed. The summing 

amplifier (RS Components) is used to combine the ramp and function generator 

signals. 

Signal Detection and Data Acquisition 

The detectors detect infrared light and convert it into an electrical signal. The signals 

from these detectors are first preamplified. The preamplifiers, limit the effective 

bandwidth of the detector, cutting out much of the high frequency noise. They also 

reduce the effects of unwanted RF interference and cable noise. The amplifiers are ac 

coupled to ensure full use of the preamplifiers dynamic range. For the Ge detector a 

100 k0 transimpedence pre amp (100 KHz B. W) was used. This was designed at the 

University of Strathclyde by the Electronic workshop. The preamplifier for the 

InGaAs detector was a 150 kfI transimpedence amplifier, again with a 100 kHz 

bandwidth (B. W). This was designed at the National Physical Laboratory [65]. 

The lock in amplifiers perform several key roles in the data acquisition process. On 

arrival at the lockin amplifier the signals are first filtered to remove either the line 

frequency or the second harmonic of the line frequency, depending on which detection 

harmonic is being recorded. The signals are further amplified and the Fourier 

component selected. Phase control of the reference frequency, supplied by the function 

generator, allows the signal due to the absorption feature to be optimised or the 

unwanted background signal caused by RAM to be removed (see Section 5.3.5 for 

more details). After phase sensitive detection the sigiials pass through variable filters. 
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Both the filter roll off and time constant can be altered. The time constant selection 

usually determines the overall detection bandwidth of the instrument. The effective 
detection bandwidth is given by equation (5.31) [66]: 

B. Wff =1 
(5.31) 

4T 

where T is the time constant. 
The two lock in amplifiers used here also perform the digitisation of the detected 

signal. The signal lock in (Stanford Research Systems Model SR510) has 16 bit 

resolution while the reference lock in (EG&G Princeton Applied Research Model 

5209) has 13 bit. GPI13 interface is used to transfer the digital Words to the 

Archimedes. At each ramp step the computer requests the digital Word representing 

the analogue signal. The computer waits until it has received this word before initiating 

the next ramp increment. A facility exists enabling the computer to request any number 

of digital words at each ramp step. This allow the data to be averaged. When the scan 

is finished the recorded spectrum is displayed on screen. The operator can then choose 

to save, plot or discard the data before initiating a new scan. 
The GPIB interface and Lockin digitisers limit the data transfer rate to seven 16 bit 

words per second 

Additional information recorded during a Scan 

Accurate retrieval of concentrations from recorded spectra requires additional 

information such as the temperature and pressure inside the cell to be recorded. Further 

details about this can be found in Section 6.2. The outputs from both the temperature 

and pressure sensors are interfaced to the Archimedes analogue port via the 1 Nfflz 

bus. Each is sampled once at the beginning, middle and end of the scan. 

It is also necessary to monitor the dc laser power falling on the detector. The detected 

second harmonic signal is proportional to the gas concentration and the signal intensity 

arriving at the detector. All spectra must therefore be normalised by the dc laser power. 

This ensures power fluctuations caused by misalignments or laser drift do not affect the 

retrieved concentration. A small portion (5%) of the detector signal is sent through 
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preamp 3 as shown in the schematic in Figure 5.23. This preamp, is a modified version 

of the 150 kf) InGaAs detector. The signal is low pass filtered to remove the high 

frequency modulation component. It is then digitised by the ADC (Biodata Microlink 11 

Module AN- 1) and interfaced to the computer via GPIB connection. 
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5.6 Conclusions 

A theoretical analysis of different detection schemes has been performed. It has been 

shown that near optimum sensitivities can be achieved using second harmonic 

wavelength modulation spectroscopy (WMS) in the 50-100 kHz region. Sensitivities 

equivalent to a minimum detectable absorption of -Ix 10-7are predicted for both laser 

systems. Sensitivity can be improved by a factor of two by going to higher modulation 
frequencies and higher detection harmonics, but the additional cost and increased 

complication of the detection electronics associated with these detection schemes was 

not felt to be worthwhile. 
A comparison between theoretical harmonic lineshapes and those recorded 

experimentally was also performed. It was found that the fits for higher harmonic (n>2) 

were significantly worse than those for Ist or 2nd harmonic detection. This was a 

consequence of the departure from linear frequency tuning at the increased modulation 
depths associated with the higher harmonics. This would adversly affect the accuracy 

of concentration retrievals as described in Section 6.2. 

Investigation of different fiinge reduction techniques has shown that piezo fringe 

reduction is particularly suited for Herriott cell applications. Post measurement Fourier 

Transform techniques have also been shown to be an effective way of improving the 

sensitivity of the instrument. 

The optical and electronic layout of the instrument has also been described. The use of 

near-infrared technolgy and a compact multipass cell has allowed the optics to fit on 
30x6O crný breadboard. The complete optical module weighs less than 7 Kg. The use of 

commercial electronics has prevented them from being miniturised. 
The entire instrument (including both lasers) would cost - L22,000 to build. This 

represents a significant saving over the cost of a mid-infrared TDLAS system, where 

cryogenically cooled detectors and lasers and specialised laser control electronics push 

up the cost. 
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Chapter 6- 

Ground Based Tunable Diode Laser 

Absorption Spectrometer (TDLAS 

Performance Assessment 
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6.1 Introduction 

This chapter describes the calibration and performance assessment of the ground based 

TDLAS described in the previous chapter. 
The completed instrument was used to successfully measure both methane and nitrous 

oxide in a laboratory environment. An instrument precision equivalent to 560 pptV of 

methane and 22 ppbV of nitrous oxide was achieved (Section 6.3). This corresponds to 

a minimum detectable absorption of between 2x 10-7 and Ix 10'7. The instrument 

accuracy for these two species has been determined as 5% and 12% of the natural 

abundance for each species respectively (Section 6.5). The above figures represent the 

precision and accuracy assuming a1 Hz bandwidth. 

A successful field test of the instrument, measuring methane at a landfill site, was 

performed, allowing an intercomparison with other methane monitors (Flame 

lonisation Detectors) to be carried out (Section 6.4). This intercomparison showed that 

the methane concentrations measured with the TDLAS were within the measurement 

uncertainty of the other two instruments, validating both the technique and the 

calibration procedure used. 
This work has allowed: 

The sensitivity achievable with near-infrared technology to be deterrnined 

The perfonnance and suitability of the Herriott multipass cell to be assessed 
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6.2 Instrument Calibration 

6.2.1 Introduction 

One of the easiest ways to calibrate a TDLAS, is to determine the system response to a 
known concentration of gas in the absorption cell. While gas standards available for 

such calibration techniques provide exceptional accuracy in concentration retrievals at 

the temperature and pressure they were measured at (typically better than 0.5 %), they 
do not allow accurate concentration retrieval at different temperatures and pressures. 
This is a concern in a field instrument where variation in the operating temperature, 

pressure etc. cannot be controlled as they would be in a laboratory environment. A 

calibration technique that takes into account the effect that these variable parameters 
have on the linestrength, lineshape etc. is required. 
The ALIAS instrument [11] utilises a calibration procedure that allows accurate 

concentration retrieval over a wide range of operational conditions. The technique 

determines the system response as a function of the absorption level over the full range 

of operational parameters (returned laser power, signal chain gain, gas absorption level, 

modulation depth, line shape etc. ). While this procedure is substantially more 

complicated than the gas standard method it has several advantages, including being 

gas unspecific, i. e. any gas having absorption lines in the region accessible by the laser 

can be used to calibrate the signal channel. A detailed description of this technique is 

given by May and Webster [67]. A brief overview is given below. 

6.2.2 Calibration Procedure 

Raw spectra recorded by IDLAS usually have, for abscissa, the point number or some 

other arbitrary unit not directly related to the actual wavelength. Likewise, the ordinate 

scale will usually be an arbitrary voltage or a digital number proportional to the lock in 

amplifier output. In order to extract a gas concentration, this ordinate scale must be 

converted into spectroscopic units. To achieve this the signal processing chain, which 
consists of preamplifiers and variable gain stages, must be calibrated. 
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The calibration procedure will determine the signal chain response number, R, which 

will be independent of the spectral region used for calibration or the specific 

characteristics of the diode. To obtain this response number, both the direct absorption 

and 2f spectra for an isolated absorption line are recorded under identical conditions. 
The observed direct absorption level for the calibration feature, A (obs), and the peak 
to peak 2f signal size of the feature, H2 (obs), are measured from the spectra. The 

response number, Ri, is then evaluated as: 

_ 
(H2(obs)A(calc) d. c., ), ) 

Ri - ýH 
!-( 7'. 

2(calc)A(obs) a. c. � P, (6.1) 

where A (calc)/H2 (calc) is the calculated ratio of the direct absorption level to the 

peak to peak 2f signal size for the modulation index used, P/ is the total power level 

above the detector zero, and a. c. g and d. c., are the a. c. (2f channel) and d. c. (direct 

absorption channel) amplifier gain values used for the measurements. 

The ratio A (calc)/H2 (calc) is determined by solving the integrals describing second 

harmonic WMS as given in equation (5.8). To calculate this ratio, however, requires 

an accurate knowledge of the line shape of the species that you are measuring and the 

modulation index that was being used. Further details of how this is achieved is given 

later in this Section. 

Having determined the response number of the signal chain, conversion into 

spectroscopic units is achieved by scaling the spectrum on a point by point basis as 
follows, 

(d. c. -) Hj(v) = Yj -'ýa. 
(iipjl) 

(6.2) 

where for a point j in the spectrum, yj is the observed 2f value from the lock in 

amplifier and R, is the response number. Normalization to the returned TDL power is 

accomplished by the factor I/Pj'. A gas mixing ratio can then be extracted by 

comparing the observed peak to peak 2f signal to the corresponding peak to peak 
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amplitude in a synthetic spectrum calculated for the same conditions (pressure, 

temperature, modulation amplitude) as the atmospheric measurement. The synthetic 

spectrum can usually be generated in IRTRAN using a mixing ratio equal to a value 

close to that expected for the atmospheric measurement. The MATLAB program 
discussed in Section 5.3.3 can be used to generate the second harmonic lineshape of 

this feature. 

The volume mixing ratio is given by: 

5(obs) =, 
8(calc 

H,, (obs) 
H, (calc) (6.3) 

where H2 (obs) is the observed peak to peak 2f signal amplitude after conversion to 

spectroscopic units, and H2 (calc) is the synthetic peak to peak signal amplitude 

calculated for a mixing ratio of 5(calc). 

The above calibration procedure will only be valid if the following conditions are met: 

* The absorption of the calibration feature and the atmospheric feature are in the 

linear region (optically thin) of the Beer Lambert law. 

* The calibration gas is unreactive and is not easily adsorbed onto the cell walls. 

* The detectors and gain stages must show no non linearity in their response. 

* The modulation amplitude used in measuring H2 (obs) must be accurately known to 

allow accurate detemiination of the ratio A (calc)/H2(calc). 

* The synthetic spectrum and recorded spectrum must coincide when least square 

scaling is employed to retrieve the concentration. 

Some of the procedures used to ensure that these conditions are met will now be 

discussed. 
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Linearitv 

Non linearity in the detector response and the adjustable gain stage could cause large 

discrepancies between the extracted and the actual concentration. It is therefore 

necessary to ensure that such non linearities do not appear over the range of incident 

power levels and signal sizes that one would expect to encounter during measuremqnt. 
To ensure this is the case, the signal chain response must be mapped for a wide variety 

of incident powers and absorption levels. Figure 6.1 shows the instrument response for 

methane concentrations between 2- 20 ppmV. This range more than covers the 

concentrations that one would expect to encounter at ground level. It is seen that an 

extremely good linear response was obtained. The deviation from the linear fit is within 
the uncertainty in the gas standard concentrations used (+/- 0.5%). 

1"hurfut rcý Tcst 
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A 

Figure 6.1 - Signal Chain Linear Response Test 
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Accurate Determination of the Modulation Depth 

One of the main factors governing the uncertainty with this calibration technique, is the 

accuracy to which the modulation depth is known. Figure 6.3 shows how the 

theoretical peak height of different lineshapes varies with modulation depth. It is seen 

that small changes in modulation depth can have a significant effect on the peak height, 

and therefore a significant effect on the extracted concentration. To obtain an accurate 

value of the modulation depth, a fit between the known theoretical behaviour of the 

recorded 2f lineshape as a function of modulation depth, and the observed behaviour 

of the calibration feature over the whole range of modulation depths available to the 

diode, is performed. This fit will produce a scaling constant, C, between the theoretical 

modulation depth (in cm7l) and the experimental modulation depth, which is usually 

measured in mA. May and Webster [67] fit the peak height, P( see Figure 6.2), of the 

second harmonic feature, but it is more convenient to fit the ratio,, R (see Figure 6.2), 

of the top (P) and bottom (N) lobe heights, as it is independent of laser power, signal 

gain etc. Figure 6.4 shows the theoretical behaviour of the peak ratio, R, for a Doppler 

and Lorentz line. Voigt lines exhibit behaviour somewhere in between these two cases. 

It should be noted that the scaling constant obtained from the fitting will only be valid 
for the modulation frequency used in the fit. The variation of the tuning rate with 

modulation frequency for both the DFB lasers used in this study (see Section 5.3.5 for 

a detailed discussion) preclude the constant being used at any other frequency. 

P 

R-P/N 

N 

Figure 6.2 - Top and Bottom Lobe Labelling Convention 
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Figure 6.5 and Figure 6.6 show the fit of both the peak height, P, and the peak ratio, 
R, for a water line recorded with the 1.52 prn laser. Using a modulation frequency of 

35 kHz, the second harmonic spectrum was recorded for a series of different 

modulation depths ranging between 0.1 and 5. Least squares fitting was then used to 

determine the scaling constant, C, between the experimental behaviour and that 

predicted by theory. It is seen that the fit obtained using the peak height is not as good 

as the fit of the peak ratio, however, the scaling constant predicted by the two 

methods, 0.00311 cm7l/mA (peak fit) and 0.00313crifl/mA (ratio fit), are in good 

agreement. It is thought that the poorer fit to the peak height, at larger modulation 
depths, could be caused by a slight Lorentzian component to the recorded lineshape 

and/or a departure from the linear tuning assumption used in the theoretical model. 
(see section 5.3.4). Why this should not affect the peak ratio fit, however, is not 

understood. 
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Figure 6.3 - Theoretical variation of P against m 
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Figure 6.5 - Fit between Theoretical and Experimental Doppler Peak Heights 
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Fit between Theoretical and Experimental Peak Ratios(R) 
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Figure 6.6 - Fit between Theoretical and Experimental Peak Ratios (R) 

A more detailed discussion of this fitting procedure is given by Reid and Labrie [59]. 

Spectrum Registration 

When the synthetic and recorded spectra intensities are least squared fitted to 

determine the gas concentration, non registration will result in errors in the retrieved 

concentration. Over time the laser will exhibit slight drifts in wavelength resulting in 

horizontal shifts in the recorded spectra. These spectra must be lined lip before fitting 

is done. May and Webster [68] have developed a correlation based procedure to 

accurately shift any number of spectra in the horizontal axis so that their spectral peaks 

coincide ( to within one data point). 

The technique uses the result of autocorrelation to determine the relative direction and 

magnitude of the horizontal shift between two spectra, which are similar except for 

signal amplitudes and noise characteristics. The discrete correlation of an N point 

spectrum is: 
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N 
C(f, f)i = 

Efi +if, 

i=l (6.4) 

where j represents the lag or horizontal shift between the two spectra. This can be 

evaluated by using the discrete Fourier transform. 

C(f, f)j = FjFj' (6.5) 

where Fj is the Fourier transform of ft and Fj* is the complex conjugate. The 

autocorrelation is obtained by back transforming this product. This autocorrelation 

routine has been programmed using MATLAB. The code is listed in Appendix 2. 

Figure 6.7 shows two similar spectra of methane (Q(6) transition of 2V3 band). One is 

shifted with respect to the other. Figure 6.8 shows the autocorrelation of these two 

spectra. The peak position gives the magnitude of the shift (in data points) and the 

sign of its peak value the direction of the shift. Positive is a shift to the right. 

Similar Spectra with Horizmtal Shift 
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Figure 6.7 - Similar Spectra with Horizontal Shift 
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Figure 6.9 - Spectrum Registration 
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The autocorrelation peak is positive and is positioned at a lag value of 20. This 
indicates that the spectrum should be shifted 20 points to the right. The shifted 

spectrum is shown in Figure 6.9. 

197 



6.2.3 Pathlen2th Calibration 

The pathlength of the multipass Herriott cell is determined through the use of a primary 

gas standard from the National Physical Laboratory (100.45 pprn of methane in dry 

air). Methane was chosen because it is unreactive and is not easily adsorbed onto the 

walls. The pathlength, 1, of the cell is calculated using Beers law: 

(6.6) 

where a is the absorption coefficient of the feature being measured (detern-dned from 

IHTRAN) and P is the sample pressure. 
Figure 6.10 shows the pathlength calibration spectrum. 
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Figure 6.10 - Pathlength Calibration Spectra of Q6 Methane Transition 

From this spectra the pathlength has been calculated to be 25.1 (5) m. The figure in 

brackets represents the standard deviation form a series of twenty repeated 

measurements. The theoretical pathlength predicted by the computer model for the 
Herriott Cell was 25.11 m. Thus an excellent agreement was achieved between the 

measured and theoretical pathlength. 
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6.2.4 Calibration Results 

CH4 

The (6) 2V3 methane transition was used as the calibration feature. A 100pprn gas 

standard (NPL Cylinder29) was used at a sample pressure of 100 Torr. This gave a 
3.10 % peak absorption with a 25.1 m pathlength. The response number was 
determined as 6.10. 

N20 

The R(17) transition of the 3 V3 band of N20 was chosen as the calibration feature. 

This was a isolated line with no obvious water interference. A 1% mixture of N20 in 

Dry Air was used at 60 Torr pressure. This gave a 2.65 % absorption with a pathlength 

of 25.10 m. The response number was determined to be 0.0 106. 
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6.3 Lab Measurements and Performance Assessment 

6.3.1 Introduction 

This section outlines work carried out in the laboratory aimed at measuring N20 and 

CH4in their natural abundance. The spectra recorded have allowed detection limits for 

each gas to be determined and the instrument performance to be assessed. Noise levels 

equivalent to a minimum detectable absorption of 2x 10-7 and Ix1 0-7 in aI Hz 

bandwidth were achieved with the methane and nitrous oxide lasers respectively. Four 

point averaging and piezo mirror dithering fringe reduction was employed during these 

measurements. This gives detection limits of 560 pptV for methane and 22 ppbV for 

nitrous oxide in a 25m pathlength. Additional signal averaging and fiinge removal 

techniques were shown to be able to improve detection limits by a factor of two . 

6.3.2 Methane 

Before any measurements of methane could be made a survey spectrum of the 

wavelength region accessible to the Anritsu diode (section 3.2) was carried out to 

determine suitable lines for measurement. 

Spectrum Survey 

Figure 6.11 shows the IRTRAN simulation of air at a sample pressure of 100 Torr in 

the region accessible to the diode. The diode covers the entire Q branch of the 2V3 

band. It is seen that there are a few strong water fines in this region. Interference from 

these water lines rule out using the Q(1), Q(2), Q(4), Q(5), Q(7) and Q(10) transitions. 

Of the remaining features the best is the Q (6) multiplet. It is the strongest feature in 

this region and is free from interference. The multiplet consists of six individual 

transitions with a combined strength of 3.4 x 1021 cm molecule7l at 296 K [23]. Figure 

6.12 shows each of these individual transitions. The combined lineshape of the 

transitions is also shown. Calculations have assumed a 25.1 m pathlength and a 100 

Torr sample of air with methane present at atmospheric abundance (- 1.76 ppmV). 
Under these conditions the peak absorption of the Q(6) multiplet is 6xlO'. 
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Figure 6.12 - Transmission Spectra of Q(6) Multiplet (100 Torr, 25.1 m pathlength) 
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Methane Spectra Recorded in Lab 

Figure 6.13 shows an example of a typical spectrum of methane recorded in the 

laboratory. Air from outside was sampled via the inlet tube. A sample pressure of 100 

Torr was chosen for measurement. At this pressure the Lorentz and Doppler 

components of the line are approximately equal 

(Y DHwm = 0.00924cm-', y L,,,. = 0.00845cm-'). This provides a good compromise 

between higher pressure measurements where the absorptions are greater because 

there is more gas in the cell and low pressure measurements where interference from 

nearby lines is minimised. 
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Figure 6.13 - Lab Spectra of Q (6) Multiplet and Residuals 
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The laser current was tuned between 85 and 110 mA, corresponding to laser 

wavelengths of 1665.7 cnf 1 and 1665.43 crif 1 respectively. The temperature controller 

was set to 7.88LQ (31.2 'Q. 250 data points were recorded across this region with 
four points being averaged at each ramp step. The lockin time constant was set to 300 

ms. This gave an effective detection bandwidth of - 0.8 Hz (see Section 5.5 for more 
details). 

Figure 6.13 also shows the noise residuals. The residuals were obtained by Fourier 

transforming the data, removing the noise components and back transforming (see 

section 5.4.4). The original data set was then subtracted fforn the Fourier transformed 
data. The rms residual amplitude is - 2xlO-' V. This noise level corresponds to a 

minimum detectable absorption of 2x 10-7 in a lHz bandwidth. The residuals appear to 

have a repeatable pattern, indicating that they were caused by optical fringing. The 

FSR of this ftinging corresponds to a pathlength difference of -Im. The source of this 

fiinging was not identified, however, the fringe period is sufficiently different to the 

period of the absorption feature to allow it to be removed using fringe reduction 

techniques. This technique of determining noise levels will not show up fringing with a 
FSR close to the width of the absorption feature as such fringing can not be removed 
by Fourier Transform techniques. To determine if such fringing did exist, the spectrum 

was recorded again but the Herriott cell was evacuated. This would remove the large 

absorption feature due to methane and allow closer inspection of the noise on the 

baseline. Figure 6.14 shows the spectrum obtained with the cell evacuated. 

Spectrum with CoU Evacuated 
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Figure 6.14 - Spectrum with the Herriott cell Evacuated 
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The rms noise on this spectrum is very similar to that determined using Fourier 

transform techniques, however, it is seen that the base line is not flat. The broad feature 

on the baseline is in fact caused by methane in the optical path outside the cell (0.7m). 

FUTRAN was used to model the absorption of methane at one atmosphere and 0.7 m 

pathlength. The feature is equivalent to an absorption of 1.5xlO -6 , however, it is seen 

that it is a factor of 400 smaller than the spectrum of methane shown in Figure 6.14. 

This is an order of magnitude greater than what would be predicted by the size of the 

absorptions for the two features. The difference can be accounted for if the change in 

the effective modulation depth is considered. The atmospheric feature is considerably 

under modulated. 

Concentration Retrieval 

The calibration technique for this instrumentation is described extensively in Section 

6.2. This technique has been used to determine the concentration of methane in the 

atmosphere. The technique determines the transfer function between the intensity of 

the second harmonic feature and the size of the direct absorption associated with that 

feature. A gas mixing ratio can then be extracted by least square fitting the 2f signal 

amplitude to a synthetic second harmonic spectrum calculated for the same conditions 
( pressure, temperature, modulation amplitude) as the atmospheric measurement. 

Figure 6.15 shows a recorded and synthetically generated spectrum that have been 

least square fitted. The synthetic second harmonic spectrum was generated assuming a 

concentration of 1.7 ppmV. The least square fitting determined the scaling constant 
between these two spectra as being 1.060. This indicates that the measured methane 

concentration was 1.80 ppm. This is a good agreement with the accepted ambient 

concentration of methane which is 1.76ppm [3]. 

Measurements were then taken at 3 minute intervals for approximately an hour, to see 
how the methane concentration varied. Figure 6.16 shows the variation of the 

retrieved concentration with time. The concentration was found to fluctuate by a 

surprisingly large amount (between 1.8 ppm to 2 ppm). To ensure that these changes 

were real, a repeatability test was carried out. Over a similar time period, several 

spectra of a 8.1 ppmV methane gas standard (National Physical Laboratory) were 

recorded. Figure 6.17 shows the variation in the retrieved concentration of the gas 
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standard. It is seen that very little change in concentration was observed. The mean 

concentration was determined to be 8.09 pprn with a standard deviation ( la ) less than 
0.15 % of this value. It was concluded that the variation in ambient methane 

concentrations shown in Figure 6.16 were real. 
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Figure 6.15 - Least Square Fitted Recorded and Synthetic Spectrum 
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Figure 6.16 - Variation in Ambient Methane Concentration 
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Figure 6.17 - Repeatability Test for the retrieved concentration of a 
8.1 ppmV gas standard 

The elevated levels of ambient methane recorded and the variability in the retrieved 

concentration indicated that there was a source of methane near to where the 

measurements were taken. It is thought that the local park (Bushy Park, Teddington), 

which has a large population of grazing deer, was the most likely candidate. 

Species Interference 

Figure 6.18 shows the residuals between the experimentally recorded spectrum and 

synthetic spectrum used to determine the ambient methane concentration (see Figure 

6.15). It is clear that there is an absorption feature at - 6002.45 cm7l. A closer 
inspection of MTRAN has allowed this feature to be identified. It is the R (4) 

transition of the 10002 - 40015 band Of C02- It has a linestrength of 7.5xl 0-27 and is 

found at 6002.447 cm7 1. For a 100 Torr air sample and 25 m pathlength it has a peak 

absorption of 5xlO'7 [23]. 
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Figure 6.18 - Residuals between Experimental Spectrum and Synthetic Spectrum 

General Comments and Conclusions 

The day to day sensitivity that could be achieved typically varied between 2xlO*7 and 

IxIO'6. This sensitivity was determined by looking at the residuals between the original 

data and the data with the noise removed using Fourier transform techniques. The 

sensitivity was confirmed by the identification of the R(4) C02 transition which has a 

5xl 0-7 absorption [23]. 

The variation in the day to day sensitivity is thought to be due to variations in the 

effectiveness of the piezo mirror dithering fringe reduction technique. T, his is thought 

to be caused by shifts in the alignment of the optics. Once sensitivity started to 

deteriorate, it continued to do so. The only way to re-establish the original sensitivity 
levels was to realign the entire optical system. Improved mounts for the optical 

components would reduce this problem. 
The sensitivities achieved here (without averaging) are within a factor of three to those 

predicted by theory (see Section 5.3.5). Signal averaging and Fourier transform fiinge 

removal techniques could improve sensitivity further, allowing an absorption Of IX10-7 
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to be detected. Low frequency optical fringing prevented any further improvment in 

sensitivity. 
The instrument sensitivity allows detection of methane at 560 ppt n-dxing ratios. This 

assumes a 25 m pathlength and a lHz bandwidth. This is comparable with the best 

sensitivities achieved using other techniques. The ALIAS instrument [I I] measured 
CH4 concentrations at high altitudes on the ER-2 aircraft using mid-infrared lasers. 

Detection sensitivities equivalent to 50 ppt were reported. These figures, however, 

represented the sensitivity achieved with a3 second integration time and a 100m 

pathlength. Aerodyne Research Inc. have developed a nW-infrared TDLAS for ground 
based measurements of methane [48] . Detection sensitivities approaching 2ppb were 

achieved using a 32 meter pathlength. A near-infrared open path TDLAS developed 

by Uehara [69] achieved detection limits of - 2ppb for a 25 metre pathlength. 
It has been shown that near-infrared technology can provide comparable sensitivities to 

mid-infrared TDLAS. This is despite linstrengths that are two orders of magnitude 

weaker. 
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6.3.3 Nitrous Oxide 

Spectrum Survey 

Nitrous Oxide is present in the atmosphere at concentrations of approximately 330 

ppbV [3]. The transitions of the 3V3 band accessible to the Thomson laser diode are 

not listed in the MTRAN database. Line positions, linestrengths and pressure 
broadening coefficients measured at Strathclyde University have therefore been used to 

generate a synthetic spectrum of nitrous oxide. A I-HTRAN simulation of air in the 

same region has been superimposed to allow suitable lines for detection to be chosen. 
Figure 6.19 shows the simulated spectra, for a 60 Torr air sample and 25.1 ra 

pathlength. 
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Figure 6.19 - Simulated Spectrum of N20 at 330 ppbV in at 60 Torr Air Sample 

It is clear from the simulated spectrum that there are many strong water lines in this 

region. The strongest of these lines has a peak absorption of - 2%. The water lines are 
found to interfere with many of the N20 transitions preventing them from being used. 
The strongest nitrous oxide lines are found at - 6592 crff 1. rt e Fo unately 'a Bw N20 

transitions in this region do not appear to have any significant interference. Figure 6.20 

shows this region in more detail. 
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Figure 6.20 - Strongest lines in the 3 V3 R branch 

The strongest line in this region has a line strength of 1.81xlo'23. Assuming an air 

sample pressure of 60 Torr and an absorption pathlength of 25.1 m, the strongest N20 

transition (R(17)) has a peak absorption of 1.5 x 10'6. The R(17) transition also 

appears to be free from interference. This transition was therefore chosen as the best 

candidate for trace gas measurement. 

Nitrous Oxide Spectra Recorded in the Lab 

The peak absorptions of the nitrous oxide transitions are more than two orders of 

magnitude weaker than those seen with methane. As such detection of N20 would be 

significantly more difficult than C114. Initial attempts at recording the N20 lines in this 

region failed. The sensitivity of the instrument with the Thomson diode was found to 

be nearly two orders of magnitude worse than the Anritsu laser. The noise seemed to 

have a definite fringing pattern on it, however, no matter how often the optics were 

realigned the magnitude of these features and their FSR did not change. Only after 

several weeks of investigation was the source of thisftinging found. The noise was in 

fact electronic rather than optical. A fault had developed in the -signal channel lock in 

amplifier. A spectral analysis of the lockin output showed that it had a large high 

frequency component at about 70 Nffft. The lockin digitiser was sampling this high 

frequency component giving an aliasing effect similar to that seen on Fourier 
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Transform Spectrometers (FTS). The frequency of theftinging was found to vary as 

the sampling rate of the instrument was changed. The reference lock in amplifier and 

signal amplifier were swapped over to eliminate this problem. The magnitude of this 

noise source was estimated to be equivalent to an absorption of 5xlO-5. 

Another source of noise was also identified. The InGaAs detector used with the 1.52 

gra laser was generating optical noise. It is not sure whether this noise was caused by 

fringing between the lens attached to this detector and another optical component or 

whether the lens was in some way causing optical feedback into the laser. The latter of 

these two explanations is thought to be the more likely because the noise had no 

apparent fringe FSR. The laser did not have an optical isolator and would thus be 

susceptible to feedback. The problem, however, was eliminated by replacing the 

InGaAs device with the Ge detector. The magnitude of the noise associated with the 

detector was estimated to be equivalent to an absorption of WO "6 . 
Figure 6.21 shows the spectrum of 60 Torr of Air between 6001 cm71 and 6004 cm7 1 

after these modifications had been made. The diode temperature was set to 19.87 M 

(10.5 'C) and the laser current was tuned between 80 and 85 mA. 300 points were 

recorded with four points being averaged at each ramp step. The reference cell channel 

was also logged, enabling easier identification of the nitrous oxide transitions. The 

signal from the reference channel is shown below the main spectrum. The R(17) 

transition is clearly visible on both channels, however, it is seen that the reference cell 

feature is significantly broader. This is because the cell was filled with a 150 Torr 

N20/Air mixture, whereas the Herriott cell was filled with 60 Torr of air. The Herriott 

cell was operated at a reduced sample pressure so as to reduce interference from other 

lines (water). At this pressure the lineshape is Voigt with similar Doppler and Lorentz 

components (Y D tmmm = 0.00600cm-l, y = 0.00528cm-). In addition, the spectra 

were slightly under modulated, again so as to minimise line interference. An absorption 

feature at the edge of the spectrum is also visible. This line could not, be identified but 

the day to day variability in the relative strength of the feature compared to the R (17) 

transition meant that it was most likely to be water. The noise residuals are shown in 

Figure 6.22. The rms noise is 4x 10-7 V. This corresponds to a minimum detectable 

absorption of lx 10'7. There was no apparent fringe pattern on the noise. 
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The other lines in this region, that did not appear to suffer interference from water, 

namely the R(2 1) and R(I 6) transitions, were also recorded. They are shown in Figure 

6.23 and Figure 6.24 respectively. 
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Figure 6.23 - R(21) N20 Transition (P= 60 Torr, I= 25.1 m) 

Again 300 points were taken in each spectrum with four points being averaged at each 

ramp step. The diode temperature was 10.5'C. Sensitivity limits for both the R(16) and 
R(17) spectra were similar, however the spectrum of the R(21) transition exhibited 

poorer sensitivity. This was partly due to a slightly weaker linestrength (1.63 cm 

molecule"' against 1.81 cm molecule'), but in the main was a result of reduced power 
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falling on the detector at the lower laser currents (-50 mA) the feature was recorded 

at. 
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Figure 6.24 -R (16) N20 Transition (P= 60 Torr, I= 25.1 m) 

The noise levels exhibited here would limit the instrument precision to approximately 
22 ppbV. This would be precise enough for detecting nitrous oxide as a pollutant from 

industry but would not provide the required sensitivity for flux measurements (section 

5.2). Fourier transform noise removal techniques (section 5.4) were used to try and 

remove the high frequency noise component from the R(17) spectrum in Figure 6.21 

The resulting spectrum is shown in Figure 6.25. The sloping baseline has been 

subtracted by polynomial fitting. The signal to noise has been substantially improved, 

however, close inspection of the baseline shows that a low frequency component is 
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present. A synthetic spectrum of the R(17) transition was subtracted from the recorded 

spectrum to allow a closer inspection of the baseline. The recorded and synthetic 

spectrum and the residuals are shown in Figure 6.26. 

R(17) Tramttcn%%ih H. Ji FlepmLyNoiscRamved 

Figure 6.25 - R(I 7) N20 Transition with Fligh Frequency Noise Removed 

The residuals show up the slowly varying background. It is thought that some of this 

variation in the background is a result of absorption features. The most obvious being 

the broad peak at - 6591.86 cm7l. This could not be identified but again is likely to be 

water or carbon dioxide. The remaining background variation is thought to be fringing. 

The FSR corresponds to a path difference of 0.5 m. As with the methane laser the 

source of this fringing was not identified. The magnitude of this slow ffinging is 

equivalent to a minimum detectable absorption of -6x 10-8. This will give a N20 

detection limit of - 15 ppbV. 
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Figure 6.26 Recorded and Synthetic Spectrum of the R (17) Transition 
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Concentration Retrieval 

The procedure for concentration retrieval for nitrous oxide is identical to that used for 

methane. A synthetic spectrum of the R(17) transition, calculated assuming a sample 

pressure of 60 Torr, a pathlength of 25.1 rn and concentration of 330 ppbN, was least 

square fitted to the recorded spectrum as is shown in Figure 6.26. The scaling constant 

between the two spectra was 1.09. This gives an ambient nitrous oxide concentration 

of 360 ppb. Repeated measurements were taken over a period of an hour to check the 

variability in the retrieved concentration. This is shown in Figure 6.27. 
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Figure 6.27 - Variation in the Retrieved N20 Concentration with Time 

The mean concentration during this period was 358 ppb. This is about 8% above the 

accepted ambient concentration (333 ppbV) [3]. The standard deviation of the 

retrieved concentration was equivalent to - 22ppbV of N20. The concentration of N20 

at ground level is known to be fairly stable [3], it was therefore concluded that the 

observed changes in the retrieved concentration were not real. The variability is also 

greater than what one would expect if the uncertainty due to instrumental noise 

(fringing) is taken into account. It was concluded that the additional uncertainty arose 

from the large sloping background present in all the recorded spectra (see Figure 

6.21). This background was removed by a polynomial fit procedure which required the 

user to identify points on the spectrum that he/she thought represented the background 

signal. Repeatability tests showed -that variations of up to 3% were observed in the 

retrieved concentration depending on what points on the spectrum were nominated as 

the background. It is thought that problems in defining the background also resulted in 

the 8% discrepancy between the mean concentration and the accepted level. 
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General Comments and Conclusions 

As experienced with the methane laser, the day to day sensitivity was found to vary 
between IXIO-7 and lxlO'6. Again the variation is thought to be due to variations in the 

level of optical ffinging. The Thomson laser exhibited slightly better sensitivities than 

the Anritsu laser. Two factors are thought to be responsible: the Thomson diode had a 
higher power output than the Anritsu laser (5mW against I mW). The Anritsu laser was 

more prone to intensity fluctuations as a consequence of being fibre coupled (variations 

in intensity of about 0.1 % were observed when the fibre was moved). Sensitivities 

were again extremely close to those predicted by theory. 

Fourier transform noise removal techniques were shown to improve detection 

sensitivities to an equivalent absorption of 7x 10-8. Sensitivity could not be improved 

further because of the presence of low frequency fringing. In addition to noise on the 

spectra, the large background signal created an additional uncertainty of about 3% in 

the retrieved concentration. 
The sensitivities shown here will allow nitrous oxide mixing ratios of the order of 22 

ppb to be detected. This is more than an order of magnitude worse than the best 

sensitivities achieved by mid-infrared TDLAS. ALIAS reported sensitivities of 50 ppt 
[I I]. ATLAS, a mid-infrared instrument also flown on the ER-2 aircraft achieved an 
instrument precision equivalent to - 5ppb [33]. The inability of the instrument to 

match the sensitivity of the mid-infrared systems is due to the weak linestrengths of the 

N20 transitions recorded. The 3V3 band is the second overtone and as such has 

linestrengths more than three orders of magnitude weaker than those used in the mid- 
infrared. 
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6.3.4 Wavelenzth Stabilitv 

A test was performed to assess the wavelength stability of the instrument. In the mid- 
infrared poor wavelength stability results in the narrow absorption feature from the 

reference cell being used to line lock the laser wavelength. This increases the cost and 

complexity of the instrument. It was hoped that in the near-infrared this would not be 

necessary. 
The wavelength of the methane laser was monitored with a Burleigh wavemeter (WA 

1000,0.001 cm-1 resolution ) over a period of - 15 hours. The temperature of the 
diode and the surrounding air were also logged to ascertain if there was any 

correlation. Figure 6.28 shows how the wavelength and the diode temperature varied 

over this period. 
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Figure 6.28 - Wavelength Stability Test 
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It is seen that the diode temperature and the operating frequency of the diode are 
directly correlated. The surrounding air temperature during this period did not show 

any obvious correlation with either the wavelength or the diode temperature. This tells 

us that variations in the surrounding air temperature were not responsible for the 

wavelength drift. The correlation between the diode temperature and wavelength 
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shows that the drift was caused by the temperature controller and not by drifts in laser 

operating current. 
The maximum drift over the 15 hour period was 0.007 cm7 1. This is about 2-3 % of a 
typical wavelength scan when recording a spectrum. Importantly, it is seen that the 

wavelength of the laser remained fairly constant for periods of hours at a time. The 

temperature of the diode during this period changed by less than 0.01 T. It is 

concluded that the instrument wavelength stability is sufficiently good not to require 
the use of line locking techniques. 

220 



6.3.5 Proiected Performance for other Gas Species 

Unlike in the mid-infrared where laser quality can be patchy and achievable sensitivities 

can vary significantly ftom diode to diode, it has been shown that two lasers from 

different manufacturers and operating at different wavelengths can provide similar 

performance. This reproducibility is a consequence of the mass production techniques 

used to manufacture these devices for optical communication purposes. The similarity 
in the perfonnance allows the projected detection sensitivities for other gases to be 

made with confidence. 
Table 6.1 details the projected minimum detectable mixing ratios for different gases 

which are of interest either as industrial pollutants or in atmospheric chemistry. The 

calculations have assumed a sample pressure of 100 Torr, a twenty five metre 

pathlength and a minimum detectable absorption Of IX10-7 in aI Elz bandwidth. Lines 

not referenced have been measured in this study (Section 3.3). 

Molecule Line Line Strength Doppler Lorentzian Minimum 
Position Width Width Detectable 

HWHM HWHM Mixing 
Ratio 

(Mn) 
_ 

(cm moleculd*') (cm7l) (cnf') (ppbV) 
CH4 [23] 1651 IXIO-21 0.0093 0.0083 0.56 
CH4 [69] 1330 5xle 0.0116 0.0083 5 
N20 1517 1.8 1XIO-23 0.0061 0.0084 22 
NIO [23] 1984 6xlO'73 0.0047 0.0084 6 
C02 [71 1577 l. 6xIO'23 0.0058 0.0079 24 
CO [7] 1567 2.3xle 0.0077 0.0087 19 
NH3 1512 IXIO-21 0.0099 0.0079 0.47 
HCI [7] 1747 1.2xlO'20 0.0059 0.0121 0.04 
HBr [7] 1341 2. lxle 0.0051 0.0106 21 
HIF [7] 1330 1.3x 10-20 0.0104 0.0044 0.02 
HI [7] 1541 3. IXIO-22 0.0035 0.0079 1 
H2S [7] 1578 1.3xl 0-22 0.0067 0.0112 4 
H20 [7] 1365 2. IXIO-20 0.0106 

1 0.0125 0.03 

Table 6.1 - Projected Sensitivity assuming a minimum detectable absorption of lxlO' 
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6.3.6 Conclusions 

A spectral survey for both methane and nitrous oxide has been carried out allowing 

suitable transitions free from interference to be identified. A performance assessment of 

the instrument in both methane and nitrous oxide detection configurations has shown 
that: 

* Near-infrared technology can allow absorptions as small as 1XIO-7 to be detected. 

* Sensitivities were within a factor of three to those predicted by theory. 

e Detection sensitivities equivalent to 560 ppt and 22 ppb mixing ratios for methane 

and nitrous oxide respectively could be detected. 

4, Sensitivities could be improved further through signal averaging and Fourier 

transform noise removal techniques (typically by a factor of two). 

* The ultimate limit to the attainable sensitivity was found to be optical fringing 

resulting from path differences of the order of a metre. 

The performance of the instrument is comparable to that obtained with the best of 

the mid-infrared TDLAS. 

* The low level of fringing encountered, confimis the suitability of the Herriott Cell 

for pathlength enhancement. 

* Excellent wavelength stability removed the need for laser line locking techniques. 

So far only the instrument precision has been considered. There are many more 

measurement uncertainties that will affect the accuracy of the retrieved concentration. 
The error budget for the instrument is detailed in Section 6.5. 
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6.4 Field Test 

6.4.1 Introduction 

While the performance of the instrument had been fully assessed in the laboratory 

(Section 6.3), it was felt that it would be worthwhile assessing the performance in an 
environment the instrument would typically be used in. To this end, a field test of the 
instrument at a landfill site was arranged. It was hoped that the large variability in the 

methane concentration typical encountered at such a site would allow both the 
instrument sensitivity and measurement bandwidth to be determined. In addition, an 
intercomparison with two other methane monitors (Flame Ionisation Detectors) was 

arranged. This would hopefully give some idea of how accurate the concentration 

retrieval process was and highlight any instrumental drifts. 

6.4.2 Field Site and Experimental Details 

The landfill site, situated in the south west of England, covered an area of 

approximately six hectares. The site had been used from the 1970's up until 1990. The 
bulk of the waste was of the household type. After tipping had stopped a 30 cm. layer 

of soil was used to cap the site. The soil, being permeable, was expected to emit 

methane uniformly across the entire site area. This site was chosen because it did not 
contain any hazardous waste, was easily accessible and had already been used by the 
National Physical Laboratory for measurement of methane fluxes. 

For intercomparison purposes, two flame ionisation detectors (FID) were used. The 

operation of these instruments is based on the principle of 'flame ionisation' whereby 
the presence of hydrocarbons in a hydrogen flame produces an electrical (ionisation) 

current effect which can be detected and amplified by suitable electronic circuits. The 
R. E. GAS-TEC was a portable FID which had a detection limit equivalent to 0.1 pprn 
of methane and had a two to three second response time. The Horiba APHA-350E had 

a significantly slower response time (60 seconds), but exhibited superior detection 
limits (0.0 1 ppm) and excellent long term stability (- I% over the period of a day). 
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For the purpose of the field test, the TDLAS was incorporated into a mobile gas 
detection unit from the National Physical Laboratory. Power was supplied by aI 
kilowatt petrol generator. A UPS was used, enabling controlled shut down in the event 

of a generator failure. 

Measurements were taken downwind from the site at intervals of 30 seconds. Each 

spectrum consisted of 250 points with four points being averaged at each ramp step. 
Each scan took approximately 15 seconds to record. This scan time represented a 

compromise between obtaining reasonable signal to noise and a fast scan rate. The lock 

in time constant was reduced to 100ms for these measurements, ensuring the 
bandwidth was wide enough so as not to affect the recorded lineshape. 

For the field test it was decided to monitor pressure, temperature and laser power 

continuously (every 0.1 seconds) rather than at the beginning, middle and end of the 

scan (see section 5.5). A DT600 data logger was used to capture this data. At the end 

of each scan when the data was being saved to hard disk the laser beam was blocked 

allowing the detector zero level to be determined. As with the laboratory 

measurements, the sample pressure inside thecell was maintained at 100 Torr. At this 

pressure, the Lorentzian and Doppler components are approximately equal. A 

10OPpmV methane gas standard (National Physical Laboratory - Cylinder 29) was used 
for instrument calibration. A calibration was performed at the beginning and end of the 

field test allowing instrument drift to assessed. 

6.4.3 Results 

Sensitivity 

A typical spectrum obtained during the field test is shown in Figure 6.29. The laser 

was scanned between 85 and 110 mA and the diode temperature was set at 7.88 M 

(32.5 OC). The rms residual value between this spectrum and a synthetic spectrum was 

equivalent to an absorption of 6 XIO-7 assuming a lHz bandwidth. This is equivalent to 

a minimum detectable gas mbdng ratio of 1.7ppbV. This is only slightly worse than the 

best sensitivity that was achieved in a laboratory environment (equivalent to a minimum 
detectable absorption of 2x 10'7). The reduction in sensitivity is attributed to an 
increase in noise in the power supply from the electrical generator. 

224 



ExwTle of a T)pkal Spectrum Rocerdod at LxJ Fdl Site 

4605 

2605 

OE-00 

-M-05 

4E-06 4- 
as 90 95 100 105 110 

OmatimA 

Figure 6.29 - Example of a Typical Spectrum Recorded at Landfill Site 

Pressure, Temperature and Laser Power Measurement 

As stated earlier, the cell pressure, air temperature and laser power were monitored 

every 0.1 seconds. The data was monitored continuously, during the 15 second period 

of the scan and also during the 15 seconds dead time between the end of the scan and 
the beginning of the next scan. During this dead time the laser beam was blocked 

allowing the detector zero level to be determined. This allowed the absolute power 
level of the laser to be retrieved for normalisation, of the recorded spectra (Section 6.2). 

Over the period of the day, the absolute power changed by approximately 1%. This 

was probably caused by a drift in the alignment of the optics. Temperature varied 
between 22 T and 26.5 *C, while the sample pressure stayed within 2% of its set level 

(100 Torr). 
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Intercomparison 

Intercomparison measurements were taken in four blocks over a period of -4 hours. 

Each block representing approximately 30 minutes of data.. About half way through 

the first measurement block the power generator failed. It could not be restarted and a 

controlled shut down was initiated. On start up, the instrument was recalibrated. 

Consequently, the first data block was discarded. The remaining three sets of data were 

taken without mishap. 

The Horiba FID was used to take simultaneous methane concentration measurements 

in all three of the remaining sets of data. The GAS-TEC was being used for 

measurement elsewhere and an intecomparison was performed in the last data set only. 

Figure 6.30 and Figure 6.31 show the intercomparison for the first two data sets 

(Block 2 and Block 3). 

It is seen that the retrieved methane concentrations are similar for both instruments, 

with an average methane concentration of approximately 3ppmV being recorded. The 

general trends are also well reproduced, with the large peaks and troughs occurring in 

the same regions. However, it is seen that some of the finer features in the TDLAS 

measurements do not show up in the Horiba data. This is a consequence of the FID's 

slower time response. Close inspection of the data shows that the features recorded 

with the Horiba FID are smeared out and appear to lag slightly behind the TDLAS 

measurements. A good example of this is seen in the feature recorded at - 14: 10 PM in 

the Block 2 data. The TDLAS starts to respond to a sudden increase in methane 

concentration some 34 seconds before the FID. In the TDLAS the methane 

concentration is shown to be declining back to original levels about 60 seconds after 

the initial increase, however, in the FID data the decline is not apparent for 

approximately 90 seconds. This smearing out of the data is also thought to be 

responsible for the slightly higher methane concentration recorded by the FID. It is 

apparent, that where there are features that exhibit a large increase in the methane 

concentration, there is a ghost contribution from that feature for some time afterwards. 

Inspection of a quiet region in the data confirms this explanation. At approximately 

14: 50 PM in the Block 3 data, very little change in the methane concentration is 

observed for about three minutes. During this period it is seen that both instruments are 
in excellent agreement. 
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Figure 6.30 - TDLAS and Horiba FID Intercomparison (Block 2) 
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Figure 6.31 - TDLAS and Horiba FID Intercomparison (Block 3) 
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For the final block of data the TDLAS, Horiba FID and the GAS-TEC were used to 

record the methane concentration simultaneously. The data is shown in Figure 6.32. It 

is clear that the TDLAS and GASJEC provide excellent agreement. This is a 

consequence of the similar response time for both these instruments. (between 2-3 

seconds). Residuals between the retrieved concentrations have a rms value of less than 
0.1 ppmV. This is well within the measurement uncertainty of the GAS_TEC (0.2 

ppm). Again, the Horiba concentrations were slightly elevated and the features smeared 

out. 

Field Test Intercomp"on Data - Block 4 
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Figure 6.32 - TDLAS, Horiba FID and GAS-TEC Intercomparison (Block 4) 

In all three data sets the TDLAS results were in excellent agreement to those obtained 

with the FID's. Over time no obvious systematic offset in retrieved concentration was 

observed, indicating that there was little drift in the instrument. 

Effect of Varying Methane Concentration during a Scan 

For many of the spectra recorded it was clear that the methane concentration was 
changing as the scan was taken. This changing concentration was most obviously 
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manifested in the spectra by the variability of the ratio of the two peaks associated with 

the absorption feature. Figure 6.33 shows an example of a spectrum taken where this 

change is particularly obvious. A spectrum where the concentration is not changing is 

also shown to highlight the difference. 

ATed cfVa)figCbnxttWmcnaPcomdod, &pmt= 

Figure 6.33 - Affect of varying concentration on a recorded scan 

It is seen that the peak intensities have been flipped over, with the first peak larger 

than the second. The ability to detect these changes in concentration has been used to 
determine the concentration at different time intervals during the scan. The scan was 

split up into five sections, each one corresponding to a peak or trough on the 

absorption feature. These sections of the spectrum were each separately least square 
fitted to the corresponding sections on a synthetic spectrum. In this way concentrations 

at -2 second intervals could be determined. Figure 6.34 shows how the concentration 

varied during the scan. Also shown is the retrieved concentration from the GAS 
- 
TEC 

FID over the same period. It is seen that a good agreement between the two was 

obtained. 

229 

85 9D 95 im im 110 



Commmatim VaHafim daing a Scm 

45 

35 

25 

C.? 
U 

1.5 

05 

04- 

NO 200 40D 60D 

TIM(scoanck 

F-; =M-FU57 
--A- Os Tc FID 

900 Icloo 1200 

Figure 6.34 - Concentration Variation during a Scan 

Calibration 

As stated previously (Section 6.4.2), the instrument was calibrated before and after the 

set of measurements were taken. The response numbers obtained (Section 6.2), were 
found to agree to within 0.2 % of each other. This confirms the conclusion made 

earlier (Section 6.4.3) that little to no drift was observed in the measurements. 
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6.4.4 Conclusions 

The field test and intercomparison has shown that: 

9 TDLAS sensitivities equivalent to a minimum detectable absorption of 6 XIO-7 could 
be achieved in the field. 

* Excellent agreement (within measurement uncertainties) between the TDLAS and 
Flame Ionisation Detectors was achieved. 

o Little to no drift in the instrument was observed over a period of 4 hours 

& Variations in the methane concentration during the period of the scan, are shown up 

clearly in the recorded spectrum. This has allowed concentrations at 2 second 
intervals to be determined from a scan of 15 seconds duration. 

* The good agreement between the TDLAS and GAS-TEC indicate similar response 

times (2-3 seconds). This agrees well with the measured cell response time of - 2.5 

seconds (Section 5.5). 

* The small variation in the absolute power falling on the detector, during the field 

test, confirmed the excellent stability of the Herriott cell. 
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6.5 Error Bufte 

6.5.1 Introduction 

In this section, the combined error budget of the instrument for both the N20 and C114 

diodes has been determined. The main sources of error affecting the instrument 

sensitivity and the accuracy of the concentration retrievals, have been considered. 
They are discussed in two sections: instrumental noise sources, leading to noise on the 

recorded 2f spectra (instrument precision) and sources of analytical errors affecting the 

retrieval of gas concentrations (instrument accuracy). The combined uncertainty from 

both these sources is evaluated in Section 6.5.4. 

6.5.2 Instrumental Noise Sources 

This section describes the main sources of instrumental noise. The contribution from 

each source has been assessed experimentally using the ground based TDLAS 

described previously (Chapter 5). All noise sources are given in terms of an equivalent 

minimum detectable absorption (MDA) assuming a lHz Bandwidth. A summary of the 

findings are given in Table 6.3. 

Optical Fringin 

It was shown in Section 5.4 that without any active ffinge reduction technique 

employed, fringing was found to limit sensitivity to a noise level of WO-1. This was 

achieved by careful design of the optical train (i. e. using reflective optics where 

possible, using a wedged window and a suitable choice of multipass cell and spot 

pattern etc. ) Fringe reduction techniques (Section 5.4), in particular piezo miffor 
dithering and Fourier Transform removal, reduced this fringe level by more than a 
factor of ten (< IxIO'). The exact contribution of optical ffinging was determined by 
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subtracting a synthetic spectrum from the recorded data. In most cases a low frequency 

fringing effect was observed with a magnitude equivalent to an absorption of -7 x 10-8. 

TDL (14), Detector - Amplifier and Residual Amplitude Modulation Noise 

A detailed study of IN noise from the laser diode, noise from the detector-amplifier 

combination and noise caused by residual amplitude modulation was carried out for a 

variety of different detection schemes in Section 5.3. The results of this study, for the 

detection scheme chosen ( 2nd harmonic WMS nominally at 70 kHz), are given below 

1/f noise 
The IN noise spectrum of both lasers was measured using the NH TF2371 Spectrum 

Analyser. An example of the noise spectrum obtained for the methane diode is shown 

in Figure 5.1. The nitrous oxide diode had a IN noise contribution of 1.5xle V 

/ViE at a modulation frequency of 70 kHz. This is equivalent to a MDA of IX 10-7. 

The methane laser had excess noise equivalent to aMDAof 9xlO'8(3xlO'gV/-, rH-z). 

Detector - Amplifier Noise 

The detector - amplifier noise was determined experimentally and theoretically. Shot 

noise and detector thermal noise are the two main sources of noise in detector- 

amplifier combinations. Theoretical calculations for both detector-amplifier 

combinations are given below. 

Noise Type Ge Detector - Preamplifier InGaAs Detector - Preamplifier 

Thennal 1.3 x 10'10 7xIO-10 

Shot 1.4xlO'8 3.4xlO'8 

Combined 1.4 xlO'8 3.4xlO'g 

Table 6.2 - Thermal and Shot Noise Levels 
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The combined noise from both detector/amplifier combinations was measured on the 

spectrum analyser (MI TF2371). Noise levels equivalent to a minimum detectable 

absorption of 4x1O'8 and 6x1O'8 for the Ge and InGaAs detectors were measured 

respectively. In each case the measured noise is approximately twice as big as predicted 
by theory. The discrepancy is felt to be caused by noise generated in the spectrum 

analyser itself (estimated to be equivalent to a minimum detectable absorption of 3x 

10-1). 

RAM 

Residual Amplitude Noise (RAM), resulting from simultaneous amplitude modulation 

as the laser frequency is modulated was estimated theoretically to be equivalent to a 

MDA of 8x 10's for the methane laser and 6x 10's for the nitrous oxide diode. No 

direct measurement of the RAM contribution was made. 

TDL Current/Temnerature Controller 

The current controller (ILX LDX-3207) has a rated noise performance of 0.01 mA rms 

at an operating current of 100 mA. To verify this, the noise was measured across a 

10fl resistor (typical resistance of a laser diode) with the spectrum analyser (MI 

TF2371). The noise was measured as 7 xle V /vrili which corresponds to 0.007 mA 

at 100 mA. This is equivalent to a minimum detectable absorption of 6x 10'9 in the 

case of the CH4 laser and 8x 10'9 for the N20 diode. 

Noise from the temperature controller will be negligible because the time constant 

associated with thermal changes in the diode mount is large compared with the time 

required to scan the laser through the feature of interest. 

Lock In Amplifle 

The lock in amplifier (SR5209) has a quoted input noise of 7 nV /Vili. The signal 

source impedance (50 0) will contribute an additional I nV / Vili. The lock in 

amplifier noise is equivalent to a MDA of 7x 10-9. 
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Noise Type Noise Contribution/MDA 

(CH4 Laser) 

Noise Contribution/MDA 

(N20 Laser) 

Fringing 7xlO'8 7xlO-8 

IN 1.5XIO-1 IX10*1 

Detector/Amplifier l. 4xlG-8 3.4xlO"8 

RAM 8xlO-8 6xlO-8 

Current Controller ftlCý 8XIO-9 

Temperature Controller Negligible Negligible 

Lock In Amplifier 3xlO'9 7x1O-9 

Table 6.3 - Summary of Noise Sources 

Combined Instrument Noise 

The overall instrument noise can be determined by summing the contribution from the 

different sources discussed above. The combined noise can also be measured directly 

by measuring the noise on the signal from the instrument output. Noise on the 

instrument output was measured using two different techniques. The first uses a facility 

on the lock in amplifier which will measure the noise (RMS deviation from the mean) 

on the instrument signal at the chosen reference frequency. The second measures the 

noise on a recorded spectrum. Table 6.4 summarises the findings for all three 

techniques. 

Measurement Method Combined Noise/MDA 

(CH4 Laser) 

Combined Noise/MDA 

(N20 Laser) 

Individual Summation 1.7 X10-7 1.5XIO-7 

Lock In IXIO-7 9XIO-1 

Recorded Spectra 4xlO-7(no averaging) 3x1 0.7 (no averaging) 

Table 6.4 - Combined Noise Measurements 
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It is seen that all methods are in reasonable agreement. Additional noise on the 

recorded spectrum could in part be due to digitisation noise and RF noise picked up in 

cables which neither of the other two methods take into account. The smaller noise 
levels given by the lock in measurement can be explained by the lack of any optical 
ffinging contribution with this technique. For this measurement the noise is determined 

at a fixed wavelength and therefore a constant current and temperature setting. (100 

mA and 31.5 T for the methane diode and 100 mA and 10.5 *C for the nitrous oxide 
diode). Fringing will only be generated if the wavelength is scanned. 
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6.5.3 Analvtical Errors 

There are many possible sources of analytical errors, including the accuracy of the line 

parameters and absorption pathlength used in retrieving the concentrations, the 

measurement of pressure and temperature and interference from nearby lines. These 

sources will usually be the dominant source of error on the absolute accuracy of the 
instrument. 

Line Parameters 

Methane 

The line parameters used to generate the synthetic spectrum are taken from 1992 

HITRAN Molecular Database [23]. The linestrengths listed for the 2V3methane band 

were taken from work carried out by Margolis [24]. The estimated uncertainty in the 

linestrengths is 3.5 %. 

Pressure broadening coefficients for the v, methane band were measured by Pine [71 

For the Q branch a typical air broadening coefficient is 0.6 cnf '/MPa. The uncertainty 
is estimated to be 0.8%. 

Nitrous Oxide 

The 3 V3 nitrous oxide line parameters are not listed in RITRAN. The linestrengths and 

pressure broadening coefficients measured at Strathclyde University have been used to 

generate synthetic spectra. More details about these line parameter measurements can 
be found in Section 3.3 The uncertainty in the linestrength is estimated to be 5%. The 

pressure broadening coefficient uncertainty is estimated to be 3%. 

Pressure and Temperature 

Pressure is recorded using a MKS Baratron (122AA-01000AB). The uncertainty in 

pressure measurements is specified as 1% at a pressure of 100 Torr. 

The temperature of the gas is measured inside the cell with curve matched thennistors, 
(RS Components). The specified uncertainty is specified as IK at 296K. 
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The effect of uncertainties in both pressure and temperature measurements on 

concentration retrievals are quantified in Section 6.5.4. 

Absorl2tion Pathlength 

The absorption pathlength is determined using the Beer Lambert law (see Section 

6.2.3). As such the uncertainty in the pathlength will arise from uncertainties in the 

linestrength, pressure and the measurement of the absorbance. Details of how the 

overall uncertainty is determined are given in Section 6.5.4. An additional uncertainty 
in the retrieved concentration will be caused by the pathlength associated with the 

optical train outside the multipass cell. For this instrument, the distance covered by the 

beam outside the cell is 0.7 m The absorption feature associated with the additional 

pathlength will be significantly pressure broadened and will increase the observed 

absorbance by less than 0.1 % (see section 6.3.2). 
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6.5.4 Combined Uncertaintv in Concentration Retrieval 

The combined uncertainty in concentration retrievals, resulting from both instrumental 

noise sources and analytical errors is calculated below. The combined uncertainty in 

the retrieved concentration, 5(obs), can be derived from equation (6.3). It is shown to 

be: 

cYS(obs) (c; H2(obS))2 
5(obs) -H Jobs) 

(aH2(caic) 
ý-Hjcalc) 

a5(calc) 
2 

Y2 

T(calc) 
) 

(6.7) 

5 (Calc) 
_C will be zero as this is a user chosen parameter. If we examine the remaining S(calc) 

) 

terms on the right hand side: 

(aHjobs) 
is the fractional uncertainty in the peak height of the measured second ý-HjobS) 

harmonic spectrum when converted into spectroscopic units. From equation (6.2) it 

can be shown that: 

rcYH2(obs) 
= 

[r 2 

ý H2(obS) 

) (DY L) 
21 Y2 

+ 
(2p, ) 

(6.8) 

is the fractional uncertainty in the peak height of the raw spectrum. This is 

evaluated by determining the noise levels on the 2f signal. The fractional uncertainty for 

both methane and nitrous oxide in their natural abundance is listed below. 
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is the uncertainty in the response number used to convert the raw data into 

spectroscopic units. The main uncertainty in determining Ri, assuming the modulation 

depth is known, will be the uncertainty associated in measuring the absorbance of the 

calibration feature. A typical calibration feature will have a 1-2 % absorption. An 

uncertainty of 0.5% would be associated with this measurement assuming a typical 

minimum detectable absorption of lxI 0-4. 

(Ippli) 
is the fractional uncertainty in the measured power at the detector. The 

uncertainty in the power measurement will be negligible (< 0.1 

N20 CH4 

10% 0.1% 
y 

" ' 
R -i 

) 

0.5% 0.5% 

P) <0.1% <0.1% 

crH , 
(ob s) 

H, (obs)) 10% 

I 

0.5% 

.I 

Table 6.5 Uncertainties associated with the peak height of a spectrum 
converted into spectroscopic units. 

The combined uncertainty in the peak height of the measured spectrum when converted 
into spectroscopic units is 10% and 0.5% for nitrous oxide and methane respectively. 
The large uncertainty in the nitrous oxide measurement is mainly due to the poor signal 
to noise ratio of the recorded spectrum. 
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is the fractional uncertainty in the calculated second harmonic synthetic 

spectrum. The uncertainty arises from two sources: 

= 

[(2 2 ]Y2 
; 

)2 

(6.9) 
f 

2ý 

The first term on the tight hand side is the uncertainty associated with generating the 

synthetic direct absorption spectrum. This results from uncertainties in the linestrengths 

and pressure broadening coefficient used and measurements of pressure and 

temperature. The second term is the additional uncertainty created by generating the 

second harmonic component of the synthetic direct absorption feature. The main 

uncertainty in this conversion will be due to errors in the modelled modulation depth. 

Both of these terms will now be evaluated. 

a) 
NE) 

has been defined as the fractional uncertainty in the calculated simulated 

spectrum, which can be defined as follows: 

B(v) = a(v). S(caic). l (6.10) 

The uncertainty is therefore: 

2+ 

I- 

2]Y2 

It should be noted that there is no uncertainty in the concentration, 8(calc), used in 

calculating the synthetic spectrum as this is a user chosen parameter. 
a. 

- Considering the first tenn on the right hand side, 
(a) 

1, it can be shown that [72]: 
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ct(v, T, p) = S(T). g(v - v., T, p). N(T) (6.12) 

where S (T) is the absorption linestrength, g(v - v., T, p) is the lineshape ffinction and 

N (T) is the number density of the gas. Each of these three factors will now be 

considered. 

S (T), the absorption linestrength, can be defined as [72]: 

S(T) = S(TREF )FQ(TREF) 
exp IA39v 

(T-TREF)] 

I -Q (-T) 
II 

TT. I 

= S(TREF)AT 

(6.13) 

kjLUF) is the linestrength at a reference temperature of 296K and Q (T) is the where S" 

total internal partition sum, which is approximated by the following polynomial 

expansion in T (72]. 

Q(T) =a. + alT + a2T 2 +a3T3 (6.14) 

The coefficients of this polynomial expansion for the molecule of interest can be found 

in the MTRAN database [23]. They are listed below. 

From equation (6.13) it can be seen that the uncertainty in the linestrength at a given 

temperature, T, is given by: 

-Y 2 
(T) 

22 
T, TM L( (T) 

(6.15) S 
ýT) 

CtTREF)), 

(IT 
I (TF 

where 

t T.. is the uncertainty in the linestrength at 296 K. -C (T rT(REF)) 
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This is taken from the HITRAN database [23] in the case of methane and has been 

estimated in Section 3.3 for nitrous oxide. 

can be found by differentiating A(T) with respect to the temperature, T, and 

multiplying it by the uncertainty in the measured temperature, Cr T2i. e. 

dA 
dT T (T) (6.16) 

The uncertainty in the measured temperature using curve matched thermistors (RS 

76549) is specified as IK at 296K. 
dA has been evaluated as O. S%IC' for N20 and dT 

0. I%IC' for CH4. 

N20 CH4 

CYS(TREF) 

S('7RJEF) 5% 3.5% 

(CFA(T)) 

A -(T)) 0.27% 0.03% 

I(T (T 
TR 

Z--)) 
5% 3.5% 

Table 6.6 - Uncertainties associated with the Linestrength 

N2.0 CH4 

ao -9.5291 -17.475 
a, 15.719 0.95375 
a2 -1.2063xlO'2 3.9758xlO'3 
a3 5.3781xlO'5 -8.1837xl 

0,7 

Table 6.7 - Polynomial Expansion Coefficients for Temperature Dependence of 
Partition sum 
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g(v - v., T, p) is the lineshape factor. At the sample pressures used for measurement 

the lineshapes are Voigt. An uncertainty in the lineshape will be caused by the 

uncertainty in the Lorentzian component of the Voigt line. The Lorentzian component 
is determined by the product of the pressure broadening coefficient and the sample 

pressure. As such, the uncertainty in the Lorentzian component will be: 

YL pY 
blo4kd 

(. ýJL 2 2]Y (ap 
y2 

(6.17) 

where is the 
P 

)is 
the uncertainty in the pressure measurement and P 

uncertainty in the pressure broadening coefficient. Additional uncertainties in the 
lineshape can be introduced by collisional narrowing and line mixing effects. However, 

they have been shown to be negligible at the pressures used (50-100 Torr) [71]. 

N20 C114 

(E 
PI 

) 

P- - 1% 1% 

L 3% 0 8% 7 bro&d . 

3.1% 1 3% . 

2.5% 1% 

Table 6.8 - Uncertainties associated with the Lineshape 
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N (T), the number density, is defined as follows: 

I N(T) = N. 
(T 

(6.18) 

where N,, is Loschmidts' number. It has been shown by Martin [731 that the uncertainty 
in the number density is: 

[(. 
ýp )2+ (2T (L2 

]Y2 

pT 
(6.19) 

Table 6.9 list the uncertainties associated with the number density. 

N20 CH4 

ap ) 
I 

(p- 1% 1% 

T 0.3% 0.3% 

"N 

N 1% 1% 

Table 6.9 - Uncertainties associated with the Number Density 
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The second term on the right hand side of equation (6.11), is the fractional 

uncertainty in the absorption pathlength. The optical pathlength is detennined by 

measuring the absorption of a gas standard. The pathlength is then calculated by using 

the Beer Lambert Law. The uncertainty will be given by: 

2+ (E_ (E, ) 
[(ýý 

), 2 
Y2 

(6.20) 

where 
(ýý) 

is the uncertainty in the measured absorbance, 
(Y' is the uncertainty in 

A(a) 

the absorption coefficient and 
(-Sý) 

is the uncertainty in the partial pressure of the 

gas standard (100 ppm methane/air mixture NPL Cylinder 29 - 100.1 ppm +/- 0.5%). 

0.5% 

3.5% 

0.5% 

3.6% 

Table 6.10 - Uncertainties associated with the optical pathlength 

It is seen that the largest uncertainty in the optical path arises from the uncertainty in 

the absorption coefficient. The uncertainties on the absorption coefficient were 

assessed previously and result mainly from uncertainties in the linestrengths. 
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b) 
(ý2E; 

-) , is defined as the uncertainty in generating the second harmonic component 

of the synthetic spectrum created in HITRAN. In Section 5.3 it was shown that 

residuals between the calculated second harmonic component and the component 

predicted by theory could be reduced to less than 0.2%. 

Table 6.11 lists the combined uncertainty in generating the second harmonic synthetic 

spectrum. The main uncertainty arose from the linestrengths used. 

N20 CH4 

0 2% 0.2% 
. 

5.2% 6.7% 

-H 
2(calc)) 

5.2% 6.7% 

Table 6.11 - Uncertainties associated with generating a synthetic 
second harmonic spectrum 

6.5.5 Overall Uncertaintv and Conclusions 

Table 6.12 fists the overall uncertainties (la) in concentration retrievals of methane 

and nitrous oxide. In nitrous oxide the main uncertainty arises from the poor signal to 

noise ratio of the recorded spectra. In methane the uncertainty is dominated by the 

uncertainty in the linestrengths used in generating the synthetic spectrum. These 

uncertainties should be multiplied by a coverage factor of two to give a confidence 

level of 95%. 
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N20 CH4 

(aH2(obs) 

H2(obS) 10% 0.5% 

(H, 
(calc)) 6.7% 5.2% 

cr8(obs) 
8(obs) 12% 5% 

Table 6.12 - Uncertainties associated with Concentration Retrievals for N20 and C114 

A major source of uncertainty for both N20 and CH4 measurements was the 

uncertainty in the linestrength. This highlights the need for an improvement of the 

spectral parameters in the near-infrared, which has largely been ignored by 

spectroscopists in the past. 
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6.6 Future Developments and Conclusions 

It has been shown that near-infrared technology and second harmonic WMS in the 

50 - 100 kHz region will allow absorptions as small as IXIO-7 to be detected. This 

performance was achieved with two different laser system, one for methane detection 

and the other for nitrous oxide. Instrument precision equivalent to 560 ppt of methane 

and 22 ppb of nitrous oxide was achieved, with measurement uncertainties of 5% and 
12 % respectively. In the case of methane, this is comparable to the best sensitivities 

achieved in the rt-ýd-infrared. Sensitivity for nitrous oxide was limited by the weak 
linestrengths associated with second overtone transitions. 

A field test and intercomparison with two Flame Ionisation detectors showed that the 

retrieved concentrations from the TDLAS were within the measurement uncertainties 

of the other two instruments. It also showed that instrumental drift was negligible and 
highlighted the inherent stability of the Herriott cell. 
This work has successfully been used in a three way proposal between the University 

of Strathclyde, Cambridge University and the National Physical Laboratory, to develop 

and build the next generation near-infrared TDLAS for measurements on a balloon 

platform [52]. The instrument will measure H20,, C02 and CH4 and will provide 

important information about troposphere/stratosphere transport mechanisms. The next 

generation multipass arrangement, the astigmatic Herriott cell, has already been 

designed and tested for this instrument (Section 4.3). This cell has all the inherent 

stability properties of the conventional Herriott cell but allows an increased pathlength 

to be supported in a smaller cell mode volume. The next generation electronic system 

has been designed and built at the National Physical Laboratory. The electronics have 

been substantially miniaturised (they fit in a 30 x 30 x 30 cm3 rack), have low power 

consumption (0.25 Amps from a 28 V d. c supply) and allow spectra to be recorded 

once every second. Initial testing has shown that the electronics provide similar noise 

performance to the commercial set up described here. 

Future developments in TDLAS instrumentation include the extension of DFB laser 

technology out to wavelengths between 2-4 gm. Laboratory results indicate that 

III-V antimonide lasers could provide 1-2 mW single mode operation at temperatures 

accessible to Peltier coolers (-60 *Q. [12] This would allow the fundamental 
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transitions of many gas species to be detected. This could improve detection levels by 

two or more orders of magnitude. 
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Cha ter 7- 

Coolable Herriott Cell 
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7.1 Introduction 

This chapter describes the design, construction and operation of a coolable Herriott 

Cell. The cell can be operated in two cooling modes. The first involves the circulation 

of pure ethanol between a liquid nitrogen heat exchanger and the cell jacket. Using this 

technique the cell can be cooled down to a temperature of - 200K. This is similar to 

the temperatures one would encounter in the upper troposphere/lower stratosphere. As 

such, the cell would have a useful application in assessing the temperature dependence 

of the molecular line parameters (line widths, line strengths and absorbance cross 

sections) for gas species that play an important role in atmospheric chemistry. 
The second cooling technique operates in a collisional cooled (or diffusive trapping) 

mode. The cell temperature is cooled down to -77K by circulating liquid nitrogen 

around the jacket A small quantity of condensable spectroscopic gas is introduced into 

a higher pressure of non condensable gas (usually helium) contained in the cooled cell. 
The helium is cooled to the cell wall temperatures through collisions. The 

spectroscopic gas molecules are rapidly cooled to this temperature via collisions with 

the helium, and remain trapped in a non equilibrium super cooled state during slow 
diffusion through the helium. The main application of this technique is to simplify 

congested spectra by changing the Boltzmann populations of the vibrational and 

rotational states. 
A Herriott multipass optical arrangement is used to enhance the absorption pathlength 

within the cooled cell. The enhanced pathlength, combined with near-infrared TDLAS 

technology allow absorptions as small as IxIO'5 to be detected. 

This work was carried out jointly with Kevin Smith, a member of the group at 
Strathclyde University. 
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7.2 Coolable lierriott Cell Spectrometer 

7.2.1 Coolable Cell 

Figure 7.1 shows a schematic of the coolable cell. 

Tubing Interior 
electro- Ix)lished 

cm 2cm 
30 cm 20 cm 

60 cm 
Inlet 

Figure 7.1 - Schematic of the Coolable Cell 

The main body of the cell is constructed from concentrically welded stainless steel 

tubing. An annulus at each end of the tubes forms a jacket of approximately five litres 

volume. The ends of the inner tube protrude from the outer tube by 2 cm and 8 cm. 

The 8cm end is closed with a welded stainless steel disc. The disc has a 1.9 cm 

diameter aperture set 2.3 cm off centre to allow the entrance and exit of the intra-red 

beam. The aperture is countersunk at a diameter of 2.9 cm and 0.4 cm to house a one 

inch diameter 50 wedged calcium fluoride window. A viton O-ring provides an 

evacuable seal. A nichrome wire heater maintains the temperature of the window and 
0-ring above 276K. This ensures that atmospheric water vapour from outside the cell 
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does not condense onto the window and maintains the O-ring at its specified operating 
temperature. 

The 2cm end has a 10cm internal diameter welding flange attached. A removable end 

plate is secured to this flange by 18 bolts. A vacuum seal is provided by a copper 

gasket, which is specified to operate within the temperature range 3 to 723 K. At the 

centre of the end plate is a5 cm. diameter pumping aperture, which has an Edwards 

NW-50 type stainless steel flange. A nichrome wire heater is used to ensure a suitable 

operating temperature (263 - 473 K) for the flouroelastomer O-ring vacuum seal. 
Coolant flows through the jacket via two half inch outer diameter stainless steel tubes 

welded to the outermost tube at opposite ends, one at the top and one on the side of 
the cell. Four quarter inch outer diameter stainless steel tubes pass through the cooling 
jacket at four positions along the length of the cell (labelled T). This enables 

thermistors (RS Components, NTC type, R-T curve matched) and thermocouples 

(Oxford Instruments, PTFE insulated chromel/alumel type-K) to be placed in thermal 

contact with the outermost surface of the inner tube. Thermally conductive adhesive is 

used to secure the ends of the thermocouples and thermistors to the cell. 
Two three quarter inch diameter stainless steel tubes pass through the cooling jacket 

and are welded to the innermost tube (labelled I). These house the glass vapour 
injectors. The injectors consist of quarter inch outer diameter Pyrex glass tubing which 

narrows at the tip to a Imm orifice. To prevent condensation of spectroscopic vapour 
in the injectors an electrical heater surrounds each injector tip. Each heater consists of 

- 5cm of nichrome resistance wire in thermal contact with an aluminiurn foil cryotube. 
PTFE tape secures the heaters in place and provide electrical insulation from the 

cryotubes. Thermistors are attached to the top and bottom of the heater assemblies to 

allow the injector temperatures to be monitored during operation. Figure 7.2 shows a 

schematic of the vapour injectors. The injectors are housed in half inch outer diameter 

Pyrex glass tubing. Vacuum seals between the quarter and half inch Pyrex tubes and 

the half inch Pyrex tubes and the welded stainless steel feed throughs, are located at the 

end furthest from the body and are formed from epoxy resin. A PTFE foam ring is 

placed between the two Pyrex tubes preventing convection between the cell and the 
inside of the half inch glass tube when the heaters are operational. The injector tips 

protrude past the interior surface of the cell by a few millimetres. 

254 



1/4" glass 'Ný81ass/PTFE 
tap tube 

Z\ 

1/2"glass 

Epoxy eass/glass se 
tube 

I 

Epoxy eass/metal 

Thermistor 

Aluminium ctyotube - 
nichrome wie heater 

Celljacket 

PTFE foam ring /' 'I mm 0 tip 

Figure 7.2 - Schematic of the Vapour Injectors 

7.2.2 Herriott Cell 

Pathlength enhancement is achieved with a Herriott multipass cell. The advantages of 

the Herriott cell over other multipass cell designs has been well documented elsewhere 
in the thesis (Chapter 4). Two inch diameter spherical concave mirrors with 30 cm 

radii of curvature (Ealing Cat. No. 34-9753) provide a 22 pass solution at 34.27 cm 

separation. A 4mm diameter coupling hole, placed 2 cm. off axis, allows beam entrance 

and exit. The mirrors had a protected aluminium coating giving a quoted reflectivity of 

- 95% at 1.5 gm. 

Figure 7.3 shows the modelled spot pattern of this solution. 
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Figure 7.3 - Modelled Spot Pattem (N = 22, R= 30cm, d= 34.27 cm) 

It was shown in Section 4.2 that the position of the exit spot depends only on the 

separation between the two mirrors (assuming the radii of curvature does not change). 

it is therefore important that the mirror separation is preserved over the range of 

operating temperatures encountered (77K to 288 K). To this end, the mirrors were 

mounted in a balanced frame made from RWAR 36 and Stainless Steel. Figure 7.4 

shows a schematic of the Herriott cell frame. The frame consists of three INVAR bars, 

50 cm long, secured at each end by 9.6cm. diameter 2 cra thick circular stainless steel 

plates. The frame sits on four PTFE feet allowing easy transfer of the frame in and out 

of the coolable cell. A third stainless steel plate is mounted on the INVAR bars and can 
be moved to and locked at any position along the frame. A clearance slot (not shown), 
2.5 cm wide and I cm deep, has been machined into one of the end plates to allow it 

past the injector tips. The Herriott cell mirrors are mounted, one on the movable slide 

and one on the end plate, with three locating bolts. PTFE foam pads cushion the mirror 

and allow for thermal expansion or contraction. 

256 

.3III 
.3 .2 .10123 



Figure 7.4 - Schematic of the INVAR Hemott Cell fi-anie 

In a balanced frame of this design the contraction in the length of the INVAR bars is it) 

theory cancelled out by the contraction in the stainless steel end plates thus keepin', the 

mirrors separation constant over a wide range of operating temperatures. The C11'ect of 

temperature variations on the frame dimensions and nurror radii ofcurvature has been 

modelled, allowing any movement in the exit spot to be quantitied. For a tenipeNItUre 

variation of 200 K the exit spot is shown to move by 238 [tm. The dimension ofthe 

coupling hole has been made large enough so that such movernents can easily be 

tolerated. These calculations have assumed a homogeneous temperature distribution 

within the cell. 

7.2.3 Spectrometer 

The spectrometer operates in the near-infrared, recording absorptions resulting fi-om 

rotational-vibrational transitions. A near-infrared DFB tunable diode laser 

operating between 6580 cm-1 and 6610 cm-1, was used as a source. The optical train 

and electronic layout of the spectrometer are identical to the spectrometer described ill 

Section 5.5.2 and Section 5.5.3 in all respects except that the reference cell has been 
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replaced with a spherical mirror Fabry-Perot Interferometer (TecOptics). The 

interferometer provides high Q etalon fringes with FSR 7.5 GHz, allowing recorded 

spectra to be linearized post measurement. Second Harmonic wavelength modulation 

spectroscopy detection was used to provide high sensitivity. 
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7.3 Cell Operation and Results 

As was stated previously, the cell can be operated either in collisionally cooled or 

ethanol cooled mode. Each will now be described. 

7.3.1 Ethanol Cooling 

In ethanol cooled mode, pure ethanol is circulated between a liquid nitrogen heat 

exchanger and the cell jacket. Ethanol is used because of its extremelY low freezing 

point (157 K). Figure 7.5 shows a schematic of the cooling circuit. 

Coolable Herriott Cell 

Ethanol flow 
v* 

-speed 
punp 

= Co 
. iý9 

= -= 
.3. 

MU. 
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cm 4) 
4) 

;: i 

Figure 7.5 - Schematic of the Ethanol Cooling Circuit 

The ethanol is circulated between the heat exchanger and cell jacket by a variable speed 

encapsulated magnetic pump (max. flow rate - 501/min). The pump is placed on the 

warm side of the heat exchanger. The transfer of the ethanol to and from the cell is via 

quarter inch outer diameter PTFE tubing. The tubing was connected to the half inch 

stainless steel inlet/outlet pipes with Swagelock parallel threaded connectors and 

259 



adapters. The PTFE pipes have been kept as short as possible and insulated with high 

density foam so as to reduce heat loss to a minimum. 

Figure 7.6 shows a schematic of the heat exchanger. 

Ethanol flow 

114"PM 
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Liquid-nitro 
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Figure 7.6 - Schematic of the Heat Exchanger 

The heat exchanger consists of a4m length of quarter inch outer diameter PTFE 

tubing coiled round a 2.6 cm diameter copper pipe. The pipe and tubing are contained 

in a 75 cm long, 4.2 cm diameter PVC tube. The tube is plugged at the bottom with a 

25 mm thick conical nylon disc. The disc ensures hat no liquid nitrogen can seep inside 

the tube where direct contact with the quarter inch PTFE tubing could potentially 

freeze the ethanol contained inside. A thermistor was placed in the centre of the copper 

tube to monitor the temperature of the heat exchanger. The gap between the copper 

pipe and PVC tube is air filled. The top of the gap is filled with high density insulation 

foam to prevent convection losses. Swagelock connectors are provided to attach the 

heat exchanger to the cooling circuit. 

260 

Nylon bung 



The ethanol header tank is maintained at room temperature and allows for thermal 

expansion/contraction of the ethanol in the circuit. The tank was connected to the 

cooling circuit via narrow diameter nylon tubing. 

During measurement the entire coolable cell was placed inside a wooden box which 

was packed with polystyrene insulation placed inside plastic bags for easy removal. 

7.3.2 Ethanol Cooling Results 

Carbon 12 Acetylene (12 C2H2) gas was used to assess the performance of the coolable 

cell. The measurements reported here are strictly qualitative and primarily intended to 

demonstrate the success of the technique. 

Acetylene spectra were recorded at approximately 10 degree intervals between 297 and 

200 K. The cell was cooled to approximately 5K below the required temperature, the 

circulation of the coolant was stopped, and the cell was allowed to slowly warm up to 

the measurement temperature. This technique minimised any temperature gradient 

across the length of the cell. The cell was filled from aI litre glass bulb of acetylene via 

a clean glass line attached to one of the gas injectors. A sample pressure of I Torr was 

used. After each measurement the cell was evacuated and refilled. 

The laser was scanned between 43 and 100 mA at a temperature of 288 K. Under these 

operating conditions the laser frequency was tuned between 6591 and 6588 cm7l. 

Second harmonic detection at 10 kHz was used. The R(14) transition (see Figure 7.7) 

was used to optimise the modulation depth (m = 2.2). Optimisation involves increasing 

the modulation amplitude until the peak of the 2f feature is at a maximum (more details 

of this technique can be found in section 5.3). During cooling the modulation amplitude 

had to continually be reduced to maintain the same effective modulation index. This is 

a consequence of the temperature dependence of the Doppler width. (section 2.1.8) 

Figure 7.7 shows a survey spectrum of this region taken at room temperature. The 

two strong fines at 63 mA and 101 mA have been identified as the R (15) and (R14) 

VI + V3 transitions. Two weaker line, at 60 mA and 107 mA, have also been identified. 

They are the P(I 2) and P(I 1) VI + V2 + V4 + V5 transitions. The strongest features 

shown correspond to an absorption of - 6%. 
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Figure 7.8 shows the same spectrum, linearized and wavelength calibrated (see Section 

3.3.3 for further details). The spectrum has been expanded allowing the weaker 

transitions in the spectrum to be seen. These weaker lines are believed to hot band 

transitions and fundamental transitions of the singly substituted 13C isotope. 

Room Temperature Survey Spectrum of Acetylene 
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Figure 7.7 - Room Temperature Survey Spectrum of Acetylene 
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Figure 7.8 - Room Temperature Survey Spectrum of Acetylene 
(linearized, wavelength calibrated) 
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Figure 7.9 shows acetylene spectra recorded at temperatures of 216,256 and 296 K. 

The strongest feature shown here corresponds to an absorption of 0.1 %. Each spectra 

took approximately one minute to record. During this time the cell temperature was 

found to change by less than 0.1 K indicating very good thermal stability. The spectra 
have been normalised by the absolute laser power falling on the detector so as to 

preserve the intensity information. It is apparent that the intensity of the feature near 
6589.5 cnf 1 increases at lower temperature indicating that it is an overtone transition 

with low J number. It is though that it is most likely to belong to singly substituted C13 

acetylene. The absorptions near 6589.68 and 6589.95 cm71 decrease at lower 

temperature. It is concluded that these transitions are likely to be hot bands or high J 

overtone transitions. None of the transitions have been identified. 
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Figure 7.9 - Cooled Acetylene Spectra 

The natural log of the line intensity of an isolated unblended hot band transition at 
6588.1 cm71 was plotted against the reciprocal of the cell temperature. This is shown in 

Figure 7.10. As predicted by theory, a linear relationship between these two 

parameters was found. This indicates that the cell temperature measured at the 
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outermost surface of the cooling jacket is in good agreement with the temperature of 
the gas inside. 
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Figure 7.10 - Natural Log of Line Intensity against Reciprocal Temperature 

7.3.3 Collisional Coolinp- 

Figure 7.11 shows the schematic of the collisional cooling circuit. 

A 120 1 pressurised Dewar (Oxford Instruments) was used to flow liquid nitrogen 

through the cell jacket, cooling the cell to - 77K. Transfer to the cell is via quarter inch 

outer diameter PTFE tubing. Excess nitrogen vapour and liquid escaped from the cell 

through the top exit pipe which was open to air. A control valve was placed between 

the Dewer and the cell to enable fine control of the coolant flow rate. A nitrogen 

cylinder is used for additional pressurising of the Dewar as it empties. 

Before cooling, the cell is filled with - 20 Torr of helium ensunng that even cooling 

throughout the cell. takes place. During the cooling process the helium pressure in the 

cell decreases to -9 Torr. 
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Exit Pipe 

Figure 7.11 - Schematic of the Collisionally Cooling Circuit 

7.3.4 Collisional Coolina Results 

Carbon 12 Acetylene (12 C2H2)gas was used to assess the performance of the coolable 

cell in collisionally cooled operating mode. Again the measurements reported here are 

strictly qualitative and primarily intended to demonstrate the success of the technique. 

Figure 7.12 shows a schematic of the collisionally cooled gas handling system. A 10% 

mixture of acetylene in helium was made in a8 litre reservoir at a pressure of 700 Torr. 

The helium buffer gas is used to reduce the possibility of molecular clusters of the 

spectroscopic gas from forn-drig (further details are given later). The pressure in the 

reservoir is monitored with a 1000 Torr full scale baratron gauge (MKS). The 

connection between the cell injector and the reservoir was made via a clean glass line. 

The mixture was injected into the cell such that the absorption of a strong feature was 

maximised. This was achieved by monitoring the infrared absorption signal on an 

oscilloscope. The other injector was attached to a rotary pump to establish an 

equilibrium vapour pressure within the cell. The optimum flow rate was determined to 

be - 0.5 vmol s-'. 
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Figure 7.12 - Schematic of the collisionally cooled gas handling system 

During cooling the electrical heater currents in the vapour injectors, at the cell window 

and vacuum aperture were adjusted to maintain room temperature. A typical current 

load of I Amp at 15 Volts was required. 
Figure 7.13 shows a collisionally cooled spectra of acetylene taken in the same region 

as the ethanol cooled spectra. Also shown on this figure is the ethanol cooled spectrum 

of acetylene taken. at 216K. The intensity of the 216 K spectrum has been scaled so 

that the intensitieýsf the lines at 6589.5 cnf are comparable. The collisionally cooled 
feature has an absorption equivalent to - 6xlO'5* The broad feature at 6589.3 cm7 1 is 

absorption due to water vapour in the optical path outside the cell. The water line is 

not evident in the 216 K spectrum because of the intensity scaling factor and the 

coincidence with an acetylene line. 

It is apparent that the transitions at 6589.3,6589.7 and 6589.95 cnfl have all but 

disappeared, while the low J overtone at 6589.5 crn7l is still clearly visible. 
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Figure 7.13 - Collisionally Cooled Spectrum of Acetylene 

It is concluded from these spectra that the collisional cooling has been successful with 

significant changes being observed in the Boltzmann populations of the vibrational and 

rotational states of the spectroscopic gas. 

Molecular Clusters 

When a 15 % acetylene/helium mixture was flowed into the cell, strong absorptions 
from cooled vapour were observed for a few seconds. However, after this time the 

signal at the detector completely disappeared. After a few minutes the signal would 
return to original levels. The loss of power was attributed to high concentrations of 

molecular clusters being formed in the optical path. The absorption features of these 

clusters are expected to be sufficiently broad (several wavenumbers) to black out the 
laser across the entire measurement frequency range. 
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7.4 Conclusions 

A coolable Herriott cell capable of operating in ethanol cooled and collisionay cooled 

modes has been constructed. Successful testing of this instrument, recording the 

spectra of acetylene at 6590 crif 1 in both cooling modes, has shown: 

* Operating temperatures between 77 and 297 K can be achieved. 

* The temperature of the cell remained stable to within 0.1 K during the period of the 

measurement (-I minute). 

* The aligmnent of the Herriott cell was preserved over the entire range of operating 

temperatures (77-298K). 

Near-infrared diodes and enhanced pathlengths provide sensitivities equivalent to a 

minimum detectable absorption of - IxIO's* This is a factor of 100 better than what 
has been achieved with mid-infrared FTS measurements [74]. 

* Most of the weaker transitions in the acetylene spectrum in this region belong to hot 

bands or high J overtone transitions. 

* C2H2 molecular clusters are formed when acetylenelhelium mixtures above -10% 

are used 
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/inritsu 
1.65 P rn DFB LD MODULE SD3B254F 
The SD3B254F is a ln(3aAsP/InP distributed feedback (DFB) laser diode developed as a 
liqht source for methane gas detection. 

IN FEATURES 
Single longitudinal mode 
Internal opt; cal Isolator 
Internal monitor PC) and thermo-electric 
cooler 
Single mode fiber pigtail type 
(SMF 10/1 25ju m) 

10 APPLICATION 
- Methane gas detection 

item Symbol Rating Unit 
LD Reverse VA 2 v Voila 1, 
LD Forwa(d 
Current lop 150 MA 
PO Reverse Volisoe VR3 20 v 

PD Forward 
Current 10 MA 
Operating Case 
Ternparature T. -20 :o 70 Ic 
Storage 
Temperature Tos -401085 
Coofer Current 14 2.3 A 

IC)Pvtcw 

ei L<ý #l4 --- (Z qý 

. 
to 

, 
FUNCTION N:. $U?., Crloj 

I Coole(amoce a Po snood 
2 NC 9 LD catmooo 
3 NC 10 Lo aftoot. Cliff 
4 NC II 7hr-nittor 

5 Case *2 Tmrrrývoc 
6 NC. 13 NC 

171 PO ceth eI IA I Cooler call-oce 

PACKAGE OUTLINE (Unit: mm) >< PIN CONFIGURATION 

If OPTICAL AND ELECTRICAL CHARACTERISTICS (TLo=25*C, Tc=-2010 70 - C) 
Iten Symbol Test Condition Min. Typ. , max. Unit 

Forward Voltage VO: lp - 100 mA 1.5 v 
Threshold Current fin 20 so rnA 
Optical Output Power PI IF a1 C* mA, I mW 
PeEkWavelangth *1 AV pe - I. mW If2hý . f IL Arn 
Side Mode Suppress; on Ratio SMSR Pi I rnW . 30 3S 

ý 

CS 
Spectral Hall Wid'. h Z-If P. - . 11 mW 10 
Risentrie t, I 

-S 
Fall Time ti 1 1.0- ris I 

MonitorCurrent W PI -I MW. VVIO .5V 100 400 jk# A 
PO Oark Cur-rent 14 ve. D .5V 10 pA 
Cooler Voltage V4 to - 100 mA. Tc - 70t 1.6 v 
Cooler Current Ic la a 100 rnA, Tc = 70*C 1.1 A 
Thermisior Resistance Rim T,. o 2SC 9.5 

I 

10 1O. S KO 
Optical Isolavon Ag Tc 25t 

- 
so I I Ca- 

*1 The peak wavelength can be tuned to one of absorption lines shown below by contloting the "empera- 
ture of lasers within 25±15 C. 
Absorption fine R(q) R(8) R(7) Ft(6) FI(5) R(A) R(3) 0 branch 
Wavelength (. nrn) 1637.7 16404 1642.9 1&. 15.6 1648.3 1651.0 16538 16655-1-H68 

-5- 

N ABSOLUTE MAXIMUM RATINGS (Tio=25*C) 
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POILSE - V7. It - CLASSE MAX 4 MR 
Date 28/04/95 X r-- 1550 nm 250 C K1158A 00/OOC 

Continu Impulsion APRES DEVERM INAGE Continu Ispul 
Is (MA) 28.9 Continu I-volsim Rs Re g (o) 2.52 No K 
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7 
- Alm WA) Do'/, 0 

ARIN am 
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I flAwl (A 42.25 
pIs (A . 011 Rlso imw I Vxmwl (MA) 34.85 
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RthxT/TO I 
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ppendix 2- Software 

VTDLDAQ. M 

MATLAB routine to: 

Load spectrum from disk 
Load background from disk 
Polynomial fit the background 
Fourier Transform Spectra to remove high frequency noise components 
Wavelength linearize spectrum 
Combine overlapping spectra 

HERRIOTT. M 

MATLAB routine to: 

Model paraxial ray passing through Herriott Cell 
Model paraxial ray passing through Astigmatic Herriott Cell 

SECHARM. M 

MATLAB routine to: 

Load line parameters from file and generate direcy spectrum with either Doppler, 
Lorentz or Voigt lineshape. 
Load real direct spectrum from disk 
Combine real and simulated spectrum 
Generate the nth harmonic component of simulated or real direct spectrum 

DATALOAD. M 

MATLAB routine to: 

Load real and simulated spectrum 
Autocorrelate spectra to remove any shift 
Least square fit, simulated and real spectrum 
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C12 Acetylene(6433 - 6454 cm-', P= 2Torr, L= 25.1m, T., = 22'C) 

6.4336222e+003 9.9ml5le-001 6.4377095cf-003 9.974964-5o. 001 6.4429253e+W3 9. M7872*401 

6.4337404e+-003 9.98996876-001 6.4378223e+003 9.987673OoMl 6.4429380o+003 9-QM[44*-001 

64337784&003 9.9417021"01 6.4378917e+003 9.9928269&WI 6.443D953e4-003 9.93"6*. 001 

6.4337998e+003 9.99003900-001 6.4380032e+003 9.967227-3e-001 6.4432504e+003 98879235&Wl 

4338111e+003 9.983446OeMl 6 6.4380907e+003 9,9912531&, DOI 6.44329910003 9. M3022*-001 
. 
4338245e+003 9.993533&ý-Wl 6 6.4382991e+003 9.9944743o. 001 6.44339139+003 9 9047546o. 001 
. 

6.4338445e+003 9.9660924e-Wl 6.4383204e+003 9.9949941"1 6.4434941o+003 9.9942518*. Wl 

6.4339520e+003 9.9930974&01 6.4383425e+003 9.9949678"1 6.44352880003 9 93581979*-00 1 

4340087e+003 9.9949264e-001 6 6.43a3598e+003 9.98984874POOl 6.4435935c+003 9,9381176@-001 
. 6.4340581e+003 9.9729549e-Wl 6.4393785e+003 9.9949503e-001 6.4436630c+003 9.7515364&Wl 

6.4341503e4-003 9.9345750c. 001 6.4394119e+003 99917636e-001 6.4437097e+003 9, M7767"1 

6.4342244e+003 9.97873056-001 6.4384559e+003 9.9676202e. Mi 6.4437177e+003 9.9misge-ml 

6.4342951e+003 9.9712616e-001 6 4394700e+003 9. M7420&001 6.4437431o+003 9 933959-SwWl 

6.4343392e+-003 9.96405MOO 1 6.4394760e+003 9,9893315e-001 6.44375184+W3 9.9547823&Wl 

6.4344554c+-003 9.9452803o-001 6.43&5074c+003 9.9907640e-001 6.4437639e+W3 99121&3U401 

6.4343060e+003 9.9792171"1 6.4385354e4D3 9.994870-5c. 001 6.4439377@+003 9 9732094*Mt 

6.4346141e+003 9 9187412e-001 6.4385507e+003 9.9933425o-001 d, "39191@+003 9.9919580&WI 

4346315e+003 9.9188440e-001 6 6.4385781e+003 9.9849333-0401 6.44402460W3 99526743*. Wl 
. 6.434639-5e+003 9.9145926e-Wl 6,4386231eýM 9,9707453c-001 6 4440667&W3 9 9689746"1 

6.4346728e+003 9.9868496o-001 6.4396365e+003 M607Ný-Wl 6.4440920003 9.99,41145*Ml 

6.43-46789e+-M3 9.98598610-001 6.4396538e+003 9.9152404&, DOI 6. "41167@+003 9 9634132e-001 

6.434687-5e+003 9.9893362c-001 6.4397900e+003 9.952680&)-001 6.4441715*+W3 9 99494CRoWl 

6.4346962e+003 9.98MM&WI 6.4388441e+003 99797406&Wl 6.4442133@+003 9%n3l4*Ol 

6.4347082e+003 9.9902635cal 6.4389415e+, 003 9. "3&Me-001 6 "423020003 9,9765329" 1 

6.43471)6e+003 9.9901414e-001 6.4389943e*003 9.9780683o. 001 6.4442429g+003 9.95? MSO. Oot 

6.434n23e+003 9.99132ni-001 6.4390670e+-003 9.9666498"1 &4443243&+003 9 98596igooot 

6.4347396c+003 9.98539194001 6.4390697e+003 9.9667737e-001 &44438919+003 095mlowol 

6.4347583e+003 9.9939657o. 001 6.4390997&003 9 8598304"1 &4"41110+003 9.9942936*. 001 

43477100003 9.9885974o. 001 6 6.4391498&003 9.9436356@-001 6.4444245*+003 9.9948776*Mi 
. 
4347850e+003 9.9948056"1 6 6.4392039e+003 9.5726249e-Ml 6.4444345*+003 9.9981%mo. 001 
. 4349264e+003 9 6328107"1 6 6,4392279e+003 9.9905353o-Wl &4444379e+003 9 9471641"1 
. 
434992Dc+003 9. M37894)-Wl 6 6.4392406OW3 9.975390go-Ml 6.4445280e+003 9.76702M"l 
. 
4350293e+003 9.9929691&WI 6 6.4393728e+-W3 9.9786020o. 001 6.4446414a+003 9.9817? 93*401 
. 4350307a+003 9. M9753c)-001 6 6.4394571e+, 003 9.5927359eat 6.444654j&003 9"V379*-Wl 
. 4350529e+003 9.9255612*-Wl 6 6,4396407e+-W3 9.9095469e-Wl 6.4440681at003 9.98053580401 
. 

6.4350956e+003 9.9866162e-001 6.4396514e+003 9.943416le-001 6.444og4g*+003 9M5971"t 

4351030c+OO3 9.9901741c. 001 6 6 4396694e'-003 9.7103631e-WI 6.4447082o+OO3 948313640-001 
. 

6.4351070e+003 9.9895913e-001 6,4397956e+, DO3 9.9897934e-Wl 6.4447242*403 99935"7"1 

6.4351136e+003 9.9947694&Wl 6.4398403oW3 9.9932227"1 6,4447469. -003 o gsn257"1 

6.4351303e+003 9. %2189-'e-001 6.4398964e+003 9.9470457e-WI 6.44U464. +W3 99717n4. Wl 

6.4353199e+-003 9.9747327a. 001 6.4399524&W3 9.9852599e-001 &4448764*+003 9,9931717"1 

4353339a+003 9.9893640c-001 6 6.4401267e+003 9.7676997a. 001 &4448918a+003 9. "75704-001 
. 
4353399e+003 9.9883660e-00 1 6 6.4401956e+003 9.9831396e. 001 6.4449345v4, W3 9"31651"1 
. 6.4353513e+003 9.99347200-001 6.4402083e+003 9.990939teMl 6,4449425&0-003 9"3334D*01 

6,4353600c+003 9.990725*ý-Wl 6.4402250e+003 9.9613982"t 6.444"42e+003 9.9323957"1 

6.4353973e+003 9.9927373e-001 6,4402343e+003 9.9663180a-001 6.4430656*+003 9.9941561+Wl 

6.4354366e+. 003 9.98879774)-00t 6.4402390e+003 M50915o. 001 6.4452799*+, 003 994013? %Wl 

6.4354941e+003 9.902137c. 001 6.4403051e+003 9.9585383e-001 &44528owM3 9.941056"1 

6.4355074e+003 9.9947844e-001 6.4403218c+003 9.9837360o-WI 6.44531W&M 9.68522$9"1 

6,4355154&W3 9.9921694e-001 6.4403452e+003 9.7340650o-Wl 6.4453914@+003 9,25"066*Wl 

6.4355708e+003 9.9946928"1 6.4403992e+003 9.9240815e-001 6.44541OW003 9.978)"4*. 001 

6.4355935e+003 9.97853l6eM I 6.4404807eý003 9.9394628e-001 6.4454361"3 9,1$493004-001 

435605-5c+003 9.9861058e-001 6 6.4405849e4-003 9.8293040*al 6.4455476e+003 9644377140-Mi 
. 
4356329c+003 9.9357775e-001 6 6.4406022e+003 9.959162&ý-Wl 6,4456117*+00) 9.9604153*Mi 
. 6.4356983c+003 9.973500le-001 6.4406116c+003 9.9491261"t &445713ReM 9.946723*Ml 

6.4357170c+003 9.992683leMl 6,4407377e+003 9.9948006e-Wl 6.443rl9e#003 9M141s. 001 

6.4357190e+003 9.9926865"1 6.4407711c+OD3 9.9923009*-001 6.445M74+003 9. MW"l 

6.435769j&003 9.9886063a-Ml 6.4409205e+003 9,9905575*Ml 6.446064O&W3 9 9906Y)ooM 1 

6.4357871e+003 9.9948111e-001 6.4410068c+003 9.9844832"1 6,4461050*+003 9.0724934MI 

6 4358125e+003 9.9069448e-001 6.4410191e+003 9.9893804e-001 6.4461203e+003 9,6759WW. Ool 

6.4359626e+003 9.9968807"1 6.441033-5c+-003 9.9795137eal 6.4461303eW3 9.530oulowl 

6.435aO6e+003 9. %35938e-Wl 6.4411069e+003 9.9834162"1 &4462004&M3 9. m42510-001 

6.4359373c+003 9.7028433e-00 I 6.4413359e+003 9.9521892e-001 6.4462097e*003 9.9MR3100wool 

6,4360154e*W3 9.987626le-001 6.4413593eýM 9.9859561"1 6.446221 le+003 997516? %. 001 

6 4360214&W3 9.9902093*-001 6.4413900e*M3 99114275eal 6.4462411opOO3 949304W)o-ml 

6.4360428e+003 9.8916703e-001 6.4414180eý003 9.9914490e-001 6.4462692e+003 9.92072946-wi 

6.4360682e+003 9.981%02"1 6.4414273e+003 9.9890425c. 001 6.4462931@+003 9 98939194i. Mi 

6.4360889e+003 9.9115631*-001 6.4415154e+003 9.915079le-001 6.440144eW3 9 9573994-001 

6.4361236c+003 9.996685&, Wl 6.4415455e+003 9.9810375a-001 6.44D3304e+003 9.9791373"1 

6.4361256e*W3 9.986697-5e-001 6.4415501e+003 9.9907938e-001 6.4463531e+003 9.95snago-ml 

6.43635440+003 9.9724974e-001 6.4415969c+003 9.9548396"1 6.44638 1 2e+003 9 9922133c. 001 

6 4364472e+003 9.987366U-001 6.4416383e+003 9.9981039e-001 6.4"32e+003 9 973311%. 001 
6,4364966c4-003 9.9933177oD-WI 6.4417484c+003 9 9735180e-001 6.4464179&W3 994316leMl 

6.4366586e+, 003 9.9933618c. 001 6.4419147e+003 9.967700-5o-001 6.4464419&H)03 9.9114211"1 

6.4367226c+003 9 810912le-001 6.4420295e+003 9.9908661"1 6,4464706&W3 999210169MI 

6.436M2e+003 9.8129884e-001 6.4420315e+003 99909186&WI 6.4464973o+003 99941623&wl 

6.4369376c+. 003 9.9935409o-001 6.4420642e+003 9.2716646e-Wi 6.4465314&ýM M10941"l 

6.4371601e+003 9.9947905e-001 6.4421150e+003 9.9854345e-001 &4465668e+003 9.9351427"1 

6 4372462e+003 9.063913-1, *-WI 6.4421250e+-W3 9.9927109aMl 6.4465828e+003 9 9a 19120001 

6.4372675e+003 9.9407983e-001 6.4421457e+003 9.9684659c. 001 6.4466122e4, M3 99158WIU-001 

6.4372816e+003 9.8914940"1 6.4422124&003 9.4792705e-001 6.4466442c+003 9. "W673"1 

6.4373023e+003 9.9812968e-Wl 6.4423286e4-003 9.825108laMt 6.446089c+003 9.9763071"1 

6.437327Oe4-003 9.88556030-001 6.4425262c+003 9.7179427eMl 6,4466602e+003 99762999*. Wi 
6 4373450e+003 9.98859890-001 6.4426504e+003 9.9450336e-001 6.446676%+003 9.9315642*Ml 
6.4373750e+003 9.773370goal 6.4426904c+003 9.9726434eMl &4467Ol6vt-W3 9,99VI370-001 
6.4373937e+003 9.9759636a-Wl 6.4426984e+003 99780906a. Mi 6.4467163@+003 9.97180324iool 
6.4374097e4-003 9.932210&ý-Wl 6.442711 le+003 9.9579967o-Mi 6.44672570+003 9"16435"1 
6.437433&e+003 9.9811600o-001 6.4427886e+003 9.7579444c. 001 6-446rJ9Od*W3 9%67951*. 001 
6,4374358c-FOO3 9.9811639e-001 6.4428125e+. 003 9.9851296e-ODI 6.44bSO44c+003 9. (A32134&Wl 
6.4376033e+003 9.925766&-Wl 6.442844-1e-003 9.5110969a. Mi 6.446M72OW3 9 98699 1 U. 001 
6.4376594e+003 9.95362376-001 6.4429093c+003 9.9765464c-001 6.44ml9e+003 t9916*52*-Wj 
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6.4469072e+003 9 6659573e-001 
6.4469426e+003 9.9946614e-Wl 
6.4469633e+003 9.9909459*Ml 
6.4469700e+003 9.9939DIOe-001 
6.4469847e+003 9,9634567e-001 
6.4470194e+003 9.9942883e-001 
6.4470534e+-003 9.9577346o-001 
6,4471062e+003 9.99018416-001 
6,4471456c+003 9.989854go-Ml 
6.4471509e+003 9.9907279o-Wl 
6.4471663e4-003 9.98022990-Ml 
6.4472343e+003 9.9868079e-001 
6.4472464e4-003 9.9932719e-001 
6.4472557c*W3 9.9913472&WI 
6.4472577e*W3 9.99136480-001 
6.4472777e+003 9.99325OOo-001 
6.4473,452e+003 9,9506442e-001 
6.4473679e+003 9.9835301"1 
6.4474059e+-003 9.7343036"1 
6.4474480e*W3 9.9949860cý001 
6.4475855e+003 9.977317&-001 
6.4477097a+003 9.9733029a. 001 
6.4477938c+-003 9,9467696&WI 
6.44791050003 9.9943181"1 
6.4479292e+003 9.9469787"1 
6.4479767e+003 9.9357554o-001 
6.4481336c+003 9.9484484e-WI 
6.4481824e+003 9.993281-5e-001 
6.4481830e+003 9.9930110e-001 
6.4482137e+003 9.1776246*-001 
6.4482663e+-003 9.9730087"1 
6.4482752e+003 9.9753270c. 001 
6.4482758e+003 9.9753333*-001 
6.4483252e+003 9 990236go-001 
6.4483786e+003 88280655o. Wl 
6.4484080e+003 9.9838464cal 
6,4484160e+003 9.9778922"1 
6.4484634e+003 9.9740777*, 001 
6.448472 1 e+003 9.9814835e-001 
6,4484961e+003 96091713o. Wl 
6.4485475c4-003 9.9866313a-001 
6.4496283e+003 9.5143894e-001 
6,4487004e+003 9.9547786o-001 
6.4487478e+003 9.9947042c. 001 
6.4487652e+003 9.99wl9e-001 
6,4498402e+003 9.95881880-ml 
6.4488576e+003 9.986138le-001 
6.4488716e+003 9.9667254*Ml 
6,4499417e+003 9.9898716eat 
6.4489457e+DO3 9.99005294:,. 001 
6.4489718e+003 9.8172387o-001 
6.4490919e+003 9.9943640&Wl 
6.44912 M+003 9.9822479e. Wl 
6.4491440c+003 9,9900974o. 001 
6.4491794e+-003 9.9807876c. 001 
6.4491914e+003 9,9900493*401 

6.4492081e+003 9.976760go-Ml 
6.44924980003 9.974730leMl 
6.4492642e+003 9.9840594c. 001 
6.4492868e+003 9.9321705a-001 
6.449M9e+003 9.9496679c. 001 
6.4493029e+003 9.9449664c. 001 
6.4493115e+003 9.9358984e-001 
6.4493309e+003 9.7629875e-001 
6.4493323e+003 9 9879634e-001 
6.4493863e+003 9.543540&ý-Ml 
6.4494631e+003 9.9758577o-001 
6,4495092e+003 9.9755674a-001 
6.4495939e+003 9.9683844o-001 
6.4496286e+003 9.9943109&, 001 
6.4496700e*003 9.904149%-001 
6.4497007e+003 99848194o-Wl 
64497101e+OO3 9.9802873cal 
6.4498630e+003 9.9534217a. 001 
6.4499190c4-003 9.388578.5oMl 
6.4500285e+003 9.855%06*. 001 
6.4502079e+003 9.9641916e-OOI 
6.4502640e+003 9-7297172"1 
6,4503167co-OO3 9.9526089e-00 1 
6.4503949e+003 9.8745988a-001 
6.4504026e+003 9.9931141"1 
6.4504146e+003 9.9347551"1 
6.4504653e+i)03 9.9943284a-001 
6.4504773e*W3 9.9948918"1 
6.4505374e+003 9.9929645o-Ml 
6.4506002e+003 9.9904011"1 
6.4507784e+003 99528269o-Wl 
6.4509652e+-003 9.5332671"1 
6.4509079e+003 9.9754626o-001 
6.4510261e+003 9.9148775&Wl 
6.4511002e+003 9.9856315oMl 
6,4511336ei-003 9.9811401"1 
6.4513759e+OD3 9.9923117o-001 
6.4513866e+003 9.9932490o. 001 
6.4513906e+003 9.99463199)-001 
6.4514186e+003 9.5050411&WI 
6.4514360e+003 9.9612425o-001 
6.4514617e+003 9.767095-leal 
6.4514897e+003 9.9919434cal 
6A514944e+-003 9.9900122o-WI 
6.4513438e+003 8.5873846o. Ml 
6.4516520e+003 9.9776078&. 001 
6.4517274e+003 9 9655426o-001 
6.4517868e+003 9.4346720e-001 
6.4519622e+003 9.9017318o-001 
6.4318729e+003 9.9205046e-001 
6.4518796&003 9.9151681 "I 
6.4519096e+003 9.9919188*. 001 
6.4519303e+003 9,971612&401 
6.4519504e+003 9.990995&ý-Wl 
6.4519664e+003 9.9848509a-001 
6.4520064e+003 9.9901611"1 

6 4520986eM3 9 SM5490-ml 
6 4521747OW3 9 6973996&Wl 
6.4522040a*W3 99U44740-Mi 
6,4522401o+003 9%50643*. 001 
6.4322568af-W3 9 99269206M 1 
6 452262&-003 9 9903394*001 
6.452268kOW3 9.99103310-001 
6.4522=0003 9.9810217wWl 
6.4523115*003 99941066&Wl 
6.45n2l-5e+OD3 9.99259,710-Ml 
6.4523Me+003 9.9875749"1 
6,4523329&M3 9ý9UM5*01 
6.4523369e+003 9.98W573o4)01 
6 4523509a+003 g. M33420001 
6.4523959&H)03 9.9947299*Ml 
6.4524192@+003 9,9933906&Ml 
6.45248120+003 9U76106*Wl 
6.4525647o*003 9.9487299o. 001 
6.4325234OW3 9.9902076&Wl 
6.4526174a+003 8.199279-A&MI 
6.4527050003 9.9222932"1 
6.4527296a4-W3 9. "15613*Wl 
6.43275090003 9.9531711*Ml 
6,45279030003 0. "24640"1 
6.4527943&4, W3 9,993Z786"1 
6.4527970OW3 9.9931626*Wl 
6,45291450+003 99932Mio-Wi 
6.4529646o*M3 9.9140749o-001 
6.45296720003 9 93MO&ODI 
&4529946*+OD3 9WNIS%401 
6,45305070+003 9.973. V23oo-WI 
6.4530527*+003 99131996"1 
6.43309410+00) 9 3913937*401 
6.453172U+003 9.9373147"1 
6.453215Do+003 9,975%76&-001 
6,4532703eM 9.9712695o-Wi 
6,4532783o*W3 9"12709*001 
6,45329509+003 9927224&P-Wl 
6.45336110W3 9975VIloi-Mi 
6,45347190+003 9.5018451&Wi 
6.45356910+003 9-95004500-Mi 
6.45362980+003 9092312"1 
6.4536976@+003 9"42920"1 
6.4537076OW3 9,9910770*401 
6,45371220003 9.99313986MI 
6.45371420003 91931092"1 
6.45MI690+003 9, "31013601 
6.4537470oM 9,471997U. 001 
6.4537683*0003 9 04733210,001 
6.4537884o*W3 93419900,001 
6.4538tA50+003 999163BUMI 
6,4539977co-003 9,9949717*Ml 
6.4539312e+003 9,992412%401 
6,45394266#003 9.9944030&Wl 
6.433"330+003 9,91"34OP4.001 
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C12 Acetylene(6575 - 6454 cm", P=0.15Torr, L= 11.1 m, T� = 24*C) 

6.5759279e+003 9.9940089o-MI 65777748cý003 99918339e-001 6.5790971e+003 9.9947564*. Ml 

6.5758299eOO3 9.993806&ý-Wl 6.5779059e+003 9.994492Do-DDl 6.5791471@#-003 9,9945327*al 

6.57585590003 9.9949239e-Wl 6.5779159eW3 9.9930007o-001 6.57913910+003 99936663o. 001 

6.5758569e+003 9.9946938e-001 6.5779189eW3 9.9917494e. DOI 6 5M 132e+003 9.9939313*al 

6.5758599e+003 9.9939929e-001 6.5779449e+003 9.9317099*. 001 6 5792332@+003 9.9917593o4)01 

6.5760601e+003 9.9948416"1 6.5780360e+003 9.9941492"01 6.5792362e+003 9.9M3I I o. 001 

6.5760611e+003 9.9946237e-001 6.5780370e+003 9.993871lo-001 6.5M432c+003 99SWIlo. 001 

65760641e+003 9.9937869e-001 6.5780380e4-003 9.9941636&Wl 6-SM452e+003 9 9tVIO4oM 1 

6,5763033e+003 9.6891307&Wl 6.5780480e+-003 9.990692&e-001 6.5M472e+003 9.9gM56*4)01 

6.5763203e+003 9.8618649e-001 6.578054Oe4-003 9.9934SIOe-001 6.5M522c+003 9.996M4&Ml 

6.5763213e+003 9. SW716oMl 6.5780560e+003 9,9946274e-001 6.5792572a+003 9 9850023*ýWl 

6.5763964e+003 9.944947ge-001 6.5780931e+003 9.9948549c)-001 6 5M652e+003 9 9913806o401 

6.5764164e+003 9.98109986-001 6.5780951e+003 9.9928783&MI 6.3792662eO03 9992m? *. Ool 

6.57641$4e+-003 9.9911406e-001 6.5781231e+003 9.714377&o-Wl 6,57927? 2e+003 9 9920939a. 001 

6.5764245e+003 9. MG401e-OOI 6.5781511e+003 9.9879634e-001 &5793023c+003 9,9947167*. Wl 
6.5764805e4-003 3.5147488&Wl 6.5781792e+003 9.7244465e-001 6 3"3033v+003 9.99493&3oWl 

6.57654560W3 9.99D976le-001 6.5783834e+003 9.9915136e-001 6.5793373e4-M3 9992=1*. Wl 

6.5765476e4-003 9.9910959&, 001 6.5783854e+003 9.9901927o-001 6.3"4664e*M3 99948917*Ml 

6.5765566e+003 9.993364la-001 6.5794084e+003 9.8923964&Wl 6.5794694a+003 9"439? o*4ot 

6.5765576e+003 9.9933995e-001 6.5784304e+003 9.9903725o. 001 6.5794714oM 9. "197M&MI 

6.5765596e+003 9.9933836a-001 6.5794314e+003 9.991441loi. -OOI &3794734e+003 99913103&mt 

6.5765916e+003 9.6696790e-001 6.5784334e+003 9.9915312e-001 6.5794924c+OO3 9"32333@. 001 

6.5766186e+003 9.9925276eMl 6.57843640003 9.98%355*-001 6.579644&M 9 9940402*401 

6.5766297e+003 9.978934le-001 6.5784424e+003 9.9916012e-001 6.5795055c+003 9 9934946*Ml 
6.5767117eý003 9. MO200"I 6.5784464ef-M3 9.9909168a-001 6,5795175e+003 9 9WI 86*4)01 
6.5767147e+003 9.9920919e-001 6.5794514e4-003 9.9939945c. 001 6.5795305o+003 9.9%M3ooot 

6.5767177e+003 9.991235%Ml 6.5784554e+003 9.9896564eMl 6,3795345e+003 9 "49740*401 

6,5768078e+003 9.8823780o. 001 6.5784574e+003 9,988808-5aMl 6.5796%6&W3 OM3325&Wt 

6.5769920e+003 9.9947407*-WI 6.5784664e+003 9. M3426*-001 65796576oW3 9.9mvie-WI 

6.5770020e+003 9.9919071c. 001 6.5794674e+003 9.981277OeMl 6.5796676e+M3 99M364-001 

6.5770050e+003 9.9929025o-MI 63784714e*003 9,980DD51&Wl 6.5796636&*W3 99MI39o. Mi 

6.577DO60e+003 9.9930447"1 6.3784755e+003 9.9818717aMl 6,5796696o*003 9 97SW6&Wl 

6.5770140e+003 9.9943700o-00I 6.5784825e+003 9,9793765o-001 6.57991480003 9 993%47" 1 

6.577O2OOe4-003 9.9907587"1 6.579483.5e+003 9.9782162&Wl 6.57991780003 9 9921946*. Ml 

6.5770210e+003 9.9907307e-001 6.57M50003 9.9776604MI 6,5799IUe+003 9992MUM I 

6,5770220e+003 9.9910193&01 6.578489-5e+003 9.9767131"1 6.57MM003 9993261%Ml 

6.5770240e+003 9,9908530e-001 6.5784925e+003 9.9727058c-001 &5798308eo-OO3 9,979824%Ml 

6.3770270e+003 9.9908863e-001 6.5784935e+003 9.9703774e-001 0792328aHM3 9979324o*mi 

6.5770310e+003 9.991887le-001 6.5784965e+003 9,9689117o-001 6.57M38eiM3 9979"lUal 

6.5770360e+003 9.9881627"1 6.5794985e+003 9,9687840o-001 6.5799349oW3 9.9"1976o. 001 

6,5770461e+003 9.9907509a-001 6.5785705e+003 9.6675700*-002 &5799358cfW3 99? 911YI"l 

6.5770481e+003 9.990714le-001 6.5786376e+003 9.9622543e-001 6.579937SOM3 9179342%401 

6.5770501e+003 9.9896452o-001 6.5786396e+003 9.9631727"DI 6.57994980003 9"154480401 

6.5770541e+003 9.98SM4e-001 6.5786566e+003 9.9797565c. 001 6.5799508*+003 99920300*Ml 

6.5770561e+003 9.9890950e-001 6.5796596e+003 9. M1523e-001 6.5799528**003 9, "33797*. Wl 

6.5770571e+003 9.9891464e-001 6.57M56e+003 9.9835936a. 001 &5799548e+003 9193158I&MI 

6.3770631e+003 9.9905433e-001 6.5786666e+003 9. M725I&-00I 6.57987690003 9 9295530"1 

6,5770671e+003 9.9892994e-001 6.5786706e+003 9.9971919c. 001 6.5799778eO03 9 9070390*Ml 

6.5770731e+003 9.9910584e-001 6.5786736e+003 9.9859732o. 001 6.57M58e+OO3 9 91825$20,001 

6,5770741e+003 9.9914430e-001 6.5786766e+003 9.9963517c. 001 6.57989690003 9,913762". 001 

6.5770751e+003 9.9913044oMl 6.5786797e+003 99871126e-Wl 6.57"979e+W) 94136144o-MI 

6.5770771e+003 9.9914119e-001 6.5786877e+003 9,9920274e-Wl 6.5799129*003 9.9436334&Wl 

6.5770801e+003 9.9918949e-001 6.5786927e+003 9.9871257"1 6.57991694+003 9.943%olowl 

6.5770831e+003 9 9922130e-001 6.5786967e+003 9.9903667e-001 6.37993h9e+003 9. "Mouwl 

6.5770901e*W3 9.990971le-001 6.5796997e+003 9.9903525e-001 6.379930e#, 003 999lO9X4*. Ml 

6.5771001e+. 003 9.9945547e-001 6.5797037e+003 9 9902397e-Mi 6. $799759e+003 9,9927230*. Ool 

6 5771041 e+003 9 9903302e-001 6.5797067e+-003 9.989D969e-001 6.579wr? %4,003 9"781"1 

6.5771071e+003 9 9905171"1 6.5787157e+003 9.9946308oMl 6-57"799a+003 9.9935"4*. wl 

6.5771131c+003 9.9850933&001 6.5797177e+003 9.9933227o-001 6.579"Whr+W3 91444ý1 

6.5771141 e+003 9.98353DOe-001 6.5787317e+003 9.9947364oMl 6.5799939C+003 9. gUO4"*. Ool 
65771201e+003 9.97970090MI 6.5787357e+003 9 "28947eal 6.59DOOS9@*W3 9.9n3l6, %M I 
6.5771301e+003 9.98Wl4e-OOr 6.5787447e+003 9 9943856e-001 6.3W0D6%003 9,9913910*. Ool 
6,5771622e+003 9.6494892"1 6.5788468e+003 9. M7832a-001 6.590032Oe*W3 9,7579312*. 001 
6.5771942e+003 9.9918549e-001 6.5788508e+-003 99922066e-001 6.5801721@#003 9. "47804*Ml 

6 5"2022e+003 9.9889450e-001 6.5789528e+-003 9 990MU-001 6.380173le+W3 9 "2%26*M 1 
6.3772072e+003 9.9914052e-001 6.5789578e+003 9.9941977t)-001 6.5Wl"l*+oo3 9.7rn4ogwml 
6.5772092e+003 9 9914149e-Mi 6,578861&e+003 9.992949ft-WI 6.59=2eýM 9. "454570-001 

6.5772132e+003 9 9921173*. 001 6.5798658e+003 9094925le-Mi 6.3N2262a+003 9 "3034. %ooo 1 
6.5772152e+003 9.9919570a-Wl 6.3788688&003 9.994425le-001 6. Mn72eOo3 9"muowi 

6.5772172e+003 9.991869ge-001 6.5788768&003 9.9923376e-001 6.5802442a*M3 9.9267632*401 
6.5772222e+003 9.9912449e-001 6578881&e+003 9.9931756e-001 6.5803930e+003 9 9948170&M 1 
6 5772443c+003 9.9916104e-001 6.5789839e+003 9.9933294e-001 6.3804NOO+003 9.9940#**Ml 
6.5772653e+003 9.9942352o-Wl 6.5788859e+003 9 9930713c. 001 6.5804100e+003 9,993901904ol 
6.3772813e+-M3 9. MI359e-001 6.5788969e+003 9.9935232"1 6.59041300+003 9"35413*. Ool 
6,5772823e+003 9.9917198e-001 6.5788979e+003 9993408le-001 6.5804150oOO 9 "4467le-001 
6.5772853e+003 9.9909769e-001 6.5788909e+003 9.992239le-001 6-%UI60c+003 9"45134&01 
6.5772883e+003 9.9922993e-001 6.57889l9c*W3 9.9904248e. 001 6.5904. iOle+W) 9"4*w*ewl 
6.5772903e+003 9.992467.5, -MI 6.5789169e+003 9 8981019c-001 6.580'Mo+003 999M3oo-mi 

6.5772963e4-003 9.9943981cal 6.5789309e+003 99930285e-001 6.59037120003 9 9909664o. Mi 
6.5772993c+003 9.9939489e-WI 6.5799419e+-003 9.9924363e. Mi 6.51106242c+003 3 04*6467*. oo I 
6.5773033e+003 9.9949162e-001 6.5789469e+003 99934026e-001 6,5906953e+003 9 9w4io6e-wI 
6.5773063e+003 9.99396500MI 6.5789489e+003 9.9923484e-001 &58O68l3v*M3 9.9807079*401 
6 5773103e+003 99945111"1 6.578%59e+003 9.99436&7e-ool 6.5806953e+003 9911766(M&Ml 
6.5773113a+003 9.994645la-001 6.5789950e+003 9.994946D*Ml 6.5806993eO03 9.9gamig4ol 
6.5773173e+003 9.9919338e-Mi 6 5789970e+M 9.994357&e. 001 6.3807013eoM3 99945232o. Mi 
6.5773333e+. 003 9.9942758e-001 6.5790000e+003 9.9939118*al 6.580716k+003 9.95934BR&MI 
6.5773363e*003 9.9941492e-001 6.5790140e+003 9,9949388eMl 6.5807173oW3 0.9555MOMI 
6.5773604e+003 9.9453335e-001 6.579023O&W3 9.9946665eal 6.5907193e+003 9.955M3io-Wi 
6.5774915e+003 9.9829202a-00I 6.5790250e+003 9.99443720-ml 62WWoM 99274gl3o. Ml 
6.5777688e+003 9.9947907e-001 6.3790280e+003 9.993073oo-M 1 6.58149410003 9.9861744*. Ool 
6.5777718e+003 9 9918142e-001 6.5790840e+003 9 9949720e-001 6.5816292at-W3 9.? 92Sn7e. Mi 
65777738e+003 9.991643-1, c-Wl 6.5790901 e+003 9+9931459"1 63819434e+003 9. "64791*401 
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6.5919085e+003 9.8188537c-001 6.5&31043e+003 9.9919192a-001 6.5837960e+003 9MI969o-Wl 
6.5819315e+003 9.9915232o-001 6.5831073e+003 9.9944324o4)01 6.58379706+003 9.9UM210-001 
6.5819483e+003 9.9321707&. 001 6.5831894e+003 9.9946475o. 001 6.5837980e+003 9.9890681"1 
6.5922719e+003 9.961987ge-001 6.5&31914c+003 9.9946436e-001 6.5937990e+003 9. M6649o-Ml 
6.5922729e+-003 9.9606439e-ODI 6.5931944e+003 9.99392030-001 6,58: MlOe+OD3 9.9897397"1 
6.5822739e+003 9.9609732e-001 6.5831954e+003 9.99259556-001 6.58380609+003 9,9937583&WI 
6.5823279e+003 9.9293729e-001 6.5931964e+003 9.9938944eMl 6.5838090e+003 9. M2129*-WI 
6.5924200e+003 9.9947656"1 6.59319&4e+003 9.99353760-001 6.5&18120c+003 9.9941692*. 001 
6.5824230e+-003 9.9923535c)-001 6.5932004e+003 9-991898ft-001 6.5&MI40e+003 9.99496gleal 
6.5824430e+003 9.992567IL-001 6.5832014e+003 9.990325ft-001 6.5938170&W3 9.994783L-Ml 
6.5824440&W3 9. M3648&WI 6.5832024e+003 9.99246450-001 6.5838200e+003 9 9933OD9o-OD I 
6,5824460e+-003 9.9922036e-WI 6.5832074e+003 9-9948851"1 6.5839210e*003 9.9894133o-001 
6.5824480e+003 9.992351le-001 6.5832104e+003 9.9942117a-001 6.5M20e+-003 9.99052894)-WI 
6.5824510e+OD3 9.990606le-001 6.5832124e+003 9.994292U-WI 6.5839240e+003 9.99D925%. 001 
6.5R24520c+003 9.9901140e-001 6.5932134&003 9.9942465e-001 6.3838320e+003 9.98657730-Wi 
6.5924530e+-W3 9.9906072c-001 6.5832164e+003 9.9911428"1 6.5838340oM 9.9865765o. 001 
6.5924550e+003 9.9893232tý-Wl 6.5932184e+OO3 9.9911222e. 001 6.59383600003 9.98659M-Wl 
6.5924590c+003 9.9891037e-001 6.5832194c+-003 9-991762&)-WI 6-%38420c+003 9.9940844al 
6.5824630e+. 003 9.9917713e-001 6.5932234e+003 9.9946646e-WI 6.5838450e*003 9.9918165"1 
6.582464ooW3 9. MO537"1 6.5932715e+003 9.9122659c-001 6.58M490c+003 9.9939528o. Wl 
6.5824680e+003 9.9948126e-001 6.5833485e+003 9.9546129o. 001 6.5=50ft+W3 9.9940393o. 001 
6.5824700e+003 9.9944862e-001 6.5833916e+003 9.9934816o. 001 6.5M640e+-003 9.9949509a. 001 
6.5824710e+003 9.9925757*-001 6.5833926e+003 9.9928126"1 6.5838660e+003 9.9946323o. 001 
6.5924740ei-003 9.9919224"1 6.5833936ON3 9.992976(kAOI 6.5M90e+003 9.9949819*. 001 
6.5824751e+003 9.9916375e. 001 6.5833946e+003 9.9929493"1 6.59WOOe+OO3 9.994447le-001 
6.5824781e+OO3 9.9992314e-001 6.5933986e+003 9-988897ft-DOI 6.5839861e+003 9.9947764o. M I 
6.5824921e+003 9.9937968e-001 6.5834016&W3 9.991755741-Wi 6.5939r791a+003 9 M3379o. 001 
6.5824851e+003 9.9945603e-001 6.5834026e+003 9.9920988a-001 6.59399010003 9.9939798" 1 
6.5824861e+, 003 9.994550go-WI 6.58349&7e+003 9.9936948*-WI 6.5939811e+003 9.9936131"l 
6.5824881e+003 9.9939467"1 6.5835067e+-003 9.9934524e-001 6.5840022c+003 986080.1, *. Wl 
6.5824901 el-003 9. MI381"1 6.5835D97e+003 9.9945940"l 6.5840843e+003 9 9949173*, Wl 
6.5824911e+. 003 9.9923840e-OOI 6.5835137e*W3 9.99D6458oMl 6.5942064e+003 9.9944397o. 001 
6.5924931e+003 9.9923153"1 6.5835157e+w3 9 9927076"1 6.58420740003 9.993774go-001 
6.5824981oW3 9.9974942C-001 6.5835177e+003 9.9921010"1 6.5942084e+003 9.9939404"1 
6.5825061e+-003 9,9949386e-ODI 6.5835197e+003 9.9906156&WI 6.5942444c+003 9.9949644a. Mi 
6.5925171e+003 9.993616&, Wl 6.5835207e+-003 9.9908557"1 6.5942474e+003 9.993934(*Wt 
6.5825351e+003 9 9944514eal 6.3935227e+003 9M538&)-Wi 6.5U2544a+003 9,9948602"1 
6.5g25371e+003 9,9948741a. 001 6.5935237e+003 9.9925390*, DOI 6.59427240003 9.994733641.001 
6.5825441e+003 9.9947349e. 001 6.5835257e+003 9.990769%-Wl 6.3942744oM 9.99438726al 
6.5K5501e+003 9.9945942"1 6.5835297e+003 9.9971713e-001 6.5842764e+-003 9.9948580o-Ml 
6.5825531e+003 9. MI02WO1 6.5835317e+003 9.997504le-Ml 6.5842895e+003 9.99458920-001 
6.5825561e+003 9.9943075"1 6.5835327e+003 9.987611le-Ml 6.5W785e+003 9.9942434*Ml 
6.5825631e+003 9.9922267oMl 6.5835347e+003 9.9889057"1 6.5943795e+003 9.9939206c. 00 1 
6.582566leFOO3 9.9922774&WI 6.5835367e+-003 9.98942gle-001 6.5943946e+003 9MI372"l 
6.5823671e+003 9.9931912"1 6.5835407e+003 9.9892938*-Wl 6,5843966e+003 9.9925462"1 
6.5825681e+003 9,9931760e-001 6.5835617e+-003 9.9339887"1 6.5gWO6e+OO3 9.9997924eal 
6.5825701e+003 9.9915179e-001 6.5835848e+003 9.9805920e-001 6.5844016oW3 9.9814532*. 001 
6.5825721e+003 9.9924431"1 6.5835868e+003 9.9806640a. 001 6.5844036*+003 9.9874554*M 1 
6.5825731e+003 9.992517M-001 6.5835988e+003 9.9797389&Wl 6.5944046e+003 9.987432le-001 
6.5825741e+003 9.9907453e-001 6.5935938e+003 9.9744187e-001 6.5844076e+003 9.98505290-001 
6.5825761e+003 9.98&%10e-001 6.5935948e+003 99741204e-Wl 6.5844086e+003 9984927le-001 
6.5825772e+003 9 9870089e-001 6.593596&e+003 9.9736734"1 6.5944096. -003 9,985225941.001 
6.5825792e+003 9.9971203e-001 6.5835988e+003 9.9730638o-001 6.5844106e+003 9 9852170o. W 1 
6.5825812e+003 9.9871155"1 6.5935999e+003 9.9736975&al 6.5WI16e+003 9.996215%. W1 
6.5925942e+003 9.9949098e-001 6. -%Wl8e+003 9.9749160*-Wj 6.5844156e+003 9.9901416a. 001 
6.5825962e+003 9.9955278e-001 6.5836038&W3 9.9741681"1 6.58"176c+003 9.9896116o-Wl 
6.5825942e+003 9.9809940e-001 6.5836o48e*oo3 9.9726075o4)01 6.58"226e+003 9.99327Y, *W I 
6.5825952e+003 9.9797364e-001 6.5836058e+003 9.9741423o-WI 6.5844236e+003 9.9935954o-ODI 
6.5825972e+003 9.976526le-001 6.5836079e+003 9.9739004"1 6.5945427e+003 9.9893801*. 001 
6.5925982e+DO3 9.9759790o. -WI 6.5836098e+003 9.972M5e-001 6.584543? c+003 9.9893004o. 001 
6.5826002e4-003 9.9758467e-001 6.5836108e+. 003 9.9712586e-001 6.5945467e+003 9. M3828o-Wl 
6.5826012e+003 9.9756037e-001 6.5836128e+003 9.9739375e-001 6.5945477e+-003 9.9967044*. Wl 
6.5826642e+003 9.174325k, 002 6.5836149e+003 9.9750542a. 001 6.5945497e+003 9.9966064o. Ml 
6.5827153e+003 9.9496OD9. -OOI 6.5936178e+003 9.9719636e-001 6.5845547c+003 9.99039890, W 1 
6.5827163e+003 9.9570555e-001 6,5836198e+003 9 9702459e-001 6.5845557e*W3 9.9912318"1 
6.5827373e+003 9.9842215e-001 6.5836438e+-003 9.7798712a-Ml 6.5845597e+003 9 9935119" 1 
6.59273g3e+003 9.9850157e-001 6.583666goOO3 9.944432(k)-001 6.3945607&o. 003 9.9949M*. 00 1 
6.5827433*+-003 9. M9031"1 6.58Mg79e+-W3 9.7989285"1 6.5845757e+003 9.9939360o. Wl 
6.5827443e+003 9.98M25e-001 6.5937109e+003 9.958087&a. 001 6.5945767e+-003 9.9936228*. Ool 
6.5827473e+003 9.9900366"1 6.5937119&003 9.9600917e-001 6.5945777e+003 9,9939203a. 00 1 
6.5827493e+003 9.9907563e-001 6.5837129e+-003 9.9597456c-001 6.5945797e+003 9.9937304o-W I 
6.5827523e+003 9.99D6190e-001 6.5937139e+003 9.96M20c-001 6.5845847e+003 9. "11131"1 
6.5g2754k+003 9.9915653e-001 6.5837159e+003 9.9602091"1 6.5845937e+003 9.99196546mi 
6.5&27600e+003 9 9942820e-001 6.5837169e+003 9.9604096e-00 1 6.5845948e+003 9.9916988"1 
6.5928661e+003 9.91881296-Ml 6.5837179oW3 9.9594875e-001 6.5945968e+003 9.9920217o-Mi 
65828671e+003 9.917DO93e-001 6.5837199e+003 9.9625626e-001 6.5945988&003 9.98946olo-001 
6.582868]e+003 9.9177941"1 6.5937219e+003 9.9608479a-001 6.5946009e+003 9.9886378&Wl 
6.5829391e+003 9.9949488e-001 6.5837229e+003 9.9623574eMl 6.5UWl8e+OO3 99gM42&Wl 
6.5829591e+003 9.9725864"1 6.5937249e+003 9.963730I&WI 6.5946048e+003 9.987594&ý. Wj 
6.5929742ci-003 9.99367DOe-001 6.5837279e+OD3 9.9614951"1 6. W6058oW3 9.98M17"1 
6.5829752e+003 9.9946945e-001 63837319e+003 9.9649386e-001 6.594607&e+003 9.9876953o. 001 
6.5829842e+003 9.9946463e-001 6.5837389e+003 9.9608591c. 001 6.5MO88e+003 9.9976936"1 
6.5830152e+003 9.9949250"1 6.5837449e+. 003 9.9636543"1 6.5Wl7ge+003 9. M1037wool 
6.5830753e+003 9.9915132"1 6.5837459e+003 9,9637303c. 001 6.5846198e+003 9. MI466eal 
6.5&3o763e+-003 9.9902907e-001 6.5837519e+003 9.9708349e. Wl 6. -%46258e+003 9.9755501"1 
6.5S30773c+003 9.9903872c)-001 6.5837539e4-003 9.9715296e-001 6.5W26&e+003 9.9748860o. 001 
6.58307&3e+003 9.990376-5e-001 6.5837589e+. 003 9.9741668o-001 6, SM289e+003 9,9749759o. 001 
6.5830813e4-003 9.999215le-001 6.5837609e+003 9.9752480a. 001 6.5M328e+003 9 9763120c-001 
6.583o863e+003 9.99OM80-001 6.5837669e+-003 9.9830427*. 001 6.5846348e+003 9.9"5130o. 001 
6.5g3o883e+003 9.9906144e-Wl 6.5837689o003 9.9833752(). 001 6.5846368e+003 9.97766ole. 001 
6,583D913e+003 9.9915634e-00 I 6.5&37759e+003 9.9914250e-Wi 6.5846419e+003 9.9734236a. 001 
6.5930933e+003 9.9921037e4Ol 6.5837769e+003 9.9915972e. 001 6.594642$e+003 9.9727860a. 001 
6.583o943e*W3 9.9918174e-001 6.5837M+003 9.9939290cý. Wj 6.5846878e+003 3.462M&D. Wl 
6.5g30973e+003 9.9916260e-001 6.5837850&003 9.9920444e. 001 6.584728%4-003 9.9293833oool 
6.5&3o983e+003 9.9907599"1 6.5837880e+003 9.9932607a. Mi 6.5847299e+003 9. M4? 53&Wl 
6.5g3o993e+003 9.991769kWl 6.5937900o003 9.9933591*. Wl 6.5847469e+003 9.9737975o. Ml 
6.5831023e+003 9.9938672"1 6.5837940e+003 9.9940341cal 6.5947479e+003 9.9757132iý-Wj 
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6.5947519e+-003 9.9806043e-001 6.5853812e+003 9.9945009eal 6 5W204c+003 9 9979293a. 00 1 
6.5947529e+-003 9.9819249e-001 6.5853832e+003 9.9940496e-ool 6 5M334e+003 9 9950925o-Ml 
6.5847589e4-003 9.9942814e. 001 6.5853852e+003 9.9941327o-ool 6.5966424e+003 9 9517726*. Ool 
6.5947619e+003 9.9940232oal 65853932e+003 9.9935441c. 001 6.5966945e+003 9 4199250@= 
6.5847699e+003 9-MI577e-001 65854142e+003 9.9456202a-001 6 5867235e+003 99209370o-Ml 
6.5947719e+003 9.988092.5c. 001 6.5954152e+003 9.9435945e-ool 6 59672450003 9924630go-Mi 
6.5847739e+003 9.9862260e-001 6.5854182e+003 9.9424365c. 001 6-5M77,55oO03 992439Voool 
6.5847759ef-M3 9.9M36o-Wl 6 5854202e+003 9.9441927*. 001 6.5867275e+003 9923367io-Ml 
6.5947799e+003 9.9894799e. Wl 6 5854212&003 9.9449929a. 001 6.5967285&ý003 9 9216409@. Wl 
6.5847809e+-003 9.9901880e-Ml 65854222e+003 9.9435530o-001 6.5867295oM3 9 9220632*. Ml 
6 5847819o003 9.9872%6&Wl 6 5854392e4-M3 9 8239052e-ODI 6,386742-le+003 99537306&Ml 
6.5847839e+-003 9.9879798e-Wl 6.5854643eý003 9.98990000-001 6.5967435e+003 9 9544607" 1 
6.5947949e+003 9.9874716e-DDI 6 5854673e+003 9.989065&)-001 6.586751 3e+003 99926134&Wl 
6.5947979e+003 9.9869764e-001 6.5854703e+003 9.9908573c-001 6 5867523e+003 99843397o. 001 
6 5947899e+003 9 996732le. 001 6.5854723e+-003 9.9892926e-001 6.3867575e+003 9 9901372*. Ml 
6.5847909e+003 9.9974399&Ml 6.5934743e+003 9990039loi. -OOI 6.5867595*+003 99902797*. Ml 
6.3847959e+003 9.9905122*-WI 6.5854753e+003 99913991a-001 6 5967605e+003 99912644"1 
6.5947979e+003 9.991099Ný-Wl 6.5854783e+003 9.994&546e-001 6.5867695e+003 9 9795312a. 001 
6.5947990e+003 9.991059lo-001 6.5854813e+. 003 9.9937262o. 001 6 586M3e+003 9 9852513o. 001 
6.5848010e+003 9.9912127a-001 6.5&W33e+-003 9.9936832e-001 6.5867765&-003 9MO494o-Ml 
6.5848020e+OO3 9 9910026o-001 6.5854853e+oo3 9.9919230*. Ml 6.5867926e+003 99913598*. Wi 
6.5M50e+003 9.9910263a. 001 6.5854963e+003 9.9gi6499oai 6.5U7836e+003 99939263@. Wl 
6.5848D70e+003 9.9904623c. 001 6.5854973o003 9.9922068&. ODI 6.5867976e+003 9 9937972*. Wl 
6.5848090e+003 9-9906152a. 001 6.5855113e+003 9.9922959c. 001 6.5867896e+003 99934232*al 
6.5MllOe+-003 9.9919379@-001 6 5855123e4-003 9 9944052*. Ml 6.5967916e+003 99932903*Ml 
6.5Wl3Oe+OO3 9.9915908e-001 6 5855143e+003 9.9936677*-Wl 6.5867976e+003 9 9929002eMl 
6.5Wl5Oe+-003 9.9915819o. ODI 6.5955173e+, 003 9.9921391a. 001 6.5967976eýM 9 9914549oDDI 
6.5849160e+003 9.9933547e-001 6.58551&3e+003 9.993252le-001 6.5967996e+003 9979%39*. wl 
6.5Ml9Oe+OO3 9.9941083&-Wl 6.5955193e+003 9.9925240o. Wl 6 5967996e+003 99904291"1 
6.5848210e+OO3 9.993313-5a-001 6.5855213e+003 9,989576&ý-Wj 6 5869026e+003 99922232o. 001 
6 5M50e+003 9.99412506-Mi 6.5955233e+003 9.9905377o-Mi 6 58=36e+003 9 99M52s. 001 
6. 

-%49260e+003 
9.9949975c. 001 6 3855243e+-003 9.9908262o. 001 6.. *868046e+001 9.9779376@. 001 

6.58M70e+003 9.994046le-WI 6.5855253e+003 9.9900457o-Ml 6 5868066e+003 99779310&Ml 
6.5949290e+003 9993299la-001 6.5855273e+003 9.99WI17a. 001 6.3869076e+003 9 97669600-001 
6.5848300e+003 9.9921092e-001 6.5855453e+003 9.9886386o. 001 6.5969106o-003 9 9746305eal 
6. 

-%MlDe4-003 
9.9927609e. 001 6.5955473e+003 9.9904150e-Wi OW176e+003 99MM20.001 

6.5948350e+003 9.9946941"1 6.5855483e+-W3 9.9911006a-WI 6.3Wl86e+OO3 9 "41 l8lo-001 
6.5848380e+-003 9.9927001*Ml 6 5855503e+003 9.9919026o-Ml 6.3M06oW3 9MT321*. Ool 
6.5949490e+003 9.9949302*-Wl 6.5955524e+003 9 M1063o-001 6.58692%**003 9 976SM36-ml 
6.5&48-'; ODe+-003 9.9945385a-001 6.5855534e+003 99908935*. Ml 6 SSW16e+003 99927381*. Ml 
6.5848530e+003 9.99M&3*al 6.5855544e+003 9.99299741)-001 6.5968696e+003 9986374lo-001 
6 5848550e+003 9.9943560eal 6.5855564e+003 9.9934723oMl 6 5869716e+, 003 9 999323leMl 
6.5M560e+003 9.9947495e-001 6 5855604e+003 9.9916222t). 001 6 5W726oM3 9 99M? 60.001 
6.5948580e+003 9.9943850e-001 6.5955624e+003 9.9921052o-001 6 5W46e+003 99900418*. Wl 
6 58486000-003 9.9947353&. 001 65855654e+003 9.992246N)-Ml 6.3868927*+, 003 9 9777003*al 
6.5848610e+003 9.992123le-Ml 6 595%84e+003 9.9933614e-001 6 596M7e+003 99955234*. Ml 
6.5848620e+003 9 9926984*Ml 6.5855794e+003 9.9935375o. Ml 6,5869927e+003 9M7275&ml 
6.5848650e+003 9.994027le-001 6.5855804e+003 9.99349D4e. Wl 6.3869937e+003 9 9964304*, Wl 
6.5948690e+003 9.9925827o-001 6.5855824e+003 9.9949289eal 6.5968977*ýM 99M46*Ml 
6.5848720e+-003 9. M9523t)-001 65855934e+003 9.9899076c. 001 6.5969007e+003 99238154-mi 
6.5848750e+003 9.9923509"1 6.5855844e+003 9.9901186eMl 6,5969077&*003 9 971936%. Ool 
6 5848760e+003 9.9936999e-DDI 6.5855904e+003 9 9939000o. 001 6.5869Me+OO3 9.9709962ea I 
6.5848910e+003 9.9946400c. 001 6 5856094e+003 9 9944999o-001 6 5869127e+003 9 96931 "*. Wl 
6.5849421e+003 9.994527ge-001 6 5856104e+-003 9.9949929e-ool 6.59692t7e+003 9 9989301*Ml 
65949941e+003 9.994506ge-ODI 6.5856154e+DD3 9.993637le-001 6 5M9237e*003 99995507*. ool 
6 W851e+003 9.9930507o-001 6.5856194e+003 9 993037%. 001 63969247eý003 09MISDOMI 
6 5849891e+-003 9.990068le-001 65856204e+003 9.9939774&WI 6.5969297e+003 9"32357*. ool 
6.5949901e+003 9.9857017a. 001 65856224e+003 99947182*-Wl 6. W95l7c+M3 9M3190o. 001 
6.5949981e+003 9. %99740e-001 6.5856244e+003 9.9936827e. ODI 6 586952loW3 99773429*mi 
6.5850062e+003 9,98D4790e-001 6.5856254L-+003 9.9929962e-001 6 NW567e+003 9 9759%10.001 
6.5850082e+003 9.9925730e-001 6.5956264e+003 9 9935777o-WI 6.5969577e+003 99713746oal 
6.5850372e+003 9.9939295e-001 6.5856484e+003 9.994546ta-Mi 6 5969597e-003 9 9723140eal 
6.5850582e+003 9 8609925e-001 6.5856494e+003 9.993107lo-001 6.586%07e+003 9 97194o&*. Wl 
6.5851093e+003 9.9027223e-001 65856535e+003 9M4816e-Wl 6.586%27e+003 096990%oal 
6 5852033e+003 9 89189940-001 6.5856545e+003 9.9840595*-Wl 6.5869717e+003 9"14979*. Ml 
6.5952954e+003 9.9947664e-001 6 5856665e+003 9.95%013e. Wl 6.5969727e+003 9 9939121"1 
6.5853034e+003 9.9949093e-001 6.5857095e+003 9 992694ge-Wi 6,5W37e+003 99OM40O. Ml 
6.5853211e+003 9.9932228g)-001 65857105e+003 9.9918807o-ODI 6,5U9777e+003 9 M7357o. 001 
65853291cf-W3 9.99363359001 6.5857125e+003 9 990154Da-001 6.5M97Ve+OO3 99864g630. Wl 
6.5853311e+-003 9.9932984&Wl 6.5857135e+003 9.9892506o. Mi 6.5969807e+003 99850402*. Wl 
6.5853341e+003 9-9928080oMl 6.5857155e+003 9.989M9e. 001 6 5970168c+W3 9 9929405*ýWj 
6.5953361e+003 9 9938464e-001 6.5857165c+W3 9.9868907a-001 6.5971069e+003 0 9423794*. Ool 6.5853381e+003 9.9945243e-001 6.5957185e+003 9.9861.563e-001 6 5971329e+003 995w7gowl 
6.5853401e+003 9. M7760e-001 6.5857205e4-003 9.992903go-ODI 6.5971379e+003 99492599*01 
6.5853411e+003 9.9914217e-Wl 6 5857215e+003 9 9839395&Ml 6.5971389c-+003 994778%eal 
6.5853421e+003 9.991752kWl 6.5857245e+003 9.9870553a. 001 6 3971419e-003 9 9436659*. Wl 6.5953441e+003 99904924&Wl 6 5&5725-'e+003 9.98730gle-001 65971659&003 9"3144go-001 
6.5853461e+003 9.9904402e-001 6.5858%7e+003 9.9934964a-WI 6.5871729e+003 9 9945122"1 
6.5853482e+003 9. M98IOeMl 6.5M87e+003 99932888*. Ml 6 5971739e+003 9 9905678a. Mi 6.5953492c+003 9.9949"5o. 001 6.5859227e+003 9.7093132o-Ml 6.5971759eW3 99002202a. 001 6.5853512e+003 9.994334le-001 6 5865493e+003 9.994587-%al 6.5971769e+003 9 98%6&io. Ml 6,5853532e+003 9. "36924eat 6.5865804e+003 9.993596le-001 6 5971BD9e+003 99935543*. 001 65853542e+W3 9. M4789e-Wl 6 5965104e+003 9.9930479*al 6 5971929e+003 9 9MI650-ml 
6.5853552e+003 9.9943287o-001 6 5865854e+003 9.9929074o. Ml 6.5871999c+003 99657691"1 
6.5853562e+003 9. M973le-001 6.5865874e+003 9.9933415e. Wl 6.5972190e+003 99781609*. Wl 
6.5853592e+003 9 9909994e-001 6.5865894e+-003 9.9932607oi-Ml 6 5972200e+003 9 9789199*4ot 
6.5853612e+003 9. MI215a-001 6 5865914e+003 9.9934539*. Wl 6.597221 De+03 9977533]&Wl 
6 5853622e+003 9.9929937a. 001 6 5965924e+003 9.9901892e. 001 6.5M340e+003 9 9269306"1 6.5853632e+003 9. MO696e-001 6.5865954e+003 9 98959,43e. 001 65972350e+003 9 9261993*. Ml 6,5953662e+003 9.9896817e-001 6.5865974e+003 9.98MO30.001 6.5972370e+003 99257336aýWj 6.5853682e+-003 9.9886069&-Wl 65865994e+003 9.9897045&. 001 6.5972400c+003 9 9779440*. ODI 6.5953692e+003 9.9913492e-001 65866004e+003 9.9880166&MI 6.5972510e+003 9 9924399o. 001 6.5953742e+003 9.99320IOc-001 6.5866044e+003 9.9794966a. Mi 
6.5853752e+003 9.993470leMl 6.5866064e+003 9 956308&,. Ool 

6. 
-%M5Oe+003 9.9935665&WI 

6.5853762e+003 9 9926495e-001 6.5866084e+003 99364142eýWj 
6. SM600e+003 99764225*401 

6.5953782e+003 9.992049OeMl 6. 
-5866174OW3 9-9869540a. Mi 

6.5M660*+003 9M76060. Wi 
6.5853802e+003 9. M1550e-001 6-5Wl94e4-003 99895968c. 001 

6.5972670e+-003 99949929*. 001 
6 5872740e+m 9 g9ol 51130401 

308 



6.5872980e+003 9898353M-001 6.5877915e+-003 9.968631]e-001 6.5=89e-003 9,98W566al 
6.5873191e+003 9.9893729e-001 6.5877975e+003 9.9869800e-001 6-58MOC'003 9.9952949*-001 
6.5M201 e+003 998955860MI 6.5877985e+-003 9.9974488e-001 6.58Rn3O*-OO3 99MMaMl 
6.597321te4-003 9.98977714)-001 6.5878015c4-003 9.9873367oMl 63MVOCý003 9.9&w? g"l 
6.5873251e+003 9.984891k, 001 6.5878025e+003 9.987971 ge-00 I 6.5892250e-003 9.9BN330*al 
6.597326le4-003 9 9846462e-001 6.5978055e+003 9.9901936e-001 6.5892280e-003 9.976306oo-Ml 
6.5973281e+003 9.9814042e-DOI 6.587SD65e+003 99919264e-001 6.58R2290eýM 9.9143907*. 001 
6.5873551e+003 9 9852964c-001 6.5878466e+003 9.9872946e-00 1 6.58923ODe-W3 9.9749967*Ml 
6.5973581e+003 9.9865256a-001 6.5878476e+003 9.985D415e-001 6.3M330e-M3 9.9762209o-00 1 
6.5973591e+. 003 9.98760M-Wl 6.5879536e+003 9.92744610-001 6.5M410o-003 9.9535404a. Mi 
6.5973601e+DO3 9.9849809t-001 6.5878646e+003 9.978W7*, DOI 6.5892490e, 003 99938701o. 001 
6.5873651e+003 9.9691004e-001 6.5878716e+003 9.9311750e-001 63IW540eýM 9 9902959" 1 
6.59736gle4-W3 9.9710857e-001 6.5978836&W3 9.9903455"1 6.5M55Oe-003 9.997331-le-Ml 
6.5873731e+003 9.963408k, 001 6.5878846&W3 9.9912149e-001 6,5882560e-003 9.9891rn"l 
6.5973741&003 9.960206leMl 6.5V8&76e+003 9.9940124e-001 6.588258Oc*M3 9.9897697"1 
6.5873761e+003 9.9599604e-001 6.5878946e+003 9.9808995eM I 6. =25900-M 9. MI64"1 
6.5873791e+003 9.9636146e-001 6.5878986e+-003 9.99492406-001 6.59826OOe-W3 9.9970447" 1 
6.5873821e+003 9.9604197e-001 6.5879016e+003 9.9926714t)-WI 6=610e-M 9.989249%Ml 
6.5873831e+003 9.960048k-WI 6.5879036ON3 9.9936674*. 001 6. SM620e-003 9.995503. %. 001 
6.5873941e+003 9.9603973e-001 6.5879046e+003 9.9945301*. Wl 6. SM640e-W3 9. M8132"t 
6.5973851e+003 9.9600651"1 6.5879076e+003 9.9946204MI 6. =2650eýM 9.97973oge. Ml 
6.5873861e+-003 9-064494-SeMl 6.5879106e+003 9.9914173o. 001 6 38927DOo-003 9.939474%Ml 
6.587391 la+003 9.9881736e-Wl 6.5979116e+003 9.9895171"1 6-1=760e-003 9 9886442"1 
6.5974162e+003 9.9894561"1 6.279207e+003 9.9469706o-001 &5M770@+003 9.9920363*wl 
6.59741&2e+003 9.9889362e-001 6.5879277&003 9.9922834a-001 6.3Mt27B0e*W3 9.9MO61a. 001 
6.5974222e+003 9.9836678o-001 6.5879497e+003 9. M430go-001 6.5=609-M M26907"I 
6.5874502e+003 9.9935116eal 65879517e+003 9.9795021"1 6.5M920&003 9. m93%0.001 
6.5874512e+003 9.9892988e-001 6.5879567e+-003 9.9433343a-Ml 6.5gM30a+003 9.993341U. Mt 
6.5974522e+003 9.9902304"1 6.5879617e+003 9.96549&4o-Wl 6.5893040e-003 99942799&01 
6.5874542e+003 9. M423le-001 6.5879637e+003 9.964512le-001 6.5983060e+003 9.9937559*. 001 
6.5974562e+-003 9.9912514cal 6.5879647e4-003 9.9643787o-001 6.5883070e-003 99923002oal 
6.5874572e+-003 9.9886933e-001 6.5979657e+003 9.9678560o-001 6.5883090a-M3 9.9946379*Wl 
6.5974592e+003 9.991447la-001 6.5879687&003 9.9703996"1 6.3883120o. -OO3 9,9980710*al 
6.5974602e+003 9.9912656o. 001 6.5879727e+-003 9.969303-5&-001 6.5893130e-003 9.99643920-001 
6.5874632e+003 9.99089016-ml 6.5879757o+003 9.9791674e-001 6.5893140c-W3 9 M5931"I 
6.5875223e+003 9.994158le-001 6.5979777e+003 9.97729476-Ml 6.58831SOe-W3 9. MS? 97"1 
6.5875233e+003 9.9937754cal 6.5980077e+003 9.9646449a. Ml OU3190eO03 9.9573670"1 
6.5975293e+003 9.994"67oMl 6.5880107e+003 9.9707820"1 6.5=71o-003 9.9923171"1 
6.5975343&W3 9.9911026e-001 6.5880127e+003 9.972863le-001 6.5883311e+003 99909645"1 
6.5875553e+003 9 99339MA01 6.5MI57e+003 9.9727627c. 001 6.5893331*-003 99910651"1 
6.5975563e+003 9.9929182o. 001 6.5880177e+003 9.9757461"1 6,5U3371&oOO3 99SD3493&Ml 
6.5875593e+003 9.9864997e-WI 6.58801980003 9.9721716oMl 6.588339le-003 9.9767439o. Ml 
6.5875603e+003 9.9859414e-001 6MM480003 9.95690779001 6.50342te-W3 9.9o8543eWl 
6.5875613e+OO3 9.9862172e-001 6.588035ge4-003 9.994167U-001 6.598343le-003 9 966919%. 001 
6.5875623e+003 9.9853397eMl 6.5M36&e+003 9.9941827o-001 6.30345le-M) 9,9691917"1 
6.5873633e+W3 9.99799901001 6589038&e*003 9.994677le-001 6.593521&ýM 9199227leMl 
6.5875693e+003 9.9920891&Ml 6.5880478e+003 9.9430378*01 6.588353te-003 99931342"1 
6.5875753e+003 9.9853695o-001 6.5880508&W3 9.9462979&Wl 6.303MIc-003 9.9924693*Ml 
6.5875793e+003 9.9887404e-001 6.5980348e+003 9.9123703o-001 6,588355le-003 9.9936700o. Mi 
6.5875803e+003 9. M7993e-001 6.5880668e+003 9.98996296-001 6.599356le-003 9.9995%wwl 
6.5975813e+003 9.9886039e-00 I 6.5M78e+003 9.99D922le-Mi 6,58MIO+003 98103134*Ml 
6.5875823e+003 9.9886559e-001 6.5880688c+003 9. MI511"1 6.58MIe-003 9.0749? 90*. Wl 
6,5875843e+003 9.9867976e-001 6.5880708e+003 9,9922962c. 001 6. %Wle-003 9 9805264"1 
6,5875913eýM 9.9791480e-001 6,3880838e+003 9.98426M-001 6.3U4081&-003 9.97944io-Ml 
6.5875993e+003 9.9878743a. 001 6.5880868e+003 9.9775354e-DOI 6.504D91e-003 9,9813553*al 
6.5876063e+003 9.9790428e-001 6.5890878e+-003 9.97818745,. 001 6.589411le-003 9.9830364o. 001 
6.5976083e+003 9.9778259e-001 6.58809080003 9.99053926al 6.5884131@-003 9 "4138%Ml 
6.5876104e+003 9.9761683e-001 6.5880918e+003 9.9932252aMl 6.59414la-M3 9, m272&0-Wl 
6.5876184e+003 9. "49334e-001 6.5880938e+003 9.9894148eM 1 6.388417le-W3 9.99DD930@. 001 
6.5876244e+003 9.9938282e-001 6.5881018e+003 9.9543165e-001 6.589423le-003 9.994o&33*. 00 I 
6.5876254e+003 9.9934760e-DOI 6.5881208e+003 9.99769736MI 6.5894302@-003 9.9926181"1 
6.5876334c+003 9.9624545e-001 6.5881219e+-003 9.9873740c. 001 6.5U4602e-003 9.91)42275*Wl 
6.5876344c+OD3 9.961691.1"1 6 5881239e+003 9.9892117a. 001 6.58MU-003 99W73S*. Wt 
6.5876364e4-003 9.9585028e-001 6.5881259e4-003 9.9892056eal 6.5883503e-003 9,8"39140mt 
6.5876434e+003 9.9916339e-001 63NI269e+003 9.9916BIOe-001 6.5M57O3c-W3 99927191"1 
6.59764&4e+DO3 9.9MlOOe-001 6.5881289e+003 9.9931060"1 6.3895723e*003 9.9941781"1 
6.5876494e+-003 9.9819002*-WI 6.5881419e+003 9.9236801&Wl 6. %95853e-003 9. "6313-**Ml 
6.5876504e+-003 9.987921-', -Wl 6.5881489e+003 9.9745147"1 6-SM5893*-003 9.9914594o. Mi 
&5876524e+003 9 9871617e. 001 6.5881519e+003 9.9738299a. 001 6.5995923e-003 9.9907385*. Wl 
6. SV6604e+003 9.97289A001 6.5881529&003 9.96891070-001 6.5885933ep-M3 9.9903282"1 
6,5876634e+003 9.9926953e-001 6.5881599e+003 9.948749-5e-001 6.3M5953e*W3 9.9911934"1 
6.5876644e+003 9.988MNý-001 6.5881699e+003 9.99596944)-001 6.58&W73e-M3 9.9446503oMi 
6.5876654e+003 9.9888487C-001 6.58817090003 9.98907&3o. 001 6-MMW3e4. OO3 9.91)45280&Ml 
6.5876664e+003 9.9893155e-Wl 6.5881729&003 9.9876014e-Ml 6.5896033e-003 9.9923669*. Wl 
6.5976684&003 9.9992587e-001 6.5881759e+003 9.9849030eMl 6.5886043e+003 9.993303oo-ool 
63876704e+003 9.9896350e-WI 6.5881779e+003 9.995571&ý-Wl 6.5886053c-003 9. M5326*, Oot 
6.59768&4e+003 9-991511le-001 6.5881789e+003 9.9862070&-WI 6.5886103coOD3 9 %2293%. 001 
6.5976994al-003 9.998049le-001 6.5981799&W3 9.9856960e-001 6.5886113e*-003 9. %11723eMl 
6.5876934e+003 9.9861137"1 6.5881809&W3 9.9864166e. 001 6.5896524e+M3 3.9079697"1 
6.5876944e+003 9.9945952e-WI 6.5981819e+003 9.98225glaMl 6.5896954e+003 9 9705469c. 001 
6.5876954e+003 9.9851783e-001 6.5881849C+003 9.9848169e-001 6.58869640,003 9 9722373a. 001 
6.5976964e+003 9.9847970e-001 6.58818590+003 9.9gD9685o. Wl 6-MN994*+003 9.97276124i. Wi 
6.5876984e+003 9.9864594e-001 6.5918690-003 9.9810265eal 6.5M994e+003 9.9737398o. Mi 
6.5817014e+003 9.9865760e-001 6.5881899e+003 9.9842378e. 001 6.5897004e*W3 9.973256%401 
6.5877024e+003 9.996611 le-001 6.5881919C+003 9.996785MMI 6.5887024e-003 9.9734364"1 
6.5977034e+003 9.9858292e-Ml 6.5881929e+003 9.9846202e-001 6.5897104t-003 9.9945767" 1 
6.5877054e+003 9.9858766e-001 6.5881939e+003 99976987c. 001 6.5887164et-M3 9.9745209*. Wl 
6.5877074e+003 9.98937OOe-001 6.5881959e+003 9.997294oo-ool 6.5=94oM 9 9749495a. Mi 
6.5977125vW3 9.9&3678le-001 6.5881969&003 9.9878589cý. Wj 6.5887234eOO3 9 9735301"1 
6.5977145e4-003 9. M3017"1 6.5891979e+003 9.98395&4o. Wl 6. =7274eM 9.9776073*. Ool 
6.5877155e+003 9.983907le-001 6.5882009e+. 003 9.98297406-Ml 6. -%M84e+0D3 9, M463"1 
6.5877325e+-003 9.9948098e-001 6.5=029e+003 9.9921393cool 6.5887294e+003 9.97913950. ml 
6.5877455e+003 9.9946374oMl 6.3MO59e*003 9. MI5670MI &SIW304e*003 9 98039236.001 
6.58777o5e4-003 9.9943189e-001 6.5882109e4-003 9.9853096e-001 6.5887314*+003 9 9793415o. 001 
6.5977795e+003 9. "49283"1 6.5882119c+003 9.9863365c. 00 1 6-WI353v003 9 9737934ea I 
6.5877865e+DD3 9.97761OOe-001 6.5882159e+003 9.98641610. ool 6.5897395&W3 9 9823-584-Ml 
6.5877885e+003 9.97576176-001 6.5982179e+003 9 9839313c. 001 6. SW405c+003 9 9926U2*a I 
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6.5887425e+-003 9.9826058*001 6.58%364e+-003 9.9897069c. 001 6 $898936e+-003 9.99177090-Mi 

6.5987445e+003 9.982270leal 6.5896374e+003 9.98"454e-001 6.5SM56e+003 9.99188536al 

6.5897485e003 9 9825334eMl 6.5896384e+003 9.9888601*Ml 63MB06&M3 9.9907447"1 

6.5887495e+003 9.9829077e-001 6.5896424e+-W3 9.994936ge-Mi 6. SN8&76c+003 9.9912754&Wi 

6.5887535&W3 9.993903le-001 6.5896444e+-W3 9.9844183e-001 6 3898886e+, 003 9.9909218&Wl 

6.5887555e+003 9. "4459&-Ml 6.5896454e+003 9.9852840e-OOI 6.58989060ýM 9 999877teat 

6.5887655e+003 9.9779149o-Wl 6.58%484e+003 9 9884134e. 001 6.58M56eýM 9 9916553c. 00 1 

6.5887705e+003 9.9810614e-001 6.5896604e+003 9.9756310e-001 6-5898976e+003 9, "07028oooi 

6.5887735e+003 9.976259le-001 6.5896614e+-003 9.9735422o. 001 6.5899016e*003 9.9943801"1 

6.5887805, -ý003 9.9824473o-001 6.5896724L+003 9.9454167a. 001 6.3899056e+003 9.9917464"1 

6.5887815e+003 9,9837390e-001 6.5896734e+W3 9.9453998e-001 6.5899086C+003 9.99393gle. 001 

6.5888195e+003 9.9937964e-Wl 6.5896754e+003 9.9444295eal 63MO96&ý003 9.9943633*. Wl 

6.5M235e+003 9.9896312*-Wl 6. 
-58%924e+003 

9.9789267e-Ml 6.5MIObe+OO3 9.993431. %. Ool 

6.5888265e+003 9.9930563"1 6.5896944e+003 9.9793915a-001 6. M"116e+003 9.9940327o. 001 

6.5888285e+-003 9.9926011c. 001 6. SM974e+003 9.9816319*. 001 6.5MIN&O03 9.9907413"1 

6.5=586e+003 9.99M4e-OOl 6.5896994e+003 9.984854&ý-Wl 6.5MI56e+-003 9.9862477*, 001 

6.3888616e+003 9.9919295e-001 6.5896994C+003 9.9832947e-001 6.38"166e+003 9.98. %*98&wl 

6.5889686e+003 9.9851560e-Wi 6.5897014e+-OD3 9.9832960e-001 6,5899227&o-003 9.9799155"1 

6.5888846e+003 9.9936249"1 6.5897114e+003 9.9918263&WI 6,3899237e+003 9976709%. Ool 

6.5888966e+003 9.9942724e-001 6.5997144&1-003 9.9944530"1 6,5899247c+. M3 9.9772201"1 

6.5888986C+003 9.9926356"1 6.5897215e+-003 9.988199%. 001 6.5899267&0003 9.9792699*Wl 

6.5889006e+003 9.9895236e-001 6.5997245e+003 9.990072U. 001 6.5M277*+003 9M3165*Ml 

6.5889016e+003 9.9839181e-001 6.5897255e+003 9.9901025o-Wl 6.5999Ma*W3 99793432"1 

6.5889046e+003 9.9912468aMl 6.58M750003 9.9919097"1 6.5M337e+003 9.9164310*Wl 

6.5889086e+003 9.9881763"1 6.5997305e*W3 9.9991843eal 6.58"347eq-003 9.9749535*. Wl 

6. SM16e+003 9.9931561"1 6.5897325ei-003 9.9892072eai 6-5899357o003 9.9753280*. Wl 

6.5890618e+-003 9.9926478e-001 6.5897345e+003 9.9907697e-00 1 6,58"387e*003 9.9763392"1 

6.58906480,003 9.9946706e-001 6.5897435e+003 9.992575los. -OOl 6-M"397e+003 9.9M34le-001 

6.5891619e+003 9 9677326e-001 6.5897445et-W3 9.99163ISe-ool 63M437&W3 9.98WOUMI 

6.5891659e+003 9.9690721o)-001 6.5897465e+003 9.98983MOO1 6.58"477e+003 9. MI4790ml 

6.5891669e+003 9.9700406*-001 6.589,7495e+003 9.9899362e-001 6.5899507e+003 9.990339%, 001 

6,5891769e+003 9.9842941&WI 6.5897505e+003 9.9904484-001 6.5899311@+003 9 9909411" 1 

6.5891779&003 9.9854999"1 6.5997335&003 9.9933305o. 001 6.59"527toOO3 9, M764*, 001 

6.5891829e+003 9.9918574*Ml 6.5897585c4-003 9.98847874001 6.5M547e+W3 9.99044990-WI 

6.5891839&003 9.9919627"1 6.5897595c+003 9.9840129a. Wi 6.5899567e+003 9.9n9627"1 

6.5892960e+003 9.9682506e-001 6.5997605e+003 9.9941753e-001 63MITeO03 9.9911327"1 

6.5892970e+003 9.967223&)-Wl 6.5897615e+003 9.9834272*. 001 6.5999647&0-003 9 M1424o-001 

6,5893121e+003 9.8981936cal 6.589762-5e*W3 9.9963836"1 6,5899667e+003 99909o6%, ODI 

6.5893301e+003 9.9898413*. 001 6.5897635e+003 9.982493ge-001 6.5899677a+003 9MI0410al 

6.5893341a+003 9.9899027e. 001 6.5897635e+003 9.992493N). 001 6.5899697&t-003 999087640-ml 

6.5893361 e+003 9.9896416a. 001 6.5897665e+003 9.982303-%-001 6,5M707e+003 9,9939556"1 

6.5893411e+003 9.98230gle-001 6.5897695e+003 9.9819149e-001 6.59"WeM O. W. 2976"I 

6.5893501e+003 9.9894566c. 001 6.5897715e+003 9.99MI21e-001 6,58W747e+003 9 991. tgls"l 

6.3893521e+003 99907447&001 6.5M725e+003 9.9844915e. 001 6.58MI7&i. M3 9,9759906@. Ml 

6.5894102e+003 9.9934-566e. 001 6.5897735e+003 9.9838835o). Wl 6.58M27*+003 9.9745239*Mi 

6.5894112&003 9.9911791"1 6.5897755e+003 9.9819387"1 6,58"947e+003 91722233"1 

6.5894122e+003 9.9917030a. Ml 6.58M75e+003 9.9942194o-001 6.5M37e*OO3 9.9710626a. 001 

6.5894152e+003 9.9941644e-001 6.5897785e+003 9.9850941"1 6.5899927o+003 9. %29959*al 

6.5894172e+003 9.9939416e-001 6.5897805e+003 9.9862793e. 001 6,5900057e+003 9.9920054&wl 

6.5894262e+003 9.9945893e-001 6.5997825e+003 9.9887717a. 001 6.59M7e+OO3 9, "239900al 

6.58942&2e+003 9.9941546e-001 6.5897855e+003 9.9885664e. 001 6,59OD688e*W3 99949164WI 

6.5994312e+003 9 9889596e-001 6.58978850003 9.9871984a. 001 6.5900708*4-W3 9.99491*8*. Wl 

6,5894422e4-003 9.997W9eal 6.5897895e+003 9.9841687"1 6. M738e+003 9,9944094MI 

6.5894552e+003 9.9979702e. 001 6.5897935e+003 9.9845175a. 001 6.59007584+003 9.9945428"1 

6.5894562e+003 9.986139%-001 6.589797-5e+003 9.9894361"1 6.5900769*0003 9,994858-54oml 

6.5894572e+003 9,9863898e-001 6.5897985e+003 9.9901411"1 6.5900888a+003 9.9993973*al 

6.5894612e+003 9.996951%-001 6.5897995e+003 9.9880852e-001 6. MOBQga+OO3 9.9920187"1 

6.5894622e+003 9.98939404001 6.5898015e+003 9.9972501c. 001 6.590090&-003 91U964*001 

6.5894912e+003 9.9777059*-001 6.5898035e+003 9.9860125e-001 6.59OD918a+003 991195936cal 

6.5894822e+003 9.975811&-WI 6.589RD65e+003 9.985147le0i 6.59OD928e+003 9,986202%401 

6,5894872e+003 9.9762734e-001 6.58980750003 9.9&31042e-001 6.5900938&003 9.988wl"l 

6.5994912e+003 9.9790359o-001 6.5898085e+003 9.985744le-001 6.59012690003 9,9946993*. 001 

6.5894922e+003 9.9809577e-001 6.5898105e+003 9.9857584e-001 6.5901339e+003 99942927"1 

6.5894952e+-003 9.9811937o-001 6.589812-5c4-003 9.9W519aMi 6. MI339e+003 9.99345.16*. 001 
6.5894962&003 9.9819175e-001 6.5898145&W3 9.9963243"1 6.59013790+003 99920503-o-Mi 

6.5894972e+003 9.9815715eMl 6.5998155e+003 9.986690le-001 6,5901*)e+003 9, "203*Ml 

6.5894992&003 9.9822685e-001 6.5898165e*W3 9.9861634o-001 6.5WI440e+'003 9.994174ftal 

6.5894992e+003 9.982162le-001 6.5898186e+003 9 9967531"1 6.5902280e+003 9.9943027"1 

6.5895082e+003 9.9661999o., Wl 6.5898226e+-003 9.9922944e. Wl 6.5%391 le+003 9.9907436*. Wl 
6.5993D92e+003 9.9657045e-001 6.5899236e*W3 9.992395oc-001 6.590392l&W3 9.9&31867o. 001 
6.5893163e+003 9.95235gle-001 6.5898246e+003 9.9922444e-001 6.590402 1 c*003 99405346o. Mi 
6.5895293e+003 9.9827063c. 001 6.5898266e+003 9.9939734&WI 6.5904041e+003 9.94331 3"M 1 
6.5995333e+003 9.9818629e-001 6.5899276e+003 9.9898275e-001 6.5904051e+003 9.94V883*401 

6.5895343e+003 9.9804922e-001 6.5898296e+003 9.9896970e-Ml 6.59041910+003 9. M7332"1 

6.5995353e+-003 9.9811782c. 001 6.5898306@+003 9.9800994e. 001 6,590420104-M3 9.9901661"1 

6.5895413e+003 9.9870258e-001 6.5898316e+003 9.9893985e-oot 6.5904502*+003 9.9924112"1 

6.5895423e+-003 9.9874987"1 6.5899336e+003 9.9893n8a. Mi 6.5M522e+003 9990039%al 
6.5895453e+003 9 9898736e-001 6.5898356e+003 9.9914243c. 001 6,5904532e+003 9 9998342*. Dol 
6.5895473e+003 9.9900426e-001 6.5898376e+003 9.9911264"1 6.59045620+1003 9.9892812*, Dol 
6.5895483e+003 9.9899490e-001 6.5898386e+003 9.9922723e-001 6.59045g2e*W3 9.9UW36@al 
6.5895543e+003 9.9844387e-001 6.5M486c+003 9.9880043e-001 6.5904612e+003 9,99794070401 
6.5895583e+003 9.98950OOe-001 6.59984960+003 9.9944362e-001 6.5904652e+003 9.9752049@. 001 
6.5895593eFOO3 9.9921064e-001 6.5M506e+003 9.997562(*-001 6.590402o%3 9.9786653. jýooj 
6.5895613e+003 9.9907524eal 6.5998516e+003 9.9971145e-001 6.5904712e+003 9.9792267"1 

6.5895633e+003 9.9896652"1 6.5898546e+003 9.9963216*. Wl 6.5904742@+003 9.9UI837"1 
6.5895823e+003 9.9887852"1 6.5898566&ýM 9.9861299e-001 6.5904772e+003 9.9mo2%. Ool 
6.5895983e+003 9.988026&--001 6.5898576e+003 9.9962582e-001 6.5904962c-003 9.994416i&mi 
6.5896033e+003 9.9931962e-001 6.589&596ef-W3 9.9889986*. Wl 6.5904972e*W3 9. "477OOoMi 
6.5896063&M3 9.98M24001 6.5998606e+003 9.9894614c. 001 6.5905012e-003 9.9927944oooi 
6.58961 M+003 9.985872-5e-001 6.5898656&W3 9. "01529eMi 6. M5022e*003 9.9937929*. Ml 
6.5896184e+003 9.9794687a-001 6.5898676e+003 9.9913847o. OD1 6.5905172&OD3 9. "32938*, DOI 
6. SM244c+003 9.9860367"1 6.5899706c+OO3 9-9940676c. 001 6-5905222&003 9. "4368i"t 
6.5896264e+003 9.9864948o-001 6.58987560W3 9.9894166a. 001 6.3%3343o+003 9. M6251*. Ool 
6.5896284e+003 9.9867726e-Wl 6.58987660003 9.98"729*Ml 6.3905353e+003 9 M6937*. Wl 
6.5896294e+003 9.988338--*, DDI 6.5898786o003 9.9897693a. 001 6.5905373e+003 9 "17474oMl 
6.5896304e+003 9.9865220e-001 6.58Ml6e+003 9.99172220-001 6-5903Be+003 9. qs2si34*-wj 
6.5896324e+003 9.9942425o. 001 6.5898926e+003 9.9924057"1 6.5903393e+003 9-M4252"l 
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6 5905463e+003 9.9750243e. 001 6.5913936e*W3 9.9659685e-Wl 6.5917910e+003 9.9922532o-001 
65905483e+003 9.9743678e-001 6.5913976e+003 9.9711646e-001 6.5917940e+003 9.9909099"1 
6.59055M+003 9.9744479e-001 6.5913996e'-003 9.9703984eal 6.591796Oei-W3 9.991353&P-Wi 
6.5905533e+003 9.97524IOe-001 6.5914006e4-003 9.9704902e-001 "18000c+003 9. "791990al 
65905553e+003 9.973094leMl 6.5914126e+003 9.992609go-Ml 6.591SD20e*003 9 989794i@Ml 
6.5905563e+003 9.971698ge-001 6.5914156e'-003 9.9919652a-001 6.59lgO4De4-M3 9.9897225o. Mi 
6.5905573e+003 9.9718862e-Wl 6.5914477e+003 9.9941289"1 6.5918050e+003 9 9891122oo-001 
6.5905583e+003 9.96942IM-001 6.5914567e+003 9.9943492a-001 6.5918060e+003 9.9904733o. Mt 
6.5905613@+003 9.9682142&Wl 6.5914627e+003 9.99389754)-Wl 6.5918080e+003 9.9899292oMl 
6.5905633e+003 9.9670363o-001 6.5914637e+003 9.9923888"1 6.5919100e+003 9.9977348&. Wl 
6. M5713e+-003 9962176-4, *-Wl 6.5914657e+-003 9.993991(k)-Wl 6.5919110e+003 9.987344U. 001 
6.5905723003 9.960404&-Ml 6.5914677e+-M3 9.9944435cal 6.5918120e+OO3 9.9975642"1 
6.5906223e+-003 1.0842196e-WI 6.5914697e+-003 9.99378950-Ml 6.5919150&M 9.99069410ml 
6.5906564e+003 9.8995975e-001 6.5914707e+003 9. M66690-001 6 5919160e+003 9.9909507"1 
6 5906694e+003 9.8597795e-001 6.5914777e+-003 9.99762590-Wl 6.5919170ef-W3 9.998931U. 001 
6.5906974e+003 9.9767989*-WI 6.59147870003 9.98619460M I 6.5918190e+003 9. m6m"l 
6.5906984e+003 9.9769411"1 6.5914927e+-W3 9.9599430&WI 6.5918190e4-003 9.997743Ual 
6.5907004e+003 9.9776542"1 6.5914937c+003 9.9555375&WI 6.5919220e+003 9995604leMl 
6.5907014e+-003 9.9779068eMt 6.5914947e+-003 9.95659620-001 6.5918240e+003 9.98WU%al 
6.5907024e+003 9.9769659*-W 1 6.5915107e+003 9 9844097*. 001 6.5919250&003 9.998993le-001 
6 59070340+003 9.9773496"1 6.5915117e+003 9.9947734o-WI 6.5919280eW3 999094-V"l 
6. M7054e+003 9.9759607eMl 6.5915167C+003 9.9911106"1 6.3919300e*003 9.993230io-001 
6.5907074e+003 9.97540460-001 6,5915177o003 9.9911378e-Wl 6.591831 O&POO3 9.9930661*. Wl 
6.5907124e+003 9.9797618"1 6.5915207e+003 9.993261&)-WI 6.5919320e+003 9.9M266&WI 
6.5907144e+-003 9.9796264&Wl 6.5915227e+003 9.9934475&. 001 6.59IL34k*M3 9.99393gio. Mi 
6.5907204e+003 9.98488570-001 6.. 5915247e+-W3 9.9906827iD. 01 6.59111441o*003 9.9949763&Wl 
6.5907264e+003 9.98132496-001 6.5915257e+003 9.99151130al 6.5919531 e+003 9.9947059&Wl 
6.5907274e+003 9.9809151"1 6.59152770003 9.99108460-Wl 6.5919511oM3 9.9911626" 1 
6.5907294e+003 9.9816M"l 6.5915297e+003 9.99252974001 6.5919591e+003 9.9910033"1 
6.5907344e+003 9.9879931"1 6.5915307e+003 9.990291-5e-001 6.5918601 e+003 9.9903696"1 
6.5908095&W3 9.994620se-Ml 6.5915358e+003 9.98669710-001 6.591&761*+003 9.993462io-Wi 
6.5908115e+003 9,9941658e-Wl 6.5915378e+003 9.9860139e-001 6.59199OW003 9M997*001 
6 5908225&003 9.9900742*-001 6.5915388C+003 9.99773936-ODI 6.3919911eýM 99996957o. 001 
6.5909016c+003 9.9933325e-Wl 6.5915428e+-003 9.9994369o-001 6.5918931e+W3 9.9904951*. Ool 
6.5909026e+003 9.9948112*Ml 6.5915438e+003 9.9MI47&Wl 6.5918941e+003 9.9899091"1 
6.5911504e+003 9.9948919cal 6.591544L-+003 9.98705000-001 6,5918961*ýM 9 991V433o. 001 
6.5911764e+003 9.6242052e-001 6.5915458e+003 9.98795000-001 6.5919881*+003 9.9994767"1 
6.5912024e+003 9.9933042eMl 6.591610geOO3 9.9534884-001 6.5919991&0003 9. "11530eat 

6.5912044e+003 9.9928921"1 6.59162780003 9.9897316e-001 6,5918921to003 9 9937211"1 
6.5912054e+003 9.99100096-001 6,591628L-+003 9.99219636-001 6.39lB%le*M3 999IM7"1 
6.5912114e+003 9.98411470-001 6.5916328&003 9.9948080&Wl 6.5919971t+003 9.991037%Ml 
6 5912124e+, 003 9.98100900-001 6.5916459e+003 9.9944413&Wl 6.5918991e*003 9,987947%. ODI 
6 5912275eOO3 9.9060199e-00 1 6.5916599e+003 9.99233336-001 6,5919001&ý003 9 9867096"1 
6.591249-5e+003 9. MI360e-WI 6.59166090003 9.9923139eal 6.591902le003 9.98979r. "i 
6,5912505e+003 9.994986le-001 6.5916639e+003 9.992194-3o)-Wl 6,5919031 eOO3 9 997930ga-Mi 
6.5912575&003 9.9931320e-001 6.5916649e+003 9.991684*ý-Ml 6.5919051o+003 9.9M304ki-Mi 
6.5912595e+-003 9.993081&-001 6.5916669a+003 9.991053%-001 6.5919141e+003 9 994ogg I"I 
6.591261-5e+003 9.9931314e-001 6.5916699e+003 9.9935715&Wl 6.59200224to003 9193450"1 
6.5912665e+003 9.991922le-001 6.5916759e+003 9.98973430-001 6.5920072@-003 948519936, wl 

6.5912685e+003 9.9920213*, DOI 6.5916779e+-003 9.9875136e-001 6.5920022eOO3 9,994939.54,001 
6.5912755e4-003 9.99307210-001 6.5916789e+003 9.98786M-001 6.5920142e+003 9.9174764al 
6.591278-5e+003 9.9916631tal 6.5916929e+003 9.99968306-001 6.5920162e+003 9.97MUal 
6.5912915e+003 9.99281INS-001 6.5916939e+003 9.990ID280-Ml 6. MO172e*003 9.9776767"1 
6 5912935e4-003 9 9938525*-001 6.5916949e+003 9.9880170e-001 6.5920192o+003 9 9796374" 1 
6.5912845e+003 9.9936377"1 6.5916859e+003 9.9896480e-00 1 6.5920202e+003 9,9000061 "1 
6 5912905e+003 9.9887720e-001 6.5916879e+003 9.9892521a. 001 6.5920232eOO3 9.9920OV" I 
6.5912915e+003 9988651%-Wl 6,5916899e+003 9.9890331o. 001 6.5920242e+003 9. M4233o. 001 
6.591292-5e+003 9,9898193e-00t 6.5916900003 9.9872319e-001 6.5920272&003 9.9WIM-001 
6 5912985e+003 9.9943774o. 001 6.5916979e+-003 9 9833063e-001 6.5920302e+OO3 9.997373, )*. Wl 
6 5913005e+003 9.9945096e-001 6.5916999e+003 9.9832744a-001 6.5920312eý003 9. "69336*Ml 
6,591302-5e+003 9.9939298"1 6.5917079e+003 9.9739337c. 001 6.5920412e+003 9.974M"l 
6.5913045c+003 9.9929724a-001 6.5917099e4-003 9.9729860e-001 6+5920422c+003 9.973"M"l 
6.5913065e+W3 9 99375OOe-001 6 5917179e+003 9,9644368e-001 6.3920433&003 99742137"1 
6.5913085e4-003 9.994644go-00t 6.591723%+003 9.9736967a. 001 6. MO443e+003 9.9707380*. Wi 
6.5913105e4-003 9.9940395&. 001 6 5917259e+003 9.9738489oMl 6.5920453, -403 9.971360%. 001 
6.5913125e+003 9.99234500-001 6.5917289e+003 9 9754336eal 6.5920523e4-003 9.979339%Ml 
6 5913155&M3 9.9933864o-001 6.5917299&003 9.9761422e-Wl &5920533, -003 9.991404i*. Wl 
6.5913175e4-003 9.9931065e-001 6.5917339e+003 9.98047560-001 6.5920563e+003 9.9953653"1 
6.591318-5c+003 9.993654&ý-Wl 6.5917349e+-003 9.98018ge-001 6. MO573e+003 9. "79934MI 
6,5913193e+003 9.9915170e-Ml 6.5917370e+003 9.9798037c. 00 1 6.592OoO3e*003 9M926.4o. 001 
6.591321-5e+003 99928509e-Wl 6.5917380e+-M3 9.98147776-001 6.5920623e+003 9.9939930*Ml 
6.5913235e+-003 9.9924102e-Ml 6.5917400e+003 9.98112340MI 6.5921654e4-W3 9.9944433o. 001 
6.3913245e+003 9.9934583e-001 6.5917420e+-003 9.9814475e-001 6.5921664c+003 999415? 9oo-Ml 
65913255e+-003 9.9930218c-001 6.5917450e+003 9.9823893e-001 6.5921674e+003 9.994505go-001 
6.5913275e+-003 9 99220440al 6.5917460e*003 9. M699r7oWl 6.5921694e4-M3 999333Y)*. Wi 
6.5913366e+003 9.9928694e-001 6.59114900003 9.9853817c. 001 6.5921714eo-W3 9. MI757"i 
6.3913376e+-003 9.993233le-001 6.5917510e+003 9 98680230-Ml 6.5921724--003 9.9939254-001 
6.5913436e+003 9 9936093e-001 6.591752k+003 9.9&3764le-001 6,5921734e-W3 9.9928620*. 001 
6,5913446e+003 9 9929278e-001 6.5917530e+-003 9.9845007e-001 6.59717544*3 99936095@. 001 
6,5913466e+003 9.9939036C-001 6.5917540e+003 9.9826999e-Ml 6.5922254&003 9. M280goal 
6.5913496e+003 9.9942043e-001 6.5917560e+003 9.978%94&Wl 6.5922264e+003 9.9922144al 
6.5913516e+003 9.99220500-Ml 6.5917590e+003 99941772e-001 6.5922284e+003 9.9919684"1 
6.5913546e+003 9.991452le-001 6.5917600e+-003 9.984943le-001 6.5922294e+003 9.991355%. Ool 
6.5913556&FOO3 9.992634le-Ml 6.5917610e+003 9.9826429o-001 6.59n3O4e+OO3 9.9927623ea 1 
6 5913566e+-003 9 9925522e-001 6.5917620&003 9.9853882eMl 6.5922314e+003 9 991937%Ml 
6 5913576e+003 9 9937715o-Wl 6.3917630e+003 9.9789511cal 6.5=34o-M 9.9905VU-001 
6 5913596e+003 9 9909432e-Wl 6.5917640c+003 9.9789575a-ool 6.5922344c+003 9.997"9U. 001 
6,5913606e+003 9 991215N001 6.5917680e+003 9.9809280a. 001 6-"M354c+003 9MS3164al 
6 5913666e+003 9.9943349e-001 6.5917690e+003 9.9813929e-ool 6.5922364e+003 9.9962102"1 
6.5913676e+003 9.9933715*al 6.59177lO&W3 9.98MOO-001 6.5922374c+003 9 9866000*. Ml 
6.5913696e+-003 9 9931119e-WI 6.591772GoW3 9,9915341a. 001 6.5gr223&**003 99921186oal 
6.59137o6e+003 99922168"1 6.591774OoW3 9. M46i6eooi 6.5922394e+003 9.9856174"1 
6.59137-36e+-003 9.9900745e-001 6.5917760o003 9.9827947cool 6.5922414e+003 9.99497990-01 
6.59137-56e+003 9.9997914e-001 6.3917790eýM 9. M3486e. OOl 6,5922434e+003 9.9810514e. Wl 
65913766e+003 9 9903639o-Wl 6.5917790e+003 9.9859973e. 001 6.5922444@*003 998075aftal 
6.5913776e+003 9.98995610-001 6.5917810e+003 9.9851264.001 6.5922475e+003 9.9775689o*Dt 
6 5913926e+003 9.96M35e-001 6,5917940e+003 9-985933la-001 6-SM555e+003 9.9942019*. Ml 

311 



6.592257-5e+003 9 9922333(D-001 6.5943033e+003 9.975604gaMl 6.395W3e+OO3 9.9892046*, 001 

6,5923445e+003 9.9273783e-001 6.5943914e+003 9.9905376o-001 6.5930473e+003 9.999MU-001 

6.5923586e+-003 9.9853359e-001 6.5943924e+003 9.9865414o-001 6.5950533c+003 9.99194910-WI 

6. M3596e+OD3 9.9892067e-WI 6.5943944e+003 9.988297 1 e-W 1 6.595O553e4-003 9.9916763a. 001 

6. M4677e+003 9.990401le-001 6.5943954e+003 9.9833386e-001 6.5950363e+003 9.9819409*. Wl 

6.5924687e+DO3 9.9926172eal 6.5944334e+003 1.690063M-001 6.5950573c+003 9.98W5856-wl 

6.5924747e'-003 9.966D6416-ODI 6.5944724e+003 9.9796544o-WI 6.5950583e+003 99914727*-001 

6.5924777e+003 9.965298le-DOI 6.5944734e+003 9.984272le-001 6.3950593c+003 9.9781116&WI 

6.5924797e+003 9.9657901"1 6.5944955e+003 9.9692722e-001 6.595M3e+003 9 97BM57*. 00 I 

6.5924817e*003 9.9643268"1 6.5944965e+003 9.97074430-001 6.5950623e+003 9.9781151"1 

6 5924947e+003 9.9633759e-001 6.5945045e+003 9.9783716e-001 6.595065-ý3 9.9765652*Wl 

6.5924857e+003 9.9610406eal 6.5945065e+003 9.97729160MI 6.5950674e-W3 9.9776563o. ODI 

6.5924907e+003 9.95908190MI 6.5945095e+003 9.9785604a-001 &59506&ie+003 9.9794LVo-001 

6.5924937e+003 9.9641793e-001 6.5945115e+OO3 9.979491le-OOl 6.5950724oW3 9.98349no-ml 

6.5924957e+003 9.9646959"1 6.5945135e+003 9.9789910cal 6.5950744e+003 9.9833544&Wl 

6.5924977e+003 9.9643366a-001 6.5945145e+003 9.9793915o-001 6.5950794e+003 9.9849917" 1 

6.5924997&ý003 9.966313ge-001 6.5945155e+003 9.9782195&, 001 6.595M4e+003 9,99339o6cýWl 

6. M5007e+003 9.9630527"1 6.5945175e+003 9.9776627"1 6.5950844e+003 9.994&m"l 

6.5925057e+003 9.9592348e-001 6.5945215e+003 9.9802039C-001 6.5950894eý003 9.9800951"1 

6.5925077e+003 9,9569986e-001 6.5945235e+003 9.9804388e-001 6.5950894e+003 9.990303UMI 

6.5925107e'-003 9.95602974001 6.5945255ef-W3 9.9801196e-001 6.5950914e*W3 9.9W5698"1 

6.5925137e+ 003 9.9604099e-WI 6.5945275e+003 9979754le-001 6.5930934e+003 9.9793203*. Wl 

6.5925527&FO03 4.55064940-WI 6.5945285e+003 9.9795008"1 6.5950944e+003 9 9903936&W 1 

6.5925838e+003 9.94540416-001 6.5945295e+003 9.979600&)-001 6.395D974e*W3 9.9909441*. 001 

6.5925858e+003 9.94414956-001 6.5945325e'-003 9.9794345e-001 6.595M4e+OO3 9 9810464&WI 

6.5925M+003 9.9592184e-001 6.5945335e+003 9.9800872e-001 6.5951014e+003 9.9927.509&Ml 

6.5925908e+003 9.9627188"1 6.5945365e+003 9.9906844o-001 6.5951024e+003 9 9M31 5"1 

6.5925919e+003 9,9619427oMl 6.5945395c+003 9.9796975"1 6.59510*4e+W3 9.9lW3074&00t 

6.5925938e+-003 9.95965330-Ml 6.5945405e+003 9.9792466e-001 6.5951104-003 9.9947924*401 

6. M6028e+DD3 9.979804&ý-Wl 6.3945425e+003 9.9804023&WI 6.5951134oW3 9.9864216o401 

6.5926058c+003 9.9761653(D-Ml 6.5945455e+003 99814682e-001 6,5951154+003 9 9870115*W 1 

6.5926068e+003 9.9751676eMl 6.5945475e+-003 9.9910167"1 0951IM&M3 9.9967102*Wl 

6.5926098e+003 9.9689862" 1 6.5945485e+003 9.97981516al 6.5951174eýM 99992906*, 001 

6.5926158e+003 9.9935497&WI 6.5945495e+003 9.9811900" 1 6.5951194@+003 9.997524D&Wl 

&5926248e+-003 9.9853206e-001 6.5945535e+003 9.9820724eMl 6.59512]4e+003 998&%24*-001 

6.5927980e+003 9.9890331"1 6.5945365e+003 9.9807922"1 6.5951244coM 9.9892217o. 001 

6.3928090e+003 9.9920290e-Mi 6.5945595e+003 9.9826277"1 6.5951254@+003 9,9997028"1 

6,5928390e+003 9.9924517c. Ml 6.5945635e+003 9.9824726a. 001 6.59512"P+003 9.9917393@-001 

6.592861 le+003 9.9916730e-001 6.5945645e+003 9.9799423o-Wl 6.3951294ooW3 9.9926039"1 

592871 le+003 9.9904557e-WI 6 6.5945655e+003 9.9800222o-001 6 5951324e+003 9.9919371"1 
. 6,5928721e+003 9.986191M-WI 6.5945675e+003 9.97996520-001 6.5951311&M3 9. MO436*Wl 

6.5928741e+003 9.9872367e-001 6.5945705e+003 9.9792433*-001 6,5931344o+003 9.9919080"1 

6.592MIe+003 9.99439024:,. 001 6.5945725e+003 9.9789857"1 0951394*003 9.9904M"l 

6.592911 le+003 9.9935939e-001 6,5945735c+003 9.9799667" 1 6.5951414c*W3 9.99226vo-ml 

6.5929141e+003 9.9933747c. 001 6.594576%0003 9.9801177o-WI 6.5951424eýM 9,99255690-001 

6.5929151e+003 9.993273kWl 6.5945785e+003 9.98026080-001 6.5951444@0003 9 9909005"1 

6.5929181e+003 9.99065100001 6.5945795e+003 9.979037go-00 1 6.5951454c+W3 9. "100550.001 

6.5M700e+003 9.9816801"t 6.5945815e+003 9.9786774-001 6.5951474c+003 9 99209620,001 

6.5929990e+003 9.9939012e-001 6.5945825e+003 9.9790041is-. DOI &59515140003 9"94474&Ml 

6,5930981e+003 9.991011le-001 6.5945926e+003 9,9679944o. Wl 6.5951534*-003 9,99mlool 

6.5931932e+003 9 989566M-Ml 6.5945936OW3 9.9644535&Wl &5931554a+M3 9,9911965wMl 

6.5932082e+003 9.9942972e-001 6.5946756e+003 9 9946462*-00 1 6.5951%4&003 9. "386130,001 

6.5932502e+003 9.9635946e-001 6.5946776e+003 9.993717.5c. 001 &5951655@+003 9, "Onl"l 

6.5932753e+003 9.99310810-Ml 6.5946856e+OD3 9.9863441c. 001 6.5951675e+003 9,994480%401 

6,5932763e+003 9.9913085e-001 6.5946866e+003 9.99624M. 001 6.595lo95@+003 9.994m"l 

6.5932793e+003 9.989291(ký-Wl 6,5946947e+003 9.969314-1*. 001 6.5951705*+003 9.9921904ýwl 

6.5932833e+003 9.993611&001 6.5946957e+003 9.9663480a. Ml 6.395176-4*#003 9. m46970401 

6.5932963e+003 9.9895469e-001 6.5947047e+003 9 9632032a-001 6.5951775&*W3 9.9894446*Wl 

6.5932933e+003 9.9904029e-001 6,5947097e+003 9.9706565e-001 63951785*6-M g. M5703*. ODI 

6.5932943e+003 9.99035M. Ml 6.5947107e+003 9.9721973eat 6.5951793&-003 9.9965757"1 

6,5932973e+003 9.9891883o-001 6.5947247e+003 9.9947255a-001 6.5951813e+003 9, "o9lO%Ml 

6.5933093e+003 9.9914132e-001 6.5947557e+003 9.99234ODe-WI 6.5951835@*003 9. M1322*. 001 

6.5933463e+003 9.993964-le-001 6.5947577c+003 9.9914236o-001 6,593184, %+003 9.9881432"1 

6.5934234e+003 9.9942337e-001 6.5947597e+003 9.9910687a. 00 1 6.5951955oM 9. "53534a. Mi 

6.5934244e+003 9.9917173a-001 6.5947607e+003 9.98950050-001 6.5952055eO03 9.921927&o-Ml 

6.5934374e+-003 9.929079le-001 6.5947617c+003 9.9910690o. 001 6,5952215@+003 9.9933234@Ml 

6,5934394e+003 9.9270962cal 6.5947637e+003 9.98%21&ý-Wl 6.5932225e*003 9 981427", 001 

6.5934414e+003 9.9290802e-001 6.5947647o003 9.9902106o-Wt 6.595231-%+003 9.9m? oikpool 

6.5935726e+003 9.9913145e-001 6.5947657e+003 9.98"35N001 6.5952325e+003 9.9W1406-001 

6.5935886e+003 9.9696529e-001 6.5947667e+003 9.9911369e-001 6.3932335e+-003 9,99401PAI-01 

6.5935956e+003 9.9888924eMl 6.5949713oO03 99722986e-001 6.5932443e*W3 9.994361"1 

6,5935976e+-003 9.9937354e-001 6.5949923e+003 9.9877495e-00 1 6.5952455@+003 9,9935930*al 

6.5936446e+003 9.974706(NýMl 6.5949843e+003 9.9889476o. Wl 6.5954067o+003 9. "44141@. 001 

6.5937677e+003 9.980702Ný-001 6.5949893e+-003 9.9904223e-001 6.5954197oo. W3 9.9751m"l 

6.5938899e+003 99903020e-001 6.5949903e+003 9.992189&001 6.5956279e+W3 99331639*. 001 

6.5940150e+003 9.960228le-001 6.5949923e+003 9.9929699cal 6.5956289e+003 9.9539240"1 

6.5940160e+003 9.9530294e-001 6.5949933e+003 9.9933074e-001 6.5956299e+003 9.953%10*-Wl 

6.5940170e+003 9.9531131cal 6.5949953&W3 9.9934183eMl 6.5958421@+003 9 "49198*al 
6.5940180e+-003 9.9517754e-001 6.5949983e+003 9 99433700-M 1 6.5959431e+003 9.9939244sal 
6.5940200e+003 9.9481347cal 6.5950003e+003 9.9939241a, 001 6.5958471*+003 9. "38317"1 
6.5942122e+003 9.9947684e-001 6.5950033e+003 9.9941326eMl 6.5959501e*OD3 9 "31064"1 
6.5942622e+003 9.9932167e-001 6.5950053e+003 9.9932949e-Wl 6.5939651e+003 9 99203900-ml 
6,5942632e+003 9.993759la-001 6.595DO63c+003 99902066oMl 6.5958691 e+003 9 "44030o. 001 
6.5942642e+003 9.9920801"1 6.5950073e+003 9.9910056cal &5959731e+-003 999089130-Wi 

6.5942662&W3 9. "38096&001 6.5950093e+OD3 9.9900065o. 001 6.3939741e*003 9 9986233s. 001 
6.5942672e+-003 9.9889498o-001 6.5950133e+003 9.987886OeMl 6,5958751e+003 9 9MIA1.001 
6,5942692e+003 9.9916371&WI 6.5950153e+003 9.9885817*, DOI 6.595MIe+003 9. "15472"1 
6.5942702e+003 9.9898376e-001 6.5950173e+003 9.9mg9eal 6.5958791*+003 9.9917098*Mt 
6.5942722e+003 9.9876452e-001 6.5950193e+003 9.98M52oMl &595M2e+OO3 9. "2404"1 
6.5942883e+003 9.9943983e-001 6.59502M#003 9.989D671sal 6.5958842e+W3 9. "37009*. 001 
6.3942993e+003 9.98OD78le-001 6.5950223ei-W3 9.988M2"01 6,5959932e+003 9.9931600*. Nl 
6.5942903e+003 9.9802339e-001 6.5950233e4-003 9.9892456e-WI 6.5958952v#, M3 99902475eMl 
6.3942933e+003 9.9829775e-001 6.5930283&003 MBOMOU 6.593M2e*OO3 9.9906492*. 001 
6.5942953e+003 9. "2400le-001 6.5950303OW3 9.9971002a. 001 6,3958Mo003 9.9907996"1 
6.5942973e+003 9.9799988e-Ml 6.5950363e+003 9.98934210-001 6.5959022e+003 9.9995tose-001 
6.5942983&003 9.98M3c)-001 6.5950393e+003 9.9869923o. 001 6.59M32cýM 9.98781080ml 
6.5942993e+003 9.9761258e-001 6.5950423e+-003 9.9979555a. Mi 6.5959042e+003 9.9886711*. Wl 
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6.5959052e+003 9.9885287e-Wl 6.5%3366e+003 9.9819159e-001 6.3%5878e-003 9.9900739&Wl 

6.5959072e+003 9.9876111o-Wl 6.5963376e+003 9.9791540eMl 6.5%5898e-OO3 9.9906502ie, -001 
6.5959082e4-003 9.9853320e-001 6.5963386e+003 9.9804967c. 001 6.5%5969e+003 9 M9379*. Wl 

6.5959102e+003 9.984503OC-001 6.5963406eFOO3 9.9804890e-001 6.5%5999e-W3 9.99501890M 

6.5959152e+003 9.9895455e-001 6.5963416e+003 9,9809281o-001 6.5966019e-003 9.9834422c. 001 

6.5959172e+. 003 9.98876&7e-Ml 6.5963476e+003 9.9W389e-001 6. ~59e-003 9.994736le-001 

6.5959192e+003 9.9892956&WI 6.3963526e+003 9. M9075e-Wl 6.5966069eoOO3 9.9852189o-WI 

6.5959212e+-003 9.99D9154e-001 6 5963556e+003 9.9844349c-00 1 6.5966099clOO3 99awsle-001 

6.5939232e+003 9.9904128e-WI 6.5963586e*W3 9.9828519e-001 6.5966129e-W3 9.9939561&Wl 

6.59M42e4-003 9.9921505e-001 6.5963596e+003 9.9826328e-001 6. "MI60e-M 9.999691go-W) 

6.5959252e+003 9.99D692ge-001 6.5963616e+003 9.9830726e. Wl 6.5966179e-003 9,9991914c. 001 

6.5959272e+003 9.989415le-001 6.5963636e+003 9.9928113c. 001 6.5%6199o. -003 9.99919030-Wi 

6.5959292e+003 9.9901148&WI 6.5963646e+003 9.9834013e-001 6.5W2l9e-W3 9. m59100-WI 

6.59593120-003 9.9885332a. Ml 6.5963666e+003 9.9838160*-001 6.5W239t-003 9.9976309*001 

6.5959342o+003 9.9885160e-WI 6.5963686e+-003 9 9839565o-00 1 6.5966259e+003 9,98M7o. Wl 

6.5959362e+003 9.9867788e. Wl 6.5963726e+003 9.9860692e-001 6.5W279e-003 9.9897793a. 001 

6.39593820003 9 9875859&WI 65963746e+003 9.997217la-001 6.5W30Q&003 9.9916670o-Ml 

6.5939392e+003 9.9890210e-001 6.5963806e+003 9 991278leal 6.596635k-003 9 9917537&Ml 

6.5959442e+-003 9.9899960o-001 6.5%3846OW3 9.9978652*. 001 6.5966379e-003 9.9916446*. 001 

6.5959452e+003 9.99106474001 6.5963856e+003 9.9873679c. 001 6.3966419e-003 9.99329710al 

6.5959462e+003 9.9910418o-ODI 6.5963886e+003 9.9852303o-Wl 6.5966429eýM 99944436"1 

6.5959472e+003 9.991390-5cal 6.5963937e+003 9. M486le-OOl 6.596643%-003 9.9916014i. Mi 

6.5959482e+003 9.9907314e-001 6.5963977e+-003 9.9857786cal 6.5966459e-W3 9.9919001"1 

6,5959512e+003 9.9896164e-001 6,5963997e+003 9.9947217o-001 6.5966469e-003 9.9909316s. 001 

6.5959362e+003 9.9923673&WI 6.5964017e+003 9.9856380e-001 6.5966499e-003 9.9976607o. 001 

6,5939572e+003 9.9923969oal 6.5964D47eW3 9.9863312c-Wi 6.5966509e-003 9 997ill4e. 001 

6.5959382e+003 9.99089046-001 6.3964077e+003 9.9850791cý-Wj 6.5%6529*-003 9.9V3027*401 

6.59596020003 9.9979854e-001 6.5964097e#003 9.99439OU-001 6.5966339e-003 9.9869689o. 001 

6.5959642e+003 9.9915274eal 6.5964117e+003 9.9842290eal 6.5966559aý003 9.9956609*. 001 

6.5959662ai-003 9.9900946o-Wl 6.5964127e+003 9.9836965e. 001 6.5W379c+003 9.9850781o. 001 

6.5959672e+003 9.9899187e-Wl 6.5964137e+003 9.900849e-001 6.5966599e-M3 9.9859945*. 001 
6.5959702e+003 9.9899138&. 001 6.59641570003 9.9857482eMl 6.5966649e-003 9.9904214i). Wl 
6.5959722e+003 9.9896490o-001 6.5964167e+. 003 9.9837134a. 001 6,3966679e-003 9,98"722o. 001 

6.5959732e+003 9 9911981"1 6.5964207e+003 9.9874150c. 001 6.5966690e-003 9,989004ioal 

6.5959792e+003 9.994944eal 6.5964217e+003 9.9978732o-001 6.5966739e-003 9.9891642"t 

6.5959802ai-003 9.9947447&01 6.5964267e+003 9.9902959e-Wl 6.5966779&-003 9 9"W31 "I 

6.5959812e+003 9.9939574e-001 6.5964297e+003 9.9882340cal 6.5966839&-003 9.9941426*401 

6.5959833e+003 9-9949037*-Wl 6.5964307e+003 9.9871730e-001 6.5966969o-W3 9.98619030-001 

6.5939963e+003 9 9919368cal 6.5964327e+003 9,9875094a. 001 6,596og7ge-003 9.997363311-001 

6.5959983e+003 9.9913749e-001 6.5964337o+003 9.987029leal 6.5966939e-(*3 9.9939389&Wt 

6.5959893e+003 9.9903876e-001 6.5964367e+003 9.9855316*Ml 6.596695%-W3 9903MU-001 

6.5959903e+003 9,990711UMI 6.5964387e+003 9.98mle-001 6.59669BOe-003 9 9935326" 1 

6.5939913e+003 9.9895850e-001 6.5964397e*W3 9.9862399e-001 6.5966990o-W3 9, "39971"1 

6.5959933e+003 9.987924le-001 6.5964417e+003 9.9859445e-001 6.5967120e+003 9.99JAI69o. 001 

6.5959943e+003 9.9872809c. 001 6.5964457e+003 9.9830265aMl 6.5967140e-003 9,9945133oMl 

6.5959973&+003 9.984928go-Ml 6.5964467e+003 9.9835348c. 001 6.5967170*-003 9 9830377"1 

6.5959983e+003 9.984102leMl 6.5964497c+003 9.9834345e-001 6.5967190e-003 9,9835W2o. ODI 

6,5960033e+003 9.9749924e-001 6.59645170003 9,9831172o-001 6.5%7200c+OO3 9.9951660"1 

6.5960053e+003 9.9747908e. 001 6.5964537e*W3 9.9822314&WI 6.5%722N. -003 9,9848735*, 001 

6.5960063e+003 9.9758128e-001 6.5964567e+003 9.9848926a-001 6.3%7230e-003 99961426"1 

6.5960133e+003 9.986069&-Ml 6 59645&7c+003 9.98557g5eMl 6.596725Oo-W3 9.9975603*. 001 

6.5960153e+003 9.9968868e-001 6.5964627e+003 9.9880723e. 001 6.5967270&-003 9.9856681"1 

6.5960173e+003 9.9997065e. 001 6.5964647e+003 9.9881014cal 6.5967330e-003 9992534? o. Ml 

6.5960183e+003 9.9907569o-001 6.5964687e+OD3 9.9872836eal 6.5967340e-003 9,99363ogio-WI 

6.5960193e+003 9.9907482e-001 6.5964697e+003 9.987916-1*al 6,5%rWe-M 9,9949076o. 001 

6.5960203e+003 9.9935608e-001 6.5964737e+003 9.9896276e-001 6.596740oc-003 9.994-)0511&Ml 

6.5960273e+003 9,9946255e-001 6.5964757e+003 9 999127le-001 6.596849leOO3 9.9949234o. 001 

6.5960283e+003 9 9948347e-001 6.5964777e+-003 9.987612lo-001 6.59owle-003 9 99268250,001 

6.5960293e4-003 9.993593le-001 6.5964797e+003 9.9873296e-00 I 6.39ogg II e-003 9,9917927o-Wl 

6.5960393e+003 9.9946877e-001 6.5964807e+003 9.9870664e-001 6.59DU21e-003 9,9934959*. Wl 

6,5960423e+003 9.9939027e. 001 6.5964837e+003 9.9853122o-001 6,3%91220-003 9.9qlg$324P. 001 

6,5960453e+003 9.9921201&001 6.5964947c+003 9.9M575o-001 6.3%9262e-003 9,9930132*. 00 1 

6.5960463e+003 9.99108816-001 6.5964867e+003 9.9840210e-001 6-WMe-003 9.9427657"1 

6.5M483eF003 9.9896813e-001 6.5964917e+003 9.98915950-ml 6. S%93O2*-W3 9.94=5%. mi 

6.5M573e+003 9.9929240e-001 6.5964938e+003 9.9880319t. 001 6.5%1)362e-003 9. "29230*. 001 
6.5960603e+003 9,9935155e. 001 6.5964958e+003 9.9871996a. Ml 6.5%9452e*003 9. "46916o4ol 

65960643e+003 9.9907043eal 6.5964978e+003 9.987507le-001 6.59b9462*-003 9.9813251"1 

6.5960653a+003 9.98%500e-001 6.5W998e+003 9.9815013e-001 6.5%9472@-003 9.9825703*. Ool 
6.5960663e+003 9.9901884o-001 6.5965028&1-003 9.98494514)-001 6.5%9482@-003 9.9803337"1 
6.5960703e+003 9.9933756e-001 6.59650580003 9.99770554ý-Wj 6-w9512r-003 9.9786400*. Ml 
6.596D723e+003 9.991931 Oe4)01 6.5965079e+003 9.9VIO45o. 001 6.5969532e-003 9.97899430,001 

6.5960733e+003 9.9910663e-001 6.5%5128e+003 9.9906646e-001 6.5%9342e-003 9.979084go-OOl 

6,5960753e+003 9.9899479o-001 6.5965138e+003 9.9910421a-Wl 6.5%%l2e-W3 9.983MU-001 

6.5960773e+003 9.991051le-001 6.59651580M 9.9896302*. 001 6.5%%22e, 003 99855%2"1 

6.5M783e4-003 9.9926899e-001 6 5965179e+003 9 9906722e-Wl 6.59o%82&003 9.9914340*. Wl 
6.5960793c+003 9.9923289e-001 6.5965188e+003 9.9892241*. Wl 6.5%9692e-003 9.99249is6ool 
6.3960803e+003 9.9938916e-WI 6.5%5198e+003 9.9999254e-001 6.3970293e+003 99932issomi 

6.5960813e+003 9 9919029e-001 6.59652D&-003 9.9894234e-001 6.5970343e-003 9 9936479*, 001 
6.5960823e+003 9.9924502e-001 6.5965238e+003 9.9862952e-001 6. "70353&-003 9.9944133o. 001 
6.3960974e+003 9.9948876e-001 6.5965248c+003 9.9834814e-001 6.5971564*ýM 9.97373229-001 
6.5960994e+003 9.9940483*-001 6.59652690003 9.982550oo-ool 6,597161 U-003 9.9793,599&. 001 
6.5%1014e+-003 9.993701leMl 6.5965288e+003 9.9813129o-001 6.5971624k-003 997m. %Gool 
6.5961034e+003 9.9934413e-001 6.5965328e+003 9.9770957a. Ml 6.5972205e-003 9.9M562a. 001 
6.5961044eýM 9,9928316e-001 6.5965338e+003 9.9745840e-001 6.3912215e-003 9 9925291*. Ool 
6.5961054e+003 9.9941154eal 6.5965348e+003 9.974762le-001 6.59=5e-003 999335o6l)-ml 
6.5961064e+003 9.9939573e-001 6.5965448e+003 9.9940204e-001 6.5972245@-003 9.9925193o-Ml 
6.5962175e+-W3 9.9944177"1 6.5965468e+003 9. MI689a. 001 6.59nWa, 003 9. %9693o*. Oot 
6.5962185e+003 9.9937943e-001 6.596553&e+003 9.9911711c. Ml 6.5912395eM3 9. %72069výWj 
6.5962215e+003 9.9929399e-001 6.5965549e+003 9.9920044e-oDl 6.597241 Se*003 9. %75933*-Wj 
6.5962305e+003 9.9883099e-001 6-596558k-ýM 9.9931855e-Wi 6.59n4g5e+003 9.975932U. 0i 
6.5962315e+003 9.9877760eal 6.596560k+W3 9.9919247o-ODI 6.5972495&-003 99765Me-Mi 
6.5962355e+003 9.9844733c-001 6.5965618c+. 003 9.98981500-ml &5972545e+003 9.97997100.001 
6.5%2365e+003 9.992324loMl 6-5963638&003 9.9BM33a. Mi 6. "M55eO03 9.9814692&MI 
6.5962765e+003 5.638434lo-Ml 6.5%5658e*OD3 9.9894%7"01 6. "M73e+1003 9. MI601*. Ool 
6.5962986e+003 9.5805701*-001 6.5%5678e+003 9.988325le-ool 6.5972625e+003 9.9794621q,. O()l 
6.5963056e+003 9.5307630c)-Wl 6.5%5M+003 9.9904536eMi 6.5973196e003 9.9945967*. Ool 
6.5%3326e+003 9.9808903e-001 6.5965868e+003 9.9899048a. M I 6.3973936eoOO3 9 9321234c. 01 
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6,5976949c+W3 9.9922524e-001 6.5983337e+003 9.9923596o-001 65"1634e+, 003 9.98901-540401 
6.5976959c+003 9.9928556e-001 6.5985357e*003 9.9933574oMl 63"1684e+003 9 9913270o-001 
6.5979652e+003 9.994461-'o-Wl 6.5985377e+003 9.99434436-001 6.5991694e+-003 9 99279070-001 
6.5979712e+003 9.993717ft-001 6.5N5448e+003 9.9921102c. M 1 6-i"1734eo-W3 9.994331lo-001 
6.5979732e+-003 9.9944219e-001 6.5"5458e+003 9.9924643*-00 1 6.3991734e+OD3 9.9910737*-001 
6.5979772e+003 9.9934174e-Wl 6.5985468OW3 9.98&41630-001 6.5"1764e+003 9.990393711-001 
6.59797820003 9.9M217e-001 6.5985478e+003 9.9901608o-001 6.5"1784e+003 9. "U560@. 001 
6.5980403o003 9 9942408cal 6.5N5498e+003 9.9900362ea 1 6.5991804&ýM 9.9910959o-OOI 
6.5980613e+OD3 9.9819284e-001 6.5995518e+003 9.9916%80. w 1 6.39919)4e+003 9,9917036"1 
6.3980633e+003 9.98153430-001 6.3985608e+003 9.99MBOOO-ml 6.3MOl4e+OO3 9 9934423o. Ml 
6.5981043e+. 003 2 6270485o-001 6.39&Mlge+003 9.9915me-001 6.3992234e+003 99921941"1 
6.5981444e+003 9 9705424a. Mi 6.5985628e+. 003 9.9919627o. 001 6.5M314e+003 9.9941631 e-00 I 
6.5981454e+-003 99720605a. 001 6.5985648e+003 9.9908186o-Wl 6.599M4e+003 9.9933006*. Wl 
6.5981474e+003 9.9722809e-OOI 6.5985658e+003 9.99198116al 6.5992344e+003 9 9913629*, 00 1 
6.59814&4e+003 9.91507936-001 6.5985668e#-003 9.99143534D-Wi 6.599MU4, M 9.9915336*4)01 
6,5981514e+003 9.97860210-Ml 6,5985688e+003 9.99221900-Wi 6.5992394e+003 9992M596-ml 
6.5981524e+003 9.99289906ml 6.3985728e+003 9.9927990a-001 6.5992394C+003 9 99319200-W I 
6.598l-*W4e+003 9 9819782e-001 6.5985748&W3 9.9949411"1 6.5992404e-W3 9 99277ag" 1 
6,5981554e+003 9.9828423e-001 6.5908380003 9.99158250-Mi 6.5M414C+003 9 99451346-001 
6.5981584e+003 9.98689998-001 6.5985848e+003 9.99146130-001 63M504oW3 99929MO-001 
6.5981604&003 9.98886098-001 6.5985838e+003 9. "37667"1 6.59929850+003 999M13"I 
6.5981614e+OD3 9.98363200MI 6.59&%780+003 9.99471790-001 6.59929950+003 9.9912268"1 
6.5981624e+003 9.98864920-Ml 6.5995958ei-003 9.993175211-001 6.5993G43v-M3 9.9882MU-Ml 
6.3981634e+003 9.9947134*al 6.5"5988e+003 9.9913262*-001 63"3055*4-003 9.9Mg322*. Wl 
6.5981654e+003 9.9869347"1 6.3986018e+003 9.9945891a. 001 6.5993093@+003 9 9930113ip. W 1 
6.5981664a+003 9.9836223o-Ml 6.5986038e+003 9.9937386o-WI 6.5"3145vo-M3 9.9=197"1 
6.5981704e+W3 9.98D9338e-00 I 6.5986048e*W3 9.9938260a. 001 6.5"3155e+OD3 9.9M352"1 
6.5981714c+003 9 9801204&Ml 6.3M258e'-003 9.994864le-001 6.5"3175eH)03 9.9895511241.001 
6.5981724e+003 9.9805387oMl 63WI99ef-M 9.9936317a-001 6.5993205co-W3 9.986914%. 001 
6.5991734o(*3 9.9793599*. Wl 6.5W339&003 9.994816go-Ml 6.5993215o+003 99MS760"1 
6.5981754a+DD3 9.9797883a-WI 6.5997600o+-003 9.994988M-Wl 6,5993235e+003 9.9975594*Wt 
6.5981774e+003 9.9779215c. 001 6.59876100003 9.9906784c. 001 6.5"31535&ýM 9,9884407o. 001 
6.5981784e+. 003 9.9785000*. 001 6.5997620e+003 9.9912486a. Ml 6.5993355c+003 9.9728115*Wl 
6.3"1924ci-003 9.9961316e-001 6.5N7650a+003 9. M8327a. Ml 63"3475*+003 9995OMP-Wi 
6.5981854OW3 9.9833294a-001 6.5997710e+-003 9.9944524*. DOI 6.5993495e*W3 9.983023*401 
6.5981864e+003 9.9826407&Wl 6.598MDe+003 9. M7748eal 6,5993535@+003 9.9872136"1 
6.5981884c+003 9.9921712"1 6.5987730e+003 9.9933596oMl 6.3"3555*+003 9.9976363"1 
6.5981924e+003 9.9932769e-001 6,5997740e+003 9.9897103o-Wl 6-5"35760M 9.98u3""I 
6.5991%4c+003 9.9784442e-001 6.59877-Soe+003 9.9912337eMl 6.59935%@+003 9.9890861o. 001 
6-VS1974ei-W3 9.9781449oMl 6.5987840e+003 9.9937%1&Ml 6.599361604-003 9,99040950-Mi 
6,5981994&003 9.9760034o-WI 6.5988140e+003 9.9839574o. Mi 6.5"3636**-M3 9.9910232s. 001 
6,5982084e+003 9.9922699eal 6.59881-50e+003 9.982378&ý-Wl &5"3656e*W3 9.99190vowl 
6.5992094e+003 9.9934397*-001 6.5989200e+003 9.971138go-WI 6.59936loe*W3 O. OnMI&MI 
6.5982114e+003 9.9911048o. Ml 6.5988210e*003 9.9691169eat 6.5"WboW3 9,9893998*01 
6.5982154e+003 9.9867364e-001 6.5989430e+003 9.9493228o. 001 6.5"306e+003 9~21"1 
6.5982174e+003 9.987230leal 6.5988671e+003 9. "48186&, DOI 6.5"3736*+003 9,99ZW3"1 
6.5Ml84c+003 9.9902203o-001 6.5998711e+OO3 9. "38057&WI 6.599374ov6-W3 9.9MM"I 
6.5982214c+003 9.993575ge-001 6.5988741c+003 9.9931112c. 001 6-"9V66e+003 9.988979%. 001 
6.5992244oW3 9 9898301"1 6.5988751 e+003 9.9939474cal 6.5993796e+003 9. "90645*Ml 
6.5982264oW3 9.9M362o-WI 6.5989071e+003 9.9933737a. Ml 6.5"3806e+003 0. "06154.001 
6.59822&4e+003 9.989439M-001 6.5N9111e+003 9. "47424*-001 6.5"3970eýM 9.994387%. 001 
6.5982294e+. 003 9.9890160o. 001 65MI61oW3 9.9923797o. 001 6-i"3906&M MSSUR&Ml 
6.5992324e+003 9.9880568o-001 6.3M181e+003 9. "10057"1 6.5"3%6&-W3 9. "M"l 
6.5983496oM3 9.9919811*Ml 6.5999191c+003 9.991220&)-Wl 63"402oe-W3 9.9907m"l 
6.5983636e+003 9. "39936e-001 6.5989221e+003 9.9914347"1 6.599403DOW3 9.9897463o. Ml 
6.5983656&ý003 9.9933076x-001 6.5989251e+003 9.9849595c. 001 6.5994076*0003 9,98928OOwWl 
6.59&3666e+003 9. "32994o-Wi 6.3999301al-W3 9.9878229o-Wl 6.5"40wM 9 "P904-001 
6.5983706e+003 9.9935330*. 00 1 6.5989321e+003 9.9886009o-OD1 6.3"4116oM 9.9W%24*. Wl 
6.5983906e+003 9.994193(m-001 6,598934lo003 9.9880601"1 6.5"412Da*M3 9.9919%4401 
6.5984016e+. 003 9. "35806"1 6.5989361e+003 9.9976903e-001 6.5"413oo+003 99918%loat 
6.599436e+003 9.9926142e-001 6.5999802e+003 9.99473224001 6.5994176eM 9.9912060*. Ool 
6.59M76e+003 9. M3539e-Wl 6.599DO22c+003 9.99422724s,. 001 6.599419c-o+003 9.9911624o. 001 
6.59g4og6eýw3 9. "43796&MI 6.5990032e+003 9.9949492o-001 6.599422bo4,003 9.9WW"l 
6.5984096e+003 9 "38301"1 6.5990202e+003 9.9944450o-001 6.599423o*+003 9.998726%. Ooi 
6.5994106&ý003 9. "38798c. 001 6.5"0222e+003 9.9926252a. 001 6.5M28a@*W3 9.9WS04*Wj 
6.5994236e+. 003 9.9890718"1 6.5990232e+003 9.98"506e-Wl 6.3M296*+003 997993&U-001 
6.5994266c+OD3 9.9886621&Wl 6-59902Ve+, 003 9.9888688cal 63"43lbo-M3 9.9? %U4o. Wl 
6.3994276&003 9.9888692*, DDI 6.5M322e+003 9.99110590al 6. SM33oe+003 9.9781961"1 
6.5984296c+003 9.9904000eM I 6.5M342o+003 9. "17519o-001 6,5"4376e+003 99770953&Wl 
6_5984306oM 9.9932645&MI 6.5990513e+003 9.9937754c. 001 6.3"43860-M3 9.9728598&Wl 
6.5994336c+003 9.9945480e-001 6.5MS23e+003 9.9940426*-Wl 6.59943%o+003 9.9749102"1 
6.5994427&W3 9.9905593o-001 6.5990543e+003 9.9939872"t 6.59%476e+003 9.9821941*. Wl 
6.5984437e+. 003 9.9899325e-001 6.5990723e+003 9.9393045e-001 6.5944316e+003 9.9904014ý1 
6.3984467e+003 9.9888072e-001 6.59907M+003 9.9512976o-001 6.5M546@*W3 9,9863093"1 
6 "84487e+003 9.9898021"1 6.5990793e+003 9.9513443oMl 6. iM556*+003 99871439&Ml 
6.5984517e+003 9.9906818e-001 6-5990923e+003 9.9937205o-001 6.5994687*+003 9.98"526m. 001 
6.3M527e+003 9.9904793a-001 6.5990933e+003 9. "40396&Wl 6. SM707e+003 9. M56500-001 
6.3994537e+003 9.990654-5eMl 6.5991163e+003 9.9916404a. 001 6.5994727e+003 9.99227080.001 
6.5984547e+003 9.990125le-001 6.5991183e+003 9. "18565*-001 6. ~57@4-003 9.9917580,1p. Wl 
6.5994557e+. 003 9 9929150cMl 6.5"1233e+003 9.9899381 eM 1 6.59949670+003 9.991249. %. Ool 
6.5994567e+003 9 9877030e. Wl 6.5"1273e+003 9 "17394-001 6. ~77eW3 99930110owl 
6.3994577e+003 9.9892936e-Wl 6.3991303&003 9.9903921a. 001 6.5"49879+003 9. "26596"l 
6.5984617a+003 9. "24784a-001 6.5991323e+003 9.9869585e-ODI &3994997e+003 9.9938"Joook 
6. NW27e-W3 9.9947420e-001 6.5991343e+003 9.9976509*. 001 6.5"5027oýM 9.9933990*. Ool 
6.5984697e+003 9. "49067e-001 6.5"1353e*W3 9.986665oa-Mi 6.5995057*ý003 0. "30802"1 
6.5994747c+003 9. "29762e-Wl 6.5991373c+003 9.9935440cal 6.599509764003 9"30317sMI 
6.59947Va+OO3 9.9948646ci-001 6.5991393e+003 9.9860632*. Wl 6.5"5107**003 9.994256%, Ool 
6.59948i7e+003 9 9902479o-Ml 6.5991403e+003 9.9905748a. Mi 6.5995257eM 9. "39Mwwl 
6.5984837&003 9.9933082&Wl 6.59914130003 9.98&7577&Wl 6.599528le-W3 9, "37414@*l 
6.5gg4g6le+003 9.9905799o-Wl 6.5"1433e+003 9.9890149cai 6.5"5307*6-003 9. "34817"1 
6.59848&7c+003 999017ODe-WI 6.5"1463e+003 9.98M53o. Ool 6.5995317oW3 9.9908296omi 
6.5gs4go7c+003 9-MI036o-WI 6.3991483o+003 9.9865986oWj 6.5"5327e+003 9,992423&P. Wt 
6. SM927e+003 9 9935708a. 001 6.599151-3e+003 9.9871918o. Ml 6.59953670+003 9. "25891"1 
6.5984997e+003 9 9949106e-001 6.5"1523e+003 99897420a. 001 6.5995447eo-W3 9. M1917"1 
6.59852i7&W3 9. "48042e-001 6.5991544e+003 9.9901741"1 6.5"5507oM 9.9903597"1 
6.5985227e+. W3 9.9936253e-001 6.5"1564e+-003 9.99172030-Ml 6.3"5527&ý003 9.98MM-Ml 
6.5985247&W3 9 "46244oMl 6.5991574e+003 9.9907954o. Wl 6.5995547o+003 9 98W17"1 
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6.5995557e+003 9.98754574001 6.6000953e+003 9.9921212e-001 6,6004696e#-W3 9.9997176*-Ml 
6.5995728e+003 9.9875807e-Wl 6.6000983e+003 9.994940go-001 6.6004706e+003 9.9905594&Ml 
6.5995758e+003 9.98825050,001 6 6001073e+003 9.993835Ný-Wl 6 6004726&W3 99994776oMl 
6.5995768e+-003 9.9890064a-001 6.6001083ef-003 99930069e-Ml 6.6004766&W3 99875013s. 001 
6.599580&-+-003 9,9930860&Wl 6.6001093e+003 9.9936451*-001 6.6005167e+003 9. MI40*. Wl 
6.5"5&lge+003 9.9941622o-WI 6 6001113e+003 9.9942522e-001 6 6005177e+-003 9. M7238*, 001 
6.5995828e+-003 9 98984610-001 6 6001183&W3 9.9907397o-WI 6.60051870+, 003 9.99IU23*-Wi 
6.5"5848e+003 9.99037840-Ml 6.6001233e+-003 99MI79e-001 6 6005207e+003 9-992IZt3go-Ml 
6.5995879&003 9.9929265eMl 6.6001253&W3 9.9909927a. Ml 6.6005227e+003 9994245[o. 001 
6.5"5898e+-003 9.9940436eal 6 6001623e+003 9.9917653eMl 66005247e+003 9. M7658&Wl 
6.5995958e*W3 9.9935682o-001 6 6001633e#-003 9.9915096e-001 6.6005257oW3 9. "36293o. ODI 
6.5"5998e+003 9.98609110al 6.6001673e+003 9.9901147o-001 6.6005477e+003 9 9902162@. 00 1 
6.5"601 8e4-003 9.9871539oMl 6.6001693e+-003 9.9908067a-Ml 6.6005507e*003 9994112111-001 
6.599604&-+003 9.98808560MI 6.6001713e+003 9.9907699e-001 6.6003517a+003 9.9945050*. Wl 
6.5996068e+003 9.9886032a-001 6.6001733e+003 9.9894199aM I 6.6005337e+003 9.9930979*W 1 
6,5996118e+003 9.98346514i-Ml 6.6001743e+003 9.989433U. Ml 66005547e+003 99935011*. Wl 
6.5996138e+003 9.9949109&Wl 6 6001764e+003 9.99095M-001 66005717o-003 9.9905462*001 
6,5996158e*W3 9.98509970mi 6.6001794e+003 9.9880452&001 6.6003737o+003 9.9940034o. 001 
6.5996198&W3 9.98778116-001 6.6001914e+003 9.989MU-001 66005767o+003 998976339MI 
6.5996238e+003 9.9867097o-001 6 6001834e+003 9. M229le-001 6.6005M@+003 9 99200090-001 
6.5996298of-W3 9.9928092ký-Wl 6 6001944e+003 9.9831606o. 001 6.6003797*+003 9.9936807*001 
6. SM308e+-003 9.9930811"1 6.6001954e+003 9.9933403o-001 6.60058170+003 9.98MI&P-001 
6.5"6318c+003 9. M2862t)-001 6 6001864e+003 9.9919317o. Ml 6 60058270+003 9.9993929*. 001 
6.5996329e+003 9.99454436-Ml 6.600IMoOS 9.9937645"1 6.6OD6198c+003 9.9943611*001 
6.5996338e+003 9.9938090&Wl 6.6001894e+003 9.980318ge-001 6.6006219e+OO3 9, "3TM*Wj 
6.5996358e+003 9.9941614&Ml 6.6001904e+003 9.9811743o-001 6.6006228@+003 9.9935832oo-001 
6.5996448&W3 9.99142644)-Wl 6.6001934e+003 9.9914947*-001 6.6006239&0-003 9.9945415*Ml 
6.5996498c+003 9.99287660-Ml 6.6001954e+003 9.9910574a-001 6.60062Ue+OO3 9.9941093*al 
6.5996528&003 9.9924576oMl 6 6002014e+003 9.98488374001 6.6006308a+003 9. "31360@401 
6,5996539e+003 9. "46029aMl 6.6002024e+003 9 M940%-001 6.6006328a+003 9, "95608*. Ool 
6.599676%+003 9.9878559o. Wl 6.6002034e+003 9.9942867a. 001 6 6006338@+003 9.9911434o4ol 
6.5996809e+003 9. "128186-001 6.6002054e+003 9.9852939e-Wl 6.6006598a+003 9"4181(ki-001 
6.5996949e+003 9.9873703&Wl 6.6002064e+, 003 9.9852M"l 6 600669geH)03 9. "39M*. Ool 
6.5996909ef. M3 9.9940651"1 66002144e+003 9.9771764eMl 66W67380+003 99041346s. 001 
6.5M309e+003 9. "39330e-Wl 6.6002164e+003 9.97390OOeMl o. 6oon3go+oo3 99-mgmem 
6.5997329e+-003 9.99154130-001 6.6002254e+003 9.96722076-Ml 6.6007349e+003 9. "4Mne-001 
6.59973690003 9.9891892e-001 6.6002214&003 9.9699032c)-001 6 6007339e*W3 9. "49690&Wl 
6.5"7399e+003 9.98824906-001 6.6002284ef-W3 9.9717640eal 6.60073"&6-M3 9, "1169%. 001 
6.3"7409eo-003 9 9866144o-Wl 6.6002304e+003 9.97441980-001 6.6007409*+003 999344Vii-001 
6.5"7439&003 9.9902393e-001 6.6002314e+003 9.97743690-001 6.6W7419*0003 0. "2350741.001 
6.5997449e+003 9.99118510-Ml 6.6002394e*W3 9.9861550&wl 6 6007439o+003 9. " 1 9549*. W 1 
6.5997599e+. 003 9.9912720"l 6.6002414e+003 9.9892030o-Ml 6.6007449e+003 9.98906ISe-WI 
6.5"7619e+-003 9.99287374001 6.6002424e*W3 9.9943429900t 6.600745%+003 9.9916IMeMi 
6.5"7639e+-003 9.9929743e-Wl 6.6002434e+003 9.98630226MI 6.6007479@+003 9. M18936-001 
6. SM659e+003 9.9935866&Wl 6 6002454e+003 9.98625500-Wi 6,600749%*003 9. "4923lo. Wl 
6.5"8150e+003 9.9948168&, 001 6.6002474&003 9.9869606o-Ml 66007519e+003 9. "40790o401 
6.5998170e+003 9. "4394le-Ml 6.6002544e+003 9. "305016-WI 6.6007339e+003 99932110o. 001 
6,59984lGe4-003 9.9945806o. Ml 6.6002574&W3 9.99131174i-Ml 66007559o+003 9993012U. 001 
6.5998450e+003 9.99459620-001 6.6002604e+003 9 "22106oal 6AW771%O03 9,9943143"1 
6.5"8470e+003 9.9942990e-001 6.6002614a+003 9.992010MMI 6.6007729e+003 9.9897437" 1 
6.599855oe+003 9. "19876a-001 6.6002634e+003 9.9921024oMl 6.6007739e+003 9. "19982"1 
6.5999580e+003 9.9923955o-001 6.6002674e+003 9.9940516o-001 6.600775%ýM 9. "312329MI 
6.5998640e+003 9.9797913o-001 6 6002694e+003 9 9908887o-001 6.600"7%ýM 9. "466334P. 001 
6.5999670e+003 9.980232le-001 6.6002704e+003 9 989659%ý-Wl 6.6007849@+003 9.9941238*-Wl 
6.599VIle+003 9.9744752o-001 6.6002714e+003 9.9897033o-001 6.6009060e+003 9. "19270*01 
6.5998721e+-003 9.9742660e-WI 66002724e+003 9.9829007a-001 6.600SD80o+003 9994ml*ml 
6.5998781e+003 9. %59446o. Wl 6.6002734e+003 9.99600340MI 6 600BD90OW3 9.9949594*. Wl 
6.599U21e+003 9.971303le-001 6.6002744e+003 9.9820303o-Ml 66009110o+003 9.9902002"1 
6.5999141e+003 6 5939832&Wl 6.600277.5e+003 9.9797472o-001 6 6009120@+003 9.9943216a. 001 
6.5999461e+003 9.98747OSe-001 6.6002845e+003 9.9900274e-Wl 6.6WS140o+OO3 9.993n-uwml 
6.59995Ole*W3 9.985592-5a-Ml 6.6002855e4-003 9.990&30ý-Wl 6.60091600003 9,99146R6*al 
6.5999541 e+003 9. "1053&)-Wl 6.6002875e+003 9.990392-5co-Ml 6.6008170OW3 9.991142. %al 
6 5999551e+003 9.99154l6aMl 6.6002985e+-003 9.9934759o-WI 660091900003 9.9912730s. 001 
6.59"571e+-003 9.988D9570MI 6.600291 3e+003 9 "4091go-001 6.6009200@+003 9,994790311-001 
6,599%lle+OO3 9.985293M. W1 6.6002925e+003 9. "43409o. 001 6.6008270&W3 9, "46016*. Ool 
6.599%21 e+003 9.9837655e-WI 6.6002943c+003 9.992602ft-Wl 6,6009310e+003 9.994906341.001 
6.5999631 e+003 9.98549040-001 6.6002%5e+003 9. "34005&Wl 6.6009340OW3 9.9936003o. 00 1 
6.5999641e+003 9.984425&ý. Wl 6 6002975e+003 9.993082(*-W 1 66008440&M 9. "386W*, Ooi 
6.5999661e+. 003 9.9832579o-001 660030M+003 9.99058150.001 6,60084oOeo. W3 99943421*. 001 
6.59996810003 9.9809503e-001 6.6003035&W3 9. "33333o-001 6.6WB490o+003 9.9"%67*. Ool 
6.5999691 e+003 9.9923125eal 6.6003065o003 9.9902597is,. 001 6.60095000+003 9. "32143oo-001 
6.5999712&003 9.9823649o-Ml 6.600309-1-e+-W3 9.9851356&Wl 66008610e+003 99941424&WI 
6.5999732&W3 9.9813195*Ml 66003105e+003 9.9946227"1 6600gn0a+003 9,9Ml7SWl 
6.5999772e+003 9. M338-1a-001 6 6003125e+003 9.9969189eal 6 6009730e+003 9.99"513o. 00 1 
6.5999902e+003 9.9948999o. Wl 6 60031Mý003 99937060e. Wl 6 6008760oW3 9 M48ol*. Oo I 
6.3999822e+003 9.9947883a-001 6.6003193e+003 9.991615le-001 6.6OOg82Ov+W3 9.990423? 4o. Wl 
6.6ooo262e+. 003 9.993023&ý-Wl 6.600203oO03 9991727&ý-Wl 6 6009850&+003 99996&RO*Ml 
6.6000272e+003 9.9931699o-Ml 6.6003223&W3 9.9913900&Wl 6.6009VO&*003 9.99M32"I 
6.6000292e+-003 9 "313314)-001 6.6003275e+003 9.9844332o-001 660099[le+003 9.99011210-001 
6.6000312c4-003 9.992540le-001 6 6003545&003 9. "34234"1 6.6009931e+003 9 98"704.1ýW 1 
6.6000392e+003 9. M9090eal 6.6003555e+003 9.9902434o-001 6.6009951e+OO3 9"891130.001 
6 60004120003 9.9924923o-Wl 6.6003575e+003 9.9906723o. 001 6 6009%le+003 9 9873lowal 
6.6000472e+003 9.98%8460-Ml 6,6003595e+003 9.9933520o-001 66008971e+003 9.9%3512*Wl 
6 6ooo492e#. W3 9.9890492o-001 6.600366-5e+003 9.9797952a. 001 66009001e+003 9. W7172" I 
6 6000602e+003 9.9938976o. 001 6.60036750003 9.9784080o. Mi 6.6000011e+003 99911743o. 001 
6.6DOD622e+. 003 9.9941761"1 6 6D03705e+003 9.9730340*. Ml 66009021o003 9.9US232"1 
6,6000652e+003 9.9928122o-Wl 6.60037350W3 9.9771331*-Wl 66009031e+003 9.9906695o. Mi 
6.6000672e+003 9.992152le-001 6.6003745e+. W3 9.9715975a. Wi 6.6009141e+003 9.9936062ii-Mi 
6.6ooo692e+003 9. "3920141-001 6.6003806o003 9.9992079o-Wi 6.6009161*+003 99938"3*Ml 
6.6000773e+003 9.9892640e-001 6 6003816e*W3 9.9909013a. 001 6.6009181e+003 9.993355%-WI 
6,60oogo3eW3 9.9891384aal 6.6003826e+003 9.9902329*. Ooi 66009191eoýM 9.9940790o. 001 
6.60008i3ei-W3 9.9905659e-001 6.6003846&003 9. M"69o-WI 6.60MII&O-W3 99943376gal 
6.6ooo833e+W3 9. "08633o-001 6.6003976e*W3 9.994044leMl 66OM41e*003 9. M3640o. Mi 
6 60oo&63e*W3 9 9855240o-001 6 6004106e+003 9.9939356*. Mi 6.6OM6le#. M3 99912961"1 
6.60OD903oO03 9.9882791&Wl 6.6004656e+003 9.991627(ký-oo I 6600927l**W3 999M69o. 001 
66000913e+-003 9.9910295e-Wl 6.6004676e+003 9. "14776cý-Wj 6.600932loO03 9"49159*. ool 
6,6000943e+003 9. "18344oMl 66004686e+003 9 994%42e-001 6 6009351@+003 9M2930*. 001 
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6.600937le4-003 9.9928620e. ODI 6 60233590003 9.9852678e-001 6.60252410003 9.9947925*-Wl 
6.6009401e+003 9.9936080e-001 6.6023369e+003 9.9848320e. 001 66025251*+003 9.986225le-001 
6600945le4-M3 9.98774IOe-Ml 6.6023399eH)03 9.980976ge-001 6602526leW3 9.9860505o. Wl 
6.6009471o003 9.9908406&MI 6.6023419e+003 9.9914175e-Ml 6.6025271e+003 99U3712*. Ml 
6.6009531e+003 9.97615OOe-001 6.6023429e+003 9.9816683e-001 6.6025281 ef-W3 9-M2757"1 
6.6009541e+003 99723647o. 001 6.6023459e+ 003 9.9932659eMl 64025311OW3 9.9811594*. Ml 
66009561e+003 99720014e-Wl 6.6023469e+-003 9.9857242e-ODI 6 60253910+003 9.9900994a. 001 
6.6009581e+003 9,971080go-Mi 6.6023489e+, DO3 9.984425le-ODI 6.60254lle*W3 9.9V6503*. 001 
6.6009591e+003 9.9739766e-Wl 6.6023499e+-003 9,9962314o. 001 6,6025441*+003 9.9929116o. Mi 
66009601e+003 9.972677&ý-001 6.6023509&003 9.9939SOOo-Ml 6.6025521@+003 9.9791079*. Wl 
6.6009611e+003 9.9764763e-001 66023519o003 9.985144lo-001 6.6025541e+003 9.9781359@-001 
6.6009621e+003 9.9761570e-001 6.6023539e+-003 9.9M9190-001 6.6025551e+-003 9.9787308o4ol 
6,6009631e+-003 9.977175le-001 6.6023579e+003 9.9945909&Wl 6.602536le+W3 9.9779302*. Ml 
6.6009671c+003 9.9819701e-ODI 6.6023599e+003 9.9947325o-WI 6.602558]e+003 9.9804244oal 
6.600%81 e4-003 9.985857(x001 6.6023609e+003 9.9967633e-001 66023621e+003 9.9814092@. Ool 
6.6009691 e+-W3 9.9812703o-WI 6.6023629e+-003 9.9944744e-WI 6.6025651e+003 9.9771144o. Mi 
6.6009701e+. 003 9A34725o-001 6.6023639e+003 9.9856573o-001 6.60257Ole*W3 9,99317U*. Wl 
6.6009711e+003 9.9825689&, 001 6.6023669e4-003 9.9873797o. 00 1 6 602371 le+-003 919549390-001 
6.6009736e4-003 9.9846887a. Ml 6.6023699e+-003 9.9861236cal 66025731e+, 003 9,9994293*. Wl 
6.6009796oM 9.9934675e-001 6.6023729e+003 9.9880804c. 001 6.6025761e+003 9.9911210O. Ml 
6.6DO9816e+-003 9.9908588e-001 6.6023739e+003 9.9890833e-001 &6023771@+003 9.9909499*. Wl 
6.6009826e+003 9.994202le-001 6.6023749e+003 9.986274go-Ml 660257810+003 9.99-Mols-Ml 
6 6009946e+003 9.993759le-001 6.6023760e+003 9.98637274001 6 60258D24+W3 9.9932530*. Ool 
6.6009876e+-003 9.9884093a-Wl 6.6023770el-003 9.985915-3cal 6.6025MoM 9.9897964*401 
6.6009996e+003 9.98%957o. 001 6.602378De+OD3 9.9860904a. Wi 6.6023952e+OO3 9.9892752*. Wl 
6.6009906e+-003 9.990207leal 6.6023940&FOO3 9.9917056e-001 6 6025972*+003 9.9979234ooo I 
6.6009936o003 9.9923087a-001 6 6023860e+003 9.9909722*. 001 6.6O25Me+, 003 9.9879441"1 
6.6009966o003 9.9927212c. 001 6 6023870e+003 9.98949IOe-001 6.6O25W2s4-W3 9. M3746*4)01 
66010026e+003 9.9943146e-001 6.6023900e*W3 9.9858604e-001 6.6025912e+OO3 9.9989788*. wl 
6 6012468e+003 9.952699&ý-001 6.6023920o003 9.9864971a. 001 6.6025942@+003 9.9984974&ool 
6.6012478e+-003 9.9507122a-Wl 6.6023930e+003 9.9969214e-001 6,6025%2o003 9.9885200"1 
6.601248k*003 9.9507624a. Ml 6 6023940e+003 9.9860978c. 001 6.6025M@+003 9.9988337*-001 
6.6013009e+003 9.9866020e-Wl 6.6023950e+003 9.9866075o-001 6.6026042e*W3 9.9944679*al 
6.6013019e+003 9.9849503e-001 6.6M960e+003 9.984940le-Ml 6.6026092&ýM 9.9903556*. Wl 
6.6013049o003 9.9826907o. 001 6.6023970e+003 9.98WI-%4*. 001 6.6026Me*M3 9.9m2goml 
6.6013059e+003 9.9820653e-001 6.6023990e+003 9.9953947a. 001 6.6026102e+003 9.9853797o. Wi 
6.6013069e+003 9.9821220o. 001 6.6024010e+003 9.9&W79o-001 66026122e+003 9.9862660"1 
6.601358D&ý003 9.3605643e-001 6.6024080e+-003 9.9923962e-Wl 6.6026152eo-W3 9.9937176*. Mt 
6.6014761e+003 9.9921243eMl 6.60241 00e+-003 9.991464ga-Ml 6.6026162e+003 9.9917956o. Mi 
6 6015221e+. 003 9.9944650e-ODI 6.6024110e+003 9.9899657o4)01 6.6026172*+003 9.9918113oý. Ooj 
6.6015241e+003 9.9932222a. 001 6.6024130e+003 9.9904553a-001 6.6026242@+003 9.99207740-Mi 
6.601526)e+003 9.9938931o-Wl 6.6024140e+003 9.9873087*. 001 6.6026262e+003 9.9920580&Ml 
6 601528lo003 9.9914974oMl 6 60241500003 9.9891695o-Wl 6.6026372etW3 9.9947723o. 001 
6 6015301e+003 9.991739le-001 6 6024170e+003 9.9889476ca 1 6.6026392a+003 9.90197870-001 
6.6015311o003 9.9915462e-001 6.6024190e+003 9.9983142a-001 6.6026402e+003 9.991%950. wl 
6.6015321e+. 003 9.9915754&, DOI 6.6024230e+003 9.9900123e-001 6.6026412e+003 9.9914630"1 
6 6015341e+. 003 9. MI081o-Wl 6.6024250e+003 9.9885766e-Wl 6.6026422e*W3 9.903973gaM I 
6.6015371e+003 9.9877716c. 001 6.6024260e+003 9.998516%-001 6.6026442&*W3 9.9944199o. Mi 
6.6015401 ei-003 9.9866512eal 6.6024270e+003 %9889543e-001 6.6026452e+003 9994"75"1 
6.601542 1 e+003 9.987814%-WI 6 6024280e+003 9.9881473&Wl 6.6026462e+003 9.9942U94io-Ml 
6.601-5441e+003 9.98875ODa-Ml 6 6024290e+003 9. M36OU-001 6.6026492e+003 9.99M4%Ml 
6.6015451e+003 9.9902346e-Wl 6.6024340e+-W3 9.9913490o. 001 6.6026492e+003 9. M1913"1 
6.6015471e+003 9.9961629e-001 6.6024380e+003 9.9892447a. 001 66026322e*W3 99832114*Ml 
6.6015491e+003 9986448Ný-Wl 6.6024390e+DO3 9 9879642a-ool 6.6026542&W3 9.9934396*. Wi 
6.6015501e+003 9.9967527e-001 6.6024410e+003 9.9895208o-ool 6.6026552e*003 9.980330"1 
6.6015511e+003 9.9871156e. 001 6.6024420e+003 9.9968920e. 001 6 6026632e+003 9.9928606oM 1 
6.6015531e+003 9.9837676e. 001 66024450e+003 9.9953812o-Wl 6,6026642e+003 9.9940051"1 
6 6016973o003 3.7295247"1 6.6024480e+003 9.9971964e-001 6,60266920003 9.994252-%Ml 
6.6018014e+003 9.9948190e-DOI 6.6024490e+003 9. MI129e-Wl 6.6026692e+003 9.9937287"1 
6.601905-5e+003 9.9919718e-001 6.6024510e+003 9.9989545e-Ml 6.6026732riW3 9. M3996oM I 
6.6021838e+003 9.9946288eal 6.6024570e+003 9.9949405a. 001 6 602t, 833e+003 9.9942067@401 
6.6021948e+003 9.9939429e-001 6.6024620e+003 9.9906133*. 001 6.6D2c4W3e+003 9.99179390-Ml 
66021868e+003 9.9933316e-001 66024640e+003 9.9889254a. Ml 6.6026953e+003 9.9943933@. Ool 
6 602187&e+003 9.9908633e-001 6.6024670e+003 9.9902780c. 001 6.6026963e+003 9.9934375*. Mi 
66021888e+003 9.9935593e-001 6 6024690e+-003 9.9932907e-001 6,602(3873e+003 9.9934590, o. Wk 
6.6021898e+-003 9.9912264e-001 6.6024710e+003 9.9918439e-001 6.6026893e+OD3 9.9898050&Wl 
6 6021919e+003 9.9922883a-001 6.6024720e+003 9.9932298*, DOI 6.6026923c+003 9.9862IMeal 
6 6021939e+, DO3 9. MO377e-001 6.6024730e+003 9.9928862c. 00 1 6.6026963oO03 9.9R977o*O. Wl 
6.6021968e+003 9.9995577e-001 6.6024750e+003 9.9919839&. 001 6.602t)973e*W3 9.9901170*. Wl 
6.6021988e+003 9.9979679e-001 6.6024760e+-003 9.9899457o-001 6.602b983@+003 9. "70577"1 
6.6021998e+003 9.9888144e-001 6.6024770e+003 9.9899907a. Ml 66027013e+003 9.9869695*. 001 
66022018e003 9.9909544e-001 6.6024781e+003 9.9899270*. 001 6.6027033e+003 9.984614oo-ool 
6.6022028e+003 9.9921434e-001 6.602480I&M3 9.988927Ný-001 66027043eý003 9.98942199-001 
6.6022309e+003 9.993910-3o-Wl 66024811e+003 9.986&544&Wl 6.6027073**003 9.989084go. Mi 
6.6022328e+003 9 9928562e-001 6 6024921e+-003 9.9893114eMl 6.6027093e*003 9.9920478*. Wl 
6.6022819e+003 9.9936530a-001 6 6024951e+003 99932158o-001 6.6027133eý003 9.99488W*4)01 
6.6022829e+-003 9.99351OOe-001 6.6024871 e+003 9.9916939&Wl 6.6027183e+003 9.989%22a. 001 
6.6022879e+003 9.9881550e-001 6.6024891 e+003 9.9910283e-Wl 6 6027Me+003 9.9922399a. Mi 
6.6022889e+. 003 9.9823253*-001 6.602491lef-003 9.9883223e-Wl 6.60272$3e+003 9.9840017o4ol 
6.6022949e+003 9.9714036e-001 6.6024931e+OD3 9.9898165o-001 6.6027333OW3 9.99058060401 
6.6022959e+003 9.9699350e-001 6.6024951 e+003 9 9890041"1 6.6027353e+003 9.9925232o. 001 
6.6022999e+003 9.9698220e-001 6.6024971e+003 9.9890502*M I 6.6027363e+003 9.9916,420-Ml 
6.6023019e+. 003 9.9706247aMl 6.6024981e+003 9.9896422e-001 6.6027373e+W3 9.9930oooo-Mi 
6.6023039e+003 9.9700856e-001 6.6024991e+003 9. M332le-001 6.60273&3e+003 9.9924080*. Ool 
6 6023D69e+003 9.9749615e-001 66025011e+003 9.9878238a-Ool 6.6027403e+003 9.99MOOo-Wl 
6.6023079e+003 9.9779097o. 001 660250210003 9.985779le-001 6.6027413e+003 9. "93692"1 
6.6023119e+-003 9.9826312*-Wl 66025031e+-003 9.9884689e. Ml 6.6027423e+003 9.9997926*. Ml 
6 6023129e+-003 9.9830460&Wl 6.6025051e+003 9.9893839*. ool 6.6027433o003 9.9894202*a I 
6.6023149e+003 9 9843333e-00 I 6.6025061e+003 9.9894581o-001 6027443&W3 9.9904534@. Wl 6 
6.6023159e*W3 9.984910&ý-Wl 6.6025081e+003 9.98&3966e. 001 . 6.6027463e+003 9 9900091"1 
6 6023219e+003 9.9904()25e. 001 6.6025091e+003 9.9917980a. 001 . 6.6027473e+003 9.99109990401 66023259e+003 9.9884840a. Ml 6.6025101 e+003 9.9893163e. 001 6 6027493e+003 9.994032 leool 6.6023269e+003 9.9881372e-001 6.602513le4-003 9.9856152a. 0ol 6.6027523e4-003 9.9941935c. 001 6.6023299e+, 003 9.985064go-001 66025151e+003 9.9855634e. 001 6 6027533e+M3 9 9042744e. 001 6.6023319e+003 9.9829740o-001 66025171e+003 9.985749le-001 , 6 6027543e+003 919nMeMl 6.6023329e+003 9.985087go-001 66025181e+003 9.983756Ný. Ooj 6.6027553&+003 9.9932593*. Ool 6 6D23349e+003 9.9942085e-001 6.6025211e*W3 9.9831383e. 001 66027563e+003 9. "0742OoMl 
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6.6027573e+-003 9.9920960e-001 6.60349Me4-003 9.9914806e-001 6,6039795c+003 9.98587bge-001 

6.6027593e'-003 9.9923904-001 6.603501 le+003 9.992071le-001 6.60398150003 99949472a. 001 

6 602760304-003 9.99246640-Ml 6.6035021e+003 9.9926424e-001 6.6039835e+003 9.9960776ea I 

6.6027613e+003 9.9873252e-001 6.6035D41e+003 9.9944612*-001 6.6039945e+, 003 9.9934625"1 

6.602764-le+-003 9.986986le-001 6.6035121e+-003 9.9937105e-001 6.60398750+003 9.977111. %. 001 

6.6027653e+003 9.9836826e-001 6.6035511C+003 9.9933493e-001 6.6039913o+OD3 9. M5593&01 

6.6027663e+003 9.9947627o). 001 66035561e+003 9.992235le-Ml 6.6039925e+W3 9 980%96oool 

6.6027673e*003 9. MglD2e-Wl 66035591e+003 9.99274400al 6.60399350+003 9.9793047"1 

6.6027693e+, 003 9.99611296MI 6.603560lefOO3 9.9937881e-001 6 6039945e+-003 9.980324o"l 

6.6027703c+003 9.9844679cal 6.603561 le+003 9.9929011e-001 6.6039955e+-003 9. M2839o. Mi 

6.6027713e+-003 9.9861423e-001 6.6033621e+003 9.9936580e-001 6.6040005OW3 9.9729814o-Ml 

6027733c+003 9.9875213e-001 6 6.6035681e+003 9.9946137eal 6.6040055e+003 9.9937020&Wl 
. 6.6027763e+-003 99864424e-001 6.6035701e+003 9.9949537*-001 6.60400750003 9. M7906a. Mi 

6.6027783e+003 9.986442leMl 6.6033761e+003 9.987126945-Ml 6.6040136vi-W3 9.9853097"1 

6.6027793e+003 9.9865051"1 66035&Ole+003 9.9977670*. 001 6.6040146e+003 9.996304le-Mi 

6.6027813OW3 9.9954451*-001 6.6035811e+003 9. MS776o. 001 6.6040166ON3 9.9862497"1 

6.6027823e+003 9.99679920-Ml 66035821c+003 9.9886833o-001 6.6040226e+003 9.979326%-001 

6.6027833c+003 9.9952207"1 6 6035841c+003 9.9903913o-001 6.6040236e+003 9.9766700"1 

6.6027843e+003 9.9836%80-001 6.6035941e+-003 9.9914041"1 6.6040246e+003 9,9789439"1 

6.6027864e+003 9.98587gla-001 6.6035971e+003 9.98957936MI 6.6040276e+, 003 9. M5341"I 

6 6027374e+003 9. M5170eýWl 66035981eý003 9.9911328&. 001 6.604()296&6-003 9. M70499-Mi 

6.6027894e+003 99996667&Wl 6.6036001e+003 9.9911286"1 6.60403160+003 9.9947766"1 

6 60279D4e+003 9.99093l6eMl 6.6036042e+003 9.9876190*4)01 6.6040346e+003 9984334Ual 

6.6027914e+003 9.98462326-001 6.6036062a+003 9.9974732"1 6.60403560+003 9.9935231"1 

&6027924e+003 9.9876932e-001 6.6036092e+003 9.997M9e. 001 6.6040396e+003 9.9938039o. Ml 

6.6027944e+003 9.98=390-ool 6.6036092e+003 9.9848910&WI 6.60404060+003 9. M9917"1 

6 60279540+003 9.9890146"1 6.6036112e+003 9.9839303*. 001 6.6040436*1-003 9.98M50*01 

6.6027964e+003 9.99493760-001 6.6036122c+-003 9. MB0346-001 6.6040446e+003 9.9797450"1 

6.60291340003 9.93952010-001 6.6036142e+003 9.9812559*-Wl 6.6040456e+003 9.9811143o. 001 

6.6028154e+003 9.937827&ý-Wl 6.60361&2e+003 9.99%034&WI 6.6040476*+003 9.991702-%Ol 

6.6028164eo-W3 9.9392812oMl 6.6036202e+-003 9.9831146"1 6.60405060+-003 9.97%5190. Ml 

6.60283040003 9.9997974&Wl 6.6036212e+003 9.9927033"1 6.6040526e+003 9. M236goal 

6.6028324e+003 9.9934276a-001 6.6036232e+003 9.9823683*. 001 6.6040536oM3 9.9809115&wi 

6.6028584e+003 9.9877057"1 6.6036242e+003 9.9922619e-001 6.6040556&4-003 9.981390%. Ool 

6029"4e+003 9.99WI4"1 6 6.6036252e+003 9.9844116e-WI 6.6040566eW3 9.99mloo-mi 
, 6 6028614e+003 9.997177le-Ml 6.6036272ei-W3 9.9859726e-WI 6.6040606e+003 9.9905417"1 

6029624e+-003 9-9846357o-001 6 6.6036312e+003 9.99408236-001 6.60406160+003 9.9915054&Wt 
. 6.6029634c+003 9.9969052"1 6.6036342e+003 9.987464.5o-Wl 6.6040636oW3 9.9904493*M 1 

6 6029654&W3 9.9868091"1 6.6036362e+003 9.9972154*, 001 6 6040666e+003 9. MlOO46al 

6028664e+003 9.98M7&i-001 6 6.6036372e+003 9.9968882*, 001 6.6040676eH)03 9.994592"1 
. 6029794e+003 9.9930493"1 6 6.60363&2e+003 9.9872702o-001 6.6040716e+003 9.9959979"1 
. 6.6028814e+003 9.9936987a-001 6.6036522e+003 9.9946442o-001 6.6040746e+003 9.9872341"1 

6.6028844&W3 9.9928380e-001 6.6036532e+003 9.9941904eal 6.60407660W3 9.9879352"1 

6.6028873e+003 9.99363I&M 6 6036542&W3 9,994976WO1 6.6040926a+003 9.9852372"t 

6.6028915e+003 9.9945163eMl 6.6036Me+003 9.9812797o. 001 6.6040936ei. M3 9.98M50"i 

6.6028945e+003 9.99459M001 6.6037063ei-W3 9.9904669"1 6.6040956e+003 9.9942570*Ml 

6.602907-5e+-003 9.9920304e-001 6.6037093e+-003 9.9897085*. 001 6.6040986OW3 9.990334*Ml 

6029085e+003 9.9898143"1 6 6,6037113e+003 9 9900294"1 6.6041016e+003 9.981942"1 
. 

6.6029095e+003 9.9901287e-OOI 6.6037123e+003 9.9915146cal 6.6041046e+003 9.9959210e-Ml 

6.6029115e+003 9.993957leMl 6.6037153e+003 9.992348le-001 6.6041056e+003 9.9U513loWl 

6.602932-5e+-W3 9.99054190-WI 6.6037163e+003 9.9938327"1 6.6041116e+003 9.9933%2eMi 

6 6029335e+003 9.98%346"1 6,6037183e+ 003 9.994538M-Ml 6.6041137e+003 9.9943936*Ml 

6.6029365e+003 9.9972612c. 001 6.6037243eý003 9.9918154e-WI 6,6041247e+003 9.9947917"1 

6.6029395e+003 9.9873960e-001 6.6037253e+003 9.9900031c. 001 6.60414670+003 9.993433. %. 001 

66029413c+003 9.9940603e-001 6.6037263e+003 9.9903856e-001 6.60414770+003 9 993350-14P. Ml 

6.6029445e+003 9.9861530&WI 66037343e+003 9.991273oo-Mi 6.6041497e+003 9.9940957"1 

6 6029455e+003 9.9975294e-001 6.6037503e+003 9.9940526a. 001 6.6041507e'-M3 9, M3462@. Wt 

6029475e+003 9.986989le-001 6 6.6037543e+003 9.9896594e-001 6 6041527e+003 9.9935160"1 
. 

6.6029485e+003 9.9890750a-001 6.6037613e+003 9.99495714)-001 6.6041337e+003 9.9995077*. Mi 

6 602949-5e+003 9.9877121"1 6.6037633&W3 9 994197leMl 6.60415570W3 9.9864496*. 00 1 

6029515e+003 9.9909814e-001 6 6.6037903e+. 003 9.992122&). Wl 6.604160? c+OO3 9.992643%. 001 
. 6 6029525e+003 9.9897547a-001 6.6037923e+-003 9M5995e. 001 6.6041647e+003 9.9904995*al 

6.6029535e*W3 9.9890649"1 6 6037973e+003 9.9866713e-Wl 6.6041637e+. W3 9.98"706*-Wi 

6.6029565&W3 9.9935208e-001 6 6038003c+003 9.99127IOeMl 6.6041687&+, 003 9. m9o6wml 

6.6029605e+003 9.9943469eal 6.6038023e+003 9.9919174e. 001 6.6041707e+003 9.9M335"1 

6.6029625c+003 9.9937447e-001 6 6039394e+003 9.8497436e-001 6 6041717e+003 9.9949573a. 001 

6.6029643e+, 003 9. MI0826-001 6.6038854e+003 9.9934736a. 001 6 6041727o+003 9.99451886a 1 

6 6o29665e+003 9.9941559&Wl 6.6039864c+003 9-OW963o-001 6.6041747e+003 9.98590ou-ml 

6.6029865e+-003 9.99462SOe-001 6.6038874e+003 9.99362? 0e-001 6.6041757e*003 9.99M79"I 

6 6029885e+003 9 994727ft-001 6.6038884e+003 9.9945969e-001 6.6041767a+003 9,9866955@401 

6.6030366e+003 9.9930669*-001 6.6038894&W3 9.9906486e-001 6.6041967e+003 9,9953536oMl 

6.6031197e+003 9.994139le-Ml 66038904e+-003 9.9910450cal 6.6041977oO03 9. gs3925loool 

6.6031197e+003 9.9914237e-001 6.6038924e+003 9.991684le-001 6 6041907*+003 9.99499bgo. 001 

6.6031207e+003 9.991572le-001 6.6038934e+003 9. MO313e-001 6.6041937e+003 9.9M553oal 

6.6031217C+003 9.9889849e-001 6.6038974e*W3 9.993813go-WI 6.6041937*+003 9,9874886o. Wi 

6.6031227e+-003 9.9903017e-ODI 6.6039014e+003 9.9873556eal 6.6041%7a+003 9.9862341"1 

6.6031237e+003 9.9900711o-001 6.6039034e+003 9.9862846c). 001 6.6041997e+003 9.9954024"t 

6.6031257e+-003 9.9870464cal 6.6039044e+003 9.98800&50. Wl 6.6042027a+003 9.9915673o. 001 

6 6031277e+003 9.9825856e-Wl 6.6039064e+003 9.988MIa-Wi 6.6042037e+003 9.994819leal 

6.6031287e+003 9.9852366eMl 6 6039085e+003 9.991438le-Mi 6.6042248e+003 9,9861107" 1 

6.6031337e+003 9.98904130-001 66039135e+003 9. M829go-Mi 6.6042278a+-003 9.9932497oMl 

6.6031347e+003 9S8948420-001 6.6039145e+003 9. M9614eal 66042288&W3 9.9s360409-Ml 

6.6031517c+003 9.9944039o-001 6.6039153e+003 9.9907727e-ooi 6.604229L-+003 9.9932563*. ODI 

6.6033949e+-003 9.9708024e-001 6 6039165e+003 9. M7087"1 6.604230goO03 9.9956M6sal 

6.6033969c+003 9.970683ge-001 6.6039173e+003 9,991009cal 6.6042319e*W3 9A50493o. 001 

6.6034010e+003 9.966538L-Mi 6 60391&5e+003 9.9913733o-Ml 6,604233k+003 9.9844557*Ml 

6 6034020e+003 9. %49756cal 6.6039213e*W3 9.9926457o. 00 1 6.6042358c+003 9. M4326o-wt 

6,6034320&003 7.62154690al 6.6039225ef-M3 9.9935336a. 001 6.6042388c+003 9. M7909eal 

6 6034600e+003 9.94802194)-001 6.6039305e+003 9. M5359eai 6.6042408e+, 003 9.9804671a. 001 
6 6034610e+003 9.949706le-001 66039515e+003 9.9948167"01 6.604241 ge+003 9.9BD9M*. Oo I 
6.6034630e+003 9.95033900-001 6.603%35e'-003 9.994913U. Mi 6,6042438e+003 9. M2397"1 
6.6034660e+003 9.9480795&, 001 6.603%65e+003 9.990691U. Ml 6 6042468&W3 9.9815867*. ool 
6.6034670c+003 9.94682274)-001 6.603%85e+-003 9.9907520e-001 6.604253L-W3 9.9925759a. Ml 
6.6034680e+003 9.9469714e-Wl 6.6039713e+003 9.9866724a. 001 6.6042568e+003 9.999718kal 
&6034MO003 9.9940733e-001 66039745e+-003 9.9910659a. 00 1 6.604259L, +W3 9.9918701*. Wl 
6 6034940&W3 9.9937973e-001 6.6039765e+003 9.9897094e. 001 6 6043379e+003 9.98M354a. 001 
6 6034950e+003 9.991626]e-001 6 6039775&003 9.9884529e-001 6,6043449e+003 9.985MI6.001 
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6.6043459e+003 9 987940&)-Wl 6.6045511e+OO3 9.9&79450e-001 6.6049574e+003 9.9928001*. 001 

6.6043799e+003 9 9887034e-ODI 6.604552le4-003 9.9867034&WI 6.6O4UO4e+OO3 9 M&376&, Dot 

6.6043839e+-003 9.9895273e-WI 66045531e+003 9.998394le-001 6 6MU&M M9119601 

6 6043989&W3 9 98443&7e-001 66045551e+003 9.9883916e-001 6.6048634e+003 9.9914929&Wl 

6.6043899e+-DD3 9.9822402e-001 6.6045561e+003 9.9904&Me-001 66048664c+003 9.9979746&WI 

6.60439o9e*W3 9.9936517*Ml 6.6045571e+-003 9.9892635c. 001 6.6Ml4e+003 9.9955V66-001 

6.6045949e+ 003 9.993373N001 6.6045581e+003 9.9907733e-001 6.60486840003 9.986313go-WI 

6.6043979e+003 9.98813274)-001 6.6045601e+003 9.9932489e-001 6.604M4c+OD3 9.9VMlo. Dol 

6.6043989e+-003 9.9817376eMl 6.6045611e*W3 9.9944736e-ODI 6.6048744e+003 9.99migeal 

6.6043999OW3 9.9939886&WI 6.6D45711e+003 9.9943122e-001 6 6049734e+003 9.989676go-WI 

6.6044019e+-003 9.9843019e-001 6.6045911e+. 003 9.9934173e-001 6.6049764e+003 9.992919141-001 

6044039e+-003 9.9953763o. 001 6 6.6045921e+003 9.9949097e-WI 6 6048794e+003 9.9931932*. W 1 
. 6.6044200e+003 9.9878631&WI 6.6045931e+003 9.9942692"1 6 6049794e+003 9.9942295*. Wl 

6044210e+003 9.9951061"1 6 6.6045951e+003 9.9916617e-001 6.6048904e+-003 9. MI390o-001 
. 6.60442300+003 9.9833152e-001 6.6046001e*003 9.9931146e-001 6.6048824e+003 9.9944OM&WI 

6 6044250e+ 003 9-9&32883e-WI 6.6046221e+003 9.9736695e-00t 6hO48834c*W3 9.9936537o-Wl 

6.6044300e+-003 9.9779117&-001 6.6046252e+003 9.9761952o-001 6.6048894e+-003 9. M5376*. 001 

6 6044370el-W3 9.989MIO-WI 6.6046272e+003 9.9754993e-001 6.6048894&W3 9-9908990"1 

6.6044400e*W3 9.9870685e-001 6.6046282&W3 9.97410DOe-001 6.6D4&914&W3 9.9975199owl 

6.6044410e+003 9.9869941"1 6.6046312e+003 9 97266O5oMl 6.6049244&W3 9.9940970*. Ml 

6.6044420&W3 9.9US583o-WI 6.6W352e+003 9.976810lo-001 6.6049294e+003 9.9937666&Wt 

6.6044430&W3 9.9860501o-Wl 6.6046362e+-003 9.9789265"1 6.604931 5e+003 9.9942904*, DOI 

6.6044460e+003 9.98477200-WI 6 6046432ci-003 9.99163506MI 6.60493350+W3 9.9939997"1 

6.6044470e+003 9.9832467&Wl 6.6046452e+003 9.9934699e-WI 6.6049335o+003 9.9939307o. 00 1 

6.60445100003 9.9782262eal 6.6046462e+003 9.9918542"1 6.6049385&W3 9.9923*90*. Wl 

6.60443400+003 9.9794191"1 6.6046502e+003 9.99691OOe-001 6.6049395e+003 9.9921409"1 

6.6044550e+-W3 9.9812532"1 6,6046542e+003 9.992595le-001 6.6049415e+003 9.9931670o. 001 

6.6044570e+-003 9.99310464001 6.6046562e+003 9.9947972"1 6.6049435e+003 9. "M68o. 001 

6 6044580c+003 9.994728.1*-WI 660465&2e+003 9.9949508cal 6.6049475e+003 9.9866656oal 

6.6044600e+003 9.98714-14"1 6.6046632e+003 9.9947972*-001 6.6049505e*W3 9.986OMe. 001 

6.6044610&003 9.9976976eal 6.6046652e+003 9.9942935*. 001 6 60495550003 9.9915324-001 

6.6044690e+003 9.9926576e-001 6.6046712c+003 9.994276$e-WI 6.6049575e+-003 9.9909637"1 

6.60447WoM 9.9907640e-Wi 6 6046802e+003 9.994034(x). 001 6.604967.5e+003 9. %35216*-001 

6.6044720e+ 003 9.9894258&WI 6.6046912c+003 9.994975(m-001 6.6049705ai-M3 9. %3463go-WI 

6.6044750e*003 9.9912644a. 001 6.6046922e+003 9.9919065cal 6.6049715o+W3 9. %47363&. Wl 

6.6044910e+003 9.98310900-001 6.6046932e+003 9.98m9l"l 6.60498050003 9.9943400*. Wl 

6AD44850ý003 9.993161le-WI 6.6046952e+003 9.9978745"1 6.6050806e+003 9.9944219"1 

6.6044860e+003 9.9945389bal 6.6046972e+. 003 9.9878075e-WI 6.6050926e+003 9,9945454*. Wl 

6.6044870e+-W3 9.9M259e-Ml 6.6047002e+003 9.9812323a-001 6,6050946&W3 9.9w2210-Wi 

6044920e+003 9.9825291"t 6 6.6047062e'-003 9.98676640-Ml 6.60508660*W3 9.9946782*. 001 
. 6o44980&W3 9.9883696*. 001 6 6.6047072e+-003 9.9891053e-001 6.6050976o+003 9.994M7"1 
. 

6.6o45000e+003 9.9884673o-001 6.6047082e+003 9.9947250cýWl 6.6051016&W3 9. M6961"1 

6.60450200+003 9.99730524001 6 6047092e+003 9.9871077"1 6.6051036e+003 9,9937226a. 001 

6 6045040e+003 9.9869703e-001 6.6047112&003 9.989291le-001 6.60510860003 9.9917113"1 

6.6045050&W3 9.98695346-WI 6.6047122e+003 9.98958&4e-001 6.6051116e+003 9. M6955*. Wl 

6045080&M 9.9&50653e-001 6,6047132e+003 9"545OC-001 6.6051517e+003 5.2106534"1 

6.6045090&W3 9,9840407e-001 6.6047162e+003 9.98518040-001 6.6051837e+003 9.9725412*. Wl 

6.6045100e+003 9.9854731o-001 6.6047212c+003 9.9920884c. 001 6.6051847etW3 9.973638%01 

6.60451100-003 9.9947&32(ý-Wl 6.6047222e+003 9.9933947e-001 6.6051987e+003 9. MI202"1 

6.6045140e+-003 9.9837435&WI 66049334e+003 9.9934438e-WI 6.6051897e+003 9. M&807*. Wl 

6.6045170e+003 9.98903660-001 6.6048354ei-003 9.99308M-Ml 6,60519379+003 9. M2916&W I 

6.6045190&W3 9.9865946&WI 6.6048364e+003 9.9941719eat 6.6051957o+003 9.9926581"t 

6.6045200c+003 9.9848601oMI 6.6049374e+003 9.9939023e-001 6.6052037c+003 9.9946664o-Wi 

6.6045211e+003 9.9851762a-WI 6.60493940003 9.99442594001 6.60523480+003 9.9W706*-Wj 

6.6045261e+003 9.9891358e-001 6.6048404&003 9.9911978e-001 6.6056952e+003 9. MS250*. 001 

6 6045271c+003 9.990601le-001 6.6048414e+003 9.9926453e-00 I 6.6056972e+W3 99M98"I 

6,60452gle4-003 9.9874&69oMl 6.6048424e+. 003 9.9925937o. Wl 6,6057002e+003 9.9836279&WI 

6.6045291e+003 9.9890620e-001 6.6049434e+003 9.9944712e-001 6.60570120-003 9. M2309*. 001 

6.6045311e+003 9.9881465a. 001 6 6048444e+003 9.9902985"1 6.6057032&*W3 9. M3394"1 

6.6045321e+003 9.989892le-001 6.6049454e+003 9.9932709e-001 6.6057042e+003 9.9787923"1 

6.6045361e+003 9.9916644ý-001 6.6048464e+003 9.9929957e-001 6.6057032c+OO3 9.9W%23o. 00i 

6.6045381e+003 9.99066994)-001 6.6048484e+003 9.9926616cal 6.6057092e+003 9MIS04-001 

6.6043421e+003 9.9922592e-001 6.6048494e+. 003 9.9919552eal 66057102e4-W3 9. M3160o. Wi 

6.6D45441c+003 9.989837ge-001 6.6048524e+003 9.9933060e-001 6.6057122e+003 9.9790691"1 

6,604547lef-W3 9.9937613e-001 6.6048554e+003 9.9942554c-001 6.6057132e+003 9. "5%50*. Wl 
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C13 Acetylene(6437 - 6456 cm", P=0.3Torr, L= 25.1 m, T., = 25'C) 

437224%+003 9.9537199e-001 6 6.4417266e+003 9.9907468e-001 6.4424920e+003 9.9943497*. 001 
. 
43725990W3 9.9927733e-001 6 6.4417312e+003 9.9932246e-Wl 6.4424894e+003 9.9934951*. Wl 
. 4372857e+003 9.9212424e-Wl 6 6.4417340e*W3 9.9922959e-Wi 6,4424940C+1003 9.9943"3o-Ml 
. 
43730700003 9.9927759e-DOI 6 6.4417349e+-003 9.9921285&WI 6.4425004e+003 9.9867647o. 001 
. 4373337eý003 9.9337820e-001 6 6.4417414e+003 9.9811966o-001 6.4425014e+003 9.9937OVe-001 
. 4373734e+003 9.971731le-001 6 6.4417423e+003 9.9791405e-001 6.4425124ef-M3 9.9421747&. 001 
. 
4373881e+-003 9.9669493e-001 6 6.441754-le+003 9.9585659o-001 6. "25152&003 9.9458626*-001 
. 
4373992e+003 9 9695512a-001 6 6.4417654e+003 9. M6222eMl 6.4425161C+003 9.946412le-001 
. 
4374038e+003 9.9687496cal 6 6.4417672e+003 9.9848032e-001 6.442523-IoO03 99660094o. ODI 
. 4375062e+-003 9 9690371"1 6 6.4417700e+003 9.9mog3com 6.4425244e+003 9 9736381*. 001 
. 
4375145e+003 9.9794080e-001 6 6.4417792e+003 9.9733806e-OOI 6.442529 1 e+003 9.986M4.001 
. 43753020003 9.93688330-001 6 6.4417811ei-003 9.97433924001 6.442529O&OD3 9.9881073a. 001 
. 4375421e+003 9.9675545a-001 6 6.4417829&ý003 9.973009le-Wi 6.4425309e+003 9. M5091"I 
. 

6 437557$e+003 9.922418ge-001 6.4417&38e+003 9.9711275c-001 6.4425318C+003 9.9930118s. 001 

4376021e+003 9.9911257e-001 6 6.4417866e+003 9.969743&&Ml 6.4425337c+003 9.993471. &D-Mi 
. 4376067e+003 9.9928503o-001 6 6.4417986e+003 9.9925399e-001 6.4426167e+003 9. "989700. wl 
. 4376196e+003 9.9844366cal 6 6.4417993e+003 9.9942764&Wl 6.44269490003 9.7323503ooot 
. 4376999e+003 9.9816665a. Ml 6 6.4418410e+003 9.5425379e-001 6.44271070003 9.9933193*. Ool 
. 
4377469e+003 9.9510893&001 6 6.4419379e+003 9.99210914s,. 001 6.4427504oW3 9-MS438e-Wl 
. 
4378142e+003 9.977153le-WI 6 6.4419738e+, W3 9.9493233e-001 6.4428030e+003 9.972136leMi 
. 4378751 e+-003 9.9641825o-001 6 6.4419757e+003 9.9447795*. 001 6.4429196c+003 9999424WWI 
. 4378952e+003 9.9792923"1 6 6 441977-5e+003 9.9430773"1 6.4428269e+003 9.997'7450&Ml 
. 6.4379111e+003 9 417933ft-001 6.4419932e+003 9.9914319&-Wl 6.4429343e+-003 9.9996720"1 

4379830e+003 9.99359&3e-001 6 6.4419941e+003 9.9917934*. 001 6.4429443e+003 9.9952053a. Mi 
. 6.43798&ie+003 9.9947029a-001 6.4419959e+003 9.9913277a. 001 6.4428574&003 9.9914739o. Mi 

6.4379978e+003 9.9902727e-Wl 6.4419978e+003 9.9933815a-001 6.4429620e+, 003 9,9910739*01 

4379987e+003 9.9902539&Wl 6 6.4420282e+003 9.988617lo-001 6.4428694e+003 9 9929030@. W 1 
, 6.4390227e+003 9.9979105eal 6.4420292e+003 9.9870707cal 6.4428969e+003 9.9576026"1 

4380457e+003 9.9909312*-Wl 6 6.4420550e+003 9.4562514&. 001 6. "29764a+003 9.9122494*. Ool 
. 4380485e+003 9.9906593e-Ml 6 6.4421241e+003 9.9939064aMl 6.4429976e*003 9.9943179*. 001 
. 4390632o003 9.9933084aMl 6 6.4421288e+003 9.9947853a-001 6.4430013e+003 99941247"1 
. 
4380789e+003 9.992020-%eal 6 6. "21297e+003 9.9944262*. 001 6.4431259e+003 9, "40530ooot 
. 4380826e+003 9.992037N)-001 6 6.4421315e+003 9.994506&)-WI 6.4431433e+. 003 99934792"t 
. 
4380928e+-003 9 9971122*. 001 6 6.4421334e+003 9. MI392a-001 6.4431479oO03 9.9937624MI 
. 4383067e+-003 9.993595oMl 6 6. "21343e+003 9. M6413o-Ml 6.4431399e+003 9 9950593"1 
. 4383095'e+003 9.9936773e-001 6 6.4421361e+003 9.9909889a-DDI 6.4431700c+OO3 9.98r607"j 
. 
4393372e+003 9.8397467c. 001 6 6.4421371e+003 9.9914234e-001 6.4431719e+003 9.9977599*. Mi 
. 

6 4385309&003 9.9536892e-001 6.4421398e+003 9.9910166e-001 6.4431939e+003 9 993033". 001 

4385917e+003 9.9943133c. Ml 6 6.4421444e+003 9.9857220o-Wl 6.44319130003 9.9901263*. 001 
. 

6.438665-5e+003 9 9112150e-WI 6.4421463e+-003 9.9964237e-Wl 6.44319860003 9. "39613*. Wl 

43878540003 9.9897816e-001 6 6.4421481e+003 9.9971994e-001 6,4432089e+-003 9. "4771%. Ool 
. 
4389016c*W3 9.9456015e-001 6 6.4421500e+003 9.9893513"1 6.4432143e+003 9.9ml5l"i 
. 4390123e+003 9.9907638e. 001 6 6.4421527e+003 9.9901467a-001 6.4432429a+003 9 181111841-001 
. 4390759e+003 9.7258607e-001 6 6.4421546e+003 9.9934053e-001 6.4432798e+003 9.9934246*. Wl 
, 6.4391599ef-003 9.9255070a-001 6.4421629e+-003 9.9915996eal 6,4433462e4-003 9.9909561"1 

6.4391802e+003 9.9947396e-001 6.4421657e+003 9.9933368c. 001 6.4433563e+003 9.99368680al 

4391986e+-003 9.9665010a. Wl 6 6.4421675e+003 9. M7894*Ml 6.4433582e+003 9.99370%"l 
. 6.43921&0e+-003 9.9867955e-001 6. "21684e+003 9.9918697c. 001 6.4434449e+003 9.944D9o9oMl 

6.4392696e+ 003 8.1071637e-001 6.4421712e+003 9.9871604eMl 6.4435094e+003 9,91881190.001 

6 4393176e+003 9.9947870e-001 6.442t721e+003 9.9861390e-001 6.4435233e+003 9. %66339*al 

6.4393452e+003 9.7306846e-001 6.442203-3&003 8.423423le-Ml 6.44353&0e+-003 9 2"1396*Ml 

4395666e+003 9 9660136o., Ml 6 6.4422330e+003 9.99105goe-001 6.4436819cf-003 9 8733910oal 
. 4396966e4-003 9.2665405e-001 6 6.4422339e+003 9.9936713e. 001 6.4437253&M3 9.9788940eal 
. 
439721-5e+003 9.9785197e-001 6 6. "22376e+003 9.9942973o-Ml 6.4437311e+003 9.9812330*. Wl 
. 
4397299e*003 9.9720185e-001 6 6.4422616e+003 9.9094101&Wl 6.44375$5e+003 9.9222739wMl 
. 

6.4399497e+003 9.9292363e-001 6.4422643e+003 9.911267le-001 6.4438144e+003 9.83MOMeal 

6.4399088e+003 9 8981454o. Mi 6.4422653e+003 9.9116887e-001 6.4439168e+003 9.7267027*. 001 

6.4399263e+003 9 9830892e-001 6.4422690e+003 9.9291460e-001 6.4441309e+-003 9,90917ig"l 

6.4399438c+003 9.9237483e-001 6.4422699e+-003 9.933463&). Wl 6.4441501cf-M3 9.99W.. 44-Wi 

6.4399918e+003 9.8459290e-001 6.4422736e+003 9.9420889a-001 6.4441695e+003 9 P83413&. Wl 

6.4400047&003 9.8928659*Ml 6 4422809e+003 9.9272599a-001 6.4442239e4-003 9.9537820"1 

6.44oo222e+003 9.6160159e-001 6.4422819e+. 003 9.9257561"1 6.4442442c+003 9 9940069o. Wl 

64401061e+003 9 9938206eMl 6. "22937e+003 9.9259769e-001 6.4442673e+003 9%31544a. Wi 

6 4401246e+-003 9.9940336e-001 6.4423DO30003 9.9920234&WI 6.4442765e+003 9 9709762*. Ool 

6.4401292e+003 9.9942756a. Ml 6.4423022e+. 003 9-9939188cA01 6.4442895e+003 9.9489295o. Ml 

6.4401366e'-003 9.9930546e-001 6.4423400e+. 003 9.9948463eMl 6-4444296oM3 9.9946204oool 

6.4402187e+003 9.9709792*. 001 6.4423446e+003 9.9946817e-OOI 6.4444453e+003 9. "39412"1 

6.4402712e+003 9.9701725e-001 6.4423464e+003 9.994929-4, -WI 6.4444326e+003 9.9940649*al 

6.44OM93e+003 9 9759689&, 001 6.4423510e+003 9.9922336&MI 6.4444609e+003 9,99295SUMI 

6.4405120e+003 9.8499009e-001 6.4423658e+003 9.9944235e-001 6.4444692e+003 9.9947843*Ml 

6.4405516oOO3 9994053le-001 6.4423713e+003 9.9923524e. 001 6.4444978e+003 9 96674oge. 001 
6.4405544e4-003 9.994129le-DOI 6.4423787e+003 9.993135le-001 6.4445191e+OD3 999094100.001 

6.4405904e+003 8.8980697e-001 6.44237%e+W3 9.9926212e-001 6.4445274eý003 9.99645710.001 

6.4407287e+003 9.9100306eDOI 6.44238050W3 9.9930153&Wl 6.44453&4e+003 9.9936814-001 

6.4411539e+. 003 96155079e-001 6 4423815e+003 9.9909604e. 001 6.4445661e+*3 9 6731130"t 

6.4411733e-M 9.94996Ve-001 6.4423924e+003 9.9921174c. 001 6.4446260e+003 9 VM? Ooal 

6.4411825e+003 9.9338913e-DOt 6.4423842e+003 9.993295OoMl 6.4447173e+003 9 60489956M 1 
6.4413061 e+003 9.9722391"t 6.4423852e+003 9.99417074001 6.4447736e+-003 9.993388,1e. Wl 

6.4413236e+-003 9.9947968e. 001 6.4423889e+003 9.9921519o. Mi 6.4447819c+OO3 9994534%401 

6.4413374e+003 9.9823032o-WI 6.4423916e+003 9.98&4424t). Ml 6-4447956eýM 999"28&ý-Wj 

6.4413466el-W3 9.9848532e. Mi 6.4423935e+003 9.9892991&, Dol 6.4448299e+003 98737055*, Ool 
6.4413716e+003 9.8567139e-001 6.4424193e+-003 9.4030637e-001 6.4430512e+OO3 9.87Ml6ooot 

6,4413918e*003 9.9903165e-001 6.4424405e+003 9.9619492c. Mi 6.4450577e+003 98977439o. Ml 
6.4414232e+003 9.9466552e-001 6 "24414e+003 9.9695406a. 001 6,4450632e+003 98932197"1 
6.441438De+003 9.9811214e-001 6.4424451e+. 003 9.9782995o. 001 6.4450798e+003 9.95566ioeooi 
6.4414472e+003 9.9735941c. 001 64424599e+-003 9.9459312a-001 6.4451121e+003 64913243*. OOJ 
6.4414951e+003 9.9934873a-001 6.4424636e+003 9.9508975e-001 6.4452052e+003 9.9940050"1 
6.4415265c+OD3 9 9621244e-001 6.4424643e+W3 9.9536137a. 001 6.4452209&W3 9.990646b*. Wl 
6.4416215e+W3 9948775go-001 6.442472&o003 9.9891339c. 001 6.4452246e+003 99914307"1 
6.4416399e+003 9.9931007e-OOI 6.4424737e*003 9.98%5270-001 6-4452458o003 9.9559470*. Ml 
6.4416621e+-003 9.9871714e-WI 6.4424783e+003 9 9945409e-001 6.44532? 9e#003 99933606o. 001 
6.4417220e+003 9.9948814e-OOI 6.4424902e+003 9. M4677e-001 6.4453307eOO3 9.9935873a. Wi 
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6.4453574c+003 9.46778&0e-001 6 4480039e+003 73282000o-001 645091040003 9.7749756a. Mi 
6.4453805e+003 9.9794669e-001 6.4481007e+003 9.9880325*-001 6.4509556e+003 9.9410080o. 001 
6.4453943e+-OD3 9 9365725e-001 6.4491017e+003 9.9860082*-Wl 6 4510303e+003 9-M7993a. 001 
6.44-44469e+003 9.8726686e-001 6.4481109e+003 9 9665072c. 001 6.4510404e+003 9.9941981*. 001 
6.44MM&M 9.9945555e-001 6.4481127e+003 9.96689SOo-Ml &4510579e+003 99514933a. Ml 
6.4451378e+003 &44388620-001 6.4481136e+-003 9.9682966c. 001 &4510635o+003 99562610*-DDI 
6.44608240M 9.8806224c-001 6.4481247e+003 9.9937843e-001 6 4510893e+-003 7.90090100-001 
6.44619300003 9.986671ft-001 6.4481497e+003 9.9948936e-001 6.4511704e+003 9.9709766&Wl 
6.4462604e+003 9.82658930-001 6.4481644e+003 9.9403932e-001 6 45129680003 9.9239632" 1 
6.4462916e+003 9.9522985e-Ml 6.4482133e+-003 9.9949655a-001 6.4513116&M 9.9M55o. Mi 
6.44630M0003 9.926650ge-WI 6.4482160e+003 99935125e-Wl 6 4513328e*003 9.7386659*. Ool 
6.4463526o003 9.9923514a. 001 6.4482169e+003 9.99325tla-001 6.4513531e+-003 9.99119800. Ml 
6.4464OD6e+003 9.939198OoMl 6.4482234e+003 9.9&56534&WI 6 4513697e+003 9 9369804o. 001 
6.4465076e+W3 9.906270De-Ml 6.4482252e+003 9.9937230e-001 &45141M+003 9.9840730o. 001 
6.4466027e+003 9 89668800-001 6.4482271e+003 99942166oMl 64514950c+003 9V43763oMl 
6.4466331e+003 9.9926663o-Ml 6.4482n9e+003 9 9835&34&Wl 6.45165280W3 9.91114DOo-001 
6 4466756e+-W3 9 4333724o-Ml 6 4482299e+003 9.9842243e-001 6.4516694e+003 9.9M322o. 001 
6.4467521e+003 9.9647626o-001 6 4492326e+003 9.9964153e-Wl 6.4516932&003 9. %24146o. 001 
&4467706e+003 9.989493le-001 6.4492345e+. 003 9.9977230&Wl 6 4517570OW3 9.9206622*. 001 
6.4467899e+-003 9.9398645o-001 6.4492372e+003 9.9899133a. 001 6 4517672of 003 9.9427229o. Mi 
6.4469144e+003 9.918DI91o-Mi 6.4492548e+003 99317452a-001 &4517947a+. 003 9.7236470o. Mi 
&446980&-+003 9.929D950a. Ml 6.4492695e+003 9.9865234aMl 6 4518302o003 9.9M761*al 
6.4471302e+003 9.9924Me-001 6.4482704e+003 9.9881279a. Ml 6.4520263e+-003 9133971le-001 
6.4471312e+003 9-9917427e-001 6.4482732e403 9.9929347o. 001 6.4520974e+003 9.02890940-ml 
&4471330e+. 003 9.991969lo-001 6.4493138e+003 9.99137798-Mi 6.4522603e+. 003 99MI60sal 
&4471985e+-003 9.9930155&-Wl 6.4493147e+003 9.9893514o-001 6 4522945e+003 9.993973%al 
6.4472059e+003 9.992973le-001 6 4493175e+-003 9.9975403o. 001 &45228nei-M3 9.9939973a. 001 
6.4472437e+003 9.99341280-WI 6 4493193eý003 99874195o. 001 6.4522983e+003 9. MO266&Wi 
6.4472446e+W3 9. M47Ve-OOl 6.4493212e+003 9.9972214e-001 6.452302%+003 9. M3696*. Wl 
6.44726030-003 9.94623570-001 6 4493249e+-003 9 9977207o. ODI &4523278a+DD3 9 8479725s. 001 
6.4472621e+003 9.94664726-001 6.4483276c+003 9 9874508*. Wl 6.4524025o+003 9 9911769*. Ml 
6.4472631e+003 9.94733196-001 6 4483322e+003 9 990339go-001 6.4524062e4-003 9 9913959*401 
6.44727&7e+003 9.9979609e-WI 6.4483332e+. 003 9.9921857o-Wl 6.4524118a+003 9 9900034*. Wl 
6.44728M+003 9.9825164e-Wl 6.4494724e+003 9.99373910-001 6 4524201e+003 9.9949952o4ol 
&4472&34c+4)03 9.98082360-Ml 6 4494733e+003 9 9930678t)-001 6.4524256e+003 9.993MS*. Wl 
6.4473101e*003 9.3557M-WI 6.4484752e+003 9 9922523o-WI 6.4524274e+003 9.9930106*. Wl 
6.4473719e+-003 9.9943771"1 6.4484770e+003 9.990777%al 6.4524376e+003 9. mg5riomi 
6.4473728e+003 9.99301&5e-Wl 6 44M4e+OD3 8 7214723o-Wl 64523123&+003 9.9M377*. Ool 
6.4474023e+003 9.22367300MI 6.4495342e+003 9 98640721001 6 4525695o003 9VM73&Wl 
6.4474263e403 9.99066900-WI 6.4495351e+-003 9.9889385&, DOI 6 4326469e+003 99494500o. 001 
6.447446&, +W3 9MIS340-Ml 6.4485757e+003 9.9939370oMl 64526599e+003 9.4420330sal 
6.4475942e+-003 9.9357934o-Wl 6.4485766e+003 9.9915542*4)01 6.4526728*+003 8,0407336*. 001 
6.4475960OW3 993559917e-001 6.448595le4-003 9 W19420-001 64527392e+003 9.9939314&Wl 
6,4475%9&W3 9.9361342o-Wl 6.4486172c+003 9,9923670e-001 6.4527733e+003 99567933o. 001 
6.4476055e4-003 9.9512299*. 001 6 4486181e+003 9.9941946*. Wl 6.4529AUoM 9-9MR096.001 
6.4476147e4-003 9.9379044*. Wl 6 4486715e+003 9.9937689*. 001 64530454e+003 9. %24699*al 
6.4477106e+003 9.94228620-001 6.4486724eFOO3 9.9925597*-001 6.4530593o+OO3 9 9UO98&Mi 
6.4477217e+003 9.976447la-001 6.4486734e+003 9.99411710-Ml 6.4530841e+003 8.9764274*. Wl 
6.4477226e+003 9.97810950-Mi 6 4496743e+003 9.98943%a. Wl 6.4532154e+, 003 9.3227704*. Wl 
6.4477263e+003 9A76132eal 6.4486973e+003 9. &393566e-ODI 6.4532954e+003 9.7664392op-Mi 
6.4477272e+003 99878384e-001 6 4497213e+003 9.994116le-001 6 453289loM3 9,7667333*Ml 
6.4477300e+003 9.9919417*. 001 6.44972&7e+003 9.9923743e-Wl &453303Dc+OO3 9.6164151*Ml 
6,4477346e+003 9.9894069e-001 6.4487315e+-003 9.9924321o-WI 6.4534026e+003 9.9102633*Ml 
6.4477355c+003 9.9991539e-001 6 44V462e+003 9.97525690-001 6.4534709e+003 98112911"1 
6.4477373e+003 9.9874277oMl 6.4488117e+003 9.9186834o-WI 6.453516O&W3 99916119eal 
6.4477429e+003 9.99399216-001 6.4489237eW3 9.9531MO-001 6.4535797oW3 9.7364660*. Ool 
6.4477447e+003 99931263e-001 6 4488375e+003 9 8792333e-Wl 6,4336092e+003 9.9977530*al 
6.4477466e+-003 9.9926295@. 001 6.4488551e+003 9. %226&5&Wl 6.4536405e+003 8.5576446"1 
6 4477493e+003 9.9917859e-001 6 4488588e+003 9.9616303e-001 6453669I&M3 99704869*. Wl 
6.4477521c+003 9.9936835e-001 64489787e+003 99299019e-001 6.4537005e+OO3 3.6927931"1 
6.4477549*ýM 9.9949559&, 001 6 4490607c+003 9.9321789eMl 6.4537300e+003 9 9964139*401 
6.4477586e+003 9.9925744oMl 6.4491576e+003 9 9525408o-D01 64537355e+003 9.9781002*. Wl 
6.4477604e+003 9 99287790-Ml 6 449202&e+003 9.9142849e-001 6.4537494co-003 9991494goal 
6.4477622e4-003 9.99D6765a-001 6.4492387e+003 9 9648102&WI 6,453&573e+M3 9.8542704-001 
6 4477659e+003 9.9911564&Wl 6.4492996c+003 9 944826le-Ml 6A539757e+003 9 9591519"1 
6.4477687e+003 9.99010&7o-001 6. "93347e+003 9,855409le-Ml 6.4538977e+OD3 9.9nil5goal 
6.4477696e-FOO3 9.9895503e-001 6.4494177e+003 9.5270176a. Ml 6.4539689e*003 9 929027"001 
6.4477724&W3 99871470a. 001 6.4495791e+003 9.98D3716e-001 6 453991 Oa+003 9 9932746*. Ool 
6.4477733e+003 9 99694930-001 6.44%510&003 9.7452125*-Wl 6.4539956c+003 9 9927710o. 001 
6.4478019e+003 9.260561le-001 6.4497691e+003 9.994M7o-DOl 6.4541330o+003 9 9355574*01 
6.4478287c+003 9.99328100-001 6.4498189e+003 9.988SMe-ODI 6 4542031e+003 9 9IU251*. Ool 
6.4479305e+. OO3 9.9937958eal 6 4499129e+003 9. M2476a-001 6.4542778c+003 9 9926919*ýWj 
6,447&342e+003 9.9936486e-001 6.4500104e+003 9 5073312*. 001 6 4M50e+003 9,9745744a. Mi 
6 447&360&003 9.99360900-001 6.4500280e+003 9.9089640e-Wl 6,4544922e+003 9.7639314*. mi 
6.4478877c+003 9.916133le-001 6.4500446e+003 9.4194264&Wl 64346896e+003 9.9W500oal 
6.4479052e+003 9.982254le-Ml 6.4501054eý-M 9.89692516MI 6.4547560e+003 9.2734202sMi 
6.447906le4-003 9.9844995o. Ml 6.4501635-. ý003 9.9610936o-Wl 6.4548307e+003 984WI0.001 
6.4479089&W3 9. M0577o. 001 64503046e+003 9.93039120-001 6.4549%2a+003 9 974gr260*al 
&4479098e+003 9.9889205"01 6 4503461e+003 9.9736123e-001 6.4549211v003 9.99M3oe. Ml 
6.4479117e+003 9.9991972ý001 6.4503877e+003 9 M9750-ml 6.4549276e+-003 9.9941071"1 
6.4479126e+003 9.99932150-Mi 6.4504227e+003 9.9925554o-001 6.4549340o003 9.994929"al 
6.4479163e+-003 9-MB946&-001 6.4504614e+003 8.5842097o-001 6.4549590e+003 9%06469*. Ool 
&4479172e+-003 9.9933789eMl 6.450504ge4-003 9 9837792e-001 6 4349709e+003 9 M2550&01 
6.4479227e+003 9.9932947oMl 6.45050M+003 9.9839070e. Wl 6.4549912e+003 96980643&. Ool 
6.4479255e+-003 9.9914947cal 6.4505214e4OO3 9 9415582e. 001 6.4550113oW3 9M5617*001 
6.4479264e+003 9.99101450al 6 4505730e+003 9.9945630e. 001 6.4550290e+003 9VO401le-Ml 
6.4479439e+003 9.9274369e-001 6-45058960W3 9.9915214a. 001 6 4551628e+003 9 LUM22o. 001 
6. "79458eýM 9.9264428&001 6.4506293e#. 003 9.194147go-Ml 6 4551812a+003 9 9659175eal 
6.4479467e+003 9.92703306,001 6.4509320e+003 9 909422leMl &4551967e+-003 9.9627172*. 001 6 4479597e+003 9.9M2680-Ml 6.4508384e+003 9.9143575e-001 6 4552043e+, 003 9.9932690*, Ool 6.4479661e+003 9.9594414e-001 6.4509670eO03 5.0235664e-001 6.4552292e+003 9 1917164oal 6.447%70e+003 9.95769840-001 6,4509938e+003 9.9551554e-001 
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C13 Acetylene(6570 - 6605 cm", P= LlTorr, L= 11.1m, T., = 25'C) 

6.5702795e+003 9.9306306e-001 6.5723793e+003 9.9-582D63*401 6.5740312e*003 9.9229115e-001 
6.5702807e+003 9.9306485o-Wl 6.572380-'e4-W3 9.9539366o-00 1 6,5740347e+003 9.9319506*-Wi 
6.5702935e+003 99591377"1 6.5723816e+003 9.954574le-001 6.5740359eý003 9.9358056aMl 

5702970e+003 9. %20292e-001 6 6.5724073c-1-003 9.9913698o-Wl 6.3740405e+003 9.9424192a-001 
. 5703005eFOO3 9.9640972"1 6 6.5724108e+003 9.9885207e-00 I 6.574041le-003 9. %38186a-001 
. 5703017e+-003 9.965096OC-001 6 6.5724120e+003 9.986441&ý-001 6.5740464e+003 9.9347014a. Mi 
. 5703040e+003 9.965524le-DOI 6 6.5724564e+003 9.2123777"1 6.3740475e+003 9.9560669e-001 
. 5703227e+003 9.9132675C-Ml 6 6.5725019e+003 9.98165700-001 6.5740510e-003 9.9596364e-001 
. 6.5703402e+003 9.9739070e-001 6.5725043e+003 9.9812486e-001 6.5740545e+003 9,9543494&Wl 

65703437e+003 9.9729984e-001 6.5725054e+003 9.980733le-001 6.5740639e+003 9.9769941"1 

6.5703531 "03 9.98560060-001 6.5725066e+003 9.9829027"1 6.5740662e-003 9.978%64*-001 

6.5703647&003 9.9803008&Wl 6.5727934e+003 9.9799244e-001 6.5740674&003 99780"4@Ml 

6 5703706e*W3 9.9873766c. 001 6.5727846eý003 9.9798879e-001 6.5740697e-W3 9.9819265&WI 

6.57040560+003 9.74399750-001 6.5727957e+W3 9.98D65110-001 6.5741141*+, 003 9.9942699e-001 

5704313el-M3 9.96M99"1 6 6.57283&3e+003 9.98%I17o. 001 6.5741153e+003 9,9915220cl-mi 
. 5704323c+003 9.9241323"DI 6 6.5728406e'-W3 9 9903672"1 6.57412819+003 9.92%247*Ml 
. 6.5704535e+-003 9.9238465cal 6.5729430e+003 9.99D652ical 6.574130**003 9.9251006"1 

5705212e+003 2.0498097e-001 6 6.5728453e4-003 9,98638880-001 63741340e+003 9 9219814o-W 1 
. 5705925&003 9.97429OOeMl 6 6.57285OOei-W3 9.98204510)-Wl 6.5741331e+003 9.9207660*Ml 
. 6.3705936e+003 9.974942So-Wl 6,3730123e4-003 9.99028866-001 6.5741363eýM 9MIS92*-001 

6.57o5995e+003 9.978068N001 6.5730135e+-003 9.98948850M I 6.5742239e*003 9,9946023*. 001 

6.5706065e+003 9.976302ge-001 6.5730146e+003 9.9898903"1 6.5742367e+003 9.971597-54). 001 
6.5706135c4-003 9.98465730-001 6.3730170e+-003 9.9917305ii,. Wl 6.3742379e+-003 9.971190%Ml 
6.570622$e+003 9.9694730o-Ml 6.5730193e+003 9.99OD483o-001 6.5742659e+003 9 3119363o. Ml 
6,5706252e+003 9. %88414e-Ml 6.5730929e+003 9,9908042e-001 6.5742928e+003 99580753"1 
6.570627-5e+003 9.969752ft-001 6.5731279e+003 9.992117le-001 6.5742940eýM 9.9604276&. 001 
6.5706392e+003 9.9885902"1 6.5731302eý003 9.991530le-Ml 6.5742998c+003 9. %55069a. 001 
6.5706413e+003 9.9920477o-001 6.5731326e+003 9.9919464aMl 6.5143033&+003 9.9746798*-Wl 
6.5706462e+003 9 9931324e-001 6.5731337e+003 9.9907112e-001 6.5743056e+003 9.97393324). 001 

5706497e+003 9.9924113o-Wl 6 6.5731396e+003 9.9792472e-001 6.5743090e003 9.970452U. Ml 
. 5706894e+003 9.9M466*-Wl 6 6.5731431e+003 9.9931756e-001 6,5743103e+003 9.974331teMl 
. 5707897e+OO3 9.8923667e-001 6 6,5731454e+003 9.9824107a-Ml 6.3743115e+OO3 9.9794768*. 001 
. 5710409e+003 9.9526310eal 6 6.5731536e+003 9.9936059e-Wl 6.5743126e+003 9,9757183&Wl 
. 5712068e+003 9.9766780e-001 6 6 5731548e+003 9-993639le-001 6.5743n2e+003 8 2394625*Ml 
. 5713703e+003 9.983341 le-001 6 6.5731664e+003 9.9946792o-001 6.3744154e+003 9 99355"*, 001 
. 57137W003 9.98666480MI 6 6.5731689e+OO3 9.9939511 a-001 6.5744376e+003 9993OV9aMl 
. 5713808e*W3 9.9863276eMl 6 6.5731711e+003 9.992596la-001 6.5744399e+003 9.9916070oMl 
. 5714474e+003 9.903935e-001 6 6.5732622e+003 9.935V71e-001 6.5744516c+003 9.994518lip-001 
. 57155l3e*W3 9 9677614"1 6 6 5732786e+003 9.98947750-001 6.5745170e-003 9,9876124cal 
. 6.5715536e+003 9.9675036e-001 6.5732797e+003 9.989971lo-001 6.5745322c+003 9.9938045o-001 

571556De+OO3 9 9667244o-Mi 6 6.5733662e+003 9.9717466e-001 6.5743369e+003 9.9886583*-001 
, 5715711e+003 9.9767946cal 6 6.5735320e+003 9.9049412e-001 6.5745392e-003 9.9867523c. 001 
. 5715922e+003 9.8572723o-001 6 6.5736435e+003 9.9923365a-001 6.5745544e+003 9.9717014*. 001 
. 5717090e+003 9.8287044e-001 6 6.5736446e+003 9.9938648e-001 6.5745672*+003 99U2001tal 
. 5717895e+003 9.9884724e-001 6 6.5736458e+-003 9.9936539eMl 6.5745696e+003 9.9M&Js-Wl 
. 5719017e+003 9.8917436e-001 6 6.5736481e+OO3 9.9926123eat 6.3745812e+003 9.9972689sa I 
. 571923&e+-003 9.9894992e-001 6 6.573650-11-e+W3 9.9936074o-Ml 6.5745836c+003 9.99731534o-001 
. 6.57192&5e+003 9.9850507e-001 6.5736316e4-003 9.9943624o. W1 6.574587leDO3 9.9879406"1 

6.5719589e+003 9.9931569e-001 6 5736528e+. 003 9.9931699e-001 6.3745929e+003 9,9785997a. 001 

6.5719600e+003 9.9933573e-Ml 6.5736551e+. 003 9.9897613e-001 6.5746198e+003 9.9885593o. 001 
571%35e+003 9.9945563"1 6 6.5736575e+003 9.9883923eMl 6,5746268o+OD3 9,994053*. Ml 
. 6.5719741e+OD3 9.9869346e-Ml 6.5736586e+003 9.9924680e-001 6,3746373e-PO03 9.9794188*. Wl 

5719752e+003 9.9869174e-001 6 6,5736633eFOO3 9.9938214e-Wl 6.5746607e+W3 9.9759547o. 001 
. 5719834e+003 99786390o. 001 6 6.5736715e+003 9.9803279e-001 6.5746735e*003 9.9931497o. Mi 
. 5719892e+003 9.9912314e-001 6 6.5736738e+003 9.980371(ký-001 6.5746770e+003 9.9917832*, 001 
. 5719927e+003 9.980774ge-001 6 6.5736820c+003 9.97206%e-001 6.5746903e*OO3 9.994187741ý001 
. 5719974e+003 9.98137M-001 6 6.5736832eý-003 9.970131le-001 6.5746934e+003 9.9749517"1 
. 5720033e+003 9.9715087e-001 6 6.5736902e+003 9.9536669e-001 6.5747050e+003 9.9917863*01 
. 6.5720091e+003 9.9756850e-001 6.3736937e+003 9.95569000-001 6.5747074e+003 9. "199570MI 

6.5720138e+003 9.9701557e-001 6.5736995e+003 9.9410356o-Ml 6.5747097@+003 9 9919942*Ml 
6 5720149e+003 9,96867376-001 6.5737007e+. 003 99385299a. 001 6.5747l2l**M3 9.9920744o. 001 
6 5720908&W3 3.5798069e-001 6.5737649e+003 2.716997.5e-001 6.5747132*+003 9.991775. %-001 
6.5721130e+003 9.5798993o-WI 6.5738151e+003 9.9551069e-001 6.5747167e+003 9.9893091s. 001 
6.5721247e+-003 8.0378697e-001 6.5738163c+003 9.958"79e-001 6.5747202e+003 9.9976340*. Ool 
6 5721317e+-003 8.172940ge-001 6.5738221eý003 9,8697433o-001 6.574n49e+003 9.984&Woe. OOI 
6.5721527e+003 3.83562SOeMl 6.573&233e+w3 9.8726782a. Mi 6.5747272a+003 9 9953891 "1 
6.572231 De+003 9.9763433e-001 6.5738291e+003 9.8923329*Ml 6.574731%+003 9.9941224*. Ml 
6,5722345e+003 9.97287360-001 6.5738303e+003 9.984409-5e-001 6.3747334&003 9,9931448&Wl 
6.5722403e+003 9.979714te-001 6.5738338e+003 9.886713&ý-Wl 6.5747401e+003 9.9936302a. Mi 
6.5722427e+003 9 9,78741%-001 6.5739373e+003 9.8931265"1 6.574747le4-003 9. MI676o. 001 
6.5722450e+DO3 9.9797713e-001 6.5738408e+003 988(A124e-001 6.5747541e+. 003 9.9746981*. Ool 
6.5722485e+003 9.9734790c. Ml 6.5739432e+003 9.8896392e-001 6,5747658e+OD3 9.9930431sal 
6.5722520&W3 9.9749853"1 6.573W5e+003 9.8865209o-Wl 6.574792le4-003 9944506le-Mi 
6.5722555e+003 9.97206M-001 6.5739478e+003 9.8893321"1 6.5748043e*W3 9.9903160*. Ool 
6.5722614e+003 9,978MM-001 6.5738490e+003 9.885519le-001 6.574BD78e+003 9. "M21eat 
6.5722660e+003 9 9779531"1 6.5738537e+003 9.8776912e-Wl 6.3748522a-003 9.973391le-001 
6.5722684e+003 99780595e-001 6.5738572e+003 9.9799296e-001 6.3748627e+003 9,9877633a. 001 
6.5722719e+003 9.9777144e-001 6.5739630e+003 9.860187leMl 6.5749"2e+003 9.9973097*. Ool 
6.5722812e+ 003 9.9865497e-001 6.5738642e+003 9.8592199&-001 6.5749316c+003 9,9093386*. 001 
6.5722859e+003 9.98155II&M, 6.5738665e+003 9.8605936e-001 6.5749772e+003 99812367*. Ool 
6.5722999e+003 9.9936086e-001 6.3738689e*W3 9.8602799eal &5730297e+003 9.991717to-ool 
6.5723046e+003 9.983618&-Ml 6.5738759ci-W3 9. SM3723e-001 6.3750309e+003 9.9913866*a 1 
6 5723104e+003 9.9991 1080-ml 6.5739770e+003 9 &35&309e-ool 6.5750355e+003 9. M4223o. 001 
6 5723127e+003 9,988028-1, e-WI 6.5739343e+003 2.4995284o-Mi 6.575037L, +003 9.98IMST"I 
6.5723139e+003 9.986718le-001 6.5739997e+-003 9.8926593"01 6.5750402e*W3 9.9872819&001 
6.5723151e+003 9.98675290-001 6,5740008e+003 9.8959254e-001 6.5750624*+003 9 9889173" 1 
6.5723197e+003 9 9893903"1 6.5740020e*003 9. BM274e. 001 6.3750811e+003 9.90256914o. 001 

5723244c+003 9. M6883a-001 6 6.5740032e+003 9.9956292e. 001 6.5750962e+OD3 9.9560618@. Ool 
, 6.572326&-003 9.9888596e-001 6 5740172e+003 9.9la7337e-001 6.37509860003 9 9556970*401 

6.5723291 e+003 9.9866175e-Ml 6.5740195e+003 9.9176005o-ool 6.5751056e+003 9.9647573o. Mi 
6.5723338e+003 9.9900976e-001 6,5740230e+003 9.9289136e. ODI &5751114e+003 99608086eal 
6.5723489e+003 9.951915M-001 6.5740265v+003 9.9255139e. 001 6.575123]e+003 9.97512D9"1 
6.5723653e+003 9.9977693e-001 6.5740288e+003 9.9232263e. 001 65751313e+003 9. %61031"1 
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5751406e+003 9.9713477a. Ml 6 6.5762022c+DO3 9.9901074e. 001 6.5M473e+003 99MI150-mi 
. 5751441e+003 9.9689257e-001 6 6.5762057e+003 9.9885207"1 6.5792496e+003 9.988875k-Wl 
. 6.5751500e+-003 9.9773170"1 6.5762197e+-003 9.9939216e-001 6.5792543C+003 9.9920637&Mt 

5751581e+. 003 9.970474go-Ml 6 6.5762267e+003 9.9976377e-001 6.5792566eýM 9. M42950-Mi 
. 6,5751628e+003 9.972935M-Ml 6.5762279e+003 9.9871997e-001 6.5782601e+003 9.9874642"1 

6.5751698e+-003 9.9620430"1 6.5762361e+003 9.974809le-001 6.57926l3e*M3 998MI"I 

6.5751757el-003 9.9669880e-001 6.5762372e+003 9.9738083eal 6.5M706e+. 003 9.994392go-001 

6.5751827e+003 9.9567736e-001 6.5762711e+003 8.4119004"1 6.5782730c+003 9 9917876&Ml 

6.5751M+003 9.9566807"1 6.3763D26e+003 9.9831411"1 6.5782741e+-W3 9.98M226-001 

6.5751973e+-003 9.95901350MI 6.5763073e+003 9. MO0860ml 657SV63e+003 99890006aMl 

6.5751997e+003 9.9594232e-001 6.5763095c+003 9.9808703e-001 6.57928ODe+-W3 9.9900264"] 

5751943e+003 9.9533107e-001 6 6.5763330e+003 9.9692243e-001 6.5782946e+003 9.9863725cal 
. 6.5752002c+003 9.960190&ý-Wl 6.5763505e+003 9 9528515e-001 6.5782970e+-003 9,9963277*-001 

6,5752025e+003 9.96008&ý-Ml 6.5763622e+003 9.9174497e-001 6.578288lef-W3 9.9871403cal 

6.5752119e+003 9.9836904eal 6.5763657e+003 9 9185398"1 6.5782893e+-003 9.9403426&Mi 

6.5752154c+003 9.9834416&WI 6.57639&4e+003 9.9639757o-001 6.5792940e+003 9.9409750eat 

5752224e+003 9.9918250&-001 6 6.5764299e+003 9.9931317c. 001 6.57n%3e+003 9.941310%al 
. 6.5752247e+003 9.9907869e-001 6.3764451e+003 9.9679516"1 6.578=e*003 9.9341366"1 

6.5752539e+003 9-982593M-001 6.5765269e+003 9.8093132e-001 6.5783606c+003 9.9818237"1 

6.5752551e*003 9.981413&001 6.5765853e+-003 9 9791076a. 001 6.57937glei-003 9.97969MOO 1 

6.5752621e+003 9.9639489e-001 6.5765911e+003 9.98MI"I 6.5783804e+003 9.979600&1. Wl 

6.57526"e+003 9.96291576-001 6.3765946e+003 9.9802696"1 6.579436.5e+003 6.7896402"1 

6.5752667e+003 9.9632105e-001 6.5765958e+003 9. Ml 143o-WI 6.5795170ef-W3 9.991%34&001 

6.575276lei-M3 9.9744678&OD1 6.5763969e403 9.9803887a-001 6.57951820003 9.990&Ma. 001 

6.5752773e+003 9.97451920-001 6.5765981 e+003 9.9803187o. 001 6.5785474o+003 9.3901521"1 

6.5752854e+003 9.9784028a, 001 6.3766063e+003 9.9331126o-WI 6,5783766e*003 9.9932123o. Mi 

6.5752913e+003 9.9686380eal 6.5766086e+003 9.9508234&WI 6.3795789eH)03 9. M7096"1 

6.5752936e+003 9.9677996e-001 6.5766110e+003 9.9301738"1 6.57&5824e+003 9.993732741.001 

6.5753380e+. 003 5.2616563e-WI 6.5766238e+003 9.993157go-001 6.578-5848e+003 9,9938631&Wl 

6.5753742eý003 9.9648172c. 001 6.5766378e+-003 9.95544636-001 6.5797611a+003 9 SM795*, 001 

6.5753789e+003 9.95828010-001 6.5766950e+003 9 98821970-001 6.5788639e+003 9.9802924a. 001 

6.5754022e+003 9.9911621&Wl 6.5767l6laf-W3 9.9930545ci-001 6.5788631e+003 9.9169332o. 001 

6.5754057e+003 9. M1659o-WI 6.5767348e+003 9.993608&)-001 6.3789662e+003 9.9772638*. 001 

6.5754069e+003 9.98813060MI 6.5767359e+003 9.993118&ý-Wl 6,5789258e+-003 9 88m26*Ml 

5754i39e+003 9.9837460e-001 6 6.5767383e+-003 9.9949924e-001 6.5791757o003 9~76001 
, 5754209e'-003 9.99166586-001 6 6.5767639e+003 9.9892237e-001 6.5791904&+003 9.9997255*. 001 
. 5754443e+003 9.9186302c. 001 6 6.5767931e+003 9.99671796-001 6.5791927e+003 9.9894961o. 001 
. 6.5734454e+003 9.91711BOo-001 6.5768365e*M3 9.9959279eat 6.5791862e+003 9.996%3.1, o. Ml 

5754466e+003 9.9176582a-001 6 6.5768377e+003 9.9927246*Ml 6,5791974e+003 9.9941309*-DDI 
. 

63754653e+003 9.9M6964,001 6.5769458e+003 9.9751344a-Wl 6.5791897&W3 9,9MSRUal 

5754676e+003 9.98445OOe-001 6 6.576834Oe4-003 9.9937315"1 6.5791932&+003 9.9872062o-00 I 
. 3754793e+003 9.9842343e-001 6 6.5769007c4-003 4.4602927e-001 6.5791944c+003 9.9893207"1 
. 5755108e+003 9.9917084e-001 6 6.3770934o(*3 9.9933539e-001 6,579199)o+003 9. MI376*al 
. 5755120e+003 9.9912714"1 6 6.5770958e+003 9.9931428"1 6.3792002e+003 9.9935316&al 
. 5755190e+003 9.979818k-Ml 6 6.5770969e'-003 9.99348190-Ml 6.5792540e+003 9.988378%. 001 
. 5755202ei-003 9.9794562eal 6 6.5770981e+003 9. MI946e-WI 6.57925510003 9,9876357"1 
. 5755237e+-003 9.979772le-001 6 6.5771028e+003 9.989412&b-Ml 6.5792972e+003 5,7077957"1 
, 5755307e+003 9.9923100a-Ml 6 6.5771063e+003 9.993945le-001 6.579335? e+003 9.9748081"1 
. 
5755319e+003 9.9928352e-001 6 6.3771086e+003 9.9943527"1 6.5793369e+003 9.974896NI-Mi 
. 5755681e+-003 9.9919955e-001 6 6.5774671e+003 9 9944864e-00 1 6.5793474e+. 003 9.9M3198-001 
. 5755727e+003 9.9944948*Ml 6 6.5774719e+003 9.993412le-001 6,5793509e+003 9.989662701-001 
. 
5755774e+003 9.99346OOe-001 6 6.5774730e+003 9.9934507"1 6.5793544e+003 9.9933159*Ml 
. 5755809e+. 003 9.9939742e-001 6 6.5774741e*W3 9.993160&ý-Wl 6.5793556*0,003 9 9937638*. 001 
. 5755844e+003 9.9917097e-Wl 6 65775302e+003 3.2275904e-001 6.5794383e+003 9.981131SaMl 
. 5755956e4-003 9.9900194e-001 6 6.5775963e+003 9. MI325e-001 6.3794408&*003 9.991385%Ml 
. 5755967e+003 9.9910386"1 6 6.577-%86e+003 9.9928455e-001 6.5794455v+003 9,976123141.001 
. 5756113e4-W3 9.9963945cýMl 6 6.5775899e+003 9. M3585a-WI 6,579538%+003 9.9937912*. Wl 
. 5756627e+. 003 9.9871505a-Wl 6 6.5775933e+003 9.9913951"1 6.57%767e+003 9. "4177%. 001 
. 5756918e+. 003 9.9802690e-Wl 6 6.5776236ON3 9.99368OU-Ml 6.5796949e+003 9,9942116a401 
. 
5756%5c+003 9.9810362e-001 6 6.5776248e+003 9 9935383e-001 6.5796%6e+003 9,9832583*. 001 
. 5757397ei-003 4.4487335&Wl 6 6.5776271e+003 9.9936233eal 6.5796978e+003 9.9811590cal 
. 

6.5757970e+003 9. M&948e-001 6.577629-5e+003 9.9941215e-001 6.5797024e+003 9.9814203*. 001 

6.5158ol6e+003 9.9795305o-001 6.5776330e+003 9.992220(ký-Wl 6.5797106e+003 9.9876116*. 001 

6.5758051e+003 9. MI605e-001 6,3777906e+003 9.9923208"1 6.5797118OW3 9,9977%2*-001 

6.57581loci-W3 9.9688140eMl 6.5778420e+-003 9.9945114e-001 6.5797153e+003 9.99034071m. -OOl 
6.5758121e+. 003 9. %77203e-001 6.5779051e+-003 9.9924144e-001 6.5797164e+003 9. "16991"1 

6.5759180e+003 9.9609382e-001 6,5779436e+003 9.9946626e-001 6.5797176e+003 9 99150050-m I 

6.5759191e+003 9.9599563e-001 6.5779460e+003 9.9935192"1 6.5797199e+003 9~920.001 

6.5758238e+003 9.956672leMl 6.57794a3e+-W3 9.9940387e-001 6.5797398e+003 9.9949216o. 001 

6.5758262e+003 9.9560117"1 6.57795l8e*M3 9,99D6214&Wt 6.5797480a+003 9.9948107*. Wl 

6.575g273e+OD3 9.95607515-001 6.5779576e+003 9.9940293e-001 6.3797491&+003 9,9942322*al 

6.5758297e+003 9.959867le-001 6.3779611e+003 9.9937204e-001 6.5797526o+003 9 MI 54go-Ml 

6.5758320c+003 9.95995666-001 6.5779635e*003 9.9944057e. 00t 6.5797562e+003 9. "37676o. 001 

6.5758355e+-003 9.9636996"1 6.3779693e+003 9.99039474)-Wl 6.5797585c+003 9. M2916*-, Wj 

6.3758378e+003 9.9633427e-WI 6.5779787e+003 9.9944239e-001 6.5797737e+003 9. M6995o. 001 

6.5758402e*W3 9.9633062e-001 6.578OD08e+003 9.993296le-001 6.3797760e+003 9.9902847"1 

6.5758425e+003 9.962775&e-001 6.57SD499e+003 9.9919860e-Wl 6.5797818e+003 9.9865912"1 

6.5759472e+. 003 9.9649499cal 6.5780511e+003 9.989064le-001 6.5797942e+003 9.9972619*. 001 

6.3758495e+003 9.96471360-001 6.5780581e+003 9.9785069"1 6.3797977e+003 9.9W2124). 001 

6.5758647e+003 9.9923489&Wl 6.5780978e+003 9.9945798e-001 6.5797933e+003 9.9912472*-001 

6.5758729e+003 9.9789226e. Wl 6.5781048e+003 9.993491&ý-Wl 6.5797959e+003 9 990720le-001 

6.5758799e+003 9.9848442e-001 6.5781071eý003 9.9919404eMt 6.5797970*+-M3 9.99=33*. 001 

6.5758845LW3 9.9802940e-001 6.5781527e+003 9.524657U-Ml 6.5797974e+003 9.9993450*Ml 

6.5759932e+003 9.9062257a. 001 6.5781935e+003 9.9914985e-Wl 6.5799021e+OO3 9. M6183eal 

6.5760352e+003 9.9943922e-001 6.3781959e+003 9M3995"l 6.5798348e+003 9.9939536*, DOI 

6.5760373e+003 9.9936092e-001 6.5782006e+003 9 9949629e-001 6.5798909e+003 9.9900812eat 

6.5760667e+003 9.9WM6e-OOl 6.5792064e+003 9.9944195e-001 6.5798932c+003 9.9975939e-Wl 

6.5761029e+003 9.9687770e-WI 6.5782087e+003 9.9931410*-Wl 6.5798955e+003 9.98016Ual 

6,5761053el-OD3 9.969754le-001 6.5MI 1 le+003 9.9922777e. 001 6.5799%7e+003 9.97715b6"1 
6.5761088e+003 9.96848D6*Ml 6. SM146e+003 99939789g). Wl 6.5799364c+003 6.1622157" 1 
6.5761181e+W3 9.9729735e-WI 6.57821gle4-003 9.991432(wWl 6.579%44e+003 9.9128026"1 
6.5761193e+003 9.9739904e-001 6.5792251e+003 9.9947979*-Wl 6.5799901e+003 8 6331092*. Wl 
6.5761800e+. 003 9.927122le-001 6.5782321e+003 9.990272&ý-Wl 6.5800450e+003 9. MB664a. 001 
6.5761952e+003 9.9878D91e-001 6.5782344e+003 9.9901636a-WI 6.58W462e+003 9. MI787*001 
6.5761975e+003 9. M7512e-001 6.5M379e+003 9.98MAý-Wl 6.5800474e+003 9. "23698*. Ool 
6.5761987e+003 9.9892202eMl 6.5792414e+003 9.9925486eMl 6.5901279*+003 9.994&700o. Wl 
6.5761999e+003 9. M5010a. 001 6-5792461e+-003 9.9903702e-Mi 6.5801408e*003 9.985613Pe. Wl 
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6.5802459e+-003 9993296745-ODI 6.581977-'e+003 9.9930233o-001 6 5929569e+003 9.916349go-Ml 
6.5902471e+003 9.989957N)-Wl 65819810e+003 9.9921928(D. ODI 6 5828604c+003 9 9144276c. 001 
6.5=506e4-003 9.9m5o&wl 6 5820686e+003 9.9942554e-001 6 5928627&W3 9 9110430o. Mi 
6.58025520W3 9.9936935o. 001 6.5821130e+003 9.990NI74i-001 6.5828943e+003 7635394le-Dol 
6.5M597c+003 9.9946607*-001 6.5921141e+003 9.9967266*. Wl 6.5829270o003 9996294le-001 
6.5=891e+003 9.9795268*-Wl 6.5821212OW3 9.9&WIDG-DOI 6.592930-Se"003 99SW21a. 001 
63WM&M 9.979M]a-ODI 6.5921305e+003 9.9909770o. 001 65W340c+003 9.9974336a. Ml 
6.5802914e+003 9.9795393a-Wl 6.5921328e+003 9.9923764a-Ml 6.5M386e+003 9.9953435&Wl 
6.5802996e+003 9-M5608&Wl 6.5821363e+003 9.9924882e-001 6.3829433o003 99995190o. 001 
6.5803276e+003 9.9124425e-001 6.58213&7e+003 9.9908033&001 6SM445oO03 9.990777goal 
6 59045l4e4-003 9.99354920-Ml 6.5nl527e+003 9.99MOU-001 6.5929Me+003 9.9945939*. Ml 
6 5804526e+003 9.9943960o-001 6.5921772c+003 9.9943711o-001 6.5829527c+003 9.9926994601 
6.5905916e+-003 9.9931324a-001 6.58219190003 9.9944060*-DOI 65829690e+003 9 9926425*-001 
6.5805929e+-003 9.9900106e-001 6.5821931e+003 9 9947149oMl 6.582M50003 9 9932312&, DDI 
6.5805951e+003 9.9997643o-001 6.5921994e+003 9.9936931&001 6.5=04e+-003 9.9975004*. Wl 
6.5905974e+-003 9.98927910-001 6.5822251e+-003 9.9877957o. 001 6.5930227c+-003 9.9&WOO. 001 
6.5806DD9c+003 9.9M836-Wl 6.5822321e+003 9.9935232&Wl 6.5830239*+ 003 9-98-54MU-001 
6.5806044e+003 9.9870794e-001 6.58M79e+003 9.988439&ý-Wl 6.5M86e+003 9. M3631@Ml 
6,5806161e+-003 9.9634583&. 001 6.5922403e+003 9A9l4OOaMl 6 5930309o-W3 9 9900434om 
6.5806173e+. 003 9.9617158*. 001 6.582243&+003 9.9859239&, DOI 6.5931057e+003 9.9930012&001 
6.58D6184e+003 9.9619975e-001 6.3922508eý003 9.9919334&Ml 6.5931127e+003 9.9%n54o. Ml 
6.. %%546e+003 9.9872389*. 001 6.5922520e+003 9.9920739eal 6.5831874c+003 9-9930422&M 
6.58D6559ei-003 9.9860967"1 6.5822543e+003 9.9922609e-001 6 5931886&ýM 9.9972310*. Ooi 
6.58Ml5e*OO3 9.24113531)--001 63822590oW3 9A72294a. Ml 65931997e+003 9.9992446o. Ml 
6.5809450e+003 9.9943222*-WI 6.582264k+W3 9.99159160-001 6.593192WO03 9.9891471*. Ml 
6.5809473e+-003 9.99330500-001 6.5822718e+-003 9.9864625a. Ml 6MI979e+003 9.9933440*001 
6.5808544e+-003 9.9809293e-001 6.592276.5oW3 9.9909499&Wl &5932049e+ID03 99946502o. 001 
6.5809555c+003 9.97705954)-001 6.582278k-1-003 9.9897324a. 001 6.59320730003 9.992229141-001 
6.5M54e+-003 9.999177070-001 6.5922912e+003 9.98810&2o. 001 6.502131e+003 9.9890067o. 001 
6.58D9595c+003 9.9949251o-001 6.58230450003 9.9402394a. 001 6.5932143o+. 003 9.9992329&Ml 
6.5809606e+003 9.9936551&Wl 6.5823267e+003 9.985977le-001 6.5832154e+003 9.9999367*4)01 
6.5MIge+003 9.9936763s-Wl 6.5923279e+003 9.9971252o-001 6. M32179e+003 9.9U3923o. Mi 
6 5809688&FO03 9.9909152c. 001 6.5823302ef-W3 9.9969707o-001 6.5832213o003 9.99799490401 
6. 

-%W700&003 
9 9915956*-001 6 5823349e+-003 9.9959736@-001 6.5932283oW3 99937671*al 

6.5W723e+003 9.9904600a. 001 6 5823676e+-003 9.994599go-Ml 6.5932329e+003 9.9920447s. 001 
6.5809770e+003 9.99564236001 6.5923687oM 9.9944489o. Wl 6 5832353oW3 9.9912364*-Mi 
6.5809791o003 9.9947369o-Ml 6.5823746e#-003 9.9989522e-001 6.5832376e+. 003 9.99"773*. Ml 
6.5810214e+003 4.6105929o-WI 6.5823757e4-W3 9,9988236*-001 6 5832503oW3 9.9949063o-Mi 
6.5810704e+003 9.9793073c. 001 6.5923793e+003 9.9880209oMl 65932528oW3 9.9039993s. Ml 
6.5810739e4-OD3 9.979098go-WI 6.5824014e4-003 9.9863180cal 6 5932563e+003 9.9901675*. 001 
6.5810821e+003 9.9gM943e-001 6.5824038e+003 9.9853290sal 6.5932SM&003 9. M3764is-Mi 
6.5810844e+003 9.98288440-WI 6.5824049c+003 9.9856273e-001 6.5932645e*M3 99943413&WI 
6.5810868e+003 9.99MO40-Mi 6.5824096e+003 9.9875851ti-001 63832680&+003 99967783*. Wl 
6.5810879e+003 9.98242IOe-Ml 6.5824143e+003 9.9930855e-001 65932703o+003 9.9go6436&Wl 
6.5810926ei-W3 9.9894943a-001 6 58241660003 9.98327350-001 6.5932715ekM3 99964641*. Mi 
6.5810949e+003 998M28e-OOl 6.5824201e+003 9.9804655*-Ml 6.5933042e+003 9,8067057*. Mi 
6,5811522e+-003 9 8M3240-001 6.5924225e+-003 9.9805013e-Wl 6.5933264e+003 99928119emi 
6,5811708e+003 9.9917793e-001 6.5824236e+003 9.9819064a-001 6 5933299e+003 9 9934414&Wl 
6.5811732e+003 9.9932068a. Wl 6.5824260e+003 9.9798597*. 001 6.5833404oW3 9 99403490-001 
6.5812047e+DD3 9.9920406*401 6,5lr24388e+. M3 9.9534787eal 6.5933694c+003 9MI54lo-001 
6.5812234e+003 9.9937971&WI 6.5824517c+003 9.9778397o. 001 65833929e+003 9 99155940-Mi 
6.5812257e+003 9.9948607o-Wl 6.582452k+003 9.9806332gi-Ml 6 593401 IOW3 9 9936%1"1 
6.5812304&ý003 9 99321466-001 6.5824598e+-003 9.9M56e-Wl 6 5834023e+003 9.9914034co-Ml 
6.5812316c+003 9.99227750-WI 6.5924657eOO3 99853911&. Wl 6 5934035&W3 9 993133ioMi 
6.5812327e+003 9.9925265e-WI 65824680e+003 9.9840203o-Ml 6.5934093c+003 9 994kiga-Mi 
6.5812351e+003 9.99203126-001 6.5824738e+003 9.978735U-NI 6 5834173, e+003 9.9925705oal 
6.5812397e+003 9.9862578"1 6.5824797c+003 9.986257leMl 65934186e+003 999254210,001 
6.5812444e+003 9.9Vn77"1 6.5824809c+003 9.9865633c. 001 6. "198e+003 9. M? 258*. Ool 
6.5912456e+003 9.9976267e-WI 6.5824967e+003 9.9918860eal 6 58342)0e+003 9 9924299eal 
6.5812479e*003 9 98848260-001 6.5924902e+003 9.9899153&. ODI 6.5834Me+OD3 9,98M86aa 1 
6.5812491e+003 9 98901990-001 6.5824937eýM 9.9900147o-WI 6 3834303e+003 9.9916359*. Wl 
6.5812865e+003 9 9173245e-Wl 6.5825054e+003 9.9707733o-Wl 65834315e+003 9 984%34@. Wl 
6.58139D40003 9.99768230-Ml 6.5923159e+003 9. M98096al 6 5934327e+003 9 9920144*01 
6.5913916e+003 9.9855567o. 001 6.5825171e+003 9.9948057a. 001 65834350e+003 9.9W20996-ml 
6.5814243el-003 9.0592239cal 6.5825287e+-003 9.9939727c. 001 6 5&M443e+003 9 9940639*. Ml 
6 5814593e+003 9. M9235e-001 6.5825334e+003 9.989778ge-001 6 58M502c+003 9.9921334*al 
6.5914616e+003 9.9911528eMl 6.5825462e+003 9.994518lo-Ml 6 5834513a+003 9.99141606al 
6.5814640e+003 9.9908058"1 6.5825684e+003 9.9934887a-001 6 SLU548e+003 9 9SM329-ool 
6.5814651e+003 9.991312%-001 6 5825708e+003 9.993497&ý-Wl 6,5934770e+003 9189400go-Ml 
6.5814663e+-003 9.9912329e-001 6.5925731e+-003 9.9945207e-001 6.5934782e+003 9 9973448s. 001 
6 581469&e+-003 9.9909312o. Ml 6 SU5754e+-003 9.9946515e-WI 6 5934794e+003 99M339*001 
6 5816041e+003 9.992023lo-001 6 5925778e+003 9.9949053e-001 6,5934929e+003 9. "Ml4o. Wl 
6.5816053e+003 9.99303410-001 6 5826081e+-003 9.9946980e-ool 6 5834975c+003 9 9876194*. Ool 
6 58160880003 9.99490460-Ml 6 5826251e+-003 9.9893223e-001 6.5934887e+-003 99973567*W1 
65816111e+003 9.9928613o. 001 6 5826268e+003 9 985956-le-Ml 6.58349lO&W3 9. Mllg4owl 
6 5816123c+003 9. M973U. Ml 6 5926432e+003 9 9255527c. 001 6 5834957e+003 9 9897203o. 00 1 6 5816263e+003 9. M33014i-Ml 6.5826852c+003 9.9948931*-001 6 5834992e+003 9.9943065o. Ml 6.5816275e+003 9 9905SM-Ml 6.5826976e+003 9.9941606e. 001 &5935051e+003 9.9874775*. Ml 6.5816286e+003 9.99D6246e-ODI 6.5926946e+-003 9.9975466&Ml 6 5935074co-003 99869810*. Ml 6.5816298e+-003 9.9992253a-001 6.5926969e+-003 9.9867551e-Ml 6.5935086oM 9.9864469*001 
6.5916322e+003 9-98930710-Ml 6 58270D4cH)03 9.9860310a. 001 6.5933132e+4M 9990846go-001 
6.5816357c+003 9.9904297e-Ml 6.5WO27e+003 99847952a. Ml 6 5835144c+003 9.97gn34oMl 
6.5816403e+. 003 9.9863759e-001 6 5927389c+003 6.6942094o. 001 6 S835156, -+003 9 9903697*4)01 
6.5816660e+003 9.9939062e-001 65927751e+003 9.982930leal 6.5835179e+003 9 99DD21 I*-ODj 
6.5816719e+003 9.9945290e-001 6 5927773e+-003 9.9814949oWl 6 5835413e*003 9.7999535*001 
6.5817905e+. 003 9 9972562@-001 6.5827798e+-003 9.9813077a. 001 6 5935576e+003 9.95519390al 
6.5817840e+003 9.988696go-001 6.5827810e+-003 9.981619&). Wl 6 5835WoM 9 9626722o. Ml 6.5918167e+. 003 9 9679290c. 001 6.5827945e+003 9.9&33974a. Wi 6 3833623e+003 9.9729239001 
6.581949Oe+W3 9.9900493o-Wl 6.5827868e+. 003 9.9801607o. W1 6 5835635e+. 003 9 97503786. Ml 6 5819525e+003 9 9M52&s,. 001 6.5927927e+003 9. M3640a. 001 6 5935681e+003 9.9623446a. Ml 6.5918572e+003 99917704e-001 6.5927938e+003 9.9895644*. 001 6 5835716*+003 9 9812962g,. ool 6.5818607c+003 9.9930393e-Ml 6.5827985e+003 9.9903247e. ODI 65835799e+003 9.9984660sal 6.5918619e+003 9 9926608a-001 6.5828008e+003 9.99027OOe-001 6 5935891c+003 OM0127o. Mi 6.5919635o003 9.9942040&01 6.5829043e+003 9.9920601c. 001 6.583M3e+OO3 9 980325goool 6.5819692e4-003 9988066go-001 6.5828090e+003 9.98M50O. W1 . 6 5833913e+003 9,9805103*401 6.5819740e+003 9.991SM&O01 6 5828102e+003 99860460c. 001 6.5833927c+003 9 9799331*al 6 5819752e+003 9.9932875e-001 6.592835%+003 96165525a. Wi . 6 '335950e+003 9.9775415o. Mi 
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6.5835962e+003 9.9754044e-Wl 6.5852744e+003 9.9929039e-001 6.5871512e+003 9.377430loal 

6.5835973e+003 9.9759789e-001 6.5852755e+003 9.9978077e-001 6.58716410+003 9 2947332"1 

6.583598-5e+003 9.9753588e-001 6.585M9e+003 9.9890896e-001 6.5972423e+-003 9.994163go-Mi 

6. SM277e+003 9.9932204&Wl 6.5852790e+003 9.98888-MOMI 6.5872529e#-W3 9.9840252o. 001 

6.5936791e+003 9.9907319e-001 6.5852926e+003 9.986329OaMl 6-5972552&W3 9.9842474oMl 

6.5936814e+003 9.9901899e-ool 6.5852849e+003 9.9856423eMl &5872610e+OD3 9.9793Mo. Wl 

6. -%36926e+003 
9.9901330e-001 6.5852872e+-003 9.995"16e-OOI 6.5972669e+-003 9,994-)620*. Wl 

6.5836861c+003 9.9873127e-001 6.5853574e+003 9.9946499&Wl 6.5972692e+-003 9.9953593o. Mi 

6.583693le+W3 9.9930677o-001 6.5853679e+003 9.98M06e-001 6.5972704e+, 003 9.99MO6e-Wj 

6.5836954e+003 9 9932806e-001 6.5853691e+003 9.9853054eMl 6.5872879&W3 9.922630%al 

6.5836978e*W3 9.9929261"1 6.. %Wl8eW3 9.14686l2eMl 6.5973101e+003 9,991%37o. 001 
6.5837001 c+003 9.99200090-001 6.5957043e+003 99817228e-001 6.5873112a+003 9,99253020-001 
6.5839967e+. W3 9.9898746eMl 6.5857171e+003 9.9391562e-001 6.59731360W3 9.9934&4i@. Wl 
6. -%40026e+003 9.9931370e-001 6.5837416e+003 8.727244OeMl 6M3139e+003 9.992997. %Ml 
6.5840049OW3 9.9930235o-Wl 6.5857708e+ 003 9.9894709e-001 6.5973171e+003 9.9929515a. 001 
6.5840621e+003 9.9945678oD-OOl 6.5857720e+003 9.9897181a. Ml 6.5873218e+003 9.9909014-00 1 
6.5840750e+003 9.9948263o-Wl 6.5857778e+003 9 9930892eý001 6.587324lef-W3 9 9911532o. W 1 
6.5842572e+003 9.9129738e-001 6.58580DDe+003 9.9937352e. 001 6.5973264e+003 9.9907125*. 001 
6.5943272e+003 8998588ge-001 6.5858033e+003 9.9938170e-001 6.5813311e+OO3 9.9919166a. 001 
6.5843763e+003 9.9869776e-Wl 6.5858059e+003 9.9937406e-Wl 6.5973334OW3 9.9919940*, Ool 
6.5943810e+003 9.9976088e-001 6.5858152oW3 9.9949128o-001 6.5974164e+003 9.9999321*. 001 
6.5844172e+003 5.945"50&Wl 6.5858175e+003 9.9934940a-001 6.5874210e+003 9.9897248*. Ool 
6.5844557e+003 9.9945472c. 001 6.5958222e4-003 9.9913762a-001 6.5974234&W3 9.9900930"1 
6.5945900e+003 9.9779972c)-001 6.5858514e+003 9.9933626e-001 6.5874976e+003 9.9945164eal 
6.5945912e+003 9.9748953e-001 6.3858561e+003 9.993570te-001 6.5874946e+003 9.991593lo-001 
6.5843947e+003 9.9730605e-001 6.5858584e+-003 9.992777&). 001 6.5975531c+003 9.99M736-M I 
6. iW554e+003 9.9758443e-001 6. -IM19e+003 9.9930503o-Wl 6M5343e+003 9.992960gaMl 
6.5846963e+003 9.9518299o. 001 6.5858654e+003 9.9931726e-001 6.5875566oW3 9 9n2997*a i 
6.5847278e+003 9.9948812*-001 6.5859759e+003 9.9894726e-001 6.5875975e*M3 9,9940922o. 001 
6.5847337e+003 9.994211le-001 6-585V83e+003 9.9886060e-001 6.5975999o+003 9 9946254&Wl 
6.5947360e+003 9.9941663a. Ml 6.5859005e+003 98922314e-001 6.5976290e+003 9985919%al 
6.5848096e+. 003 M9231*401 6.5859203e+003 9.9899568e-001 6.5976302e*M3 9.9955694cooi 
6.5848119e+003 9.9922186e-001 6.5859227e+-003 9.9897032"1 6.3976314e+003 9,9872862o. 001 
6.5848142e+003 9.9919509e-001 6.5859554e+003 9.9948289a-001 6.5976396e+003 9.99241214o. 001 
6 5848154e+003 9.9896422a. Ml 6.5W5770003 9.9944574&Wl 6.59764420003 99879576"1 
6.5848166e+-003 9.9897219e-001 6.58595890003 9.9944984e-001 6.5876454oW3 9.9857927*Mt 
6.5841890-003 9.9897868oMl 6.5859892*003 98205496*. 001 6.5876489e+003 9 91946432*. 001 
6.5849224e+003 9.98597%eal 6.5960114e+003 9.9979675*. 001 6,58765010M3 9.9MU7"j 
6.584M3&003 9 99038776-001 6. SM126e+003 9.9912017e-Wl 6.5876536e+003 9ASISIS"l 
6.5M3D6e+-M3 9.99D6098e-00 I 6.5860149e+. 003 9.9928796e-001 6.5876582a+003 9. M3293"1 
6.5849329e+003 9.98999900-WI 6.5960161e+003 9. MI645e-001 6.5876617eýM 9.98875800-wi 
6.5848341e+003 9.99086IOe-001 6.5Wlg4e+003 9.992491le-001 6.3976641o+003 9.9867930"1 
6.5848364e+-003 9.9908447e-001 6AW219e+-003 9.9890469e. 001 6.5876664ON3 9.9VB04%. 001 
6.5848388e+-003 9.98890870-001 6.5860231e+003 9.9875482cal 6.5876688e+003 9.9957089ooot 
6.5848399e+003 9.9885894&Wl 6.5860278e+003 9.9846223eal 6.5876746e+003 9.98001606-001 
6.5949411 e+003 9.9897135a-001 6.5960313e+003 9.9976934-Ml 6.397676%+-003 9 97w340-001 
6.5848434e+003 9.9893784e-001 6.5860336e+-003 9.9882963o. 001 6.5977096e+003 7.4330234"1 
6.5848469e+-003 9.988M4eMl 6.5M359e+003 9.9873362o-Ml 6.5M45&*003 9.9950969+001 
6.584WIe+003 9.9980485e-001 6 5960394e+003 9.986473le-Ml 6.5877482e+003 9.9857373a. 001 
6.5=504e+003 9.9879271*-001 6.5860406e+003 9.9862847e. 001 6.5977540OW3 9,99004484-001 
6.5848516e+-W3 9 98759216MI 6.5860733e+003 7.8942970c. 001 6.5877563e+003 9.9923842"1 
6.58a528e+003 9.9875932e-001 6.5861025e+003 9.97879l9eMl 6.5977669OW3 9"36209*. 001 
6. "539e+003 99M595e-WI 6.5861037e+003 9.9794919e. 001 6.5877750e+003 9ý"39125*-Wl 
6,5848551e+003 9.9853046e-001 6.5861095e+003 9.9876362&-001 6.5977762e+003 9 9040688*. 001 
6.5848596e+003 9.985904te-001 6.5961118e+003 9 9876302eMl 6.5877984c+003 9 991493P*. Wl 
6.5W633e+, 003 9.9840677e-001 6.5861154e+003 99931111e-001 6.5878019e+003 9 M709U. 001 
6.5848656e+003 9.9837134e-Wl 6.5961177e+003 9.9930853eMl 6.5irlSO31e+003 9 "4580%Ml 
6.5848680e+003 9.9&M82e-001 6.5962076e+, 003 9.85489IOc-001 6.5978252e+OD3 9 9940303*Ml 
6.5848715e+003 9 9963398e-001 6.5863139e+003 9.9932611c. 001 6.3879276e+003 9,9MI71"i 
6.5848820e+003 9.9705945e-001 6.5863162e+003 9.9935602e-001 6.5978299&M3 9 9945579oal 
6.5848995e4-003 9.9940131a. 001 6.5963186e+003 9.9937912a. 001 6.5M474e+003 9.99469046a 1 
6.5949077e+-003 9.994418-le-001 6.5963197e+003 9 "2741gaMl 6.3979486e+003 9 9932680a. Mi 
6.5949135e+-003 9.9901377"1 6 5963209e+003 9.9932938a-001 6.5978509e4-003 9.9921319o. 001 
6.5949170e+003 9.9899605e-001 6.5863805e+-003 9. "3084ge-001 6.5978895e+003 9. "4433%. Ool 
6,5949192e+003 99900326e-001 6.5863945c+003 9. "49D41"1 6.5880238ei-W3 99933186"1 
6.5949193ef-W3 9.98993IOc-001 6.5964039e+003 9. M5023"1 6.588058k+003 9,99289001). Ool 
6.5849217e+003 9.9896544eMl 6.5864D61e+003 9. "2386leMl 6.5M]2e+003 99922SD4"1 
6.5849240e+-003 9.98840060-001 6 5864109e+003 9.9895244e-001 6.588063N-003 9.9938meooi 
6.59492"e+003 9996950&ý-001 6.5864132e+003 9.9897080o-Wj 6.5S8M7e+OD3 9.9928699*. Mi 
6.58493430003 9.9933863e-001 6. %64155e+003 9.9890499c. 001 6.5980682e+003 9.9&vgggoool 
6.5949369e+003 9.9943850o-Wl 6. -%U237e+003 9.9939179aMl 6.5MM93e+003 9.98&M6ooot 
6.5849392e+003 9.994280le-001 6.5864260e+003 9.9943794eMl 6.5W717eO03 9.98%503o. Ool 
6.5849754e+003 9.515mla-wl 6.5864610e+003 9.9945340o-Wl 6.589074O&W3 99907494"t 
6.5&50733e+003 9.9272479e-001 6.5864645e+003 9.9949630e-001 6.5890985e+003 98161968*, Dol 
6.5851004e+003 9.9881727"1 6.5864680e+003 9.9943522c. 001 6.5881231e+003 9.994381%. Ool 
6.5851062e+003 9. "4424ge-001 6.5866129e+003 9.994858le-001 6.5881266e*003 9.994969%ýWj 
6.5851097c+003 9. "407680-WI 6.5866362e+003 9.9895558o. Mi 6.5981277o-M 9 99415460. Wl 
6.5851109e+003 9 993000Ný-001 6.3866374e+003 9.9870769e-001 6.5881347e+003 9.981643ooMi 
6.5851144e+003 9.99157874:. 001 6.5866514e+003 9.9490575e-001 6.5881359e+003 9979502141. ml 
6.5851541e+-003 9.9897860e-001 6.5966689e§-003 9.9911363e-ODI 6.5981499eýM 9.91673960-Ml 
6.5851564e+003 9.9909761"1 6. -%66701e+. OG3 9.9935825e-001 6.5892515e+003 9 9=553&M I 
6.5851588e+003 9.9901453e-001 65866713e+003 9.9931431"1 6.5883216e+003 9113328le-001 
6.5851634e+003 9.993182le-001 6.5866736e+, W3 9. "35325eMl 6.5884886e+003 9.3439172*. Wi 
6.5851669e+-W3 9.99790400-001 6.5867483e+003 9.9397873e-00 I 6.5885879e+003 99913470oal 
6.5851681e+003 9.9965983"1 6.5868616e+003 9. "49OO5eMl 6.5885990ON3 9.9895317"1 
6.5951716e+003 9.984899-1, -Ml 6.5968733e+003 9.9896031c. 001 6.5895914e+003 9.989446%. Ml 
6.5851729e+003 9.9843654e-Ml 6.58W45e+003 9A94871a. 001 6.5U5925e+003 9.98%4%" 1 
6.5851774e+003 9.9815532aMl 6-58689310003 9.9637513o. Ml 6.588596Oeo-W3 9.9872811*. Ml 
6.5851786e+OO3 9.98M9o-Wl 6.586895-%+003 9.96376OUal 6.5893972e+003 9 9861177"1 
6.3851798e+003 9.99290050-001 6.5968%7e+003 9%39767a. 001 6.5U59g4e+OO3 9 9863720eal 
6.5851856e+003 9.99D9846e-001 6.5870204e+003 9.99438IN001 6.5W381e+003 99947987*. Ool 
6.5851880e+003 9.98934100-Ml 6.5870923&03 9.9945324e-ool 6. SM953e+OD3 9.994090geMl 
6.5852499e+003 9.9939895e-001 6.5870858e+003 9993%69aai 6.588698&e+003 9 994704&ý-Wj 
6.5852510e*W3 9.9940882e-001 6.5970870e+003 9.9936957"01 6.5W7023ei-003 9.99291goo. 001 
6.5852627ei-M3 9. "40023e-001 6,58708&2e+003 9 9946880e. 001 6.5WD47e*W3 9.993680geml 
6.5852720e+-003 9.9936745&Ml 6.5870894e+003 9.9944642e-001 6.5U7O58e+003 9. W400406-ml 
6.5852732e+003 9.9925027e-001 6.5871396e+003 9.4028076e-001 6.5987128e+-003 9.99481471ý-Wj 
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6.5897210e+003 9.9949438e-001 6.5Ml3e+-003 9.9923105ý001 6.5907227etOO3 9.986503eal 
6.5997292e+003 9.9937992o-ODI 6.5899648e+-OD3 9.9940724e-Wl 6.5907250e+003 9 9864997s. 001 
6.5W3O3e+OO3 9.9933470c. 001 6.58M59e+-003 9.9948112e-001 6-W7285e+003 99864588o. Wl 
6.5W315e+003 9-OM973e-WI 6.5899870el-003 9.99489580-Wi 6-W7309e+003 9 9881976&WI 
6.5897338e+003 9.9931737e-001 6. SM57ei-003 9 9949209e-00 1 6.5907344e+003 9.9999797o. 001 
6.5W374c+003 9.9919%70-WI 6.5900068&003 9.99303806-WI 6.5907355e+003 99901519&Wl 
6.5887409e*003 9.9947634oMl 6.5900173e+-003 9.9937.5640-WI 6.5907367e+003 9.9890598a. 00 1 
6.5M7l. 5e+003 9.40398950-001 6.5900185e+003 9.9939939e-001 6.5907379e+003 9.9905364&WI 
6.58MD&M 9.9912754&WI 6.59DO197e+003 99938138&WI 6.5907390e+003 9.9995676*4)01 
6.5M32e+-003 9.9931972e-001 6.5900208&0D3 9.9942995o-WI 6.5%7402c+003 9.9911776o4)DI 
6.5889055e+003 9.99151694001 6.5900325e+-W3 9.9905102c. 001 6MI425e+003 9.99778630-Ml 
6.5889090el-W3 9.9923319o-001 6.5900349e+003 9.9912817e-Wi 6-5907449oO03 9 9872904o. Wl 
6.5889102et-W3 9.9921047a-001 6. SMO&M 9.85274424)-001 6.5907494OW3 9.990521le-WI 
6M91230003 9.9911689*-WI 6.5901131*+OD3 9.9939742e-001 6.5W75070003 9.9916333&-WI 
6 5890515e+003 9.92844436-001 6.5901154e+003 99937851o)--WI 6.5907531OW3 9 9915174is-001 
6. 

-5lM737e+W3 
9.9943O3OeMl 6.5%1166e+003 9.9942903e-WI 6-W7554e+003 9.9922323a. Wi 

6.589146loO03 9.9945726*-WI 6.5901645e+003 9.99475130-001 6.59075770+003 9.9937529*. 001 
6,5891473e+003 9.9946673o. 001 6.5901831e+003 9.9943950e-001 6.5907601*#-03 9.9920936o4)01 
6.58914840W3 93"404116-001 6.5902112a+003 99948691"1 6.5907612e+003 9985601U. Ml 
6.5891508e+003 9.99409860-WI 6.5902147e+003 9.9942744e-Wl 6.5907636e+003 9.9867076o. 001 
6.5991566e+003 9.9945129o. 001 6.5%3023e4-003 99937617o. Wl 6.590767loW3 99914926*. 001 
6.5891590e+003 9.9948733o-001 6.5903046e+003 9.9943407&WI OW77060003 9.9U3140a. 001 
6.5891683e+003 9-9947634oMl 6.5903069e+003 9.99493130-001 6.5907776e*M3 9 992712ft, 001 
6.58916950003 9.9922804o-WI 6.5903198e+003 9.9949651os, -001 6. W7799e+W3 9.9918347*. 001 
6.5991800e+003 9.9945574eal 6.5903256e+003 99937864e-001 6-W7811e+003 99891731*. Ool 
6.5892419e+003 9.6826257*-001 6.5903326e+003 9. M2333o-001 6-WM3a+OO3 9.9904089*4)oi 
6.5892652c+003 9.9971799e-001 6.5903350&W3 9.9892040&WI 6.5907858e*W3 9.9976426o. 001 
6. -5lM676e'-003 

9.98942686-001 6.5903361e+003 9.9907007ii-WI 6.5907881e+003 99865005it-001 
&5892687c+003 9.9965611o-001 6.5903385&003 9.99250106-001 6.5907904e+003 9.9836220&Wi 
6.5892991e+003 8.6521117"1 6. M33%e+003 9 9939637e. 001 6.5W7916oW3 9,983934lot-Wi 
6.5893248e*W3 9.9899394a-001 6.5%3431e+003 9.993643&ý-Wl 6-5907974e+003 9.991059oo-ooi 
6.5993260OW3 9.993023141-001 6.5903466e+003 9.9932036a-001 6. SW7996e+003 9.9910953*00 1 
6.5894112o003 99949806&Wl 6. M3478e+003 9.9931637e-W) 6.59079980+003 9.98mlo"l 
6.5894392&003 9.9914763"1 6 W3513e+003 9.9917029e-001 6.59081150003 9.9740091*. Wl 
6.5894404o-W3 9.98760IOe-ODI 6.5903549e+003 9.9MB2745-001 6.5%8126e+003 9.9736254o4)01 
6.5894416e+003 9.9890826"1 6.5903572c+003 9.994953le-001 6.5908138e+003 99756739&Wl 
6.5994427e+-003 9.9869034o-001 6-5903595e+003 9.9935330o-Wl &5908173e+003 99716105s. 001 
6.5894603e+003 9.9113475o-001 6. SW3630e+003 9.9912087*. 001 6.5909185o+W3 9.9754719*Ml 
6.5894614&003 9.91050926001 6.5%3642ef-W3 9.9909080-001 6.59092310+003 9.9794812*001 
6.5894626e+-003 9.911862&). Wl 6.5903665e'-003 9.98989490-WI 6.5908243OW3 99796403*. Wl 
6.5894813e+003 9.99332056-001 6.5W3677e'-003 9 989795OaMl 6. SM55e+003 9.9790367*Wt 
6.5895152e+003 9.99493040-001 6.5903688eW3 9 9925732"01 6.590926600-003 9.9794004*. Wl 
6.5895292c+003 9.9912194&WI 6.59037ODe+003 9.9923327a-Wl 6.5909278e+003 9 9786416*M 1 
6.5895303e+003 9.9909526e-001 6.5903723c*W3 9.9927945&Wl 6. M290e+003 9,98M43"I 
6.3895338e+003 9. M3229e-001 6.5903735e+003 9.98980936-Wi 6-"M36e+003 9 9852RR5&Ml 
6.5895373e+003 9.9910806*-001 6.5903747e+003 9.992324OeMl 6.59OM5"3 9.9721610ii-WI 
6.5895397o003 9.99080336-001 6.5903758e+003 9.9915377"1 6-%M77e+W3 9. %23063a. 001 
6 5895502e+003 9.9948830e-WI 6.5903770e+003 9.9943740o-W 1 6.590874-5o', 003 8.4635975*Ml 
6.5895712ef-W3 9.99498956-WI 6.590380-'e+003 9.99462668-001 6.39MIe+003 9,9721356"1 
6.5895770e+003 9.9924897"1 6.5903840e+003 9.9916230e-001 6.59090&4a+003 9.9740768o. 001 
6.5895794&W3 9.991803-5e-OO1 6.5904202e+003 999479BOaMl 6.5909119a+003 9.9799007*Wl 
6.5895817e+003 9.99214910-001 6.5904214e+003 9.9935202a. Wl 6.5909131e+003 9.98093990al 
6.5895922eý003 9.9944783cal 6.5904226e+003 9.9949336e-001 6.3909177*+W3 9 9967994" 1 
6.3895934e+003 9.9942520t)-WI 6.5904284e+003 9 9942389o-001 UW2244-003 9. MO6o6*Wl 
6.5895957e+003 9.9940072a-001 6.5904564&W3 9.8819250o-001 &59D92? le+003 99858386"1 
6.5896191e+003 9.9945748e-Wl 63M763e+003 9.9892079o-001 6-5909282e+003 9.98M52s. 001 
6. M%261e+003 9.994621&). Wl 6.5904774e+003 9990242OoMl 6. "306OW3 99U4991"l 
6.5896284e+003 9.9944324o-Wl 6.5904821e+003 9 9941208a-001 6.5909341*+003 9.9976300eal 
6.5896565c+003 9.9926604&Wl 6.5904833e+003 9.9942166&Wl 6.5909364e+003 9.98%9086. oot 
6.5897861e+003 9.9942197a. 001 6.5905160e+003 9.9912399e-001 6.5909376e+003 9.9902759eMl 
6.5997908e+003 9.9895586e-WI 6.39051? 2e+003 9.9942182o-OD1 6.5909389e+003 9.9833203o. 001 
6.5897919&W3 9.9892699cal 6. M5183e+003 9.9929209"1 6.5909399e+003 9.9858100"1 
6.5897954&W3 9.9974990a-Wl 6.5905312e+. 003 9.9612676o-Wl 6.5909446&W3 9.9876389o. 001 
6.5897989e+003 9.99056654001 6.5905323e+003 9.956957N)-Ml 6.5909469e+003 9.9864927oMi 
6.5898258e+. 003 9.714%8-ieMl 6.5905335e+003 9.96D431-5*. DDI 6.5909481 @+003 9.9949171"1 
6,589851-S&W3 9.9899684e-WI 6.5905347e+003 9 9569293c. 001 6.390%56e+003 9.9249431*. Ool 
6.5898527e+003 9.9903404e-001 6.5905358e+, 003 9.9589561"1 6,590MOe+003 9 9893234*. Oo i 
6.5898573e+003 9.9919936eMl 6.5905463e'-003 9 9754877e-001 6.5909931@+003 9.991685&o. Wi 
6.5M597e+003 9.9913474o-001 6.5905487e+003 99748247e-001 6-59D9855výM 9.9905007"1 
6.5898643e+-003 99943087e-Wl 6.5905499e+003 9.973097141-001 6.5909878e+003 9.9M341*001 
6.5898667c+003 9.9943620o-001 6.5905814e+003 9 5010173a-Ml 6.5909901oW3 9.99854930-ool 
6.5898678e+003 9.993973&401 &5906012e+003 9.9330305"1 6.5909913e+003 9.98%312*. 001 
6.5899725e+003 9.9932449400 1 6.3906153e+003 9 8700625*-001 6.5909936e+003 9,9Ul9? 4o. Wj 
6.5898749c+003 9.9949904e-001 6.5M351e*W3 9 9989394eMl 6.5909948e+003 9.98M57&MI 
6.5899795e+003 9.9946571ý, Wl 6.5906374e+003 9.9934957"1 6.3910018*+003 9.9946432o. 001 
6.5898924-o003 9.9937980&Wl 6.5906480e+003 9.99468l9oMt 6.5910077o+M3 9.99353-44"1 
6.5898970e+003 9.993021Ný-Wl 6.5906491&. 003 9.9927187a. 001 6.5910100@+003 9 "37514.001 
6-5898982e+003 9.9943W5&Wl 6.5906503e+003 99945SIDe-001 6.5910117a+003 9 9916938*. Ml 
6.5M52e+003 9.992827go-WI &59D6515e+003 9.9941651c. 001 6.5910123e+003 9,9928233"1 
6.5899076e+003 9.9911391&Wl 6.5906526e+003 9.9947047a-Wl 6.59106%e+003 9.9856254ooot 
6.5899oqqaý003 9.99D9759*. 001 6.5906338e+003 99916374a-001 6.5910707e+-003 9.9913153*. Ool 
6.5999146e+003 9.9932096&001 6.5906561e+003 9.9921933&Ml 6.5910742e+003 9.9816903*, Wl 
6.5899157e+003 9.9933082g). Wl 6.5906573e+003 9.9893494a-ODI 6.5910754e+003 9.97976060-001 
6.5899169e+003 9.9909930a. Ml 6.5906585eF003 9.9898063c. 001 6.5910766e+003 9 98M610al 
6.5MI81e+003 9.9911210o-Wl 6.5906608ei-W3 9 9929885eMl 6.5910801e*003 99817735&Wl 
6.5899204e+003 9.9911562o-001 6.59066550003 9.9947702*. Wl 6.5910812e+003 9.98M73&Wl 
6.5899216e+003 9.9925241"1 6.5906678e+003 9.994324go-001 6.5910859e+003 9.9901297*ooi 
6. MM51e+003 9.99369360-Ml 6.5907017e+003 9.9930079c. 00 1 6.5910871@+003 99917893&wi 
6.5899286e+003 9.9933986&Wl 6.5907028e+003 9.9906385a. Mi 6.5910941e+003 9"39161*. Wl 
6.5899309e+003 9.991916go-Ml 6.5907052e+003 9.9929995&. Ool 6.5911058o+003 9.9917306o401 
6.5899321e+003 9.9929714o. W1 6.5907063et-W3 9 9935336c. 001 6.5911081e+003 9994269-%-Ml 
6.5899344c+003 9.9947429e-WI 6-5901098o003 9 9929254*-w i 6.5911116o003 9.994159-%al 
6.59"496e+003 9.9936011a. 001 6.59D7122e+003 9.9935745a. Mi 6.591112gel-W3 9.99497790al 
6.5899519&003 9.9937794e-WI 6.5907145e*003 9.9927636oool 6.59lll86&,, W3 9.9917251"1 
6 5899554e4-003 9.9939819a-ODI 63W7169oM 9.9924812"1 6.3911198&w3 9.9905878O. Wi 
6.5899566e+-003 9.9945747" 1 6.5907192e+003 9.9897774a. 001 6.5911443e+003 9 6994209*4)01 
6. -IM378e+003 

9 9942253"1 6.5907215e+003 9.9890763&, Ool 6.5911665e+003 9.989435le-001 
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6.5911677e+003 9.9931517oMl 6.5926294e+003 9.989322le-001 6.5935428c+003 99939600a. 001 

6.5911840e+-003 9.9947249e-WI 6.5927312e+OD3 9.9940015e-001 6.593547c+OD3 99946875&Wl 

6.5912085e+003 9.9630185C-001 6.5927335e+003 9.99349610401 6.5935499e+003 9.9936661&WI 

6.5912097e+003 9.960972k-001 6. SM106e4-003 9.50574-18"1 6.5935534e+003 9.9936235&WI 

6.5912120e+003 9.9572177e-001 6.59296780003 9.9052127e. 001 6.5935569e+003 9.9944932"1 

6.5912144OW5 9.95M82a-DOI 6.5928818e+003 9 9718039e-ODI 6.59357900-W3 9 9939702&WI 

6.5912155ei-003 9.9631602"1 6.5928830e+. 003 9.971902le-001 6.5935937e+003 9.9933"4&Wl 

6.5912202c+003 9.9785769e-001 6.5928842e+DD3 9.9699OD9&-001 6.5935872cýM 9.9915376o. 001 

6.5912214e+003 9. M7130e-001 6.5929005e+003 9.9301195e-001 6.5935884e+OO3 9.9909788"1 

6.591300&e+. 003 9 994433Ný-001 6.5929017e+003 9.9276388eal 6.5935W&M 9.9897627o. 001 

6.5913078e+003 9.9948070&Wl 6.5929029e+003 9.9281006e-001 6.5935954e+003 9.9898586&Wl 

6.5913101e+003 9.9939736oMl 6.5929192c+W3 9 981605-lo-001 6.5935966co-003 9 99115760-WI 

6.5913136ON3 9.9949440e-001 6.5929204e+003 9-QM319oal 6.3936316e+003 9.9920319a. 001 

6.3913171e*W3 9.9929877"1 6.5929215e+003 9.98178980-WI 6.5936433e+-003 9.9924141"1 

6.5913580e+003 9 8277355e-001 6,5929227e+003 9.9819717" 1 6,5936468c+003 9.9933671"1 

6.59140&2e+003 9 9945903cal 6.5929250e+003 9.9880575e-001 6.5936480e+, 003 9.993478&ý-001 

6.5914106&'-003 9.9947274oM I 6.5929262e+003 9. MO612&WI 6.5936491*403 9.992291%al 

6.5914164e+003 9.9919132o. 001 6.5929274e+003 9,9860004e-001 6.5936503c+003 99933991*. 001 

6,5914199e*003 9 9932213e-WI 6.59292&ie+-003 9.9971941o-001 6.5936526oW3 9.9939018o-Wl 

6.5914234e+003 9.9930606"1 6.5929297e+003 9.9866306&WI 6.5936539e+003 9.9939362o. 001 

6.5914561e+003 9.9949711"1 6.5929344e+003 9.9&33926e-001 6.3936561*+003 9.9926924e). Wl 

6.5915449el-W3 9.9630392o-001 6.5929402e+003 9.9898986"1 6.5936513e+003 9.9939713"1 

6.5915776e+003 9.9837627"1 6.5929414&003 9.99090650-WI 6 5936666*+003 9.9933790*al 

6.59157&7e+003 9.98338350-Ml 6.5929449e+003 9.9922004o-WI 6.5936678o003 9.9919789*. Wl 

6,5915822e+. W3 9.981355le-001 6.5M461e+003 9.9940817"1 6.5936935e*W3 9.9471945*. 00 1 

6.5916313c+003 9.9053711"1 6.5929589e+003 9.992MIa-001 6,5937531e+003 9.9945808"1 

6.5916990OW3 9.985877&ý-Wl 6.5929601e+003 9.9940357o-001 6.5937599@+OD3 9.9930978"1 

6.5917014c+003 9.9862140&WI 6.5929834e+. 003 9.9871323*-001 6.5937601@+003 9,9930776*. 001 

6-5917037e+003 9.986187&-Wl 6.3929946e+003 9.9855340a-WI 6.5937923e+003 9.9"3706oMl 

6,5917049ei-003 9.9943253a-WI 6.5929993@+003 9.9841393e-001 6.3939079e+003 99933961"1 

6.5917060e+003 9 9944839cal 6.5929904e+003 9.9825524e-001 6.5938091e+-003 9.9940713*. Ool 

6.59l7G72e+003 9.9840392o-001 6.592"51e+003 9,9829987"1 6.59385120003 9.9933632a. 001 

6.5917084e+003 9.9943806"1 6.5929963e+003 9.9926714"1 6.3938535e*003 9.9927396"l 

6.5917142e+003 9.987288le-Ml 6.5930010e+OD3 9.9793959"1 6.593855goo003 9.9929763*. 001 

6.5917154e+003 998754260MI 6.5930080eý00 9.988781loMl 6.5939628e+003 9M39llki-001 

6-5917189e+003 9.9868032a-001 6.5930091e+OO3 9.9903303c. 001 6,5939652e*003 9.9949592"1 

6.5917212e+003 9.9865613e-001 6.5930161e+. 003 9.99446554)-WI 6.5938675*+003 9.9925554c. 001 

6.5917259e+003 9.9909796cal 6.5930523e+003 9.9479796e-001 6.5938687e*003 9,9909839*. 00 1 

6.5917271e+003 9.9922454&Wl 6.5930944&003 9.99450490-Ml 6.5939874a+003 9.9839352*401 

6.5911446e+003 9.9913946&WI 6.59319&14+003 9.99295550-001 6,3938955*1-003 9,8990332"1 

6.5917469e+003 99915871"1 6.5931955c+003 9.99450494)-001 6.5939105c+003 9.7049539o. 001 

6.5917492e+003 9.9913259c)-001 6.5931866e+003 9993801111-001 6.5939304e+003 9.93"447"1 

6.5917539e+003 9.9948523e-001 6.5931901c+003 9991707-leal 6-5939525e+003 9 1249924M 

6.5917563e+003 9.9941543e-001 6.5931913e+. 003 9.9916894o. 001 6.5940039e*003 9.9932871"1 

6.5917644e+003 9.9913669"1 6.5931993e+003 9.9939245"1 6.5940156e*003 9"14413&01 

6.5917656e4-003 9.9900527"1 6.5932007e+. 003 9.9826221"1 6.5940214c+003 9. "30502"1 

6.5917679e+003 9.98979660-Ml 6.5932065e+003 9.9796447a. 001 6.5940226e+003 9. "36896"l 

5917831e*003 9. "4210001 6 6.5932077e+003 9.9781151a-001 6,5940460e+003 9. M534le-001 
. 5918345L i-M 9. "3779OeMl 6 6.5932123e+003 9.9755344eMl 6.5940600oW3 9MM-U-001 
, 6.5919392e+003 9. "46085e-001 6.5932135e+003 9.9744803cal 6.5M47e*003 9, "30617"1 

6.5919450efW3 9. "3852go-001 6.5932158e+003 9,9719087*-001 6.59406700003 9"14635*. Wl 

6.5918812e+003 9.9944801"1 6.5932170c*W3 9.9716140e. 00 I 6.5940693e+003 9. "243-14"1 

6.5919487e*003 9. "4656go-WI 6.5932182e+OO3 9.97255IS4001 6,5940705e*003 9"12401"1 

6.5919522e+003 9. "38334e-WI 6.5932217e+003 9.9744617*401 6.5940717e+003 9.9913339*. Ml 

6.5919545e+003 9.993762le-WI 6.593224Oe*W3 9.9733067o-001 6.5940857e+003 9. "38M"l 

6.5919791e+003 9.9151640&WI 6.5932567e+003 9. "32649e-001 6.5940904oO03 9.994275%. 001 

6. MI029e+003 9. "47523a-001 6.5932602e+003 9.9947423*. 001 6.5940974e+003 9. "309*94P. Wi 

6.59213oge+003 9. "48040e. Wl 6.5932626e+003 9. "44716eMl 6.5941114e+003 9. "39251W. Wi 

6.592175k+003 9. "44725c. 001 6.5932637e+003 9. "20217o-001 6,5941289e+OD3 9. "19718"1 

6.5921905e+003 9. "47593e-001 6 5932649e+003 9.9929005e-001 6.5941371@*W3 9. "10457&wl 

6.5921916e+003 9. "4300(ký-001 6.5932859e+-003 9. "31857o-001 6.59414170003 9.9927643"1 

6.5922267eý003 9.994115N)-Wl 6.5932871e+-W3 9.9940573o-001 6.5941441**003 9.99164%" 1 

6.5922582e+003 9.602MNý-Wl 6.5932994e+003 9.9943944"1 6.5942188e+OD3 9.9882202o. 001 

6.5922839e+003 9.99288610-001 6.5932929e+003 9. "16012e-001 6.5942235e#-003 9.9891207oMl 

6.5922851e+003 9. "36063e-001 6.5932941e+003 9.9897033e-001 6.5942247e*W3 9 99Oog33*. 00 I 

6.5923g2oe+003 9. "45121"1 6.5932988e+. 003 9.9876950eýWl 6.5942375e+003 9.9881026tal 

6.5923978e+003 9.99485990-Ml 6.5933011e+003 9.9883695eMl 6.5942445e+003 9. "40137"1 

6.5923890e+003 9 9936598e-001 6.5933046e+003 9.988539le-001 6.5942480e+003 9. "41242a. Mi 
6.5924240e+003 9.1712383e-001 6,5933058e+003 9.9872623o-WI 6.5942609e+003 9. M7277"1 

6.5924544e+003 99785657"1 6.5933069e+. 003 9.9880472"1 6.594265.5c+003 9.992m4oo-wl 

6.5924556e+003 9.9812445c. 001 6.5933081e+003 9.9869642o-WI 6-%42667of-003 9.9930671sal 

6.5924602el-003 99961336&ý-Wl 6.5933093e+003 9.987324UMI 6.5942830e+003 9.993772Ua 1 
6.5924614e+003 9.9868-U6eal 6.5933116e+003 9.9853086"1 6.5942866e+003 9. "32049owi 

6.5925233c+003 9 "43269e-001 6.5933128e+003 9.9859325e-WI 6.5942877e+003 9.9934780*Ml 

6.5925280e+003 9 9922772e-001 6.5933139e+003 9.9959250eal 6. M3134e+003 9.9616738*. Wl 
6, M5443e+003 9.9794936e-001 6.5933233e+003 9.979586U-001 6.5943146e+003 9.9605212*. 00[ 
6.592w7&003 9 977989le-WI 6.5933245e*W3 9.9784189e-001 6.5943169e+003 9.9607709oa 1 
6.5925490e+003 9.9772412&WI 6.5933291e+003 9.9744905e-001 6.594329ge4-003 9.988m. %a I 
6.5925595e+. W3 9.9904664&WI 6.5933303e+003 9.9740025e-ool 6.5943309e+003 9.9W20106-001 
6.5925618oW3 9. "20434&WI 6.5933350e+003 9.9717694e-001 6.5943496e+003 9.99364090-Ml 

6.592563D&FOO3 9. "19704e. Wl 6.5933361e+003 9,9714"7a-001 6.5943753e+003 9.9945100o4ol 
6.5925910e+003 9.9938158e-001 6.5933618e+003 9 8767375&WI 6.5943998e+003 9.9"lual 

6.5925922e+003 9.9916069*Ml 6.5934494e+003 9.7816508*. 001 6.5944349e+003 9,979980wwl 

6.5925934e+003 9. "1788ge-001 6.5934716e+003 9.9825267&Wl 6.5944395e+W3 9 M6094o. 00 I 
6.5925957e+003 9.99050440a I 6.5934739e+003 9.9840835e-001 6.5944407e+003 9.9M49go-001 

6.5925969e+003 9.9909791"1 6.5934809e+003 9.9911559e-wl 6,5944419e+003 9 M217go-001 
6.5925980e+. 003 9 9907140eMl 6.5934821e+003 9. "37672e. Wl 6.5944466e+003 9.9747754a. 001 
6.5926oo4e+003 9.9902174cal 6.5934891e+003 9.9907156a. 001 6.5944524e+003 9.9M739o. 001 
6.5926015e+003 9 98978960-001 6.5934903e+. 003 9.9796791c. 001 6.5944547e003 9.9770143oM I 
6. M6074oM 9.98849280-001 6.5934996e+003 99644159e. Mi 6.594457le4-003 9.9766335o-00i 
6.5926132e+003 9. "305450al 6.5935020e+003 9.9637754e-001 6.5944582e+003 9.9769475oai 
6.5926144e+003 9 "33372e-WI 6.5935043e+003 9.964427OeM 1 6.3944594&W3 9.9759500*al 
6.5926167&W3 9. "43422oMl 6.5935066e+003 9.9639666eal 6-594462%+003 9,9749458cal 
6.5926214e+003 9-99210080-Ml 6.593307k+003 9.9642269o. Mi 6.5944664e+003 9.9"1591"1 
6.5926226e+003 9.99063040MI 6.5935113e+003 9.9645777e-001 6.5944676e*W3 9.9772939o*ol 
6.5926249e+003 9.990209le-001 6.5935312e+003 9 9915142a. Wi 6.5944722e+003 9 9911192" 1 
6.592626lo003 9.9875934c-WI 6.593533-1-e+-003 9. "41486e. 001 6.5944769e'-003 9.9767324a. Mi 
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6.594482ge4-003 9.9813958,,, 001 65956086e+003 9.99355000-WI 6.5962229e+003 9.9892D36*. Wl 
6.5944851e+003 9. M7894eMl 6.5956132&ý003 9.993364le-001 6.5962252c+003 9.9989332c. 001 
6.59449910003 9. M1825e-Ml 6.5956144e+003 9. Mil3le-001 6.5962532e+003 9.99408&$oMl 
6.5945003e+OO3 9.979143ge-001 6.5956156e+003 9.992747le-Ml 6.5962544e+003 9.9937419a. Mi 
6.5943061*+-W3 9.9680032*. 001 6.5956179e+003 9.9914044a-Wl 6.5962556e#. W3 9.9946994o. Mi 
6.3945131e+003 9.9929037c. Ml 6.5956249C+003 9.9887966e-001 6.3%2567C+003 9.9941%6*. Ml 
6.5945143e+003 9.9837386eM 1 6 5936261C+003 9 9860699e-00 I 6.5962591e+003 9.9941394o. Mi 
6.5945236e+003 9.991698M-ml 6.5956308e+-W3 9.9818927e-001 6-196280le-003 9. MS402q)-ml 
6.5945260e+-003 9.9930983&. 001 6.5936343e4-003 9.9824294e-001 6.5%2824ON3 9.9923578*. Wl 
6.59453D6&03 9.9944577&-001 6.5956401"3 99682058o-001 6.5962971e+-003 9.9891321*. Wl 
6.5945365"3 9.9919133*. 001 65956471e+003 9 97987150-Ml 6.5962964+003 9.9912027o-Wl 
6.5945M7"3 9.9929667e-Wl 6.5956495e+003 9.9799613*. 001 6.3963236e4-003 9.99179460. W I 
6.5945470e+003 9.9935372e-001 6 595653Dei-003 9.9=925o-Wl 6.59633l3e+W3 9.9934739&Wl 
6.5945715e+003 9.9931708e-001 6.5956541e+003 9.9932960o-Ml 6.5%39100*003 9.9934520a. 001 
6.5946065e+003 99825946o-Wl 6.59566110+003 9.99468586-001 6.5964086e+, 003 9.9914321*. Wl 
6.5946089"3 9,9921158cal 6.5956670e+003 9.9847580a. 001 6.596410%+003 9.992316SO. M I 
6.5946182e+003 9.9575343e-001 6.5956705C+003 9.9859773a. 001 6.5964121"3 9.9945636o4ol 
6.5946217e+003 9.9660128o. 001 6.5936728e+003 99836129&WI 6.5964191"3 9.9935365a. 001 
6.5946252e+-003 9.9633657e-001 6.5956751e+003 9.9820132a. 001 6. SW214e+003 9.988695sd. Ml 
6.5946614e+003 9.9923302a-001 6.5936773e+003 9.9794937o-WI 6.3964226"3 9.98604340. Wl 
6.5946995e+003 9.9021339e-001 6.5956786e+003 9.9781839e-001 6.5964237"3 9.9gUa36. Wl 
6.5946906e+003 9.9810527o-Wl 6.5956822e+003 9.9778658a. Ml 6.5964273OW3 9.9935251"01 
6.5946941e+003 9.97380576-001 6.5956833C+003 9.9749637"1 6.59643OL-+003 9.99An3450.001 
6.5946998"3 9.9765570o-001 6.5936845C+003 9.9771291"t 6.5%3055e+003 9.9949699*001 
6.5947011e+003 9.9777354&Ml 6.5956892e+003 9.9853637o-Ml 6.5%5078e+003 9.9909443o. 001 
6.594703-14+, 003 9S776101@. 001 6595691-%+003 9.9965944&Wl 6.5965113e+003 9-9929931"1 
6.5947058e+-003 9.979537-5*. Wl 6.5956962e+003 9.9976494e-001 6.5965335"3 9.99i9966oool 
6.5947105e+OD3 9.9829097o-Ml 6.5957032&ý003 9.9933637o. 001 6.5%5370e+003 g. MI06741-001 
6.5947129"3 9.9827011o-001 6.5957043"3 9.979922le-DOI 6.5%5394o+003 9. "309474p. 001 
6.5947197&+003 9.989021-5o-Wi 6.59570670003 9.9787402a. 001 6.5%3417e+003 9.9939166*. ool 
6.5947233OW3 9.98651926-Ml 6.5957113e+003 9.9945986a-001 6.5965931 "3 9.9942657*. Ool 
6.5947245e+003 9.9WI96*-001 6.5957289e+003 9.9891777"1 6.5966083ow3 9m tgogoool 
6.5947257e+003 9.9W979*. Wl 6.5957312e+003 9.9911615"1 6.3966094e+003 9. MI66loo. 001 
6.5947303e+003 9. M&008&Wl 6.5957324eFOO3 9.9919655*. 001 6.5966106a+OD3 9.9916722o. Mi 
6.5947373e+003 9.9753929e-Wl 6.5957522e+-003 9.98602814-001 6.5W211"3 9.9914522"1 
6.5947420e+-003 9.9787249a-001 6,59575570003 9.9840255c). Wl 6.5966281e+003 9,9975474o. 001 
6.5947432e+003 9 979170-S&MI 6.5957732eý003 9 9339259oal 6.59662930003 9. M3723*. ooi 
6.5947490e+003 9.9860296e-Wl 6.5957803e+003 9.9533153tOol 6.5966303e+003 9.9949290*401 
6,5947502e+003 9.9WW7" I 6.5957814e+003 9.9538715a. 00 1 6.5966316e+003 9. MI7590. ml 
6.5947736e+W3 9.9929204e. 001 6.5957896e+003 9.98074686-001 6.5W340e+003 9.977%774p. W 1 
6.594775%+003 9.9948165a. Ml 6.5957919e+003 9.9906414e-Wl 6.5966363e+003 9977123le-ool 
6.5947782e+003 9.994815NODI 6.5959106e+003 9.9894730&. Wl 6.5W396OW3 9.9734536om I 
6.5949728e+003 9.9930040&WI 6-59581180W3 9.988443211. -001 6.5966399e+003 9.973432(Ai-001 
6.3949752a+003 9.9933329*-001 6.5958141eý-M 9 9880210o. Ml 6.5966421o003 9.972MU-001 
6.5948787e4-003 9.994M6e-OOl 6.5958153&W3 9.9859514a. 001 6.5966503e+003 9,9906236*. Wl 
6.5949009e+003 9.9939297"1 6.5958200e+W3 9.981475le-001 6.596651S&M3 9.9919417"1 
6.5949020e+003 9 9939417a. Ml 6.5958223e+003 9.9833919c. 001 6,596653k+003 9.9927652a. Mi 
6.5949195, -ý03 9.9375%7*-001 6.5958258e+003 9. M4633cal 6.5966562e+003 9.9919233@. wl 
6.5949627e+003 99911247a. Mi 6.5959281e+003 9.9848482c. Ml 6.5966930e+003 9.9979122o. Wi 
6.5949663e+W3 9.99403326-001 6.5958293e4-003 9.9881107eal 6.5966965e+003 9,9980153o. 001 
6.594972lo003 9.9949289e-Wl 6.5958386ef-003 9.994%05o. 001 6.5966912o+003 9.99"396*. M I 
6.5949791e+003 9-9913241*-WI 6.5958421e+003 9.9893454e-001 6.5966924e+003 9.9910423o. Wl 
6.5949926e4-003 9.99341406-001 6.5958445e+003 9.9880982c-001 6.5966935e+003 9.999414%ý, Wj 
6.5949849e+003 9.9944409e-001 6.5958468e+003 9. M8403e. 001 6.5%6947e+003 9.9912686o. W 1 
6,5949896e+003 9.9943954ca I 6.5958632e+-003 9,9912952e-001 6.3%6959e+003 9.9911368aal 
6.5949908e+003 9. M5420e-001 6.59-%"7e§-003 9.9929294a. 001 6.5%6982c+003 9.99999866. Ml 
6.5949954e+003 9.990188-50ml 6.595867L-+003 99938629*-WI 6.5%7017e+003 999471100.001 
6.594"78e+003 9.99%930*-M 1 6.5959795e4-003 9.9914735e-001 6.5%7075&H)03 9.98US79owl 
6.5949990e+003 9.9910952o. 001 6.5958954e+003 9.9935518e. Ml &5%7251a+003 9.99033910.0ol 
6.5950001e+003 9 9897572eal 6.595%64e+003 9.8905810&Wl 6.5%7286e+003 9. "43935eal 
6.5950071e+003 9.9907172o-001 6.5959251e+003 9.989235&o. Wl 6.5%7391e+003 9.9949291"1 
6.5950317e+003 9.9941479e-001 6.5959262e+003 9.990321&ý. Wl 6.5%7426e+003 9.9946352"1 
6.5950620e+. 003 9.985D96geMl 6.5959286e+003 9.992IW7e. OOl 6.5%7484e+003 9.98924966al 
6.5950632e+003 9.9829738e-ODI 6.5959321e*003 9.9912157a-001 6.5%7531e+003 9. "41219a. 001 
6.595%5-5e+003 9.9819794e. 001 6.5959344e+003 9.9919933e-WI 6.5%7846e+. 003 9.9895071"1 
6.5950690e+003 9.98"588e-Ml 6.595937%4-W3 9.9991327*. wi 6.5%7958e+003 9. M6370*. Ool 
6.5950702eýM 9.9875984e-001 6.5959391e+003 9.9981047&001 6.5%7870e+OD3 9.9913600*. W I 
6.5951017e+003 9.9916970e. 001 65959449e+003 9.982879&ý-Ooj 6.5%7893e+-003 9.99299900. Ml 
6.5951029e+003 9.9909013e. 001 6.5959531eý003 99904457e-001 6.5967928e+-003 9.99340*46.01 
6.5951041e+003 9.991222le-Ml 6.5959578e+003 9.994769le-001 6.5969743e+003 9.9931944a. M I 
6,5951052e+003 9.9893015o. Ml 6.395%24e+003 9.9869066eMi 6.5969757e+003 9.98%74leal 
6.5951216e+003 9.9385296cal 6.595%59e+003 9,9829454e. 001 6.5%8804eH)03 9.9892431*. Oo I 
65951239e+003 9.9398569e-WI 6.5959694e+003 9.985236U. 001 6.5969816e+003 9.9654036*Ml 
6-5951414e+003 9.9492105e-001 6.5959730e+003 9.9951118&W I 6.5968839e+003 9. MS486o. Ml 
6595t578e+DO3 9.9285042e. ODI 6.59597410003 9.9849131*. 001 6.5%8909e+003 9.9902509*al 
6.5951589e+003 9.929088-le-WI 6.5959776e+003 9.993176&ý-Wl 6.5968921e+003 9.99443g6a. 001 6.5951671e+003 9.9413870"1 6.5959800e+W3 9.990561le-001 6.5968932a+003 9.9852356*. Wl 6.5951683e+003 9.9414820e. ()Ol 6.5959823e+003 9.9817007a. Mi 6.5968944e+003 9 99447150,001 
6.595192geFOO3 9 9931265e-001 6.5959891e+003 9. gsg2o56cooi 6.5968956e+W3 9.98546g7o4ol 
6.5951952e+003 9.9947759a. Mi 6.5959905e+003 9.9969866e. 001 6-5%95570003 9.59770950al 
6.5951987e+003 9.9902367"1 6.5960220e+W3 9 9928550a. 001 6.597011 ge+003 9,994&480al 
6,5952372e+003 9.9903287e. 001 6.5%0255e+W3 9.9939765ý-Mj 6.5970199e+003 9.9937305oool 
6.5952407e+003 9.9909717"1 6.5%0313e+-003 9.9918352a. 001 6 5970270e+003 9.989953 %. W 1 6.5952442e+003 9.9843742e-001 6.5960442c+003 9.993977le-001 . &59703280003 9.994211(ký. ooj 6.5953411e+003 9.9946357"1 6.59604770N3 9,9935698e-001 6.597035)o+003 9.9949399*. Wl 6.5953493e+W3 9.99349&3e-Wl 6.596O5OOe4-003 9.9929410a. Wi 6.5970597c+003 9.993"110.001 
6.5953505c+003 9.99298580-Wi 6.5960652e+. 003 9.9932514a. Ml 6.5970953e+003 9,99509144b. Mi 
6.5953528&003 9.9921468e-001 6.5960675e+003 9. "35506c. 001 6.5971099e+003 9.9943249eat 
6,5953551e+W3 9.9930209a-001 6.5960897e+003 9.9947277a. 001 6.5971204e+-003 9.9779365@. ool 6.5953692eH)03 9.9893437e-001 6.5%1319e+OO3 9.945303&ý-Ml 6.5971227e+003 9.97967630al 
6.5953890e+003 9.992048le-001 6.5%134l&003 9.9436736*. wt 6.5971414e+003 98WV43o-Wl 6.5954544ei-003 9.6423146e-001 6.5%1353e+003 9 9458695c. 001 6.5971589v+003 9 9369439o. Mi 6.5954731e+003 9.9510244o-001 6.5%1972e+003 9.97M47o. M I . 6.5971624e+003 9.93732gle. 001 6.5954895e+W3 9.8518116e-001 6.5962065e+003 9 9937497*. Wl 6.5971928e*003 9.9933616@. Ool 6,5955105e+003 99934250e-WI 6 5962089e+003 9. m5696ami 6-59719510+-003 9.9933522.. Ool 6.5955303e+003 9.7761691"1 6.5962182e-H)03 9 993592 le-001 6.5MOIOc+OO3 9.984574%. 001 6.5956074e+003 9.9934889o-WI 6.5962217e+003 9 99131524)-ool 6.5972045ef-003 9.99576390.001 
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6,5972115e+003 9.9694934e-001 6.5978468e+003 9.9719D15a-001 6.59M77e+-W3 9993245&)-Wl 

6.597215De+003 9.9834925e-Wl 6.5978561e+003 9.9927886*-Wl 6.5986900e+-003 99931490o-Wl 

6.5972208e+-003 9.97009760-001 6.5979373e+003 9.9829174e-001 6.5N718De*003 9.8600024o-Wl 

6.5972477e+003 9.9924526e. 001 6.5979631e+-003 9.9896006e-001 6. SM53le*W3 9.9922899e. Mi 

6.5972500el-OO3 9.991339OC-001 6.5978678e+003 9.9854836eal 6.5M566e+003 9.9943113*. 001 

6.5972523e+003 9993631-%-Mt 659789530003 9.9793254&M 1 6.5987517e+003 9.99603440al 

6.59r72535e+003 9.992882le-001 6.5978923e+-003 9.9895357eMl 6.5999290e+003 9,9915432o. 001 

6.5972605e+-W3 99945629e-001 6.5978970e+003 9.9778469&-001 6.5989313e+003 9.99057550.001 

6.5972629e+003 9 98503060-001 6.5979064e+003 9.9938a3lo-001 6.598934k+003 9.9901812o. 001 

6.5972652e+003 9.9840024e-001 6.5979379e+003 9.994793go-001 6.5989393e+003 9.9909394@. Wl 

5972664e+003 9.9812950e-001 6 6.397946let-W3 9.9913212o-001 6.5989406e+-003 %9905032&WI 
. 

6.5972675&003 9.9815969e-001 6.5979624e+003 9 9944422&W I 6.598943Oe4-W3 9.9912472&WI 

6.5972699e+-003 9.9819743&WI 6.5979694e+003 9.9913945e-001 6.59BWla+OO3 9.9919562a-001 

6.5972722e+-003 9983D675e-001 6.5980325e+003 9 99265690-001 6-V"5c+003 9.99294&Ao. Wl 

5972979e+-003 9.99041920-001 6 6.598053.5e+003 9.99487900M I 6.598948geo-OO3 9.992909"1 
. 6.5973014e+003 9.99057636-001 6.5980592e+003 9.9945362e-00t 6.5M5OOe+OO3 9.9920745&W I 

5973037c+003 9.9886726e-001 6 6.5980640e+003 9.988DOIO"l 6.5988312e*OO3 9 9931944o. 00 1 
. 6.5973072e+003 99918569e-001 6.5980874c+003 9.9832528"1 6.5988535&W3 9.9926327*, Wl 

6.5973213e+003 9.9726945e-00 I 6,59BD885e+003 9. M9351"1 6.5M35U+003 9 9933075o. 001 

6 5973224e+-003 9.9713884"1 6.5980979e+003 9.9636260o-001 6.5MI66e+003 9.99495799-Mi 

6.59732$3e+003 9.9-q3595a-Wl 6.5Nl236e+003 9.9947434o-Wl 6. SM177e+003 9.9924496&WI 

6.5973411e+DO3 9 9784247oi-001 6.5991306e+-003 9.9939323e-001 6.598919%+003 9. "33922*. Ool 

6.5973446e+003 9.9759405o-001 6.5981329e+003 9.9929119o-OOI 6.59993520W3 9,9922106s. 001 

5973540e+003 9.9911524a-001 6 6.59914230003 9.99166030-001 6.5989364&0-003 9.98%1934t. 001 
. 59735750+003 9-98M360-001 6 6.5N1458e+003 9.9934164&, DOI 6.5989376&W3 9490%980-001 
. 6.5973855e+003 9.95384300, DOI 6.59814930003 9.99306090-001 6,5989423&W3 9,9917213&M 1 

6.5973978e+003 9.9543389eal 6.5981773e+003 9.9946629e-001 6.59894460M3 9.9937966*Ml 

6.5973902eM 9.9536329e-001 6.5981796e+003 9.9945962e-001 63MMoM 9.9946720*. Ml 

6.5973937e+003 9.9545237o-001 6.5981931e+OO3 9.997121go-001 6.598996Oe*W3 9"34362o. 001 

6,597394ge4-003 9.9536132*-WI 6.5981843e+003 9 9836906o-Ml 6.5"0182c+003 9.9949343*Mi 

6.597427-5&003 9.9896692&Wl 6.5991855e+003 9.9a5l594a-001 6.5MI93e+003 9.993224UOot 

6.5974299e+003 9.9904236e-001 6.5992007e+003 9.9917695e-001 6.5990228o+003 9.9906494o4ol 

6.5974310e+003 9.9915212o-001 6.5982042e+-003 9.9917057o-001 6.5M240e+003 9 9998935*. 001 

5974439C+003 9,980759%al 6 6.5982135e*W3 9.9953084cal 6.5M252e+-003 9 9903042o4ol 
, 5974450e+003 9.97957460-001 6 6.39MIle+003 9.9946854a-001 6.5"1420&+003 9.915761%. Oot 
. 6.59745o9oM 9.9734703e-Wl 6.598326&e*W3 9.9946212"1 6. 

-WI723e+003 
9.9943996*Wl 

5974532e+003 9.9725628e-001 6 6.5M336e+003 9.9947711"1 6.5"17580003 9.9921631"1 
. 5974777e+003 9.63791350-Ml 6 6.5983723e+003 9.9mlloo-001 6,5991770e+003 9.9916me-001 
. 5974976e+003 99737593a-001 6 6.5993747e+003 9.9891309a-001 6.5991805e+003 9.990999&0. wl 
. 5974988eFOO3 9.9772779o-Ml 6 6.5"3758e+003 9.9916619cal 6.59919280+003 9 9912322"1 
. 5975058e+003 9-9942615"1 6 6.5983805e+OD3 9.9943686*Ml 6.5"1999e+003 9.9973139*401 
. 3975081e+003 9.9943666"1 6 6.5983840e+OO3 9.99459394001 6.5"1968e+003 9. M6651*, 001 
. 5975o9le+003 9.9935603e-Wi 6 6.5983875&W3 9.99473600al 6.5991980e+003 9.9937783o. 001 
. 6.5975233e+003 9.956706go-Mi 6.5gs3gg7e+003 9.9928892t)-001 6.5992050e+003 9.9940GO&M 

6,5975303e4-M3 9.9819462e-001 6.598391 Ge+003 9.99199520-001 6.5992062e*W3 9.9923413o. 001 

6.59753M+003 9.9823347"1 6.5993957e+003 9,9926173c. 001 6,5992074e+003 9.9943433*. 001 

5975338e+003 9.98216926-001 6 6.5983980e+003 9.99254500-001 6.5992132&W3 9.9944640*Ml 
. 591535oe+M3 9.9860423o-001 6 6.5983992e+003 9.9923640e-WI 6.5992167e+003 O. M608&1-01 
. 5975385e+003 9.988579le-001 6 6.5994027e4-003 9.9889007o-Wl 6.5"2179e+003 9.9915126a. 001 
. 5975420e+003 99871044e-001 6 6.5984050e+003 9.9900037a-Wl 6.5992190e+003 9.992181, &s. Wt 
. 

6.5975560e+003 9.9893436e-001 6.5984097o003 99896530&WI 6.599243oe+003 9.9944653o. 001 

6.5975383e+003 9.9983047a. 001 6.5984120c+003 9.9974063e-001 6,5Mg7%+-003 9.9998"4401 

6.5975665e+003 9.98t76160-001 6.5994144e+003 9.985919le-001 6,5993101e+003 9 993904, ý 1 

6.5975975e+003 9.9919806eal 6.5984179e+003 9.989609le-001 6.5"31 M+003 9,994382$&Wl 

6.5975887e+003 9.98734310-001 6.5M214e+003 9.9943207e-001 6.5993123@+003 99939476&, DOI 

6.3976167ei-W3 9.8999403e-001 6.5994226e+-003 9.9835518o)-001 6.5993136e+003 9 994%820-001 

6.5976366e+003 9.9804459e-001 6.5994237e+003 9.984583&ý-Wl 6.5993160o+003 9.9932541"1 

6.5976377e+003 9.98M54eal 6.5994284e+003 9.9892507o-001 6.5993195*+003 9,9929599*. Wl 

6 5976704e+003 9.902634-54-Wl 6.5984307e+003 9.9909057*Ml 6.5"32060+003 9.990814%0.01 

5976856e+003 9.9722605oMl 6 6.5984354e+003 9.994216le-001 6.5"3218e+003 9 9933653o. 00 I 
. 5976926e+OD3 9.9679371e. Wl 6 6.5984436e+003 9.9945730e-00 1 6.5993276e4-W3 9.9943954o. 001 
. 5976985e+. 003 9.9731555. -001 6 6.599447te4-003 9.9924943e-001 6. M3779e*003 9, "7148U. 001 
. 6.5977ooge+003 99726723e-001 6.59945? 6e+003 9.9779496e-001 6.5"37900+003 9.986275%401 

6.5977043e+003 9 9775767e-001 6.5984588e+-003 9 9779M"l 6.5"3902&oOO3 9.9872320o. 00 1 

6,5977066e+003 9.9773707*-001 6.5984763e+003 9.8388720e-001 6.5993814&W3 9.98668&04o. Wl 

6.5977102e+. 003 9.9785457*, 001 6,5994996&D03 9.9817005e-001 6.5993825oM 9.9972225*Wl 

6.5977148c+-003 9.9750087e-001 6.5985008&003 9.9834727&WI 6.5993U4e+003 9.9893690"1 

6.5977183e+003 9.97769IDe-001 6.5985066e+003 99928917o-WI 6.5993919e+003 9.98%'542*al 

6.59772igoOM 9.976191go-001 6.5985090e+003 9.9925079e-001 6.39939540*003 999OU42"I 

6.5977452e+003 9.9924975e-001 6.598510loW3 9.99037DOe-Ml 6.5993966e+003 9 99169908.001 

6.5977464e+003 9.9903145a-001 6.5995136&W3 9.99148150-001 6.599435loOO3 9.977330&oMl 

6.5977604e+003 9.9767-506eMl 6.5985171e+003 9.992438le-001 6.5"4363e+OD3 9.9763214s. 001 

6.5977639e+, 001 9.9747717c. Ml 6.5995183&M3 9,9925952"1 6.5994409e+003 9.9721111*-001 

6.5977650e+003 9.97547OU-Ml 6.5985639e+003 9.9945555e-001 6.5"4491e+003 9.99340640-ml 

6.5977674e+003 9 9748547&001 6,5985674e+003 9.994349*ý-Wl 6,5994503&M3 99851037*. Wl 

6.5977697e+003 9.9730657*-Wl 6,5995709e+003 9.9809890e-001 6.5994549*+003 9.9996414-001 

6.5977779&W3 9.9&M584&WI 6.5985767e+003 9 98288516-001 6.5994561e+003 99891177"1 

6.5977802e+003 9.9830539c-001 6.5985814&W3 9.9789519e-00t 6.5994608c+003 99921541*Wl 

6.5977914e+003 9.9819707*Ml 6.5985861e+003 9.99057l3eMl 6.59946310+003 9. "1291%. Ool 
6.5977837e+003 9.981824le-001 6.59859%e+003 9.98779274001 6.5994643e+003 9.9907094*al 

6.5977872e+003 9. M6640e-001 6.5985919e+003 9.9900716e-001 6.59W55e+003 9. "13351"1 

6.5977931e+003 9.9754442e-001 6.5985931 e+003 9.9917907c. 001 6.59946660W3 9.9910903o. 001 
6.5978o36e+003 9. "37444e-001 6.5986036e+003 9994419le-001 6.5994690e+003 9. "12713*Ml 

6.597800-003 9.9811222e-001 6,5996059e+003 9.9948329o-Wl 6.5"4736o+003 9.994212%. 001 

6. "78106&W3 99M24-5o-Wl 6.5986176e+-003 9.9940302e-001 6-%99477 lo+003 9 "44017*4)01 

6.5978118e+003 9.9793723*-WI 6.5986188e+003 9.9905812a. Mi 6.3994978&003 9.9505751a. 001 

6.5978129e+003 9.9774426a. 001 6.5996211e+003 9.9894797*. 001 6.5"5163e+003 9. MB064o. 001 

65978141e+003 9.978"41&Wl 6.5M246e+003 9"47893*-Wl 6.5995212e+003 9. M2U2*. Wl 
6.5978164e+003 9 98ID976t)-001 6.5M293e'-003 9.9903719*. Wl 6.5"5224e+003 9.9816407o-Ml 
6 5978223e+003 9.9761413o. 001 6.5996339e+003 9.9901744o-Mi 6.5995235c*W3 9. M3443o. 001 
6 5979258e+003 9.976976&ý-Wl 6.5996363e+003 9. "40212*-Wl 6.5995292e+003 9 9935342"1 
6.597g293e+003 9.9765505"1 6.5986456C+003 9.99091gic-001 6.3"5305c+003 9.9939654o. 001 
6.597932&-f-003 9.9778R94a-001 6 5986620e+DO3 9.9942074o. Ml 6.5995317e+003 99830094-001 
6.5978351e+003 9.976768geMl 6.5986666e+-003 9. M2305*Ml 6.5995329e+003 9.9934642e. Wl 
6.5978363e+003 9.9762406eal 65996713&M3 99M56&Wl 65"534O&W3 9. M4177o. Mi 
6.5979421e+DO3 9.9707196eMl 6.5996830e+003 99926939*al &5"5352a+003 9.9831660*. Wl 
6,5978433e+003 9970368(k)-Wl 65986853C+003 9. "36316e. 001 6.5"54II&M3 9985013"1 
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6.5995422efOO3 9.98669970-001 6.6004812e+003 9.9915814e-001 6.60123450003 9.997297le-001 

6,5995481e+003 9.9871540e-001 6.6DO424e+003 9992869le-001 6.6012368e+003 9.995691 I*-Wl 

6.5"5492e4-003 9.987W3e-001 6.6004970ei-003 9.9943485e, 001 66012380e+003 9.9842996*a 1 

6.5"5551e+003 9.9920918e-001 6 6DO4894e+003 9.9941502o4Ol 66012391e+003 9.9W357@Ml 

6.5995784e+003 9.9064077e-001 66004929e+003 9.9945316c. 001 66012403e+003 9.9943526o. 001 

6.5995924o003 9.9409107e-001 6.6005022e+003 9. M350e-001 6.6012426e+W3 9.9935866eal 

6.5995936e+-003 9942275-5e-001 6.6005034e+003 9.98"394e-ODI 6.6012473e+003 9.9a46550-Ml 

6.5996135e+003 9 9928051&WI 6 6DO5O8Oe4-003 9.9875203e-001 6.6Oi2543e+003 9.976259go-Mi 

6.5M I 58e+003 9.9925573e-001 6 6005104e+003 9.987322le-001 6.60125660003 9.9742452a. 001 

6.5996707e+003 9.9378586e-001 6.6005127e+003 9.987745go-Ml 6.6012579e+003 9.9743557*. 001 

6.5996719e+003 9.9365796e-001 6.6005139e+003 9.9868607e-001 6.6012683c+003 9.9935704"1 

6.5996730e+003 9.93661480-WI 6.6005151e+003 9.9870906e-OOI 6.6012753e+003 9.99UM" I 

5997338e+003 9.9050647e-001 6 6.6D05174e+003 9.98851010-001 6.6013267e+003 9.9933127a. 001 
. 6,5997606e+-003 9.9945829e-Wi 6.6005197e+003 9.99950810-001 6.6013291 **003 9,9932.2&'*Wl 

6.5997653e+003 9.99456080MI 6.6005244e4-003 9.9924634oMl 6.60135479+003 9.9323VI"t 

6.599766-50-003 9.9939726e-001 6.6005256e+003 9.9938281"1 6.601371 le+003 9.9894968"t 

6.5997676e+003 9.9948940e-001 6.6005291e+003 9.9947377*Ml 66013723e+003 9m59340-mi 

6.5997688e+003 9 9943239e-001 6.6005302e+OG3 9 9947382o. 001 6.6013791e*OO3 9.9944168*al 

6.59981430-003 9 9947907o-001 6.6001606e+003 9.997V21"1 6.6013816e+003 9.9927990o. Wi 

6.5998540e+003 9.9932012e-00t 6 6005629e+-003 9.9891213o-001 6 6013928e+003 9.9911921"1 

6.5998552e+003 9,99252590-001 6.6005641e+-003 9.9896114o. Wl 6.6013851e+003 9.9mslowwl 

6.5999575e+003 9.9929472e-001 6 6005676e+003 9.9975680eal 6.6014248e+003 9.9947306*. 001 

6.5998657e+003 9.994377-5e-001 6.6005723e+003 9.9902755cal 6.6014412a+OD3 9.994655o*. wl 

6.59989210003 9.9943983e-001 6.6005770e+-003 9.989352le-001 6.60145280+003 9.9Ml4o*-OOj 

6.5998932e+003 9.9943361&Wl 6.6005781e+-003 9 9880416eMl 6.6014669e+003 9 99389199-Mi 

6.5999926e4-003 9 9931125e-001 6,6005840e+OO3 9.9841890"1 6.6014692*+003 9.9919171"1 

6.5999323e+003 9.9938017"1 6.6005921o003 9.989985le-001 6 6014727e*W3 9.99202190-001 

6.5999370e+003 9.993624(wWl 6.6005933e+003 9.9906847"1 6.60147500003 9,9916324"1 

6.5M463e4-003 9 99506906-001 6.6006038e+003 9.9935808a-001 6.6014774e+003 9.9902142*001 

6.5M475e+003 9.9827777"1 6.6006073&ý003 9.99209614)-Wl 6.60148000003 9.9986034"1 

6.5999685c+W3 9.864758le-001 6 6006095e+003 9.9908974-Ml 6,6014932e*W3 9 987150%. 001 

6,5999893e+W3 9.9786996&-Wl 6.6006097e+003 9.9909360a-001 6.6014867e+-003 9.9864959"1 

6.3999907e+003 9 9799170e-001 6.6006120&003 9.99257966MI 6.6014914e+003 9,99140290ýwj 

6.6000024e4-003 9.9939586e-001 6.6006155e+003 9.9920750&Ml 6.6014937*+003 999241660-mi 

6.6000035e+-003 9.9948596o-Ml 6.6OD6167e+003 9.9910372o-Wl 6.601496I&M3 9. "3D914"1 

6 6000047e+003 9.9940910"t 6.6006190eW3 9.9916409e-001 &6014972*003 9. "31270*Ml 

6.600DO82e+003 9.9918893o. 001 6 6006225e+003 9.99211906-001 6.6014994+003 9.993027%01 

6.60DO105e+003 9.992433-seal 6 6006260e+003 9.9914998a. 001 6.6014996e+003 9.9936097op-001 

6.6000362eH)03 9.99475706-001 6.60D6424e+003 9.99420260-001 66015042e+003 9.994oO2So. Wl 

6.6000502&W3 9 98779890al 6.6oD6517e+003 9.9914961&Ml 6.60150660003 9,994669%. 001 

6.6000514&W3 9.9859486e-001 6 6006540e+-003 9.9910826cal 6.601510leOO3 9.9935321*. Dol 

6.6000736e+003 9.8%7394e-001 6.6006610e+003 9.99334496-001 6.6015139a+003 9.9850177"1 

6.6000911e+003 9.990922-5e-001 6.6006622e+003 9.98305350-001 66015171e+003 9.994547"4)01 

6.6000923e+003 9. "42992e-NI 6.6006645e+003 9.982399OeMl 6.6015219e+003 9.9785230*. 001 

6.6ooo946e+003 9.9949103a-001 6.6007124e+-003 9.9942157e-001 6,6015253e+M3 99776709*. 001 

6.6001250e+003 9.994978ge-001 6 6007159e+003 9.9932027o-WI 6.60152890W3 99775379"1 

6 6001262e+003 9.994260leMl 6 6007171e+-003 9.9936134"1 6.601531 le+003 9 9"01220.001 

6.6001285e+003 9.9925834"1 6.6DO7183e+003 9 9934805e-001 6.60153230+003 9.9780444*Ml 

6.6001308e+003 9.9902059eal 66007194e+003 9.99352610-ODI 6,6015309o+-003 9. "51450*Ml 

6.6001343e+003 9.9877502"1 6 6008105e+003 9.9928626e-001 6.6015381a+003 9.9860"14.001 

6.6001355e+003 9.9870706"1 6.6008117e+003 9.99265660-001 6,6013404e+003 9,988D9140-ml 

6.6001413e+003 9A392354001 6.6008164e+003 9.998262lo-Ml 6.6015451e+003 9.9V"36"1 

6.6001495e+003 9.9933799&Ml 6.6008187e+003 9.9893929*-WI 6.6015474&W3 9. M393OoMl 

6.6001518e+003 9.9921594e-001 66008199e+003 9.98858lOeMl 6.601 Wge+003 9. M4? 23@-001 

6.6001542e+003 9.9929987e-001 6.6009479e+. 003 9.99,27535eMl 6.6015545eW3 9.9894393#al 

6.6001554e+-003 9.9939165eMl 6.6009110e+003 9.9950789e-001 6.601$626e+003 9.977593%al 

6,6001945e+003 9.9923015e-001 6 6009133e+003 9.99421950-001 66015693e#-003 99916861s. 001 

6.6002196e+003 9.9OV580e-001 6.6009169e+003 9.9827432a-001 6.60157080+003 9-M5262"I 

6.6002581e+003 9.99033"e-001 6.6009180e+003 9.980563OoMl 6.601572De+W3 9.91MI52"1 

6,6002628&003 9.9886436e-001 66009191e+003 9.9826922e-001 6,60158? 2o+003 9.9486%7*. Ool 

6.6002640e+003 9.9893986e-001 6 6009215e+003 9.9925135e-WI 6,6016023o+003 9.9U09150-ml 

6.6002663e+003 9.9985443e-001 6.6009238e+003 9.9819958e-DOI 6.6016035e4-W3 9. "00577"1 

6 6002675e+003 9.9858312c-Wl 6.6009308e+003 9 9890572e-001 6.6016222a+003 99M713s. 001 

6.6002686e+003 9.996697ge-001 6 6009320e+003 9.9897252e. 00t 6.6016327e+003 9, "3430kal 

6 6002733e+003 9.9889182e-001 66009390&+003 9 "2052leMl 66016350e+OD3 9. "31466ý1 

6.6DO2756e+W3 9.9983168e-001 6.6009425e+003 9.9901183e-001 6.6016374e+003 9.9945,1741.001 

6.6002803&M3 9,9926483o. %001 6 6009448e+003 9. "17075"1 6.6016677oW3 9.9942231+001 

6.6002826e+003 9992616le-001 6.6009472e+-003 9 9931294cal 6.6016724e+003 9.9949169*. Wl 
6.6002838&FOO3 9.9923955e-WI 66009483e+003 99906119aMl 6,60173666+003 9.923396%401 

6 6D02873e+003 9.9901612o. 001 6 6009495e+003 9.9916175e-001 6601739O&W3 9.92541. %. Ool 
6.6002908c+003 9.9915634e-001 6.6009507e*W3 9 9911852e-001 6.60174Ole*W3 9.9278146o. Mi 
6 6002932e+003 9.992303le-001 6 6009729e+003 9. SaI92&ý-Wl 6.60174l3aH)03 992697*5*401 

6 6oo3294e+003 9.9949625e-001 6.6009962e+003 9.9935654o-WI 6.6017436oM3 9 9M29%. ool 
6,6003305e+-003 9.994137&. 001 6.6009974e+003 9.9936983e-001 6.6017"gc+003 9.9280087*. Ool 
6 6003317eýM 9 9943072"1 6 601137-1-e+003 9.9485297c. 001 6.6017565c+003 9.9126926oal 

6 6003562e+003 9.994M6e-001 6.6011527e+003 9.9900752" 1 6 6017577e+W3 9.9125471"1 

6.6003574e+003 9.9917079o-001 6.6011550e+003 9.9910542eal 6.6017588c+003 9.9126321"1 

6.6D03597e+003 9.9912041"1 6.6011562e+003 9 9903899e-001 6 6018546e+003 9.9940357sal 
6.6003621e+003 9.9917706eMl 6.6011574e+-003 9. "20132e-001 6.6019559c+003 9.9942919*Ml 
6.6003679e+003 9.9899492e-001 6 6011609e+. 003 9.994276&ý-001 6.6018593e+003 9"16011"1 
6.6003691eý003 9.9892143e-001 6.6011807c+003 9.9916692e-001 6.601804c+003 99910924emi 
6,6003726e+003 9.9853647e. 001 6.6011842e+003 9.9917345e-WI 6.6018616e+003 9 9917207"1 
6 6003749e+003 9.98518OOe-001 6.6011854c+003 9.9927061c. 001 6.6018698e+003 9.9933994&WI 

6.6003807e+003 9.9817774"1 6.6011877e+003 9.9902800a-ODI 6.60IV33e+003 9.9946503"1 

6.6003819e+003 9.9817672e-001 6.6011889e+003 9.990934le-Ml 6 6019744e+003 9.99M240-ml 
6.6003943e+003 9.9908347o. 001 6 6011901 e+. 003 9.9909431"1 6.6019539e+003 9.9994704-001 
6.6003854e+003 9.9795803e-001 6.6011936e+003 9,9897149eMl 6.601962Oe4, DO3 9.9mioA*wi 
6.6004158e+003 9.9947974cal 6.60119&3c+003 9.991777leMl 6.6019644e+003 9.993567OoMi 
6.6004181e+003 99837197&Wl 6.6011994e+003 9.9927197e-001 6.601%67e+003 9.9917726*Ml 
6 6004205e+003 9.98419816MI 6.6012029e+003 9.9931963c. 001 6.601%90o+003 9.9897si4emi 
6.6004216e+003 9.9819318e-001 6 6012041e+003 9.9940893o. 001 6.6019702e*M3 9.98MI"I 
6 6004240&003 9 980180OC-001 6.6012204c+003 9.9903755a. 001 6.6019737e+. 003 9.9&4o871*Ml 
6.6004275e+003 9.9812675e-001 6.6012216e+003 9.9908038e4Ol 6.6019749a+003 99M71"I 
6.6004286e+003 9.9814767"1 6.6012239e+003 9 9909521"1 6.60197? 2e*003 9.9911106"1 
6.6004707e+003 9.9972935e-001 6.6012263e+003 9. "17355e-001 6 6019784e+003 9,9796095. s. Wl 
6.600476-1&003 9.9917679e-001 6.6012299e+003 9.9923463cooi 6.6019796e+003 9.9902107eal 
6 6004788e+003 9.9920372o. 001 6 6012333e+003 9.9880480c. 001 6.60198? 7e+003 9.989569%p. Ml 
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6 60199Olef-W3 9.9873323e-00 I 66025752oW3 9.9946301@-Ooi 6 6033284e+-003 9.9969166*. Wl 
6 6019936e+-003 9.9902988e-001 6.6026032e+003 9.9924975e-001 6.6033308e+003 9 9839404o. Ml 
6 6020158e+003 9 9705687e-001 6.6026055e+003 9 9927492e. 001 66033319e+003 9.9934240&Wl 
6.6020321e+003 9.9774825e-00 I 6.6026D9k+003 9.9928233*, 00 1 6.6033331&003 9.9137951oMl 
66020333e+003 9.978948le-001 6 6026102c+003 99911176e-001 6.6033343e+003 9. m6978*Wl 
6.6020391e+003 9.99%6%e-Wl 6.6026114e+-003 9.9928062e-001 6.60333790003 9.9847253, al 
6.6020415e+003 9.9863010o. 001 6 60262070+003 9,9883138*-001 6.6033401e+003 9.997VS2"i 
6.6020473c+-003 9.9910335e-001 6.6026219e+003 9.9870318&001 6 6033425e+003 9.9933UJo-ODi 
6.6020485e+-003 9.9929807c. 001 6.6026231e+003 9.9888509e-WI 6.6033436e+003 9.99321$%401 
6.6020590e+003 9.9927961(>, 001 6,6026417*+W3 9.9932116o-OOI 6.6033460oW3 9.99115810,001 
6.6020613e+003 9.9916477"01 6 6026441ei-003 9.9929397&Ml 6.60334&3e+003 9.9941322*Wt 
6.6020636e4-003 9.989MIe-Wi 6.6029683e+003 9.9831786&, DO 1 6.6033506e+003 9.9910039*4)01 
6 6020671e+003 9.9907829a. 001 6.6028730c §-W3 9.991547.5*-001 6.603353Oc+W3 9.9190313io. Ml 
6 6020683e+003 9.9908191&Wl 6.6028753e4-003 9.992374le-001 6.6033376e+003 9.9W565"1 
6.6020695e+DD3 99900898e-WI 6.6029372e+003 9.9944334o-001 6.6033600co-W3 9.9910661*Wl 
6.6020707e+003 9.9910602&, 001 6.6029442e+003 9.9937852o. 001 6.60336llo*M3 9.98011950-m I 
6.6020718e+003 9.9897'215e-001 66029454eýM 9.9931365e-001 6.60336230+003 9. M7516&Ml 
6.6020742e+003 9.9885993e-001 6,6029465e+003 9.9933248o-001 6.6033635@+003 99814845*. Ool 
6 6020905e+003 9.9937129o-00 1 6.6029769e+-003 9.9938600c-001 6.6033659e+003 9,97332011oODI 
6 6021325e+-003 9.9190403a-GOI 6.6029792e+003 9.9939478a-001 6.6033bgle+003 9,97763720-mi 
6 6021337e+003 9.9196577e-001 6 6029BD4e+003 9.9908972a-001 6.6033693e#W3 9.9mosge-001 
6.6021349e+DD3 9.9189652c. 001 6,6029816e+003 9.9937677a. 001 6.6033717&oM 9.9790433*. Wl 
6.6021944e+003 9.9940799c. 001 6.602MBe+003 9.9937571c. 001 6.6033740&ýM 9.9"4105*4)01 
6.6022026e+-003 9.9905806o-WI 6.6029839e+003 9.99376glo-001 6.6033732@+003 9.97713950.001 
6.6022061e+003 9.9920697a-001 6.6029851e+003 9.993161go-mi 6.6033763v+003 9.96160100, wl 
6.6022073e4-003 9.9833266&Wl 6.6029944e+003 9.993938go-Ml 6.6033775*+003 99M659*Ml 
6.6022096e+003 9.9853250e-001 6.6029968e+003 9.9936642o-Wl 6 6033810e*M3 9.975051 Sjj. Wj 
6.6022109e+003 9.99128306-001 6.6029979e+003 9.99322394)-Ool 66033837o+003 9.9796819a. 001 
6.60222M+-003 9.9916907e-001 6.60300140003 9.99388l7eMl 6.60338ok+003 999116990-mi 
6.6022223e+003 9.98M27&Wl 6.6030038e+DO3 9.9944118o-DOI 6 6033992@+003 9. %M7%. 001 
6.6022236e+003 9.9902529a. Ml 6.6030073o003 9.9943326e-ooi 6.60339i5ei-W3 99767236"1 
6,6022260e*W3 9.9914097o. 001 6.60302130003 9.993470le-001 6.6033973&oOO3 9 99334o4&w i 
6.6022271e+003 9.99490OU-001 6.6030225&003 9.9925707gi-00 1 6 6033997@+003 9.982122S&MI 
6.6022680e+003 9.9914437eMl 6.6030236e+003 9.9948367e-001 6 6034008&#, W3 9. "164590-mi 
6 6022967e+003 9.994282DeMl 6.6030248el-W3 9.9893367o-001 6.6034020e+003 9,993wme-001 
6.6023101e+003 9.994257le-001 6.6030260e+-003 9.9944122e-001 6.60340320003 9,9779314*Wl 
6.6023112e+003 9.993960le-001 6.6030271e+003 9.992091le-Ml 6 6034044&W3 9 9727536&W I 
6.6023136e+003 9.9926765c-001 6.6030330e+003 9.9948510c. 001 6,60340900*003 9.9931260o. 001 
6.6D23147e+003 9.9943507"1 6.6030470oW3 9.99180236-Ml 6.6034102o+003 9,9944731"1 
6 6023159e+003 9.9942703c. 001 6.6030517e+003 9.99362030-001 6.6034114o+OD3 9,9=933oWl 
6.6023217e+003 9.98944580MI 6.6030528e+003 9.9949034o-001 6 6034125e+003 9.9M496&Wt 
6.6023241e+003 9.990352le-WI 6.6030540e+003 9.9926434*. 001 66034160**OD3 9.985o6l7*Ml 
6.6023264e+003 9.9896240e-Ml 66030563e+003 9.992780-5o. 001 6.6034194&W3 9,9871030*ml 
6.6023486e+003 9.9947685eMl 6.6030692c+003 9.9940799a-001 6 6034193e*M3 9 9835662oM 1 
66023521e+003 9.994011leal 6.6030703e+003 9.9922979&, 001 6,603420700003 OM7441"I 
6.6023544e+003 9.9935720*-Wl 6.6030715e+DD3 9.9929823c. 001 6,60342420003 9,99IM40-mi 
66023579co-003 9.9947052e-001 6 6030949e+003 9.9940164val 6.60343124+W3 99837101"1 
6.6023743e+003 9.9945116e-001 6.6031007e+003 9.9908035cal 6.6034333o4, M3 9.91r. 6599*Ml 
6.6023766e+-003 9.99360249001 6.6031019c+003 9.9895971*. Wl 6.60343470+003 99m3s#owl 
6.6023895c+003 9.9934416e-001 6.6031030e+003 9.9923949eal &6034382eM 9 98376SOoM I 
6 6024163e+003 9.9939733e-001 6.6031042e+. 003 9.9860376o. 001 6.6034394o+003 9490464wmi 
6602419&e+003 9.9946362e-001 6.6031229c+003 9924319&ý-Wl 660344170003 9.986316-Ual 
6.6024385e4-003 9.9915608e-001 6,6031241e+003 9.9192202e-ool 6.6034"1000) 99u5oo9*ml 
6.6024397c+003 9.9892372e-001 6.603M2&O03 9,9194653*-001 6,6034432d+003 91"321"1 
6 6024420e+003 9.9886714e-001 6.6031439c+003 9.9813442a-ool 6.60344*4e+003 9.91)007%0.001 
6.6024455e+003 9.9930833e-001 6 6031451e+003 9.9M739o-ool 6.60UU7*+003 
6.6024467e+003 9.9942452e-001 6.6031498e+003 9.9925253e-001 6,6034~003 9.9, AOSOOO*al 
6.6024502e+003 9.9949099o-001 6.603193De+003 9.9927403a. 001 6 6034522&, ýM 9.9mO47#001 
6.6024560e*M3 9.9895867e-001 6.6031941e+003 9.9912124e-001 6.6034534*oM3 9,9, )ow3i*wi 
6.6024595e+003 9.99DO703o. 001 6.6032000e+OO3 9.9934994c. 001 6.6034346*+003 9.981VONo-Mi 
6.6024619e+003 9.98W71e-001 6.603201 le+. 003 9.9804194oM 1 6,6034591c+003 9, "$342%. ooi 
6.6024666e+003 9.9948962e-001 6.6032023e+003 9.9820893*-Wl 6.6ONoW&OO3 0. "78752"1 
6.6024747e+-W3 9.9902709eal 6 6032035oW3 9.9753034*-00 1 6 6034616OW3 9,9442=" 1 
6.6024792e+003 9.990013le-001 6.6032058e+003 9.9775517eal 6.6034627*4.003 9,9896233*Ml 
6.60248D6e+003 9.991021N)-001 6,6032082e+003 9.9745040a-001 6,6034639e4-W3 9 90*06s. 001 
6.6024817e+003 9.9906363e-001 6.6032093e+-003 9.9751932e-001 6.6034674c+003 9.9673n*Ml 
6.6024864e+-003 9.98918996-001 6.6032128e+003 9.9769891ti-Ml 6.6034700oo-003 99"ioe-001 
6.6024876e+-003 9 9890667e-001 6.603214DL+003 9.9798&33*. Wl 6.6034733&W3 99Urnio-001 
6.6025028e+-003 9.9335807e. 001 6.6032175e+W3 9.9817853"1 6.60347440003 998370DU-001 
6.6025039e+003 9.9320094o-001 6.6032187e+003 9.9943747e-Wl 6.603476WO03 9.978929soml 
6.602505W003 9 9320142e-001 6.6032198e+003 9.9794952a. 001 6-60347790003 O. "1945%. Ool 
6.6025296e+003 9.9931146cal 6.6032327e+. 003 9.9503234e. 001 6.6034861@+003 9.994"Iftmi 
6.6025413e+003 9 9935358e-001 6,6032350c+003 9.9496195a. Ml 6.6035223o+003 O. "2364o*401 
6.6025460e+003 9.9931650e-Wl 6.6032362e+003 9.9512702e-Ml 6.6035233o+003 9.99923370-001 
6.6025471e+003 9.9933775&MI 6.6032467e+003 9.9906103*al 6.6035258co-W3 9.9gooo 17" 1 
6.6025483e+003 9.9909632e-001 6 6032479e4-003 9.9916762o. 001 6.603527Oa4-003 9.9924626oýWl 
6.6025506e+003 9.9899232c)-001 66032712e+003 9.9944453a. Mi 6.6033281&oOO3 9,993ORmwoot 
6.6025717e+-003 9.9924098a. 001 6.6032957c+003 9.9949833o-Wl 
6.6025740e+003 9.993190le-001 66033261e+003 9.98Wl2eool 
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N14Ammonia (6570 - 6605cm-1, P=0.47Torr, L= 25.1m, T., = 22*Q 

1.751798to-OO2 9.9907905e-001 2.2986094e+OW 9.9674142e-001 3.7790319e#. OW 9 9764666o. Wl 
-2.2523119"2 9 9925735e-Wi 2.3399018e+000 7.9974191c. 001 3 3165702a+OW 9.9948990sal 

5.1302660e-002 9.9070862*-WI 2.3636761e+000 9.58"91o. 001 3 9265804e#. 000 9 9939Ma-001 
7.1323207e-002 9.9783648e-WI 2.3836967e+-OW 9.07360696-001 3.8703755eH)OO 9 "39174*. Wl 
1.163694.5o-Wl 9.4136837e-001 2.4297430e+000 9.9807555e-001 3872M9e+000 99937570*. Wl 
1.71425%e-001 9.9933323e-00 1 2.4324968e+000 9.9760761&WI 3,8741294eH)DO 9. "4mloool 
1.9645165e-001 9.936293le-WI 2.434"94e+ODO 9.9762264&WI 3 V53906&Hm 9. "39gole-mi 

2.3149761c-Wl 9.993845ge-Ml 2.4612764e+DDO 9.8M25ft-WI 3.8803857e+= 9. M4946*. Wl 

3.1657495e-001 9.7962947e-001 2.4625276e+000 9.8972440e-WI 3.8816369e+000 9 9992771"1 

3.5911862e-001 9.98936IOc-001 2.463778%+000 9.9979845e-Wl 3 9941397@+-OW 9 98956600-001 

3.7038016e-001 9.9589992e-001 2.5701381e+WG 9. V20777e-001 3 99289U&000 9. "12391"1 

4.3294437"t 9.9329585e-WI 2.5951638e+000 9.9735432o. 001 3.9191756vH)00 9.91050la-Ml 

4.3419568e-001 9.9319879e-001 2.6452151c+000 6.8520353e-001 3.942949L-OW 9%3181011. Wl 
4.35446946-001 9.93218111-001 2.7002717e+000 9.9939367e-001 3.9441.013OHM 9. %73370*Wt 
4.5546752a-001 9.973012lo-001 2.7027742e+000 9.9939944&WI 3.9867449e+000 9 99917620-001 
4.6547780a-001 9.9462784e-001 2.7052768el-OW 9.9861-568e-Wi 3. "17499e+= 9.9937903*. Ml 
4.7298550e-001 9.94857610-WI 2.7090307e+OW 9.9894737a-001 39967351t*000 9. MI863*Ml 
5.13026600-001 9.701136&ý-Wl 2.71778%e+ODO 9MI82196-001 4.0418013@+000 9.9nUl3*. OOl 
5.368OD98*, DOI 9.7315737o. 001 2.7265486oOW 9.9880860c). Wl 4.0443041@+000 9.9845190*. 001 
5.4931382&Wl 9.649923le-001 2.7328050e+WD 9.982076le-WI 4.0453353coON 9.9950209*wl 
5.793446.5e-001 9.9501430e-001 2.7463692e+000 9.9964116a. 001 4.0469065e+000 9.9944*95*Wl 
5.968523-5c. 001 9.9407939e-001 2.7478205e+000 9.9812937e-001 4.1018630WO 9.1111710*4)01 
6.2564218&WI 9. "27491&WI 2.7615846oOW 9.9612947o-001 4.2119760e+000 909511510-Mi 
6.268934&ý-Wl 9.9925970e-001 2.7629359ef-000 9. %10966eMl 4.2495147**= 9.9891293*. 001 
6MM7324001 9.9915727e-001 2.7665897eHM 9.9591310"1 4.2645301es" 9.933272go-M 1 
6.3440118a-00t 9.9901038e-001 2.7703436c+000 9.9588202oMl 4.2732998@+000 9,956063%. 001 
6.3815502eMl 9.9894672"1 2.77534&7e+. OW 9.9369947cal 4.2757915&H)DO 9.9526llSoMl 
6.4065759e-001 9.989454-5*01 2.7766000e+ODO 9.95646M-Ml 4 2920582oWO 9.984m&wl 
6.4190889e-001 9.988491le-001 UnMe+000 5.621795OoMl 4.297003eM 9.993OUleMi 
6.4441146e-001 9.9882992e. 001 2.88921560000 9. M9792&Wl 4-4046ri9oOM 8 661 %as*-mi 
6.4566273e-001 9.9MD62&MI 2.8904669e+000 9.98964540-Ml 4A39709%+000 9.99731 SUM 1 
6.6067814e-001 9.9935903c. 001 2.995472OeHO 9.9930107o-Wl 4.440%lle+000 99987322*. 001 
6.644320le-Ml 9.994013le-001 2.9DD4772e+000 9.9912073e-001 4 44221230M f967SM2o. 001 
6.6568327e-001 9.9942625eat 2.9029797e+000 9.99093704D. Ml 4.4484689*sý= 9.9856603*M I 

6.6818584e-001 9.99450640al 2.9480260e+000 9.14689966-Ml 4.4497201e+OOD 9.9951640*01 

7.192372le-ODI 8-3128834e-001 3.0706518e+ODO 9.9872779*Ml 4.46223290000 99644363*01 

9.1708868e-001 9.9843594&WI 3.0744057e+-OW 9.98962246Ml 4.4672390&#000 9971009-le-Mi 

9.2094255e-001 9.99069210-001 3.0856672eH)OO 9.9766920o-Wl 4469740loODO 9. %9932le-001 
9.4086310*al 9.9394702c. 001 3.0869195e*= 9.9757730a. 001 4 4772492@*000 9,9963? 99"1 
9.4211437e-001 9.9379485e-001 3.0894211e+OOD 9.975398go-001 4.479751 0&ýWO 9 99866M"l 
8.7464776e-001 9.7899179e-001 3.1432263e+DDO 9.9269917o. 001 4.52M2k+M 9,7666702*401 

9.9727364e-001 9-983882U-001 3.1695033e+, OW 9.99480346MI 4 55M32a+000 9 99354o6*Mt 
1.0710994e+000 6.2674552o. 001 3.1895239e+000 9.9854342e-001 4.5673407@+000 9 9965311"1 
1.1011303e4-OW 9.664521Ný-Wj 3.1932777e+-OW 9.9865804e-Wl 4.5710946e+000 9 "963$40,01 

1.1249046e+-OW 8 6231405e-001 3.1957903e+000 9.9855735o-001 4,577351 OoWO 9,9723U%401 
1.1536942e+000 9 8941776e-WI 3.198M8e+OOO 9.9850471&Wl 43736025. += 94721W"j 

1.1787099e+000 9 822292leMi 3.2045392e+000 9.9796017a. 001 4.5861 IODa+OOO M3012go-M I 
1.2087407e+ODO 9.963954le-001 3.2145495e+DW 9.98MII&Wl 4,6173921@+ODO 9. %93? Y)*Ml 
1.2625459e+000 8.3670039e-001 3.2183034e+000 9.9780856o. 001 4.61989490000 9.9702Y*Oml 
1.2925768e4-OW 9.9562266e-Wi 3.29713430000 9.994231te-GOI 4.6223972e+000 99694244MI 
1.3201050e+-OW 9.2373360o. 001 3.3008881e+M 9.9929799&. 001 44286539a+000 9974i864*M( 
1.3276127e+000 9.293372N001 3.3021394e+000 9.9921606a. Ml 4,6311563*+000 9.975V97*-Wj 
1.3588948e+000 5.522208-5e-001 3.3033907e+000 9.9926342*, 001 46749513&M 9.9932451"1 
1.4114488e+000 9.9763417e-001 3.3159036e+000 9.9947205a. 001 4.704992 1 o= 9.8270nu4ol 
1.4564950e+-OW 9.74804IOe-001 3.3196574e+ODO 9. "40175a. 001 4.7375133&= 9.90104so-Mi 

1.4602488e+000 9.7501503e-001 3.3209087e+000 9.9939379e-Wl 4.7425205e+OW 99%5197*Ml 
1.4915310e+000 6.5733182*-DOI 3.32341 M+000 9.9926055e-Ml VM308e= 9loW36&wi 
1.5253157e+000 9.8969897e-Wl 3.3246626e+000 9.9910763e-001 42=542&OW 3.50%RW*. Wi 
i. 5428336&, DOO 9.7852724e-001 3.3259138e+000 9. "11820e-001 W89107e= 9904079omi 
1.6441876e+000 9 843923le-001 3.3284164e+000 9.9909288&Wl 4.981413loo-OW 9.0037364o. Mi 
1.6692134e4-000 9.9942112e-001 3.3834729e+-000 9.3743495"1 4 8864182*oOOO 9.90617SU-001 
1.6717159e+000 9. "40836&Wl 3.4199131e+ODO 9,9910771c. 001 49202030e+000 9.1907741"1 
1.6729672e+000 9.9940119e-OOI 3.4286719e+-OW 9.9880969o-001 4.9489926e+000 98001062"1 
1.6754698e+000 9.9940514e-001 3.4712157eH)OD 9.99176g9eMl 5 0002952&000 3.9551914*al 
1.7117570e+000 9.9747627e-001 3.4724669e+000 9. "15832a. Mi 50440802*4-OW 9.8164002"t 
1.7167622e+-000 9.9925592&. 001 3.4749696eH)OO 9.9914466*. 001 5.0866237e+000 4.3524770*4ol 
1.7192647e+000 9.9889020e-001 3.4799748e+000 9.9937812&WI 5.132021 2eoOW 9 92Y*xio. W I 
1.8018495e+000 9.5817264o-001 3.4949799e+ODO 9.9909046e-001 5.179218%+Ooo 4.3168 1 So&. 00 I 
I. BM54e+ODO 9 9556324e. Wl 3.48623lle4-000 9.9902977a. 001 S-241MOOM 9,943110, )*Mi 
1.9393880e+000 9.9556877e-001 3.5200159eH)DO 9.943792-5&, 00t 3.2442837o= 9. "2951"1 
1.9456444e+-000 9.9604630e. 001 3.521267le4-000 9 8422852c. 001 5.2303420c+000 9.954wo-001 
1.9606599e+000 9.939625k-DOI 3.5275234e+000 9.9331757c. 001 5.230"4oOM 99311416s. 001 
1.9619111e+-OW 9.9359531*-001 3.5512979eH)OO 9.9023965a. Mi 5.2593011*+000 9.9510901"1 
1.9631624e+000 9.9368527&WI 3.5538003e+000 9.903676&). Wl 5, M5729eOM 9 M7530*Ml 
1,9731727e4-000 9.9467674a-001 3.5550518e+000 9.902701ge-001 5.2930756e+000 9 2707256*. 001 
1.9019522e+000 9.321975le-001 3.5575542e+ODO 9.901996245,. Wl 3.3O55rA3eo-(w 9.747106goml 
1.9757780e+000 9.8851034e-001 3.56130&2e*M 9.9024199*. Ml 5.3306242e+000 9931219o@401 
1.9792806e+-000 9.8848793e-001 3.5638106e+000 9.9021680o. 001 5.354MIoM 911lWo"I 
2.0345884e+000 9.2633089e-001 3.5775748e+000 9.9388227o. 001 5.3719165e+M 99950IW40-Mi 
2.0646192e+000 9-919123le-001 3.6088571 e+000 9.2029945e-001 5.4150349e+000 5.75? 9.4070401 
2.0671219e+000 9.9181029e-001 3.6551546efi)00 9. "22169a. 001 3.4675889e+000 9.9wmi*401 
2.0696243e+000 9.9191737e-001 3 6576570e+000 9.9910214o. 001 S. 4738452oM 9.9137073*01 
2.0721269e+000 9.9192669e-001 3.6639136e+000 9,9942970a-001 5.477599lotOOO 9.9753W. 0401 
2.0733782e+000 9.9152317e-WI 3.7189702e+000 9.9700937o. 001 5.483106loW0 9%7630%ml 
2.0758807e+000 99153808e-001 3.7502522oOW 9.98795"e-ml 5.4976094oWO 9 %M U401 
2.0946500e+000 9.9625604e-001 3.75650&5e+000 9.9839492eooi 5.4951169e+000 9.95922040mi 
2.0959013e+-000 9.96735380-Ml 3.7577597e+000 9.9831670c. 001 5.5051272*+000 9 9726417" 1 
2.1371937e+-OW 9.9794666e-00 I 3.7590112e+-000 9. M7170e-001 5.5W3? 88oM 9.974570k. 001 
2.1396963e+ODO 9.9902269o-001 3.7627649e+000 9.9830516a. Wi 53=120+000 9.975572JO. Mi 
2.1409476e4-000 9.9816557e-001 3.7652676e+000 9.9829315c. 001 5.5139863oOW 9.96739ggeool 
2.1434501e+-OW 9.9817318e-001 3.7665188c+000 9. M8589a. 001 3.5163890e+Wo 9 9664936,. Wl 
2.1694758e+000 9,9985144e-WI 3.7765291e+000 9.976432oe-001 5.5176402e+ooo 9-96M06o401 
2.2785888eH)OO 9.8249026e-001 3.7777BD3c+OW 9.9761453&Ml 5.5201426e+ODO 9.9069273&Wl 
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5.5213942e+000 9.96693608-Mi 7.0817457e+000 9.9938476c)-001 8 1337946a+000 9.9430007*401 

5.5414147e+000 9.9911198e-001 7.130545geH= 9.9721222e-001 3.1900919OHn 7.7450101o-Wl 

5.5439171&+000 9.9886373o-001 7.21938680000 9-9935794e-Wl 8.24513Mcf-OW 9.9784420*, Ml 

5.5476711e+000 99901306e-DOI 7.2218895e+000 9.99196190-Ml 9.2463998e*= 9. gr786676a. Ml 

5.5489223e+000 9.9904673e-001 T2268946000D 9.98886040-Wi 9247641 Ov*OW 99"53%e-001 

5.551425Oe4-000 9.99038630-001 7.2319998e+ODO 9.9914790&Wl &. 2951794e000 "MU-001 

5.5551786e+-OW 9.9866846&Wl 7.26-iM5e+000 9.69340980-001 8.3214669e+000 9. %01134&Ml 

5.5626865e+000 9.9924969e-001 7.2982178e+000 9.991407&i,. Wl 8.3277232e+000 99537124*. Wt 

5.5676916o(W 9-M53754)-001 7.2994690e+000 9.992092go-001 8.3302256e+000 9.9527090e-Wl 

5.3701940e+ODO 9.98381&4e-WI 7.3057256e+000 9.9929307a-001 9.3314772e+000 9.95334774i. Ml 

5.3739479e+-OW 9.98152846MI 7.3082290e+ON 9,9931942"01 8.3514977oOW 9.9871805*Ml 

5.5802D43e+ODO 9.984453le-001 7.3094792e+ODO 9.9920323e-001 &3552513eH)OO 9.91170737*Ml 

5.5902145e+000 9.9521254&WI 73132332e+000 9.9899409a. 001 8.35650280OW 9.985MIll-ODI 

5.5952197e+000 9.9499856oMl 7.3144844e+000 9.9891432e-001 9.3763234e*ODO 9.9041735oMl 

5.606481 5e+000 9.9190969a-001 7.3557770e+000 7.558486&ý-001 8.3902V3*4-OW 9. %21696o. 001 

5.6077327e+000 9.918162M-001 7.3820539e+000 9.7987934*-00 1 3 3915388*+000 9.9646049*M 1 

5.616491 ge+000 9.9056439e-001 7.4020744e+000 9.1605528a-001 8.3952924*+000 996575V"l 

5.6277532e+000 9.9282903e-001 7.4321053e+000 9.949887k-001 9.3965439co-OW 9.9665029*. Wl 

5.6315072e+000 9.9273745e-DOI 7.4333565e*M 9.9513562e-001 9.5029030*'-OW 9.9910947*Wi 

3.6365123c+000 9.92945436MI 7.4408643e+000 9.9559753e-001 8.5054034e+000 9.99904940-001 

3.6815585e+000 4.9801606a. 001 7.4433667e+000 9.95645316-001 8,5079081 *+000 9 99M 17*401 
5.7503789e+ODO 9.9847830eal 7.4446179&H= 9.954913ge-001 8.3316926*0-OW 9.9MI92owl 

5.7541329eOOO 9.9817154e-WI 7.4483719e+000 9.9524997"1 &5729749o*= 9.9MU-So-ml 

5.7616407eHO 9-M52496-WI 7.4496231e+000 9.951526le-WI 8.5917443@+000 9.9W171oal 

5.7691483e+-OW 9.9754425a. Ml 7.45OV46e+000 9.95159190-001 9.6042370oOW 9 95M391"I 

5.9129433e+000 9.9349133"1 7.4546Me+ODO 9.952in9o-Wl 9.6055082e+000 9.9395394*. Wl 

5.8141945e+000 9.93318510-001 7.4608849e+000 9.95130366-WI 8 6092621o+000 9 9657094o. 001 

5.8154457e+000 9.9335752o. 001 7.46339730M 9.9530179cal 8.61301600M 9. %197410-001 

5.8204508e+-000 9.9363957"1 7.4671412e+000 9 9504480o. 001 S 6205236e+000 997M? 4*Ml 
5.92295360OW 9.93733&4oWl 7.6032296&ýOW 9. %15495ti-001 8,6217751*4-M 9 97US23*401 
5.95558950M 9 9563405o-001 7.65329090000 9.7246334e-001 8.6730777*'-OW 9.9963830&Ml 

5.9718565eH)OO 9.98933730-001 7.6670452eH= 9.913559le-WI 8.6743299e+000 99oun4omi 
5.9731077e+000 9.9886452o-001 7.6808090e+000 9.7420793e. Wl &7069624"= 9 661JS79*. 001 
5.9769616e+000 9.98978006,001 7.7045835e+000 9.9479179t)-001 &7369932**OW 99MU17040t 

5.9806152e+000 9.9898247"1 1.7083374e*M 9.9490724*-WI &7631701o(W 9.39? 9090&Wl 

5.9943794e+000 9.9934179eMl 7.1109398e+000 9,9499832o-00 1 V9320100000 9 9? 29907o. 00 1 

5.9956306e+000 9.993219-%al 7.7159450e+000 9.9435184eM I 8.79M522e+OOO 9 974219@&W 1 

5.9968822e+000 9.993611leMl 7.7170965e+ODO 9.9452927*. WI V9370340000 9.972718%. 001 

6.0056409e+000 9.9923264-001 7.7221017e+000 9.9424457"1 890070850000 9,96"Is-001 

6.0606978e+000 9.994505le-001 7.7233529e+000 9.93933014001 B. 80196000M 9. %2015011. Wl 

6.0619490e+000 9.9941020*, 001 7.7633940e+-ODO 6.795038&o. Wl s. 8%9652o= 9953947141.001 

6.0644514e+000 9.9945357"1 7.7996811e+ODO 9,9261966e-WI B. &MI64*+OW 995"W"I 

6.1182567eH)OO 9.9543898"1 7839471000M 940M41"I 9.91071ua*ow 9,9340300-ml 

6.1720620e+000 9.7159700c-001 7.872255&rH= 9.9793439e-00 1 9.223231&P+M 9 916&338*. W 1 

6.19959ODeHM 9.96069536-WI 7.876W94e+000 9.9780991*-001 8. W4Mle+ODO 9%72692*401 

6,2546466e+000 3.3448007e-OOI 7.8785121 e+000 9.9793869o. 001 9,8307393c+000 9A42161"I 

6.3072007e+000 9.9000475o-WI 7.8822660e+000 9,9784489eat 89357444e*OW 9 95%600*M 1 

6.3097031e+000 9.9021289e-Wl 7.8872712c+000 9.9976022ib-001 8 8392472@+000 9.9556992*. 001 

6.3147092e+000 q. 9144017o-001 7.8897736e+ODO 9.9847%2"1 9 93949840000 995214000-Mi 

6.3184621e+000 9.9141503o-001 7.8997839&ON 9.9M77leMl 9,8545139a*M PMBI%Owl 

6.3197133e+000 9.9123035e-001 7,9022866e+000 9.9889375e-001 8.963272%4,000 9 974911 Z*W I 

6.3760214e+000 3.4739513e-001 7.9147993e+-OM 9.9898501e-001 8 964524[e+000 99743510*Wl 

6.4123085e+000 9.8048527e-001 7.9223071e+000 9.993365le-001 S. V57855c+OOD 9,9359978"1 

6.4398366e+DGO 8.9143019o-001 7.9310659e+000 9.98534&3o-Wl 8.9159266&*M 9 9932RD6@. 001 

6.4686162e+000 9.7981174-WI 7.9385737eýM 9,989899le-WI 9.9193294o4-OW 9.9921390"1 

6.4711190e+000 9.7971844e-001 7.9410761e+-000 9.9895488e-WI 8920831"ý000 9.992miem I 
6.4911395e+000 9,8957749e-WI 7.9435789e+000 99890486e-001 9.9220833e+000 0. "112620401 

6.5149137e+-OW 9.4529743a-001 7.944SMle+ODO 9.98922OOe-001 8.9233343o*OW 9.9, ). CL323*Wl 

6.5474472e+000 9-98m5e-wl 7.9485M+000 9.9913109o. 001 8*21244výM I &W314o. 001 

6.5499496e+000 9 990547le-001 7.9510864e+000 9.9910656eM 1 9.993**4. +000 glnl3olAýWl 

6.5562063c+000 9.9931579e-NI 7.9548404e+000 9.9917892o-001 9.02218600*000 0,7"35510ml 

6.55870870(M 9.9927731"t 7.9573431 e+000 9,992765le-Ml 9.113529704000 9181$94%al 

6.5687190e+000 9.992219le-001 7.9598455e+000 9.993705le-OOl 9.134901300M 9,910643O&WI 

6.5712217c+000 9.9910459"1 7. %234&2e+ooo 9.99370746MI 9.13955540+000 9.9103610"1 
6.5762269el-000 9.9808574eM I 7.9648506e+000 99933050*-WI 9.15100840ýWO 9,9453297"1 
6.5799805e+DDO 9.987712&)-001 7. %99558e+000 9.9895055"1 9.1535708VOOD 99459211"1 

6.5924832e+000 9 9884030e-001 7.9711070e+000 9.9883393e-00 1 9.23240180000 9.9924193" 1 
6.5837344e+000 9.9869443a-W 1 7.972359-14+000 9.9900950eal 9.2649350e+= 9 %720090.001 
6.5899907e+. 000 9.975691%-WI 7.9748609e+000 9.9904347e. Ml 9.2661866oOW 9AS"ll"I 
6.5937447e-FODO 9.9774086e. Mi 7.9873739e+000 9.9736337"1 9.29620710+000 9U75708"I 
6 5949959e+000 9.9774449o-WI 7.9886251e+ODO 9.9727964e. Wl 9.3074789e+000 9,9763271"1 
6.6350370e+000 9.9785804e-001 7.9948815e+, OW 9. %46513e-001 9.3350069**OW 9 $622373a. 0o i 
6.6375397e+000 9.9779829e-00 1 7.9961327e+000 9.9637832e-001 9.3550275o= 9.95902900-M 1 
6.6663193e+ODO 9.7794505e-001 7.9986354e+000 9. %33851"1 9.3362790e#ODO 9.9593064-001 

6.67132450+-OW 9.7879626e-Wi 8.0011378e+ODO 9. %32548e-WI 9,416340744WO 9.164282%, ODI 
6.6788320e+000 9.78069500-WI 8,0023893, -HM 9 %3871&). Wl 9.4451199e+000 9.9936356*. Mi 
6.7038577e+000 9.9666368*-WI 9 0136508e+000 9 9890225eMl 9.48891500+000 99093531*. Ool 
6.7451500e+000 7.7664306e-WI 8 0149020e+000 9.9896553e-001 9.49392010+000 99738857"1 
6.7901959e+000 9.96579970-Ml 8.0174047e+000 9.9898947a. 001 9.506433100DO 9,9160414,001 
6.7914375e+000 9. %92340e-001 9 0199071e*= 9.9912655e-001 9.5564945&', OW 9.99372SU-001 
6 7939399c+000 9.9701947o-001 8.0224099e+ODO 9 9919488a-Wl 9.5702484e+000 9.9p4%6%Ml 
6 8102171e+000 9.7162572e-001 8.0261635e+000 9.9912466&Wl 9.5727511e*000 9.9910073*Wl 
6.9452530e+000 9.9853652c. 001 8.0286662e+000 9.9903894o-Wl 9M2638oOM 99S. 5. m5eool 
6 981 W2&WO 9.3978132e-001 9.0299174e+000 9.9916960o. 00 1 93877665e+OW 9 9555637"1 
6.9078171e+000 9-8970975"1 9.0311686e+000 9.9916105aM I 9-SMO99e+000 9.9518213*401 
6.915325Oe4-000 9.972992lo-001 8.0349225e+000 9.9882735o-Wl 9-"MBDO+ooo 94742940wMI 
6 94285300000 9.9419202e-001 8.0399277e+ODO 9.9933764a. 001 9.6215513e+000 911763FAI&WI 
6.945355ge-000 9.9428598e-WI 8.04243! 04e+000 9994=3o. Wl 9.6415718e+000 99511LIB"l 
6.9466070e*M 9.9410196aMl S 0637022e+000 9.9911279*-Wl 9.6629436e+000 98781151"1 
6.9853969e+000 6.987351le-001 9.0662046e+000 9.9894791"1 9.6803614e+000 9.9659391"1 
7.0354482e+000 9.99157IMMI 8.0724612e+OW 99813603a. 001 9.7095900e+000 9 258m5"I 
7.0366994e+000 9.9924027*. Wl 8 0737124e+000 9.9789435o. 001 9.725856%*OW 9 93.16OMoOO 1 
7.0379506e+000 9 9913774e-001 8.0912303e+OOD 9.940094&ý-Wj 9.7371194e+000 9 8936532"1 
7.0392018e+-OW 9.9949558cal 8.0937330e+ODO 9.9388591cl-Wi 9.7721344@+000 99932855"1 
7.0742378e+000 9.9948022cal 8.0949842e+000 99416367c. 001 9.7796622o+000 99756959wWl 
7.0767405e+000 9.9931577"1 S. 1097484e+000 9.9617977*-W I 9.783415geolM 9.9"06lg&Wl 
7.0792429e+000 9 9933663e-WI 9.132522%+. OW 9.9494438. i. W 1 9.7984210e+000 9971394PAI-Mi 
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9.7896725e+ODO 9.9705720c. 001 1.09508640001 9.99112416-001 1.1979019CO-001 99952%1*. ODI 

9.7934261e+OW 9.968&M7&Wl 1.0954619e+001 9.9904694e-001 I. IM271*0-001 9. M793le-001 

9.79467760M 9.9677112e-001 1.0959372e+00 1 9.9915967e-001 1.19815220*Wl 9A38254&Wl 

9.8172006*FDOO 9.8554103e-001 1.0959623e+001 9.9925412e-Wl 1.19&M25e+001 9 M4.5480401 

9.8497341e+000 9.9876614eal 1.0974639e+ODI 9.9986485e-001 1.2007799e+001 99028101"1 

9.8997752e+-OW 9 033427lo-001 1.1146065e+001 9.9698154c. 001 1.2025317e+001 9,9347970*01 

9.9185wef-OW 9.9913330e. Ml 1.1231152e+001 9.2819232o. 001 1.2060353e+-001 7 B638020*Mt 

9.9260624e+ODD 9.978508le-ODI 1.134OOt4e+001 9.9308768e-001 1.2117912e+-001 9. M3272&Wt 

9 928-5648&M 9.9784624o-001 1.139DO65e+001 9.8941344o-DDI 1.2lt9l6-3e+OOl 9 9836094a. 001 

9.9298163oOW 9.9788612*. Wl 1.1433860e+001 9.9&40026e-001 1.2121666e+001 9.9921096o. 001 

9.93356990M 9,9818526&Wl 1.1436363e+001 9.984355NO01 1.2124168e*Wl 9MI1190-mi 

9.93732390M 9.979641ge-001 1.1438965e+, 001 9.9941812o-001 1.2126671e+001 9. MI767"1 

9.9510881e+000 9.985715le-001 1.1442619e4Ol 9.9MI8U-Wl 1.2127922ei-001 99850475o4al 

9.9523393e+ODD 9.98353730-001 1.14439700001 9.983D65&e. 001 1.2129114c+001 9.9939So8oat 

9 9560932e+000 9.9819609e-Ml 1.1446373e+001 9.9844119*-001 1.2131676eo-Wl 9.99420379-001 

9.9585956e+000 9.9816479e-001 1.1447624e+001 9.9838209*, 001 1.2135430es-Mi 9.986043leMi 

9.9610994e+000 9.9809653o-001 1.1450127e+M 9.9844323o-WI 1.2137933o+001 9 9866393oM I 

1.00048930-001 9.9220138e-001 1.1466393e+ODI 9.994975ft-Wl 1.2142938e+001 9.99030899-Mi 

1.0027416e+001 9 9740224e-001 1.1471399e+001 9.994298%al 1.2146691e*Wl 9.9M8000401 

1.00299190+001 9.9736373eal 114726500001 9.9946705o-001 1-21504450001 9.9932764"1 

1.00311700001 9.97243440-001 1.1476404e+001 9.9949696eMl 1.2151697&*001 9. "3o6480-Wj 

1,0051191e+001 9.9037948e-001 1.1486414e+-001 9.9912189e. 001 1.2160436e*001 9.9938133*. 001 

1.0074965&FOOI 9.9807683e-001 1.1488917e+-001 9.9908578e-001 1.2199245o0ol 9 99027420ýw 1 

1.0111252e+-001 9.979013Ný-Wl 1.1490169&001 9.9917174e-001 1.2200491@+001 9.9894w5owj 

1.0126268e+001 9.94080734)-001 1.1493922e+001 9.990408&ý-Ml 1.2230527e+001 9.14*Wo. OOI 

1.0160053e+001 9.1253240e-001 1.1495173e+001 9.9905547"1 1.2269317@6, Wl 99"js$3&wj 

1.0213958&001 9. M3796"1 1.14976750MI 9.9880076a. 001 1.2271920e*Wl 9.975677". ODI 

1.0215109e+001 9.9804087e-Wl 1,150017&e+001 9.9866957e-001 1.2273071@+001 99736029*Ml 

1.0230125e+001 9.9962147"1 1.1502691e+001 9.9m988&Wl 1.22793290001 9%70730*ýWl 

1.0233878e+001 9.9909353e-001 1.1-'06434e+-WI 9.9846656e-ool 1.2290579e+001 9.96417750. wl 

1.0241386e+001 9.98127710MI 1.1515194e+001 9.99019810-001 12293Me+001 99614947*. Ool 

1.0247642e+001 9 9883420cal 1.1519947e+001 9.9978338o-Wt I. M55940+001 9,9601501&ml 

1.0251396e+001 9-9947915"1 1.1527706e+001 9.9905753o. 001 1.2296935e+001 99603091*. Ml 

1.0255150e+001 9.9951484e-001 1.1530209e+001 9.9905050&, 001 1.22880870*wl 9 9595058"1 

1.0258904e+001 9.9839432"1 1.1535214e+-001 9.99093560al 1.2353134e+001 6 1632936o. 001 

1.0262658e+001 9.9941037"1 1.1542722e+001 9.988M3e-OOl 1.2394446e+001 99594416sal 

1.0291437e+001 9.8340280e-Wl 1.1543973e+001 9.986723ft-Wl 1.2420723**Wl 9,7367254MI 

1.03127090001 9.952717UMI 1,1563994e+001 9,9593194*. 001 1.24520050001 9.9k94940-mi 

1.0332730e+001 9.8920479e-001 1.1565245&Wl 9.9589749"1 1.2435759e+001 9.985"13o. 001 

1.0343991e+001 9 9141419oat 1.1566496e+001 9.959737(hý-Wl 1-245826WWl 9.9644W? "l 

1 0359007e+001 9.840277. %al 1.1570250e+001 9.9617338&Wl 1.2463267@+001 9 "36936*4)01 

1,0391530e+001 9 976575le-001 1.1572752e+001 9.96268")-WI 1.2464318&001 9 98186200-001 

1.038278l&001 9.9770671"1 1.1591512e+001 9.9762442"1 1.2465769oWl 9AUM"j 

1.0385284e+001 9.9771034e-001 1.1584014e+001 9.9756072o-001 1,2468272e+001 9.9922044*. Wl 

1.0389037e+001 9. W5251-5e-001 1.1586517e+001 9.9749405e-001 1.2472025*0001 9 9811874" 1 

1.039279lerFOOl 9.9756799e-001 1.1589019e+001 9.9746499eMl 1.2475779e+001 99M9O3oal 

1.0399048e+001 9.9701159e-001 1.1592773e+-001 9.9754385e-001 1.2477030o+001 9 9948"50401 

1.0404053e+001 9.972070M. W1 1.1595276e+001 9.9754879*. Wl 1.2479292a+ODI 9 9M369oal 

1.0426576e+001 9.89474OOo-001 1.1596527e4-Ml 9.91514IM-001 1,2322077*+001 7.9162378"1 

1.0449099e+001 9.997047le-001 1.1597779e+001 9.9753929oM 1 1.256336%4,001 91808800"1 

1.0472874e+001 9940205le-001 1.16027&3e+001 9.9767275"1 1.2593390e+001 993231%oool 

1.0474125e+001 9.9364949e-001 1.1604035e+. 001 9.9772197e-001 1.2gD4&67e+001 9lMl53wWl 

1,04853&7e+DOI 9.907833le-001 1.1619901e+. OOI 9.9898718e-OOI 1,29173800MI 9895380)*. Wl 

1.0507909c+001 9.9777247e-001 1.1621152e4-001 9.9913237a. 00 1 1.2929642a+001 9 878490"m 1 

1.0347951e*Wl 9.2309129e-001 1.1624906e+001 9.999380leMi 1.2951164oMl 9 970SI460-001 

1.0577981e+001 9.8991623e-001 1.1626157e+001 9.9897829e-001 1.28736990001 9.8225358*. Wl 

1,0600505e+001 9.5597536o-001 1.1629911e+-001 9.9901257a-001 1.2992437oWl 99020381"1 

10626792e+-001 9,9673497e-001 1.1637419e+-001 9.984629ND-001 1.2932~001 3.335139%401 

1.06342&9e+001 9.958422915-001 1.1639670e+001 9.994155NO01 1.297V9oe+001 9.94304806ml 

1.064304geFOOl 9.9690886a-001 1.1649932e+001 9.9756668eMl 1.2980047e+001 9,950415P*. Wl 

1.0646802e+001 9.9671165o4)01 1.1668701e+001 9,9975992c. 001 1.2996313*0,001 9.994ivb"l 

1.0656912e4-001 9.9820502a-ODI 1.1671203e+001 9.9856112e-DDI L29988160001 9.9839142"1 

1.0698105e+001 9 1963756e-001 1.1673706e+001 9.9870116a-Wl 1.3000067@*001 9. "4575%. Ool 

1.0715623e+001 9.5366324e-001 1.1697480e+. Wl 9.940983Do. OOl 1.3001319e*Wl 9,9966598&Wl 

1.0734392e+001 9.9644980e-001 1.1714998e4-001 9.9822923cai 1.3006324o+001 999owswol 

1 076U23e+001 9.9486746e-001 1.1717501e+001 9.9816222e-001 UOM26&ýWl 9M4602, oýMj 
1.0766925e+001 9.9508504e-001 1.1721255e+ool 9.9838333*. 001 1.3011329e+-001 9991077. %*. Ml 
107731&2e+001 9.9607713o-001 1.1722506e+001 9.9842267c-001 1-3012580*601 9.9910786*. 001 
1.0778187e+001 9.95929l5eMl 1.17312650001 9.989994(h)-ool 1.3025093e+ool 9"13%al 
1.0781941e+001 9.9588U5&001 1.173376&e*Ml 9.9995925e-001 1.3063983e+001 9M SMU401 
1.0786946e'-Wl 9.9517600c. 001 1.1735019e+001 9.989442NýWj 1.30964l6e4. W 19 995068pooml 
1.0809469&001 9.9910131e-001 1.1772557e+001 9.8112335e-001 1.3097668e+ool 9.988607U4)01 
1.0811972e+001 9-9915651"1 1.1773809e+001 9 8046232e. Wl I-MM190+001 9 98761780,001 
1,0825736e+001 9.9917525e-001 1.1775060e+001 9.80M86-001 1.3100170e+001 9.9U9392*, DOI 
1.0826987e+001 9.98818900-001 1.1816352e+001 9.9866206e-001 1,3103924c+001 9,9M3". Ool 
1.0829238&001 9,9995505e-001 1.1817604e4-ODI 9.9868501a. 001 1.310767U+001 9.9949913&WI 
1.0=741&MI 9. M54970-001 1.1821357e+. 001 9.9868964a-Wi 1.3109MOO01 9.98082100401 
1.0833243e+001 9989581le-001 1.1823860e+, 001 9.9862584e-WI 131101900+001 9.9914660*. Wl 
1.0840751e+001 9.9946820e-001 1.1927614e+001 9.987425go-Wi 1.3111432e*Mt 9.9734779*. Ool 
1.0964526e+001 9.9857694e-001 1.1=1170001 9.9862IM-001 1.3175247e+ool 5.151240"'Ool 
1.0865777e+-001 9.9848744e-001 1.1831369e+001 9.9835894a. 00i 1.32715960+001 999946&3*. Ml 
1 0868279c+Ml 9.994D606e-001 1.1861399e+001 9.8065752e-001 1.3272949o+ool 9 9965964*Wl 
1.0872033e+001 9 9869355&WI 1.1890178e+001 9.9901893c. 001 1.3274099e+ooi 9.9v 1302" 1 
1.0979541e+001 9.9836573eal 1.189142%+001 9.9905979a. 001 1.3273350e+ool q m3U200401 
1.0980792e+001 9.9825990e-ODI 1.18951M+001 9.9901937o. Ml 1.3MS59a+OOI 9,9799443&Wl 
1.0883295'e#-001 9.982901(w001 1.1996435e+001 9.9902536a. Ml 1.3287863e+ooi 9.9662050*Wl 
1.0890803e+001 9.9930003a. 001 1.1897686e+001 9.9894124e-ODI 1.3289114o+-001 9.997164o*. 001 
1.0893305e*Wl 9.99336-43e-001 1.1901440e+001 9.9976416a. Wi 1.3374201e+001 96893149*. Wl 
1.0995808e+001 9.9904077e-001 1.1905194e+001 9.9879149e-001 1.3391720e+001 9&3098(*"l 
1.0897059e+001 9.99284IM-001 1.1907696e+-001 9.9981687&. 001 1.3439268a+001 3.47U709oMl 
1.0998310e+001 9.992669564)01 1.1913953e+001 9.9909492&-001 1.3465545e+ool 9.351443". 001 
1,0899562e+001 9.9927187aMl 1.1915204c+001 9. "12882o. 001 1.3488068a+001 8117937$&Wl 
1.0903315e+001 9.9938914a-WI 1.1916455e+001 9.98809404)-Wi 1.3511843c+001 9.3165132#. 001 
1.0907069e+001 9.9933562e-001 1.1918958e+001 9.9890539a. 001 1.35518&4e+001 4 SM7500-001 
1.0914577cFOOl 9.99396926-001 1.1922712e+001 9.9901365a. Mi 1.358MOe+ODI 9 9371620*a I 
1.0942105e+001 9.9931387e-001 1.1948989e+001 9.9373179e. 001 1-36332380001 2.6776911"1 
10947110e+001 9.9910073e-001 1.1975266e+001 9 987147ft-001 1.3697023co-Mi 9 ? =34owl 
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13703289e+001 9.5765070e-00 1 1.5358742e+001 9.978004le-001 1.688749704-001 9.90343940-001 

1.371&305e+001 9.7394924e-001 1.5359993e+001 9.980&U7"1 1.6891241e+001 9.9631713o-Wl 

1.3750838e+001 5.4939918e-001 1.5367500e+001 9.9907613e-001 1.7Wl354c+001 9.64953250-WI 

1.3767105e+001 7.1129437e-001 1.5369752e+001 9.9916666"1 1.7030134e+001 9.9943303*. 001 

1.3792120e+-001 5.483552&-WI 1.5429490e+001 9.9003290e-001 I.? 040144&WI 9.97035540-001 

IM3423e+001 9.9700304e-001 1.5444756e+001 9.9539629e-ODI 1.7041395e+001 9 %964000M 1 

1.3834674e+-001 9.9732930e-001 1.5468531e+001 9.6417120e-001 1.7045149c+ODI 9%683o"l 

1.384218-'; e+-WI 9 9794058o-001 1.5499813e+001 9.9897229"1 1.704M30-00 1 9.9693418"1 

1.38672II&MI 9.89651OOe-001 1.5501064e+ODI 9.9917662") 1.70501540001 9.970090%-001 

1.3884729e+001 9. %36647"1 1.5509923e+001 9.9946912o-001 t. 706391 Se+00 1 9.9915431"1 

1.391350&e+001 9.4737486e-001 1.5564880e+-001 8.6595932"1 1.7065170e+001 9.9939776"1 

1.3934780e+001 9 8906401"1 1.5598664e+001 9.9349124a-WI 1.70664210001 9.99383IUal 

1.3967313e+001 7.1100823e-001 1.5599916e+001 9.9387611o-WI 1.7073929a+001 9.99U739*Wl 

1.40lllD8e+OOl 9.9765861"1 1.5601167e+001 9.9362393*-ODI 1.7075180000 1 99902207"1 

1.4012360e+001 9.9783489*-001 1.5626193e+001 9.3818557e4)01 1.71039590001 9.7825256"1 

1.4034883e+001 9.9949762a-001 1.5654972e+001 9.969226le-001 1.7127734e+001 9.9704997o. 001 

1.4077426e+001 9 895161U-001 1.5679998e+001 9.7903860e-001 1.7152760e+001 9.90514400al 
1.409995Oe4-001 9. MI702e-001 1.5715034e+001 9.9569821"1 1.7261621e+001 9 9621124"1 

1.4102452e+001 9.9928092e-00 1 1.5747367e+001 8.1575155"1 1.7295396o+001 9.98593790. ml 
1.4103703e+001 9.9926366e-001 1.5786357ei-001 9.99642360-001 1.7324185@+001 8 9371631*. 001 
1.4112462e+001 9.98180IOe-001 1.5788860e+001 9.9855812"1 1.7360473oWl 9.93407244P. Mi 
1.4114965e+001 9.9796406e-001 1.5790111e+001 9.983OD66"1 1.7396760a+001 6235". 613ii-Ml 
1.4118719e+001 9.9778913"1 1.5792614e4-001 9,9858983" 1 1.7436&Dle*001 9.9107009*. Wl 
1.4119970e+001 9.976927U-001 1.5905126e+-001 9.9901791oal 1.7479343**M 1 6.133591go. 001 
1.4121221e+001 9.9770229e-001 1.5947670e+001 9. "34581*. Wl 1,7361930&+001 9.914-14moom 1 
1.4124975e+001 9.9789891"1 1.5848921e+001 9.98M2*-001 1.756319)o+001 9,97172624-001 
f. 4126227e+001 9.9809325*-WI 1.5870193e+001 9.9263953a. 001 1.75644320MI 9 9717942*. ODI 
1.4131232e+001 9.9810256e-001 1.5945270e+001 9.9948462o-001 1356693.5e+001 9.971030%-ODI 
JAI32483e+001 9.9821260a-Ml 1.3951527e+001 9.9922630"1 1.75706R9@+001 9. %99379o. ODI 
1.42100630001 9.7755164e-001 1.5952778e+001 9.9910952"1 1.757443@+001 997020990mi 
1.4233837e+-Wl 9.963%53a-001 1.5956531e+-Wl 9.9892826e-001 1.7604473e+001 9.39000174-001 
1.4235088e+001 9.9666642"1 1.595%34e+001 9.996019goMl 1.7639258oWl 9,9742"30. mt 
1.4237591e+001 9.9671648"1 1.59&7814ef-WI 9.5016848e-Ml 1.7639509*4.001 9.974771do-wi 
1.4282637e+001 6,9401681"1 1.6020347e+001 9 9906920eMl I. "20943o+001 9,4762353o. 001 
1.4327683ef-001 9.9744196e-001 1.6022850e+001 9.9939063cal 1.77458680001 9.95004986mi 

1.4330186e+-Wl 9.9746714e-001 1.6025353e+-001 9.994077(x-Wl 1.7760994o+Wl 9.930n6tio-Ml 

1.4331437e+001 9.9745056eMl 1.6027855&+-001 9.9946907"1 1.78M5*+001 9.92MI64,001 

1.4353960e+. 001 9.9223327e-001 1.60391160001 9.9934734cal 1.78021760001 9m69190-001 

1.4376483e+001 9.9821977"1 1,6040368e+001 9.99456486-Ml 1.7807191o+001 9.9794807"1 

1.4377735e+001 9.983674M-Wl 1.6041619e+001 9.9931171(1-001 1.7957233e+001 9.9737779*001 

1.4378986e4-WI 9.9833297"1 1.6046624e+001 9.9921079eat 1.7936064oo-00 19 92597140-001 

1.4393991e+001 9.9793534e-001 1.6047876e+001 9.9916654-001 1.79423200001 9.931107"1 

1.4385242e+001 9.978235ge-001 1.6050378e+001 9.9914757e. 001 1.7963Me+OOl 9.93*1)047*. ODI 

1.4386494e*Wl 9.9782477e-001 1.6052881e+001 9,9893724&WI 1.9043674e+001 9.9wol3l"t 

1.4442801e+001 9.8115772"1 1.6054132e+001 9.99134960-001 1.8072454@+001 91929901"1 

1.4469079e+001 9.9752455e-001 1.6055383e+001 9.988911-%al 1.807370. %+001 9.9918009"1 

1.4527889e+001 6.9M612"1 1.6056635e+001 9.9927493*-Wl 1,80749560+001 9.9m. DOOO-001 

1.4567930e+001 9.4993318"1 1.6057886e+001 9.9913480eal 1.80762080*wl 9.9994333*Mt 

1.4597950e+001 9.4553469e-001 1,6060389o001 9.989024.5cal 1.8102494c+001 9AWW"I 

1.4604217e+001 9.1735053e-WI 1.60616400001 9.9897394&Wt 1.81175000MI 9 %13201"1 

1.4627991C+001 5.9750733e-001 1.6092922e+001 9.4158071e-001 1,8123756e+001 9.956217"MI 

1.467428%4-00t 9.9645609e-001 1.6206789e+001 9.9898390eat 1.8126259&Wt 9 93552424-001 

1.4675540e+001 9.9668905e-001 1.6209291e+001 9.9884667e. Wl 1.8132513o+ODI 9 95158500-001 

1.4678043e+001 9.9670949e-00 I 1.6231814e+001 9.9322664e-001 1.9133766@+001 9.95OW44-001 
1.4684299e+001 9.9648577*-W 1 1.6248081e+001 9.9572080a-Ool 1.8137NOo, 001 994248oual 
i. 4686802e+001 9.9649525, -001 1.6249332e+001 9.9577874*-001 1.8138M@401 9 947"5%M I 
1.4688053e+001 9.9658942e-001 1.6251835e+001 9.9583577" 1 1.9141274*+ODI 9,94"03"l 

1.4691807e+001 9 9656303e-001 1.6259342e+001 99491334e-001 1.9152536*+001 9.903912o"i 

1.4693058e+001 9.966087&001 1.6309394e+001 9.9522262o-001 1.9155038*+001 9. %SS3? 2*. DDI 

1.4694310c+001 9. %47567e-001 1.6396984e+001 9.150024le-001 1.8163797e+001 9178=oml 

1.4731848&001 7.05208IOc-001 1.6457046e+001 9.9829058a. 001 1.8197660*+001 9,773*39-lo-Mi 

1.4780648e+001 9.994195-'eMl 1.6460799e+001 9.9799236e-001 1.82239370001 9,99095000a 1 

1.4884505e+001 9.7952293e-001 1.6462051e+001 9.9792239"1 1.9305270*+001 6,2W7492"l 

1.4905777e+001 9 9668307e-001 1.6463302c+001 9.9793433e-001 1.83M5c+ODl 9.94493ODeal 
1.4927048e+001 9.893485le-001 1.6464553e+001 9.97872OOo-001 1.9356373o+001 943M30-Ml 
1.4938310e+001 9.9185370e-001 1.6467056e+001 9.9768922c. 001 1 &370337&ýWj 9.954335*. wi 
1.4997110e+001 8 3759137"1 1.6469558e+001 9.9757947t)-001 1,9371584*+001 9 9sftT. I*wj 
1.5020895e+001 9.9712241"1 1.6472061e+001 9.9754468e-Wl 1.9377245*+001 9,96471lowMI 
1.5039664e+001 9 9343579(. -Mi 1.6480820e+001 9.9&59592*. 001 1.94466a6eýWl 6.3545-sowoi 
1,5040915e+001 9 9335148"1 1.6483322e+001 9.9819084e-001 LW17124t-wl 9.96#463s. 001 
1.5D42167e+001 9.9346934e-001 1.6488328e+001 9.9926013a-Wl 1.9-MO63**001 9 900004, i*. Wl 
1.5057182c+001 9.9777120e-001 1.650-5846e+001 9.9291793*-Wl 1.805466e+001 9, %976500-WI 
1.5058433e+001 9.978155le-001 1.6527117e+001 9.9625279e-001 1.85M47jes-Ml 9. %83201oool 
1.5059685e+001 9.9770112c-001 1.6533374e+001 9.9570472e-001 1.8510491e+OOI 9.99015740-001 
1.5074700e+001 9.9515203e-W 1 1.653462-5e+001 9.9563754e-001 1 9527999c+001 9.94072513*01 
1.5075951e+001 9 950123-l"t 1.653OMe+001 9.9369199a-DOI 1.8529250o+001 9 94574310.001 
1.5078454e+001 9.95047320-001 1.6573415e+001 9.9932667eal 1.8531753e+001 9.944M760.001 
1.5094721e+001 9.9923512e-001 1.6575918e+001 9.9941522a. 001 1.8543014&Ml 9.964U3%. Qol 
1,5097223c+001 9.9929459t-001 1.6-5lL3423e+001 9.9883336a-001 1.9544266*+001 99676$50*Ml 
1.5113490e+001 9,9942665e-001 1.6595928e+001 9.9871777ci-001 1.9550522e+001 9-9742043"1 
1.5119495e+001 9.9922301"1 1.6589430c+001 9.9856990e-001 1.9331774c+001 9.9752%7"1 
1,5119746e+001 9.9921753e. 001 1.6599692e+001 9.976914le-Ml 1.8553025a+001 99IS1414o. 001 
1.5124751e+001 9.98763OOe-001 1.6604697e+. 001 9.9767007o-Ml 1.9554276*+001 9.91714441.001 
1.5126003e+001 9.9843139eal 1.6607200e*Wl 9.9776070o. 001 1.9629353e+001 98114914"1 
1.5148526e+001 9.8881060e-001 1.6613456e+001 9.9838340e-001 1.8654379e+001 9.975493U401 
1.5238618e+001 9.6463169e-001 1.6645990e+001 9.5184994e-001 1.96668912"1 9.9431972"1 
1.5279911e+001 9.99346b8e-DOI 1.6664759e+001 9.9467420*-Wl 1.86bBl43e+001 9 941964D*. Wl 
1.5283665e+001 9.9949413e-001 1.6686031e+001 9.393172go-Ml 1.9670646e+001 9.9386191*Ml 
1.5299670e+001 9.99049360-Ml 1.6751097e+001 9.9903623*Ml 1.9693169e+001 9.9U3101+Ml 
1.5289921e+001 99891006e-001 1.6752349e+001 9.9894797o. 001 l. Bo96923e+001 9 99R&M6*M 1 
1.5313695e+001 9 999770&ý-001 1.679739-5e+001 7.5743927q). 001 I V006760001 99MI0149-ml 
1.5334967e+001 9.9834832e-001 1.6812410e+001 9.5712189o-Wl 1.87M 150+00 1 9.3035647"1 
1.5338721e+001 9.980966&ý-Wl 1.6831180e*Wl 6.172334N)-mi 1.875949loWl 9 $3120490al 
1.5339972e+001 9.9791407e-001 1.6971221e+00t 9.9517971ý-001 13789517oO01 &7=253, e-Ml 
15341224e+001 9.9792355e-001 1.6873723e+001 9.9527973*. Wl 1 8933312o+001 99895851"1 
1.5346229e+001 9 97834IOe-001 1.6881231e+-001 9.9614693*-Wl 1 8840820o+001 9.9652006oml 
1.5352485e+ool 9.9738022e-001 1.6893733e+001 9.9605480c. Ml I. u420ne+ool 99825279"1 
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1.884328e+001 9.9789754e-001 2.112915lef-001 9.9494404e-001 229M12oWl 92953391*401 
1.8849579e+001 9.9782715eal 2.1140413e+001 9 SM569a. 001 2.313792Oe4-001 9.3945017@. Wl 
1.8852082e+001 9.9783834eMl 2.119171-5eWl 9.900974leMl 2.31654480Wl 92IM70o. Mi 
19867097c+001 9.993219-5o-001 2.1205479e+001 9.940375le-ODI 2.3067100001 98599200-ml 
1.8868348C+001 9.9936464e-001 2.1220495e+001 9 9911278a-001 2.3207992e+001 9.9962997"1 
1 8869600e+ODI 9.9922497a-001 2.1290567e+-001 7.6893753*4)01 2.3211746e+001 9. M9383*. Wl 
1.8970851e+001 9 9943338eMi 2.1381910e*Wl 9.556245le-001 2.3214249co-001 9.9W309o, 001 
1.8872102e+001 9.9936962&Wl 2.1409439eo-001 997929MOol 23254290e+001 7.92749osemi 
l. M3364e+DOI 9.9817972e-001 2.1415695e+001 9.9733310cal 2.32905770+001 9. M5310o. Mi 
1.889W2e+001 9.9826537e-001 2.1416946e+001 9.96Mo5e-ool 23310597*+001 9.9105160o. 001 
1.98933740001 9.980740-le-Ml 2.1420700e+001 9.9690926"1 2.33119490MI 99096474*. Wl 
1 8894625ef-Ml 9.9789697"1 2.1431962ci-001 9.9836873a. 001 2.3313100e+001 9 9095MI1.001 
18923405&001 9.5669086e-001 2.1433213e+001 9.99491&7e. Wl 2.3353141*+. 001 9.9869353o-Wl 
1.9973456e+001 9 9861585e. 001 2.143446. le+ool 9.98M176e. 001 2.3354392o. 001 9.9962403eal 
1.899472&e+001 99200754a-Wl 2.1435716e+-Wl 9.9857314e-001 2.3356895e+00 1 9,9965614o. 001 
1.9046031e+001 9.983429le-001 2.1436967e+001 9.9850936oMl 2.3358146e+001 9.98625 1 &ý-W I 
1.9047282e+001 9.9804991*. 001 2.1480762e+001 9.7735639"1 233619ODe*Wl 9.9939310o. 001 
1.9048533e+001 9.9812153e-001 2.1513296e+. 001 9.984386le-OOl 23428218*+001 9.63963999-Mi 
1.9122359e+001 9.6095352e-001 2.1514547e+001 9.9861569"1 1345699ft-0001 9. %794990.001 
1.9182421e+001 9 9481834eMl 2.1515798e+001 9.9842617cal 2.3479521e+Wt 9.7679436&Wl 
1.9191180e+001 9 9535643e-001 2.1597132e+001 4.4530gue-ooi 2.3500793*+Ool 9 9978059*, Wl 
1.9226216e+001 9.361686le-001 2.1645932ei-Mi 9.985313le-001 2.3539331e+001 5. i&wl2o4)ol 
1.9267508e+001 9.740729%-001 2.1647183e+-001 9.9863910o. Mi 2358M3e#, Wl 9%0927-5oo-Wi 
1.9285026e+001 9.3241785&Wl 2.1648434e+001 9.9861985c. 001 2-35M5o001 9.9626691*. Ool 
1.937762)e+001 9.4022736a. Ml 2.165M7e+001 9.9882507"1 2.36994%a+Wl 9.9524476. iODI 
1.9455201e+001 9.92519OOo-001 2.1652188e+001 9.9866804&WI 2.37072350001 #. %43753@4)DI 
1.9489983e+001 9.9740046e-001 2.1670957e+001 9.9526115o. Ml 2.3752301e+001 3.260596741.001 
1.9490237e4-001 9.9744808e-001 2.1732270e*Wl 9.921401to-Mi 2.3793593a+001 9,92317134ý. Ooj 
1.9334032e+-001 9.4900192o-001 2.1752291e+, 001 9.967232(x-Wl 2.37%096oWl 9.9n5493a. 001 
19361560e+OOI 9.9705750&Wl 2.1753542oWt 9.9698798"1 2.3M598e+001 9=2632*. 001 
1.9562911e+001 9.9723D274)-ool 2.17710600+001 9.9947656e-001 23801101o+OOI 99214molo-mi 
1.9564062e+001 9.9719799e*Dl 2.1786075e+001 9.98342333"1 2.3854906*+Wl 9924L%O*. Wl 
1.95665650001 9.9719301o-Wl 2.1797327e+001 9.98334ole-001 2.3924978e+001 9 smislowl 
1.95740730+001 9.9911226e-001 2.1799929e+001 9.9819653a. 001 2,3972527@+Ool 9 9979320*. 001 
1.9575324e+001 9.9831407e-Wl 2.1792332e+001 9.9911394cal 23MS47e+Wl 9 9900730oal 
1.9576573e+001 9.978816k-001 2.1794834e+001 9.9815947eal 2.4030096o+001 8.5955377*wi 
1.9577827ai-001 9.98W56eal 2.1798588e+001 9.9827345&-001 2.406397leWl 944U6786.001 
1.9622873e+001 9.8637102e-001 2.1801091e+-001 9. MS29&ý-Wl 2.4097655e+001 IN24319*001 
1. %37888e+-001 9.915586go-001 2.1804945e+001 9.9934462t)-Ml 2.4131440e+001 9.9360538"1 
1.9655406e+001 9.7781063e-001 2.1806096e+001 9.9844918"t 2.4137696e+001 9,9331549" 1 
1-9748001e+001 9.94568470MI 2.19073470001 9.9810726eal 2,4162n2oWl 9 9543942*, 001 
1.9761765e+001 9.9690828e-001 2.1809850e+001 9.980289go-001 2.4205266co-Mi IL7999429*. Wl 
1.9763017e+001 9.9724356eal 2.191110lef-Ml 9.97622316MI 2.4246358e+Wl 9111011lowl 
1.9773027e+-001 9.9915664e-001 2.1812353e+ool 9.9782299&Wl 2.4276589e*Ml 8-61011930-001 
1.9775530e+001 9.9907712e-001 2.1813604e+001 9.9770DOgo-Mi 2.4312976e+001 9.974D4%*Wl 
1.98255SWO01 6.9802619e. 001 2.1814855e+001 9.9774484e-001 2.4344139e+001 982194200-mi 
1,9879386e+001 9.9927425e. 001 2.1817358c+001 9.9755810&Wl 2.4379194co-001 9 9930574"1 
I-OM38e+001 9.9936349e-001 2.1819860e+1001 9.9762130e-001 2.43804460MI 99941591*001 
1 9888145e+()Ol 9.9940073e-001 2.182111 le+001 9.9743752"1 2.4458025e+OOI t? lnlsge4ol 
1.9899396e+001 9.9946113eMl 2.1822363e+001 9.9764639e. 001 2.4490559*ýWl 9.9347823*. Wl 
1.9915674e+001 9.9911217e-WI 2.1932373e+001 9.9896480e-001 2.4512003es-001 9,8304533s. 001 
1.9918176e4-001 9.9923985e. Wl 2. IW876e+-001 9.9915071a. 001 2.46208640Wl 9.85619570-001 
1.9924432e4-001 9 9841226e-001 2.1872414e+001 9.3344346eMl 2.4622116**Wl 9 85598160401 
1.9925684e+001 9.9792795c. 001 2.1902445e+001 9.9457039cal 2.462461$c+001 9.8W346401 
1.9963222e+001 9.0560635"1 2.19036%e+-001 9.9463049e-ool 2.4625970o+001 91S38733&Ml 
1.99894990001 9.9422949e-001 2.1906199e+001 9.9470542"t 14645890e+001 9.7321402*Ml 
2.00232M+001 8.6995WOMI 2,1907450e+-001 9.9495972o-Wl 2.46734 1 %-o-00 1 9,9ff"4540-ml 
2.0057069e+001 9.9706219&. Ml 2.19D9953e+001 9.9486836e-001 2.4709455c-001 9.323469swMi 
2.0079592e+001 9.9754196e-001 2.1965009e+001 4.457618.5") 2.47372M*I-Wl 9,9494R220-001 
2.013938-5e+001 9.9908854"1 2.19887940001 8.7087145e. 001 2.4759757@+001 9,7%2163*. 00 1 
2.0194432e+001 9.4631132o. 001 2.2012558e+001 5.345707leal 2.4791039*o, 001 9.985U41.1-mi 
2 02169650001 9.9938292e-001 2.2031327e+001 8.0553846o. 001 2.4818568ef-001 9,833D676o. Mi 
2.0218216e+-()Ol 9.99422130-001 2.2051348e+001 4.1819712&WI 2.4&)bM5e*Wl 9. m2"gowl 
2.0219467e+001 9.9925226e-001 2.2070117e+001 6.7464703c. 001 2.4M50&*M I 98612193@. Wt 
2.0221970e+001 9.9924184e-001 2.20876350001 4.5182219e-001 2.4932352e-001 OMS920401 
2.0223221e+001 9.9921337e-001 2.2098897e+001 4.8959476e-001 2.4833603e+Wl 9 SOM720-001 
2.0275775e+001 9.3822130c. Ml 2.2105153e+001 4 9434733e. Ml 2-4972373eýWl 9 92493WIe-M I 
2.0290791e+001 9.7075005eal 2.2165213e+001 9 9625107e-001 2.4897399e+001 9.774%35"1 
2.0318319e+001 6.96681130-001 2.2204004e+001 7 6962832e-Wl 2.49%250e*001 9.5414523*, 001 
2.0368370e+001 99923928e-001 2.23616660,001 9.6881115*-Wl 2.5102609e+001 9.18234940-mi 
2.0373376e+001 9.9918507e-001 2.2464272e+-Wl 9.9394986e-001 2.5125132*+001 9, "500.001 
2.0374627e+-Wl 9.99142476-001 2.2521831e+001 9.9914244a. 001 2.5132640e+001 9,76W933*, Wl 
2.0429432e+-001 9.08M79eMl 2.2523092e+001 9.9906519e. 001 2.51%455*4,001 9 85635350401 
2.0477232e+001 9. M7563(ý-001 2.2530590e+001 9.9834940e-001 2.5279040e+001 9.7494glOoMi 
2.0492247e+001 9.9650675e-001 2.2533092e+001 9.9847393e-00 1 2.5335368a+ODI 96150? 30*. Wl 
2.0541047e+001 9.994336le-001 2.2534343e+001 9.9853633e-00i 2.342293get-M 19 90192774401 
20591099c+001 8.2726563e-DDI 2.2538097e+001 9.9851247e-001 2.543545]eo-001 9.9myoge. 001 
2.0611119e+001 9.343684M-Wl 2.2540600e+001 9.9834416a. 001 2.3436702eoOOI 9, M2U3o. OOl 
2.0623632e+1001 9.155M2e-001 2.2541851e+-001 9 9942795c. 001 15437933e*Wl 9"328&UMI 
2.0677437e+001 9.9770650"1 2.2575636e+001 8.6024256a. Mi 2-U40456e*Ml 9.9933431"1 
2.0679940e+001 9.9757962e-001 2.2647417e+001 9.9949049e. 001 2.3442958*401 9, "22027*. Ool 
2.0682442e+001 9.977D994e-001 2.2653673e+ool 9.9943595eMl 2. S444210e+001 9 "772*401 
2.0738751e+001 4.1900912&-Wl 2.2656176e+001 9.993584ge-ooi 2.5446712eWl 999055M. 001 
2.0791304e+001 9.972140&, Wl 2.2657427c+ODI 9.9938787e-001 2.5447%4e+001 9. "92773*Wl 
2.0792556e+001 9 9742765&Wl 2.2711232e+001 9.9892038e. Wl 2. M5I? j8oOOj 999932924P. Ml 
2.0917684e+001 6.2970340e-001 2.2712484e+-001 9.9872509e. 001 2,54542209+001 9,9M497"1 
2.0960228e+001 9.9920945e-001 2.2751274o00j 9.7541007"1 IMS5471vo-Wl 9.9909156*. Wl 
2.0975243e4-001 9.97350394)-001 2.27839070001 9. %87810(ý-001 2. U5M4c+OO I 9.993WIs-001 
2.0977746e+001 9.9724734o-Wl 2.2796310e+001 9.9697639o. 001 2.. WI72Pc+Wl 9. "40113P"l 
2.0980248e+001 9.9721666e-DDI 2.2787561c+Wl 9.9681481"1 2.5493010o', Ml 9 V61983o. Wl 
2.0"1510e+001 9 9926199*. 001 2.2801323&vWl 9.9262894"1 1550802%*Wl 9 91%023*401 
2.1009028e+001 9.9936740e-001 2.2M8630001 9.9882901"1 2.556=oWl 13S32761"1 
2 1010279e+001 9.9947573c-Wl 2.2MI14e+001 9.9867905o. 00 1 2.3Wl64e+001 99S32450oal 
1.1017787e+001 9.9947922e-001 2.2851376e+001 9.9691289e-001 2-W1933c+001 9.90240090.001 
2.1080351e+00t 9.9720282e-001 2.2852627o001 9.9679244e. 00 1 2.5673195oWl 9.92031299-001 
2.1091602e+001 9.970441 &5-001 2.2853879e+001 9.9694286e-001 2.5701974vo-Mi 8 98"9860.001 
2.1112885e+001 9.68W32la-Ml 2.2916443o001 9.848649-5cal 23M246ooot 9.795794-le-Mi 
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2.5749523&001 7.76096510-Ml 2.7966127e+001 9.98035920-001 21733191e*Wl 98343964-001 
2.57933180-001 9.939D9430401 2.7981143e+001 9.9505043CMI 2.9766965cf-Ml 99W? 93*Ml 
2.5849626e+001 2.56976710-Mi 2.7982394e+001 9.9490492c, 001 2.9769217e+001 9 9933107*-Ml 
2.5899677e+001 9.9362545e-001 2.7983645e+001 9.949712-5o-Wl 2.9771971e+001 99929299+Wi 
2.5918446e+001 9.9671007"1 2.79886500-001 9.95318716-WI 2.9773222e+001 9.99101510-001 
2.592D9490001 9 865089ft-001 2.7989902e*Wl 9.9537240o-Wl 2.97744730001 99932618*, DOI 
2.59222000001 9.8655634e-001 2.799Wl2e+00t 9.9692232&Wl 2.9775725*0-01 9.9911713dal 
2.6052334e+00 1 9.9923957"1 2 80186910001 9.89936750-001 2.97969960+-001 9.94146376-001 
2.605994le4-001 9.9875943&WI 2.8019932e*Wl 9. M69660-001 2.9915766oWl 9.9951739*. Wl 
2 6062344e+001 9.98721920-Wi 2.80211&4c+OO1 9. BM7566-001 2.9917017*4-001 9,9879. Villwl 
2.6083616e+-001 9.9301128e-WI 2. SM92e*Wl 9.91133810-Ml 2.9923273c+Ml 999430&90. wl 
2.6084967e+001 9.9276192e-001 2.8029943e+001 9.9133380e-00 1 2.9825"60+001 9.994003le-001 
2.6096119e+001 9.9285942e-WI 2.8057471e+001 9.981471(k001 2.9lM78eH)OI 9.99227580.001 
2.6186221e+001 9.6020667"1 2.8077491e+001 9.9379298*-W I 2.9830781e+Wl 9.99071750.001 
2.6213750e+-001 9.98M530-001 2.9097512e+-001 9.9943098e-001 2.9932032e+Wl 9.9,302307" t 
2.6215001e+001 9.9921694e-001 2.8131297e+001 9.9937670e-WI 2.9933293e6-001 9 99181100-001 
2 6221257e+001 9.9910336*Ml 2 913254&e+001 9.992159241-WI 2.9934535e+001 9,9407782"1 
2.6271309e+-001 9.991254le-001 2.8175Me+OOl 8.1068138a-001 2.9842042e+00 1 9.9V607011.001 
2.6306345e+001 9.9452401&Ml 2.9195112e+001 9.0444093o-Wl 2.9843294e+Wl 9.9934533o. 001 
2.6346386e+001 8.63759516-001 2.91989660Wl 9.0329851*. 001 2.9844345&*Wl 9.99.110920. wl 
2.6401442e+-001 9 99427gle-001 2.9223892e+001 9.852116le-WI 2 9945796e+Wl 9 9921 Illip-00 I 
2.6421463e+-001 9.9553029e-Wl 2.8247666e+001 9.3725297o-Ml 2.98470-UW+Ool 9.993.187%ý, Wj 
2.6425216e4-001 9.9571490o. 001 2.8278948e+001 9.9204599*. 001 2.994929%+001 9-9925253*001 
2 6426468e+001 9-95782176-Wl 2.9291451e+001 9.9193976o-001 2.9952053@+001 9.98021640al 
2.6437729e+, 001 9.9698193*-WI 2.9323"5e+001 9.9605398&Wl 2.98S4535e+Ool 9.9ND7903*. 001 
2.6479022a+001 9.7629432a-001 2.8326497e*Wl 9.9591779&, 001 2.9855907a+001 9 9922190$. Wl 
2.6506550e+-WI 9.9747317c. 001 2.9327749e+001 9.9603201"1 2.9863314c*Wl 9.98MI3*. 001 
2.6307901e+-001 9.97543340-Wl 2.9449123e+001 6.9104027o. Wl 2.9864565@oool 9.99024090-ODI 
2.65M53C+001 9.9752914o-001 2.006682oWl 9.98809529001 2.9970822co-Mi 9.9044*12*. ODI 
2.6529073e+001 9.82263596MI 2.9511697e+Wl 9.9977047o. 001 2.9973325a+Wl 999.14314io-WI 
2 6559104e+001 9.9595397"1 2.9512939e+Wl 9.9869271ki-001 2.9874576@+Wl 9.99091gio. 001 
2.6560355e4-001 9.96058940-001 2.95154410001 9.9873762e-001 2.99"079e+001 99914533*. Wl 
2 6561607c+001 9.9599854o-WI 2.9516692a+001 9.9960785o. 001 2.9MO&k&001 9.04-W. 004)01 
2,6579125e+001 9.9143905CM1 2.85=4e+001 9.7921147e-Wl 2.9894386*ýWl 9.903441**. 001 
2.65"14-50001 9.961426995-001 2.8579496c+001 9.9811362e-WI 2.98993910+001 9.991403o*401 
2.6617914e+001 9.9511324-001 2.8591999co-WI 9. M464&i-Ml 2.9MD94ci-Mi 9.9"W16-001 
2.6700499e+001 9.862655le-001 2.8593250el-Ml 9-1*246430-Mi 2.9993345@+001 9 94041600-M 1 
2.6709258e+001 9 88518570-Ml 2.9614532e+-001 9.76&W3*-W 1 2.9~le+001 9.9041219*. w 1 
2.67380380001 9.1897306e-001 2.9647066e+-001 9.9947405c. 001 2.9MI76*+001 9 94414280,001 
2.6763063e+001 9.8198324e-001 2.8649568e+001 9.99319380-001 2.9992197e+001 9.979ra0e. 001 
2.6771822e+001 9.801075.50-Ml 2.9652071e*Wl 9.99458390-001 2,999344PW+Wl 9979u3-*ml 
2,6790591c+001 9.869137Da-Ml 2.9658327e+001 9.994942le-Ml 2.9997202e+001 9.98082160-mi 
2.6809361e+001 9.9235627e-001 2.8672092e+001 9.9889597*-WI 2.9999704*+001 9,99.1017%. Ool 
2.6810612e+001 9.822023&ý-Wl 2.9673343e+001 9.99789560-Wi 3. OOW936e+001 9,9901937*. 00 1 
2,6813617e+00 1 9.81888900-001 2.9733404e+001 9.5306Mý-Wl 30023479e+001 9352smw"l 
2.6818120e+001 9.9176159e-001 2.9762194e+001 9.93987940-WI 3,0024730e+001 9.949111.0"1 
2 6825628e+001 9.9109239C-Wl 2. lt763435e+-001 9.94123700-Ml 30025"1@+001 OWSSUMI 
2.6851905eO-Wl 9.9528060eal 2.8764697e+-001 9.9391149C-00 1 3.0093551@+001 9.90? %Us"l 
2.6883766e+001 9.2022714e-001 2.8803476e+001 7.4053950e-001 3.0103561&0001 9.930*91*. Ool 
2.6927561e+001 9.92165186-001 2.9842266e+-001 9.9457644e-Wl 3.0106064&001 9.9310802"1 
2.6967602e+001 7.90614670-001 2.8878553e+001 9.219321le-001 3,0107315e+001 9.9204930"t 
2.6995131e+001 9.8316424e-001 2. M825e+001 9,699739%Ml 3.01235910001 9.7937126wWl 
2.7022659e+001 9.1690007e-Wi 2.8924851e+OOI 9.4266073e-001 3-0140858eýWl 9 9708-16141-001 
2.7164054e+001 9.93524060-001 2.896113&e+001 9.8619860o-Ml 3.0152361e+001 9.9761074"1 
2.7226618e+001 9.756673-5o-001 2.8977405e+Wl 9.8134136o-M 1 3.01536120-001 9 973"95%, Ool 
2.7250393e+001 9.8059507eMl 2.9003682e+001 9.9535662e-00 1 3,0212423co-Ml 9,208DO04omi 
2.7277921e+-001 8.8199257e-001 2.9026205e+001 9.7744502o-001 30291243e+001 9.994. $020"1 
2.7314208e+001 9,9870753e-001 2.9058738c+001 9.9802972c-001 

-3,0303766e4-Wi 9427%5o"j 
2.7342987e+001 9.95742276-W I 2.9096277e*001 8.7971154a-001 3.0305019e+001 9923577oo-ODI 
2.7381777e+001 9.987862ge-001 2.9138921e+001 9.9925803*-WI 3.0306269e+001 9.925649D"l 
2.7384280e+001 9.9895716e-00 1 2.9170103e+001 9.7539440o. 001 3.0307520eWl 9.9191802wwl 
2.7385531e+001 9.9872297e-001 2.91851190001 9.93&5109oal 30308771e+ODI 9.92344y)*Nl 
2.73867&3e'-001 9.9979621o-001 2.9201395e+001 9.6502927*. 001 30312325e+001 9.9"34OU-001 
2.7389034e+001 9.9878735*-Wl 2.9MI64e'-001 9.979933go-001 3.031377'7e+00i 9,93040&*Wl 
2.7424321e+001 9 6917507o-Wl 2 9232667c+001 9.977603lo-001 3.0320033voWl 9.93ag-144M I 
2.7461860e+001 9 9944577e-001 2.9233919e+001 9.9751132e-001 3.0321294et-001 9.93&-NOiO*. Ml 
2.7465613e+001 9.9911408e-001 2.9245180e+001 9.959605le-WI 3.0326200oWl 9.9413*03&WI 
2.7478126e+001 9.994603k-WI 2.9246431e+001 9.9578035e-Wl 3.0327341@#Wl 9,941.01030,001 
2.7603255e+001 9,648654WO1 2.925018-5e+001 9.9562590a-001 3.0328792*+ODI 9.930siolgool 
2.7629532e+001 9.9-584354&WI 2.9251436e4-001 9.95570364)-WI 3.0390103@1,001 9.5613. %%-M2 
2,76558090*001 9.42619166-ODI 2.9255190e4-001 9.95206214i-Ml 3.0422638e+Ool 86MI456"i 
2.7684588e+00 I 9.9725306C-ODI 2.9257693e+-001 9.952580go-001 3.0425141e+ool 8 6302118"1 
2.7685940e+001 9.979727NA01 2.9258944e+001 9.9535232o-Wl 3.0438926e+001 9. wotAW401 
2.7688M2e+001 9 9782534e-WI 2.9331519e+001 9.9769616a. 001 30473941e+ool 9.7671610"1 
2.7733388e+001 7.5264217e-ODI 2.9336524e+-001 9.9823471c. 001 3.0571541e+ool 99111443"1 
2.7797204e+-001 9.99D9$2104)01 2.9337773e+. wl 9.992735go-wi 3.0621593e+001 9 $076283" 1 
2.7800959e+001 9.9904187e-001 2.9345282e+001 9.9937432oMl 3 0676649e+Ool 9.940511 %al 
2.7803460e+001 9.9878859"1 2.9391580e+001 9.974780le-001 30677900e+oot 9.9383393a. Mi 
2.7804712e+-001 9.996224le-001 2.9392831e+001 9.9735496e-Wl 3. DbBO403e+ool 9.934M32"I 
2.7810968e+001 9.978646M-00 1 2.9396M5e+001 9.97157360-WI 3-ob8l6-%4&wl 9.9330391"1 
2.7812219e+001 9.9776699a-WI 2.9397836OW1 9.971547O&M 3.0t. 97911e+ool 9 9281773"1 
2.7818476e+001 9.9733884eMl 2.9399088e+001 9.9729%0e. 001 30t, 89162e+001 9.92swol"I 
2.7822229e+-001 9 9738150"1 2.9400339e+001 9.9721970*4)01 3.0699172*+Ool 9 @%L'05q. Wj 
2.7824732e+-001 9.9745074e-001 2.9402842e+-001 9.9732609o-001 3.0701675e+001 99954388*. Wl 
2.7877286e+001 9.9117740e-001 2.9411601e+001 9.99467800-Mi 3.07041? 7e+Ool 98%1006*. Wl 
2.7879789e+001 9.9074295eMl 2.9487929e+001 9.9577262a. Ml 3.0703429e+001 OMU34*Ml 
2,7983543e+, 001 9.903606le-001 2.9490432e+001 9.95592276-001 3.07066&D@+ODI 910445, ioowl 
2.7902312e+001 9.9692547o-001 2.9492934e+-001 9.9553980o-WI 3.0707931*+Wl 9 "514pwl 
2.7926096e+001 9.70839980-WI 2.9514206e+001 9.983313(k)-WI 3 0765400e+00 I 7.2953016*Wl 
2.7951112e+. 001 9. M7734&WI 2.9544237e+001 9.6013473o-WI 309MB3@+001 9.764003. %. Wi 
2.7952363e+001 9.9829172o-Ml 2.9589283e+001 9.91799744). Ml 30951829e*001 2.409)Doo&Wl 
2.7953615e+001 9.981661WO1 2. %16811e+001 9.4791360a. 001 3.0904393e+ODI 9ý96423*6*-Wl 
2.7957368e+001 9-98066160-001 2.9645591e+001 9.9435694o-001 3.0903634e+001 9%941660. wl 
2.7961122e+001 9.9812548e-001 2.9668114e+001 9.9406346o. ODI 3.0910639e+001 997941"0. wl 
2.7962373e+00 I 9.9830268&WI 2.9705653e+ODI 9. M8405a. Wi 3.0913142*Wl 99923163&Wl 
2.7963625c+001 9.98n2O6&Wl 2.9708155e+001 9.9805583c. 001 3.0916896e+, 001 99991303co-Mi 
2.7964876e+001 9.982362-5cal 2.9709406e+001 9.9798%74). Wl 3.0918147e+oo 1 99M3l*-ODl 
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3.0920650e+DDI 9.9869937o-DDI 
3.0921901e+DDI 9.9Ml67*. ODI 
3D978209e+001 9.6923Ma-001 
3.1005737e+-001 9.9882885c. 001 
3.1010742e+001 9.989DO474). 001 
3.10119930001 9.9819558e-DOI 
3.1015747e+001 9.9839382*. WI 
3.1016998e+001 9.9819540&WI 
3.10192500-001 9. M4784e-001 
3.1019501e+001 9.9762646*, Dol 
3.1020752ef-Wl 9,9774123c. 001 
3.10220040001 9.9764622o. 001 
3.1023255e+Wl 9.97714080al 
3.1025758e+001 9.9739137a-Wl 
3.1027009e+-001 9.9760724o-001 
3 10292600001 9.9721735e-001 
3.1030763e+-001 9.96975686-Ml 
3.10320140001 9.9649995c. 001 
3.107205-5e+001 3.9795954a. 001 
3.11371220001 9.9555447e-001 
3.113&373e+001 9.96207O3aMl 

3.1142127e+-Wl 9.96213&46-Wl 
3.1177163e+-001 8.4883174e-001 
3.1189676e+001 9.9461483e-OOI 
3.1219707e+-ODI 2.0918065*-001 
3.124348]e+ODI 7.9737336a-WI 
3.1272260e+001 5.81195656-M 
3.1293532e+-001 4.2003213e-ODI 
3.1314804e+001 9.4904009e-002 
3.1378620e+001 9.9341731"1 
3.1379971e+-ODI 9.9352222"1 
3.139M250001 9.941&449cal 
3.13&4876e+001 9.9434716e-001 
3.1392394e+001 9.9498747c. 001 
3.1394896e+001 9.930mle-001 
3.1397389e+001 9.952426-44-WI 
3.1398640e+-001 9.9543074e-001 
3.1401143e+001 9.93330OOoMi 
3.14023940001 9.9552110o. 001 
3.1404897c+00t 9.9521412"1 
3.1407399a+001 9.9525400cal 
3.1409902e+001 9.95241435"1 

3.1411153e*001 9.953248141-001 
3.14149O7o4-001 9 955me-mi 
3.1416158e+001 9%016450-Mi 
3.14199120001 9.9655810*Ml 
3.1421163e+OOL 9 9699233*. Wl 
3.1482476e4-001 9.95299560-Ml 
3.1483727e+001 9.9479956*al 
3.14949790+001 M93143"I 
3.14899840+001 9.9579315*. Wl 
3.14924860001 9.9622735*-001 
3.1504999e+001 9.9907318*-001 
3. M2510+001 9,9933994*Wl 
3.1507302**Ml 9.90%8050. wl 
3.15W753c+001 9.9941144&Wl 
3.15100050+001 9.9941375o-001 
3.1515010o001 9.99194000-001 
3.1517512e+001 9.9925642o4Ol 
3.1519763e+001 9.99428140-001 
3.1321266es-Wl 9.9926541"1 
3. ISM517e+OOI 9.9943103o. 001 
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N14Ammonia(6435 - 6455cm", P=0.47Torr, L= 25.1m, T., = 240C) 

6.3094185eM2 9.5199209e-Wl 3.0793086eH)OO 9.99903896-001 6.455M3e+OOO 9. "59923*-Ml 
9.1136044oM2 9 9791092e-001 3.1203699e+000 9.9540306e-001 6.5752028e+000 99M421*-001 
1.0916146eal 9.9432324e-001 3.1243758e+ODD 9.9547128e-001 6.5922133. c+-OW 9.99722900-Ml 
1.241853go-001 9.9751268e-001 3.1554222e+ODO 9.0782436e-001 6.5892235e*OW 9.9969273a. Mi 
1 452167ge-001 9.8994019&Wl 3.1914610e+ODD 9.9306439e-001 6,6002402e+ODO 9.9m? 79&wl 
2.0130050e-001 9.9952037e-001 3.1906220e+-OW 9.9217802e-001 6.6082571e+-OW 99974473*Ml 
2.0630797c. 001 9.99528520al 3.2897699e+000 9.9953492"1 6.6312964&OW 9 "61594a. -WI 
2.2032M00I 9.9927982e-001 3.3218178e+000 9.9804970e-001 6 6423030e+ODO 9 99941 500-M 1 
2.2834086e-001 9 9937902e-001 3.359874-ie+ODO 9.9420465e-001 6 6463088&M 9.9992913o-00 1 
2.71405ISe-001 9 94795440-001 3.43498660OW 9.9995116C-001 6.7"4331e+000 9,6989476oWl 
2 9742907e-001 9,9203123"1 3.4460032e+000 9.9998912o-001 6 8099526&OW 9%44035oWl 
3.0946196cal 9.7107276"1 3.4910705e+OOD 9.7740174e-001 6.9000971to-OW 99068193"1 
3.605382le-001 9.9916453e-001 3.5121017e+ODO 9. %35510"1 6.9962304c+000 9,9977563o-Wl 
4.2763836o-Wl 8.6802981"1 3.5411452e+000 9.5686681"1 7.0303112e+000 9.9972339*. Wl 
4.7470863&. 001 9993676-56MI 3.5792DO6e+ODD 9.9894222a-001 7.0623Me+M 9 99939M00I 
5.2579488eOl 9.4%3543eMl 3.5942094e+000 9.9879032c-001 7.0913727e+000 9.972"97"1 
56384170e-001 9.9992534"l 3 6375440e+000 9.9912805"l 7.11 W26e+000 9996446oo-WI 
5.73856640-Ml 9.9970696eal 3.6625814c+OW 9.9995445" 1 7.13UMc+000 9.9693V2*. Ml 
5.788641le-Ml 9.99730900-Ml 3.6946143e+000 9-9904210"1 7.2005354e#-000 9.9%8908"1 
5.9188354e-Wl 9.9936142e-001 3.6916249eH= 9.9915432"l 7.2095490e+000 9.9974783o. Mi 
6.02900010-001 9.99699910-Wi 3.7136578e+000 9.9513992e-001 7.2425Me+000 9.9069946*. Wl 
6.1291495*001 9.9955243e-001 3.7396952e+000 9,99728310-001 1.2716417*'-OW 9 9974273*4)01 
6 679971ge-001 9.9934733"1 3.7737475e+ODD 9.9557513e-001 7.2796522*+000 99962391*Wl 
6.9201SIO&WI 9-9"51080-W, 3.8037923e+ODO 9.9922609"1 7.3026879e+000 99971731*4)01 
6.9DO30O. 'e-Ml 9.99859880., Wl 3.85486&7e+000 9.774223tot-001 7.30%994*+OOD 9 9M439a. 001 
7.42107790-001 9.9608194"01 3.8869163e+-000 9.996206go-001 7-WT748a+000 9 1319024-001 
7.68I466U-WI 9.9997201"1 3.9159597e+. 000 9.9056169e-001 7.4249702oOW 999M37*al 
7.8216760e-001 9.995734le-001 4.0030898e+000 9.999716le-001 7.059765eH)OD 9 16216300-001 
8.7649700eMl 9.0571984&WI 4.0111017e+000 9.99995210-001 7.5700973&OW 9 95101090-001 
9.9166892&MI 9.951396go-001 4.0531645e+-000 9.7089737"1 7.5831066&= 9, %41161*4DOI 
1.0397407e+-000 9.9703960o-001 4.0772005e+000 9.9571042o-001 7.59812900= 9 94331270-Wi 
1.0%8259C+Doo 9.9599"5e-001 4.0992185e, -WO 9.948MI*-WI 7.6201620e+000 9.993979-A"l 
1.178948. 'e+000 9.998060-5o-MI 4.1192634e+000 9.9872926*-WI 7.627172.5c+000 9 9935162"1 
1,2440457e+000 9.9777753e-001 4 142297700M 9.942864&, Wl 7.6331913e+000 9193640oW 1 
1.26908310+000 9.9964602e-001 4.1803544e+000 9.99978274)-Wl 7.6371874e4-OW 9.9933714"1 
1.2971249e'-M 9.9579028o-Wl 4.1843605e+ODO 9.99970166-001 7.6552143c+ODD 9 "02646" 1 
1.3211608e+000 9.9941046oMl 4.2073948e+-OW 9.99981016-001 7.6672323e+M 99972mo-mi 
1.3732415e+000 9.7660333e-001 4.2296309e+000 9.9960224e-001 7.73333OP4+ODO 9,9930640-ml 
1.4092923e+000 9.99286010-WI 4.2817087e+OOO 9.9948152*Ml 7.7793997o+ODO 9,9993629*. Ml 
1.4373342e+'000 9.9760107"1 4 2917236e+DDO 9.99686150MI 7,7&WS5e+0D0 910936970-001 
1.4563626e+000 9 9852993o-MI 4.3387939e+000 9.0275469a. 001 7.8004310e+000 9.993743741.001 
1.46MO5e+M 9.981600ge-001 4.3598251 e4-OW 9.7042858e-001 7.8144520&OW 9,99711317"1 
1.4844045e+000 9 9999195*-001 4.363&313e+000 9.7006763o. Mi 7.9264700*+OW 9 9%29620-001 
1.5104433e+000 9.8866108e-001 4.4569702&(M 9.7188774e. 001 7,94049070000 999979440-Mi 
1.5505031e+000 9.9981017o-MI 4 5661332e+ODO 9.5507271"1 7.8424938&000 9"96513*Ml 
1.5565121e+000 9.9989605e-Wl 4.7253709e+000 9.920154kMi 7,94349520+000 99%0357*. ODI 
1.5675286e+000 9.992022le-Mi 4.74M8e+000 9.9830074c. 001 7.9735400e+000 091332117"1 
1.5875585e+000 9.9997938o. Ml 4.7564171e+000 9.9795666c-001 7.9765447*+000 99IY4290-Ml 
16306227e+000 9.4621771&Wl 4.7694368e+-OW 9.98401130-DDI 79775461o+000 9916034S*-001 
1.6506527e4-000 9 8843467"1 4.7904681e+000 9,931144le-DOI 7.8915610&= 9.948"740.001 
1.6636721e+000 9.8149We-001 4.8155054e+000 9.994934&ý-Wl 7.9105953*+000 9 M7602*001 
1.6927134e+000 9.9906472e-001 4 8395414e+000 9.9947235e-001 7.9326283eHM 9,990"010.001 
1.7247633e+000 9.8998273e-001 4 9545638e+000 9.9902127a-MI 7.93363OOe4-000 9ý9m? 930-001 
1.7277678e4-OW 9.9001720&WI 4.8615744e+000 9.989920SOMI 7.9376358**OW 9.99194o? +Mt 
1.7568111e+DOD 9.679097(ký-Wl 4 9625757e+000 99MI86e-001 7. %33596e+000 991557114sMI 
1.8097871e*ODO 9.991757lo-001 4,8846087e+000 9.9724138e-001 7.9803851 e4-M 916XI272*01 
1.8167975e+-000 9.9951329e-001 4.9547133e+000 9.9991138c-001 7.99741050+000 9.910529UMI 
1.9369274e+000 9.9426601"1 4 9748212e+ODO 9.9972384&Ml 7.9994136e-OW 99097514*Ml 
1.9658708e+000 9.996319le-Ml 3.0268990e+ODO 9.325499-50-001 &O014163e+000 9 "277*001 
1.9979186e+000 9.960939&e-001 3.1020111e+000 9.9000507c. 001 9 0204449c+000 9 "670600.001 
1.921954ie+000 9 9920304eMl 5.1951500e+000 9 9547046e. 001 8 0224479e*WO 9 98517500.001 
1.9389799e+000 9.9683064e-001 5.2762712c+000 9.9423965o-001 8.0254523e4-000 9. %*q3llooool 
1.9730307e+ODO 9.999272la-001 52812787e+000 9.9428795e-WI 9 0274554&-OW 9. "1757410-mi 
1.9990681e+000 9.9886168&. 001 5.3163310e+DDO 9.5803389e-001 8.0294584e+000 9993"13&Wl 
2.0140920e+000 9 9982946oMl 5.3894400e*, Doo 9.8976453e-WI 9 0665138*4-OW I MY*04o. WI 
2.0291145C+000 9.9905665e-001 5.4094699e+000 9.9595246a-001 8.1015661@+000 9 1702470m. 001 
2.1663193&000 9.9993919e. 001 5.4335059e+000 9.7132434e-001 9,1043703&OOW 98726136&Wl 
2.26 70961 C+000 9 8064270e-001 54805762e+000 9.9961080e-001 8 1065736e+000 9 8134410*Wi 
2.3051529e+-000 9.995007ge-001 5 4925942&OW 9.9929335&Wl 8 It 45954e+000 9 864305*001 
2.3502202&-OM 9.1871763e-001 5,5056136e+-000 9.9991673e-001 8.1436316e#. OW 9 99416420-001 
2.3752575e+DDO 9 9397140e. 001 5.5346570e+. OW 9 8088794c. 001 9.1486364&= 999204540-mi 
2.4022979e+ODO 8.9538113a. 001 5.5446720ei-OW 9 9496593e-001 9,13063910+000 99OM35*001 
2.4423577e+000 9.998897le-001 5.571712I&M 8.6196790e-001 8 1336439&+000 9 997851 So-M I 
2.4543757e+000 9.9956125a-Wl 5.6418170e+000 9. BM12e-001 &1366483e+000 9,993? 919*. mt 
2.4663936C+000 9.9982940o-001 57239396e+000 9.9993590o. Ml &1596513&000 9.9020733*ml 
2.4874250e+DW 9.9917016e. 001 3.7770187e+ODO 9,688095U-Ml 8.1636588e+000 9.9953U3*. Ool 
2.4%4385e*000 9 9933480cal 5.8691563e+OOD 9,9775518o. 001 8.1656615e+OW 9"51907"1 
2.5014459C+000 9.99306M. Ml 3.8971831e+000 9.9979715e-00 I &. l63tp663&ODD 9.9%6180*Mt 
2.5154669e+000 9.9988924e-001 5 9132222e+000 9.9679333e-Wl 9 174675loHN 99937? 96*al 
2.5214758e+000 9.9985489c). Wl 5.9923400e+. OW 9.969631M-WI 8.1766782oWO 9.9959255-o-mi 
2.525481ge4-OW 9.9985947a. 001 6.0063611e+-OW 9.9855668e-001 8 1816956e*000 9944MU-001 
2.53SM12e+000 9.99564796al 6.0263910e+000 9.9419537eM 1 11.194690100M 9 "55MU-001 
2.54150570-000 9.9957692o. 001 6.056435&e+000 9.9991400a-001 &18669310+000 9"545890.001 
2.5535237C+000 9.9919473e-001 6.1065032e+000 9.8%, 1614a-Ml B. ISWJ9620+000 9,994138*401 
2.5735536e+ODO 9.9980500c. 001 6.1235286e+000 9.9559675e-001 8.2137335e+OW 99180243*Wi 
2 6005939e+000 9.9646942e-001 6.1385511e+000 9.9193109e. Wl 8.2377692e+000 99925623*. 001 
2.6787105e+-OW 9.2076256*-Ml 6.2447093e+. 000 9.99951960-001 8.2397709e+000 9992? 949*. 001 
2.7047494e4-OW 9.8%6864eMl 6.2907783e+000 9.993147&). 001 8.24()7739e+000 9.9039410*. Wl 
2.7097554e+000 9.9957426&WI 6.3017946eýOW 9.9977345"01 8 2417753e+000 99958377"1 
2.976154600M 93024575&WI 6.3298364e+000 9.9242018C-001 8.2447797e+ODO 9 9974653o. Ml 
3 03323980000 9.9985768c. Ml 6.4109576e+000 9.7651013o. 001 8.2467t2ge+000 9 99604Q%wwI 
30662891e+000 9.9923522e-001 6.45201&7e+000 9.995989141-001 8.2487958oOW 9.99b6OPA*401 
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&2517902e+000 9.9977603e-001 &5842864e+000 1.00069040M &9418203&M 9 93418914-00 1 
9.2527916e+000 9.996896De, -001 9.5862895e+000 I. OD04820e+ ODO S. MB234e+-Om 9MI5170-001 
8.2547947e+000 9.9965654e-WI 8. 

-5lM925e+000 
1.000594-'k+000 8.9458261e+000 9.99802010-Wi 

8.2557964e+000 9.9955462"1 9.5912970&M I. OD06157&000 8.9498322eH= 9. "31502&-Ml 
&25SMge+-OW 9.9957707e-00 1 &5933000e+000 1.00055890+000 8 95M36e+000 99%4932o-Ml 
8.2608038e+ODD 9.9976950e-WI 9.5993089e+000 I. DDOIS16e+-OW 8.9528366e+000 9.9%1832*ýWl 
9.262SD65eH= 9.9980970e-WI &6013119e+000 1.000259k-ýOW 8.9538383e*M 1.00000170*M 
8.2648096e+000 9.99760466-001 9.6273510c+000 9.9221181o-WI 9.9569427o(M 1.0000906*-OW 
9.26781400M 9. "57999eMl 8 6M3642e4" 9.9343343o-001 8 9589458e+ooo 1.0002427e*OW 
9.2699171e+000 9.9970548e-001 9.6373659e+ODO 9.9348095C-001 &95M72e+-OW 1.00002970ýow 
8.2728215&M 9.9979940e-001 9.6433747e+000 9.9477269e-001 8.9609489atOOO 1.0002409e-Ow 
9.2749245e+000 9.9M450e-001 9.6443764e4M 9.949306ge-001 8.9628516e*OW 1.0001535e= 
9 2778290c+000 9.9977494&Wl 9 6593972e+. 000 9.98Wl3eMl M38533&M 1 0002103e*OW 
9.2918351e*WD 9.9987159e-001 8 68M2oe+ODO 9.1974812e-001 8.9659563e+, M I. OD04208*#OW 
8,2838381e+000 9.9986208e-WI 9.7134793e+-OW 9.86741M. 001 8.9699621e+OW 9998376to-Mi 
8.2859412c+-OM 9.9991552c. 001 8.7204899e+000 9.8601020eMl 8.971963U+= 1.000 1 936e*OOO 
8.2899456e+000 9.9972696e-Wl &7495316e+000 1.0003911e+OW &9769726e+. OW 9. "46314o. 0oi 
9.290WC+ODO 9.9981246&WI 9.7495333&-OW I. OOD4256e+ODD &9779740c+000 9.9934746o-Mi 
8.2938531e+000 9.9977O5OeMl 9.7525378e+-OW 1.0005968e+-OM 9.9799770eH)OO 9 992937'2*ýWj 
9.2948544e+000 9.9973247e-001 &7535391e*WO 1.000653OeH)OD 9.9WV87e*W 9.9911031*. Ool 
&3088755e+ODO 9.98390640-001 &75&5466e+OW I. OD06773e+ooo &9978899c+OOO 9.97M70-ml 
8.3108795e+000 9.9947069C-WI 8.7603496e+000 I. DD06928ei-OW 8.9VMO&+ODD 9.9752476*4)01 
9.3138830e+ODO 9.982703le-001 8.7625527e+OOD 1.00054676+ODO 8.9919950&H= 9.9748063oool 
9.31788&7e+ODO 9.9842930a-001 8.7635541e+000 1.0006399eH)OO 9.00MO50M 9.9996126*4Dol 
U1889040000 9.98454374-001 9.7675602e+000 1.0006969eH)DO 9.0099219e', = 9 99999960.001 
8.3238979e+000 9,98994230-WI 8.7695632e+000 I. DD05233ei-000 9,0119249e+000 99996675o. 001 
9.3259010e+-OW 9.99099590-Mi &7715663e+ODO 1.00042490+000 9.0129263e+000 1.00=13o-oW 
9.3309084e+-000 9.9972651"1 9.7735690e+-OW 1.0008295e+000 9.0149294e+000 10003501@-OW 
&3329115e+000 9.9960553&Wl &7765738o+000 1.0007127cHM 9.0169324@+000 LOD05020e= 
8.3359159e+000 9.9993277eal 8.7803795e+000 LODD4947eýM 9,0189355&+000 1.00051896-ow 
9.3389203e+000 9.9983594e-001 9.78M6e+OOO 1.0005594e+000 9 019936gaHM I 00030310ýow 
8.3409234e+000 9.99ml-e-001 8.7945856e+000 1.00061 lge+ODO 9.0229412e+000 1.0009659*+000 
&3429264a4M 9.9972528*. Wl 8.78759010000 1.0005580e+M 9.0259460co-OW I DDG733ci**M 
8.34593080000 9.9994582e-001 8.7895931e+000 1.00063540OW 9.0299504e+000 I. ODOIO? 2*iOW 
8.3479339e+000 9.9960726e. 001 8.7915962e+000 1.0004578e+M 9,0309535c+ooo 1.00035490-ow 
8.3509383e+000 9.997294le-001 9.7946006e+-OM 1.0005974e+000 9.0329562*4-(= 1,0004004&*OW 
&35294140" 9.997113&-W1 &7976050a+000 I. OOOMeýOW 9.0339579of-OW 1.00049ogm*000 
9.3559459e+ODO 9.9979797oMl 8.79960glef-000 1.0006932e+000 9.033%09e+000 1 0004305e*OM 
8.35895020M 9.9964452e-001 8901611100M 1.000750kl+ooo 9.037%37@+000 1,00005510-ow 
9.3619546ef-M 9.9991063cal 8 9026125e+000 1.0008873e+000 904096&4e+ODO 9,9993591*401 
&3639577e*= 9.9974989e-001 &9036139e+000 1.0006349e+000 9.0439729*+, DW 9,9975695oM I 
9.3669621e+000 9.9976526e-Wl 8.8056169e+000 1,00054300000 9.0459759o+000 9 9981$200.001 
8.368%51e+000 9.9958367"1 8.8076199e+000 1.00047&k+000 9 0479786e+000 91981516*001 
8.3709692e+000 9.9969109a-WI 9.8106244e+000 1.0003924e+000 9.0509933oWO 9.99943oOoool 
&3739726e+000 9.9972MOO1 9.9126274e#. M 1.00045480M 9.05299610000 9. "M13*40i 
8.3779787a+000 9.9974163e-001 8.8156318e+000 1.0005129e+000 9.0359908cf-M 9"7t? 13*Ml 
9.3809931e+000 9.9955799e-001 9 9206393e+000 1.0006099e+. OW 9.0579935e*M 9.9M231*. ool 
8.3829862e+000 9.9966065e-001 8 9226424, -H= 1.00097&5e+. 000 9. o5m52e+000 9.9972660*. Ooi 
&3849989e+000 9.9965366e-00 I &9236437e+000 1.0007090el-M 9.0640027e+000 9.9972804*. Wi 
9.3859906e+-000 9.9961847e-001 8.9256468e+ODO 1.00065870000 9.0650041e+000 9.99o? 204@-Wi 
8.3879937e+000 9.9960371"1 9.9276498e+000 1.0005455e+000 9.1020394e+ODO 8 2071972*00 1 
9.3899964e+000 9.9961439eMl 9 M543e+000 1,0004731e+ooo 9.1331060c+000 9.9583529*Wi 
8,3919993e+m 9.9961560e-Wl &9326573eHM 1.0004547e+000 9.1491297e+000 9 86968940-M 1 
8.3950039e+-OW 9.9978224e. 001 8.9336587e+000 1.0005463e+000 9.1691596e+000 9.9? 93*21"1 
8 3980086e+000 9.9972115"1 8.8346604e+000 1.0002764e+000 9.1701613c+ODO 9.9909415o. Mi 
8.3990100e+OW 9.9971166e-001 9.8366634&M 1.00021350000 9.1741671*HM 9,9961463*. Wi 
8.4000113e+DDO 9.9972048&M I &9376648e+000 9.99899516-001 9.1751688a+M 9MI101"I 
8.403016le-FODO 9.9986567o-001 8 8436736e+000 9.9969.58go-Mi 9.1771715oH)DO 9 99756720401 
9.4090236e+000 9.9974246e-001 8,9456767e+000 9.9964097eal 9.1781732e+ODO 9.9913191 0-M I 
8.410026'3e+000 9.996913leMl 9.9476797e+000 9.9991141a. Ml 9.19017630000 9.98900430-mi 
8 4120293e+000 9.996026le-001 9.8506941e+000 9.9992854*. Wl 9.1911776e+000 9,9M585*-wj 
9 4150339ef-M 9.9973105a-001 8 95168580000 1.0002454e+000 9.1941SIO&OW 9 9939192*. Oo 1 
8.4210429e+000 9.9894926e-001 8 8546903e+. OW 1.0000456t+ODO 9.1861951e+000 99955257"1 
8.4230460e'4)00 9.999541 It-001 9 BW933e+-000 1.0000879e+000 9.1911926oWo 9,99M38*. Ool 
9.4260504e+-OM 9.9849D43o-00 I 9.85869640OW 1.0001345e+000 9.2172313e*Ooo 999? %4*Wl 
9.4270518c4-OW 9.983937le-001 8.9617DO8e*M 1.0002242e+ODO 9.2192343e+ODO 9 "76242"1 
9 4370667e+000 9.9597680e-001 8.8627021e+000 1.0001383e*= 9.2212374o+000 9999M36,001 
8.4400714e+000 9.9596584e-001 8.8647052c+000 1 00(9355e+ooo M32404*ýM 9,9999490*401 
8.4420742e+000 9.9596374a. 001 &96770960M 1.0005710e+OW 9.2272462e+000 9 99$30000.001 
8 4550939c+, OW 9.979637le-001 9.86871 M+000 1.0006076e+000 9.2292493e+000 99949203*. Ool 
8.4560952eFODO 9.9805804oMl 8.9697127e+000 1.0003959e4-OW 9.2322537&i-M 9.99064720401 
8.4611027e+-OM 9.9847086e-001 8.9717157e+. OW I. OOD2162")o 9.2332554e+000 99sawm5eal 
&4621041e+ODO 99850014e-001 9.9727171e+000 9.9985947e-001 9.2562897eo-M 9.7465410*. Ool 8.464107100M 9.984640-e*Ml 9 9757215e+ODD 9,9972924e-001 9.2572911**OW 9 74361%6*Ml 
8.4661102e+000 9.99437190-001 8 9767232e+000 9.9932481*. Wl 9X%=0000 9.743862k. 001 8 4691146e+000 9.9846972e-001 8.9787263e+000 9.9938573e. 00 I 9.2923Me+OOO 9.9940033*. Ool 8.5041669e+ODO 9.3851722e-001 8.8797276e+. 000 9.990106go-Mi 9.3033600et-M 9. UW23tp. Wl 8.53220&7e+DDO 9.9964194e-001 9.9957364e+000 "775607cý-Wj 93043614&000 9991RU4*. Wi 9.5332104e+-000 1,0000552e+000 9.9867381e+000 9.97W44e-001 9.3063644e+Ooo 98945421"1 
8.5392192e+000 I. OD04353e+000 9 8997426e+000 9.9680880a. 001 9-3233435eý000 9 9933049*. Wl 8.5412222e+000 1.000298&+000 8 V27470e+-M 9.9697158*. Wl 9.324344%+000 99962962"1 
8-5432253e-FODO 1.0002399e+000 9 89374&7e+000 9.968%90a. 001 9.3253462e+000 9.9859264*. Ml 8.5452284e+-OW 1.0002820&M 8,9%7531e+OOD 9971269le-Wi 9.3273493e+000 9.9899420*. Wl 8.5482328e+000 1.0006048e+000 8 8977544e+000 9.9736135eal 932935IOvH)DO 9,99&"10*. ODI 8.5502358e+ODO 1.0004588e+000 8.9127769e+000 1.0003383e+ODO 9.3303537@+Ooo 9.9940413*. Wl 8.5532402e+00() I. OD0534-ie4-OW 9.9147799e4-DOO I. OD03244e+ooo 9.3323568e+ODO 9996? goswwl 9.5552433e+000 1.0005207e+-(W 9.9177843e+000 1.0003063e+ODO 9.334359&p+= 9.9052333*. Wl 9.5592477e+000 1.0006714oM 8.9187860e+000 1.00050&3e+-OW 9.3363629&M 9.995179940-Mi 
8.3602508e+000 I-OOD6315&M 9.9207897e+000 1.0002878e+ooo 9-WX39oH)OO 99957008*Wl 8.5622538e+, OW I. OD05n4e+000 8.9217904e+000 J. OD04626&ýOoo 9.3403697@+ODO 0 99878090. ODI 8.5642566e+000 1.0006647e+ODO 8.923793-%e+ODO 1.0000723e+ODO 9-W3717@+000 9OM691*4)DI 
8.3672613e+M l. OOOW3e+000 9.9247949e+000 1.0000764e+ooo 9.3443749e*OW 9999170311-001 
9.5692640e+000 I. OD07783e+000 9.9257962e+ODD 9.9979760a-wl 9.345376jeWo 99995995*. Wl 8.5712671c+000 1.0007491e+WD 8.9277993e+-OW 9.9954667e-001 9.3764227e+000 99939386*Ml 
9.5772762e+000 1.00050490000 9.9298010e+000 9.9917SMe-001 9.4D(WS&le+000 99921610*001 
8.5792790e+ODO 1.0003949e+000 8.9378142e+-OW 9.9807932(D-001 9.4084705o+ODD 999436M*. Wl 9.5812820e+000 1.0004761e+OOD 9.9399173e+ODO 9 9935542e-ODI 9.4254960e+000 997323oRo. Ml 
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9.4305035e+OOO 9.973991&>. 001 1.1804469et-001 99815926a-001 1. A8M5effll 9.9ö88920eM1 
9.4435228e+M 9.9602647c-001 1.1818490e4-001 9.9M53e-001 1.4853071ei-OD) 996U184o401 
9.455540gef-M 9.9763841&WI 1.1821494e001 9.9837917o. 001 1.4909135eeN1 9.9995971&WI 
9.4945989eM 8.8fflIoe-WI 1.1836517e+OOI 9.9895657e-W 1 1.4996285c401 9 9446489eM1 
9.5156305ei-ON 9.7555556e-001 1.1891599e+-001 8.9833275e. 001 1.5ffl360c+001 9.9977689&WI 
9-5346587e000 9.1160258&WI 1.191162k+OOI 9.7572046e-001 1.5072399c4-001 9.9707063o40) 
9.5667066ee00 9.9501236eM1 1.1933662e+DOI 8 5233109e-001 1.5133490e*001 9.97len30.001 
9.585735le+OW 9.8902790e-001 1.1968714e001 9.9824933o-001 1.5139499e001 9.9729106&WI 
9.6037619&M 9,9652858e-Mi 1.1985739e+OOI 9.9543,423o-001 1.5163535e001 9.9321157eM1 
9.6247932e+WD 9.8454965e-001 1.2026801e4-001 9.9843D25e-001 1.519458)e*WI 9.99330.580M1 
9.6488292e4-OW 9.9871279e-001 1.2058848e+DOI 98458890al 1. =303eM1 9 8053%4e01 
9.6M591eHM 9.9748738eM1 1.2091898e+-WI 9.9917691e-001 1.52«342e+Oot 9 9967824g1.001 
9.685884-%c+M 9.9999189e-WI 1 2133961ei-001 9.9761722eM 1 1.52633&k+WI 9.9903633eMi 
9.6908920e+OOO 9.9993773&WI 1.2l"8e+OOI 9.9922903eM1 1.5280389e4-001 9.9982M7o401 
9.7149280e+000 9.9983409e-001 1.2166008e+OOI 9-9914677e-001 1.3286399e4-001 9.9975653eM1 
9.7579922c+ffl 9.9260613e-001 1.2177025e001 9.9953456e«1 1-5325457e+WI 9.9984743eM1 
9.8581416e+000 9.9351748&WI 1.2185037e001 9.9936609e-001 1.539956leh00) 9m91850.001 
9.8771702e+, DM 9.9801354e-WI 1.2196053e+-WI 9.9972529c-WI 1.5469672e4-001 9.9186723o. 001 
9.9072150&« 9.92905830M1 1.2204065e+WI 9.9964406eM1 1. 

-%M7060ffll 9.99777220M1 
9.9512809eý00 9.9991514e-WI 1.2206068e+001 9.9964218e-001 1.5512736e*WI 9.9404649eM 1 
9.9612958eKW 1.0000843e+M 1.226716W001 9.8627350eM1 1.5536772e*WI 9.99»190&wl 
9.9663033ef-OW 1.0000674e+OOO 1.2306218e001 9.9994344eM1 1.5377R34e+WI 9. m1062d>. 001 
9.9763182e4-000 1.0002094e+DDO 1.2336262e4-001 9.9241071o-O01 1.5614889e*WI 9.9962427o-W1 
9.9873346efON 9.9997252&WI 1.2357294e1-001 9.9920093o-001 1.5622901&WI 99952503o. 001 
9.996348le+ODO 1,0002174e+ODO 12n1330e+OOI 9.9361061o-O01 1. ffl994e+WI 9.98101420.001 
1.0006363e001 9.9996025e-WI 1.2396352e+OOI 9.9729816e-001 1.5744Me« 1 9.99032919M1 
1.0028396e+001 9.9958925&WI 1.2417384e+WI 9.8926841e-W1 1.3761107effll 9.9924725eM1 
1.0032402ef-001 9.99616860-WI 1.2423396e001 9. BM734e-001 1.5797161e*WI 9.6314194o-MI 
1.0043418e4-001 9.9926128o-WI 1.2438415e+OOI 9.862207le. 001 1.592213e4001 999134420M1 
1.0055436e+WI 9.999474-11eM1 1.2475470e+WI 9.9965228o-001 1-'M2S9e+MI 9,23576930.00) 
1.0066453e«1 9,9ffl367t>001 1.2481479e+OOI 9.9971735a-001 1-5M32ge+WI 9.9504386eM1 
1.0069457e+ODI 9.9961433e-001 1.2523542e001 9.9169374o-001 1.5938372e+WI 9,0369594&WI 
1. W79472e+ODI 9.9938377c>WI 1.2549581e001 9,9935511&WI 16031511e001 9.9992444&WI 
1. W89487c+001 9.9966241eM1 1.257662le+ýWl 9.9529337e001 1.6079583e001 9.999w50. W1 
1.0101505e+OOI 9.9915627o-001 1.259765>+00 1 9.9982083c>WI 1.6115636o4,001 96619485eM9 
1.0104509effl1 9.9916832a-001 1.2618684e001 9.9742607o-00 1 1.6144941ve001 9.9963348&001 
1.0148575e+OOI 9.9141997o-001 1.2633707e+. 001 9.9847774eM1 1.616497le+WI 9.98416ng>wi 
1.018162-5&001 9.9978152a-001 1.2644723e+OOI 9.98357Me. 001 1.6194916e4-001 9.9987016*WI 
1.0191640&WI 9.9962116eM1 1.2657742et. 001 9.9954070eM1 1.6245992e+WI 9>1550bllowl 
1.0194644e+001 9.9962677e-001 1.2666756eM1 9.9915945o-001 1.6282046e001 9.94b89130.001 
1.0201654e+OOI 9.9959519&WI 1.2669760effll 9.99174gle. 00 1 1.6301074e+ODI 9 82=40.001 
1.0215676e«1 9.9985698o-001 1.2707817e+001 7.7269425&WI 1.6332121e001 9.99M1 10.001 
1.0220683e+OOI 9.99m950-001 1.2787937e+OOI 9.8659322c>WI 1.636617le+WI 9.4325419eM1 
1.0222686e+MI 9.9984867a. 001 1.2970209e+001 9.996537&>WI 1.6426261e001 9.997m90-mi 
1.0251729e+ODI 9.97539420-001 1.2975216e+OOI 9 9968479(>001 1.64M54e4-001 9.7993747o. 001 
1.0254734e+ODI 9.9754-585e-001 1.3040314e+ODI 9.5870927e-001 1.650938. W001 9.973U56s-wi 
1.0275765e4-001 9.91329440-001 1.3122436e001 9.9986820e-001 1.6530416e001 9 96m84)em 1 
1.0375915e+OOI 9.90358150-WI 1.3132451ei-M1 9.9979854o-001 1 6549443&WI 9.961389. N>ool 
1.0402955e+OOI 9.9994779e-001 1.3140463e+WI 99984046eM1 1.6576485oe001 94498144eM1 
1.0408964e+DOI 9.9990431e-MI 1.3195848e+OOI 9.8670131eM1 1.6587502e*WI 9.5206364eM 1 
1.0412970e001 9.99913910-WI 1.3223890e001 99857447e-001 1.6595514e001 9.4939077eM1 
1.0421983e+WI 9.9975131e-001 1.322489le+OOI 9.9857823e00 1 1.663357)offli 9 986ngrobo 1 
1.0428994e001 9.9990311o-001 1.3240915e4.001 9.9951660e-001 1 6671627e+O 1 S. »M7lib. 001 
1.043900k+W) 9.9957673e-001 1.3245923e+DOI 9.9950242e-001 1.6804826e001 9.99835350.001 
1.0446019ei-001 9.9964487eM1 1.3254936e+OOI 9.9%5510e-Ool 1.6810935e+001 9.9ffl973eM1 
1.0449024e+-001 9.9963088&WI 1.3347074e4-001 7.87454W&WI 1.6818947o+WI 9.99793119.001 
1.047906W-001 9.9942960e-001 1.3386132e+OOI 9.9877932o-001 1.682185)o+WI 9.99? 9W3o. 001 
1.053415W001 9.9218078e-001 1.3396147e+001 9.9817673e. 001 1.68379050*WI 9.1764125&wi 
1.0-544279e+OOI 9 9297904o-OD1 1.341818k+OOL 9.9915423eM1 1.6895962o4-Wi 999728160M1 
1.0559302ef-001 9.9027825o-001 1.3445220e+OOI 9.9635599eM 1 1.6898%70*01 9.99730J%8*M 1 
1.0577329e4-001 9.95665410-WI 1.3464249e+001 9.9904302c«1 1. tv9119Röd+WI 9ý»»733&wi 
1.0590348e+DOI 9.9379851e-00) 1.347927le+OOI 9.9872156c-001 1.691799.5&001 9.9w42046M1 
J. ffl377ef-001 9.9727644e-001 1.360646le+WI 9.9279257eM1 1.69820914+WI 9.8enm3em 1 
1.0623398e+OOI 9.9574022o-001 1-3665549e001 9.9944772a-ooi 1-701314W001 9.9416221eM1 
1.0629406e+001 9.9596676e-WI 1.376770le+OOI 9.9201023e-001 1.702114Qe-Wi 9.99744roewg 
1.0658450e+WI 9 6801421o-WI 1.3818778e001 9.948763W001 1.702715u*Ool 9.9916712*MI 
1.0687493e+001 9.9714021eM1 1.3857836e001 99792883e-001 1.705319704. WI 9-9M322eM1 
1.070552oe+OOI 9.9509779e-001 13938957e001 9.9924938e. 00 1 1.706nige+Wi 9. gen68gem, 
1.0735565e+001 9.9899966emt 1.3981020e+OOL 9.8985164o-W1 1.7102270e+Ool 9. $49$MOMI 
1.0747583e+001 9.9848080&WI 1.4033098e001 9ý9442970e. 001 1.71343lk+OD1 998063796M1 
1.0760602e+OOI 9.9932022eM1 1.4059136e4-001 9.9950316e« 1 1.7160357e*WI 9 8278456eM1 
1.07666lIef-001 9.992430-5&WI 1.4068150ei-WI 9 9943107e-Wi 1.7263511o4-Wi 9ýim435*MI 
1.0781634*ffll 9.9992655, -WI 1.4115220e4-001 9.9550424c-001 1.7293556e*001 9.995799A0M1 
1,0784638e+OOI 9.9991975o-001 1.412924le. ý001 9.9795104e-00) 1.731558W001 9.93470540M1 
1.082469ge+OOI 9.9491828e-001 1.4153277e+COI 98178Ble-Wi 1.7341628e*WI 9.99796060m, 
1.0832710e+OOI 99518145eM1 1.418131W001 9.9913466e-Ni 1.7364662e+001 9.9713350uM1 
1.0857747e001 9.7503398a-001 1.4227388e+001 9.5261184c. 001 1.737067)e+Ool 9.97232&UMI 
1.0881X3e001 9.9670526o-WI 1.4266446e001 9.9982834o-ool 1.7393705e4-001 9 8252530&WI 
1.0894802e+001 9.9504965e-001 1.4374357e+OOI 9.9925381&WI 1.7498862o4.01 9 6814840eM 1 
1.090892-Ieffll 9.9627692e-001 1.4386375e+WI 9.998651-%e«1 1.752289ke00 1 9.9694105eM1 
1.091383leffl1 9.9622405e-001 1.4392383e+WI 9.9980914e. 001 1.7537920e4.001 9.925m70m1 
1.0995934e+DOI 9 3297364eM1 1.4455478e+OOI 9.7310780e-00 1 1.7645675e4-WI 9.6132914eM 1 
1.1144175e+001 9.9527276&WI 1.447751le+OO1 9.9468210e«i 1.7693747e4.001 9ý9963784M1 
1.1223293e+001 9.9950844a-WI 1.4503549e+OOI 9.191847le. 001 1.7742820c*Col 8.3ffl5629.001 
1.1228300e+OOI 99952498o-Wi 1.4538602e001 9.9806902o. 001 1.7779875e4. WI 9.9964353o. 00 1 
1.125333U+001 9.945M7De. 001 1.4562638e+OOI 9.8783222e-001 1.77"We4. WI 9.9938724.001 
1.1345475e+WI 9 9628684eM1 1.4616718e001 9.99568290-WI 1.7793896u4.001 9ý994bIL3O1h. 001 
1.1414578e+OOI 9.9976176e. 001 1.4617720e001 9.9956699o«t 1.7801908e*W 1 9.99242810M1 
1.1469661e4-001 9 9784226eM1 1.4632742e+001 9.9967180e-00 1 1.7814928uf-001 9.9991428&wl 
1.1548779e+OOI 9.9588574e. 001 1.4645762e001 9.9977656e-001 1.7819935e*WI 9 0. M, %650ml 
1.1565804e+-WI 9.9787652o-001 1.4675807ei-001 99590806&wl 1.7839965eM1 9.999wIeml 
1.1-5M0ge+. 001 9.97876Me-001 1.47048Me4-WI 9.99802190.001 1.787301le+MI 9mn6296M1 
1.1727354c+001 9.9959550eml 1 4741905e001 9 8052193c-001 1.7944121et-WI 9.9947632*4)DI 
1.173236le+ODI 9.9943022eM1 1.4760934e+DOI 9.9365791e-01 1.79951820*001 9994mieml 
1.1743377ee001 99970145e-001 1.478396U+001 9.4783760e. 001 1.8003209e*wi 999914neml 
1.1747384e+WI 9.9%9012e-001 1.4802996e001 9.8461257o«1 1.8032252e+WI 9.94670»&WI 
1.1156397e+001 99977296eM1 1.4822025e+-001 94521139e-001 1-8M5331eK*l 9,999272boM1 
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1.9124183e+ODI 9.9916544e-Ml 1.9313959c+001 9-"M50e-DDI 2.015597$e*001 1 00023Uc-OW 
1.9193271e+001 9.954566OeMl 1.9334991e+001 9.9997045a. 001 2.0199043e*001 99367930*. Wl 
1.8206306e+001 9.9997436e-WI 1.9345006e+001 9.9995779e-WI 2.020905L-W I 9%47376o-WI 
1.8229340e+-001 9.9743923e-WI 1.9359026e+-Wl 9.9968953e-001 2.02220"e+001 99Q2449*, DDI 
1.9299445&001 9.9502897"DI 1.936703&e+-DDI 9.9982713o-Wt 2.0277159e+, 001 99994189&Wl 
1.9321478e+DDI 9.9954937o-001 1.9387068e+DDI 9.9765536o-WI 2.0311P. 21e+001 992501069-ODI 
1.9332494e+-001 9.9915955e-001 1.9401089e+001 9.9903707aa 1 2.0339231c+OOI 99803331&Wl 
1.9344512e+001 9.995700%-001 1.9424123e+-001 9.993936&e. 001 2.0334273e+001 9. %57906sal 
1.8373555&001 9.9417607o. Wl 1.9494992e+001 9.9965495e-00 1 2.0499490eýWj 9.9MI42a. Mi 
1.9399594e+001 9.995376&001 1.9508011e+ool 9.998037le-001 2.0569595&Wl 1 0431339*. Oo 1 
1.8401597e+001 9.9954007"1 1.9529043e+001 9.9794086e. ODI 2.0604648&001 9"38274a. Wi 
1.8408608e+001 9.9957326e-001 1.9542062e+001 9.9895305e-001 2.061%lle*001 9, "22313o. 00 1 
1.8419624e+001 9.9946310*Ml 1.95691010-001 9.8755475t-WI 2.0641704&WI 99998374-WI 
1.8422629e+-001 9.994706ge-001 1.9619176&WI 9.9986704e-001 2.0649716e+001 9.9927041&. Ool 
1.8475708e+001 &4528372e-001 1.9625186&WI 9 9983620e-00 1 2.0656726e+001 99996213*. 001 
1.9506754e+001 9.9530628"1 1.9629192e+001 9.9984159*-WI 2.0666741e00j 9 99911220.001 
1.8524781e+001 9.9268235e-001 1-%85276e+001 9.7765114e. Wl 2.067V59&MI 99999446*. Wl 
1.8545812e+001 9.9790266e-001 1.9719327e+001 9.988697&ý. 001 2.0688774c+001 9,9961251&001 
1.8553824eq)Ol 9.9764833&001 1.9727339o+001 9.9863477"1 2.0696786et-W 1 9.999M50,001 
1.97010440-001 9.9956958eal 1.9781419e+001 9.9930515e-00 1 2.0704798e+00 1 9.9"44RO-001 
1.8703047e+001 9.9956970o. 001 1.9942660e+001 9.9832644e-001 2.0724829&MI 99M2734o. Wi 
1.9745110e+001 9.7899249e-001 1.9972705e+001 9.997962U-001 2.0732940&001 9.9999637*. 001 
1.8935244e+001 9.9997504o-WI 1.9975709&001 9.9979276&WI 3.0752970o+OOI 9.9944068@. 001 

I. M355&WI 9.9-5lW386&Wl 1.99927200001 9.9993914o-001 2.0755974e+001 9.9944435o. Wi 
1.9002494e+001 9.9924181"1 1.99927350001 9.99667470-001 2.07ggMe+001 9 $6319419-ooi 
1.9005498e+001 9.9924267aMl 1.9999745e+001 9.9974107"1 2.082M30*00 I 9,99175074P. Wi 
1.9034542e+001 9.9004294t)-001 2. OD22780c+OOI 9.9930263c. 001 2,0943004e+001 99862-5490-wi 
1.9062-5lWc+OOl 9.9949457c. 001 2. OD41808e#-WI 9.9959637c. 001 10850015&0001 9.9973142ipOOI 
1.9069594e+001 9.9944914o-WI 2.0052825e+001 9.9943867"1 2.0893079o001 9 9001635*. Wl 
IM81612e+001 9.99702380-001 2.0062840e+001 9.9964003e-WI 1.094613geo-001 99964594*. 001 
1.9109653c+001 9.9531290o-001 2.0090881e+001 9.9939884a-001 2.0949161@+001 99864-ýj 
1.9143705e+001 9.991914le-001 2.01008960001 9.9962540"1 2.0969191**Wl 9.99101090-001 
1.91977&6e+001 9.5483072e-001 2.0108908e+001 9.9943698a-001 20980209*+001 9 9771=20-oot 
1.9232838e+001 9.99207460-001 2.0117922e+001 9.9972472o-WI 2.0989223e+001 9.9936ffi6o. 00 1 
1.9245857e+001 9.9844854*. 001 2.0124932el-001 9.9959714a. W1 2.0993229&Ml 99931917"1 
1.9261881C+001 9.9982175eMl 2.0131943e+001 9.9978443ci-W I 
1.9262883e+001 9.999143&-Wi 2.0140956&WI 9.9953024e4)01 
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NI. s Ammonia(6435 - 6455cm-1, P=0.47Torr, L= 25.1 m, T., =2 I*Q 

6.4359164e+003 9.9902943oMl 6.43685000003 9.983130le-001 6.4394748e+003 9. "38221"1 
6.4359188e+003 9.9903331&WI 6.4368524e4-003 9.98630671s, -001 6.4395132oW3 9.3995739*. Wl 
6.43592120W3 9.98794756-Ml 6.436954Oe*W3 9. M75860-001 6.4395477e+003 9.9941736&WI 
6.4359276&003 9. "4939ge-Ml 6.4369564e+003 9.9893389a-001 6.4395&2lcW3 9 8941864&Wl 
6.4359292e+003 9. "368960MI 6,4368596e+003 9.9942153e-001 6.439675%+003 9.9917075&Wl 
6.4359324e+-W3 9.99494840-001 6.4369621e+003 9.9970504o. Ml 6.4396923e+003 9.9921490"1 
6.4359348e+003 9.9918357e-00t 6.4368637e+003 9.9857990e-001 6.4397135e+003 9.9559301"t 
6.4359372e+003 9.99008980MI 6.4369645e+003 9.9824563&Wl 6.4399049e+, 003 9.9171473c. 001 
6.4359749e+-003 9.5069772e-001 6.4368677e+003 9.9755197e4)01 6.439814-5cW3 9.9296311*401 
6.4360526e+003 9.89369006-001 6.43686&5e+003 9.9737106aMl 6.4398297e+003 9,8949982*. Oot 
6.4360790el-003 9.9893133e-001 6.4369709e+003 9.9691699eMl 6.439SM10003 9.9974721*. Wl 
6.4360922e+003 9.9873333"1 6.4369717e4-003 9.967616le-001 6.4399910e+003 9.9132695oal 
6.4360946e+003 9.9881929e-001 6.4368757e+-003 9.9622256e-WI 6.43"546e+003 9.2393191"1 
6.4360970e+003 9.98757266-001 6.436878loM 9.9618420e-001 6.44OD604e+003 9 9931699*M I 
6.4360903e+003 9. "14990e-OOI 6.43688130M 9.962301-ie-DOI 6.4400612e+OO3 9. "29747*. Ool 
6.4360911e+003 9.991607-5e-001 6.4368829&003 9.96115186-001 6.4400788e+003 9.9512%2"1 
6.4361439e+003 9.990700&-Ml 6.4368837e+-003 9.9642412e-ODI 6.4401525o+003 8.6693337*. ooi 
6.4361463e+003 9.9896350"1 6.4368901e+003 9.97479IOe-001 6.44025110003 IL4794637"1 
6.4361487e+003 9.9849095e-Wl 6.4368909e+-003 9.9748087"1 6.440283LoM 9. M5139O. Ml 
6.436t5lle+OO3 9.9865706e-001 6.4369925e+003 9.9749398e-Wl 6.4402857e+003 9.9962987a. Mi 
6.4361752e+003 9. &10195aý-Wl 6.4368949e+003 9.9751053e-001 6.4402965*H)03 9.9832596*Ml 
6.436i960e*w3 9.989536le-Ml 6.4368973e+003 9.98D971(ký-001 6.4403025@+003 9. qstn56*. Wl 
6.4361969e+003 9. MI117"1 6 4369005e+003 997930BOo-001 &4404171e+003 8 625Wa3o. OO I 
6.4363202e+W3 9.9941311*-Wl 6.4369021eýM 9.98041960-001 6.4405189e+003 9.9930690&Wl 
6.43632l8e4-003 9.9936763"1 &4369037e+003 9.981094NO01 6.4405213e+003 99944129*4)oi 
6.4363266e+-003 9.9900169&WI 6436Me+003 9.9850013o-Wl 6.440522%0-003 9. "35039*. Oot 
64363290e+003 9. "18630e-001 6.4369077c+003 9,9941343"1 6.4405245ef-W3 9.9935470*001 
6.4363314e+003 9.98844750-001 6.4369093c+003 99952592o! ýWl 6.440526%+003 9.9930098*. Ool 
6.4363330e+003 9,9889974e-001 6.4369117e#-003 9.9874634e-001 6.4405293voOO3 9.9931902*. Ool 
6.4363346e*003 9.9877135e-001 6.4369133e+-003 9. "10102"1 6.4405317oW3 9. "205me-ool 
6.4363394e+003 9. "44714&Wl 6,4369165e+003 9. "30964a-001 6,4403325@+003 9.9919623*. oot 
6.43634IOcM)03 9. "3628Do. Wl 6.4369181e+003 9.99454166-001 6.4405605@+003 9.693680940-WI 
6.4363579e+003 9. "14438e-001 6.4369197e+003 9. "42314eal 6.4406647*+003 9993M70*Ml 
6.4363643e+003 9. MI7380-001 6.4369454e+003 9. "462960-001 6.44066550-003 9.9822494al 
6.4363651e+-003 9. "11481e-WI 6.436971&e+003 9.952655Ný-Wl 6.44066&7e+003 9.9805971ki. 001 
6.4363675e+003 9.98826M. Ml 6.4370193e+003 9 "204300-001 6.44066950+003 9.9801711*. Oot 
6 4363699&FOO3 9.9865229e-001 6.4370511*+003 9.95233600-001 6.4406999e+003 9,5960225*001 
6.4363723e+003 9.9953909&WI 6.4371032e+003 9.9039612e-001 6.4407712*+003 9. VA1037"1 
6.4363771e+003 9.9900425&WI 6.4372370e+003 9.960471-%at 6.4407720@+003 9 8%W&MI 
6.4363787e+003 9-QM742&WI 6.4372506e+003 9.97449IOe-001 6.4407736*o-W3 9.9%10w)s-wi 
6.4363935e+003 9. "42093o-001 6.4372675eý003 9.9445256"1 6.4407985e+003 9, M131N001 
6.4363859e+003 9. "17353e-001 6.4373924&+W3 9 9022819e-001 6.4408001e+003 9,99354"o-Ml 
6.43639150003 9. "481M)-WI 6.4374878e+003 9.984467M-001 6.440804%+003 9.99OM2*al 
6.4363939eM 9. M7713g)-WI 6.4375273e+003 9. "46756cal 6,44080? 3e+003 9. M5646*401 
6.4363955e+003 9. "2701le-Ml 6.4375345e+-003 9. "361830-001 6.4408089**003 9,9898%uool 
6.4363995eW3 9.9962006o-001 6.4375401e+-003 9. "3948Ný-Wl 6.44091050+003 9. m4214owl 
6.4364019e+003 9.9876415e-001 6.4375818c+003 9.924980go-WI 6.4409113e+003 9.9874924o. ODI 
&4364043e+003 9.9937382e-Wl 6.4376226e+-003 9.9908679e-001 6.44082970003 9.92&%78*Ml 
6.4364067e+003 9.9847492e-001 6 4376274e+-003 9.990396-5a. 001 6.4409313e+003 9,927W7"1 
6.4364091e+003 9.9825657e-001 6.4377108e+-003 8.0018374c. 001 6.4409337*+003 9,924493%. 001 
6.4364107e+003 9.9821419e-WI 6.4377492e+-003 9,9911464&WI 6.4408441e+003 99624500o. 001 
6.4364115e+-W3 9.9833SIOe-001 6.4377929e+-003 9.91191570-001 6.4408449e+003 9 %32056*. Ni 
6.4364147e+003 9.9862934*-Wl 6.4379167e+003 9.9781620a. Wi 6.4409499e+003 9.9717232*. Wl 
6.4364155e+003 9.9863027a. 001 6.4379375e+003 9. "26348e-001 6.4408506e+003 9, gn6l79*. Ool 
6.4365429e+003 9.9M382e-001 6.4379661e+003 9.953470le-001 6.4408538o-W3 9.9753. logow i 
6.4365437ei-W3 9.9882620e-001 6.4380286e+003 9.9725737e-Wl 6.4408546&W3 9,97663030-Mi 
6.4365598e+003 9.9283476e-WI 6.43IM679e+003 9.9916925e-WI 6.4408570e+003 9.980247le4ol 
6.4365630e+003 9.9331073e-001 6.4381112e*003 9 M3464e-001 6.4409578e+003 9.98M53" 1 
6.4365646e+003 9.9334460e-001 6.4381360e*W3 9.9892170*-Wl 6.440094+003 9,9924374WI 
6.4365694e+003 9.9438459e-001 6.4391961e+003 9.9904933*. Wl 6.44OMoM 9,9W732"1 
6.4365958c+003 9.6317587e-WI 6.4382401ci-W3 9,98863ODe-001 6.4408619oW3 9.98622vw-Mi 
6.4366671&003 9.989335le-001 6.4392514e+003 9. "41856e-001 6.4408634e*W3 9.94oulso. 001 
6.4366687e+003 9.9907722a-001 6 4382714e+, 003 9.9792945c. 001 6.4408699e+003 9.9M? Y)O. Wl 
6.4366703e+003 9.98958890al 6.4393074e+003 9 9946759o. Ml 6.4409339e+003 9,9941&M*401 
6.436671le4-003 9.98563920-Ml 6,4383275e+003 9.967067le-WI 6.4409363"M3 9.90. %SS2*001 
6.4366783e+W3 9.9749907e-001 &4383968e+003 9.9628284eMl 6.440937%ýM 9.99MSI*. Ooi 
6.4366799C+003 9.9737281eý001 6.4394733e+003 9.9820154*. Wl 6.4409397e+003 9. "3ol6le. 001 
6.4366823e+003 9.9713796a-001 6.4385686e+003 9.9208086e-001 6.4409411**003 9.9MI459-ool 
6.4366&47e+003 9.973569le-001 6.4385710e+003 9.9212192e-001 6.44094270003 9.99, Mog*. Wi 
6.4366863e4-W3 9.96994090-001 6.4385951e+003 9.66023924001 6.4409459e+003 9.99000600ml 
6.4366887e+003 9.9711957e-001 6.4386159e+003 9.8993444e-WI &440947-3e+003 9.9sm7allml 
6.4366895e+-003 9.9715437"1 6.4386215e+003 9.8823773c. 001 6.4409499e+003 9.9894224*Ml 
6.4366920e+003 9.9718460e-001 6.4387553e+003 9.8918495e. ODI 6.4409523e+001 9.9906537"1 
6.4366928e+003 9.973419ge-001 6.4387770e+-003 9.979409le-001 6.4409868e+003 8.9633709oMl 
6.4366944e+003 9.9719264&Ml 6.4387819e+003 9.978993ge-001 6.4410260e+003 9"6MSO. Wi 
6.4366952e+003 9.9763739e-001 6.4397930e+003 9.9950059*Ml 6.4410276c+003 99862635*. Wl 
6.4366968e+003 9.976678le-001 6.4388162e+003 9.8713013e-001 6.4410292e+003 9.9875970@401 
6.4366976e+003 9.978042le-001 6.4389074e+003 9.0963237cý-Wl 6.4410316OW3 9.9M602o. Mi 
6.4367016ei-003 9.9872966e-001 6.4389531e+-003 9.98&%17e. Wl 6.4410332e+003 9.9910314a. 001 
6.4367024e+-003 9.98859690-001 6.4389883e+003 9. M7770e-001 &4410348e+003 9. "1 1617io-Do I 
6.4367064e+003 9.9935"80-Wi 6.4390036e4-003 9.8911168a. Ml 6.441037'2e+003 9.9911370wW 1 
6.4367088c+003 9. "38393C-001 6.4390252e+003 9.5802870e. Wl 6.4410388e+003 9.9M31UMI 
6.4367523e*W3 9. "20562e-001 6.4390957e+003 9.9941177eal 6.4410412c*W3 999236mwwt 
6.4367531e+003 9. "15514e-001 6.4391702e+003 9.8922433c. Ml 6,4410444c+003 9.9M761*. Wl 
6.4367699e+003 9.9208104-Ml 6.4392681e+OO3 9.950219le-001 6.441051le-003 9.9942909*. Wl 
6.4367707e+003 9.9165222"1 6.4392985e+ 003 9.9937517"1 &4410525e+003 9.99311914001 
6.4367731e+003 9.913946745-Ml 6.4393490e+003 9.6004673e-ool 6.4410541e+003 9.9926261*01 
6.4367915e+003 9.99041866-001 6.4393642e+003 9.779234k-Wl 6.4410557o+003 9.9934024ipODI 
6.4367923e+003 9.99155930-WI 6.4393802e+003 9.5-569332o. 001 6. "10373e+003 99923603io-Ml 
6.4367988e+003 9. "451610-001 6.43940&3c+W3 9.9736636e-001 6.4410597o+0(13 9 993942 10.001 
6.4367996e+003 9.9935573o-Wl 6.4394259e*003 9.9476729o-001 6.4410621e*003 9.9902623*Wl 
6.4369252e+-003 9.7945468e-001 6.4394467e+003 9.99416OOeMl 6.4410653e+003 9 992606go-ODI 
64368484e+003 9.9811265e-001 6.4394523e+003 9.9834630"1 6.4410701e+003 9.980931011-Mi 
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6.4410709e+003 9,980427go-Ml 6.4425310e+003 9.9942888e-001 6.4467222e+003 8.0236452o. 001 
6.4410885c+-003 9.9324169e-001 6.4425438e+003 9.9977656e-001 &4467303o003 8.1411468*. Wl 
6.4410901c+003 9.9322857e-001 6.4425559e+003 9.9933033&W 1 6.4467439e+-003 7.5562041*. Wi 
6,4410917e+003 9.9335989e. Wl 6.4425751e+. 003 9.9994010c-001 6.4468072c*003 9.9934002*. Mt 
6.4411021el-003 9.9506754e-001 6.4425967e+003 9.99M29c. 001 6,4468136c+003 9. "4ml4lwl 
6.4411029e+003 9.951440&ý-Wl 6,442599k-+-003 9.9923537e-001 6.4469256e+003 9. MI690"1 
6.441104.5o003 9.95131050-001 6 4427722e+. 003 9. M5&ieMl 6.44bV85c+003 9.979509%401 
6.4411069e+003 9.951895204)01 6.4428042e+003 9.9924322e-W I 6.4468913oW3 9.9920298"1 
6,4411085e+003 9.95307M-DOI 6.4428219e+003 9.990163&-001 6 4469274&-W3 9.412%190401 
6.4411101e+OD3 9.9550160e-001 6.4428403e+003 9. "39247e-001 6.44694lOe4,003 9.5511041*Wl 
6.4411133e+003 9.95854M-Wl 6.4428755e+-003 9.9401552&Wl 6.4469490e+003 9.515863go4ol 
6.4411141e+003 9.9596773*-001 6.442998%+003 9. %94D93e-001 6.446"31e+003 9%40143*. Wl 
6.4411158e+003 9.9581203e-001 6.4430342e+. 003 9.9909740e-Ml 6 4470163e+003 9.7356195o. 001 
6.4411166e+003 9.9619323oMl 6.4430592e+003 9.9224027a-001 6.4471060výM 9.9594537"1 
6 4411190e+-003 9.96535100-DOI 6.4430790e+003 9.9806432"1 6.4471124e+003 9 95991870.001 
6.4411198e+003 9.9665698"1 6.4430935e+003 9.9693272"1 6.4471405e*003 9.7594171*Wl 
6.4411214e+003 9.96728346-Mi 6.4432024e+003 9.993MI"l 6.44737760+003 9 9412143o. Mi 
6.4411238e+003 9. %96326e-001 6.4432064e+003 9.994095W-001 6,4474549&*003 9.97100630-001 
6.4411254c+003 9 9669751"t 6.4432249e+003 9.9736483o-001 6.4475174a+003 9.9024935*. Ool 
6 4411606e+003 8.595991. %al 6.44329&14+003 9.9564746"1 6.44753106+W3 9 9603217s. 001 
6.4411943o003 9.9853153"1 6.4433209oW3 9.9855314o-001 6 44754O6**M3 9 83593250. Wl 
6.4411959e+OD3 9.9853722c. 001 6.4433410oW3 9.9225597"] 6.4476704e+003 9.59o9359e. Wl 
6.4411983e+003 9.988125ft-001 6.4433498e+-003 9.9304069o-001 6.4477393e+003 9,2156787*. 001 
6.4411999eH)03 9.98932430al 6.4433626c+003 9.9059072"1 6.4479204e+003 O-V34152o. 001 
6.441201-5e+003 9.9915408*-WI 6.443431-1-e*W3 9.9318395e-001 6 44807Nk-+, 003 &0417M*4)01 
6.4412031e+003 9.9916864e-001 6.4434499e+-003 9.9944142a-001 6 4481015@+003 9 2972213. P. 001 
6.4412055e+003 9.9938460"1 6.4434748e+003 MM169o-001 6.4491263e+003 86723305*Wi 
6.4412071c+003 9.9935771"1 6.4435228o003 9.9940460"1 6.449147le*M3 9.7494627*. Ool 
6.4412087e+OO3 9.9943645e-001 6.4436022e+003 9.9286680&Wl 6.4491040OW3 9,27167224i. Mi 
6.4412528e+003 9.992937(*-WI 6.4436222e+003 9.984572o-001 6.4482978o003 9.93573D7&W3 
6.4412544&003 9.9939914e-001 6.4436326oM3 9.9775765o-001 6.4483178*0003 9. WI462*. Wl 
6.44W76e+003 9.9940177"1 6.4436502e+003 9.9920904e-001 &4493234oO03 9.946511*. Wl 
6.4412584e+003 9.9937139o-Ml 6.4436839e+003 9.9387162o-001 6.4483418e+OO3 9.9919961*. Ool 
6.4412600e+003 9, "49331"1 6.4437896e+003 9.8968897*001 6.4493635e+003 9 B&MOO-OD] 
6.4412624e+003 9.9949439e-001 6.4439465e*W3 9.9032916a-001 6.44948&*ý003 9.9291291 "1 
6.4412672o003 9.9908149c. 001 6.443858.5e+003 9.9200925e-001 6.4485133e+003 9 9947931*. oot 
6.4412688e+003 9.9927657e-001 6.4438706e+003 9.9001574o. 001 6 448.532-5c+W3 9. %7317R*. Ool 
6.4412696e+003 9.9938688e-001 6.4438998e+003 9.9834957"1 6.4495972e+003 9 "47144*. DDI 
6.4412712e+003 9.99155124)-001 6.4439098e+003 9.9199161ti-001 6.44M5@+003 9.94o3g290-001 
6.4412736e+003 9.9913830e-OOI 6.4439314e+4)03 9.99259150-WI 6.448700ý*ýW3 9 %105530.001 
6.4412760e+003 9.9933773e-001 6.4439631e+003 9 5341618o-Wl 6.44873IL-W3 &957fi%1q*ml 
6.4412784e+003 9.98988520-001 6.44401 Oge+003 9.9943274e-Ml 6.4497366e+003 9 967259-i. Wi 
6.4412824e+003 9.9928496eMl 6.4440356e+003 9.9472300o-Wl 6.44875boo+M3 7.7477265&Wl 
6.4412839eW3 9.9949472o. 001 6.4440805e+DD3 9.955526le-001 6.4487919e*003 9.98604goo-oot 
6.4413271e+003 9.9948561"1 6.4441312e+003 9.825453M-001 6.4489333oM3 8,351W9a6s. 001 
6.4413327e4-003 9.9905005e-001 6.4441985e+003 9 9797633e-001 6.448Niovs-W3 9.9339544-Ml 
6.4413343e+003 9.9904339ti-001 6.4442098e+003 9.98726IOe-001 6.44119040e*W3 9.8443*920-wi 
6.4413359e+003 9.9855797*. 001 6.4442250e+003 9.973175le-001 6.4W729e*003 9,8133400*4)01 
6.4413367eý003 9.9819030e-001 6.4442771e+003 9.9910182"1 6.441)0330eýM 9.92093Mo-Mi 
6.4413560e+003 9.8331544"1 6.4443163e+003 9.9894949oMl 6.4490514e+003 9.95353510.001 
6.44t3808e+003 9.9947824e-Wl 6.4443780e+. 003 9.9774439e. 001 6.4490546eo-W3 9 95355210401 
6.4413824e+003 9.9925536*-WI 6.4443972e+003 9.99453414)-001 6.4490731*-003 9 9799311*4*1 
6,4413=e+003 9.9931016e-001 6.4"43331&+. 003 9.7507393e-001 6.449D979e+003 9.946234.1*401 
6.4413864e+003 9.9934639eal 6.4444549e+003 9.9399160e-001 6.449109le-003 9%29419*, Ool 
6.4413V2e+. 003 9.9929430e-Wl 6,4444693e+. 003 9.9117242o-001 6.44913%e+003 8 2923392"1 
6,4413904e+003 9.993264geMl 6.4445086e+003 9.9902948a-001 6.4492077@-003 9.9947999oMl 
6.4413920e+003 9.9941684. -. 001 6.4445134e+003 9.9901964e-001 6. "928'ge+OO3 &2295977*. Wl 
6.4413928e+003 9. "35144eMl 6 4445230c+003 9.9921939e-001 6.4495017e+W3 907373Y)*. Ooi 
6.4413944e+003 9.9947972t)-001 6.4445302e+003 9.9904572e-001 6.4495322a+003 9.99475wo-Wi 
6.4413960oW3 9.9903535eMl 6.4446200c+003 9.9333324o-001 6.4495370e+003 9,984Me-001 
6.4413984e+003 9.9922723e-001 6.4446985ei-003 9.9709050o-001 6.44954i8e+W3 9.99747040-001 
6.44i4ooo&W3 9.9907052"1 6.4447105e+003 9.9808714e-Wl 64495762e+003 9.4W2052oo-001 
6.4414032e+003 9.9854372e-001 6.4447353e+DO3 9.820878-le-Ml 6.44064910*001 9.3062031*. Wl 
6.4414040e+003 9.9828697e-001 6.4447810c+003 9.9990071"1 6,4496700e+003 9, M3*3&Ml 
6.4414o96e+. 003 9.977M7"t 6.4448034e+003 9.9694492o-ool 6.441. )o8&4c+OO3 9. Sl497y4. Ml 
6.4414112e+-003 9 9778894e-001 6.4448275e+003 9.993SM2o-001 6-4497885eý003 9,4324377"1 
6 4414128OW3 9.9783416e-001 6 4448523e+W3 M"314-Ml 6.4498177e+003 9 9VI292"I 
6.4414145e+003 9.9796297"1 6.4448691e+003 9.9964678"1 6.44QaM-'e+W3 9.91907499401 
6.4414153e+-003 9.9821822e-Wl 6.4449860e+003 9.9535720e-001 6 4409794t+M3 9 "261%*. Ool 
6,4414169e+003 9.9813142e-001 6.4449501e+W3 9.459024N001 6.4499410c+OO3 9.3373140*. Wi 
6.4414185e+003 9.9970546eal 6.4449901e+003 9.9822120a-M) 6 4500131@+. 003 9.975064"1 
6.4414201e+003 9.9870536eMl 6.445DO45e+003 9.9614276o-001 6.4501133e+003 9.944W47g. 001 
6.4414209ef 003 9.9887129e-00 I 6.4450326eq)03 9-9770567"1 6.4501437a+, 003 9.9863174*401 
6.4415194e+003 9.3387850e-001 &4450406e+003 9.9740433e-Dol 6.4501734e*M3 9.5323323*. wl 
6.4415523e+. 003 9.9941286e-001 6.4450979c+003 9.9369789e-001 6.4502207c+003 9.979455". 001 
6.44t5563e+003 9.9936997"1 6.4452420e+003 &4853464cal 6.4502735e#. W3 8.4894337*. Ool 
6.4415731e+003 9. "44016e-00 1 6.4452773c+003 9.9739980"1 6.4503937e+003 9 8743&vlowl 
6,44163OOe4-003 9.9749080e-001 6.4452885e+003 9.9361027e4)01 6.45041620+003 9.9850446*. Wl 
6.4416468e+-003 9 9857295"1 6.445298le+. W3 9.9700087e-001 6.45042000003 9.9715354o4ol 
6.4416516e+003 9.9854254e-001 6.4453093e+003 9.956503le-Mi 6.4505019e+. 003 9,88m5ge. 001 
6.441728-5e+003 9.7269090e-ODI 6.4453678e+003 9.655789&ý. Wj 6.4505636e+003 9.92SM"l 
6.4417502e+003 9.9330527"t 6.4455273e+003 9.9710439a-001 6.450586&e+003 9.99mll? "l 
6.4417646e+003 9.890076-1, -. 001 6.4455882e+003 9.7755916c. 001 6.4306205e+003 9.56176280.001 
6.4417798&1-003 9.9391783o. 001 6.4456651ci-003 9.9781554e-Ml 6.4506695e+003 9.9804509+Wl 
6.4417950e+. W3 9.8890177o-001 6.4457364e+003 7.888407U-001 6.4.50o854ON3 9.9S45597*. oot 
6.4419699e+003 9.9194922c-001 6.4460304e+003 9.9605763c. Ml 6.4507MtýM 9.99192560al 
64418923e+003 99775997"1 6.4461073e+003 980631OU-Mi 6.4507254*+003 9.9450014oml 
6.4419084ef-003 9.955MI&WI 6.4461602oW3 9.990583go-001 6.450735&e+003 99539901*. w I 
6.4419668e+003 9.9747529e-001 6.4462219e+003 9.8519115c. 001 6.4107486o+003 9.9365421"1 
6.4420205oW3 9.9889140e-001 6.4462315e+003 9.96560874). 001 6.45M3e+OD3 9.947%274P. Ml 
6.4421793e+003 9.29090150MI 6.4462427e+003 9.9393323c)-ool 6.4509200o003 9 %9603*ýWj 
6.4422802e+003 9.8241787c-001 6.4462629e+003 9.978&Me-Mi 6.4-W76e+003 9.91453950. wl 
6,4424285e+003 9 67408860-001 6.4462936e+003 9.2592782o-001 6A509113c+W3 9.502193%. Ool 
6.4424&38e+. 003 9.9878949e-001 6.4463421e+003 9.9884589e-001 6.4.50WIeM 9.97&Mogq. Wi 
6.4424910e+003 9.9970482e-OOI 6 4463673ei-003 9.9123593e-ool 645M9oe+003 &79917,9t. *4)ol 6.4425174e+003 9.9946922e-001 6.4466397e+003 9.9154232e. 001 6.4511420e*M3 99&V69goool 
6.4425246c+003 9.9934489oal 6.4466598e+003 9.9827816e-001 6.4511591 e+003 9 99499600al 
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6.4511837e+-003 9.9249759*-001 
6.4512358c+003 9.9809366e-Wl 
6.45128g2e+W3 9.9348142*-001 
6.4513763e+003 9.5208937o-001 
6.4514036e+003 9.9894107e-WI 
6.4514294e+003 99155945aMl 
6.4514340e+003 9.9177260e-Wl 
6.4514701e+-003 9.3968610e-Wl 
6.4515566e+003 9-M6214" I 
6.4515614e+003 9.9978604o-ODI 
6.4515870oW3 9.9499792oM I 
6.4516704c*W3 9.9919838o. Ml 
6.4517176e+003 9.9961539e-001 
6.4517617e+003 9.986288&ý-Wl 
6.4518218e+003 9.9762507o-WI 
6.4518610ef-003 9.9934427oMl 
6.4519420e+003 9.9913109aMl 
6.4519452e+003 9.9913743*-001 
6.45196Wý003 9.97021lia-Ml 
6.4520621e+003 9.88071970-Wi 
6.4520814e+003 9.967173-5e-001 
6.4520878o003 9.9646493o. 001 
6.4521429e+003 9.947995lo-001 
6.45227430W3 9. M2990-Mi 
6.452296ge4-003 9.98%6980-Ml 
6.4523080e+003 9.97364440MI 
6.4523496ON3 9.9435612a-001 
6.4524410cf-003 9.65865890-WI 
6.4524746e+003 9.98M3JG-WI 
6.4524000003 9.98M46-ml 
6.4525043e#-W3 9.99498090-Mi 
6.4525395oW3 9.6229201*, DGI 
6.4525643e+003 9.9712943a-001 
6.4525869cf-003 9.9537798o-001 
6.4525876oW3 9.8537225o-001 
6.4552947e+003 9.9931940o-001 

&4526076e+003 9.6390727o. 001 
6.4527246e+003 9.2922424e-001 
6.45280150003 9.9DO55816-001 
6,45282630003 9.9947488e-001 
6,452&504o003 9.92355874001 
&4528632e+003 9.9615014e-001 
6.4528864e+003 9.6535432o-001 
6.45298420W3 9.9343514o-001 
6.453D691e+003 9.99321536-001 
6.4531059e+003 9.9692479a-001 
6.45314040003 9.99407360-001 
6.4531444e+003 9.9945234e-001 
6.4531660ci-003 9.92937165-. 001 
6.4532678e+003 9. M6468o-001 
6.4533551e+003 7.981138go-Ml 
6.4534064e+003 9.9861054oM 1 
6.4534168e+003 9. MgO&3e-001 
6.4534577e+003 9.97954SOe-001 
6.4335258e+003 9.9081686o-001 
6.4335410e+003 9.9550635s. 001 
6.453573k+003 7.0732363a-Wl 
6.4536019e*003 9 962437go-Ml 
6.45360150003 9.8559560*. 001 
6 4537n%+003 9.7639974c. 001 
6.4537469e+003 9.9780662o-001 
6.4537541&1-003 9.9739646c. 001 
6.4537637e'-003 9.9Wl3O*-Wl 
6.4537645e+003 9.9957069a-001 
6.4537814e+003 9.9946614a. Ml 
6.4537946e+003 9.9944562a-001 
6.4537870eO03 9.9945729o-001 
6.453Mc+003 9.9263-509a-001 
6.453M2e+OO3 9.9413521e-001 
6.4539623e+003 6.6U5298&, 001 
6.4538919e+-003 9.91940640-001 

6.4539Me+003 9.79650586, Ml 
6.4539Me+OO3 9J5342LAo-Wl 
6.4540642a+003 9. %56214&Wl 
6.4541531e+003 9. SW9240.001 
6.4543637c+003 9.9302207o. 001 
6.45439340-003 9.9995293*. Wl 
6.4544406e+003 9V34757*001 
6.45446150003 9.973904-001 
6.4544939e+003 9 U59397s. 00 1 
6.4545039o-W3 9.9737030*. Oot 
6.4545224e+003 9.927758ce-001 
6.4546049e+-003 9 95M5" 1 
6.4546297e+, 003 9.98"160.001 
6.4-W353e+003 9.984201ho-001 
6.4546393oW3 9.98525goo-00i 
6.4546942e+003 4 6957650o. 00 1 
6.45475310003 91931917o. 001 
6.4547597e+003 9. "11421"1 
6.4549765e+003 9 9490147"1 
6.45489950003 9 %-TMI"t 
6.4549270o+003 9.5034167*. Ooi 
6.4550199a+003 9.99133o6emi 
6.4530263e+003 9.9923553, pool 
6.45M3350*003 9 9914587*. W 1 
6.4550375e+003 99917143"1 
6.4550744e#-003 9.231932U. Ml 
6.45314170003 9,9934%2*. 001 
6.45514570003 9.9947229*. 001 
6.4551529&*W3 9. MI607ii-001 
6.4551369a+003 9-M? 7790.001 
6.45516490+003 9.98MU-001 
6.45516810+003 9.9931950*-001 
6.4552042o+003 6.9444073*. oDi 
6.4552959**003 9.9913436"1 
64552907o+003 9.99442420al 
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NI!, Ammonia(6435 - 6455cm-1, P=1.02Torr, L= 11.1m, T., = 24'Q 

5.9733501e+003 9.991726-5&001 3.9745368eýM 9 9464531*-001 5.9762077oW3 9 982M6*001 
5.9733549e+003 9.981206U-Ml 5.9745912e+003 6.2803275e-001 5.9762246e4-M3 999273t4o. Mi 
5.9733609el-003 9.9869611e-001 3.9746503e+-003 9.9446569e. 001 5.9762271e+003 9. "3076%al 
5.9733682oM 9.9794434e-001 5.9746588c+-003 9.9309092e-001 5.9762343*+003 9.9873083o. 001 
3.9733742e+003 9.9811338e-Wl 5 9746636e+W3 9.9323982e-001 5.9762355e+003 9.9939091*. W I 
5.97331780003 9.9763224a-001 5.9746902c+003 9.8163302"1 5.9762379e+003 9.9929637o. 001 
5.9733790c+003 9.9761515a. 001 5.9747095oM3 98468101*-001 5.97624150W3 9 9Mloo-Ml 
5.9733827e+003 9.9733480a. Ml 5.9747469e+DD3 5.1013113e-001 5 9762427e+003 9.9843912s. 001 
5.9733839e+003 9.9711200e-001 5.9747747e+003 9.50D4203"I 5.9762536e+003 9.99339&%al 
5.9734394e+003 5.1526522*, 001 5.9747892ef-003 9 2825654c. 001 5.9763079e+003 7.90&2ylgeal 
5.9734853e+-003 9.884916(k)-001 5.9749181e+003 9.9075285"1 5.9763442eýM 9.9651994*ýwi 
5.9735022e+003 9 805246le-Ml 5.9749205e+003 9.9067577*-001 5.97638l6e+M3 9.1903670*. Wl 
5.9735396e+003 9.9922680a-001 5.974823De+. 003 9.9072268e. 001 5.9763864e+003 9.2038680o. Mi 
5.9735408e+-003 9 9929330*Ml 5 9749326e+003 9 884571 le-001 5.976457e+003 $66277310-ODI 
5.9735503e+003 9 9933151a. 001 5.9749338e-M 98922452t)-Wl 5.9764637e+003 9.99213334o. 001 
5.973556-5e+003 9-983489le-Ml 5.9749350e+003 9.8823844e-001 5.9764673e+003 9.99103"e. Ml 
3.9735613e+003 9.9852242o-001 5.9748483e+003 9.9149836c. 001 5.9764695e+003 9.9902949*. Oo 1 
5.97357lOe4-003 9.9779763*-WI 5.9749797ef-W3 8.7116956oMl 3.976495loM3 9.832410owMi 
5.9735722e+003 9.97732566al 5 9749097ei-003 9875MI&-Wj 5.9765192e*003 9M5278*. ool 
5.9736012e+003 9.8104999cal 3,9149256e+003 9.909248le-001 5,9765530e+003 9.45V511s. 001 
5.9736326e+003 9.9824312e-001 59749449e+003 99105370c. 001 5.9766013e+003 9.96297040-mi 
5.9736398c+003 9.9789113e. 001 5.9749461e+-003 9.9116916e-001 5.9766110vW3 9.9442623*. Wl 
5.9736543e+003 9.9933795e-001 3.9749473e+, 003 9.9103122a. 00 1 3.9766532o-W3 9"24igoo-mi 
5.9736591e+003 9.991157ft-wl 5.9749546e+003 9.9043812o-001 3.9766946e+003 99734902o-Wl 
5.9736603e+003 9 9899353*Ml 5.9749570e+003 9.9044470ke-001 3.97671 00e+003 999198me. 001 
5.9736627e+003 9.9892944e. 001 5.97496180003 9.894163le-001 5.9767643e+003 9.7695M*. ODI 
5.9736640e+003 9.997966le-001 5.9149630e+003 9.8925680e-001 5.9767997e+003 9.9606064*ýWj 
5.9736664e+003 9.98MU-001 3.9750077e+003 5.0409966c. 001 5.9768138o+003 9.71361&3*. Wl 
5 9736688e+. 003 9 9873005eMl 5.9750668e+003 9,9627126e-001 3976UMe+003 999466? 2oool 
5.9736712e+003 9.9963383a-Wl 3.9750693e+003 9.9633307c. 001 5.9769990@+003 9.6MI95*Ml 
5.9736736e+003 9.9867022eMl 5,9750717a-FOO3 9.9639442a. 001 5.9769192e+003 9.999559004)01 
5.9737159e+003 9.5919266e-WI 5.9751079eW3 9.5900932e-ODI 5.9769204o003 9.99M"*. ODI 
5.9737569e+003 9.9743008*, DOI 5.9751296e+003 9.7813572e-001 3.9769337o+. 003 9.9994426*. Wl 
5.9737811e+003 9.9274154o. Ml 5.9751308e*W3 9.782153Ný-Wl 5.9769395o+003 9.99493924WI 
5.9737956e+003 9.944024go-Ml 5.9751332e+003 9.79MOge-001 5.9769602e+003 9. M24D9*. Wl 
5.9738221c+003 9 8144734a. Ml 3.9751369e+003 9.7809018e-001 5.9169675e+-003 9131239oo-Ml 
5 9738607e+003 9.9772920a. 001 5.9751803e+003 9.9127172e-001 5.9769976e+003 9.1461319*. Wl 
5.9739284e+003 6.1414IM-Ml 5.9752503e+003 3.722310le-001 5.9770254e+003 9976639194ol 
5,9739803e+003 9 9753570e. 001 5 9752986e+003 9.7920690e-001 5.9770496e+003 9.7015311*. ool 
5.9739851e+003 9 9722426e-ODI 5.975338-5e+-003 5.4627792e-001 5.9770773e+003 9.989704i*. ool 
5.9r739911e+003 9.9799396e-001 5,9753566e+003 7.9162345e-001 5.9770979e+003 9.95477280. Wl 
5.9739935et-003 9.9797137e-001 5.9753771e+003 4.7330060o-001 5.9771184e+003 9994.4%*4)ol 
5.9739996e+003 9.9854261*. 001 5.9754133c+W3 9.7411873e-001 5.9771209e+003 9.99291050-mi 
5.974OD92eý003 9.9760048e-Ml 5.9754447e+003 6.903548le-001 5.9773852e+003 9.3681341*Ml 
5.9740141e+003 9.9766049e-001 5.9754821e+003 9.8479663e-ODI 5.9774069o+003 9 8894096ql. Wl 
5.9740249oO03 9. %74570e-001 5.9754918e#-003 9.8382007"1 5.977443teo-003 5.9"57730-mi 
5.9740261e+003 9.9671837e. 001 5S754978e+003 9,9530607e-001 5.9774794e+003 9 83027710,001 
5.9740419e+DO3 9.9356395e-001 5.9755329e+003 7.7225659e-001 3.9775033*ýM 9.4935491*. Ool 
5.9740636e+-W3 9.9932%2eMl 5.9755618e+003 9.74513822a-001 3.9775325e*W3 9 9386W&W 1 
5.9740684e+003 9.9817354a. Ml 5.9755691e+003 9.7167969e. 001 5.9775747e+003 3, M6129*Ml 
5.9740793e+003 9.9876797c. 001 5.9755860e+-003 98186230e-001 5.9776291eý003 9 %smeml 
5,9740817e+003 9.987846lo-001 5.9756053e+003 9.6526470e-001 5.9776315e+003 99a5l"eool 
5.9740829o003 9.9869533c. 001 5.9756222e+003 9.7736930e-001 3.9777112&M 9. "41136*. oDi 
5.97408650003 9 9821062c-001 5.9756584e+003 9.1008129c-001 5.9M423e+003 9, %624Vo-Ml 
5.9740877e+003 9.9819739e-001 5.9736838e+003 9.5142374e-001 3.9? 78D4le+W3 dM5016-001 
5,9741131e+003 9.878443&ý-Wj 3.9756970e+003 9.2922782e-001 5.9778319c#, 003 9.622721741-001 
5.9741203e+003 997%254&Wl 5.9757296e+-003 9. %2553le-001 5.977MeoOO 9.5943362*. ooi 
5.9741251e+003 9.9777196"1 5.9757465e+003 9.9167219*. 001 5.9778"le+003 9.9556300*. Wl 
5.9741433e+003 9.9433615e-001 5.9757478e+003 9 915399&ý-W 1 5.9779019@+003 9,4434o67*. Ool 
5.9741626e+003 9.8429939e-001 5.9757490oW3 9.9165042e-Ool 3.9779116oW3 9.5018138*aol 
5 974191-5e+. 003 9.9924929e-001 5.9757707e+-003 99733617e-001 5.9779321e+003 V737087&. 001 
5.9741952e+-003 9.9910388e-001 5.9757743oO03 9.9716204a. 001 5.977%lla+W3 9.90449"+Wl 
5.9741988e+003 9.991957le-001 5 9757767e+003 9.9698221c. 001 3.9779816e+, 003 9 6295850*. W 1 
5 9742097e+003 9.9832493e-ODI 5 9757779e+003 9.9706194e-Dol 3.9780142e*003 9-9714195*. oo 1 
5.9742145e+003 9.98597926-001 5.9757804e+003 9.971633U. 001 5 9730166e+003 9.97065500. Wl 
5.9742157e+003 9.986565-5e-Wl 5.97595D4e+-003 5.4301363e-ooi 5.9790275e+-W3 9 9921130a. 00 1 
3.9742193e+003 9.9894523*-001 5.9759023e+003 9.9637425e-001 5.97802990003 99914294-001 
5.9742253e+003 9.9852654e-Ml 5.9759035e+003 9.963992ge-001 5-9780323o003 999219510al 
5.9742314e+003 9.9894267"1 5.97590590W3 9. %39495o. 001 5.97BM37e#-003 9.9091050&al 
5.9742326e+003 9.9894222e-001 5.975907lef-003 9. %6633k-001 5.9780649e+003 9.905913b&Wl 
5,9742374e+003 9.993295le-001 5.9759144e4-003 9.994872geM I 5.9791059e+003 6 6620075o. 00 1 
5.9742423e+003 9.9898136&Ml 5.975918De+003 9.9935203e. 001 5.9791349e+-W3 93186959o. 001 
5.9742459e*W3 9.9903960&Wl 5.9759204e+-003 9 9940277e-ool 5 9781342e*003 9.4395393*. Wl 
5.9742495c+003 9.9864503e-001 5.9759349e+003 9.9934279e. 001 5.9791892e+003 9 9714MOI. Mi 
5.9742555e+003 9 9912245e-001 5.975936leFW3 9.9935065e-001 3.9791917e+003 99702967*. Wl 
5.9742579e+003 9.9912570eal 5.97593730003 9.992232le-001 5.97919? 7e+003 9.9743371*. ool 
5.9742604e+003 9.9908996e-Wl 5.975M9e+003 9.9906120a. Ml 5.97820130003 9.9713124o. 001 
5.9742616e+003 9.99123910-001 5.97594210003 9.98862290-Ml 5.97920370003 9.9717453*, Wl 
5.9742918e+003 9.99439016MI 59759554e+003 9%98wleml 3.9792344e+003 7. "76604o. Ml 
5.9,743630e+-003 9.994696ge-Ml 5.9759663e+003 9.9897626e-001 5.9782%7e+003 9.9689649*. Wl 
5.97438liel-003 9.9945452e-001 5.9759687e+003 9.9891047a. 001 5.9793027*403 9. %39367&Wl 
3.9743823e+003 9. "442M*-Wl 5.9760097e+003 9.9817056e-ool 3.9793039e+003 9.96M37le-Mi 
3.9743835e+003 9994496go-Ml 5.9760303e+003 9. %5271go-Ml 3.9793160e+003 9.9325536*. ODI 
3 9744137e+003 9.93066056-001 5.9760749a+003 7.9760032a-Oot 5 9793172c+003 9.9303111*Wl 
5.9744294e+003 9.9514957e-ODI 5.9761063e+003 9.9854597c. 001 3.97SMle+003 9.92162040-Ml 
5.9744342e+003 9.9475800&, 001 5.9761268&003 9.6208105e-001 3.9793281 of-003 9 9=38*. Wl 
5,974445)e+003 9.9563976e-001 5.976163]e+003 9.9839215"1 5.9793619e+003 9 1179174*. wi 
5.9744497e*M3 9.953212lo-001 5.9761667e+-003 9.9835208a. Ml 5 9784017e+DD3 9.9734649&MI 
5.9744632e+003 9.9732624e-Wl 5.97618000003 9.993663go-ODI 3 9794029&W3 9SrAMe. 001 
5.9744910e+003 9.81364680-001 5.97618480003 9.9937955t). Wl 5.9794114&, W3 9.98325koool 
5 9745091 e+003 9.9092694c)-Wl 5.9761932e+003 9.988693%-Wl 5.9794138e*003 99956BODoWl 
5.9745272e+003 9.94010846-001 59762005eýM 9.9933DIN-001 5.9784162eý003 9.9952461*. Ml 
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5.9M174e+003 9.98560500-WI 5.98D2834e+003 9.9762626cb-001 3 M3202e+003 9vmIl*. Wl 
5.9794186c+003 9.9954694e-001 5.9802871e+003 9.97392406-Ml 3.9823504e4-M3 920126320-001 
5.9794235c+003 9.9811442&WI 5.98029070003 9.97422600-WI S. M4494c+003 9.857=10-WI 
5.9784259c+W3 9.9819929e-001 5.98D3148e+-003 9.8915992e-001 3. M4794e+003 9933718*&WI 
5.9784307e+003 9.9818034e-001 5.9903317e+003 9.96069560-WI 3. MSISU+003 66735690"1 
5.9784331el-W3 9. M073&5-WI 5.9803607e+003 9.6169773e-001 5. MS591e+003 9.9596172&Ml 
5.9794597c+003 9.919161&-001 5.9803909003 9.98544600-Ml SM56170003 9 959183%401 
5.9794609e+003 9.914292ge-W I 5.990433le4-W3 9.187927le-001 3.9826426C*003 9.51204310,001 
5.9784621e+003 99147429o-001 5,9804718e*W3 9.9929735e-001 3. M6691e*W3 9.9767989o401 
5.97W57eý003 9.9165512e-Wi 5.9905527e+W3 7.954362fw001 5. M7017e+003 &9019809*. Wl 
5.9784669e4-003 9.9171593e-001 5.9805828e+003 9.8868270a-001 S. M7947e4-W3 7.7462105o. 001 
5.9784850e+003 9.97676DOe-WI 5.98o6o34e+003 9.6493198e-001 3.9928116e+003 8.942M*. 00 I 
3.9784923e*W3 9.97409860-001 5.9806360e+-W3 9.9921113e-001 3.9828333e+OD3 6.2401363e. Wl 
5.9794947c+003 9.973968le-001 5.9806372e*W3 9.99245315-001 5.982V$De+003 9 9786299e. 00 1 
5.9794959e+ 003 9975MOO-001 5.9806830e+W3 9.7398973a-001 5. MB804e+003 9.9778659*. Oo 1 
5.9794971e+003 9 9758893o-WI 5.9807458el-003 9.9934318a-001 5.9&Ml6e+003 99rA"40ml 
5.9784993e+003 9.9737553e-001 5.9807470e+-003 9.9931602e-001 5.9929046e+003 9.7676092*, 001 
5.9785043e+. 003 9 97573610-ODI 5.9807494e+003 9.99158990-Wi 5.9929239e+003 9 8861074a. 00 1 
5.9785080e+003 9.9666317ea I 5.9807519e+003 9.99282210-001 5. M9529e+003 a $I IV560-001 
5.9785Me+-003 9.9643191"1 5.9807543e+W3 9.99355940-ODI 5. M99970+003 9 Mt 12*. Oot 
5.9785466e+003 9.1752054eal 5.98075670+W3 9. MS049a. 001 5.9830072&ýM 9 91791310.001 
5.9785599&W3 9.3762697a-Wl 5. M7579e+003 99930842e-001 3.9830301e+003 9.979326go-001 
5.9785952e+003 7.0610251"1 5.9809207eý-W3 9.9920265e-001 5.9930SOoM 94510186*al 
3.9786082o003 9.072324ga-ODI 5.9809243e+003 9. M22INb-001 5.9830749ei-W3 9.950209. %. Ool 
5.9786202el-W3 8879561&ý-001 5.9808255e+. 003 9.9928970c. 001 3.9931110o+003 98291144.001 
5.97MMoO03 9.97077630-WI 5.9809303e+003 9.9gW75o-001 5.9931267e+003 9.8"27ieýWj 
5.9786866e+003 9.972421le-WI 5 9809327e+-003 9.9840772" 1 5.9931472t-W3 9 6470935*Ml 
s. 9786979at003 9.9724093e-001 59808340e+003 9. M920le-001 3.9931617@4, Wl 9.7843260"1 
3.978691-5e+W3 9,9720793&WI 5.9808364e+003 9.9827124e-001 5.99317984+003 9 3231702s. 00 1 
5.9796927&ý003 9.969Me-001 5.9809412e+003 9.9846613c. 001 3.9932864&ý003 9.98505020-mi 
5.97972&4e+003 9.3OV4940-001 5.98M24e+003 9.9865485o-WI 3 M2976e+003 9 9tw2l"l 
5.97V659e+003 9.9649414e. Wl 3.9809436e+003 9.9859189e-Wl 5. M2961o+W3 99739920oýwj 
5.9797671e+003 9.96681OOe-001 5.9go8448e+oo3 9.9868969cal S. M29730+003 9.973gn2oool 
5.9797791ei-003 9.9974696e-001 5.98o8484e+oo3 9.9922866e-001 3.9832997a4-003 9 9709439*. Oo 1 
5.97VS64e+-003 9 9766099e-Wl 5.9809497e+003 9.9935172c. 001 5.9833105e+W3 9.9941541*. Ool 
5.9797V6c+OO3 99734170a. 001 5.9808967e+003 9.6941180o. 001 5.9933130o+003 9 986471 %. ODI 
5.9798141OW3 9.7819973e. 001 5,9809692oO03 9.6025170o. 001 5.9833178@+003 9 994696.4*. W I 
5.9788298e+003 9.9559761c. 001 5.9910018e+003 9.9510909e-Wi 5.9833436&ý003 9.9932421*. Wl 
5.978&(Age+. ()03 6.909404(io-WI 5.9810030e+003 9.9516354*. Wl 5.9&33468e+003 9 9912595*00 1 
5.9799168ef-003 9. M4603*001 5.9810066e+003 9.9528127e. 001 5.9933492*+W3 9-M3SU*. OOl 
5.97S9204vi-W3 99823041&WI 3.9810235e+003 9,8925089e-001 S. M3516e+W3 9.98940goo-001 
5.97SM2c+OO3 9.9838t79c. 001 s. gsiogg6e+oo3 9.8967764e-Ml S. M3540v+003 99931531"1 
5.9789361e+003 9.9752639o. 001 5.9812482e+003 9.7635625*. 001 5.9833552e+003 9.9gM63o. 001 
5.978938-5oW3 9.974594&ý-Wl 5.9812771e+003 9.9934443o. 001 5.9933576e+003 9 98346554P. M I 
5.9789771e+003 9.2313937c-001 5.9812783e+003 9.994277De-ODI S. M3600e+003 9.995%27*ýWj 
5.9790399e+003 9.9948569cal 5.9gi3o73e+. W3 9.993880-5*-WI 5.9MM23@+003 9.99733459-Mi 
5.9790592&003 9 98948206-001 5.9813og3e+W3 9.9931901"1 SM3649eýM 9.98ogl76*401 
5.9790604e+003 9.989428%-001 5.9813109e+DO3 9.9929789a-WI 5.9833673c+. 003 9 9M7Og*W I 
5.9790641e+. 003 9.9889140e-001 5.9813146e+003 9.9935987o. 001 5. M3697e+003 9.9933422*. Ool 
5.97go653e+003 9.9885671"1 5.9813266e+003 9.973D943o-00t 5.9834180c+003 5,8333440@. Wl 
5.9790665e+003 9.9888768o-WI 5.9913278e+003 9.9705647e. Wl SAUM)e+M 6676990. %. Ool 
5.9790677e+003 9 9877505e-001 5.9813303e+003 9.9717415e-001 5.9934446e+003 3,42mdo"l 
5.979o834e+003 9.9600227e-ODI 5 9813363c+003 9.9746528*-001 5.9835073es-003 99877Vr7go-WI 
5.9790846e+003 9.9594202c-001 5.9813375e+003 9.977478le-001 5,99351 10e+003 9.9863948*a 1 
5.9790970, -ý003 9.9582686e-WI 5.9813472e+003 9.9939924e. 001 5A35134e+003 9.9966M2" I 
5.9791051e+. 003 9.9855139e-001 5.9814039e+003 9 6294885e-001 S. M5182e+003 9.9W3l3*Wl 
5.9791172e+003 9 9721283e-001 5.9814232e+oo3 9963670le-001 5.9835206e+003 9 9940363*. wi 
5.97912oge+. 003 9.9729426e-WI 5.9814498e+w3 8.7994263e-00 1 3.9835291e+003 9,97U678o. W I 
5.9791268e+003 99692150e-Wl 3.9814957e4O3 9.9430788&-WI 5. M5303e+003 9.9785755*, Wl 
5.9791280e*M3 9.9678788e-001 3.9815307e+003 9.5406974e-Wi 5. M5327e+003 9.9792634al 
5.9791691e+003 7 06765IOc-001 5.9815621e+003 9.9622977e-00t 5. M5423e+003 9.9191013*Ml 
5.9792138c+. 003 9.9609510e-001 5.9815874e+003 9.75299910-001 5. M5448@+003 9.979236goal 
5.9792524e+003 9.215124&001 5.9916091e+003 99325448e-001 3.9835568e+003 9.9973463*. Wl 
5. gr792934vý-003 9.98049316-001 5.9816381e+003 9.6817730e-001 5.983601.3e+003 7.6407994o. Wi 
5,9793297e+003 9.0098347o. 001 5.9817456&ýM 9.8718917t). Wl 3.9936486e+003 99995070*001 
5.9793804e+003 9.9936328&Ml 5.9817697e+003 9.9759773e-001 3.9836510e+003 9,9906554o. 001 
5.9193&28e+003 9.9839634e. Ml 5 9917709e+003 9976296U-WI 5.98M5Xk4-003 9.9001307s. 001 
5.9794757e+003 9 9412164c-001 5.9817733e+003 9.9771336e-001 5.9837102a+W3 9 9213702lo-ool 
5.9795g68e+003 9.1859386o-WI 5.9817745e+003 9.978064go-Wi 5,9937259to003 9.875934boal 
5.9796192e+003 9.9789280e-001 5.9917757e+003 9.9779741cal 5.9937645e+W3 3.403M2*al 
5.9796194e+003 9.97893320-001 5.9817794e+003 9.9767803e. 001 5.9937959e+003 9 5903132" 1 
3.9796219e+003 9 978117le-001 5.9817830e+003 9.9771164c-ODI 5.908261e+003 4.3744617"1 
5.9796569e+003 9. U"952o-Wl 5.9817866e+003 9 975932go-WI 5. MB434e+W3 73o91092"I 
5.97967ole+003 9.7247519e-DOI 5.9817902e+003 9.9784844a. 001 5.9939635e+003 5.1469WS"l 
5.9797003e*003 6.1312949e-001 59817914e+003 9.97899590-001 5.9938M+003 7.79%IV"l 
5.9797341&003 9 8936926e-M I 5.9917951e+003 9.9811247e-001 5. M9045e+003 4.4292313c. Ml 
5.9791619&003 9.7459706e-001 5.9817%3e+003 9981196le-001 5.983937loM 9.7506243*. ool 
5 979,7894e+003 9.97871016al 3.981 go23e+003 9.9814054e-001 3.9839504e4-W3 9.6? 23033*al 
5.9797896ei-003 9 9901529ea I 5.9819059e+. 003 9.98006216-001 5. M%73e+003 9.7813BORo-ooi 
5.9797933&-W3 9 9920792e-001 598igo93e+003 9.98DO367o-001 3.9940120e+003 4.017231-14-Ml 
5.9798428e+003 5 850436-%al 5.9818132e+003 9.97949OOe-Mi 5.9M5O6e4-W3 99273081"1 
5.979go8oe+003 9.9889723e-Ml 5.9818169e+003 9.9796537o-001 3.9940944e+003 6.4631212"1 
5.9799104c+003 9.9889739e-001 5.9818192e+003 9.978071ge-001 5.9941146e+003 9.66749? 7"1 
5.9799140e+DD3 9,99019130-Mi 5. ggl&204e4-()03 9.9770783*-001 3.994152k+003 3 0305741"1 
s. 9799357e+4)03 9.9541779"1 5.9818458e+003 97632180o-Wl 5.98nMoM3 9.9VT"? #-ODj 
5.979939leW3 9.9571895e-001 5q8i869q&oo3 9.9260272o-001 5.994222]e+003 9.98MIU-001 
5.9799732e4-003 9.9566869*-DDI 3.9819735e+003 9.9236392a-001 5,9842233e*003 9.9859322"1 
5,9&DO130e+003 9 9877990e-001 5.9819449e+. 003 9.8226741&Wl 5.9942245e+003 99876784"1 
5.9800396e+003 9.9078963"1 5.9819605&003 9.9037552e. 001 3.994232ftý003 91899860oal 
5.9900589OW3 9.9893490eal 5.9819943&-W3 7.3928180e-001 5.9942341*+003 9.99077400al 
5.9800601e+003 9.9894203e-001 5. MO317e4. W3 9.9837952*. 001 S. 9942365o003 91913398*. Ml 
5.9800613c+OO3 9.9893592oMl 5.9920329e+003 9.9854179&WI 3.9942798e+, DD3 8.1492529*, DDI 
5 98OD997e+003 9,5935552aal S. M0413e+003 9.9888806a-WI 3.9943162e+003 9,978669M401 
5.9801832e+003 9.5777287*-001 5.9820667e+003 9.9289229&WI 3-OW174e+003 99? 906039. Ml 
5.9802653e+003 9.9492732*-001 5. MI983e+003 9.9269693o-001 S-QW186@+OO3 9-9"0340&001 
5.9802677e+003 9 9496037*-001 5.9922406e+003 9.991339. %-DOI 5.9843319e+003 9.9593697*. Ool 
3.9802701 e+003 99300606&WI S. M2852e+003 7.2478761*Ml 3.9943464e+003 91735234s. 001 
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5.9943488e*W3 9.9764367*-001 19860%le+-003 9.9176006o-001 5.9883083e+003 9.75"365o-001 
5.9843500e+-003 9.9761042&Wl 5.9861287e+003 9.3792143e-001 5S8LM23cf-003 9.92474779-001 
5.9843512e+DD3 9.9766705&-Wl 5.98615890003 9.65260&5cýWl 5.988W5o003 9.925276le-001 
5.9843549e+003 9.9799779a. 001 5.9861976c+003 2.0575457e. DOt 5.9883447e+-003 9.9245970*, 001 
5.9843573e+003 9.9793153a-001 5.986239k+003 9 40064696-001 5.98937&5e+003 9.5622975*. Wl 
5.9943971e+003 9.9471838aMl 5.99624&30003 9.3674664o-001 5.9894051e+003 9. VI21006. wi 
5.9844032e*W3 99534029e-001 5.9962748e+003 9 9819538o-001 5.9894063e+, 003 9.9713480oai 
5.9944044e+003 9.9534656&Ml 5.9862990cf-003 9650169le-001 5.9994159oW 9. BM954to-Mi 
5.9844068e+003 9.9535290e-Wl 5.996367goi-003 9.989258De-001 5.9894449cs-w3 9.599702(ki-001 
5.9844285ePOO3 9.9046239&Wl 5.9963690o003 9.9970617c. 001 5.9894630e+003 9.792W39a. Mi 
5.9944490e+003 9.956159leMl 5.9963919e'-003 9.94799471:, -001 5.98M5e*W3 9.3931045a. ODI 
5.98U514e+003 9.9574417c. 001 59964728e+003 9.9932467e. Wl 5.9895366e+. 003 9.99454370-001 
5.98445270003 9.9559488e-001 5.986474Oe4-003 9.991439U. Ml 5.988537%+003 9. "39152*. Ooi 
5.9844756e+003 9.8708184e-Wl 5.9864801e+003 9.9947967e-001 5.9885910e+003 7.5491217*. Oot 
5.9945468c+W3 9.9865955o. 001 5.986579loM 9.7902145e-001 5.9996381e+003 9.9M572*. 001 
5.9845480e+003 9.98610050-001 5-9866298e+003 9.9755035o. 001 5.9886393e+003 9.99632&4o. Wl 
5.9945504e+003 9.9939937"1 5.9866418e+OO3 9.9661386e-001 5.9886417o003 9.9961593*. 001 
5.9846D48e+003 9.9176637"1 3.9866539e+. 003 9.9831737o-001 5.9896429e#. 003 9.9864zggoool 
3.9847134e+-003 9.6135282e-ODI S. 9866551o003 9MU92-5e-001 5.9886463e+003 9-M9641"1 
5.9847533e+003 9.9662362"1 5.9866600e+-003 9.99468774001 3.9&86Mc+003 9.90906250.001 
5.9847726ol-003 9.9335290a-001 5.986662*ýM 9.984999go-ODI 5.9897660&+. M3 9.8103806*. ool 
5.9947738e+003 9.93322724001 5.9866648e+003 9.9942236e-001 5.9889093e+003 9.99%310*Ml 
5.9947762e+003 9.9325990eal 5.9866660e+003 9.99473OOe-WI 3.9899554e+. 003 9.2292084a-Mi 
5.9848040e+003 9.9920099eal 5.9866793e+-003 9.9945104o-001 5.98=3o-003 983SMSe-M I 
3.9948076e+003 9.9911422o-001 5.9866889e+003 9. M4813c. 001 3.9gM7e+003 6.2146419*. Ooi 
5.9848088e+003 9.9909355o-001 5.9967264e+003 9.7593066&Wl 3.9989640e+003 9.9647473o. 001 
5.9848233e+003 9.96407656MI 5.9869254e+-003 9.9131262"1 3.988%64e+OD3 9.9659542s. 001 
5.9M45e+003 9.9632022&WI 5.9869471*+003 9.9875800a. 001 3.9989699&+003 9.9665639eal 
5.9849269o003 9.9630849e-001 5.986949.5e+003 9.9877695c. 001 5.988gr725a+003 9%57337*. Ool 
5.9849414e+-003 9.9836104cal 5.9968519e+003 9.9970942a-001 5.9989749e+003 9.9642612*. 001 
5.9849426e+003 9.99423321). 001 5S868343e+003 9.9835194a-001 5.9mMet-ow 66MI46*. Wi 
5.9848462e+003 9.9870550e-WI 5.9868580e+003 99848677*-001 5.9M37Oe+OO3 9.9M792*. ooi 
5.98489570003 7.2393327oMl 5.9868604&W3 9.994205k-WI 3.9VMOe+003 7.9? 91392*4)oi 
5.9849393e+003 9.9730484c. 001 3.9868652e+003 9.9855616a. 001 3.9991355&+003 9. M794to-Mi 
5.9949758e+003 8.3822534e-001 5.9868676e+003 9.9974314c. 001 5.9991644e+003 9.792Mowl 
5.9850156e+003 9.9935942o-Wl 5.9869981e+003 9.9935744o-001 5.9891886e+. 003 9.96945570-ool 
5.9850180e+003 9.9931954a. Ml 5.9868893e+003 9.9897817e-OOI 5.9M031&+OD3 9.94424no-Mi 
5.9850204e+-003 9.992067(m)-Wl 5.9869376e+003 6.200067641-001 5.9992043e+, D03 9.944094994)oi 
5.985M9e+003 9.9921434"1 5.9970016e+003 9.9623762c. 001 5.9892067o-W3 994410400-WI 
5.9850277e+-003 9.9925353e-ODI 5.9970173e+003 9.7417280e-001 5.9892164e+, 003 9.9534946oWi 
5.9950289e+003 9.9930942e-001 5.997D427e+-003 9.9877736*Ml 5.9992176e+003 9.95326SBe-001 
5.9851037o003 9 9133010c-001 5.9870439e+003 9.9892319eal 5,98922%e+003 9. %321910. wl 
5.9851617e+003 9.8330384o-Wl 5.9970463e+003 9.988-5648c. 001 5.90MBoW3 9.9660045&. oDl 
5.9852704c+003 9.7791453e-001 3.9870937e+003 9.7794232e-001 5.9892345a+003 9-9706217ojýwj 
3 98533680W3 9.7590810"1 5.9871006e+003 9.9031529a-001 5.9892357e+. W3 9.9722929*. Ool 
5.9953975e+003 9.9949099o-001 5.9971163OW3 9 8308803e-001 5.9892465e+003 9.99755394o. Wi 
5.9854285e+003 9.9939071"1 5. "71815e+003 9 4935622e-001 3.9892659e+003 9.9511164*. ooi 
5.9854309e+-003 9.9933156cal 5-9872105e+003 9.9589380e-001 5.9893262e+003 9.9241054*, Ool 
5.9854333e+003 9.9908972e-001 5.9872467e+003 7.9380556e-001 5,98934l9e4-W3 9. %15417*. W 1 
5.9854358&003 9.9885602e-Wl 5.9872636e+003 8.68891OOe-001 5.9893431*+003 9. %17552"01 
5.98543&2c+003 9.98%782"t 5.9972733e+003 8.5797193a. 001 5.9994306e+003 9.824Z2060al 
5.9854418e+-003 9.99066894001 5.9872986e+OD3 9.6268740e-001 3.9995121e+W3 9.9291333*. Oo t 
5.9854442e+003 9.9933608e. Wl 5.9873022e+003 9 6260431ii-WI 5 9893629e+W3 9 9361209*. oo 1 
5.9855142e+003 9.8614693&. Wl 5.9873252e+003 9.9017624e-001 5.9895653o+003 99364943*. Wl 
5.9855154e+003 9.8593854*. 001 5.9873348e+003 9 893810la-001 5.9895665&W3 9.937209DIP-wl 
5.9855166e+003 9.8595595e-001 5.9873385ei-W3 9.8919917e-001 5.9895846*+003 9.9779014m. 001 
5.9855227e+003 9.861577&ý-Wl 5.9973868e+003 8.5067284e-001 3.98%336e+003 7.2637519oool 
5.9855529e+003 8.657406go-WI 5.9974230ef-003 9.9396111c. 001 5.99%M&M3 9.9M? 52*. ODI 
5.9855979e+()03 9.9611539eMl 5.9874730e+003 9.5147694eal 5.98%928c+003 9.9904331*. Wl 
5.9856084e+003 9.8799416e-001 5.9875104e+003 9.9925524c. 001 3,9897433e+003 9 9566052*. 001 
5.9956362e+003 9.994642la-001 5.9875201e+003 9.9816673c. 001 3.9897544e*003 988629gio-ooi 
5.9856374e+003 9.9882679cal 5.9875249e+003 9.9810867a. W1 S. M7689e+003 9 9415066*. Wl 
5.9856422e+003 9.9920307c. 001 5.9875261e+003 9.9811556a. 00t 5.9998534e+003 9.352IM"l 
5.9856446e+003 9.9947140cal 5.9875298e+003 9.98730ODe-001 3.9898811e+003 9. "254"1 
5.9957imooG 9.9943880e-WI 5.9875310&M 9.98809890-001 5.989914%+, 003 9.3519141oý. Ooj 
5.9857171e+003 9.993803le-001 5.9975744e+003 9-3025972e-001 5.9899431e+003 9.9809639*. W 1 
5.9957207e+003 9.9943615c)-001 5.9875913e+003 96109533*, Dol 3.9~-3c+003 9 8979299*. oo I 
5,985723I&M 9.9942125e-001 5.9876070e+003 9.3084403c. 001 5.9899717a+003 9,9977660*. ool 
5.9857279e+003 9.989801gaMl 5.987648le44)03 9.991692(m! -ODI 5.9900067e+003 V275916"I 
5.9857291e+-003 9-086687go-WI 5.9876903e+003 9.68IW2o. Wl 5.9900465e+003 9,9948657*Wl 
5,9957364e+003 9.9764820e-001 5.9877205e+003 9.9733622&Wl 5 9900598e+003 9.9900956*. Wl 
5.9857376e+003 9.9760130e-001 5.9877410e+003 9.9389481a. 001 5.99DD6lOe+M3 9.97117650*. Wl 
5.9857424e+003 9.9728121ci-Ml 5.9877379e4-003 9.9747755o. 001 5,9900622e+003 9 9805098o. M 1 
5.9857448e+003 9.97519080-Ml 5.9878086e+003 86464413e-001 5 9900683e+003 9.9909466*ýWj 
5.9857460e+003 9.9767205e-001 5.9978533e+003 99831917e-001 5.99007O7e#. W3 9.99213&9, *. Ml 
5.9857509e+003 9.982081-%al 5 9878545e+003 9.9937712e-001 3.99W755e+003 9. "33936*. Wi 
5.9857521e+003 9.9845202e-001 5.9878557e+003 9.981444le-001 5.9900767e+003 9.9934S33*. Wl 
5.9857569c+003 9.98638800-00t 5.9979763e+003 9.916762le-001 5.99W779e+003 9.9932211*, Wt 
5.9957581e+003 9.98659490al 5.9879137e+003 9.9906106e-M I 5.9900864e+003 9. "00709*. wi 5.9857617e+003 9.997643&-Ml 5.9879161e+003 9.988861&ADI 5.9M76e+003 9.9790274*. Ml 
5.9857629e+003 9.9877925e-001 5.9879366e+003 9.9555447cal 5.9900912om 9.9M42B*. 001 
5.9857653e+003 9.9866986*. 001 5.987947-5oW3 9.9628502e-001 5.9901310e+003 9.9790243*Ml 
3.9857666e*003 9.9869378e-001 5.9879692e+-003 9.9039959o-Wl 5.9901323e+003 99? 8ogo%Ml 
5.9857702e+003 9-OW322"1 5.9879946e+-003 99946554e-001 3.9901347e+003 9.9794090a. Ml 
5.9957762e+003 9.9803043o-001 5.9879958e+003 9.9947604e-001 5.9901359oW3 9.977"70o. Mi 
5.9857786e+003 9.9782846o-Wl 5.9879970e+003 9.994280le-001 5.9901383e+003 9.9737780@. Ool 
5.9957798e+003 9.97959709ý-Wl 5.9879982e+003 9.9943969e-001 5.9901407e+OO3 9.9762671oal 
5.9957810e+003 9.9784688o-WI 5.9880694e+003 9.443134le-Ml 5 9901419c+003 9.9763095*. Ml 
5.9858221e+003 96960263C-001 5.9880960e+-003 9.9563478c. 001 3.99014430M 9.9749764*Wt 
5.9858450e+003 9.8950892e-001 5. MI25De+OO3 9.5638888*, DOI 5.9901nie+003 9.79360590al 
5.9858523e+003 9.8RM77o, 001 5.9881431e+003 9.8043080e-001 5.990187&1+M 9.91096520al 
5.9858728e+003 9.9560566o-001 3.9881962e+003 9.9136942e. Wl 5.9902240e+003 6 M944*ýwj 
3.98-%%9e+-003 9.7077543&WI 5.9882191e+003 9.7359094e-Wl 3.9902675o+003 9.98909050al 
5.985M5c+003 9.96419666-Ml 5.9882324e+003 96025268*, DOI 5.9902711e+. OB 99837651*Wl 
5.9859996e+003 1.9466127o-Ml 5.9882578e+003 9 9585707&WI 3.9902735e+003 9.9859&%*. Wl 
5.9860346e+003 9.5411192a. Ml 5.9882795e+003 9 9923602e-001 3.9903170e+W3 9.7445911oool 
5.9860575c+003 8.1762789o-001 5.9892967e+003 9.9062896cal 3.9904244e+003 a 9209270cal 
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5.9904425e+003 9.5762775e-001 5. MI9&le+003 9.9929267CMI S. "45857e4-003 9 9w9940-Ml 
5.9904606e+003 9 92948&4e-Ml 5.9922007e4-003 9.9819004o-Wl 3.9945UIa*003 9.9861479*. 001 
5.9905524e+003 9.996542go-Ml 599220200003 99812755*-Wl 3.9945905e+-003 9.9%9125e. Wi 
5.9905536e+003 9.9845297o-Wl 5.9922092e+003 9-9721769o*01 5.99459530003 9 985309go-00 1 
5.9903705e+003 9.9479027e-001 5.9922128e+003 9.9695130e-001 3.9945965e+003 99947569*. Wl 
5.9905717c+003 9 9460004eMl 5. M2140e+003 9.969&M:, -001 5.9945990e*003 999MIS&MI 
5.9905729e+003 9.946601go-Mi 5.9922152e+003 9.9690314C-001 3.9946014e-1003 9.9914958*4)01 
5.9905874e+-003 9.9924835e-001 5-9922176ei-003 9.9656831ti-Ml 5.9946340e+003 9.7312714a. Mi 
5.9905998e+003 9.982996lo-001 5. M2201e+003 9.9632972e-001 5.994654-5e*W3 9.9091317*-001 
5.9905910e+003 9.9812691a. Ml 5.9922863e+003 1.1199773e-001 3.9946666e+003 9 9639604o. DDI 
5.9906140e+003 9 9728947c-001 5.9923505o003 9.9427846e-001 3994667k, ý003 9, M? 23&. ODI 
5.99D6297e+003 9.9432846c. 001 59923517e+003 9.94380176-001 5.9946702eýM 9 957MI*, ODI 
5.9906490e+003 9.8476552c. 001 5.9M529e+003 9943426&)-Wl 5.994o895-oM 9.9262269*. Ool 
5.9907323o003 9.4589044o. Mi 5 9924072e+003 59351735*. 001 5.9947293eý003 9,6609504ý, 01 
5.9907492e+003 9.6970249eMl 5.9924591e+003 9.6941565e-001 5.9947523e+003 9 9947970oa 1 
5 9907673e+003 9.3947947a. 001 5. m4664e+oo3 9.6751466e-001 5.994788-'e+003 9 504776go-oo 1 5 9MI32e+OD3 9.987413le-001 5.9925424e*W3 9.7236485a. 001 5.9948477e4-003 9.9925132"1 
5.9908156e+003 9.9894179c. Ml 5.9925666e+003 9.8W2l%-001 i9949501e+003 9.9910598*, Dol 5.9908180e+003 9990454le-001 5.9925702o003 9.8806497*-Wl 5.9948513e+003 9.9908675a. 001 3.9908192e+003 9.9927073e-001 5.9925714e+003 9.8799645o-001 5.994852-5e+OO3 9M 16700.001 5.9909134e+003 8 6567354eM) 5.9925726e+003 9.8812127o-001 5.9948897e+003 9.9942061*. Ool 5.99D9532e+003 9.9704477o-001 5. M6269e+003 9.9937146e-001 5.9948933e+003 9 9903628*a I 5.9909798e+003 9.9317001o-001 5.9926390e+-003 9.9949990e-001 5.9948972eýM 9.9925739*. Ool 5.9910039e+003 9.9456154a. Ml 5.9926619e+003 9.8949174e-001 5.9948984OW3 9.993432leal 
5.9910341e+OD3 9.1154157o-Wl S. M678k+003 9.9336075o-001 5.9949020oO03 9.9949087o. Mi 5.9910969e*M3 9.9869535oM I 5. M7392e+003 5.94M510-002 5.9949841**003 9.3426650*al 
5.9910981 c+003 9.9810700&Wl 5.9927766e+003 9.5761257a-001 5.995019le4. W3 9.979o8o9o4)01 
5.9911029e+003 9.9766257o-001 5.99278&7e+003 9.4545344e-00 1 5-9950469eýM 9.7811%96-001 5.9911078e+003 9.9777294o-Ml 5. M82980003 9. MS645"01 5.9951712e*M3 9.9706172s. 001 5.99111020003 9.9779339e. 001 19929322e+003 9.9923022e-001 5.9951933eý003 9.9941.9090-001 
5.9911114e+003 9.50388U-001 5.9928358e+-003 9.9918865o-Ml 5.99518370*W3 9.9945ni"l 5.9911126oM 9.9777103a. 001 3.9928597o003 9.9515403e-001 5.9951869e+OO3 9.9940199*. Ml 5.9911150e+003 9.9789252e-001 5.9928720e+003 9.97198990-ml 5.9952062@+003 9.9lu5220-001 
5.9911174oOD3 9.9774974e4)01 5.9928744e+003 9.9726853e-001 5.9952738e+003 9,98-45373*al 
5.9911186e+, 003 9.977322(o001 5. MS756e+4)03 9.97091526-001 5.995275O*+W3 9.9817753a. Ml 5.9911428e+003 9.79347426-Ml 5.9929239e+. 003 2.9839140e-001 5.9952811e+003 99742480e. 001 
5.99119950003 9.9773301*-001 5.9929698e+. 003 9.90272620-001 5.9952923e+W3 9.97211590.001 
5.9912007c+003 9.9769718&Wl 5.9929915e+003 9.6499226e-001 5.9952&35e+003 9,9731337*4)01 
5.9912o68e+oo3 9.971796le-001 5.9930785e+-003 9.8849270e-001 5.995MOei-003 99785339*. Wl 
5.991208De+. oo3 9. %69426e-001 5.9930893e+003 9.9194895a-00 1 5.9952932t+003 99812264o. 001 
5.9912092e+. 003 9 969732le-001 5.9931171e+003 9-MW1890-001 5.9952992&0003 99UMNODI 
5.991212gem 9 970964le-001 5.9931352e+003 9.7040807e-Wl 5.9953016e+OD3 9. M678*Wi 
5.991214oe+. w3 9.9711286tal 5.9931497e+-003 9.57146IOe-001 5.9953052eý003 9.990629lo-Dol 
5.9912go4e+003 8.8104784e-Wl 5 9931923e+. 003 9.9745864e-001 5.9953064e+003 9.9907246o. 001 
5.9913190e+003 9. %50464e-W) 5.9931956e+003 9.9497703e-001 5.9953076e+003 9.9902004oool 
5.9913202e+003 9.9663173e-001 5.9932101e+003 9.97493&3e-001 5.9953439e+003 8 5261934o4ol 
5.9913214e+003 9.9654752a-001 5 9932366e+. 003 9.7959433o-001 5.9953994e+, 003 9.9943966o. Mi 
5-99135200-003 9.4370175a. 001 5.9932765e+003 9.9600229e-001 5.995418e+003 9.9992419oal 
5.9913g3ge+003 9.9719560*-001 5.99331390003 9.9282352e-001 5.9954042e*003 9 9894239o. Ml 
5.991387ooW3 9.9727333e-001 5.9933296e+003 9.8728342e-001 5 9954066eýM 9,9879986o. 001 
5.9913894e4-003 9.9708180*-Wl 5.9933899e+-003 5.4456514e-002 5.9954079e4-003 9.98676410-001 
5.9913907ooM 9.9714072e-001 5.9934563&003 9.9994497c. 001 5.9954091e+OO3 9.9991463*Wl 
5.9913919e+003 9.9713307c. 001 5.9934588e+003 9 9021692e-ODI 3.9954127e+W3 99921533o. Mi 5.9913943e+oo3 9.9717907e-001 5,99346ODe+DO3 9.9013336e-ODI 5.9954151*+003 999MIagoal 
5.9913955e+003 9.9707884oMl 5.9935034e+, D03 7.6186299e-001 5.9954471e+003 9.9396769*401 
5.9913967e+003 9.97215I9eal 5.9935203e+003 8.531153ge-001 5 9954489e+003 9.9362472*al 
5.9914003e+003 9.9755737c-001 5.9935493e#, 003 6 8393229e-002 5.9954501coOO3 993934goo-ool 
5.9914015e+003 9,9757240e-001 5. "35891e+003 9.7231127,, -Wl 5.9954513e+003 99373533o. Mi 
5.9914027e+. 003 9.9755629e-001 5.9936435oW3 3.975803le-001 5.9954537ooOO3 99362803*. Ool 
3.9914051e+003 9.9752155eMl 5,9936724e+003 9.52167gle-001 5.9934549e+003 9.9350315sal 
5.9914o63e+003 9.9746152t)-001 5.9936809e+003 9.4954455o. 001 5.995456le-W3 9.9364635o-Ooi 
5.9914377e+003 9.4281738*. Wl 5.9937828e+003 9.130719le-001 3.9954574e+003 9.9362612*. Ml 
5.9914667c+003 9. "37865e-001 5.9938092oO03 9.9%7%2e-001 5.9954939oO03 9.4947097*401 
5,9915271e+003 7.682963le-001 5.9938251e+003 9.8424394e-001 5.9954948e+003 9 3914394oml 
5.9915838e+003 9.9520607"1 5.9938265e4-003 9.9422670*-001 5.9955225eý003 63910792*4)oi 
5.9916055e+003 9.8078390e-001 5.9939516e+. 003 9.5206131o-001 5.9955694&ý003 9,9657091*. Ool 5.9916973e+003 9.9713356&Ml 5.9939957e+003 9.84590&7e-001 5.995569oe+003 %969D792"j 
5.9916985e+003 99705092e. 001 5.9940122e*003 9.9585793a-Ml 5.9955720e+003 9%93006*. ool 5.9916997c+003 9.8718835e-001 5.9940494e+003 9 SM70(001 5.9955974eoOO3 9.8447139o. 001 5.9917082e+003 9. RM27345-001 5.9941172e+003 9.9938458e-001 5.9956022e+003 MU795"I 
5.9917D94c+003 9.9000820a. Ml 5.99,41197e+003 9.9944132*-001 5.9956372eý003 6.4390235*. Ool 5 9917106e+003 9. M5556e-W 1 5.9941233! e+003 9.9936809*. 001 5.9956614c+003 9,00%001*. ml 5.9917299e+. 003 9.6492334e. Ml 5.9941800e+003 9.9915870*-Wl 5.9956696e+003 8.9215481"1 
5.9917516e+003 99037434e. 001 5.99419120-003 9.9886433c-001 5. "37036eýM 9,90052lo-Ml 
5.9917830e+003 90176SOOo-Ml 5.9941937e+003 9.9880846e-001 5.99571810+003 9,9375713o. 001 5.9919217e+003 9.98657056-001 5, "41949e#-003 9.9877289e-001 3.9957399e+003 9.9831%6*, ool 5.9918410e+003 9,9260754c. 001 5. "41861 e+003 9.9879950e. 001 5.995741 leýM 9,9957397o-ODI 
5.9918796e+-003 9 992942le-001 5.9941973e+003 9.9935183e-001 5.99511351e+003 9.9943706*. Wl 5.9919122e#-003 9.48384850-001 5 9941997e+W3 9.9937916e-Ml 5.9958641e+003 99919477*. Wl 5.9919327e+. 003 9.8640584eMl 5.9941933e+003 9.9&U335e-001 5.9958893e+003 9.98679EW4ol 
5.9919520e+003 9.6495699cal 5.9942162e+003 9.9306626e-001 3 9958907eý003 9.900923*Wl 
59920317e+003 9.7477674e-001 5. "42295oO03 9.9460985e-001 3.995895.5e+003 9. "362124001 
3.9920438e+003 9.907180-leal 3.9942851e+003 7.6212459e-001 3.995899leM 0.9928SD3o. Ool 5.9920583e+003 9 6945299e-Wl 5.9943261eý003 9.9436030e-001 5.9959003e+003 9.9Qo64D? *. oDj 5.9921174e+003 9 6296765e. 001 5.9943527e+003 9.5209031cal 5.9959029e+003 999963679-Mi 
5.9921331e+003 9.7425817a. 001 5,9943s53e+003 9.972600lo-001 3 993904k+003 9 9VUi3o-oDi 
5.9921432e+003 9 6492995o-001 5.9943s65eFOO3 9.9736736aMl 5 99M8e+003 9.978R26-3ii-Ml 
5.9921730e+003 9 %29968*-ODI 5.9943889e+003 9.9724662e-001 5. "3910D&ý003 9-9773910*Wl 
5.9921742e+003 9 9631014&Wl 5.9944360ei-N3 9.081982--4&Wl 5.9959414výM 9 UMO86&wl 
5.9921754e+. W3 9.9592934e-001 5 9944553e+003 9.1903409e-001 5.9959583e+003 98997545*. Wl 5.9921766e4-003 9.9640074t)-001 5, "44867o003 1.3077160e-Wl 5.995%67e+003 9.1799%1*. Wi 
5.9921778e+003 996095214). Wl 5.9945712e+003 9.9824732ob-001 5.995%79e+003 9 2763346*Ml 
5. M1790e+003 9.96539760-WI 5,9945724e+003 9.9836256o-Ml 3"59993a+003 $82676t5*Wl 
5. M18260003 9.964910lo-001 5.9945760e+OD3 9.9840651*-001 5.9%0259. +003 9 8802727*. 001 5. M]851e+003 9.96514730-Ml 5.9945772e+003 9.9949468e-001 3.9%0742e*W3 61254222*Ml 
5.9921899e+003 99645573e-001 5.9945921e+003 9.9875240e-001 5.9960995&M3 9.1311703&001 
5.9921911e+003 9.9687920e-001 5.9945845et. W3 9.986456&-WI 5.9%1116e+003 $9123643&Wl 
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5-9961295e+003 936491560-ODI 5.9975869e+003 9.988215ge-Ml 5.99M59e+003 9.6499297sal 
5.99615270003 7.0521862e-001 5.9975881e+003 99912125e-001 3.9989494oW3 9-9948621"1 
5 9961756e+003 8.9932750e-001 5.9975966e4-003 9.993173DeMl 3.9989506oW3 9.99D6374o. Mi 
5.996188%*W3 8.7648167is,. Wl 5.9976195ef-003 9.9730165e-ODI 5.9989614e*003 9.9760354*ODI 
5.9962034e+003 9.9713374oMl 5.9976207e+003 9.9722512e-001 5-4M39&W3 9.9774ti3e. 001 
5.9962106e+003 9 903152e-001 5.9976244e+003 9.9686676e-ODI 5 998W30M 9976456. '*Wl 
3.9962589e+003 9.9569794a. Ml 3.9976352e+003 9.9902132e-001 5.9990073e*M3 9.9950307*. 001 
5.9963024e+-003 &4351225e-Wl 5.9976376e+003 9.9952905e-001 5.9990097eiW3 9.9946446o-Wl 
5.9963313oW3 99739225o. Ml 5.9976389e+003 9.9849987e-001 59MI34e+-003 9AI5720. Wl 
5.9963470e*W3 9.748MIc-001 5 9976401 e+003 9.9951205o. 001 5.9990146e*003 9.98W? 97*. Ool 
5.9963736e+003 9.979077ge-00t 5.9976425e+-003 99807655e-001 5.9990170e+, 003 9.9763483*. Mt 
5.9963748e+003 9.9809365e-001 5.9976461e+003 9.9802915e-001 5.99901820003 9.975657-le. Wt 
5.9963772eý003 9.992663? e-001 39976473e'-003 9.9757746o. Mi 5.9990194e+003 9 9757639*Mi 
5.9963821e+003 9.9807203eMi 5 9976835cý3 9.1495670e-001 19990230e+003 9.9790203o. Mi 
3.99638450003 9.991370&001 5.99r77161e+. 003 9.984779go-001 5.9990254e+003 9.97827414P. Ml 
3.9963969o003 9.9916729e-001 5.9977195e+003 9.9932467a-Wl 5.999O35le4-W3 t98630a*401 
5.9963881e*W3 9.9816364e-001 5.9977197e+003 9. MI529*. Wl 5.99909060003 9.157742le-001 
5.9963905e+003 9-M8809o. ODI 5.9977391e+003 9 9034702"01 5.99922220-003 9 49602900. W 1 
5.9963965e+003 9.9976444e-ODI 5.9977609c+003 9.9914317c. 001 5.9992548e+003 9 9&*M4ý. w 1 
5.9963977e+003 9.9882486o-001 5.9977632e+003 9.9939629*. Ml 5.9992560e+003 9.99818510.001 
3.9964014e+003 9.98M73a. 001 5.9978055e+003 9.8058856a. 001 5.9992594e+, 003 9.9sm7le-001 
5.9964038e+003 9.988592ge-OOl 3.9978308e+003 9.9892772c. 001 5,9992621e+-003 9,9945659*4)01 
5.9964074e+003 9.988840go-Ml 5 997832Oe44)03 9.9929719a. 001 3.9M645e+003 9.9gQ644a. 001 
5.9964134e+003 99M76le-001 5.9978344e+003 9.9930096e-001 5.9992669e+003 9. M2298*. Wl 
59964146o003 9.986094le-001 5.997&368OW3 9.9945706o-001 5.9992705ON3 9.9919014oool 
5.9964159e*003 9A76212e-001 5,997838let-003 9.9MI69e-001 5.9993152e*W3 7.33639640.001 
5.9964183o003 9.98633$0o-Ml 5.9979045e+W3 9.1696708c. 001 5.9993550c+003 9.9363706*. Wl 
5.9964436e'-003 9.9166963e-WI 5.9979455e'-003 9.9926534e. Wl 5.9993888e4-003 9.4623416*4)ol 
5.9964448e+. 003 9.9110774e-001 5.9979467e+003 9.9936717a-001 5.9994333e+003 9.9747930o. 001 
5.9964-U5e+003 9.9898698e-001 5.9979479e+003 9.9909662o. 001 3.999435k+003 9.9732903o. ODI 
5.9964557e+003 9=366oMl 5.9979491e+003 9.9945222a-001 5.9994444e+-003 9A67282oý. Ooj 
5.9964605-oM 981MIU-001 5.9979515e+003 9.9945902e-001 5.9994516WI03 9.970563*4)01 
5.9964617e+003 9.8946994c. 001 5.99799380003 9.9922414a. ODI 5.9994528a+003 99741930*. Ool 
5.9964641o+003 9.8963931"1 5.99SD288e+003 9.7025633eMl 5.9994697e+-003 9,9507619*401 
5.9964907e+003 9.9734970o. Wi 5.9991037o003 9 9019064a-001 3.9994709e+003 9.9"54o4)01 
5.9964919e+, 003 9.976450N-Wl 5.9981302e+003 9.9809905e-Ml 5.9994733e+003 99492097o. 001 
5.9964980e+003 9.9801929eat 5.9991314e+003 9.9835207e. ODI 3.9994758e+003 9 9491316*. Oo 1 
5.9964992e+003 9.9811120&WI 5.9991326e+003 9.9933534e-ODI 5.999477OeH)03 9.9497116oooi 
5.9965016e+. 003 9.9819708o-Wl 5.9981338e+003 9.985056D&MI 3.9994854e+003 9.9599359o. 001 
5.9963028e+003 9.9850980o-Ml 5.9981363, -1-003 9.9947953c. 00t 5.9994866**W3 9. %024920-Wi 
5.9965559e+W3 9.9473938e-001 5.9991375e+003 9.9888452o-001 3.9994890e+OO3 9.96143930-001 
5.996559-1-e+003 9.946636kWl 5.9981397e+003 9.9967243e-WI 5.99949020+003 9. %40252o. ODI 
5.9965607eý003 9 9469564e-WI 5.998141lo003 9.9847401a. 001 3.9995313e+003 9.9733166*ýWj 
5.9965900e+003 9.9973671&Wl 5.9981942e+003 9.7573025c-001 5.9995325&0003 99731543&4ol 
5.996591-3e*003 9.9913605e. 001 5.9992039e+003 9.7862019c. 001 5.9995397e+003 9, %336? 9oool 
5.9966416e+003 9.6198303o-Wl 5.9982292e+003 9 6726636e-001 5.9995409e+003 9.9627315*. ODI 
5.9966718&003 9.8856065a. Ml 5.9982811 e+003 9.941073OoM I 5.9993422e+003 9. %40567*Ml 
5.9966899e+. 003 9. M434le-Ml 5.9983017e+003 9.7122OO9e4)01 5.9995434e+003 9.9635910*. Ml 
5.9967418e+003 9-Q929209*. Wl 5.9983198c+-003 9.9799283e. Ml 5.9995458e+003 9963235ILe-Mi 
5,9967430e+003 9.9927969o. 001 5.9993367e+003 9.729275)e-001 3. "95492e+003 9. %25941*. Ool 
5.9967479e+-003 9.99133880-001 5.9993554e+003 9.8803570e-001 5.9995494e+003 9.96339550.001 
5.9967491e+003 9.9990269e-001 5.9993566e+-003 9,8%6977e-001 5.9995554OW3 9.9693262o. 001 
5.9967720e+003 9.9298325e-001 5.9993590e+003 9.8891092o-001 3.9995578e+003 9.9694359*. Ool 
5.9967913e+003 9.9718545eMl 5.9993747e+003 99193798e-001 3.999559]e+003 9.906Q? loool 
5.9969119eý003 9.9232560e-001 5.9993998e+003 9. %71293*. 001 5.9995723. +W3 9.9336741*4)01 
5.9968131e+003 9.9189592e-001 5.9984049oO03 9.9672624a-001 5.9995735ef-003 9.9320324*. ool 
5.9968143e+003 9.91937451:,. 001 5.9984061e+003 9. %39207e-Ml 5.99957480003 9.9326579*, M I 
5.9968312e+003 9.9585790e-001 5.9984073e+003 9.9641367e-001 3.9995832c+003 9.9464174*al 
5.9969626e+003 9.108123le-001 5.9984097e+003 9.9647515*-001 5.9995844e+003 9.9514045a. Mi 
S. 9969012&003 9.9881843e-WI 5.9994109e'-003 9. %5156ge-001 5.9995929e+-003 9.991846ioool 
5.996go48e+. 003 9.9899970o-001 5.999417NoM 9.9680179a. 001 3.9995941e+003 9.9828529eal 
5.9969072c+003 9.99D8416e-001 5.9984194e+003 9.9700957eMl 5.99%910e+003 9.9329783s. 001 
5.9969326e+003 9 9291438e-001 5.9984218e+003 9.9724133a. Ml 5.9997136e+003 9.99410%, O. Ool 
5.9969603e+003 9.9945560e-001 5.9994266e+003 9.9677125e. 001 5.9997960e+003 7.9712712o. ODI 
5.9%9652e+003 9.990599le-001 5.9984290o003 9.9467759o. 001 3.999M7&1003 9.98%341o. 001 
5 9%9664e+003 9.98899M-001 3.9994302e+003 9.9504362o-WI 5.9998319e+003 9.9902075"1 
5,9970074eH)03 9.3699017e-001 5.9994326c+003 9.9512909No-OOt 5.9999343e+003 9.9920296*. Ool 
5.9970437e+003 9.98114OOo-001 5.9984339e+003 9.9-W22le-Ml 5.9998609e+003 9.989-4347*. Ool 
5,9970449c+003 9.9819040e-001 3.9994351a+003 9.9526006*. Ool 5-9998926oM 9.99319171ý-Ool 
5 9971028e+003 9.89323D4e-001 3.9994592e+003 9.7634142a-DOI 

' 
5.9999938e+003 9 9963234*. M 1 

5.9972320e+003 V193524e-001 5.999478. c+. 003 9.8891354o. Mi 5.9999923e+003 9"32480eal 
5.9972622L+003 9.9191410*-001 5 9985316e+003 3.5517697a. 001 5.9998935e+003 9.9914062*001 
5,9972692e+003 9.9103744e-001 3 9996077c+003 9.9518919o-001 3.9998947e+003 9.9939191*. Ool 
5.9972694e+003 9.90874874001 5-9986463e+003 9.4969586*-001 3.9998939e+003 9.9933505*. Wl 
5.9972730e+. 003 9.9021534e-001 5.9986669e+003 9.7671407oMl 5.99"333e*003 9 8602062G. Ml 
5.9972972e+003 9.95642IM-001 5.9987043e H)03 3,7620944e-Dol 5.9999526e+003 9 97M5o*, Dol 
5.9973394e+003 9.0493412o-001 5.9997514e+003 9. %30143eMl 5.9999961e+003 9.7477299*. Ool 
5.9973696e+. 003 9.9194774c. 001 5.9997526e+-003 9. %409DOe-001 6.00003%e+003 9.9292406*. Ool 
5.9973901c+003 9.6671946e-001 5.9997562e+003 9 9690667e-001 6,0000480e+-W3 9.9203152o. 001 
5.9974155, -FW3 9.9710015o. Wl 5.9997574e403 9.9704593e-001 6-OODD492e+003 9.9187757*. Ml 
5.9974445&-W3 9.2831384eM 1 5 9987707e+ 003 9.9772416*, 001 6.0000854e+-003 8.11676990.001 
5.9974747e+. 003 9. M7007e-001 3.9987719e+003 9.979133&ý-Wl 6.0001229e+, 003 99W636o-Ml 
5.9975036&W3 9.7122138*. Wl 5.9987755eýM 9.9817449a. 001 6.0001265e+003 9. %576400al 
5.9975217e+003 9.885799le-001 5.99IM67e+-003 9.9923193e-001 6.0001277*+003 9. %4ologeal 
5.9975302e+003 9. VO549le-001 39987791e+003 9.9823754e-001 6.0001615e+003 8 9710995c. 001 
3.9975314e+W3 9.8645926e-001 5,9987816e+DD3 9.9941295eMl 6. OD02400e+003 9.9932479*. Wl 
5.9975326cl-003 9.9647637a. 001 5.9987828e+003 9.993298le-001 6-OD02424e+003 9.9926773*Mi 
5.9975568e4-003 9.9703239e-001 5.9987840e+003 9.9851053e-001 6-OOD244&+003 9.9939626o. ODI 
5.9975580e+003 9.97134O9oMl 5.9987888e+003 9.9881690a. 001 6.0002345o+003 9.9915423*. Wl 
5.9975592e+003 9.9664934o-Wl 5.9987900e+. 003 9.98M9o. OOl 6.0002569eo-W3 9.9NM3*al 
5,9975640ef-003 9.9588949e-ODI 5.9987948e+003 9.9913526*-001 6.0002591e*003 9-9%MI*4)01 
5.9975652o003 9.95954SOa-001 5.9988202e+. W3 9.9420255e-001 6.00026l7af-M3 9.96568Q0.001 
5.9973676e+003 9.9590450&WI 5.9988347e+003 9.959403ge-001 6.000264]o+003 9.99539570401 
5.9975689e+003 9.9542899a. 00 1 5.9988383e+003 9. %00332*-ODI 6. ODD26650W3 9.96=14001 
5.9975712e+003 9.9559265e-001 3.998839-W)03 9.9589058c. 001 6.0002677a+003 9 M4&260.001 
5.9975761 e+003 9. %28697e-001 5.998943le4-003 9.9564302c)-001 60003257o003 3.377141? oool 
5.9973773e+003 9. %52759a. Wl 5.9M600e+003 9.9922522e-001 6 0003643e+. 003 9.91430L%e. Ool 
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6.000399-le+-003 3 4405923eMl 6 0016217e+003 9.9530652o-001 6.0028181e+003 9.9515322*. Ooi 
6.0004428e+003 99727941@-001 60016241e+003 9.9502435e-001 6.0028217e+003 99559439"1 
6.0004995c+003 3 9657969e-WI 6.0016265e+003 9.951739ge-001 6 0028age+003 3 809946Oo4)01 
6.0005068e+003 3.9747337a-001 6 0016289e+003 9.9527203e-001 6. DD29159e+-003 9 849366to4)01 
6.0005164e+003 3.7731639e-001 6 0016301 e*W3 9.93339r76e-001 6.00291710003 9 951251 So-001 
6. ODD5587e+003 9sm5loe-001 6 0016337e+003 9.934546-5e-001 6.0029207c+003 9.956n83a. 001 
6 00059970003 3.6661219e-001 60016361e+003 9.9546105e-001 6-DO29436e+1003 94019765a. Mi 
6.00063360003 9-%Ml4e-001 6 0016373e+003 9.9539967e-001 6.0029702eýM 9.9670592a. 001 
6.0006396e4-003 9.56813250-001 6.0016386e+003 9.95559920-001 6.002998DLý003 9.6530713e. Wl 
6.0006408e+003 9.5647215c-W I 6.0016434eo-W3 9.9552649C-001 6.0030173e+(103 9.90204996a I 
6. DDD6420e+003 9.56MII&WI 6.0016458e+003 9.9570893eMl 6.00301850003 9.912403go-001 
6.00066490+003 9.7993522a-001 6.0016506e+-003 9.96146580-Ml 6.0030197e+003 9.91094990. Wt 
6.0007205LF003 3.0601454e-001 6.0016518e+003 9.9616159e-001 6.0030294e+003 9.8921753c. 001 
6 0007688e+003 9 9173336"1 6.00165550003 9.9652182*-WI 6.0030463e+003 9.9593711a. 001 
6.0008026e+003 8 M5440-001 6.00165670003 9.97068016-001 6.0030475e+003 9.9604914a. 001 
6.0008291e+003 9. &325073a. 001 6.0016591e+003 9.97106351ý-Wl 6.0030499e+003 9.9595029*. Wl 
6 0009702e+003 4.3527987"1 6.0016627e+003 9.9675967e-Oo 1 6,00306200-003 9.9322325a. 001 
6. ODD9161e+003 9.7807569o-WI 6.00166630-03 9.9677091"1 6.0030632e+003 9.9307010c. M I 
6.0009535OW3 4 8398122*-Wl 6. OD17037eýM 9.7625924"1 6.003OD68e+003 9.9322646a. 001 
6 OOtOI39c+003 9 M782o-ODI 6.0017279e+003 9.9499830c. 001 6.003068OC4-003 9.9301266*-Ool 
6 0010549e+003 5.4628359o-001 6.0017569e+003 9.4748446c-WI 6 0030716e+003 9.9293346*. oo 1 
6 OD10766c+003 9.3973979e-Wi 6.0017834e+003 9.9308262"1 6.003079%+003 99404414gý. Ooj 
6 00109590003 6.4667027o. 001 6.0017846e+003 9.9317076"1 6.0030813e+003 9.9435078cool 
6 0011375e+ 003 9.7663126cal 6.0017895e+003 9.9411729e-001 6.0030946c+003 9,994on2oool 
6.0011780&W3 9.5492038"1 60017967e+003 9.911408&ý-Wl 6.003D97De4-OO3 9.9873Moool 
6.0012034e+003 9. &W1714s-OOI 6.0017979e+003 9.9039935e-001 6.0031030e+003 9,9892440*. Ool 
6 0012329e+003 9.5746422o. 001 6.0018040e+003 9 8895830e-001 6.0031042a+W3 9.991724go4)01 
6.0012607e+003 9.9048994e-ODI 6.0018233e+003 9.965288&ý-Wl 6.0031054e+003 998&M? 20ml 
6.0012896e+003 9.6247433&Wl 6.0019245e+003 9.9665U7cý-001 6.0031344e+003 9.3907.560&. W I 
6.0013102e+003 9. W3Ol3&001 6.0018257e+003 9.9665037"1 6.0032105e+003 9.98"41goat 
6.0013271e+003 9.73342O5eMl 6.0018281e+003 9.9665473*-WI 6.00321290003 9.8976141*. Wl 
6.0013476e+003 9.9310977*. 001 6.0018390e+003 9.9775864c-WI 6.0032141e+003 9.9977254*4)01 
6.0013488e+003 9.939205ft-Wl 6.0019414e+003 9.9763186a. 001 6.0032299e+003 9,97g3977*Ml 
6.0013524o003 9.9442092eMt 6 0019426e+003 9.9737922"1 6.0032322e+003 9.9764103o4ol 
6.0013536e+003 9.9493696&WI 6.0019438e+-003 9.9743933e-001 6.0032334e+003 9 9735079sal 
6 0013621e+003 9.9689992"1 6.0018450e+003 9.973363le-001 6.0032563e+, W3 9.7574658o. Wl 
6.0013633e+003 9.9703739e-001 6. DDI&933e+-003 9.8310306eal 6.0032829c+003 9.9912049cool 
6.0013669e+003 9.968163&ý-Wl 6.0019174e+003 9.9732040"1 6.0032953c+003 9.9904709*. Wl 
6 0013693c+003 9.9649378"t 6.0019428e+003 9.8948532o-001 6,0032877e+003 9.9967194&. Wl 
6 0013705OW3 9.9592308c-001 6.0019621e+003 9.9809328"1 6.0032950e+003 9.959104(ho-Mi 
6.0014116e+003 9 7864872e-001 6.0019645e4-003 9.98D997le-001 6.0032962e+003 9.958093go-001 
6.0014430e+003 9.9596711@-001 6.0019669e4-W3 9.981486OeMl 6.0032974e+003 9.9390045"1 
6.0014442e+003 9.9651491"1 6.0020164e+-003 9.5497474a. 001 6.0033022e+003 9,957451le-Mi 
6 0014466e+003 9.9653893&WI 6.0020176e+003 9.5457869*Ml 6.0033046e+003 9.9591379*. Wl 
6.0014478&003 9.966025211,. 001 6.0020189e+003 9.5459762"1 6.0033095e+003 9.9691074o. 001 
6. OD14526e+003 9.9704060c-Wi 6.0020454e+-003 9 M1315"I 6.0033119e+003 9,9699549*. ODI 
6.0014550e+003 9.9686790e-001 6.0020466e+-003 9.8565370e-001 6.00333960+003 9 98QO422*. Oo I 
6.0014563e+003 9.9672269e. 001 6.002063-5e+003 9.9167522o. 00 1 6.0033433c+003 9.99791950401 
6.0014599e+003 99644463e. Wl 6.0020647e+003 9.9213157"1 6.0033469e+003 9. %36"Joýwj 
6.0014611e+003 9.96D6674e-001 6.002067]e+. 003 9.923519ge-001 6.0033481e+003 9989487-%al 
6.0014695e+003 9.9545158e-001 6.0020937e+003 9.2983328e-001 60033493C+003 9.98253500-Mi 
6.0014719e+003 9.9546022"1 6.0021239e+003 9.9295827c. 001 6.0033819e+003 9.53OD482oa I 6.0014840e+003 9.9290397&WI 6.0021444e+003 9 8677691c. 001 6.0034085e+003 9.96w5790-001 
6.0014864e+003 9.9297644e-001 6.0021553e+003 9.9227012e-001 6.0034D97e+003 9.9762909oool 
6.0014889e+003 9.9294379e-001 6.0021891e+003 9.4696155-, -WI 6 0034109o-003 9.97451 23eal 
6.0014913e+003 9-9296622"1 6.00M69ef-W3 9.959424&--001 6.0034314OW3 9.9425863&. Ool 
6.0014925e+-003 9-9296671"1 6. oonl8le+003 9.86OMk, 001 6.0035183e+003 9.5799292*. ool 
6.0014937e+003 9.9294154e. ODI 6.0022205e+003 9.9620262e-001 6.0035195e+003 9 36540410.001 
6 0014973e+003 9 9286652e-001 6.0022531e+003 9.215735ge-001 6.0035207e+003 9.3667652*Ml 
6.0015021e+003 9.9343530e-001 6.0023171e+. 003 9.9926706e-001 6.0035304e+003 9,6265648ca I 
6,0015130e4-003 9.9lnO94e-001 6 0023193e+-003 9.99M52e-001 6.0035509e+003 9 0907490*. Ool 
6 0015154e+003 9.9127378o., 001 6.0023557c+W3 9.5126495e-001 6.0035956c+003 9.99611874ý, Wj 
6.0015166e+003 9.9151117o. 001 6.0024825e+003 9. n75159a. 001 6.0036390e+003 9.9945350&Ml 
6 0015190OW3 9.9146355e-001 6.0025259e+. 003 9S74209goal 6.0036692e+003 9.1331097s. 001 
6.0015275e+003 9.9018270*. 001 6.0025271e+003 9.9805401"1 6.0037006e+003 9.9633047*. Ml 
6 D01533-5e-M 9.908334%-ODI 6.0025344e+003 9.9912635e-001 6.0037067e4-OD3 9. %38970a-ODI 
6.001554De+003 9 8177O87e4)01 6. DO25899e+003 6.3364519a-001 6 00370910+003 9.9537603o. Mi 
60015794e+003 9.9639001a. Ml 6.0026153e+003 9.4292891c. 001 6. D037103e+003 9.957675go-mi 
6. D015806c+003 9.966357leMl 60026370e+003 7.9469532e-001 6.0037115e+003 99527044*. Ool 
6.0015891e+003 9.9779537*-ODI 6.0026792e+003 9.9880293e-001 6 0037127e+003 9.95%U4oal 
6.001591-lo003 9.9763212a-Wl 6.0026817e+003 9.9879324e-001 6.00371390+003 9.9561001"1 
6 0015927e+003 9.9750139e-Ml 60026841e+003 9.9917008oMl 60037151e+003 9.95667&50. Wl 6 ()015939e+. 003 9.9753933a-001 6.0026889e+003 9.9902093L, 001 60037163e+003 9.9500531a. Mi 
6.0015951c+003 9.973U86o. Ml 6.0026901e+003 9.9876417e-ool 6.0037175e+003 9.9522771*. Wl 
6 0015%3e+003 99747736"] 6.0027263e+003 &3105916eý001 6.0037224e+W3 9.97967SDO. Wl 6.0015975e+003 9-974547le-001 6.0027517e+003 9.5796SD6e-OOl 6.00372360-003 9.9967? 6b*. Wl 6.0016023e+003 9 9739950cal 6.0027650-ý-003 9.3757874e-WI 6.00379&4e+003 9-6"73,001 
6 0016035e+003 9.9720350&Ml 60028012e+003 9993587ge-001 6.00381890003 9.95733Cy2oool 
6.0016072e+-003 9.9676390o-WI 6.0028024&M 9.8954352oMl 6.0039201e+003 9. %23615*. ool 6.0016096e+003 9.9681198"1 6.0028169e+. 003 9-9513788e. 001 
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Appendix 4- Astimatic Mirror Desian Drawinas 
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