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{ ABSTRACT
AN
“This document presents a computational system
designed to remove known components from spectroscopic
data. The system realization is a FORTRAN-77 program; a
listing of the program’s source code is included in the
Appendix.
. The program first performs a nine-point quadratic

lecast-squares smoothing function. It then removes the

known component with a non-recursive filter based on a
least-squares prediction of the observed spectrum and a
least-squares prediction of a computer generatcd synthe-
tic spectrum of the known component.

The program was tested using an artificial spec-
trum created for the sole purposec of testing the
program’s function.

The program’s function was verified with three
segments of the 12 micron band of ethane taken from data
recorded on the Fourier transform 5[,>cct1-omctcr at the
McMath solar telescope at the Kitt Peak National Observa-
tory. The segments are located ncar 804.0, 815.0, and

819.5/cme¥, Plots of the spectral data and of the resul-
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tant data are included. o)
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CHAPTER 1
INTRODUCTION

The purposc of this study is to devise a technique
whereby any known component of a given spectrum can be
removed to enable study of the underlying spectral data
without interference from the unwanted component. The
program embodying the developed technique, called FILTER,
first carries out a quadratic least-squares smoothing
operation on the spectrum being studied. Following a mild
smoothing operation, a non-recursive least-squares filter
is applied to the observed spectrum. This filter is
constructed from the predicted synthetic spectrum of the

component to be removed. The output of the filter may be

thought of as an "error spectrum" which reflects the
least-squares difference between the observed complete
F spectrum and the synthesized component upon which the
filter is based,

Often in the study of spectroscopic data, one is

interested in featurcs that are so near other larger
features that information about the featurec in gquestion
is very difficult to obtain. Without some method of
removing the larac fcatures, the small ones are mostly
inaccessible. Of coursc, it is not necessary that the

desired featurce be a small onc. One may wish to separate

.o, . 3 N .'-.-.*"'.'.'.‘-_ e
L . K rJ e e, "

; . e e e R . .

PSP . . . R ) PP .. - . . . . B .
. . BB PRESORSI o« . . RN e I

e LT T S WP NV SIS LA PR T SR TR T IR A S A v S L R L A o tma a e s




two equivalent sized components or remove a known small
component that is distorting the data to be studied.

For instance, in the study of ion spectra, any
given transition is extremcly wecak (Saykally,1984).
Unless the transition is fortuitously isolated, it may
not be observable. In the case of infrared molecular
spectroscopy of isotopic molecules, some transitions are
separated from their relatives by less than a milli-

wavenumber (1 0-3 cm™l )

. Clearly, any analysis of the
spectrum would be complicated by the nearby transitions.
The structure of planetary atmospheres can be determined
through the use of spectroscopy, but many transitions--
and consequently many atmospheric constituents--can not
be identified because of their proximity to other spec-
tral lines. By using FILTER, one can remove selective
portions of an obscrved spectrum to isolate the desired
features for more detailed study.

Another potential use of this program, and the one

which this works addresses, is in the study of hot-band

spectra which normally arc intermixed with the cold-band
spectra and conscquently arc difficult to pick out of the
data. With FILTER, one can climinat~ the known around-
state transitions from the obrerved spectrum leaving the E—f
smaller hot-band features in a prominent position to be ]

studied.
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The program itself is a simple, yet elegant,
approach to a complex problem. It uses a nine-point
least-squares smoothing routine to reduce the effect of
noise. After smoothing, it uses the calculated synthetic
spectrum to develop a predicted component of the observed
spectrum and perform a non-recursive filtering function.
Once the smoothing/filtering function is complete, a
simple point-by-point subtraction leaves the error
spectrum in the resultant data file.

The data files must first be processed so that
they represent the same arrangement of information--data-
point density, line widths and so forth must be cquiva-
lent or the results will be mecaningless. Thouagh the
manipulation of the data files required to achieve such a
suitable arrangement for input to the program represents
an additional cffort in the analysis of the spectrum, the
additional information available in the residual spectrum
more than compensates for the extra work.

The discussion in this work is gecared toward
infrared spectroscopy and the test runs were accomplished
using infrared spectra--speccifically of the vy band of
cthane, but the program is casily adaptable to any spec-

troscopic data.
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CHAPTER 1I1

BACKGROUND

In the course of any spectroscopic analysis, one
will encounter several concepts; in order to understand
the workings of FILTER, one needs to be familiar with
some basic ideas.

In infrared molecular spectroscopic theory (Herz-
berg, 1945) line positions and intensities are the pri-
mary data used to obtain physically useful and meaningful
results. Once position and intensity have been accu-
rately established, the contribution of line shape to the
spectral data becomes important too. In addition to in-
frared theory, one should understand the process of
deconvolution (Blass and Halscy, 1981) and have a good
grasp of the data processing techniques used to manipu-
late the spectra (Pennington, 1970). The use of the
filtering scheme in the program is constraincd by the
digital data-processing techniques used in the proaram
(Bozic, 1979). When onc is knowledgeable of these con-

copts, the validity of the resultant data follows.
Molecular Vibration-Rotation Theory

The physical model used in characterizing molecu-

lar vibration-rotation cncragy levels is straightforward
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but complex. Since this project was only peripherally
involved with the concepts, a brief summary is presented.

One considers a molecule as a polyatomic system of
N nuclei and n electrons. The system then has 3(N+n)

degrces of freedom. The Born-Oppcnheimer approximation

allows one to scparate the contribution of the electronic

motion, so only 3N degrees of freedom need be considered. j-"~
Furthermore, it is always possible to separate the three “
degrees of freedom that correspond to the motion of the o
center-of-mass. The remaining 3N-3 degrees of freedom
cannot be separated easily, but by assuming the molecule
is a rigid rotor, one can assign a body-fixed frame of

reference and separate the rotational motion from the -

vibrational motion (Herzberqg, 1945).

Line Position

This body-fixed frame of reference allows one to

assume a linear combination of the vibrational and rota-
tional Hamiltonians. The determination of molecular \
cneray, then, is a combination of two problems.

The solution of the rotational Hamiltonian leads g‘*
to an expression for the rotational cnergies of the

molecule:
F(J,K) = BJ(J+1) + (A-B)IK? (1)

where J and K arce the rotational quantum numbers and the

(s ]




rotational constants are

B=_i___, A=.__11___, (2)

2 2
Similarly, the solution of the vibrational Hamiltonian
leads to an expression for the vibrational energies of

the molecule:

G(VisVgr « « o) = wilvy + 1/2) +
(3)
wylvy + 1/2) + . . .

where v, are the vibrational guantum numbers of the nth
normal mode of vibration and w, are the frequencies of
the normal vibrations (Herzberg, 1945).

Unfortunately, the rigid-body approximation does
not give sufficient accuracy for high resolution spectro-
scopy . To correct for the non-rigidity of the molecule,
two changes are needed. First, the coefficients are
changed slightly from the equilibrium values used in the
rigid-body approximation to a value that accounts for the
average motion. Second, some additional terms are added
to the expressions to account for factors such as anhar-
monicity, distortions of the molecule and coriolis
effects. The enerqgy expressions arec rewritten:

FV(3,K) = BY3(J+1) + (AV-BY)K? - (Mg KL

(4)
v 12 2 _ v 2 _ pvied
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G(vy,Vvp, « « ) = E“ﬁ(vi + 1/2) +

(5)
xik(vi + 1/2)(Vk + 1/2) + . . .

K>1
where the v superscript indicates an average value, the
D’s are centrifugal distortion constants, the (Ak ) is a
coriolis constant and the x;, are corrections for anhar-
monicity. The total vibration-rotation energy of a

molecule is then
T = G(Vy,Vy, . . . ) + FY(J,K) (6)

and the line position or frequency follows from the
energy difference (Herzberg, 1945).

The literature shows that a good study of most
spectra will yield accuracy of the transition coeffi-
cients to within approximately .01%, so this first ele-
ment of the computer program has a good foundation and
one should reasonably expect FILTER to give accurate

results in line positions.

Line Intensity

Line intensity is not so simple to calculate as
line position. The approximations used in calculating
line intensity are more susceptible to inaccuracy than
those used in calculating the line position. These
approximations can lead to proportionately larger errors
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in the calculated theoretical intensity than should be
encountered in calculating line position (Demtroder,
- 1981).

= Quantum mechanically, the strength of a given

transition is proportional to the square of the transi-

tion probability (Demtroder, 1981). Unfortunately, the
literature is generally unclear in describinag calculated
line strenagths, leavinag guess work or trial-and-error as
the primary tool in determining what has been included in
the calculation of the line strength. 1In general, the
calculated line strength must be scaled by some conver- t
sion factor to arrive at the absolute line strength.
Given the absolute line strength, one convolves )
]
the calculated line strength with the expected line E}
shape, which is described below, to get the absorption i
coefficient. 3
The calculated absorption cocfficient can then ‘:

used in the expression for transmitted intensity, T:

_ -aPl
T = I,c (7)

where I, is the incident intensity; a, the absorption
coefficient; P, the pressure in atmospheres; and 1, the fgf
path length in cm. This expression for T is derived from ﬁ\l
Beer's law for linear absorption (Demtréder, 1981). The

absorptance obtained is then
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A=1.0-T=1.0- 1,e L, (8) ]
-9
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The absorptance space obtained with this expression is r
="
the most accurate space available for analyzing strongly ﬁi
oy
absorbing lines in a spectrum. ﬂ:
The absorption spectrum is sometimes analyzed in 1
the absorption coefficient space obtained by a Taylor -f
series of the expression for the absorptance which yields %
s

£
(aP1)2 fj
A=aPl - —(  + . . . . (9) ]

21 .
In the first approximation of this Taylor series, when Ej
N
aPl reaches 25%, the error in calculated line intensity -]
)
is at least 3% Clearly, whether to analyze the spectrum ;i
in absorptance space or in absorption coefficient space i
<

is dependent upon the maximum absorption expected in the X

spectrum.
Finally, the line shape has not yet been included

in the calculation of line intensity. As will be seen

hbelow, the line shape used in determining the theoretical
spectrum will also affect the intensity of the peaks in

the calculated spectrum.

Line Shape R
e _ F ‘
[ - The expected line shape is equally as important as f
2 the line strength in calculating the thecoretical spec- S
i B
- trum, It affccts the calculated line intensity during Ty
b U
» 9 )
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o
.-
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the convolution process. Furthermore, the shape of the
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expected instrument function will also affect the calcu-
lated intensity.

In general, the intensity of a given line will
decrease during convolution with a normalized profile
because the convolution increases the width of the line.
The overall problem of selecting a line shape and con-
volving that line shape with the stick spectrum contains
many factors which will alter the intensity of the theo-
retical spectrum.

The actual line shape is taken to be a combination
of several factors. The natural line profile is a Lorent-
zian. It is on the order of a few kHz and for the pur-
poses of this study it can be approximated by a delta
function (Demtroder, 1981). The doppler line width is
reprcsented by a Gaussian whose full width at half maxi-
mum (FWHM), A, is a function of the temperature of the

sample:
8y = 7.16 x 1077w JT/M (cm™1) (10)

where T is the temperature in ®K and M is molecular mass
in amu. Likewise, the observed line profile includes a
contribution due to the pressure of the sample. The
pressure broadening can be represented by a Lorentzian
with FWHM Ap:
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a, = 0.250P (cm™ 1) (11)

where P is the pressure in atmospheres (Blass, 1985).
Both the doppler width and the pressure width must
be taken into account when calculating the expected line
shape of the sample to be studied. The resultant line
shape is then convolved with the calculated stick spec-
trum to get the theoretical absorption coefficient spec-
trum. In absorptance space, the calculated spectrum can

be expressed

A=1 - e"(D ® P)SP1 (12)

where @ indicates a convolution function, D is the dop-
pler width profile, P is the pressure width profile, S is
the absolute line strength, and Pl is the pressure-path
length product of the sample. The absorpntion coeffi-

cient, a, then is the convolution of D and P times S.
Deconvolution

In addition to the "real"” linc-shape factors men-
tioned in the previous section, one must also consider
the instrument function when working with spectral data.
After the theoretical absorptance spectrum has been
determined, the expected instrument function is convolved

with the theoretical absorptance spectrum to generate a

11
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calculated synthetic spectrum containing known compo-
nents.

The observed spectrum necessarily contains the
instrument transfer function, which broadens the observed
line width, effectively reducing the resolution. Decon-
volution is a technigue that can be used to increase
apparent resolution or reduce required observing time by
removing the instrument function from the observed data.
The accuracy of the deconvolution process is highly de-
pendent on a signal to noise ratio of 100 or better

(Blass and Halsey, 1981).

Filtering

The digital spectral data may be filtered either
as it 1is taken or it may be recorded in raw form and
filtered in the process of analysis. The latter approach

offers the advantage of safety and flexibility. If the

data were to be filtered as it were taken, it could be
catastrophically altered as a by-product of the fil-
tering. By recording the data before filtering, one may E

always start over if non-physical results are achieved. Aﬂ
Furthermore, more than one filtering method may be used

if the results are not suitable.
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One may work with cither continuous-time or
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discrcote-time data. Continuous-time refers to a data set
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in which the independent variable may assume a continuous
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range of values while discrete-time implies that the
independent variable is restricted to a finite discrete
set of values. A discrete-time signal is often referred
to as a sampled data signal (Freeman, 1965).

The digital signal may have data points taken at
any of the discrete values of the independent variable.
These values are usually equally spaced, however equal
spacing is not a requirement. The data processing is
considerably simpler with equal spacing (Bozic, 1979).
In the discrete-time system, the independent variable

time, t, is taken as
t=kT

where T is the difference between any two adjacent data
points and k corresponds to the kth data point. The
notation used in this work is x(k) and y(k) for the kth
value of the independent and dependent variables respec-
tively.

The process of filtering involves predicting a
data point based on a number of input data points. It
usually consists of applyina some operation such as delay
or multiplication by a constant to the input data points.
If the filter uses past output as input, it is called
recursive, while if it uses no past output, it is called

non-rccursive or moving average. The recursive filter has 3
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some problems with stability and was not considered for
this study (Bozic, 1979).
The general representation of a digital filtering

scheme is

y(k) + byy(k-1) + . . . + bpy(k-m)= )
agx(k) + ajx(k-1) + . . . + apx(k-n)

where x(k) represents the kth input point; y(k), the kth

output point; and the an's and b, ’s are weighting factors
with by taken as unity (Bozic, 1979). This representa-
- tion means that at time k (t=kT) the output of the filter

is the current input plus some linear combination of

previoue inputs and outputs. In the case of using re-

corded data, one may also includec future inputs and
outputs. For the non-recursive filter all by, m>0, are
zero. Figure 1 is a generalized depiction of a recur-
sive filter while Figure 2 illustrates a non-recursive
filter.
Digital Processing

Use of poor technique in digital data processing
can lead to catastrophic alteration of the data; hence,
one must be alert not to gcnerate excessive errors in
processing the data. There are two factors in digital
data processing that can contributec to the error: quan-

tization and finite word length.
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27 = unit delay

Figurc 1. Diagram of a recursive filter.
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Quantization error rosults from trying to describe [~
infinite precision data with finite precision. The posi- ‘}
L

. . . . . .
tion or valuc of a data point will never precisely coin- N
,A\"

cide with thoe discrete value available to describe 1it.

Furthermore, there is some quantization error involvead in

the original measurement of the spectrum, but that is N

beyond the scope of this study. The slight inaccuracies f;

involved in quantization crror will appear as noise 1in 1

the spoctrum. 1

Finite word length c¢rrors will result in a loss of ;T'j

i 3

accuracy and generate apparcent random noise when the f‘
,f result of any opecration coxceeds the preocision of the
" 4

: computer, As a simple example, assume the computer can 'i
il ¥

E store only five digits plus the exponoent. Then let x = M"‘

3:{ 1.4345 x 10% and let y = 1.7332 x 107.  When x  is added 1;
4 to vy, the result is 18,766,500, but the rosult will be r‘
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stored as 1.8766 x 10’ and the information that the o
number is actually larger by 500 will be lost. J
E
These errors are cumulative and the effect can be o
much larger than the one given in this example. Two 4
procecdures are useful in minimizing the effecct of finite _.j
€]
word length errors: avoiding subtraction of a large
5
number from another large number and multiplying by fac- g
-1
tors less than one whenever possible (Pennington, 1970). »
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CHAPTER III

DESCRIPTION OF THE PROGRAM w

RN

FILTER is written in FORTRAN-77. An attempt was . j'::

made not to use machine-specific code so that the program -‘Ai

can be used on other machines with only minor alteration,
however, the data files are identified to the program
through interactive input/output. If interactive input/ - -j
output is not possible, the source code must be modified
to provide identification of the spectra to be used. The K
source code for FILTER is listed in the Appendix. i

The spectrum files are formatted in double preci-
sion format with each point written as D20.12. The

starting frequency of the spectrum is the first entry in Rl

Sl
the file and the step size is the sccond. Following the
starting frequency and the step size, the spectral inten- -

L . . . . SR
sities are written to the file. The file must be written

) 1

for random access input/output. If the data-point density
and starting frequency of the calculated spectrum and the fj:f_-;

observed spectrum are not identical, the calculated spec-

trum must be altered in order to coincide with the
observed spectrum.

The program uscs a buffered input/output capabil-
ity to handle large data files without using a prohibi-
tive amount of memory. It currcently works with a 100

point data set, buffered by 10 points on cither end to

18
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reduce imbulse offects. Normally, the proaoram grts the 10

: 1
B
»

buffer points from the spectrum itself, using the 10

21
points adjacent to the data sot in use. If the data set ".3
.‘:\
in use 1s the first data sct in the spoectrum, Subroutine T

-

B
RBUFP1 creates a buffer of 10 points by applying an 3'1
expenential deocay to the first point in the data sot, !
after considering the slope of the spectrum at that 1
. A‘.
point. Subroutine RBUFFZ2 performs the same function on »
the trailing ond cof the last data sct in the spectrum.

. . ]

It should be noted that 100 point data sets are unrealis- :

tically =small for most spectroscopic applicetions. The °
b ..‘{
! size was chosen initially to minimize the computer sime ;
used in the development phase; the extension to larcer
Kl

blocks is straightforward.

Subhrecutine REUFF rcads the spectrum into memory

oty e
e

‘.

Lsing the 129 point data scts--100 points ol werking data

and 20 points of buffer data. To illustrate the function

. . A
cf tho program, onc data sct will be tracked throuah its
:
E-:"_ ' procossing. 5
- '-1
Mrst, subroutine LSO smoothes the data sct using o
a nine-point quadratic least-squares fit. The fit leads
to a 3Ix? matriv that is selved by caussicon elimination,
Durinag tho gaussian colimination, LSO chesks the matrix of R
cocflicionts calcalated for the lToact-aguares fiv to -
ensare that the maltiplicor ared to podace the matl rix s N
N
bl
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less than unity. If necessary, LSQ calls subroutine
INVERT. INVERT pivots the matrix to reduce error propa-
gation by insuring that all multiplications are by fac-
tors less than one.

The next step is the actual filter application.
Subroutine FILTER uses a non-recursive filter generated
from a least-squares prediction for two points on either
side of the nth point. The filter weights the predic-
tions for the nth point based on the number of data
points separating the prediction from the nth point. The
predictions two points away are weighted by a factor of
0.1, those one point away are weighted by 0.2 and the
prediction at the nth point is weighted 0.4. Figure 3
depicts the filtering scheme used for the interior
points.

Next, FILTER shifts one point to the right and
repeats the process for the next point, producing a
"moving average." It should be noted that the end points
of the data set have a different weighting scheme which
is enumerated in the source code, however, points calcu-
lated with that different weighting scheme are all dis-
carded when the buffer points are stripped from the data
set.

After the filter application, subroutine WBUFF
strips the 20 buffer points from the data sct and sequen-
tially writes the 100 working data points to a temporary

20
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holding file. Once the working data set is written to
its holding file, its existence as a data set is com-
plete.

The program loops back to subroutine RBUFF to
begin the process for the next data set in the spectrum.
The cycle continues until there are no more 100 point
data sets remaining in the spectrum.

When processing is complete for the observed spec-
trum, the program begins processing the calculated spec-
trum, repcating the entire process that was performed on
the observed spectrum for the calculated spectrum.

With each spectrum in its respective holding file,
subroutine MINUS reads the processed observed spectrum
and the processed calculated spectrum into memory and
subtracts the calculated spcctrum from the observed spec-
trum point-by-point to get the residual error spectrum.

Finally, before the program terminates, an option
to subtract an additional calculated spectrum is offered.

A cursory error trapping function is included in
subroutine ERROR. If an error is detected by RBUFF while
reading a spectrum file, ERROR issues a warning that the
error was encountercd. It should be noted that ERROR
does not check the validity of the input data and the
program does not terminate if an e¢rror is encountered.
The sole purpose of ERROR is to caution the user that his

residual spectrum is probably inaccurate. If ERROR

22
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issues a warning, the user should check the data files
for proper format. The error code issued by ERROR is
machine specific and must be interpreted by the user

based on the local machine installation.
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CHAPTER 1V

RESULTS

Testing Using Simulated Data

Since the concept of the program is new, testing
presented a problem. There are no known spectra with
which to compare the results to determine that a valid
solution has been achieved. Consequently, a "known"
spectrum was created for testing purposes.

First two individual stick spectra, called DA and
DB, were created with a pseudo-random number generator.
Line positions were randomly determined; then a random
intensity was matched against each line position. A
third spcctrum, D2, was crecated by combining the first
two. Finally, each spectrum was convolved with a
Gaussian whose FWHM was seven data points to simulate the
combined effects of the natural line width, Doppler
broadening, pressure broadening, and the instrument func-
tion. The convolved spectra are called GA, GB and G2
respectively.

The final G2 spectrum then contained two, and only
two, known components. If FILTER was applied to remove
GA from G2, the resultant should have been GB. The
results are illustrated in Fiqures 4-7. A further check

was made by removing the calculated GB from the residual

24
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of G2 - GA (for convenience, the act of removing one
. spectrum from another will be denoted by "-"). The final
result was an error spectrum whose peak intensity was on
the order of 1.0 x 1079,

- To complicate the picture, a "noise" spectrum was
gencrated, added to the stick spectrum D2 and convolved
with the Gaussian. The noise specctrum was generated
il using a pscudo-random number gencerator similar to the one
used to generate DA and DB. The resultant spectrum was

scaled to give a signal-to-noise ratio of approximately

t 20:1. After removing GA from the new G2, the result was
GB to within the noise. G2 - GA 1is illustrated 1in
Figure 8.

. The final step in the testing phase was to add a

» single line to the D2 stick spectrum that contained the

additional noise spectrum, The intensity of the line was

h approximately 10% of the average local intensity and

:-l.; approximately twice the average local noise level. This

new G2 spectrum was then convolved with the Gaussian, and

‘.';-' FILTER was used to remove GA and GB. The resultant
spectrum faithfully retained the added line and removed

all other lines above the noise. Sce Figure 9.
Actual Data Runs

After validating the basic concept, FILTER was

used to remove the calculated vg band of ethane from the

29
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obsecrved ethane spectrum at three different frequencies.
The frequencies were chosen to represent three different
levels of activity: one with low activity near 815.0
cm-], another with some activity but little expected hot-
band activity near 804.0 cm™!, and a final one with a
great deal of cold-band activity and hot-band activity
near 819.5 cm™ L.

The segments of the observed ethane spectrum used
were recorded on the one-meter Fourier transform spectro-
meter (FTS) at the McMath solar telescope at Kitt Peak
National Observatory (Jennings, 1984). This is similar
to data taken by Daunt et al. (1984) except the resolu-
tion was doubled to approximately 2.5 milli-wavenumbers
by modifying the FTS to doublec pass the interferometer.
The calculated stick spectrum used is taken from data by
Atakan et al. (1983).

In computing the thcorctical spectrum, it was

-2 atm_1 was neces-

found that a factor of 12.1 x 1073 cm
sary to convert the relative intensities given in the
spectral catalog to absolute intensities. The doppler
width was calculated to be 1.8 milli-wavenumbers and the
pressure width, 0.5 milli-wavenumbers. The instrument
function for the FTS was taken to be a sinc function with

FWHM of 3.0 milli-wavenumbers, The observed, calculated

and resultant spectra are illustrated in Figures 10-18.

32

X -‘ﬂ\ - .

UL LU S P PSP Y IR W S ST AP I S S S U T

R

e

a

, ,"‘!E‘e Lo
M la L.A PRy

warp, .
L




L a2

TYwY

ha e

B g

LI AU o vl At ik ade ol 2 adl 9

T{-WO 0°p0g Iwou

1)

‘vC8 Sy v28

. I

c

|

¥

oueylo jo wnIlidoads poAIdsSqo Syl JO UOTIXOd (1 2Inbiyg

NSy

0
!
i

e
L

0N

oy
b 0
.
< .
[




b o

Chath

A ahh ane o

DA ar gt A P A

0s- 708

v v08

Ctr-vCe

Sg”

1

“r
L
2]

_wd Q0 pOg ILdU duUeBYID JO pueqy 6s pojernore)d

(1-W3) A3

cg-vosg
1

gz 508

NZ005¥5

02 708 .

11 °oanb1yg

T

-

) PR
. * s

S md ml

POBIPCN

o]

PPN Do Do S

34

bk

sl




) Y y e .\c\‘l"l ——
s S N e Q Il ) . . Ny iz R, MO rh A BN o
A Lele e e e e e g LA A R D AN e K WP j . AR i S | . Sty R .
Yol * el T ™

La-v-.-..nnn-.i [ P T O R \ B AL B S A R .. 4

*¥AJL1Id Aq poijreaouob (W2 0°v08 IedU wni3idods [enprsay -zl 2andt4g

(1-A2) AONZNC3&-
0S'»08  SGr°¥03  Ov'¥0E  GI°¥0B  00-ydR G2ty0B 02°¥QE  GivdE  OL°K0B  S0°¥08  037rlA,
— - I

/\/).\/\r\/\\(}\!()(\ a2 <}\/. .\ M (\!, A 5\_.~ ﬁ\,}\/\/x‘\./ll\(,( \ ,\,\(/‘,. .\( (, \((/).. ~ <l).>\(/)>(, \,3?))_(5«\/‘(\,.\ “ m
! IH L
li i

Q P

C

.

-

E

e [ig
Pl ~y
[0}

. -4

Fo<

-4

o

*.0
Bl
P Q
1
i
;l
r'
(=
e
« e . . . -
Pte s 1 T v r Y LRI ~ e e too, .“.,.q..-.-...- L NS e B e * e T, [ AP S
i, ........-\;\.. A . LA .-N ..... e ...:. e .,.~, o, ..f-........ \‘. AR A (AR w; i . ....w r..... ) .. .. .. .




AR 4 RARS AR A 5 ! A L s R Rt I AR Ve
"‘.. ...u............ ’ ......... FV)A..U..&.V%\IVM‘.,.... tot ,.‘....,Il.. PN RPN F.L ‘ el S \.!_ . R wwau

. .
ERCN
[

-
s
- N

§

. -

atstlm

"{-U2 07618 IedU dUBRYIS jO wunI3joads pLAIadsSqO 9yl JO UOTIIOd ¢ oanbty

“e
P

OIS Bl A ‘B T N gt N e A
\N
e <

¢ 66°6.2 03°S'€ SLTSiE 6.°G:¢ RO TP
, YT RN RTRT TR T,
v ./L/. ! ! o7 v T c
oo \; ‘- U , e
_.u V ] ‘
) ; [
1} Lo Y
‘ , B (3

-
2ala




.-- J.
AN AN NI
« &t a2 ¢ T 0 ’

O o I v B A

.H|Eo 0°GT8 IedDU dURY3D

jo pueq 6x pajeynore)

AN

ot

A

(1-W3) ACNINDZEH
€§°518  §v°8i8  Ov'gi@  G{UClE  CPti®  SZ°CIE 02°5i®  Si'siE 01St €c-z
- A 7 < o . , <

PRI

‘v1 2anb1yg

Ly

i

00

—_—— ,‘. -

‘0

00

Nt *

e e
0
ERRID

ALIST

09°0

0a-n

t

| auateniatantii RS Skt

oo

i~ .




AP A e Jart MOMPRTRIAEA R "3
! bt . ‘s S asd 9
‘
1
W
K
*¥ALTId Aq pa3easusb 142 0°S18 Iedu wnijoads 1enprsay °G1 2aInbrd w
.,
3
(1-1i3) ADNZNO3¥S o
§6°¢. w ow m Sy o...m._rWill.mM.w_.rm cg- m»m [ mwm oZ- m.m St Gt m wﬁm mo.m.,.-u ...,
i /\ | : o
b ! : 3
c (, | ;
2 i
. & \
, 4
e
ez 4
.0.14 [0 0] 9
= ™
%) h
o 4
FUIA .,..
Mm 4

I T R 2 Ahe Spfe S

-.-. .-\\-




L A

S S A

el

T

“1-W° S°618 IESU BURY3IS JO wnizdads poOAISSqO oy3 jo

(1-12) AON3ND I

00°028  §6° 0E'6i8 S2°618  08°6i8 £°618  0/°618  93°618
\/\./\Jﬂ.fu(\\ ./\\(. :\ ? )
\ /3 /\ p .\//. ‘/.NJ\ Jﬁ e ? Q >\&
, Y M 4 TM
“ : i
! k ;. _.n
] ;g_M
i by
St
b
. i
Pl
!
! H
|
(I

AR

Salala® .- l‘.L"

UuoTrliod *91 2anbiyg

§6°618 o¢- u.m

.

ov-0

ALTSHYING
39




R NODOOENON (5 M O] B PR T et Ao g
-t\. T i-’.. S -.. R ..ﬂ"- LY P s lv AN . Voot
b
Y,
4
-.
{4
4
.
;.
p
‘-
L
2
, .HlEU G'618 IeSU Iueyis JO pueq m> pojeIndied L1 Ohj@.ﬂh
2
'4
b
. (L=v10)Y ADNIANDFNA
3 00°0Z8  §6°618 6618 G364  0B°618  G/°6i8 0/ 6.8 -8
. ——— A ———— Fo ek oo, ' ~— amA L R et
3 \ ! / \ o ,_.\ ,,\( ,},\ g ._T Yo
. y Sy 4 g ©
3 (A
. o
3 Y
w. o
3 3
'-~ R “ -..‘
" Lo 'R
.V“ ....
.ﬁ Omﬁ._ o ', ..A
> Pﬂu - , ¢
' Lo -
S =<
] 2 “
X o .
“_ o
! Lo
: i o
[ =3 S
,. ")
. K
| - ...M
L =4 ......4
‘. q
' ...4
£ o
- R
', 0
... q
3 <
v
‘;-
o
.
v, .\
vr% ...\.)
v. X o




RS ’ ., . . . . . LT Vs ey NN
PR P A IR P Y 7" A A .-\.c-.....«n.......4.... bl e L e

“UALTId Aq pa3jeasusb -2 G°6I8 Ieau unijoads [enprsay  gJ

X (I-+0)  AD0AND IS4
‘ Qu-0c8 $6°6.8 cw.m,m mu.mﬁm ck.m*%
\(,w

A S; i\
| ,._: i
\

Oo.ﬂ_m»m AN

§3°6i8
L

ov -0

A

09°0

oC-

R '
Ct e S .

RIS

JINI

AL1St

2anbt1yg

davd a8

[Ior

41

NESPALALIL s Aiin e e |
T e :

. - S
abhac ada g 2y o

R I
PR

et
CERSPAL B
W SAPRAPRAP

e a
et et
Aol

.

..
Al ey

N

LA,

a

oy v ®
- .

LYW Sl W

At

.
SRS




A i

LA

L K D g
k] Tkl af
O’lll.l'l.l

S

As an additional cross check of the wvalidity of

the resultant data, one very small line was removed from
the calculated stick spectrum at 819.66089 cm™ 1, The
continuous spectrum calculated from this new stick spec-
trum is shown in Figure 19, with the position of the
removed line indicated by an asterisk (*). The error
spectrum produced by using the new continuous spectrum in
FILTER is identical to the error spectrum produced by
using the original stick spcctrum cxcept for the reap-
pearance of the single line. The line is identified with

an asterisk (*) in Figure 20.
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CHAPTER V
DISCUSSION

The spectra used in the testing phase are fully
known since they were created specifically for testing.
Consequently, evaluation of the program function is
fairly objective. G2 with GA and GB removed is effec-

tively zero. Furthermore, when G2 contains features not

in GA or GB, those extra features remain when GA and GB
are removed. Hence, one can say the procedures employed
by FILTER are correct for the intended purpose.

When considering real spectral data, the interpre-
tation of the results is definitely more subjective;
there is no reliable predictor of the residual spectrum.

Before evaluating the program’s effectiveness with
observed spectra, one must ensure that the observed spec-
trum and the theorctical

spectrum truly represent the

same data. That is, each data point in the observed
spectrum must be exactly equivalent to the corresponding
data point in the calculated spectrum. Failure to pro-
perly match the spectra will gencrate some oscillatory
behavior or large negative cxcursions by mismatching peak
positions. Neither condition is desirable and any nega-
tive absorption is clearly non-physical. To ensure that

the data is in fact equivalent, the starting frequencies
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must exactly coincide and the data-point density, or the
step size, must also be the same.

Furthermore, when converting the calculated stick
spectrum to a continuous thcorectical spectrum as in Equa-
tion (12), Page 11, the line shape chosen to convolve
with the stick spectrum will affect the peak intensities
of the calculated spectrum. A normalized line shape
preserves the total cenerqy, but in doing so it neces-
sarily reduces the peak intensity by spreading the energy
over a wider frequency range. In the present work, the

absorption coefficient was calculated
a= (D& P)S,

where s, is the absolute line strenath determined from

data by Atakan ct al. (1983) as

- -3
So = 7.1 x 1077 s,

where Sp is the published reclative line strength.

Using data supplied by Jennings (1984) of 1.5 torr
pressure, 296°K temperature, and 150 cm path lenath, it
was found that the intensities of the calculated spectrum
were too low hy a factor of 1/3 to cffectively remove
their contribution from the observed spectrum. In order
to bias the intensities of the calculated spectrum to

match those of the obhserved spectrum, a factor of 12.1 x
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1073 cm™2 atm~! was used in converting the calculated -
'1'J
relative intensities to absolute intensities. R
i

The discrepancy between the expected and actual

»

LR}
(4
AT Wy

conversion factor can be ascribed to inaccuracy in the s
measurement of the pressure of the sample (Jennings, _{.r
1984). If one assumes the given value of 7.1 x 1073 is E
’
- correct, the discrepancy corresponds to an actual pres- '..‘1
ﬁ sure of 2.6 torr. Additionally, the discrepancy may be a -
f‘f result of inaccuracies in establishing the base line k"j
(Blass, 1985). Obviously, any combination of the two j

errors could account for the discrepancy.

The natural question arising is "How does one
decide that the calculated spectrum is a good predictor
of the known part of the obscrved spectrum?”

By looking at a scction of the spectrum with

relatively little activity, one may make an educated

guess at the reliability of the residual spectrum. Pre-
sumably, most of the lines will be completely eliminated
by the filter, 1leaving noisec. The spectrum near 815.0

cm™! demonstrates that FILTER will remove those compo-

nents when there is not much underlying activity.
For the more active sections of the spectrum, a
comparison of the calculated spectrum with the observed

spectrum can be uscd to determine that a given line has

Lt 1R
EAC RPN, P e,

becn completely removed from the residual spectrum. 1In

.
.

o A

such a case, care must be exerciscd not to confuse an
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underlying element of the observed spectrum that should
properly exist in the residual spectrum with a portion of
the calculated spectrum that was not completely removed

1 includes a

by FILTER. The spectrum near 804.0 cm~
segment of fairly high spectral activity followed by a
segment of relatively little activity showing that FILTER
will remove the known components in a region of high
spectral activity without altering the underlying data.

1 is an extremely busy portion

The spectrum near 819.5 cm™
of the ethane spectrum, complete with hot-band activity
underlying the ground-state transitions, vet FILTER
effectively removed the ground-state transitions, leaving
what is presumed to be hot-band transitions. Analysis of
the residual spectrum is left for further study.

Whether to deconvolve the data before applying
this program is a question to be answercd before the data
is taken. Expected resolution of the experimental data or
an unreasonably long observation are factors to consider,
but the use of FILTER is not dependent on the existence
of deconvolved data. Howevcer, the effect that FILTER may
have on the deconvolution process has not yet been inves-
tigated, and the very strong sensitivity of the deconvo-
lution process to the signal-to-noise ratio of the data
suggests that decconvolution should be performed before

the algorithm in FILTER is applicd.
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PROGRAM LISTING

C".'.l‘.'I.Il..ll’il‘.."‘.‘I.C.“I"'ﬁillll'.IilllllQ.'.KD}"II..'.D"I.'.II.

Ce PROGRAM FILTER e

c."lli!’.III'!‘II"D!’I!GD!I‘lIlIIl!IIIIlll!lll&!ll!I&ll}!}i.ll!i.l.l.ill....

C

C THIS PROGRAM ACTS AS A FILTER TO REMOVE KNOWN COMPONENTS FROM A

DIGITAL SPCCTRUM.  IT SMOOTHES THE SECCTRA USING A QUADRATIC

LEAST SQUARES FIT WHERE NFIT#2+1 IS THE NUMBER OF POINTS IN THE LEAST
SQUARES FIT, THEN IT USES THE TWO POINTS ON EITHER SIDE OF A POINT AND
THE SAME POINTS IN THE CALCULATED SPECTRUM 10 MAKE A PREDICTION FOR EACH
POINT IN THE SPECTRUM. TO ACCOMODATE LARGE SPECTRA, A BUFFERING ROUTINE
IS USED TO WORK WITH SECTIONS OF THE SPECTRA INDIVIDUALLY. IT CURRENTLY
USES 100 DATA POINTS BUFFERED BY 10 DATA POINTS ON EITHER END.

<t

Te v v N
O

NO0NOOOOO
Dt AR

DIMENSION XINT1(120),XINT2(120),A1(120),A2(120)
DIMENSION B1(120),82(120),C1(120),C2(120),FILEL(6),FILE2(6)
DOUBLE PRECISION XINT1, XINT2, Al, A2,B1,B2,C1,C2
COMMON NDATA,NFIT NBUFF ,NFLAG

NDATA IS THE DATA SET SIZE ALUS THE TOTAL NUMBER OF BUFFER POINTS
NDATA=120

NBUFF AND NFLAG ARE FLAGS USED BY SUBROUTINES

aO0o0 [minie]

NBUFF =Q
NFLAG=0

ISIZE 1S THE ESTIMATED SIZE OF THE SPECTRA/10 + 1. IT IS USED
AS A LIMIT TO PREVENT AN INFINITE LOOP

ISI1ZE=11
NFIT*241 = THE NUMBER OF POINTS USED IN THE SMOOTHING

OO0 OoO000

NFIT=4
WRITE (S,100)
100 FORMAT(* INPUT FILESPEC FOR THE MAIN SPECTRUM')
READ (5,200) FILE1
200 FORMAT (6A5)
DO 20 I=1,1SIZE
CALL RBUFF(XINTL,FILEL, INT)
IF (INT+10.LT.NDATA) NDATAzINT+IO
CALL LSQ(XINT1,Al,Bl,Cl)
CALL FILTER(XINT!,A1,B],Cl1)
CALL WBUFF (XINT1,FILEL,INT)
IF (NFLAG.EQ.1) GO 70 30
20 CONT INUE
30 WRITE (5,400)
400 FORMAT (' INPUT FILESPEC OF THE SPECTRUM 10 BE SUBTRACTED')
READ (5,200) FILE2

C
C REINITIALIZE THE FLAGS
c

NBUFF =0

NFLAG=0

00 40 I=1,ISIZE
CALL RBUFF(XINT2,FILEZ,INT)
IF (INT+10.LT.NDATA) NDATAzINT410
CALL LSQ(XINT2,Al1,81,Cl1) B
CALL FILTER({XINT2,Al,B1,C1) .
CALL WBUFF(XINT2,FILE?, INT) e

53

IF (NFLAG.EQ.1) GO TO 50 X

40 CONTINUE o
50 CALL MINUS(FILEL,FILE2, INT) -
tq

k
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c
C OFFER OPTION TO REMOVE MORE FROM THE SPECTRUM

c
WRITE (5,500)
500 FORMAT (' IS THERE ANOTHER SPECTRUM TO BE SUBTRACTED? 1=YES')
READ (5,600) LOOP
600 FORMAT {I1)
IF (LOOP.EQ.1) GO TO 30
WRITE (20,300) XINTL
300 FORMAT (D20.12)
END

c‘lllliiI!l'Il'llli*i&‘l*llllli'&llllll*lllﬁlll'illlll{'i 222222222 X222 XS

SUBROUTINE L SQ(Y,A,8,C)
R L T e ey L R R
C
C THIS SUBROUTINE MAKES A QUADRATIC LEAST SQUARES FIT TO
C A DIGITAL SPECTRUM. NDATA 1S THE NUMBER OF DATA POINTS.
C NFIT#2+1 IS THE NUMBER OF POINTS IN THE LEAST SQUARES FIT
C

COMMON NDATA,NFIT
DIMENSION MATRIX(3,4), Y(NDATA), A(NDATA), B(NDATA), C(NDATA)
DOUBLE PRECISION MATRIX, Y, A, B, C, MALT

DO 10 N=1,NDATA

C
C INITIALIZE THE MATRIX ELEMENTS
C

SX1=0.
SY1=0.
SX2=0.
SX3=0.
SX4=0.
SX1Y1=0.
SX2Y1=0.
XN=2#*NFIT+]1

C
C COMPUTE THE MATRIX ELEMENTS
c

DO 20 M=-NFIT,NFIT
IF (N+M-1.LT.1) GO TO 25
IF (N+M-1.GT.NDATA) GO TO 25
Y1=Y(N+eM-1)

25 X1=FLOAT(M)
X2=X1#X1
X3-X2#X1
X4=X3%X]1
X1Y1=X1*Y1
X2Y1=X2*Y]
SY1=SYl+v1
SX1=5X14+X]
SX2=SX2+X2
SX3=5X3+X3
SX4=SXh+X4
SX1Y1=SX1Y1+X1Y1
SX2Y1=5X2Y1+X2Y1
20 CONTINUE

MATRIX(1,1)=XN

MATRIX(2,1)=5X1

MATRIX(3,1)=5X2

MATRIX(1,2)=5x1

MATRIX(2,2)=5X2

MATRIX(3,2)=5X3

MATRIX(1,3)=5X2

MATRIX(2, 3)=5X3

MATRIX(3,3)=SX4

MATRIX(1,4)=SY1

MATRIX(2,4)=5X1Y1

MATRIX(3,4) =SX2Y1
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C
C CHECK THE SIZE OF THE MATRIX ELEMENTS
c
DO 30 1=1,2
00 40 J=1,3
11=1
Jl=J
C
C IF THE MULTIPLIER WOULD BE > 1, PIVOT THE MATRIX
C
IF (ABS(MATRIX (I,1)).LT.ABS{MATRIX(J,I)
1 Y)CALL INVERT(I1,J1,MATRIX)
40 CONT INUE
o
C COMPUTE THE REDUCED MATRIX
C
DO 50 J=I+1,3
MULT=-MATRIX(J,1)/MATRIX(I,I)
00 60 K=1,4
MATRIX(J,K)=MATRIX(J,K)+
1 MULT*MATRIX(I,K)
60 CONT INUE
50 CONTINUE
30 CONTINUE

C
C CALCWATE THE VALUES OF THE COEFFICIENTS
C

C(N)=MATRIX(3,4) /MATRIX(3,3)
B(N)=(MATRIX(2, 4)-C(N)*MATRIX(2, 3) }/MATRIX(2,2)
A(N)=(MATRIX(1,4)-B(N)*MATRIX(1,2)-C(N)*MATRIX{1,3))
1 /MATRIX(1,1)
10 CONTINUE

RETURN
END
c

Cﬁﬁilii*#iiilf#ll{i}*}*l{f{*{l{*{*ﬁ#**l{#*l'l#****ll#**li’&#*!}l’i**”}i}l&li

SUBROUTINE INVERT(I,J,MATRIX)

A3 3008 063830900636 3006030 30036033363 306 3 36000 000 060600060 036 MM NN RN NN

C
C THIS SUBROUTINE PIVOTS THE MATRIX TO REDUCE ERROR PROPAGATION.
C

DIMENSION MATRIX(3,4)
DOUBLE PRECISION MATRIX, SMALL

DO 10 K=1,4
SMALL = MATRIX(I,K)
MATRIX(I,K) = MATRIX(J,K)
MATRIX(J,K) = SMALL
10 CONYINUE
RETURN
END

C!l!llillllllllililll*llll}l&llli}lll*!lllIl*!lil&llll*ll*!l}***l*i{lli}l!}l*

SUBRIUTINE FILTER(Y,A,B,C)
CD!!.’IG!!!l'!bll'!ﬂE‘il!ii!{lﬁ“ﬂ*Illiﬂllli*llllll**llll**Qi**ll"{illl'll*ll
c
C THIS SUBROUTINE MAKES A PREDICTION FOR THE NEXT POINT BASED ON THE
C COEFFICIENTS CALCULATED FOR THE FOUR POINTS AROUND 1T.

c

DIMENSION Y(NDATA),A(NDATA),B(NDATA),C(NDATA)

COMMON NDATA, NFIT

DOUBLE PRECISION Y,A,B,C

TEND=NDATA-2

C

C THE END POINTS HAVE A DIFFERENT WEIGHTING

C
Y(1)=.6%A(1)+.3%(A(2)+B(2)+C(2) )+ . 1% (A(3)+2°B(3)+4%C(3))
Y(2)=.2%(A(1)-B(1)+C(1))+.5%A(2)+. 2% (A(3)+B(3)+C(3))+. 1% (A(4)+2%
1 B(4)+47C(4))
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WRITE (21,100) Y(I) -
10 CONTINUE -
CLOSE (21) ‘.
. NBUF F =NBUFF + 1
RETURN
100 FORMAT (D20.12)
END

c‘ilili*illli**lli*'i**i*li{lll*l{{}llI**lliliiiiiﬁil&ﬁii'&lﬁﬁ’il"lﬁﬁ..’&.*.

SUBROUTINE RBUFF1(Y)

Cli*iill**&li*%*iﬁ**i{l{*i&!*{l*!{i}lll’*l*I*{Ih&iilllll!li}ﬂiﬂi"il’}&l}i’!i

C
C THIS SUBROUTINE ADDS AN EXPONENTIAL DECAY TO THE BEGINNING OF THE SPECTRA
C SO THAT THE FILTERED SPECTRA DO NOT GET A BIG IMPULSE AFFECT ON THE ENDS
c

DIMENSION Y(120)

COMMON NDATA,NFIT,NBUFF

DOUBLE PRECISION Y

DO 10 1=110,1,-1

Y(I+10)=Y(I)

10 CONTINUE

C
C COMPUTE THE FIRST POINT BASED ON THE SLOPE AND END POINT IN THE SPECTRWM
c

FIRST=2.#Y(11)-Y(12)

Do 20 1=10,1,-1
XPOW=(-(10.~1)*(10.-1)/50.)
Y(I)=FIRST*EXP(XPOW)

20 CONTINUE

RETURN

END

Coa 33000300038 3030363008 0000303000030 3363000 08 3030 3436 3 30 30 4360606 9 J 63030 36 3036 30 30 0 309006 90 00 3 36 3000 30 9 3 9030 08 3 36 30 30 40 3696 0 34 38 3 96 ¢

SUBROUTINE RBUFF2 (Y,INT)

CH I3 33 33 T30 3 326200 36 63600 3030 3 T 3303 I 06303006 3006 30004 36 T4 66606 2633630 0 0 O O

C R
C THIS SUBROUTINE BUFFERS THE LAST DATA SET
c

DIMENSION Y(120)
COMMON NDATA,NFIT,NBUFF,NFLAG
DOUBLEPRECISION Y

NFLAG=]
C
C THE LAST POINT IS BASED ON THE SLOPE AND END POINT OF THE DATA SET
C
YLAST=2#Y(110)-Y(109)
DO 10 1=1,10
. XPOW=-1%1/50, o
- Y(110+1)=YLAST*EXP(XPOW) -
S 10 CONTINUE o
2 RETURN -
... END -
:_--'_ Cﬁilill!illlll!l}llil&l"{l&llli**il*{{lll!l*l!llllllﬂli}'l!ll{i!llli{l&lll.l '"-
b SUBROUTINE ERROR(10S) -
{‘ - Cl{’llll{!l{!l!i****i{*ll*!ilil!llll!}k'*!kl*}l!‘l!!ﬁli!!!l!l!!i!l}ll}*lliii!i {
R C -
o C THIS SUBROUTINE IS PURELY PRECAUTIONARY, IT WARNS IF AN I/0 ERROR IS .
- C ENCOUNTERED.
BN C
T WRITE (5,100) 105
S 100 FORMAT(' 1/0 ERROR ENCOUNTERED. 1/0 ERROR IS ',13)
RETURN
- END
S C*l*’ll*il#llll{l****i‘*l**l*ll*}ll}l!lill!l{lll}}ﬂlii*&il{l’illiil&!l}!i!«ll!
S SUBROUTINE MINUS(FILEL,FILE2,INT)
.'_’- C!!ll*’!ll’!llil.!!!*llllIll!l!!illl'*llll!lQ‘Illiilllllﬂl}.lli!.!il..i&lll.l
o C
N C THIS SUBROUTINE WILL READ THE TEMPORARY FILES AND THEN SUBTRACT THEM
. C POINT-BY-POINT
c
DIMENSION Y1(1000),Y2(1000),F ILE1(&),FILE2(&),STORL(2),STOR2(2) E;
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o

Y(IEND+1)=.1*(A(IEND-1)-2*B(IEND-1)+4*C(IEND-1)) + .2*(A(1END)-

1 B{IEND)+C{IEND) )+.5*A(IEND+1)+.2* (A(IEND+2)+B(IEND+2)+C(IEND+2))
Y(IEND+2)=.6*A(1IEND+2) + .3%*(A(IEND+})-B(IEND+1)+C(IEND+1)) +

1 . 1#(A(IEND)-2*B(IEND)+4*C(1END))

C

C MOST POINTS ARE WEIGHTED HERE 1,2,4,2,1

C

DO 10 I=3,1END

Yi=.1#(A(1-2)-2.#8(1-2)+4.%C(I-2))
¥2=.2%(A(I-1)-B(I-1)+C(I-1))
Y3=.4%(A(1))
You=.2%(A(1+1)+B(1+1)+C(I+1))
Y5=.1%(A(142)+2.#B(1+2)+4.%C(1+2))
Y(I)=Y14Y2+4Y34Y44Y5

10 UONTINUE

20 FORMAT (D20.12)

RETURN

Cll!’ll!IQllllll*li’l*i}l{l*ll*l**li**ii&llII}}’}I}{!}I!!!‘IIll!illlliliil{iﬂ

SUBROUTINE RBUFF(Y,FILENA,INT)

C{l!i}liiﬂ‘lii***lii**l***i*li*{*'l{{*ili*lil}il&llllIlliii&llill!iiilil}!!l.

o
C THIS SUBROUTINE READS A 100 POINT PORTION OF THE SPECTRUM AND BUFFERS
C IT BY 10 POINTS ON EITHER SIDE.
o
DIMENSION Y(120),FILENA(6)
COMMON NDATA,NF1T,NBUFF ,NFLAG
DOUBLE PRECISION Y
INT=0
OPEN (20, NAME=F ILENA,ACCESS="DIRECT' ,RECL=22)
11=NBUFF *100-9
IEND=11+119
D0 10 1=11,IEND
IF (1.LE.0) GO TO 10
READ (20,100,REC=1,ERR=20, IOSTAT=10S) Y(INT+1)
INT=INT+1
10 CONT INUE
C
C CREATE A LEADING BUFFER IF THIS IS THE FIRST DATA SET IN THE SPECTRUM
C
IF (NBUFF.EQ.0) CALL RBUFF1(Y)
CLOSE (20)
RETURN
20 If (I0S.NE.510) CALL ERROR(IOS)

C
C CREATE A TRAILING BUFFER IF THIS IS THE LAST DATA SET IN THE SPECTRUM
C
CALL RBUFF2(Y,INT)
CLOSE (20)
100 FORMAT (D20.12)
RETURN
END

CR¥MRBRDRAEREN NN WIS T I NI I3 1T T2 30 IE 0063030000050 9030 0033

SUBROUTINE WBUFF (Y,FILENA,INT)

CRERRRAFREABERES ERRRERRRRERRRARRBFRENRRRRARRRRRRE RS RRAERERRRED E R AR RRRRR RS

c
C THIS SUBROUTINE TRUNCATES THE OUTER 10 POINTS ON EACH SIDE AND WRITES
C THE REMAINDER TO DISK IN SEQUENTIAL ORDER.
C
DIMENSION Y(120),STORE(2),F ILENA(6)
COMMON NDATA,NFIT,NBUFF ,NFLAG
DOUBLE PRECISION Y
STORE( 1) =F ILENA(2)
STORE(2)=".TMP"
11:=NBUFT *100+ 11
TIEND=114+99
J-=11
OPEN (21,NAME=STORE ,ACCESS='APPEND' )
no 10 1=11,110
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DOUBLE PRECISION Y1,Y2
COMMON NDATA,NFIT,NBUFF ,NFLAG
STOR1(1)=FILEL(2)
- STOR1(2)=".TMP®
STOR2(1)=FILE2(2)
STOR2(2)="'.T™MP’
OPEN (20,NAME=STOR] ,ACCESS="SEQUENTIAL ')
OPEN (21,NAME=STOR2,ACCESS="'SEQUENTIAL')
READ (20,100,END=20) VY1
20 READ (21,100,END=30) Y2
30 IEND=NBUFF*100
: REWIND (20)
DO 10 I=1,IEND
Y1(1)=Y1(1)-y2(I)
10 CONTINUE
WRITE (20,100) vl
CLGOSE (20)
CLOSE (21)
RETURN
100 FORMAT (D20.12)
END
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