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Abstract-The most important sources of error incurred in the measurements of spectral-line parameters arise 
from uncertainty in the determination of the 100 per cent transmittance and in the distortion of the line profile 
by the spectrometer. These errors have been investigated numerically by passing an idealized spectrometer slit 
function over several assumed line profiles. In this way, families of correction curves have been constructed, from 
which spectral-line strengths, widths, and peak absorption coefficients may be determined from apparent values 
measured directly from the chart recorder. The effect of the form of the slit function has been investigated by using 
triangular, Gauss, Cauchy and combination Gauss-Cauchy slit functions. The effect of uncertainties in the line 
shape has been investigated by using Doppler, Lorentz, and Voigt line shapes. 

The correction procedure has been applied to the self- and nitrogen-broadened R(0) and P(l) lines in the first 
overtone band of hydrogen fluoride. The measurements were performed on collision-broadened lines near the 
linear region of growth ; within experimental error, the line parameters were found to obey the Lorentz relation 
kP = S/yn. The measured self-broadened line widths indicate a non-Lorentz behavior because they do not vary 
linearly with pressure. When broadened by nitrogen, the line widths follow the expected linear dependence on 
pressure, well within experimental error. 

1. INTRODUCTION 

SPECTRAL line-shape measurements may be separated into two types. On the one hand, 
there are measurements which try to define detailed information about the true line shape. 
On the other hand, once the true shape is already known, there are measurements which 
try to define only spectral line-widths and strengths. The present investigation treats only 
the latter type, though it is clear that some line-profile information may be obtained by 
inference. Our primary goal is the development of a procedure to determine line strengths 
and widths which makes maximum use of the moderate- to high-resolution capability 
now available in most spectroscopic laboratories, and which may be applied with relative 
ease, without regard to weak continuum absorption or emission superimposed on the line 
spectrum. 

Often the attitude is taken that the accuracy of measured line parameters is relatively 
independent of the spectral resolution with which observations are made. This feeling is 

* This research was sponsored by the Advanced Research Projects Agency under ARPA Order 236, Amend- 
ment 38, Contract DAHC15-67-C-0062. 

t In what follows, only absorptance measurements will be discussed. The methods developed may be used 
for measurements of radiant intensity profiles as well. 
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particularly common in the case of absorption* line-strength measurements, since it has 
been shown both theoretically and experimentally that the area under an absorptance line 
(i.e. the equivalent width) is independent of instrumental distortion.“,‘) On the other hand, 
one intuitively feels that, with greater spectral resolution, more information is obtained. 

Thus, one is confronted with an apparent paradox. However, the resolution of this paradox 
is immediate upon recognition of the fact that the major source of error in measurements 
of integrated absorptance is the area lost (or gained) by inaccurate location of the 100 per 
cent transmittance lines. This error arises from the difficulty in measuring absorptance 
values which are less than several percent. It is a limitation imposed by photometric 
stability rather than by spectral resolution. A more accurate measurement of equivalent 
width is possible if most of the absorptance is concentrated near the line center and if it 
diminishes rapidly within several half widths of the center, thereby minimizing the lost 
area. The use of high resolution alleviates this limitation in two ways : (1) measurement is 
limited only by stability rather than by slit-induced wing absorption which increases the 

lost area, (2) observation is possible for Voigt or Doppler profiles (which have a very small 
wing contribution), rather than for collision-broadened lines which have an appreciable 
contribution far from the line center. In addition, the use of high resolving power to eliminate 
or minimize the wing absorption may eliminate the problem of line overlap and result in 
more meaningful measurements. 

The importance of resolution in the determination of line widths is much more obvious. 
It is worth pointing out, however, that in order to obtain independent measurements of 

line strengths and widths, resolution sufficient for the observation of relatively weak lines 
must be used, since the analytical connection between line strength and width is greatest 
for strong lines. In the weak-line limit, the strength depends on width only through the 
wing contribution. 

A significant step forward in the attempt to maximize the information contained in 
moderate- to high-resolution measurements was achieved with the introduction of direct 

measurement by KOSTKOWSKI and BASS. (3’ Their method is essentially a parametric slit 
correction procedure which may be applied for both line strength and width measurement 
if the instrumental distortion is not large (i.e. if the ratio of spectral slit width to line half 

width is of order unity). The direct measurement procedure has removed most of the limi- 
tations of the equivalent width method, but still leaves two major sources of error: the 
errors associated with the determination of the line of 100 per cent transmittance (the base 
line), and the errors arising from the contribution of the wings of distant lines. One of the 
main objectives of this investigation is the removal of these two sources of error from the 

direct measurement method. 

2. THE DIRECT MEASUREMENT METHOD 

The mathematical expression describing the distortion of a spectral absorptance line 
profile a(v) by a spectrometer which has a slit function a(v, v’) may be written as follows : 

a 
0 

(v,) = ST”, dv, V%(V) dv = j? z 4v, v’){ 1 -exp[ - k(v)/]} dv 

s’; a(v, v’) dv j: 2 (~(11, v’) d\’ . (1) 

* In what follows, only absorptance measurements will be discussed. The methods developed may be used 
for measurements of radiant intensity profiles as well. 
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Numerical integration of the integrals in equation (1) will yield the absorptance c.~,Jv’) 
expected at wavenumber v’. If CI(V’) and O(V, v’) are precise descriptions of a line profile 
and the instrument function used to observe it, then 

Q(V) = %I&) (2) 

where a,,_(v) is the absorptance observed experimentally. Equation (2) is the assumption 
on which the direct measurement method is based. A set of expected and observed line 
parameters may be defined in analogy with Lambert’s law as follows : 

so(v) = 1 - exp[ - k,(v)4 

a,&) = 1 - exp[ - k,,,(vYl 

+ a, k,(v) dv so= - s P 
-a, 

+ m k+(v) dv 
Sobs = ~ I P 

-m 

k,(v = yo) = 2 

kobs(v = yobs) = + 

where the strengths S,, and Sobs have units (atmosphere cm2)-l, and k: and kf& are the 
values of the expected and observed absorption coefficient at line center. Equations (l), (2) 
and (3) form the link between the unknown absorption coefficient k(v) and kobs(v) measured 
directly from the chart recorder. This link is expressed in the form of tables or curves 
relating correction factors yO/y, kP/kc, and S/S,, to the degree of instrumental distortion, 
2a/y, where the quantity a is the half width at half height of a(v, v’) and where y, y,,, and 
yobs are the half widths at half height of k(v), k,(v), and k&v). A typical correction curve for 
a Lorentz line which has a peak absorption a’ = 15 per cent and a Gauss slit function, 

h.(v) = 
SYP 

4(v - vcJ2 + Y21 

1 
b(V, v’) = - (v - v’)2 exp ~ 

a& [ 1 a2 (4) 

is shown in Fig. 1. 
In order to determine the half width of a Lorentz line by the direct measurement method, 

two measurements of a given line are required, since the ratio 2a/y must be determined. 
For example, if measurements y,,,(2a) and y,,,(4a) are made with spectral slit widths 2a 
and 4a, Fig. 2 may be used to deduce the value of 2a/y to be used to correct y,,,(2a). A 
detailed discussion of the method may be found in Refs. 3 and 4. 
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FIG. 1. A plot of correction factor y, = y,,/y for the determination of half-widths y, 

3. A MODIFIED DIRECT MEASUREMENT METHOD 

The direct measurement method suffers from the same major source of error inherent 
in all absolute intensity measurements : the inaccuracy inherent in the determination of the 
100 per cent transmittance deflection. This is the error depicted by the shaded portion of 
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FIG. 2. The relation between the ratio 2a/y and two expected half-widths y0 for slit functions of 
width 2a and 4a. 
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Fig. 3. The following discussion describes a method by which this error may be avoided in 
the direct measurement of line parameters. 

Suppose an expected absorptance curve is computed numerically from equation (1). 
If a straight line of height a,,(G) above the true 100 per cent transmittance is drawn ex- 
tending f G half widths from the line center, as shown in Fig. 4, one would have the ex- 
pected absorptance curve which corresponds to a measurement with a spectrometer 
having the specified slit function and 2afy ratio, but which differs by the shaded portion 
of Fig. 3. This portion is assumed to be the actual area and height lost by the error in the 
determination of the 100 per cent transmittance. A slightly altered expected absorptance 
curve c&(v) can be calculated using this new 100 per cent line by simply subtracting the 
height a,(G) from the absorptance points a,(v) and replacing $100 per cent) by r[lOO per 
cent -cc,(G)] = ~‘(100 per cent). This is the lower dashed curve of Fig. 4; the corresponding 
absorption coefficient is the upper dashed curve. This k&(v) is an even poorer representation 
of the actual absorption coefficient k(v) than the k,(v) defined earlier, because its apparent 
area, width and peak is smaller. However, since correction curves can be constructed and the 
true line parameters determined as before, the quality of the representation is of little 
consequence. The essential difference lies in the existence of a set of curves or correction 
tables for each distance G to which the measurement is made from the line center. Once the 
true line width y is known, G is determined, and the appropriate correction to Sobs and 
k:,,s may be made. 

FIG. 3. Effect of errors in baseline determination. 

G’ G 

FIG. 4. The determination of the artificial absorptance curve ah(v) from a,(v). 
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Appendix I gives the corrections to a Lorentz line having a variety of true peak absorp- 
tances for several ratios 2u/y and for a number of distances G into the line wings. Figs. 5-7 
show families of correction curves for CI’ = 30 per cent. Although these curves are quite 
similar to the familiar G = co curves discussed previously, there is an obvious difference. 
It can be seen that as 2a/y + 0, the correction curve approaches a nonzero value. This zero 
point correction arises from the wing correction and from the rectangle of height, CXJG), 
and length, 2Gy, that was lost in drawing the 100 per cent line. As G --, m, it can be seen that 

1.40 - 

1.30 - 

7,; 

Y 
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1.05 - 
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0.95 * ’ ’ ’ 1 I 
0.1 0.2 0.4 0.8 1.6 

2a 

FIG. 5. Correction factor y, for yob* for measurements taken to G. 

this zero point correction approaches zero and that the curves are the same as those dis- 
cussed earlier.* The wing corrections are thus contained naturally in the present method. 

It can be seen also that the yb/y correction curves show negative corrections for small 
G at small 2a/y. This is to be expected, since small G corresponds to large M,(G), a drastic 
raising of the apparent 100 per cent transmittance. yb can actually be smaller than y for 
sufficiently small G, since it raises the half height of the line well above the true half height. 
This does not occur for relatively large 2a/y because the distortion of the line is sufficient 
to compensate somewhat for the effect of the raised base line. 

From the yJy versus 2a/y correction curves, curves yb(4a)/yb(2a) versus 2a/y may be 
constructed from Fig. 5 with the use of curves of constant G. In fact, if 2aly is not too large 

* The corrections to ynb\. I(,,, , and S,,, computed here are not in exact agreement with the results of Kostkowski 
and Bass. This discrepancy, though small, is significant for very accurate measurements. The present work is in 
complete agreement with that of IzATT,‘~’ who extended the Kostkowski and Bass curves to larger values of a. 
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FIG. 6. Correction factor K: for Kfb for measurements taken to G 
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FIG. 7. Correction factor S, for S,,, for measurements taken to G. 
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and if G is not too small, the latter curves are independent of G; i.e. if the measurement is 
made a distance G beyond which the distortion is small, the &(4a)/yb(2a) versus 2a/y curves 
of finite G are the same as the G = cc curves. In Table 1, values of &(4a)&(2a) versus 2a/y 

for a wide range of G are listed. It is clear from this table that all reasonable G give a unique 
curve at or near the linear region of growth. For stronger lines, this is no longer the case, 
and care must be exercised that the correct curve is used for the determination of 2a/y. 

It should be emphasized that this method requires (1) that the two sets of measurements 
be made out to equal numbers of half widths from the line center, and (2) that this distance 
extend to a region of small instrumental distortion. 

Since the ratio &(4a)/yb(2a) has a negligible dependence on tip, the value 2a/y may be 
obtained without a prior knowledge of a’. Also, since the correction curves depend only 
weakly on CI’, the proper choice of up may be made quickly by iteration. 

TABLE 1. RATIOS &(4a)&(2a) FOR THE DETERMINATION OF 2a/y 

2a 

)’ 0 0.3 0.9 1.3 

c? = 30% 

0.1 1.0077 1.0073 1.0075 1.0075 
0.2 1.0287 1.0290 1.0285 1.0282 
0.4 1.0986 1.0982 1.0977 1.0978 
0.8 1.2650 1.2638 1.2616 1.2599 
1.6 1.5059 1.5015 1.4926 1.4865 

0 0.5 1.1 1.5 

a” = 60% 

0.1 1.0070 1.0068 1.0063 1.0067 
0.2 1.0263 1.0264 1.0263 1.0261 
0.4 1.0920 1.0917 1.0914 1.0912 
0.8 1.2576 1.2566 1.2556 1.2546 
1.6 1.5071 1.5039 1.5000 1.4971 

0 1.1 1.7 

up = 90% 

0.1 1.0051 1.0049 1.0049 
0.2 1.0203 1.0202 1.0201 
0.4 1.0779 1.0775 1.0772 
0.8 1.2487 1.2473 1.2465 
1.6 1.5221 1.5172 1.5150 

4. APPLICATION TO THE R(0) AND P(lj LINES IN THE FIRST OVERTONE BAND 
OF HYDROGEN FLUORIDE 

The new procedure developed here for the correction of slit effects is best illustrated 
by its application to isolated line profiles observed in the laboratory. For this purpose, the 
method will be applied to the R(0) and P(1) lines in the first overtone band of hydrogen 
fluoride. 
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Absorptance measurements on these lines have been carried out for path lengths of 
0.470 cm, 0.498 cm and 1.015 cm in the case of self-broadened HF and at path lengths of 
1.99 cm and 7.50 cm in the case of HF mixed with nitrogen in a ratio of 1 part HF to 25 
parts N, . Self-broadened lines were observed for pressure of 4 and i standard atmosphere, 
and the N,-broadened lines were observed for total pressures of approximately one and 
two atmospheres. All measurements were carried out with absorption cell temperatures 
at about 100°C. Complete experimental details will be described in a later paper. 

For one particular path length, sets of measurements at two spectral slit widths (2a 
and 4~) were taken. At least five ‘good’ scans were made of each line at a given slit setting 
(a ‘good’ scan is defined as one which appears to be undisturbed by source or detection 
fluctuations or by environmental effects). After each scan, an opaque shutter was inserted 
in the optical path to determine the zero line (the recorder deflection corresponding to 
zero transmittance). A background was scanned for each line for the exact conditions of the 
actual measurement. The direct measurement of the observed peak absorption coefficient, 
Lorentz half width, and line strength for both sets of measurements was carried out in the 
following steps : 

(1) The zero line was adjusted to account for the chopped scattered light (i.e. the impure 
radiation) striking the detector. This amounted to 0.8 per cent for both the R(0) and P(1) 
lines. 

(2) A base line was drawn for each line extending to the extreme wings. This base line 
can be considered only an approximation to the true 100 per cent transmittance, the deter- 
mination of which is possible by evacuation of the absorption cell after each scan. 

(3) An arbitrary number of half widths G from line center was chosen and an adjusted 
base line drawn for each line. This base line was necessarily a fraction of a percent or more 
above the original. The value G was chosen so that it was the largest value compatible with 
all lines of both slit settings, but a small enough value to connect the absorptance contour 
as it approached the original base line most accurately. 

(4) The zero line, base line, and line contour were recorded on data-processing cards 
for determining the percentage of absorptance, the observed absorption coefficient, and 
their areas (in units of wavenumber). 

(5) The peak value of the observed absorption coefficient and its half width at half 
height were determined. This procedure gave values S&, I&, and y& for each line having 
the same value, Gy. 

(6) Values &,,(2a) and y&(4a) were determined by an averaging process, and the ratio 
&,,(4a)/&,,(2a) was used to determine the ratio 2a/y from Table 1. This 2u/y value was 
used in correction curves such as Figs. 5-7 to determine the corrections to y&,(2a), y;,,(4u) 
I&(2a), /&(4u), Sb,,(2u), and Sb,,(4u). The proper correction curve within each family of 
curves was determined by the use of the known value of slit width, 2u, to determine a first 
approximation to y with the use of the ratio 2a/y. This value of y is necessary to determine 
the number of true half widths in the distance G from the line center. Table 2 shows the 
results for self-broadened HF lines. 

In an effort to reduce error in the final strength and width values, the 1.015-cm and 
0.47-cm path-length measurements were carried out for the narrower slit setting. Table 2 
also shows the results of these measurements. In all cases, the value of y, determined from 
the 1 = 0.498 cm data, was used to find the corrections S,, yE, and K,P. Table 3 gives the 
actual measured quantities and the corrections used in arriving at the values given in Table 2. 
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TABLE 2. LINE PARAMETERS FOR SELF-RROADENED HF 

Line (atpm) 
1 

(cm) VI 
i S 

(cm-') (atm cm')-' 

RiOj 

R(O) 
R(O) 

1 
: 

0.498 
1 0.498 
: 1.015 
$ 1.015 
a 0.47 
1 

f 0.498 0.498 
; 1.015 

a I.015 
: 0.47 

0.228 0.229 0.650 
0.2175 0.126 0.672 
0.474 0.228 0.677 
0.414 0.130 0.690 
0.201 0.122 0.648 
0.288 0.202 0.749 
0.274 0.111 0.774 
0.588 0.204 0.732 
0.547 0.113 0.753 
0.257 0.108 0.728 

Aside from the good agreement among the many different measurements, the most 
striking feature of the measurements is the apparent nonlinear pressure dependence of the 
half widths y. This seems to indicate that the lines are not really Lorentzian, as was assumed 
in using the direct measurement procedure. Nevertheless, the half widths and peak absorp- 
tion coefficients are related to the line strength by the Lorentz expression kP = Sp/y~, as 
may be verified for any of the parameters listed in Table 2. The lower pressure lines, for 
which the half width per unit of pressure is larger, have smaller values kP, just sufficiently 
smaller, within experimental error, to obey the Lorentz relationship. The conclusion that 
must be drawn is that the self-broadened R(OtP(1) lines are indeed Lorentzian near the 

TABLE 3. OBSERVED LINE PARAMETERS AND THEIR CORRECTION FACTORS FOR SELFBROADENED 

R(0) AND p(l) I.INES IN THE I' = 0 + 2 RAN" OF HF 

R(O) 
Slit 2u 4a 2a 4a 2a 2u 211 

1 0.498 0.498 0.498 0.498 1.015 I.015 0.47 
P 0.501 0.501 0.253 0.253 0.471 0.250 0.252 
G; 1.005 1.005 0.567 0.567 1.385 0.756 0.635 
;:rbr 0.206 0.240 0.128 0.168 0.197 0.131 0.126 
i', 1.022 1.179 I.15 1.49 1.05 I.165 I.15 
G\ 0.263 0.240 0.233 0.187 0.562 0.4672 0.228 
kp 1.09 I.21 1.175 1.47 1.07 I.17 1.18 
S,b 0.571 0.571 0.599 0.599 0.603 0.616 0.564 
S, 1.338 1.34 1.335 1.34 1.22 1.235 1.29 

Slit 2a 4n 2rr 
P(l) 

4n 2a 2u 2fl 

I 0.498 0.498 
P 0.501 0.501 
g 1.04 1.04 
'job, 0.230 0.256 
&,I 0.208 1.00 0.196 I.105 

k: I.08 1.165 
S Oh\ 0.460 0.460 
SC 1.39 1.39 

0.498 0.498 I.015 I.015 0.47 
0.253 0.253 0.471 0.250 0.252 
0.616 0.616 1.48 0.740 0.616 
0.1383 0.175 0.219 0.149 0.138 
I.10 1.39 1.03 I.10 I.11 
0.189 0.156 0.454 0.357 0.190 
I.15 1.38 1.06 I.14 I.15 
0.485 0.485 0.542 0.525 0.532 
1.36 1.37 1.22 1.30 1.34 
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line center, with strengths 0.741 and 0.670, respectively, but that their half widths per unit 
of pressure are not constant. This is not inconsistent with the measurements of HERGET et 
~1.‘~’ who determined that under certain conditions, self-broadened HF lines are non- 
Lorentzian in the distant wings. The lines investigated here were sufficiently weak to 
assure that such an effect was not detected. 

The results for the nitrogen-broadened R(0) and P(1) lines are given in Table 4. The 
measured strengths are in adequate agreement with the self-broadened values, and the 
scatter in the measured values indicates the precision with which the measurements were 
made. Once again the relationships among kP, y and S expected for Lorentz lines hold 
quite nicely. Unlike the self-broadened line widths, however, the nitrogen-broadened 
lines show a linear dependence on pressure. Therefore, the values kP, are essentially the 
same for a given absorption path length, independent of pressure. Thus, it is tempting to 
conclude that spectral lines broadened by the nonpolar molecules are more Lorentzian 
than self broadened lines of strongly polar molecules. It is hoped that further foreign gas- 
broadening measurements will shed more light on this situation. 

TABLE 4. LINE PARAMETERS FOR NITROGEN-BROADENED HF 

Line 
P 

(atm) 

I 

(cm) kPl 
Y s 

(cm- ‘) (atm cm2)- ’ 

01) 2 1.5 0.528 0.214 0.643 
P(1) 1 7.5 0.540 0.1081 0.660 
P(1) 1 1.99 0.140 0.106 0.652 

R(O) 2 1.5 0.632 . 0.209 0.740 
R(0) 1 7.5 0.636 0.106 0.763 
R(O) 1 1.99 0.162 0.104 0.771 

5. THE DOPPLER AND VOIGT LINE PROFILES 

The Doppler absorption coefficient is given by 

k,(v) =J(y):exp[-(y)‘ln2] 

where yD is the half width at half height of k,(y), and where the peak value of k,(v) is 

(5) 

Correction tables for expected absorptance profiles, a,,dv), are given in Appendix II. 
If a spectral line is broadened by both the Doppler effect and collision damping, its 

absorption coefficient is given, to a good approximation, by the Voigt profile, as follows : 

exp( - t2) dt 

Y2 + [(’ - vO)/~DIJ(ln 2)- t2 
--m 

(7) 
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where y = (y,/y,)J(ln 2). The peak value of kJv, y) is given by 

k:(Y) = k”(O,Y) = $ 1% 2 J( I ~ 93 + y2) [1 - erfW1. 
x 

The half width of the Voigt profile yU, is not contained explicitly in equation (7) but it 
ranges between the values y, = yD for y = 0 and yv 2: yL for yD << yL. Correction tables 
for the Voigt profile are given in Appendix III for several values of y. The value of 2u/g, 
may be determined by measurements at slit settings 2a and 4a as in the case of the Lorentz 
profile, and y may be determined from a plot of y versus yJyD (see Fig. 8) and from yD. 

FIG. 8. Relation between y, and y = J(log, 2); 

6. THE INFLUENCE OF THE FORM OF THE SLIT FUNCTION 

Often the slit function is more accurately described by an expression other than Gauss 
function. It is well known that a triangular slit function has much the same effect as the 
Gauss function,‘3,7*8’ whereas an expression which has a slow falloff in the wings (e.g. the 
Cauchy function) results in a much more distorted spectrum. The present investigation 
into the effect of different slit functions has been limited to a quantitative comparison of 
the Gauss slit correction with the following slit functions: 

(1) The triangular slit function 

d-v 1 
er(v, v’) = __ 

4a2 +2a 
v’-2a < v 5 v’ 

v-v’ 1 
Q,(V, v’) = ~ 

4a2 +2a 
v‘ < v -c v’ + 2a. 

(2) The Cauchy function 

CTJV, v’) = 
a2 

(v-~‘)‘+a” 
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(3) A combination Gauss-Cauchy function 

a,,(~, v’) = exp 
-(v-v’)~ In2 

a2 
0 < Iv-v’l < a 

a,,(v, v’) = 
a4 

(v - v’)~ + a4 
a < v-d. 

If q is four, cgq falls off rapidly with v - v,, , and the slit corrections that result are quite 
similar to those of the Gauss function. For q = 2, rrgq is very much like oC. Slit corrections 
for (r,, a,, and cg3 are presented in Appendices IV, V, and VI. A direct comparison of their 
effects on the direct measurement of a Lorentz half width is given in Fig. 9. 

0.95 - 
0.10.2 0.4 0.6 1.6 

2a 
u 

FIG. 9. A comparison of the effect of the form of u(v, v’) on an expected value of yO/y 

7. CONCLUSIONS 

The procedure developed in Section 3 for the determination of spectral line parameters 
from observed line profiles has as its goal the elimination of systematic errors arising from 
an experimental determination of the base line. In this regard, it has succeeded admirably. 
In addition, it has been found to facilitate greatly the accumulation of data, since the method 
does not require an evacuation of the absorption cell after a measurement. This is not an 
insignificant consideration, particularly when the gas is highly reactive or polymeric (e.g. 
HF). For this reason also, contributions from the distant lines are automatically rejected, 
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as long as they are weak and vary slowly across the region over which measurements are 
made. This has been accomplished without the loss of any of the attractive features associ- 
ated with the usual direct measurement method. Whereas thedirect measurement procedure 
is not intended to achieve detailed line profile information, it has been possible in our 
laboratory to detect nonLorentzian profiles in collision-broadened lines with the use of 
the new method. 

The development of this more precise, though admittedly more conceptually compli- 
cated, procedure is in keeping with the premise that resolution is indeed important in the 
determination of spectral line parameters. The procedure accounts for the fact that the 
investigator is limited primarily by the spectral resolution available to him; given this 
limitation, the procedure minimizes the next source of error, the determination of the 
absolute 100 per cent transmittance associated with an observed line profile. 
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APPENDIX I-INSTRUMENTAL CORRECTION FACTORS FOR LORENTZ LINES EXPECTED 

FROM A SPECTROMETER HAVING A GAUSS SLIT FUNCTION, U&V. V') 

2a 
%(G) 

dP = 300, 

G SC 
k’ P ab’ 

0.1 0.0 
0.1 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 

I*.:5 
I .oooo 
1.0724 

10.85 I. 1322 
8.38 1.1774 
7.06 1.2168 
6.20 I .2530 
5.59 1.2872 
5.12 1.3200 

I.0018 
I .0046 
1.0103 
1.0161 
I .0220 
1.2079 
1.0339 
1.0400 

0.2 0.0 % 1.0000 
0.1 18.86 I .0726 
0.3 10.85 1.1325 
0.5 8.38 1.1777 
0.7 7.06 1.2172 
0.9 6.20 1.2534 
1.1 5.59 I .2876 
1.3 5.13 1.3205 

1.007 1 
1.0100 
1.0157 1.0016 
1.0216 0.9960 
I .0275 0.9905 
I .0335 0.9850 
1.0396 0.9795 
1.0458 0.9739 

1.0026 
0.9997 
0.9943 
0.9888 0.2960 
0.9833 0.2946 
0.9777 0.2932 
0.9722 0.2918 
0.9667 0.2903 

1.0103 
I .0074 

0.2996 
0.2989 
0.2974 

0.2982 
0.2975 
0.296 1 
0.2947 
0.2933 
0.2919 
0.2904 
0.2890 
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MG) 

a’ = 30% 

G s, K,P Y, a$ 
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18.: 
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8.38 
7.06 
6.21 
5.60 
5.13 

l8.Z 
10.87 
8.40 
7.08 
6.23 
5.62 
5.16 

18.: 
10.91 
8.46 
7. I 5 
6.31 
5.71 
5.25 

19.: 
11.11 
8.71 
7.45 
6.66 
6.10 
5.68 

19.?6 
11.97 
9.92 
8.88 
8.21 
7.72 
7.32 

l.OcM 1.0276 1.0393 0.2933 
1.0736 1.0306 1.0364 0.2926 
1.1336 I .0366 I .0306 0.2911 
1.1789 1.0427 1.0248 0.2897 
1.2185 1.0488 1.0189 0.2883 
1.2548 1.0551 1.0131 0.2868 
1.2892 1.0614 1.0072 0.2854 
1.3222 1.0679 1.0014 0.2839 

1.0085 1.0998 1.1417 0.2770 
1.0772 1.1032 1.1384 0.2762 
1.1377 1.1101 1.1318 0.2748 
1.1834 1.1171 1.1252 0.2733 
1.2234 1.1242 1.1187 0.2719 
1.2601 1.1314 1.1121 0.2704 
1.2949 1.1387 1.1057 0.2689 
1.3284 1.1461 1.0993 0.2674 

1.0167 1.3144 1.4443 0.2377 
1.0781 1.3192 1.4396 0.2369 
1.1489 1.3291 1.4304 0.2354 
1.1958 1.3391 1.4213 0.2338 
1.2370 1.3493 1.4122 0.2323 
1.2751 1.3597 I .4030 0.2307 
1.3112 1.3702 1.3940 0.2292 
1.3462 1.3810 1.3850 0.2276 

1.0317 1.8414 2.1749 0.1761 
1.1061 1.8510 2.1658 0.1753 
1.1709 1.8704 2.1478 0.1736 
1.2209 1.8903 2.1299 0.1720 
1.2655 1.9107 2.1119 0.1703 
1.3073 1.9316 2.094 1 0. I686 
1.3478 1.9529 2.0764 0.1669 
1.3875 1.9748 2.0584 0.1652 

1.0480 2.9821 3.7341 0.1 127 
1.1291 3.0073 3.7101 0.1118 
1.2002 3.0590 3.6625 0.1101 
1.2587 3.1126 3.6151 0.1083 
1.3143 3.1682 3.5680 0.1065 
1.3696 3.2260 3.5209 0.1047 
1.4256 3.2860 3.4741 0. I029 
1.4831 3.3484 3.4274 0.1010 

0.1 0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

17.:3 
13.48 
11.38 
10.02 
9.05 
8.31 
7.24 

l.OGQo 1.0018 1.0023 
1.0788 1.0051 0.9990 
1.1041 1.0073 0.9969 
1.1255 1.0096 0.9948 
1.1448 1.0118 0.9926 
1.1625 1.0141 0.9904 
1.1792 1.0163 0.9883 
1.2104 I .0209 0.9840 

0.5993 
0.5981 
0.5973 
0.5965 
0.5957 
0.5949 
0.5941 
0.5942 
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0.3 
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0.7 
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1.1 
1.3 
1.7 

0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

l7.zI 
13.48 
11.38 
10.02 
9.05 
8.31 
7.24 

17.:4 
13.49 
11.38 
10.02 
9.05 
8.31 
7.25 

l7.Z 
13.50 
11.39 
10.03 
9.07 
8.33 
7.26 

9.12 
8.39 
7.33 

17.; 
13.69 
11.62 
10.29 
9.35 
8.64 
7.63 

l&T9 
14.35 
12.43 
11.25 
10.43 
9.83 
8.98 

KJ )? c 

- 
1.0005 1.0072 I .OQ93 0.5974 
1.0795 1.0105 1.0059 0.5962 
1.1048 1.0127 1.0036 0.5954 
1.1263 1.0150 I.0014 0.5945 
1.1456 1.0173 0.9992 0.5937 
I.1634 1.0196 0.9970 0.5929 
I.1801 I.0219 0.9949 0.5921 
I.2113 I .0265 0.9905 0.5904 

1.0032 1.0280 1.0358 0.5899 
1.0822 1.0315 1.0324 0.5887 
1.1076 1.0338 1.0301 0.5878 
1.1292 1.0362 1.0278 0.5870 
1.1486 1.0385 1.0255 0.5862 
1.1665 1.0409 I .0232 0.5853 
1.1833 1.0433 1.0209 0.5845 
1.2147 1.0482 1.0163 0.5828 

1.0142 1.1036 1.131 I 0.5641 
1.0918 I.1076 1.1272 0.5627 
1.1177 I.1 103 1.1246 0.5619 
1.1397 1.1130 1.1219 0.5610 
1.1595 1.1158 I.1193 0.5601 
1.1777 1.1185 1.1167 0.5592 
1.1949 1.1213 1.1141 0.5583 
1.2270 1.1269 1.1090 0.5565 

1.0386 1.3374 I .4225 0.4960 
1.1182 1.3433 1.4169 0.4944 
1.1455 1.3473 I.4131 0.4934 
1.1687 1.3513 1.4094 0.4924 
1.1896 1.3553 I .4057 0.4914 
1.2089 1.3594 1.4019 0.4904 
1.2271 1.3635 1.3983 0.4893 
1.2613 1.3718 1.3909 0.4872 

1.0794 1.9263 2.1439 0.3785 
1.1676 I .9385 2.1326 0.3767 
1.1976 I .9468 2.1251 0.3754 
1.2234 1.9552 2. I 176 0.3742 
1.2467 1.9636 2.1102 0.3729 
1.2684 1.9721 2.1027 0.3716 
1.2891 1.9808 2.0953 0.3704 
1.3283 1.9983 2.0803 0.3678 

1.1260 3.2104 3.6987 0.2483 
1.2267 3.2446 3.6682 0.2460 
1.2612 3.2678 3.6479 0.2445 
1.2915 3.2915 3.6278 0.2430 
1.3197 3.3155 3.6077 0.2415 
1.3467 3.3399 3.5874 0.2399 
1.3730 3.3647 3.5673 0.2384 
1.4248 3.4156 3.5271 0.2353 
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Y 
a,(G) 

a’ = 99% 

G S, K,P Y, abP 

0.1 

0.2 

0.4 

0.8 

1.6 

3.2 

6.4 

0.0 
0.3 
0.7 
1.1 
1.5 
1.9 
2.3 

0.0 
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0.0 
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2.3 
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1.1 
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2.3 

0.0 
0.3 
0.7 
1.1 
1.5 
1.9 
2.3 

0.0 
0.3 
0.7 
1.1 
1.5 
1.9 
2.3 

39.74 
25.58 
20.38 
17.43 
15.46 
14.03 

39.74 
25.59 
20.38 
17.43 
15.46 
14.03 

39.74 
25.59 
20.38 
17.43 
15.46 
14.04 

39.: 
25.59 
20.39 
17.44 
15.45 
14.04 

39.76 
25.61 
20.41 
17.47 
15.51 
14.08 

39.Yl 
25.69 
20.52 
17.58 
15.64 
14.23 

39.?2 
26.02 
20.93 
18.07 
16.19 
14.84 

1.0010 1.0018 1.0007 0.9899 
1.0347 1.0025 1.0000 0.9899 
1.0534 1.0033 0.9992 0.9898 
1.0677 1.0042 0.9983 0.9898 
1.0798 1.0051 0.9974 0.9898 
1.0907 1.0060 0.9966 0.9897 
1.1007 1.0069 0.9957 0.9897 

1.0041 1.0073 1.0028 0.9897 
1.0380 1.0080 1.0021 0.9896 
1.0569 1.0089 1.0012 0.9896 
1.0712 1.0098 1.0003 0.9895 
1.0834 1.0107 0.9994 0.9895 
1.0943 1.01 16 0.9985 0.9895 
1.1044 1.0125 0.9977 0.9894 

1.0162 1.0309 1.0132 0.9885 
1.0508 1.0315 1.0125 0.9885 
1.0701 1.0325 1.0115 0.9884 
1.0848 1.0334 1.0105 0.9884 
1.0974 1.0344 1.0096 0.9883 
1.1086 1.0353 1 .cQ86 0.9883 
1.1189 1.0362 1.0076 0.9883 

1.0592 1.1366 1.075 1 0.9826 
1.0968 1.1375 1.0742 0.9826 
1.1178 1.1386 1.073 1 0.9825 
1.1339 1.1398 1.0719 0.9824 
1.1476 1.1409 1.0708 0.9823 
1.1599 1.1421 1.0696 0.9823 
1.1712 1.1432 1.0685 0.9822 

1.1869 1.5371 1.3592 0.9500 
1.2195 1.5387 1.3577 0.9499 
1.2456 1.5408 1.3558 0.9497 
1.2656 1.5428 1.3539 0.9495 
1.2827 1.5449 1.3519 0.9492 
1.2981 1.5470 1.3500 0.9490 
1.3123 1.5492 1.3480 0.9488 

1.3584 2.1507 2.1096 0.8344 
1.4204 2.5150 2.1063 0.8339 
1.4561 2.5707 2.1017 0.8333 
1.4836 2.5765 2.0973 0.8326 
1.5074 2.5824 2.0928 0.8319 
1.5289 2.5883 2.0883 0.8312 
1.5488 2.5943 2.0837 0.8305 

1.5419 4.7244 3.6898 0.6227 
1.6474 4.7390 3.6799 0.6216 
1.6960 4.7586 3.6669 0.6201 
1.7341 4.7786 3.6539 0.6185 
1.7674 4.7988 3.6410 0.6170 
1.7979 4.8192 3.6279 0.6154 
1.8267 4.8399 3.6149 0.6138 
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I.1 
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0.9 
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0.0 
0.1 
0.3 
0.5 
0.7 
0.9 
1.1 

0.0 
0.1 
0.3 
0.5 
0.7 
0.9 
1.1 

0.0 
0.1 
0.3 
0.5 
0.7 
0.9 
1.1 

1.6 

3.2 

6.4 

2:;1 
2.63 
2.48 
2.38 
2.31 
2.04 

2.;2 
2.64 
2.49 
2.39 
2.31 
2.25 

2.;6 
2.67 
2.52 
2.42 
2.34 
2.28 

3.72 
2.80 
2.65 
2.54 
2.45 
2.38 

324 
3.27 
3.07 
2.94 
2.84 
2.75 

5.^;6 
4.57 
4.27 
4.06 
3.90 
3.76 

8.?0 
7.49 
6.91 
6.50 
6.18 
5.91 

1.0001 1.0012 1.0010 0.2997 
1.0085 1.0041 0.9990 0.2990 
1.0235 1.0098 0.9950 0.2976 
1.0378 1.0155 0.9909 0.2962 
1.0519 1.0214 0.9869 0.2948 
1.0658 1.0273 0.9828 0.2933 
1.0197 1.0333 0.9788 0.2919 

1.0006 1.0050 1.0041 0.2988 
1.0090 1.0078 1.0021 0.2981 
1.0241 1.0136 0.9980 0.2966 
1.0385 1.0194 0.9939 0.2952 
1.0526 1.0253 0.9899 0.2938 
1.0666 1.0313 0.9858 0.2924 
1.0806 1.0373 0.9817 0.2910 

1.0024 1.0199 1.0166 0.2951 
1.0109 1.0229 1.0144 0.2944 
1.0262 1.0288 1.0102 0.2930 
1.0409 1.0348 1.0060 0.2916 
1.0552 1.0408 1.0017 0.2901 
1.0695 1.0470 0.9975 0.2887 
1.0837 1.0532 0.9933 0.2873 

1.0089 1.0790 1.0660 0.2815 
1.0180 1.0823 1.0636 0.2808 
1.0343 1.0889 1.0589 0.2793 
1.0500 1.0956 1.0542 0.2779 
1.0653 1.1024 1.0495 0.2764 
1.0806 1.1093 1.0448 0.2750 
1.0958 I.1163 1.0401 0.2735 

1.0276 1.2964 1.2534 0.2405 
1.0387 1.3012 1.2500 0.2398 
1.0586 I.3108 1.2433 0.2382 
1.0777 1.3205 1.2366 0.2367 
1.0965 1.3304 1.2298 0.2352 
1.1153 1.3405 1.2231 0.2336 
1.1341 1.3508 I.2164 0.2321 

1.0605 1.9680 1.8442 0.1658 
1.0714 1.9790 1.8367 0.1649 
1.1078 2.0013 1.8218 0.1632 
1.1372 2.0241 1.8069 0.1616 
1.1665 2.0474 1.7920 0.1599 
1.1960 2.0714 1.7771 0.1582 
1.2259 2.0960 1.7622 0.1565 

1.0910 3.6150 3.3014 0.0940 
1.1213 3.6521 3.2169 0.0930 
1.1768 3.7286 3.2283 0.0912 
1.2319 3.8085 3.1798 0.0894 
1.2882 3.8921 3.1315 0.0876 
1.3466 3.9797 3.0831 0.0857 
1.4076 4.0715 3.0350 0.0839 
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0.9 
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2.65 
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2.59 
2.54 
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2.92 
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2.70 
2.63 
2.57 

3.?6 
3.07 
2.93 
2.83 
2.75 
2.69 

3:4 
3.59 
3.41 
3.29 
3.20 
3.12 

*.Y* 
5.04 
4.76 
4.57 
4.43 
4.31 

9.:3 
8.31 
7.79 
7.43 
7.15 
6.91 

1.0004 I.0013 1.0007 0.5995 
1.0038 1 .OQ23 0.9999 0.5991 
1.0101 I .0045 0.9983 0.5983 
I.0160 1.0068 0.9968 0.5975 
1.0218 I .0090 0.9952 0.5967 
1.0275 I.0112 0.9936 0.5959 
1.0331 1.0135 0.9920 0.5951 

1.0016 1.0050 I .0028 0.5982 
1.0051 I.0061 1.0020 0.5978 
I.0113 1.0083 I .OQo3 0.5970 
1.0173 1.0106 0.9988 0.5962 
1.0231 1.0128 0.9972 0.5953 
1.0288 1.0151 0.9956 0.5945 
1.0345 I.0174 0.9940 0.5937 

1.0062 1.0201 1.01 I3 0.5927 
1.0098 1.0213 I.0105 0.5923 
1.0162 1.0236 1.0088 0.5915 
1.0223 1.0259 I.0072 0.5906 
I .0283 I .0282 I .0055 0.5898 
1.0341 1.0305 1.0038 0.5890 
1.0399 1.0329 1.0022 0.5882 

1.0235 1.0819 I .0487 0.5713 
1.0274 1.0832 1.0478 0.5708 
1.0343 1.0858 I .0459 0.5700 
1.0410 1.0884 1.0441 0.5691 
1.0474 1.0910 1.0422 0.5682 
1.0538 1.0936 I .0404 0.5674 
1.0601 I .0963 I .0385 0.5665 

1.0741 1.3245 1.2137 0.4993 
1.0792 1.3265 1.2124 0.4988 
1.0882 1.3303 I .2097 0.4978 
I .0968 1.3342 1.2070 0.4968 
1.1051 1.3381 1.2043 0.4958 
1.1134 1.3421 1.2016 0.4948 
1.1216 1.3461 I.1989 0.4937 

1.1635 2.1113 1.7887 0.3521 
1.1719 2.1 162 1.7856 0.3514 
1.1870 2.1261 1.7794 0.3501 
1.2013 2.1360 1.7731 0.3488 
1.2154 2.1461 1.7669 0.3475 
1.2293 2.1563 I. 7606 0.3462 
1.2431 2.1666 1.7544 0.3449 

1.2452 4.0673 3.2402 0.2017 
1.2612 4.0854 3.2295 0.2009 
I .2905 4.1222 3.2083 0.1993 
1.3187 4.1598 3.1870 0.1977 
1.3465 4.1982 3.1658 0.1961 
1.3744 4.2373 3.1445 0.1945 
1.4025 4.2173 3.1233 0.1928 
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0.2 0.0 
0.3 
0.7 
1.1 
1.5 
1.9 

0.4 0.0 
0.3 
0.7 
1.1 
1.5 
1.9 

0.8 0.0 
0.3 
0.7 
1.1 
1.5 
1.9 

1.6 0.0 
0.3 
0.7 
1.1 
1.5 
1.9 

3.2 0.0 
0.3 
0.7 
1.1 
1.5 
1.9 

6.4 0.0 
0.3 
0.7 
1.1 
1.5 
1.9 

0.1 0.0 
0.3 
0.7 
I.1 
I.5 
1.9 

3.: 
3.06 
2.95 
2.88 
2.81 

3.T7 
3.07 
2.96 
2.89 
2.82 

3:z 
3.1 I 
3.00 
3.92 
3.86 

3:8 
3.21 
3.15 
3.07 
3.00 

4:7 
3.81 
3.66 
3.55 
3.46 

a 
5.68 
5.25 
5.01 
4.83 
4.69 

9?6 
8.44 
7.98 
7.64 
7.37 

1.0020 1.0013 0.9984 0.9899 
1.0042 1.0019 0.9979 0.9899 
I .0068 1.0028 0.9973 0.9899 
1.0093 1.0037 0.9967 0.9898 
1.0117 I .0046 0.9960 0.9898 
1.0142 I .0055 0.9954 0.9897 

1.0081 1.0051 0.9937 0.9898 
1.0103 1.0058 0.9933 0.9897 
1.0130 1.0066 0.9926 0.9897 
1.0155 1.0075 0.9920 0.9897 
1.0180 I .0084 0.9914 0.9896 
1.0205 1.0093 0.9907 0.9896 

1.0325 1.0217 0.9773 0.9890 
I .0348 1.0224 0.9768 b.9889 
1.0376 1.0233 0.9761 0.9889 
1.0404 1.0242 0.9755 0.9888 
1.0430 1.025 1 0.9748 0.9888 
1.0456 1.0261 0.9741 0.9888 

1.1294 I.1091 0.9437 0.9843 
1.1323 1.1099 0.943 1 0.9842 
I.1358 1.1110 0.9423 0.9842 
1.1393 1.1121 0.9415 0.984 i 
I .0426 1.1132 0.9407 0.9840 
I.1459 I.1143 0.9400 0.9840 

1.4454 1.6176 1.0490 0.9420 
1.4510 1.6194 1 a479 0.94 I8 
1.4578 1.6216 I a466 0.9416 
1.4643 I .6240 1.0452 0.9413 
1.4708 I .6263 I .0438 0.941 I 
I.4771 I .6286 I .0425 0.9408 

1.9795 3.3894 1.6377 0.7430 
1.9943 3.3971 I .6347 0.7422 
2.0122 3.4072 1.6307 0.7412 
2.0295 3.4174 1.6266 0.7401 
2.0464 3.4217 I .6226 0.7391 
2.063 1 3.438 1 1.6185 0.7380 

2.4338 7.697 1 3.0959 0.4503 
2.4703 7.7360 3.0839 0.4486 
2.5152 7.7886 3.0679 0.4464 
2.5587 7.8421 3.05 18 0.4441 
2.6016 7.8966 3.0358 0.4419 
2.6445 7.9521 3.0197 0.4396 
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APPENDIX III-INSTRUMENTAL CORRECTION FACTORS FOR VOIGT LINES EXPECTED 

FROM A SPECTROMETER HAVING A GAUSS SLIT FUNCTION CT,(V,Y') FOR up = 30% 

2a 

Y 
Ye(G) 

y = 0.4 

G s: K,P YC ab’ 

0.2 0.0 
0.3 
0.7 
1.1 

0.4 0.0 
0.3 
0.7 
1.1 

0.8 0.0 
0.3 
0.7 
1.1 

1.6 0.0 
0.3 
0.7 
1.1 

3.2 0.0 
0.3 
0.7 
1.1 

0. I 0.0 
0.3 
0.7 
1.1 

6.4 0.0 
0.3 
0.7 
1.1 

6:2 
4.03 
3.29 

6:3 
4.03 
3.29 

6?3 
4.04 
3.31 

6% 
4.08 
3.36 

6% 
4.24 
3.57 

627 
4.99 
4.41 

8% 
7.24 
6.5 

l.oOOO 1.0013 1.0000 0.2997 
1.0883 1.0098 0.9948 0.2976 
1.1429 1.0215 0.9862 0.2947 
1.1878 1.0334 0.9776 0.2919 

1.0004 1.0053 1.0054 0.2987 
1.0888 1.0139 0.9988 0.2966 
1.1434 1.0256 0.9901 0.2937 
1.1884 1.0377 0.9814 0.2909 

1.0011 1.0211 1.0216 0.2948 
1.0904 1.0299 1.0148 0.2927 
1.1453 1.0420 1.0057 0.2899 
1.1905 1.0545 0.9966 0.2870 

1.0072 1.0823 1.0843 0.2808 
1.0965 1.0922 1.0767 0.2786 
1.1524 1.1058 1.0664 0.2757 
1.1988 1.1199 1.0562 0.2728 

1.0216 1.2973 1.3073 0.2404 
1.1138 1.3117 1.2963 0.2381 
1.1731 1.3314 1.2815 0.2350 
1.2238 1.3517 1.2669 0.2319 

1.0473 1.9143 1.9523 0.1700 
1.1464 1.9457 1.9284 0.1675 
1.2174 1.9893 1.8968 0.1641 
1.2842 2.0352 1.8652 0.1608 

1.0646 3.3495 3.4552 0.1010 
1.1900 3.4469 3.3832 0.0983 
1.3007 3.5862 3.2876 0.0947 
1.4159 3.7379 3.1926 0.0910 

y= 1.0 

0.1 0.0 
5:2 

1.0000 1.0014 1.0018 0.2996 
0.7 1.1846 1.0216 0.9854 0.2917 
1.1 4.41 1.2433 1.0335 0.9760 0.2919 

0.2 0.0 
8:2 

1.0003 1.0057 1.0071 0.2986 
0.3 1.1138 1.0143 0.9998 0.2965 
0.7 5.52 1.1850 1.0260 0.9904 0.2936 
1.1 4.41 1.2438 1.0381 0.9810 0.2908 

0.4 0.0 
0.3 81043 

1.0005 1.0227 1.0279 0.2944 
1.1152 1.0316 1.0205 0.2923 

0.7 5.53 1.1867 1.0437 1.0105 0.2895 
1.1 4.42 1.2457 1.0562 1 II005 0.2866 

0.8 0.0 
0.3 8% 

1.0058 1.0869 1.1056 0.2797 
1.1203 1.0970 1.0972 0.2776 

0.7 5.55 1.1927 1.1107 1.0860 0.2747 
1.1 4.45 1.2527 1.1249 1.0748 0.2717 
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2u 
;‘o(G) 

1’ 

I.6 0.0 
0.3 

0.7 
I.1 

3.2 0.0 

0.3 

0.7 
1.1 

6.4 0.0 

0.3 
0.7 
I.1 

APPENDIX III (Confinud) 

___- 

G 

!‘= 1.0 

SF K,P I’, ab’ 

83LO 
5.65 
4.57 

I.0175 I .3006 1.3634 0.2398 

I.1346 1.3150 1.3513 0.2376 
I .2099 1.3348 1.3352 0.2345 
1.2731 1.3553 I.3192 0.23 14 

8;6 
6.08 

5.13 

1.0383 1.8736 2.05 10 0.1733 

I.1617 1.9036 2.0258 0.1709 

I.2451 I .9454 I .9924 0.1675 
1.3192 1.9891 I.9591 0.1642 

x 1.0464 3.1579 3.5841 0.1068 
IO.08 1.1965 3.2442 3.5126 0.1041 

7.95 1.3080 3.3673 3.4178 0. I005 
7.04 I .4207 3.5007 3.3237 0.0969 

APPENDIX IV-INSTRUMENTAL CORRECTION FACTORS FOR LORENTI LINES EXPFC‘TEII 

FROM A SPECTROMETER HAVING A TRIANGULAR SLIT FUNCTION. rJ,(V. 1") 

2u 

0.2 0.0 
0. I 
0.3 
0.5 

0.7 
0.9 

0.4 0.0 
0. I 
0.3 
0.5 

0.7 

0.9 

0.8 

1.6 

0.0 %I I .0030 I .0957 I.1361 0.2779 
0. I 18.86 I .0770 1.099 1 I.1328 0.277 I 
0.3 10.86 I.1374 I.1059 I. I264 0.2757 
0.5 8.39 I.1831 I.1128 I.1 199 0.2742 

0.7 7.08 I.2231 I.1 I98 I.1 134 0.2728 
0.9 6.23 I .2598 I. 1270 1.1069 0.2713 

0.0 x 1.0170 1.3124 I .4489 0.2380 

0. I 18.89 I .0869 1.3172 I .4443 0.2372 

0.3 10.91 1.1487 1.3271 1.4353 0.2357 

0.5 8.45 I. 1956 1.3370 I .4265 0.2341 

0.7 7.14 1.2367 1.3472 I.4176 0.2326 

0.9 6.30 I .2747 1.3575 I .4088 0.23 I I 

l8Yi6 
10.85 

8.38 

7.06 

6.20 

,826 

10.85 
8.38 
7.06 

6.21 

KP “I 

i< 

1.0000 I.0062 I .0089 0.2985 
I .0726 1.0091 1.0061 0.2978 
I.1325 1.0148 I BOO3 0.2963 
1.1777 I .0206 0.9948 0.2949 
1.2171 1.0266 0.9893 0.2935 
1.2533 1.0325 0.9837 0.2921 

1.0000 1.0255 1.0363 0.2938 
1.0736 1.0285 I .0334 0.293 I 

1.1336 I .0344 I .0276 0.2916 

I.1789 I .0405 I.0218 0.2902 

I.2184 I .0466 I.0160 0.2888 
I .2548 I .0529 1.0102 0.2873 
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APPENDIX IV (Confinued) 

2a 

Y 
Q(G) 

6.4 0.0 
0. I 
0.3 
0.5 
0.7 
0.9 

3.2 0.0 
0.1 
0.3 
0.5 
0.7 
0.9 

12.8 0.0 
0.3 
0.5 
0.7 
0.9 

lSy”99 
11.08 
8.68 
7.41 
6.60 

l9yo40 
11.79 
9.59 
8.48 
7.81 

l4:8 
13.21 
12.49 
11.97 

1.0327 1.8487 2.2364 0. I755 
I.1055 1.8583 2.2274 0.1746 
1.1702 1.8779 2.2095 0.1730 
1.2200 1.8980 2.1917 0.1713 
1.2643 1.9185 2.1738 0.1697 
1.3057 I .9395 2.1560 0. I680 

1.0514 2.9900 3.9136 0. I 124 
1.1288 3.0153 3.8878 0.1116 
1.1992 3.0672 3.8364 0.1098 
1.2561 3.1211 3.7849 0.1080 
1.3092 3.1771 3.7335 0.1062 
1.3614 3.2352 3.6819 0.1044 

1.0663 5.2801 7.2512 0.0653 
1.2361 5.5258 6.9828 0.0625 
1.3168 5.7033 6.8036 0.0606 
1.4019 5.8929 6.6240 0.0587 
1.4940 6.0959 6.4440 0.0568 

0.4 

0.2 0.0 
0.3 39Y4 
0.7 25.59 
1.1 20.38 
1.5 17.43 
1.9 15.46 
2.3 14.03 

0.0 
0.3 39T4 
0.7 25.59 
1.1 20.38 
1.5 17.43 
1.9 15.46 
2.3 14.04 

0.0 
0.3 39?4 
0.7 25.59 
1.1 20.39 
1.5 17.44 
1.9 15.47 
2.3 14.04 

0.0 
0.3 39T5 
0.7 25.61 
1.1 20.41 
1.5 17.46 
1.9 15.50 
2.3 14.08 

0.8 

1.6 

1.0036 1.0063 1.0023 0.9897 
1.0374 1.0070 1.0016 0.9897 
1.0563 I .0079 1.0007 0.9896 
1.0706 1.0088 0.9999 0.9896 
1.0828 1.0097 0.9990 0.9896 
1.0937 1.0106 0.998 1 0.9895 
1.1037 1.0115 0.9972 0.9895 

1.0143 1.0274 1.0112 0.9887 
1.0493 1.028 I 1.0105 0.9887 
1.0686 1.0290 1.0095 0.9886 
1.0832 I .0299 1.0086 0.9886 
1.0957 1.0309 1.0076 0.9885 
1.1069 1.0318 1 .CO67 0.9885 
1.1172 1.0328 1.0057 0.9884 

1.0552 1.1205 1.0619 0.9836 
1.0921 1.1214 1.0610 0.9835 
1.1130 1.1225 1.0599 0.9835 
1.1289 1.1236 1.5888 0.9834 
1.1425 1.1247 1.0576 0.9833 
1.1547 1.1258 I .0565 0.9833 
1.1659 1.1269 1.0553 0.9832 

1.1654 1.4990 I .3215 0.9537 
1.2111 1.5004 1.3261 0.9535 
1.2369 1.5024 1.3242 0.9534 
1.2566 1.5044 1.3224 0.9532 
1.2734 1.5064 1.3205 0.9530 
1.2886 1.5084 1.3187 0.9528 
1.3026 1.5104 1.3168 0.9526 
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APPENDIX IV (Continued) 

CT = 99% 
20 

a,(G) G & KP 2’ c ab’ 
Y 

3.2 0.0 
0.3 
0.7 
1.1 
1.5 
1.9 
2.3 

3920 
25.68 
20.50 
17.57 
15.62 
14.21 

1.3528 
1.4143 
1.4496 
1.4769 
1.5004 
1.5217 
1.5414 

2.5448 
2.5490 
2.5547 
2.5604 
2.5662 
2.5720 
2.5779 

2.1155 
2. I 122 
2.1078 
2.1034 
2.0989 
2.0945 
2.0900 

0.8363 
0.8358 
0.8351 
0.8345 
0.8338 
0.8331 
0.8324 

6.4 

12.8 

0.0 
0.3 
0.7 
1.1 
1.5 
1.9 
2.3 

0.0 
0.3 
0.7 
1.1 
I.5 
1.9 
2.3 

39% 
25.98 
20.88 
18.01 
16.12 
14.75 

a:8 
27.19 
22.39 
19.78 
18.11 
16.94 

1.551 I 
1.6445 
1.6929 
1.7307 
1.7638 
1.7941 
1.8226 

1.7237 
1.8431 
1.9062 
1.9573 
2.0034 
2.0470 
2.0892 

4.763 1 
4.7780 
4.7980 
4.8183 
4.8388 
4.8595 
4.8806 

9.1435 
8.1984 
8.2729 
8.3489 
8.4264 
8.5056 
8.5864 

3.81 19 
3.8019 
3.7885 
3.7751 
3.7618 
3.7483 
3.7349 

7.1985 
7. I626 
7.1 146 
7.0667 
7.0184 
6.9702 
6.9219 

0.6197 
0.6186 
0.6170 
0.6155 
0.6139 
0.6124 
0.6108 

0.3957 
0.3939 
0.3914 
0.3890 
0.3865 
0.3840 
0.3815 

APPENDIX V-INSTRUMENTAL CORRECTION FACTORS FOR LORENTZ LINES EXPECTED 

FROM A SPECTROMETER HAVING A CAUCHY SLIT FUNCTION, o,(Y, v’) 

2a 
rb’ 

0.1 0.0 
0.3 
0.5 
0.7 
0.9 
I.1 
1.3 
1.7 

cc 1.oooo 1.0136 1.0195 0.2967 
10.85 1.1328 1.0223 1.0108 0.2945 
8.38 1.1781 1.0282 I.0050 0.293 I 
7.06 1.2176 1.0342 0.9993 0.2917 
6.20 1.2538 1.0403 0.9937 0.2903 
5.59 1.2881 I .0465 0.9882 0.2888 
5.13 1.3210 1.0527 0.9826 0.2874 
4.45 1.3842 1.0655 0.9714 0.2845 

0.2 0.0 
0.3 1 
0.5 
0.7 
0.9 
I.1 
1.3 
1.7 

IO:6 
8.39 
7.07 
6.21 
5.60 
5.14 
4.47 

1.0023 1.0473 1.0667 0.2886 
1.1349 1.0567 1.0575 0.2865 
1.1804 1.0630 1.0514 0.285 I 
1.2200 1.0694 1.0454 0.2836 
1.2565 1.0759 1.0394 0.2822 
1.2910 1.0825 I .0334 0.2807 
1.3241 1.0892 I .0273 0.2793 
1.3879 1.1029 1.0155 0.2763 
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APPENDIX V (Continued) 

20 
a,(G) 

;’ 

0.8 0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

1.6 0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

3.2 0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

6.4 0.0 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

0.4 0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

G 

IO?8 
8.42 
7.10 
6.26 
5.65 
5.19 
4.53 

10?8 
8.55 
7.27 
6.46 
5.88 
5.45 
4.83 

1lT”sl 
9.39 
8.41 
7.77 
7.21 
6.70 
5.87 

15T9 
13.22 
11.20 
9.82 
8.82 
8.05 
6.92 

16:5 
13.98 
12.17 
10.85 
9.84 
8.35 

- 

a’ = 30% 

K,P YC 

- - 

1 .OQ59 1.1377 1.1812 0.2691 
1.1409 1.1487 1.1701 0.2669 
1.1870 1.1562 1.1627 0.2655 
1.2273 1.1637 1.1554 0.2640 
1.2645 1.1714 1.1481 0.2625 
1.2997 1.1793 1.1408 0.2610 
1.3336 1.1872 1.1336 0.2595 
1.3991 1.2035 1.1 192 0.2565 

1.0155 1.3373 1.3917 0.2341 
1.1547 1.3526 1.3762 0.2318 
1.2026 1.3630 1.3659 0.2303 
1.2448 1.3735 1.3556 0.2287 
1.2842 1.3843 1.3454 0.2271 
1.3219 1.3952 1.3353 0.2256 
1.3586 1.4063 1.3252 0.2240 
1.4308 1.4292 1.3052 0.2209 

1.0301 1.7447 1.7954 0.1849 
1.1769 1.7707 1.7691 0.1824 
1.2303 1.7886 1.7519 0.1808 
1.2804 1.8068 1.7347 0.1791 
1.3299 1.8254 1.7177 0.1775 
1.3795 1.8445 1.7007 0.1758 
1.4291 1.8640 1.6839 0.1742 
1.5283 1.9044 1.6506 0.1708 

1 II427 2.561 1 2.5972 0.1300 
1.2166 2.6175 2.5417 0.1274 
1.2987 2.6547 2.5052 0.1256 
1.3767 2.6971 2.4692 0.1239 
1.4520 2.7389 2.4336 0.1221 
1.5263 2.7820 2.3984 0.1203 
I .6007 2.8267 2.3636 0.1185 
1.7523 2.9207 2.2948 0.1150 

1.1146 4.1931 4.1980 0.08 15 
1.4389 4.4557 4.9572 0.0769 
1.5621 4.5706 4.8644 0.075 1 
1.6855 4.6918 4.7729 0.0732 
1.8120 4.8199 4.6832 0.07 13 
1.9434 4.9555 4.5947 0.0694 
2.2276 5.2518 4.4216 0.0657 

a’ = 99% 

0.1 0.0 
67:4 

1.0083 1.0159 1.0070 0.9893 
0.1 1.0277 1.0161 1.0068 0.9892 
0.5 30.29 1.0528 1.0170 1.0058 0.9892 
0.9 22.55 1.0699 1.0179 1.0049 0.9892 
1.3 18.73 1.0822 1.0188 1.0040 0.9891 
1.7 16.36 1.0938 1.0197 1.0031 0.9891 
2.1 14.70 1.1044 1.0207 1.0022 0.9890 
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2li 
GG) “, 

0.2 0.0 
0.1 
0.5 
0.9 
1.3 
1.7 
2. I 

0.4 

0.8 

1.6 

3.2 

6.4 

0.0 
0.1 
0.5 
0.9 

1.3 
1.7 
2.1 

0.0 
0.1 
0.5 
0.9 
1.3 
1.7 
2. I 

0.0 
0. I 
0.5 
0.9 
I.3 
1.7 
2.1 

0.0 % 1.5757 4.402 1 2.9524 0.6487 
0. I 68.17 1.6317 4.4063 2.9495 0.6484 
0.5 31.12 I .6969 4.4233 2.9384 0.6469 
0.9 23.79 1.7412 4.4405 2.9274 0.6455 
1.3 20.43 I .7792 4.4579 2.9163 0.6441 
1.7 18.53 1.8144 4.4755 2.9053 0.6426 
2. I 17.34 1.8482 4.4933 2.8943 0.6412 

0.0 
0. I 
0.5 
0.9 
1.3 
1.7 
2.1 

R. E. MEREDITH 

G 

67Ti4 
30.30 
22.55 
18.74 
16.36 
14.70 

1.0323 I .0754 I .0440 0.9862 
1.0525 I .0757 1.0438 0.9862 
I .0789 I .0766 1.0428 0.986 I 
1.0959 I .0777 I.0418 0.986 I 
1.1098 1.0787 I .0407 0.9860 
I.1221 I .0797 1.0397 0.9860 
1.1332 1.0808 1.0387 0.9859 

6&4 
30.31 
22.56 
18.75 
16.38 
14.72 

1.1049 13131 1.2155 0.9700 
1.1282 1.3135 1.2151 0.9700 
1.1586 1.3150 1.2137 0.9699 
1.1783 1.3165 1.2123 0.9697 
1.1944 I.3180 1.2109 0.9696 
1.2086 1.3195 1.2095 0.9695 
I.2215 I.321 I 1.2081 0.9694 

x_ 1.2370 1.8459 1.5668 0.9175 
67.86 I .2670 I .8466 1.5662 0.9174 
30.34 1.3055 1.8496 1.5638 0.9171 
22.6 1 1.330s 1.8526 1.5613 0.9167 
I8 81 I.3512 1.8556 1.5589 0.9164 
16.44 1.3694 1.8587 I.5565 0.9161 
14.79 1.3861 1.8617 I.5541 0.9157 

67:2 
30.48 
22.8 1 
19.05 
16.73 
15.12 

I .4039 2.7650 2.0849 0.8109 
1.4447 2.7667 2.0836 0.8107 
1.4951 2.7733 2.0788 0.8100 
1.5283 2.7801 2.0740 0.8092 
I .5559 2.7869 2.0692 0.8084 
1.5805 2.7938 2.0644 0.8076 
1.6031 2.8007 2.0595 0.8069 

69;9 
35.75 
32.01 
29.42 
26.39 
23.82 

1.7213 7.5122 4.5859 0.4583 
1.7988 7.5245 4.5782 0.4577 
1.8837 7.5742 4.5486 0.4556 
1.9524 7.6247 4.5193 0.4534 
2.0203 7.6761 4.4897 0.45 12 
2.0864 7.7284 4.4604 0.4489 
2.1497 7.7816 4.43 12 0.4467 

CF = 99 I:, 
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APPENDIX VI-INSTRUMENTAL CORRECTION FACTORS FOR LDRENTZ LINES EXPECTED 

FROM A SPECTROMETER HAVING A COMBINATION SLIT FUNCTION, O,,( Y, V’) 
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a’ = 30% 
2a 

Y 
a&.? G KP YC 

0.1 0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

0.2 0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

0.4 

0.8 

1.6 

3.2 

0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

IO?, 
8.38 
7.06 
6.20 
5.59 
5.13 
4.45 

lo:5 
8.38 
7.06 
6.21 
5.59 
5.13 
4.46 

10.76 
8.39 
7.07 
6.22 
5.61 
5.15 
4.48 

10% 
8.43 
7.13 
6.28 
5.68 
5.23 
4.57 

Il.:6 
8.72 
9.51 
6.69 
6.08 
5.62 
4.93 

12.?3 
9.91 
8.53 
7.62 
6.97 
6.46 
5.71 

1.0002 1.ooo5 1.0068 0.2988 
1.1323 1.0133 0.9983 0.2967 
1.1775 1.0191 0.9928 0.2953 
1.2169 1.0250 0.9872 0.2939 
1.2532 1.0310 0.9817 0.2925 
1.2874 1.0370 0.9762 0.2910 
1.3202 1.0432 0.9706 0.2896 
1.3833 1.0557 0.9595 0.2867 

1.0008 1.0172 1.0243 0.2958 
1.1330 1.0260 1.0157 0.2936 
1.1782 1.0320 1.0099 0.2922 
1.2177 1.0380 1.0042 0.2908 
1.2541 1.0442 0.9985 0.2894 
1.2883 1.0504 0.9928 0.2879 
1.3213 1.0567 0.9872 0.2865 
1.3845 1.0695 0.9759 0.2836 

1.0015 1.0567 1.0769 0.2865 
1.1352 1.0662 1.0676 0.2843 
1.1807 1.0726 1.0613 0.2829 
1.2205 1.0791 1.0552 0.2814 
1.2570 1.0858 1.0491 0.2800 
1.2916 1.0925 1.0429 0.2785 
1.3248 1.0993 1.0368 0.2771 
1.3887 1.1132 1.0247 0.2741 

1.0063 1.1650 1.2123 0.2637 
1.1425 1.1765 1.2009 0.2615 
1.1888 1.1843 1.1934 0.2600 
1.2294 1.1923 1.1860 0.2586 
1.2669 1.2004 1.1786 0.2571 
1.3024 1.2086 1.1712 0.2556 
1.3367 1.2170 1.1637 0.2540 
1.4030 1.2341 1.1491 0.2510 

1.0160 1.4317 1.5372 0.2205 
1.1581 1.4492 1.5203 0.2182 
1.2068 1.4611 1.5092 0.2166 
1.2506 1.4733 1.4980 0.2150 
1.2917 1.4856 1.4870 0.2134 
1.3313 1.4982 1.4759 0.2118 
1.3698 1.5111 1.4649 0.2102 
1.4452 1.5375 1.4431 0.2070 

1.0284 2.0335 2.2653 0.1609 
1.1865 2.0689 2.2321 0.1584 
1.2449 2.0933 2.2101 0.1567 
1.2981 2.1183 2.1883 0.1550 
1.3488 2.1440 2.1666 0.1533 
1.3983 2.1703 2.1451 0.1515 
1.4474 2.1974 2.1237 0.1498 
1.5458 2.2538 2.08 11 0.1464 
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APPENDIX VI (Continued) 

2 = 30”” 

G SC KP 

6.4 0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

15% 
12.26 
10.67 
9.60 
8.81 
8.20 
7.27 

1.0672 3.3049 3.8062 0.1023 
1.2354 3.3995 3.7213 0.0996 
1.3141 3.4658 3.6658 0.0978 
1.3889 3.5350 3.6105 0.0960 
1.4621 3.6070 3.5559 0.0942 
1.5373 3.6823 3.5013 0.0923 
1.6134 3.7609 3.4473 0.0905 
1.7732 3.9291 3.3401 0.0868 

0.1 0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
I.7 

0.2 0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

0.4 0.0 
0.3 
0.5 
0.7 
0.9 
I.1 
1.3 
1.7 

0.8 0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

cc 1 II006 1.0048 1.0061 0.5983 
17.44 1.0792 1.0081 1.0027 0.5771 
13.48 1.1044 1.0103 1.0006 0.5962 
11.38 1.1259 1.0126 0.9984 0.5954 
10.02 1.1452 1.0148 0.9963 0.5946 
9.05 1.1629 1.0171 0.9941 0.5938 
8.31 1.1796 1.0194 0.9919 0.5930 
7.24 1.2108 I .0240 0.9876 0.5913 

17.24 
13.49 
11.38 
10.02 
9.05 
8.3 I 
7.25 

1.0021 1.0178 1.0224 0.5935 
1.0809 1.0212 1.0190 0.5923 
1.1062 1.0235 1.0167 0.5915 
1.1278 1.0258 1.0145 0.5907 
1.1471 I .0282 1.0122 0.5893 
1.1649 I .0305 1.0099 0.5890 
1.1817 1.0328 1.0077 0.5882 
1.2130 1.0376 1.0032 0.5865 

17.:4 
13.49 
11.39 
IO.03 
9.06 
8.32 
7.26 

1 a074 1.0604 1.0724 0.5786 
1.0866 1.064 1 1.0687 0.5773 
1.1123 1.0666 1.0663 0.5765 
1.1341 I.069 1 1.0639 0.5756 
1.1536 1.0716 1.0615 0.5747 
1.1717 1.0741 1.0590 0.5739 
1.1887 I .0767 I .0566 0.5730 
1.2205 1.0819 1.0517 0.5713 

17.:6 
13.52 
11.42 
10.07 
9.10 
8.37 
7.3 1 

1.0283 1.1798 I .2044 0.5401 
1.1035 1.1844 1.1999 0.5387 
1.1300 1.1874 1.1969 0.5376 
1.1526 1.1905 1.1939 0.5368 
1.1729 1.1937 1.1909 0.5359 
1.1916 1.1968 1.1879 0.5349 
1.2093 1.2000 1.1849 0.5340 
I .2424 I. 2064 1.1790 0.5321 
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APPENDIX VI (Continued) 
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2a 

Y 
so(G) 

ap = 60 y0 

G S, K: YC a$ 

3.2 0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

6.4 0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

1.6 0.0 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
1.7 

17% 
13.64 
11.57 
10.25 
9.33 
8.64 
7.66 

18.: 
14.86 
12.84 
11.47 
10.48 
9.72 
8.61 

21.; 
17.71 
15.40 
13.87 
12.76 
11.90 
10.63 

1.0566 1.4777 1.5256 0.4621 
1.1383 1.4849 1.5186 0.4605 
1.1668 1.4897 1.5141 0.4594 
1.1911 1.4946 1.5095 0.4583 
1.2131 1.4996 1.5049 0.4572 
1.2336 1.5045 1.5004 0.4561 
1.2532 1.5096 1.4958 0.4550 
1.2902 1.5197 1.4867 0.4528 

1.0827 2.1539 2.2507 0.3465 
1.1903 2.1693 2.2368 0.3445 
1.2234 2.1797 2.2275 0.3432 
1.2529 2.1902 2.2182 0.3419 
1.2802 2.2008 2.2090 0.3406 
1.3059 2.2115 2.1999 0.3392 
1.3305 2.2224 2.1907 0.3379 
1.3778 2.2445 2.1722 0.3352 

1.1196 3.5857 3.7897 0.2255 
1.2538 3.6288 3.7537 0.223 1 
1.2982 3.6579 3.7296 0.2216 
1.3382 3.6875 3.7051 0.2200 
1.3759 3.7176 3.6813 0.2184 
1.4122 3.7484 3.6575 0.2169 
1.4476 3.7797 3.6334 0.2153 
1.5172 3.8441 3.5861 0.2121 

0.1 0.0 
0.1 
0.5 
0.9 
1.3 
1.7 
2.1 

0.2 0.0 
0.1 
0.5 
0.9 
1.3 
1.7 
2.1 

0.4 0.0 
0.1 
0.5 
0.9 
1.3 
1.7 
2.1 

67:4 
30.29 
22.55 
18.73 
16.36 
14.70 

67.74 
30.30 
22.55 
18.73 
16.36 
14.70 

67:4 
30.30 
22.55 
18.74 
16.37 
14.70 

1.0028 1.0052 1.0022 0.9898 
1.0220 1.0054 1.0020 0.9897 
1.0468 1.0063 1.0011 0.9897 
1.0629 1.0072 1.0002 0.9897 
1.0759 1.0081 0.9994 0.9896 
1.0874 1.0090 0.9985 0.9896 
I .0978 1.0099 0.9976 0.9895 

1.0113 1.0237 1.0121 0.9889 
1.0307 1.0239 1.0119 0.9889 
1.0560 1.0248 1.0110 0.9888 
1.0723 1.0257 1.0101 0.9888 
1.0856 1.0266 1.0092 0.9887 
1.0973 1.0276 1.0083 0.9887 
1.1079 1.0285 I .0074 0.9886 

1.0423 1.1080 I .0693 0.9843 
1.0630 1.1082 1.0690 0.9843 
1.0900 1.1093 1.0680 0.9843 
1.1073 1.1104 1.0669 0.9842 
1.1215 1.1115 1.0658 0.9841 
1.1340 1.1125 1.0647 0.9841 
1.1454 1.1 136 1.0637 0.9840 
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APPENDIX VI (Confinued) 

2a 
so(G) 

; 

1.6 

3.2 

6.4 

0.8 0.0 
0.1 
0.5 
0.9 
I.3 
1.7 
2.1 

0.0 
0.1 
0.5 
0.9 
1.3 
1.7 
2.1 

0.0 
0.1 
0.5 
0.9 
1.3 
1.7 
2.1 

0.0 
0.1 
0.5 
0.9 
1.3 
1.7 
2.1 

G 

671Z5 
30.31 
22.57 
18.76 
16.39 
14.73 

67% 
30.36 
22.63 
18.84 
16.48 
14.83 

67.; 
30.56 
22.95 
19.28 
17.10 
15.60 

68.Z 
32.62 
25.88 
22.01 
19.56 
17.82 

SC KP >‘C 

1.1217 1.3662 1.2478 0.9656 
1.1463 1.3667 1.2474 0.9656 
1.1777 1.3683 1.2459 0.9655 
1.1980 1.3699 1.2444 0.9653 
1.2147 1.3716 1.2428 0.9652 
1.2294 1.3732 1.2413 0.9650 
1.2428 1.3749 1.2398 0.9649 

1.2586 1.9332 1.6190 0.9076 
1.2915 1.9341 1.6182 0.9076 
1.3315 1.9373 1.6155 0.9072 
1.3576 1.9406 1.6129 0.9068 
1.3791 1.9439 1.6101 0.9064 
1.3982 1.9473 1.6074 0.9060 
1.4156 1.9506 1.6047 0.9057 

1.4350 3.0961 2.3666 0.7740 
1.4820 3.0982 2.3650 0.7738 
1.5351 3.1066 2.3590 0.7729 
1.5703 3.1150 2.3529 0.7720 
1.5997 3.1236 2.3470 0.7711 
1.6262 3.1322 2.3409 0.7701 
1.6509 3.1409 2.3347 0.7692 

1.6113 5.4788 3.9078 0.5685 
1.6801 5.4853 3.9035 0.5681 
1.7503 5.5117 3.8870 0.5664 
1.8012 5.5384 3.8709 0.5646 
1.8454 5.5655 3.8541 0.5628 
1.8859 5.5929 3.8379 0.5611 
1.9241 5.6207 3.8214 0.5593 


