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ABSTRACT

Line strengths are calculated for the 0 -1, 0 - 2, and 1 - 2 vibration-
rotation bands of hydrogen fluoride by use of the anharmonic oscillator po-
tential and for the 0 -1, 0 - 2, 0 - 3, and 1 - 2 bands by use of the Morse
potential. The two sets of calculations are compared, and it is found that the
line strengths depend quite strongly on the shape of the potential well even
for transitions involving such low-lying levels. All calculations have been
carried out for a number of temperatures in the 300°K to 5000°K range.

The partition functions and line positions used in the calculations are also
presented.
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LINE-STRENGTH CALCULATIONS.
FOR THE 01, 0—~>2, 03, AND 12
VIBRATION-ROTATION BANDS
OF HYDROGEN FLUORIDE
1
INTRODUCTION
In making spectroscopic measurements on molecules, it is often desirable to know either

the absolute intensity of the lines from previous measurements or to have a reliable theory
from which a reasonable estimate of line intensities may be calculated. This applies at
BAMIRAC, where quantitative absorption and emission measurements are being carried out on
the hydrogen fluoride molecule at temperatures ranging from 300°K to 5000°K. Recent theoret-
ical advances [1-4] in this area have achieved qualitative agreement with experiment; therefore,
it is appropriate at this time to calculate line intensities for the HF molecule for a number of

temperatures in the above range, according to present theory.

The calculations have been carried out for the two potential functions most often used: the
anharmonic oscillator potential and the Morse potential [5, 6]. There are several reasons for
carrying out two sets of calculations. First, there is no a priori reason for preferring one po-
tential over the other—they both represent a basic empirical assumption. Second, the calcula-
tions should be compared with each other to determine the effect of the form of the potential on
the line intensities. These calculations therefore serve as more than just an aid in present HF
studies. When compared with measurements now being made on the fundamental and overtone
series of HF, they also will give an indication of the influence of the form of the potential func-
tion on levels lying higher in the potential well. Knowledge obtained in this manner from the
simple HF molecule will be useful for treating more complicated molecules and for estimating
the strengths of electronic transitions. This is of particular value at the present time in view

of the recent interest in electronic band intensities [7-10].

2
GENERAL CONSIDERATIONS

The intensity of the absorption line corresponding to the transition from a level vJ to a

level v'J' is given by [1]
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8713NVJ 5
I ———— ' \ v
IVJ,V'J' 3hc(2J+ 1) VVJ,V'J' Z (<V’ J’ m(IJ'T(r) 9} ¢)‘V ,J ’ m>|
m',m,7

“"vg v'J')

X - —_—
1-exp KT /e (1)
where ¢ = velocity of light

h = Planck's constant
J = rotational quantum number
k = Boltzmann's constant
m, m' = magnetic quantum numbers of the initial and final levels
NV 7= number of molecules in the initial state
T = temperature
v = vibrational quantum number
8, ¢ = angles in spherical polar coordinates
v = frequency in wave numbers
vV IV = frequency of the transition in wave numbers
uT(r, 6, ¢) = the 7-th component of the dipole moment p as a function of the spherical
coordinates

< > = Dirac bracket symbols

The dipole moment separates into a radial part M(r) and an angular part which depends on
6 and ¢. The angular contributions to the matrix elements may be immediately evaluated, and
the sums over m and m' may be carried out. Thus
Vo omts 12 ' 2
Z ’<v, J, m'uT(r, 8, ¢)‘v ,dJ', m >i = |mll<v, JIM(@)] v', I>]

m,m', 7

(2)

where the m on the right-hand side is equal to -J for P-branch transitions and is equal to J + 1
for R-branch transitions. (This m, not to be confused with the m specifying the magnetic quan-

tum number, will be the one that appears in the following expressions.) Thus,

3
8m NVJ

v
2 vJ,v'J'
Ve [ L] _ VY g
IvJ,v'J' ~ 3he(2T + 1) VVJ,V'J' m|<v, JIM@E)lv!, 3] E exp ( kT/hc )] (3)

Written explicitly, the matrix elements of M(r) are

<vIIM(@)|v'I'> = szvJ(r)M(r)wv,J,(r)rzdr (4)
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where zpv J(r) are solutions of the radial wave equation ( = wave function, r = internuclear

separation):

2
1d/2dy JJ+1) 81 u ‘_
;ﬁ?(r dr>+{_ Tt [E'U(”]}W'O )

where E = total energy and U(r) = potential energy.

Once a choice of U(r) is made, the wave equation may be solved for ¥(r). Calculation of
the matrix elements then depends upon the form of M(r). The usual procedure is to expand M(r)

in a Taylor series about the equilibrium nuclear separation re:

2
dM 1d M
M(r)_MOdr(r_re)+§ 2(r-r) +
dr
or
i
M(r) -ZMi (r - re) (6)
i
where M, is the permanent dipole moment of the molecule. In this treatment, the Mi are param-

0
eters to be determined by experimental line strength measurements for particular solutions of

the wave equation.

The solutions ¥(r) of the wave equation depend not only upon choice of U(r) but also upon
treatment of the term J(J + 1)/r2. This term is usually called the "interaction term" since it
represents a coupling of the rotational (J ) motion and the vibrational (r-dependent) motion of

the molecule. A common method is to expand 1 /r2 in a Taylor series about r :
e

cr-r) (-r)
WD Iy g (1)
r I‘e e re

If only the first term in the expansion is retained, the interaction term does not depend on r.
This is the rigid rotor approximation in which there is no interaction of rotation with vibration.
The number of terms retained in the expansion is usually fixed by the form of U(r). If harmonic
oscillations are assumed, the first three terms are retained, giving the rotating harmonic os-
cillator model. If anharmonic oscillations are assumed, the cubic term is retained, giving the

rotating anharmonic oscillator approximation.

Another common practice is to choose an empirical function which nearly approximates a

realistic molecular potential. The function used most often is that of Morse:
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-B(r - re)]2

U(r):Ee£+De[1-e (8)

where Ee ¢ is the electronic energy and De the energy of dissociation. When this function is

used, the first three terms in J(J + 1)/r2 are retained.

The present calculations have been carried out for the rotating anharmonic oscillator and
the Morse oscillator. The reduction of the matrix elements to the form used in the computation
is carried out in appendixes II and III. The results are presented as a product of the matrix ele-
ment of a nonrotating oscillator and \/ F(m)vv' , a correction factor arising from the interaction

of rotation and vibration:

<vIIMIv'I'> = <v|M|v'> F(m)w, 9)

Also in appendixes II and III, for these two oscillators respectively, the J independent matrix

elements <v|M|v'> are derived and the factors \/F(m)w, are presented.

3
CALCULATION OF LINE INTENSITIES OF HYDROGEN FLUORIDE

The University of Michigan's IBM 7090 computer was used to calculate line intensities

IvJ,v‘J' of HF from equation 3. The line positions VvJ,v'J' appearing in (3) were calculated
from the term values given in wave numbers by
) 1\l (.0 (10)
T, ;= ZY].Q<V +§) J+1)J
jL
The coefficients Yjﬁ are taken from the work of Mann et al. [11]. These positions are given in
appendix IV,
The number of molecules in the initial level NV 7 is given by
_N(@2J +1) ex -Tthc (1)
viT Z PR
where Z is the partition function and N is the number of molecules per cubic centimeter. For
an ideal gas at a pressure P in atmospheres, N = 1.01325 X 106%,;—. The partition function is
given by
-T Jhc
Z = Z(ZJ +1) (exp———YT (12)
J
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These have been calculated for a number of temperatures and are given in appendix V. The
matrix elements for the anharmonic oscillator are given by equations 29, 35, and 36, and for
the Morse oscillator by equations 42, 43, and 44. The line intensities, in units (atm cmz)_ are
given in appendixes VI and VII. Note that the value of M1 used in the calculations was chosen
to assure agreement between theory and experiment at the band center in the anharmonic os-
cillator approximation, and therefore the intensities in appendix VI are not expected to agree
exactly with those in appendix VII. The usefulness of the Morse calculations lies in the cor-

10

rection factors F(m)V o The values M, = 1.5 X 10"~ esu, M0 =1.819 X 10-18 esu ¢m, and

1
K
6 = +1.32 were used in all the calculations [12]. For the Morse calculations, De was taken to

be 134.59 kcal/mole. [13].

4
RESULTS AND CONCLUSIONS

The effect of the correction factor is best illustrated by plotting Fvv’ versus m, as shown
in figures 1 and 2. It can be seen in each case that the correction factor causes an enhancement
of the P branch relative to the R branch for both the Morse and anharmonic oscillator models,
and that the effect becomes greater for high J transitions. The dependence of the correction
factor upon the particular change in v as well as J emphasizes the importance of determining

the validity of the treatment for high v and J.

The importance of the form of the internuclear potential is illustrated in figure 3, a plot of
the ratio of the Morse and anharmonic F factors versus m for the 0 — 1 and 0 -~ 2 transitions.
The results for the two potentials are seen to differ qualitatively as well as quantitatively. For
the overtone band, the F factors are seen to be quite different, causing a greater correction for
the Morse oscillator than for the anharmonic oscillator. The F factors for the 1 - 2 transition,
however, are in much better numerical agreement, but the Morse oscillator does show a greater
enhancement of the P branch relative to the R branch. Thus, even for transitions involving such

low-lying levels, the importance of the form of the internuclear potential is quite apparent.
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Appendix I
THE HARMONIC OSCILLATOR MODEL

1.1. THE RIGID ROTATOR
Although this approximation does not lead to satisfactory agreement with experiment, it
has qualitative features which carry over to the more realistic anharmonic oscillator model.

If Y(r) in equation 5 is replaced by a new function R(r) = ry(r), the wave equation becomes

2 2 2
dR+8_7T_EE_U(r)_h_J(J+_1.)R___O (13)
2 2 2 2
dr h 87 ur

Replacing r by r, in the interaction term gives the rigid rotor equation. Expanding U(r) in a

Taylor series about re:

2
1/da'U 2
Ur)==sl—] @-r)"+... (14)
2<dr2>r €
or
U(u) =%ku2

whereu =r - r. In terms of the variable u, the rigid rotor equation is

2 2
dR(u)+87r Elg - (J+1 ) 2 (15)
du h2 87r ur J

Its solutions are

where

u= x[h/(anfuk)]l/z

= [Zvv'.\/E vh/(Zm/’k_’u)]— 12
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and the HV are the Hermite polynomials. The energy levels of (15) in wave numbers are

271E 1
Yo we<v + E) + BeJ(J +1) (17

where w, = V k/uc2 and Be = h/(47mcr2e). The matrix elements of M(r) are

® 2
<v IM@)lv'> - JO v M@, () dr

+00
i, Lo R (MR ,(2)du

+
= \}h/(Zm/ﬁ) S OoR

-0

V(X)M(X)RV.(X) dx (18)

Since

M(x) = Z Mi(V h/2r\/u_kx)l (19)
i
the problem of finding the matrix elements of M(x) reduces to that of finding <v ‘xl |v' > for
various i. These may be found in a straightforward manner by use of the recursion relations
for the Hermite polynomials, and the usual pure rotation and fundamental vibrational selection

rules result. For the fundamental series

M1 v+l
<V’M1(u)(v+ 1> = \/T\/T (20)
where a = W, /<2Berz>. Similar expressions may be derived for the overtone series.

1.2, THE ROTATING OSCILLATOR
A more accurate representation of a vibrating rotating molecule is obtained by use of
expansion 7. Keepingterms through u2, and using equation 14 for U(u) as before, the wave

equation 13 becomes

2.0 2 2 2 2

a8 Srulp lp? 5oy —L—+a0@e1) 22 VRSN
2 2 2 2 2 2 3 2 3

du h 8m pr 87 pr 8m KT

(21)
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where the radial wave function is now denoted by SO in order to distinguish it from the functions
R(u). I the term linear in u is eliminated, equation 21 can be transformed into the simple har-

monic oscillator form. This may be accomplished by a change of variable:

u-= CJ+aJ
where
J(J + l)crre
ay = 12 (22)
3J(J+1) +35T k
and
o= hz
-2
87 KT

With this change, equation 21 becomes

a’s%¢) sl

2 2 9
ol LR - 53+ 1o+ J(J+1) 7 5 -[%k + 33(J + 1)‘-2’];? sY%o=0 (23)
dCJ 3J(T + 1)a+§kre

This has the form of the harmonic oscillator equation

2.0 |
d_S2_+ (x i chi)so -0 (24)
d¢

Upon making another change of variable, Ny = V aJC 7 the solutions of equation 23 may be written

0 12
Syg = NygH, (ny) exp [ E"J] (25)

where Hv are Hermite polynomials, as before, and where

N _ =4 ai 1 ‘
iV <\ I (26)

The dependence of the coordinate 75 on J is a consequence of the fact that the equilibrium nu-

clear separation is now T + a.. The energy levels are now given by

T
27TE0

1/2
vJ 1 2
he = (v + E)we[l +3J(J + 1)y 7]

a
+ 03T+ 1)( %) 1)

€

where y = ZBe/we and E0 = unperturbed energy.
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The matrix elements are best found using the generating functions for the Hermite poly-
nomials. For the fundamental transition they are, to the approximation of retaining the first

three terms in equation 7,

M
<0, 3|M(n)|1, J21> = —&% {1 ] zem[1 +%7(;—(m _ 1)]} (28)

where 0 = MO/ere' In general,

2 .2
|<vJ|M(nJ)|v'J'>! =M F (29)

where Mvv' is the matrix element of a nonrotating harmonic oscillator. The matrix element is
thus given by that for a nonrotating harmonic oscillator multiplied by a correction factor m
arising from the interaction of rotation with vibration. 6 is usually of order unity, whereas y
is several orders of magnitude smaller. The first term in equation 28 is therefore dominant.
Terms of order ¥ or smaller are considered later in the discussion of the anharmonic oscilla-
tor (app. II). It is interesting to note that the matrix element between v = 0 and v = 2 does not
vanish for the vibrating rotor. Its contribution is quite small to this approximation, however,

and it will be seen later that an anharmonic term in the potential gives the dominant contribution.

Through the correction factor \/ Fvv" each line in a band will have a slightly different mat-
rix element. Depending on the value of 6, the factor Fvv' will cause an enhancement of one branch
of a band relative to the other. In the case of HF, 0 is positive and greater than unity. This re-

sults in an enhancement of the P branch relative to the R branch.

Appendix IT
THE ANHARMONIC OSCILLATOR MODEL

If a cubic term is included in the potential function

U) = %ku2 + k‘u3 (30)

and if the cubic term is retained in the interaction term (eq. 7),

2 3
JI+1) JI+1) 2u  3u u
s ~— 3 |}t Tzt T (31)
r r e r r
e e e

10
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the contribution k'u3 - 4u3/r2 may be treated as a perturbation H1 on the zeroth-order wave

functions SO(UJ). This may be written

) 3/2 3
H = hcwebja u . (32)

where

5,2
b, = b\} - 27b I+ 1ﬂ (33)

1+ ae/3y Be] . The perturbed wave functions then have the form [14]

1 1/2[

and where b = -5

s =80 . 3 c s° (34)
vJ vd vmmJ mJd
m=0

where the constants CV are determined by first-order perturbation theory. Explicit expres-

md

sions for SV are found in reference [13]. These functions may then be used to find the matrix

J
elements of the dipole moment. The results were first obtained by Herman and Wallis [2] for
the 0~1, 0—-2, and 1 -2 transitions, and are expressed as the product of the independent matrix
element <v|M|v'> and a correction factor, as before. The factors Fvv' for the 0-1, 12,

and 0 -2 transitions are

1/2
B 15, 1/2 5 by 3y
FOI_{I—ZQVm\E+_2by +3'y-§ 5 (m—1)+§—é(m-1)

1/2
_ 1/2 o 23by 3y
F12 = {1 - 29ym[1 + 15by + 6y - S (m-1)+ 85 (m - ZJ} (35)
3/2 1/2
B y 36 6 b 1,y 15) 1/2 3 1/2
FOZ— 1-2 5 m (1-——4+§———y1/2>—0ym+2<2—b + 7)Y b(m+5)+——16y b(2m - 3)

The J independent factors of equation 29 are

(36)

11
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Appendix III
THE ROTATING MORSE OSCILLATOR

This model assumes that the potential function is
2
-B(r-r )
+ De 1-e (37)

where Ee!l is the electronic energy at r = re, De is the dissociation energy referred to the po-

U(r) = Eeﬂ

tential minimum, and 8 = we[ZWZC;L/Deh]l/ 2. The first three terms in the expansion of 1 /r2 are

retained, and the wave equation is solved for the molecular wave functions. The equation is

2
IR [oen)- W R B
r

dr2 h

EIE-UE@)]R=0

2
2

where A is the electronic angular momentum. The solution is of the form

R(y) = Ne~ %/ 2,°/2 p(z) (38)
where
z = 2dy (38a)
-Alr-r,)
y=e (38b)
2.
b2 - <2227;2“> [E ~E_,-D_-A(l- 3¢+ 3e2)] (38c)

and the function F(z) satisfies the confluent hypergeometric equation

2
zdF+(b+1-z)d—F+vF=0 (38d)
2 dz
dz
For equation 38a,
2 8772 2
d. = Ep + A(-€ + 3¢ )] (38e)
0 2.2 e
B°h
e=1/rp (38f)
A-B [J(J+ 1) xz] 38
=B, - (38g)

12
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The normalized radial wave function is

_dy

) 0 b/2
RVJ)\(r) = Nge (2d0y)

1Fl(-v; b+1; 2doy) (39)
1Fl(-v; b +1; 2d0y) is the confluent hypergeometric function. The vibrational matrix element

for the transition from a state v,J,A to a state v', J', X is

NoMo (® -1 2 1 i
b ' ' = - R
<vd |M(I‘)|V , JIA> 3 JO y RVJ)\RV'J'A ZM1< B ]_oge y> dy (40)
i=0

where

i

0
M(r) = ZMi(r -r,)
i=0
= iMi<-B_1 1oge y)i (41)

-
i}
o

and N 0 is the normalization factor. When the integration in equation 40 is carried out, the mat-

rix element may be written in the form

<vIXIM(r)|ven, J£1, x> = <v0|M(r)|v+n, 0> VF (42)
V,v+n

where <vO|M(r)|v+n, 0> is the J independent matrix element of Heaps and Herzberg [15],

‘V Fv vn is a J dependent correction factor, and n = v'. The correction factors have been
H

found for the 0-1,1~2, 0—~2, and 0~ 3 vibrational transitions. They are
6 2\ 1 6 1 A A 1
VFor =1 '[‘g log, (“E)*‘zﬂ(é‘ N 561" 5" 26-1)

. [e 3\ 1 6/ 1 1) A[ 1 2 1
VFOZ—1_[?+10ge(1+—s)+23](5_2SA)+26_2AS-2\s+2+s+1+§\s-2_§ )

1 9) 67 1 1 1
)+2—s:l(6-3s)\)+36—<-2AS-E(S_3+S+1+S+2) (43)

AL 2 11y
5(5-3_s_s+1_s+2

_ 0 il) 1 As 6(1 1 1)
FlZ_l_[?+1oge(1+s+2s:\(6_s>‘)+2(s+1)-§s+2+s+1+s-1

AL .1 1 g>
+2<s+1 s-1 s+2 s

1+

4
s

13
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where s = (2(—:2/';/) -2v-n-1
A= Jye(e - 1)m2

A= yzm/Ze(l - 3¢)
6= 3yem(l - €)
€= 1/reB

6= MO/(ere)

The general form of the J-independent matrix element is
1/2

<v0|M(r)|v+n, o> =

M1 (_l)n [(n +v)i(s + l)V(s - nﬂ (2

8 n vi(s +n+ l)vs(s)n _l

where the notation (x)i means

(x)i =x(x+1)x+2)... x+-1)

14
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APPENDIX IV

THE FUNDAMENTAL, FIRST OVERTONE, AND SECOND OVERTONE
LINE POSITIONS OF HYDROGEN FLUORIDE

15






WILLOW RUN LABORATORIES

[ &

L XN WN~O

R BRANCH LINEC POSITIDNS

vi 1D V1

45014150
4.,39.121
4075.447
4110.084
4142.987
4174.111
4203.417
4230,866
472564420
428,745
4301,7C8
4321.379
4339,029
4354 ,633
4368.166
4379.607
4362 ,937
4396,138%
44731.196
4404 ,097
4404 ,829
4403,383
4394,752
4393,928
4385,906
4375.683
4363,256
4348,620
4331.774
4312.716
4291.443
4267.951
4242.,236
4214,292
412%4,111
4151.683
4116.996
4280 ,031
445,769
3399,.,185
3955.250
29N8.925
3860.169
3828.934
3755.157
3696.773
3639.7C8
3577.873
3513.166
3445.,479
3374.687

vl 10 v2

3827.472
3863.981
3598.,89
3932.153
3963,722
393,571
4i21.644
4047.907
40724325
4794 ,867
4115.48¢C
4134,167
4150.876
4165.588
4178,278
4188.923
4197504
4204 ,003
4208.4072
421C.684
42154849
4228.872
42564.749
4198,469
4190.026
417G.414
4166.626
4151650
4134.499
411%.15°
433,601
469,047
4043 ,877
415,682
3985,253
3952.56¢
3917.614
880,362
38404795
3798.879
3754.577
3737.845
30584635
3606.891
3552.544
3495,52°2
3435,74"
3373.,102
3307.5C3
3238.814
3166.908

FOR DELTA V
ve 10 v3
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3458,271
3405.777
3353.611
3292.692
3231.926
3168.,210
3101.426
3031.446
2958.125

=1
V3 TN v4

3493.9¢86
3527.663
3555.814
3592.336
36194367
364E .60
3672.312

*3696.211

37184345
3738.082
3757.187
3773.831
3788.52%4
38Cl.421
3812.31%
3821.242
3a22.121
3833.11°2
3836.01¢C
3836.874
335,673
3832.395
3827.729
3819.565
3809.97¢
3798.260
3784.418
37684419
37554299
3729.923
3727.3%9
36B2.671
3655.721
362¢.532
3595,.,081
35614343
3525.288
3486 .885
3446,.095
3402.875
3357.177
3308.943
3258.112
3204.611
3148.363
3089.267
3027.233
2962.145
2893.877
2822.291
2747.233

17
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WILLOW RUN LABORATORIES

(49

C O ~NOC TP PN

P BRANCH LINE POSITIONS

v> T0O V1

3920.471
3277.863
3833.812
3788.372
3741.596
3693.539
3644.259
31593,.812
31542.254
3439.644
3436.038
3381.496
3326.075
3269.833
3212.828
3155.116
30964755
3037.892
29784310
2918.337
2857.934
2797.157
2736.058
2674.688
2613.097
2551.335
2489.451
2427.493
?2365.597
2373.539
2241.633
2179.835
211e.18¢%
2056.733
1995.516
1934.577
1273.969
1813.727
1753.859
1694.462
1635.559
1577.196
1519.420
1462.279
1405.8227
135,114
1295.198
1241.141
1182.005
1135.860

vl 19 v2

3749.845
3708.823
36664397
3622.617
3577.53%
3531.212
3483.693
3435,.,037
3385.299
3334.533
3282.797
3230.145
3176634
3122.319
3067.255
3011.49¢
2955.102
2893.121
2840.608
2782.616
2724.196
26654405
26064272
2546.879
24874257
2427440
2367.493
2337.4517
224T7.375
2187.29C
2127.240
2067.283
20dT.446
1547.772
1888,305
1429.083
17704147
1711.53%
1653.299
1595.469
1538.091
1451.21"%
1424.872
1369.,122
1314.313
1259.597
1205.92¢
1153.066
1101.077
1050.025

FOR DELTA V

v2 T0O V3

3583.,937
3544 .456
3523.604
3461.47%3
3417.993
2373,338
3327.514
3280.581
3232.589
3183.533
3133.647
3082.803
3521.117
2978.647
2325.427
2871.531
29217.033
2761.896
27064262
2650.14¢
2593.0602
2536.679
2479.423
2421.881
2364.103%
2306.124
2247.998
2189.763
2131.464
227341470
2014.833
1956.582
1898.427
1840.403
1782.561
1724.927
1667.544
161G.451
1553.686
1497.292
1441.307
1385.777
1330.743
1276.252
1222.355
1169.103
1116.549
1064.751
1013.776
963.689

=1

V3 T3 va

34224235
3384,252
3344 ,932
33C4.310
3262.460
3215.413
3175.226
31294449
3383.630
3036.335
2988.102
2938 .980
2889, .40
2838.315
2786.863
2734,133
2681.977
2628 .643
25744141
25205 . 440
2465.660
2410 .54
2355, 042
2299.254
2243.153
2186.593
213C. 464
2073.957
2017.202
1963.57%
1903.8u 2
1847.212
179C .68
17344155
1677.752
1621.571
1565.604
1509.83
1454 .464
1399.367
1344.5637
129¢.317
1236.449
1183.078
113C.252
1078.723
1026 .444
975.572
G25.470
876207



WILLOW RUN LABORATORIES

R KRANCH LINC POSITIONS FOR DELTA vV =

™~
—

[CCRNGVERUSEFES TN AURIN T A BN DN A NS I
N R D N O

Y
w

34
35
3h
37
3¢
39

41

o
<

%3
44
45
46
47
48
49

V0o TO Vv2

7789.056
7824.018
7855.836
7884,466
7909.870
7932.011
7952.855
7966.373
79784537
7987.324
7992.713
7994.687
7993.232
79884337
7979.99¢%
7968.20°
7952.951
7934.24¢8
7912.09¢
78864501
T85T.47¢(
7825.015
7789.147
7749.881
TTGTe237
7661.212
7611.845
75594144
75C03.125
T443.8C6
38le200
7315433
7246.186
7173.796
7984161
73519.282
6937.154
6851.773
6763.127
£671.181
6575.922
64T7T7.308
63754293
6269.822
6160.825
6048,224
5931.926
5811.823
5687.792
5559.693
5427.3¢9

V1 TO V3

T74482,0C3
7481.577
7512.087
75393.492
7563.751
7584 ,837
T6.2.694
7617.315
71623.663
1636,716
7641.452
71642.853
7643.902
1635.549
T7626.903
7614.838
7599.389
7587.554
7558.33%
7532.73¢
7523,759
7471.412
T435,.7C3
T39r.643
1354.24C
73.2.507
1259.456
72:7.795
7151.438
77972 .494
T7531,272
6964.778
6RIE L, (11T
6023.,989
6ET4E. 602
667T57.121
6524%3,263
65.3.1C1
6414.614
£322.767
6227.526
6129.840
6026.654
59253,.,9(1
5811.5C0
5699,360
5581.37¢
5465.427
5335.377
5206.077
5072.339

V2 10 V4

7115.985
71484194
T177.411
72(3.594
72264705
1246709
7263.571
7277.261
T287.753
7295.020
7299.042
7299.797
7297.270
7291.446
7282.315
126G, 867
7254.096
72344997
7212.508
7186.80:8
7157.7290
7125.3.5
7389.549
7N50.515
70C8.149
6362.420
6913,511
6861.249
6B05.698
6T46.863
6684,744
6619.342
6550 ,6%3
6647£.572
6473.387
6324.785
6242.844
6157.539
6268.834
5976.693
5881.065
5791.893
S6TI.107
5572.630
5462.370
5348.223
52372.372
51C7.781
4981.202
4850,168
4714.491

2
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WILLOW RUN LABORATORIES

P RRANCH LINE POSITIONS FOR DELTA V =

26

28
29
37
31
32
33
34
35
36
37
38
19
475
41
42
43
44
45
46
47
4R
49
53

vG TO V2

77719.8827
7665.765
7618.717
7568.76%
7515.977
T460.427%
T402.159
7341.257
7277.761
T211.76C
7143.317
7372.5C1
6999.3863
6924.036
6846,532
6766.945
66£5,.348
6631.815
55164429
6429.237
6340.339
6249.799
6157.690
664,083
5969.J350
5872.659
5774.981
56764083
5576.031
5474.359
5372.722
5269.593
5165.560
5760.684
4955,221
4848,628%
4741.558
4633.865
4525.601
4416.814
43374555
4197.869
4087.803
3977.403
3866.715
3755.783
3644.649
3533.358
3421.956
3310.4€E6

vl 10 V3

7371.843
7329.354
7283.993
7235.815
7184.876
7131.235%
T374.552
7016.087
6954.706
659°.872
628744651
67564111
66824319
6€12.344
6537.2556
646..123
6381.017
6322.006
5217.163
6132.55¢
60464243
5953.31°7
5262.818
57T77.833
5685.424
5591.654
5495.587
540..287
53C2.814
52044229
5124.591
5233.954
49G2.377
4799.912
469564612
4592.525
4487.7C3
4322.193
42764038
4169.288
4361.979
3954.16C
3845.867
3737.141
3628,023
3512.553
3478,7¢6
3298.702
3188.402
3077.902

V2 T0 V4

7242.765
72C1.849
h958,127
6911.654
6RE2,484
6817.,672
6756.276
6699.357
6639.974
6578.19¢C
6514.,236¢
6447.671
6379.065
6308.316
£235.438
6162.647
6283,8¢€61
6N05,195
5924.715
DR42.487
5758.575
5673.043
5585.957
5497.377
54C07.367
5315.996
5223.2494
5129.349
5334.207
4337.923
4243,551
4742.143
4642.748
4542.416
4441.194
4339,126
4?236.258
4132.5629
4728.282
3923.255
3817.586
3711.312
364,468
3497.068
3389.2°

3280.861
3172.358

3262.8G7
2953.348
2943.465

2




WILLOW RUN LABORATORIES

R BRANCH LINE POSITIONS FOR DELTA V =

VG TO V3

11429.587
11441.615
11469.034
11491.805
11509.894
11523.269
11531.905
11535.7¢82
11534.875
11529.178
11518.679
11533.372
11483.2%7
11458.338
11428.620
11394.115
11354.835
11310.8CC
11262.030
11208.548
11150,.380
11087.555
11c20.1¢2
10942.054
17871.444
10790.307
1G7C4.6175
10614.583
17520.0¢64
106421.150
10317.871
16210.25%
10098.326
9982.10C3
9861.6L(3
9736.837
9607.8(8
94744512
9336.94C
3195.069
9048.871
8898.303
8743.313
2583.833
8419.781
8251.063
B8077.562
7899.148
T715.669
7526.951
7332.8C0C

V1 70 V4

10905.396
10936.1C0
10962.30¢
16923,983
11021.087
11013.592
11021.47C
11024.699
11023.2%9
110617.137
11006.320
12992.8C1
10972.578
12945,649
10916.020
10981.696
12842,.688
10799.C10
10750.677
13697.7Q¢8
13642.124
10577.946
13511.2C0
10439.910
15364.1C2
10283.804
10199.041
10129.£38
10010.221
9918,213
9815.833
97:9.099
9592,025
9482 .622
9362.892
9233.835
9117.442
8977.697
8842.576
8699.246
8553,061
8402.565
8247.490
8N87.754
7923.259
7753.892
7579.522
7399.,999
7215.153
7024.794
6822.705

v2 T0 V5

10413.888
10443.283
10468.281
10488.,844
10504.936
10516.528
18523.592
10526.1C3
10524.043
10517.395
105C6.145
12492.285
10469.838
16444.711
10414.995
13380.663
10341.722
10298.181
10252.050
10197.343
10142.374
10978.262
1€011.922
9941.27%
9865.738
9785.932
9701.674
95612.982
9519.871
96422.355
9323.445
9214.148
9153.468
8988.403
B868.345
8745.083
£616.794
8484,052
8346.216
8205.042
8058.668
7907.625
7751.829
7591.182
T425.573
7254.863
7072.913
6897.554
6710.596
6517.830
6319.220

3
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WILLOW RUN LABORATORIES

P HRRANCH LINE POSITIONS FOR DELTA V =

14

25
26

-
<

29
29
3
31
32
33
34
35
36
37
38
39

41
42
43
44

46
47
48
49

54

vt TO V3

11331.881
112864300
11236.306
11181.958
11123.316
110604446
17993.417
13922.300
17847.168
107684599
12685.171
1859844606
17528.268
10414.061
103164532
172215.57¢C
12111.2¢3
10223.70C
9892.972
9779.171
96624366
9542.7C8
9420.229
9295.03¢8
9167.223
9236.873
49C4.075
8768.913
8631.477
2491.829
8350.067
820642063
8560.491
7912.823
7763.328
7612.070
7459.114
7304.519
71484341
63900.633
6831.443
6670.818
6508.798
6345.422
6180.726
6014.739
5847.487
5678.994
5509.281
5338.363

Vi 10 V4

10830,672
10786.746
10738.516
10686.036
10629.367
10568.571
10523.714
10434 ,.,E63
10362,091
10285,468
16205.072
10127.979
10733,268
9942,(20
9847.316
9T749.248
9647.875
9543,305
9435.615
9324.£91
9211.216
9094 ,675
8975.352
20535,330
8723.691
8601.516
471,884
P339,972
825,557
8269,012
73304309
7789.516
T64L.69G8
7501.921
7355.244
7206.725
T056,.417
6904.371
6752.635
6595,250
6438.25¢8
6279.695
6119.,592
5957.,977
5794.876
5630.312
5464,297
5296.848
5127.973
4957.678

V2 TO V5

15342,377
145299,752
13253.,217
13202.524
17147.733
1028e,902
10026.296
9959,378
988e.816
9814,489
9736.442
9654,775
9569.503
9487,854
I388.752
9293.327
9194,557
9naz. 822
8987.899
Q879,369
B8769.1°9
8655,398
8538,913
£413.731
8297.923
B173.575
846,747
7917.512
1785.949
7652.096
7516.344
T377.844
7237.554
7395.,231
6952.925
6RT4,56P5
6655.596
6506,.580
6354.796
62014237
6045,935
SRERL.915
5732,2C0
5569.8123
54C7.760
5244.061
5078.720
4911,.739
4743,121
4572.858

3




WILLOW RUN LABORATORIES

APPENDIX V
PARTITION FUNCTIONS FOR HYDROGEN FLUORIDE
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WILLOW RUN LABORATORIES

TEMPERATURE DEG.

273.30

373.30

500,00

1060.00

1500.00

2500.00

2550.00

3520.00

3500.00

40%0.00

5500.00

K

PARTITION FUNCTION

2.054577€8E-
4,8666988F~

4,78483600-

1.2143566L0

T7.4138553C

1.6824128E

2.9801752¢

4.6268908C

£e6251993¢L

3.,9831955E

1.1712043%

1.4824751F

24

J3

02

~
a8

1

2

02
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WILLOW RUN LABORATORIES

APPENDIX VI

ANHARMONIC OSCILLATOR LINE STRENGTHS AND CORRECTION
FACTORS FOR HYDROGEN FLUORIDE
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WILLOW RUN LABORATORIES

STRFNGTHS AND F FACTORS OF THE Vv

e

LG = DWW

29
3¢
31
32
33
34
35
36
37
32
39
4(;
41
42
43
44
45
46
47
42
49
5

SUM

TEMPERATURE =

R BRANCH

StJ)
4.232618 N1
6.52483E 01
6.06794E 01
4.03667E 01
2.,22753E 01
7.88154E 00
2.42437E OO0
5.,80871E-01
1.11875E-01
1.72696c£-02
?2.14654E-C3
2.15749E-04
1.76065L£-05
1.17121E-06
6.37627E-08
2.85242(0-09
1.25283C-10
3.21977E-12
8.19373E-14
1.74283%E~-15
3.11237E~17
4.68844E-19
5.98579E-21
6.52847E-23
6.05682€-25
4.84847E-27
3.35559E-29
2.01825C-31
1.06042E-33
4.89253E-36

.09000T 00
L33020E OO0
LQOCD00E OO0
.03C00E 00
L00GC0NE 20
+00CUDE D2
030508 00
.000COE 00
.0C000E 20
.CI520E 0O
.00000E 0D
.0000CE CO
.C2000E 0C
«D2J30E QD
«CID00E 0O
.0C0200L 00
.03G00E 00
.02020E 05
.00200E 0C
.CC000E 00
.00000E €O

S{J) FOR R =

F(J)
9.48990C-01
8.9968ME-21
3.52741E-71
2,060428-01
T.61656E=01
7.18852E-31
6.77603E-01
6.37879FE-C1
5.99654£-11
5.62897E-C1
5.27583E-01
4.93682C-71
4.61168E-201
4.350140-01
4,00192E-01
3.71677€-001
344441501
3,18458E=-01
2.93702E=-01
2.70148E-31
2.47769E-01
2.26541E-21
2.064380E-31
1.87436C-01
1.69509E-"1
1.52633E~01
1.36784C~21
1.21938E~-21
1.C8271C~31
9.51590E~-02
2.,31793E~C2
7.21384E-02
6.19235L-02
5.260186-02
4.4120PE-02
3.64583E-02
2.95922E-02
2+35308E-02
1.815623E~02
1.35554E-92
9.65897E-03
6.,45208E-03
3.91398E-03
2.02420£-03
T.62462E-04
1.08714E-C4
4.31292E-u5
5,46104E-04
1.59825E-03
3.18041E-03
5.27365E-03

0 TO V = 1 TRANSITIONS

273.3 DEG.
P BRANCH
S(J) FiJ)
3,7053%E 01 1.05274E
5.00205E 01 1.10724C
4.3764TE 1 1.16353E
2.37892E 01 1.22164C
1.04963F 01 1.2816CE
3.59037E §0 1.34344C
9.,65796E-71 1.4C0722E
2.06236E-01 1.47290E
3.,52056E-02 1.54058¢€
4.83165E-93 1.61827¢
5.35764E-C4 1.68199E
4,822150-C5 1.75579¢k
3.53836E~006 1.8317CE
2.12586E-07 1.90974E
1.053397€E-08 1.98995E
4,28585E-10 2.07236E
1.45090F-11 2.15702E
4,09348F-13 2424394¢L
9.670030-15 2.33317E
1.92187€-15 2.42473¢
3.22935k-18 2.51e67E
4.61093E-20 2.61531E
5.62332£-22 2.71380E
5.88878E-24 2.81506E
5.32405E-26 2.918b4E
4,17875E-2¢8 3.025106L
2.86353F-3) 3.134357¢
1.72311€6-22 3.24559¢t
9.15887E-35 3.35977C
4.32610E-37 3.47664E
LL0200E O3 3.59623¢
»OUD002E GO 3.71859E
.00000E CO 3.R4376E
«000COE CO 3.97175E
L20000E 5D 4.10263C
.00000E 353 4.23642E
LQ2C0CC2E O3 4.37315¢E
LCCO20E 6D 4.51288E
«20000F 02 4.65564C
+C3000F 00 4.80145E
L00000E 0D 4,95038E
.0000J0E €3 5.15244¢E
LOL000E 00 5.25766S¢E
«0QC00E 0D 5.41616E
.0CO0003E 20 5.577T89E
LCOQNDE OO0 5.74293E
+20000E €2 5.911306E
.0GO0OE 00 6.08305¢E
.0CO0JE 0O 6.25823LC
.00020E 00 6.43687E

2.39894176E 82 SUM S(J) FOR P

= 1.66926862E D2

r O
L0 BRI )

b

O CC OO O
[o% BN a0 o BNV RN ]

(]
o

O OC
2O

0C

00
00
00
00
o0
00
ce
00
00
00
090
0C
00

HF

29



WILLOW RUN

LABORATORIES

STRENGTHS AND F FACTORS OF THE v = 0 TO V = 1 TRANSITIONS OF HF

TEMPERATURE = 373.3 DEG. K
R BRANCH P BRANCH

J S(J) F(J) StJd} FLJ)

Q 2.289242 01 9.48990E-01

1 3.73967E 01 8.9968CE-01 2.12367C 01 1.05274E 023
2 3.33512&8 01 8.52041E-01 3.21915E 01 1.10724t O
3 3.099538 21 B8.C6342E-01 3.12107°€ 01 1.16353E8 235
4 1.95678E D1 7.61656E-01 2.29509F 01 1.22164C 00
5 1.01463E 01 7.16852E-01 1.35125E 01 1.2816CEL T3
5 4,37215E &0 6.77653E~01 6.52879E 0) 1.34344E 00
7 1.578743L 0C 6.37879E-31 2.62485E 0D 1.4G72CE 03
3 4.87611E-01 5.99654E-31 R,85984E-01 1.47290E 00
El 1.23953C-C1 5.62897C-01 2.52689€-01 1.54058L 00
12 2.71914E-02 5.27583E-01 6.12243E-02 1.61027E Q0
11 5.729163E-03 4.93682E-21 1.26439E-02 1.68199E 2
12 8.16524E-04 4,611680-01 2.23633F-03 1.75579& 00
13 1.12497E-C4 4.30014E-01 3.39864E-04 1.8317CE 0O
14 1.33573E-G5 4.00192E-01 4.,45332t-05 1.90974C 00
15 1.371732E-06 3.71677£-01 5.04825E-06 1.98995E CO
16 1.22731£-07 3.444416-C1 4.96759E-07 2.07236E QD
17 9.44857C-09 3.18458E-C1 4.25772E-C8 2.157232E 00
1€ 6.384520-10 2.93702E-31 3.18959E-09 2.24394E CD
19 3.77721E-11 2.7C148E-71 2.09579E-10 2.333178 00
2% 1.963136-12 2.47769E-01 1.21220€E-11 2.42473E 00
21 2,99362E-14 2.26541E-01 6.19461E-13 2.51867E 00
22 3.64447E£-15 2.06438E-01 2.80733E-14 2.615%1E 30
23 1.31792E-16 1.87436E-71 1.13261E-15 2.71380C 0O
24 4,27°062E-18 1.69509E-G1 4.08395E-17 2.81506E 0C
25 1.270341€-19 1.52633E~01 1.32140€E-18 2,91884L 0C
26 3.09359L-21 1.36784E-C1 3.85229E-20 3.025168 00
21 7.16228L-23 1.21938E-01 1.01613E-21 3.13407E 00
28 1.49890E-24 1.08071E-C1 2.43541E-23 3.24559E 00
29 2.84586E-26 9.51590E-C2 5.32692E-25 3.35977& 00
30 4.91971t-2¢ 8.31792E-C2 1.06801€E-25 3.47664E 30
31 7.77111E£-3D 7.21084E-02 1.97163€£-28 3.59623E 00
32 1.125458-31 6.19235E£-02 3.36679E-30 3.71859E 00
33 1.49922E-33 5.26018E-02 5.34284E-32 3.84376E GO
34 1.242420-35 4.41208C-02 7.91690E-34 3.97175E QO
35 L030020E 00 3.64583E-02 1.10069E-35 4,10263L OO
36 (30008 00O 2.95922E-C2 .0C002E 00 4.23642C 00
37 .00000E 00 2.35008E-C2 .0C200E 02 4.37315€ 0OC
3e LO0O00E 00 1.81623E-32 .006002E 00 4,51288E J7
39 LOGO00E 0D 1.35554E-02 .OCO00JE 0D 4.65564E Q0
47 .000N0E 00 9.65897E~03 .00000E 00 4.,80145E 00
41 .00000E OO0 6.45208E-03 .00U00E 00 4.95038L 09
42 .CINJ0E €O 3.9139€E£-23 .00000E 00 5.10244C Q0
43 .00920E 00 2,02420E-0C3 +00000E 00 5.25769t 00
44 .00G00E 00 T.62462E-04 .00CD0E 00 5.41616E 0O
45 .000D0E 00 1.08714E-C4 .0CQ0DE 0D 5.,577€9c 0¢
46 .C0NQVE 00 4.31292E-05 «J0000E 30 5.74293E ©2
47 «GJOC00E 00 5.46104E-04 «00000E QO 5.91130E 0OcC
4¢ .00000E 00 1.59825£-03 .00000C 00 6.083C5E 03
49 .CO000E 00 3.18041E-03 .00000E 0D 6.25823E 00
5¢ 00000 CO 5.27365€E-03 .00000F 00 6.43687E 00

SUM S(J)

FOR R =

1.66541359E 02 SUM S(J)} FOR P

= 1.31470364E 02



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS GF THE v = 2 TO V = 1 TRANSITIONS OF HF
TEMPERATURE = 530.0 DEG. K
R BRANCH P BRANCH
J StJ) F(J) sJ) FlJ)
. 1.23349E Q) 9.489G2E-01
1 2.13259E O1 3,99680E=01 1.239442 01 1.75274c JC
J 2.45961C 01 2.52341E=-41 2.03579F 01 1.13724E 03
3 2.23423C 01 B.06)42E6-21 2.22594L D1 1.16353E 09
4 1.63738E 01 1.61656E-C1 1.92113E 01 1.22164E 00
5 1.23713E ¢l 7.,18852E-01 1.38119€ 01 1.7281600 02
& 5.67572E CO 6. T77553E-0U1 L4767 0D 1.24344E 002
7 2.72749C 06 6.378795=-i;1 4,50156F 0D 1.407252 92
3 1.13182F 606 5.990654E-01 2.08536E 00 1.47290E 09
¥ 4,16496E-01 5.62897€-C1 8.490336F-01 1.54558E 00
1. 1.3547288-01 5.27523E-01 3.24778E-01 l.61027E8 32
11 3.99128C-62 4,933682E-01 3.6874935-02 1.68199E 09
12 3.98858E~03 4.61168E=-01 2.735576-02 1.75579t 00
13 2.27857E-03 4.30014E-01 5.88336E£-03 1.83170E 00
14 4.64265E-C4 4.00192E-01 1.54775€E-03 1.90974E 02
15 8.46989E-C5 3.71677C-91 3.11844C-04 1.94995€ 02
16 1.33692E-05 3.44441E-C1 5.64521F~05 2.07236EF 00
17 2.04334L-06 3.18458E-C1 3.22653E-06 2.15752E 00
1¥ 2.71525E-07 2.937G2E-0C1 1.356290-06 224394 07
19 3.26239E-08 2.75148E-21 1.85982E£-07 2.333178 00
20 3.553039E-19 2.4T7T65E-01 2.19353E£-08 2.42473E 00
21 3.51662E-10 2.26541E-01 2.42157E-09 2+51867E UC
2?2 3.17103E-11 2.06438E-21 2.44196E-10 2.61531E 07T
3 2.61208£-12 1.87436E-01 2.25599F-11 2.71380E 0OC
24 1.97059£-13 1.695C9E-01 1.91506E~-12 2.R1536E 0OC
25 1.36517E£-14 1.52633E-01 1.49827E~13 2.91884E 04
26 2.73771-16 1.36784E-01 1.28369C-14 3.72516E CC
27 5.12737€~17 1.21938E-01 7.26920E-1% 3.134072 0C
283 2.79443E-18 1.08371E-01 4,53061E-17 3.24559E 0OC
249 1.41326E-19 9.51592E-02 2.64273C-18 3.35977€ o0
3z 6.64911€-21 8,31793E-02 1.44174E-19 3.47664E 0C
31 2.91721€E-22 7.21084£-02 7.33698r-21 3.59623E 00
32 1.19624£-23 6,19235E-02 3.57262E-22 3.71859E GO
33 4.59411E-25 5.26018E-32 1.634G1E-23 3.24376E 00
34 1.65534E-26 4.41208C-22 7.79653E-25 3.97175€ 0%
35 5.63350E-28 3,64583FE-92 2.93717E-26 4,152038 oC
36 1.78334E-29 2.495922E-02 1.16279E-27 4.23642C 00
37 5.335C0E-31 2.35358E~02 4.41962E-29 4.37315C N0
38 1.49793E-32 1.81623£-02 1.61899E-3D 4.51238E 0%
39 3,93253E-34 1.35554E-02 5.73813€£-32 4.65564C 00
410 9.58164E-36 3.65897E-03 1.97558E-33 4,803145E 00
41 «33000F 23 6.45258E£-93 6.63429E-35 4.,953238E 00
42 L2230%E 00 3.91398E-03 2.18217E-35% 5.,10244E 00
%3 .02200E 0O 2.0242CE-03 .D3000E 0D 5.25769E 00
44 .D3000E 00 T.62462E-C4 «00UNOE 02 5.41616E 00
45 .07000E 0O 1.08714C-04 .00000E 00 5.57789E CC
46 .02735E €0 4,31292E-25 .D2290E 02 5.74293E 30
47 . 00002E 00 5.461C4E~04 .00000E 060 5.51130E 0D
48 .03709C GG 1.59825E-53 .00000E 02 6.C8305E 02
49 .00233E 092 3.18341E-03 .000003E 0D 6.25823E CO
50 .032C0E 09 5.27365%E-03 .2C000F 00 6.43687E OO0

SUM SIJ) FOR R =

1.18264088E 32 SuM S(J) FOR P

= 1.04386434E 02



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V = 0 TO V = 1 TRANSITIONS OF HF

32

TEMPERATURE = 1200.0 DEG. K
R BRANCH P BRANCH

J S(J) FtJ) St FUJ)

J 3.20782E N0 9.48990E-01

1 5.78832€ QO 2.9968CE-C1 3.28522E 30 1.05274E 09
2 7.37264E 20 8.52041E-01 6.27188E 0D 1.13724E 00
3 7.85694E 00 8.06042E-01 7.92390E 00 1.16353E Q0
4 7.38993f 20 T.61656E-01 8.65578E 00 1.22164€ GO
) 6.23331E 20 7.18852E-01 8.34999E 00 1.2816GE 00
& 4.89243E 20 6. TT1603E-D 7.28698F 00 1.34344E 00
7 3.51634L OO 6.37879E~C1 5.82886E 00 1.40720E GO
8 2.34526E 0D 5.99654E£-01 4.30826C GO 1.47292E CO
9 1.45710C ©O 5.62897E~-01 2.95851E 00 1.54058E 00
17 B.45T7T81E-01 5.27583E-C1 1.89509F (D 1.61C27€ 00
1t 4,59756£-01 4,93682E-01 1.13583E CO 1.68199E 00
1z 2.34514E-01 4.61168E-01 6.38589E-01 1.755179¢ 06
13 1.12448E-01 4,3C0014E-01 3.37522E-01 1.83172€ 0O0C
14 5.07653E-02 4.00192E-71 1.68%34E-01 1.90974E CO
15 2.16176E-02 3.71677E-C1 7.89360E~02 1.98995E CC
16 8.68689E-03 3.44441E-01 3.50483E-02 2.07236E 0OC
17 3.30183E-03 3.1t458E-01 1.47324F-02 2.157528 GO
1¥ 1.1882¢6E-03 2.937C2E-21 5.87181E-93 2.24394E 0C
19 4.05422e-04 2.70148E-C1 2.22247E-03 2.33317€ OC
20 1.313130E-04 2.47T769E-C1 8.00574L-04 2.42473E OC
21 4,04236E-05 2.26541E-C1 2.74360E-06 2.518067E OO
22 -1.18432E-05 2.06438E-C1 B.97590E-05 2.615018 00
23 3.30625E-06 1.87436E-01 2.80590£-05 2.71380C 00
24 #2.80580E-07 1.69509E-"1 B.39426E-C6 2.81506E OO
25 2.24022E-07 1.52633E-71 2.40711E-05 2.91884E OC
26 5.45C11E-08 1.367TH4E-01 6.62679E-07 3.02516E GO
27 1.26941E£-08 1,21938E-01 1.75432E~C7 3.13407E 00
28 2.83363E-09 1.06071E-C1 4.47321E-08 3.24559E OO
29 6.06219E-10 9.51590E-02 1.10042E-08 3.35977€ OO0
3u 1.24776E-10 8.31793E-G2 2.61606E-09 3.47664E 00
31 2.46542E-11 7.21084E-02 6.02049E-10 3.59623E 00
32 4.68365E-12 6.19235E-02 1.34355E~-1) 3.71859E 00
33 8.55769E-13 5.26018E-02 2.91257€-11 3.8437¢E 0D
34 1.5C387E-13 4,41208E-02 6.14419E-12 3.97175€ 00
35 2.54068E~14 3.64583E-G2 1.2635T7E~12 4.10263E 00
36 4.12191E-15 2.95922E-0 2.53790£-13 4.23642E 00
37 6.4087T1E-16 2.35008E-02 4.98763E-14 4.,37315E o2
3¢ 9.51617E-17 1.81623E-32 9.60906E-15 4.512888 OO
39 1.34182E-17 1.35554E-02 1.81832E-15 4.65564E 00
40 1.77976E-18 9.65897E-03 3.38624E-16 4.80145E 09
41 2.18486E-19 6.45208E-03 6.21866E-17 4.95038E 20
47 2.40987€E-20 3.91398E-03 1.12850E-17 5.10244E Q0
43 2.24684E-21 2.0242CE-0C3 2.02796E-18 5.25769E 00
44 1.51611€-22 T.62462E-C4 3.61671E-19 5.41616E 00
45 3.85688BE-24 1.C8714E-06 6.415T7TE-2D 5.57789E 09
46 2.72541£-25 4,31292E-05 1.13470E~20 5.74293E GO
47 6.15131E-25 5.46104E-04 2.00571E-21 5.91130E 00
48 3.21955E-25 1.59825E-03 3.55233E-22 6.08305E GO
49 1.15254E-25 3.18041E~-03 6.32081E-23 €.25823E 00
50 3.46789E-26 5.27365€-03 1.13308E-23 6.43687E CO
SUM S{J) FOR R = 5.18487209E 01 SUM S{J) FDR P = 5,89824528E 01



WILLOW RUN LABORATORIES

STRENGTHS AND F

[

~N AT U D

S

449

SuU

a
i

TEMPERATURE

FACTORS OF THE V

R BRANCH

StJ)
1.371128 oOC
2524928 0D
3.347228 OO0
3.78610E 20
3.,4854230 °C
3.61640L G0
3.16819E 32
2.611528 00
?.035348 0D
1.53663E 00
1.06120L 00
7.12967L-01
4.,57701E-01

.21179€-01
1.65514E-01
9.34658£-02
5.00878E-02
2.64257E£-02
1.3256RE-22
6.40526E-03
2.98334£-03
1.34263E£-03
5.81709E-04
2.439176-04
9.83113E-05
3.88176E-05
1.47531£-05
5.43347L-06
1.94021C-06
6.72242E-27
2.25876E-07
7.36814E~-08
2.332720-08
T.16604E£-09
2.13479€£-09
6.16271E-10
1.71936F-10
4.62814E-11
1.19664E-11
2.95312E-12
6.88581E-13
1.49159£-13
2.931183f-14
4.816C3E-15
5.77384E-16
2.61165C-17
3.28120E-18
1.31553E-17
1.22092E-17
7.72927E-18
4,09762E-18

S{J) FOR R =

3,06964464E

F{J)
9,4699CE-01
2.99680E-71
8.520416-71
B.26042E-71
T.61656E-51
7.12852E-351
6., 77603E-01
6.37879E-C1
5.99654E£-01
Se6289TE-G1
5.27583E£-C1
4.93682E~31
4.,61168E-C1
4.,30014E-21
4,00192E-C1
3.71677E-01
3.44441E-01
3.18458E-71
2.937020-01
2.70148E-01
2.47769E-21
2.26541E-u1
2.064386-01
1.87436E-01
1.69509E5-21
1.52633E~01
1.36784E-01
1.21938E~01
1.038071E-01
9.51595E-02
8.31793E-02
7.21084E-02
6.19235E£-02
5.26018E-02
4.41208E-22
3.64583E-02
2.95922E-02
2.35C08E-22
1.81623E-352
1.255548-22
9.658G97E-13
6.45258F-23
3.91398E-03
2.02420£-03
T.62462E-04
1.06T7T14E-04
4.,31292E-05
5.461C04E-04
1.59825E=-03
3.18241E-23
5.27365£-03

2 T0V =1

150C.% DEG.

P BR
S(J)

1.43018C 22
2.74747€ 0D
3.82047E OO
4.,48711F CD
4,77525E€ 50
4.,67706F OO0

284428 00
3.69599C 0D
3.016841F GO
2.34244F 00
1.73236F 00
1.22371€C 032
8.272721E-301
5.35975E-01
3.33358E£-01
1.99293E-01
l.146658-31
6.35682E-C2
3.39956E-02
1.75577E-02
8 T6TC1IE-03
4,23694E-03
1.98402E-C3
3.31161E-04
3.97467E-04
1.70418E-04
7.11098E-C5
2.89085E-35
1.14628£-05
4.43831E-05
1.67998L£-06
6.22376E£-07
2.25928E-07
ReT4581L0-08
2.01432E-08
9. 62LTHE-D9
3.27876E-09
1.09477E-09
3.608316-10
1.17548C-10
3.79500E-11
1.21106E-11
3.84066E-12
1.21356E-12
3.798040-13
1.18795E~13
3.71020C~-14
1.15904E-14
3.62799E-15
1.14002E-15

91 SUM S(J) FOR P =

TRANSTTIONS
K
ANCH

F(Jd)

1.7%274E
1.10724¢€
1.16353¢
1.22164C
1.28160E
1.34344%
1.40720E
1.47290¢k
1.5425686E
1.61C27E
1.08199E
1.75579E
1.83170E
1.9C974E
1.98G95E
2.07236E
2.15722E
2624394E
2.33317¢
2.42473C
2.51867C
2.615J1¢E
2.71382¢E
2.21506E
2.918u4C
3.02516¢
3.13457¢
3.24559E
3.35977¢C
3.47664E
3.59623¢C
3.71859E
3.843 768
3.971175¢
4,10263%
4,23642F
4,37315E
4,51238¢
4,65564LC
4,83145¢E
4,95038¢L
5.1G244E
5.257069E
5.4l616E
5.57789E
5.T74293E
5.91132E
6.08375¢
6.25823¢E
6.430648TE

OF

50
no
6o
o
0c
00
or
o6

o

or
90
o2
20
09
a2

Ud
sl
29
51y
oo

'Y
00

Cr QO LOQ
DO D O L O

[
<

) S DD

Fav N GERE W I W WU v I O B o)
[on R I @

O OO

G O C
OO OC

HF

4.33520584E 01

33



34

WILLOW RUN

STRENGTHS AND F FACTORS UF THE V

SUM

S(J)

TEMPERATURE =

R BRANCH

StJ)
7.14389L-01
1.329118 20
1.79841€ 22
2.C96€7E 00
2.22147& 00
2.19259€ €9
2.03629E G0
1.79815E 00
1.51607c €5
1.22478E 30
9.505850E-01
7.10152£-C1
5.11550E-01
3.55776£-01
2.39176E-01
1.55579E-C1
9.80113E-02
5.98485£-02
3.54501E-02
2.03836E-02
1.138520-02
6.18115E£-03
3.26387E-03
1.67716E-03
8.39117E-04
4.08963:-04
1.94243E-04
8.99422E-05
4.06128E-05
1.78867E-05
T7.68412E-06
3.21975E-06
1.31552&-06
5.23823E-07
2.03098E£-97
7.65726E~08
2.80163£-08
9.918C0E-09
3.38215E-99
1.10359E-09
3.40978E-10
9.805523E-11
2.54479E-11
5.60183E~-12
8.94486E-13
5.39057E-14
9.02248E-15
4.81669E~14
5.94668E-14
5.00085C-14
3.51509E-14

FOR R =

2.00862166E

FJ)
3.4899CE-C1
8.99680E-"1
8.52041E-C1
8.06342E-01
7.61656L-71
7.18852&-01
6.7T7603E-01
6.37879E-01
5.99654CE-C1
5.62397E-01
5.,27583E-21
4,93682C-01
4.61168E-01
4.30014C-21
4.,00192E-01
3.71677E-C1
3e44441E-71
3.18458E-C1
2.93702E-C1
2.73148E-01
2.47T769E-01
2.26541E-01
2.0€438E-01
1.87436E-01
1.69509E-01
1.52633E-01
1.36784E-01
1.21938E-01
1.08371€E-C1
9.51590E-02
8.31793E-02
T.21084E-02
6.19235E-32
5.26018E-02
4.4120G8BE-02
3.64583C-02
2.95922E-02
2.35008E-02
1.81623E-02
1.35554E-02
9.65897E-03
6.45208E-03
3.91398C-03
2.0242CE-03
T.62462E-04
1.08714E-04
4.31292E-05
5.46104E-04
1.59825E-703
3.18041E~03
5.27365E~03

LABORATORIES

10V =1
2720.C DEG.
P BR
St

7.50882E-01
1.46975E 0D
2.09181E 0D
2.56596E 03
2.86170E 00
2.97188E 00
2.91118E 00
2.71103E Q0
2.41251€ 00
2.059064E 00
1.69CCBE 00
1.33699E 00
1.G2115E 00
7.54103E-01
5.39164E-01
3.73648E-01
2.51260E-01
1.64111E-01
1.042126-01
6.43971E-02
3.87586E-02
2.274068E-02
1.30182E-32
T.27750E-03
3.97622£-03
2.12509E-03
1.11194€-0C3
5.70103E-04
2.86659E-04
1.41479E-04
6.85982E-05
3.27544E-05
1.53447E-05
7.09176E-C6
3.23137E-056
1.45295E-0%
6.45283E-07
2+83329E-07
1.23109E-G7
5.29867E-08
2.26129E-08
3.57850E~-093
4.03131E-03
1.68761C-09
7.03487E-1)
2.92351E-10
1.21266E-10
5.02696E-11
2.08537E-11
B.66923E-12

D1 SuUM S(J) FOR P =

TRANSTTIONS
K
ANCH

F(J)

1.05274¢c
1.10724E
1.16353¢
1.22164E
1.28163E
1.34344¢E
1.40720E
1.4729CE
1.54058E
1.61027E
1.668199¢E
1.75579E
1.83172C
1.90674E
1.98995¢E
2.C7236E

2.15702E <

2.24394E
2.33317€E
2.42473E
2.51867E
2.61501E
2.T1380E
2.81506E
2.91884E
3.02516E
3.134G7E
3.24559¢E
3.35977¢
3.47664E
3.59623E
3.71859¢C
3.84376E

3.97175E ¢

4.10263E
4.23642E
4,37315¢
4,51288E
4.65564¢E
4.80145E
4.95038E
5.10244¢E
5.25769&
5.41616E
5.57789E
5.74293E
5.9113CE
6.08305E
6.25823E
6.43687E

OF HF

C
00
J0
oc
20
30
0
(819
Go
00
Co
o0
00
00
oo

-
[

eC
ac
19
Q09
ce

oC

00
05
00
00
o

2.9195013C¢E



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V = ¢ TO V = 1 TRANSITIONS OF HF
TEMPERATURE = 2500.0 DEG. K
R BRANCH P BRANCH
J S(J) F(J) S{J) FUJ)
< 4.12877C-01 9.48990E-C1
1 T.73651€-01 8.99680E£-01 4,35973E-01 1.05274E 00
2 1.06006E 00 8.52041E-01 8.627C4E-01 1.10724E 00
3 1.25885E 00 8.06042E-01 1.24855€ 0) 1.16353E 09
4 1.36651E 20 T.61656E£-01 1.56650E 20 1.22164E 30
5 1.38862E 00 7.18852E-~C1 1.79729E 00 1.28160F 00
6 1.33787E nO 6.77603E-01 1.93124E G2 1.34344E 00
7 1.23151E DD 6.37879E-01 1.96865E 02 1.43720E 00
3 1.28851k 20 5.99654E-01 1.91860E 0J 1.47293E 00
9 9.27555E-01 5.62837E~01 1.79682E 03 1.54058E 20
10 7.62729€-01 5.27583E-0C1 1.62290C 02 1.61027E 00
11 6.07397£-01 4.93682E-71 1.41743E 0O 1.68199C 00
12 4.68906£-01 4.61168E-01 1.19358F 03 1.75579C 09
13 3.51365E-01 4.3C)14E-01 9.85372E6-01 1.8317CE 09
14 2.55833E-01 4,70192E-01 7.86723E-0C1 1.90374E 09
15 1.81167E-01 3.71677E-01 6.11244E-01 1.989495E 0OC
16 1.24876E-01 3.44441E-01 4.62638E-01 2.07236C 920
17 8.38438€E-02 3.18458E-01 3.41445E-01 2.15702C 00
18 5.43710£-02 2.937T02E-01 2.45945C-01 2.24394E 00
19 3.50232E-02 2.70148E-01 1.73045E-01 2.33317€ 00
25 2.18148E-02 2.47T769E-01 1.19522E-01 2.42473E 02
21 1.32664E-02 2.26541E-01 8.00898E-02 2.51867C 00
22 7.88067€-03 2.06438E-01 5.27634E-02 2.61501E GO
23 4.57477E-03 1.87436£-01 3.40573E-C2 2.7138CE 02
24 2.59619E-03 1.69509E-01 2.15537€E-02 2.81536C 02
25 1.44083E-03 1.52633E-01 1.33837£-02 2.91884E 00
26 7.82197£-04 1.36784E~01 8.15983E£-03 3.02516E 90
27 4.15471E-04 1.21938E-01 4,88810E-03 3.134057€E 09
28 2.15944E-04 1.08071€E-0C1 2.87312E-03 3.24559E 00
29 1.09834E-04 9.51590E-02 1.66856E-03 3.35977E 00
3c 5.46616L-05 8.31793E~C2 9.52128E-04 3.47664E O7
31 2.66119£-05 7.21084E-C2 5.35334E-04 3.59623E 05
32 1.26685E-25 6.19235E-G2 2.96782E-D4 3.71859E 00
33 5.89282E-06 5.26018E-02 1.62347E-04 3.84376E 00
34 2.671553E-06 4.4]120C8E-02 B.T76914E-05 3.97175E GO
35 1.18392E-06 3.64583E-02 4,68047E-05 4,1G6263E 00
36 5.09449E-07 2.95922E-G2 2.47035E-05 4.23642E 0O
37 2.12506€-07 2.35008E-02 1.29029€£-05 4.37315E 00
38 8.55321E-08 1.81623E-02 6.6T425E-06 4,51288E 00
39 3.29899E-08 1.35554E-02 3.42163E-06 4.65564E 00
40 1.20640E-08 9.65897€-03 1.73987E-06 4.80145C 00
41 4.11038E-09 6.45208E-03 8.78205E-07 4.95038E 00
42 1.265C6E-09 3.91398E-03 4.40377E-07 5.10244E 00
43 3.30444E-10 2.02420£E-03 2.19565E-07 5.25769E 09
44 6.26369€E-11 T.62462E-04 1.08939E-07 5.41616E 00
45 4.48182E-12 1.08714E-04 5.38360E-08 5.57789E 39
46 8.90588€-13 4.31292E-05 2.65234E-08 5.74293E GO
47 5.64270£-12 5.46104E-04 1.36398E-98 5.91130E 00
48 8.26305E~12 1.59825E£-03 6.40374E-09 6.08305E 00
49 8.23487C-12 3.18041E-03 3.14470E-09 6.25823E 00
50 6.85150E~12 5.27365E-C3 1.54595E-09 6.43687E Q0

SUM S{J) FOR R =

1.38247317E D1 SUM S({J) FOR P =

2.17132413€E



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V = 0 TO V = 1 TRANSITIONS OF HF

36

TEMPERATURE = 3000.0 DEG. K
R BRANCH P BRANCH

J std) F{J) StJ) F(J)

G 2.55673E-01 9.48990E-0C1

1 4.81311E-01 8.99680E-01 2.70631E-01 1.05274E 00
2 6.65156E-01 8.52041E-01 5.39323E-01 1.10724E 00
3 7.99773E-01 8.06042E-01 7.89139E-01 1.16353E 00
4 8.82453E-01 7.61656E-01 1.00489€ 00 1.22164E 00
5 9.15001E-01 7.18852E-01 1.17469E 00 1.28160E 00
6 9.02980E-01 6.77603E-01 1.29C099E 00 1.34344E 00
K4 8.54634E-01 6.37879E-01 1.35110E 00 1.40720€ 0C
8 T7.79629€E-01 5.99654E-C1 1.35698E 00 1.47290€ 0C
S 6.87860E-01 5.62897E-01 1.31457E 00 1.54058E 00
10 5.88444E-01 5.27582E-91 1.23272€ 00 1.61027E 00
11 4.89025E-01 4.93682E-21 1.12188E 02 1.68199€ 00
12 3.95392€-01 4.6116RE-01 9.92909E-01 1.75579€ 00
13 3.11402E-01 4.30014E-01 8.55954E-01 1.83170E 0OC
14 2.39139E-01 4.00192E-01 7.19699E-01 1.90974E 00
15 1.79220E-01 3.71677E-C1 5.90888E-0C1 1.98995E 00
16 1.31176E-01 3.44441E-C1 4.,74182E-01 2.07236E 00
17 9.38290E-02 3.18458E-01 3.72272E-01 2.15702E 0O
18 6.56283E-02 2.93702E-01 2.86158E-01 2.24394E 00
19 4.49099E-02 2.7C148E-01 2.15531E-01 2.33317E 00
20 3.00814E-02 2.47769E-01 1.59178E-01 2.42473E 00
21 1.97307E-02 2.26541E-01 1.15351E-01 2.51867E 00
22 1.26778E-02 2.06438E-01 B.20756E-02 2.61501E 00
23 7.98268E-03 1.87436E-01 5.73769E-02 2.7138C0E 00
24 4.92698E-03 1.69509E-01 3.94332E-02 2.81506€E 00
25 2.98158E~-N3 1.52623E-01 2.66598E-02 2.91884E 00
26 1.76938E-03 1.36784E-01 1.77413E-02 3.02516E 00
27 1.02980E-03 1.21938E-01 1.16281E-02 3.13407E 00
28 5.87837E-04 1.08071€-01 7.51088E-03 3.24559E 00
29 3.29078£-04 9.51590E~02 4.T78396E-03 3.35977E 0C
30 1.80631E-04 8.31793E-02 3.00647E-03 3.47664E 00
31 9.71819E-05 7.21084E-02  1.86535E-03 3.59623E 00
32 5.12194E-05 6.19235€E~02 1.14329E-03 3.71859E 00
33 2.64230E-05 5.26018E-02 6.92640E-04 3.84376E 0O
34 1.33267E-05 4.41208E-02 4.15023E-04 3.97175E 06
35 6.56N42E-06 3.64583E-02 2.46102E-04 4,10263E 00
36 3.14489E-06 2.95922E~02 1.44511E-04 4.23642E 0G
37 1.46321E-06 2.35008E~02 B.40811E-05 4.,37315E QO
38 6.57630E-07 1.81623E-02 4.85042E-05 4.51288E Q0
39 2.83515E-07 1.35554E-02 2.TT600E-05 4.65564E 00
40 1.15983E-07 9.65897E-Q03 1.57T723E-05 4.80145E 00
41 4.42387TE-08 6.45208E~03 8.90216E-06 4,95038E 00
42 1.52507E-08 3.91398E-03 4.99472E-06 5.10244E 09
43 4.46395E-09 2.02420E-073 2.T8T66E-06 5.25769E 00
44 9.48431E-1C T.62462E-C4 1.54879E-06 5.41616E 00
45 7.60727E-11 1.08714E-04 B.57212E-07 5.57789E 00
46 1.69443E-11 4.31292E-05 4.T72996E-07 5.74293E 00
47 1.20311E-10 5.46104E-04 2.60403€E-07 5.91130E 00
48 1.97357€E-10 1.59825€-03 1.43159E-07 6.08305E 00
49 2.20192E-10 3.180641E~03 7.86610E-08 6.25823E 00
50 2.04936E-10 5.27365E-03 4.32388E-08 6.43687E 0C

SUM S{J) FOR R =

9.84511006E 00

SUM S(J) FOR P

= 1.64839673E 01



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE Vv

DN O NC VD WN O

TEMPERATURE =

R BRANCH

S(J)
1.66538E~01
3.14585€E~01
4.37449E£-01
5.30723E-01
5.92504£-~01
6.23324E-01
6.25821€-01
6.04242E-01
5.63826€E-01
5.10198E-01
4.48817E-01
3.84547E-01
3.21375€-01
2.62280E-01
2.09234E-01
1.63291E-01
1.24756E~01
9.33662E-02
6.84824E~02
4.92530E-02
3.47482E-02
?2.4056TE~-02
1.63487E-02
1.09092E-02
7.14930E-03
4.60221E-03
2.91038E-03
1.80813E-03
1.10353E-03
6.61536E-04
3.89416E-04
2.24998F-04
1.27517E-04
7.08262E-05
3.85040E-05
2.04527E-05
1.05896E-05
5.32624E-06
2.58986E-06
1.20880E-06
5.35693E-07
2.21453E-07
8.27755E-28
2.6277T7E-08
6.05634E-09
5.26986E-10
1.27332€-10
9.80596E-10
1.74412E-09
2.10900E-09
2.12617E-09

SUM S(J) FOR R =

F{J)
9.48990E-01
8.99680E-01
8.52041E-01
8.06042E-01
T.61656E-01
7.18852E-01
6.77603E-01
6.37879E-01
5.99654E~C1
5.62897E-01
5.27583E-01
4.93682E-C1
4.61168E-01
4.3C014E-D1
4,00192E-01
3.71677€-01
3.44441E-01
3.18458E-01
2.937C2E~C1
2.7C148E-01
2.47TT69E-C1
2.26541E~C1
2.06432E-01
1.87436E-C1
1.69509E-C01
1.52633E~01
1.36784C-21
1.21938E-31
1.08071E~01
9.51590E~02
8.31793E-22
7.21084E-02
6.19235E-02
5.26018E~C2
4,41208E-22
3.64583E-C2
2.95922E~-02
2.35308E-02
1.81623E-02
1.35554E-02
9.65897£-03
6.45208E-03
3.91398E-03
2.62420E-03
T.62462E-24
1.08714E-04
4.31292E-905
5.46104E-04
1.59825€E-03
3.18341E-053
5.27365E-93

7.19980186E 30 SUM S(J)

0 T0V =1
3500.0 DEG.
P BR

S{J)

1.76550€-01
3.53578E-31
5.21363E-01
6.70899E-01
7.94707E-01
€.87445E-01
9.46275E-01
9.70922E-01
3.63459E-01
9.27884E-01
8.69533E-01
7.94460E-01
7.08614LC-01
6.18344E-01
5.28008E-01
4.41748E-01
3,62410E-01
2.91775E-01
2.30687E-01
1.79231E-01
1.36926£-01
1.02921F-01
7.61580E-02
5.55091E-02
3.98739E-02
2.82437E-02
1.97377€E~02
1.36157E-02
9.27635E-03
6.24505E-03
4.15664E-03
2.T73666E-03
1.78318E-03
1.15052E-~03
7.35428E-0¢4
4.659TTE~04
2.92817E-04
1.82587E~-04
1.13036E~04
6.95150E-05
4.24912E-05
2.58301€E-05
1.56248E-05
3.41083E-06
5.64728E~05

3.37855E-05

2.01649E-05
1.20157E-06
7.15348E-07
4.25843E-07

FOR

TRANSITIONS
K
ANCH

F(J)

1.05274E
1.10724E
1.16353E
1.22164E
1.2816CE
1.34344F
1.4072CE
1.472906C
1.54058E
1.61027E
1.68199E
1.75579¢E
1.83170E
1.90974E
1.98995E
2.07236¢
2.15702E
2424394E
2.33317€
2.42473E
2.51867E
2.61501E
2.7138GE
2.81506E
2.91884E
3.02516E
3.134C07E
3.24559E
3.35977E
3.47664E
3.59623¢E
3.71859E
3.84376C
3.97175E
4.10263E
4.23642E
4.37315E
4.51288E
4.65564E
4.80145E
4.95338¢E
5.10244E
5.25769E
5.41616E
5.57789E
5.74293E
5.91130E
6.08305E
6.25823E
6.43687E

P =

OF HF

00
oo
00
00
00
00
00
00

on

1.27383873E 01



38

WILLOW RUN

STRENGTHS AND F FACTORS OF THE V

ACENo RN ¢ SRR N B0 N G I L A B i S

47
41
42
43
44
45
46
47
48
49
3R

TEMPERATURE =

R BRANCH

S(J)
1.12871E-C1
2.13770E-01
2.98661E-01
3.64910E-01
4.1090GE-01
4.37018E-01
4.44495E-01
4.35652E-01
4.13487C-01
3.81337E-C1
3.42569F-01
3.00318€£-01
2.57295C-01
2.15671E-01
1. 77040E-01
1.42432E-01
1.12379E-01
8.,7C065E-02
6.61334£-02
4.93717£-02
3.62148E-02
2.61086E-02
1.85050E-C2
1.28973E-02
8.84277E-C3
5.96093E-03
3.95361£-03
2.57943£-03
1.65523E-03
1.04450E-03
6.47930E-D4
3.94916E-C4
2.36338E-04
1.38738E£-04
7.97845C-05
4.48658E-05
2.46100€-05
1.31222E-05
6.76818C-N6
3.35261E~06
1.57751E-06
6.92672E-07
2.75083€e-07
9.28021E-08
2.27325E-08
2.10244E-09

5.39924F-10

4.41872E-09
8.35019E-09
1.07243E-08
1.14781E-C8

SUM S(J) FOR R =

F{J)
9.48990E-01
8.99680E-01
8.52241E-01
8.062%242E-01
7.61656C-01
7.18852E-01
6.776C3E~C1
6.37879E-D1
5.99654L-01
5.62897E-C1
5.27583E-C1
4,83682E-01
4.,61168E-01
4,30014E-0C1
4.00192E-71
3.7167T7E-01
3.444410-C1
3.18458E~01
2.93702E-C1
2.70148E-01
2.4TT69E-01
2.26541F-01
2.06438E-351
1.87436E-C1
1.695C9E-01
1.52633E-01
1.36784E-01
1.21938E-01
1.08071E-01
9.515G9CE-C2
8.31793£-02
7.21084E-22
6.19235E-02
5.26018E-02
4.41208E-02
3.64583E-02
2+95922E-32
2.35008E-02
1.81623E-92
1.,35554E-02
9.65897E-03
6.452C8E-03
3.91398E-03
2.02420€E-03
T.62462E-04
1.068714E-04
4,31292E-05
5.46104E-04
1.59825E-03
3.18041E-23
5.27365E-G3

LABORATORIES

0 T0V =1
4000.0 DEG.
P BR
NYND]

1.19779€-01
2.40756E-01
3.57038E-C1
4.63036E-01
5.53916E-01
6.25961€E-01
6.76823E-C1
7.05619E-01
7.12876F-01
7.00369E-01
€,70839E-01
6.27673E-C1
5.74584E-01
5.15247E-01
4.53089E-01
3.91069E-01
3.31571€-01
2.76355E-01
2.26575E-01
1.82843E£-01
1.45318E-01
1.13808F-01
B.78757E-02
6.69311E-02
5.03115€E-02
3.73423E£-02
2.T73796E-02
1.98409E-02
1.42168E-32
1.00774E-02
7.06971E-03
4.91G91E-03
3.37932E-03
2.30462E-03
1.55839E-03
1.04533€-03
6.95884E-04
4.59970E-06
3.02020E-04
1.97690F-04
1.27888E-D4
8.25553E-05
5.30437E-05
3.39412€£-05
2.16399E-0C5
1.37554F-05
B8.72229E-06
5.52083E-06
3.49342E-05
2.2C0577E-05

5.38256842E 30 SUM S(J) FOR P =

TRANSITIONS
K
ANCH

F(J)

1.05274E
1.10724¢E
1.16353E
1.22164E
1.2816°7E
1.34344C
1.4C720€
1.47290E
1.54058¢
1.61027C
1.68199E
1.75579E
1.83170E
1.90974C
1.98995¢E
2.07236E
2.15702C
2.24394E
2.33317LC
2.42473E
2.51867E
2.61501E
2.71380CE
2.815C6E
2.91884E
3.02516¢E
3.13407E
3.24559E
3.35977E
3.47664E
3.59623E
3.71859L
3.84376E
3.97175¢E
4.10263E
4423642
4.37315E
4.51288E

4.65564E

4.80145C
4.95038E
5.10244E
5.2576GE
5.41616E
5.57789L
5.74293E
5.91130E
6.083C5E
6.25823E
6.43687E

OF HF

0o
Q90

00
00
Go
00
00
Q00
0o
Q0

1.00013971E C1



WILLOW RUN LABORATORIES

STRENGYHS AND F FACTORS OF THE Vv = 0 TO V = 1 TRANSITIONS OF HF
TEMPERATURE = 4500.0 DEG. K
R BRANCH P BRANCH
J S{J) F(J) S F(J)
0 7.90126L-02 9.48990E-01
1 1.49955E£-01 8.99680E-01 8.39081E-02 1.05274E GO
2 2.10281E-01 8.52041E-01 1.69126E-01 1.10724E 0O
3 2.58223E-01 8.06042E-01 2.51919E-01 1.16353E 00
4 2.92866E-01 T.61656E-01 3.28681E-01 1.22164E 00
5 3.14148E£-01 7.18852E-01 3.96197E-01 1.28160E 00
6 3.22770E-01 6.77603E-01 4,518728-01 1.34344E 00
7 3.20070E-01 6.37879E-01 4.,93891E-01 1.40720E 00
8 3.07839E-01 5.99654E-01 5.21307€-01 1.47290E 00
9 2.88138E-0 5.62897E-"1 5.34048E-01 1.54058E 00
16 2.63109F-01 5.27583E~21 5.32846E£-01 1.61027E 00
11 2.34811E-01 4.,93682E-01 5.16111E-01 1.68199E 00
12 2.05100E-01 4.61168E-C1 4.94761E-01 1.75579E 0C
13 1.75534E-01 4.35014E-01 4,62026E-01 1.83170E 00
14 1.47333E-01 4.00192€E-71 4.23266E-01 1.90974E 00
15 1.21370E-01 3.71677€E-01 3.80787E-01 1.98995E 00
16 9.81899E-02 3.44441E-C1 3.36712E-01 2.07236E 00
17 7.80550E-902 3.18458E-21 2.92875E£-01 2.15752€8 00
18 6.09976E-02 2.93702E-01 2.50756E-01 2.24394E 00
15 4.68785C0-02 2.70148E-01 2.11466E-01 2.33317E 00
2C 3.54432E-02 2.47T769E-01 1.75753€E-01 2.42473E 00
21 2.63701€-02 2,26541E-21 1.44037€-01 2.51867£ 30
22 1.93115E-02 2.06438E-01 1.16461E-01 2.61501E 00
23 1.39227€~02 1.87436E-01 3.29461E-02 2.7138CE 00
24 9.88317E-03 1.69509E-01 7.32545E-02 2.81536E 00
25 6.90821E-03 1.52633E-01 5.70411E-02 2.91884E 00
26 4,75485E-03 1.36784E-01 4.39021E-02 3.02516E 00
27 3.22246E-03 1.21938L-01 3.34131E-02 3.134C7E 00
28 2.15007E-03 1.08071E-01 2.5157T6E~02 3.24559E 00
29 1.41197€-03 9.51590E-02 1.8746TE-02 3.35977€ 00
3¢ 9.12299L-04 8.31793E-02 1.38314E-02 3.47664E 00
31 5.79638E-04 7.21084E-02 1.01082€E-02 3.59623E 00
32 3.61877E-04 6.19235E-02 T7.32028€-03 3.71859E 00
33 2.21772E-04 5.26016E-72 5.25539E-03 3.84376E 00
34 1.33229E-04 4,41208E-02 3.74182E-03 3.97175E 00
35 7.83132E-05 3.64583E-02 2.6432T7E-03 4.10263E 00
3¢ 4.49277€E-05 2.95922E-52 1.85335E-03 4.23642E 00
37 2.536T76E-05 2.35008E-C2 1.29336E-03 4.37315E 00
38 1.35356£-05 1.81623E-C2 8.92448E-04 4,51288E 00
39 7.02206E-06 1.35554E£-02 6.13417E-0% 4.65564E 00
40 3.46162E-06 9.65897E£-03 4.19192E-04 4.80145E 00
41 1.59288L-06 6.45208E-03 2.84933E-04 4.,95038E DO
42 6.63080E-07 3.91398E~C3 1.92725€-04 5.10244E 00
43 2.34520E-C7 2.02420€-03 1.29776FE-04 5.25769E 00
44 6.02327E-C8 T.62462E-04 8.70386E-05 5.41616E 0G
45 5.84099E£-09 1.08714E-24 5.81705E-05 5.57789E 00
46 1.57275€E-09 4.31292E-05 3.87600E-05 5.74293E 00
47 1.34940E-08 5.46104E-04 2.57622E-05 5.91130E 00
48 2.67289E-08 1.59825E~03 1.70900E-05 6.08305E 00
49 3.59734€-08 3.18041E-03 1.13217€-05 6.,25823E 00
5¢C 4.03335E-08 5.27365E-03 T7.49496E-06 6.43687E 00
SUM S(J) FOR R = 4,10044348E 00 SUM S{J) FOR P = 7.96508741E 00



40

WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE Vv

TEMPERATURE =
R BRANCH
J S(J) F{J)
o 5.68247E-02 9.4899CE~01
1 1.068028E-01 8.9968CE~01
2 1.51939E-01 8.52041E-01
3 1.87378E~01 8.06042E~01
4 2.13701E-01 T.61656E-C1
5 2.30803E-01 7.18852E-01
¢ 2+39069E-01 6.T7603E~01
7 2.39301E-01 6.3787GE~C1
€ 2.32615E-01 5.99654E-G1
G 2.20326E-01 5.62897E-0C1
1¢ 2.03836E-01 5.27583€E-01
11 1.84532E-01 4,93682E-01
12 1.63697E-01 4,61168E-01
13 1.42453E-01 4.30014E-01
14 1.21714E-01 4.00192E-01
15 1.02182E-01 3.71677E~01
16 8.43403E-02 3,44441E-01
17 6heB84T7T70E-02 3.18458E-01
18 5.47132E-02 2.93702€E-01
19 4,30366E-02 2.70148E-01
26 3.33364E-02 2.47769E-01
21 2.54357E-02 2.26541E~01
22 1.91207E-02 2.0643EE-01
23 1.41635E-02 1.87436E-01
24 1.03391E-02 1.69509E-01
25 7.43815E-03 1.52633E-C1
26 5.27360E-03 1.36784E-01
27 3.68443E-03 1.21938E-021
28 2.53615E£-03 1.08071€E-01
29 1.71948E-03 9.51590E~-02
3¢ 1.14778E-03 8.31793E-02
31 7.53887E-04 T.21084E-02
32 4.86857E-D4 6.19235E-02
33 3,08806E-04 5.26018E-02
34 1.92109E-04 4.4120BE-32
35 1.16994E-04 3.64583E=02
36 6.95695E-05 2.95922€-02
37 4.,02504E-05 2.35008E-02
38 2.25447E-05 1.81623E~02
39 1.21361E-C5 1.35554E-02
40 6.20957TE-06 9.65897E-03
41 2.96642E-06 6.45208E-03
42 1.28221E-06 3.91398E-03
43 4.70949E-07 2.02420€E-03
44 1.25621E-07 1.62462E-04
45 1.26521E-08 1.08714E-C4
46 3.53811E-09 4.31292E-05
47 3.15247E-08 5.46104E~04
48 6.48376E-08 1.59825€-03
49 9.05884E£-08 3.18041E-03
50 1.05411E-07 5.27365E~-C3
SuM S{J) FOR R =

2 TCV =1
5CGG0.0 DEG.
P BR
StJ)

6.03768E-02
1.21965E-01
1.82307E-01
2.38997E-01
2.89844E-01
3.33009E-01
3.67129%€-01
3.91338E-01
4.,25376E-01
4,09481E-01
4,04364E-01
3.91117£-01
3.71398€£-01
3.45818E-01
3.16828E~01
2.85623E-01
2.53560E-01
2.21809E-01
1.91316E-01
1.62793E-01
1.36729£-01
1.13405E-G1
9.29302E-C2
7.52700E-02
6.02857E-02
4.77654E-02
3.74536E-02
2.93756E£-02
2.23556E-02
1.70307€-02
1.28597E-C2
9.62826E-03
7.15060E-03
5.26959E£~03
3.85489E-03
2.80033E-C3
2.02083E-03
1.44923€-03
1.03322€E-03
7.32596E-04
5.16797E-04
3.62853E-04
2.53672E-04
1.766550-04
1.22596E-04
8.48252E-C5
5.85423E-05
4.03209F-05
2.7T7T2B9E-C5
1.90513E-05

3.17517525E 30 SUM S(J) FOR

TRANSITIONS
K
ANCH

FLd)

1.05274C
1.10724¢€
1.16353E
1.22164E
1.2816CE
1.34344E
1.4G72CE
1.4725CE
1.54058E
1.61027E
1.68199¢
1.75579E
1.83172¢€
1.90974¢E
1.98995E
2.07236LC
2.15752E
2.24394E
2.33317¢
2.42473E
2.51867E
2.61501¢E
2.71380t
2.81506C
2.91884E
3.02516E
3.13407E
3.24559E
3.35977¢
3.47664¢E
3.59623E
3.713859E
3.84376E
3.97175¢E
4.10263k
4,23642E
4.,37315E
4.51288E
4,65564E
4,80145¢E
4.95038E
5.10244E
5.25769E
5.41616E
5.57789¢E
5.74293E
5.91130E
6.08305E
6.25823E
6.43687E

OF HF

0
00

o
S
oc
00
006
a9
02
092
00
(¢l
oce
00
oc
00
090
00
6o
co
90
GG

P = 6,42490089C



STRENGTHS AND F FACTORS OF THE V

(&9

BN e S N

Negpess

1i
11
12
13
14
15
16
17
18
19
22
21
22
23
24
25
26
27
28
29

357

31
32
33
34
35
36
37
38
33
45
41
42
43
44
45
46
47
48
49
50

TEMPERATURE =

R BRANCH

S(J)
7.12332E-08
1.135593E-07
1.04731E-07
7.15318E-08
3.71913€E-08
1.5C881E-08
44.84298£-09
1.24139£-09
2.5560TE-10
4.25337€-11
5.74449E-12
6.32370E-13
5.69663E-14
4,21593L-15
2.57333E-16
1.30059€-17
S.46492E-19
1.91696E-20
5.63729£-22
1.39586E-23
2.92324E-25
5.23151E-27
7.92083E~-29
1.02939E-30
1.15607E-32
1.12474E-34
9.52787L-37
.20000E €0
.002C0E 02
.00000E 20
009008 00
.0J3220E 00
.JJ000E €0
«0JIN30E 00
L0DN0E 0D
.00n020E GO
.00020E GO
LO0N50E 00
.03000E 00
.000020L 00
.COCC0E OC
.00000E 020
.00000E 00
.COC0CC0E 0OC
.00000E 0D
.0200CE OO0
.00000E 00
.00000E 00
.00000E 00
.00CCCE 00
.03000E 00

SUM S({J) FOR R =

FLJ)

9.50548E=-01
9.22715€-01
8.564T2E-01
8.11792E-01
7.68646E-01
7.27006E-91
6.86843E-01
6.48132E-01
6.10844E-01
5.74952E-01
5.40429E-01
5.07250E-01
4.75386E-01
4.,4648126-01
4,15502€6-01
3.87430E-01
3.60571E-01
3.34899E-01
3.10395E-01
2.87717E-01
2.64758E-01
2.43586E-01
2.23478E-01
2.04410E-01
1.86359E-01
1.69299E-21
1.53209E-01
1.38065E-01
1.23845E-01
1.10524€E-01
9.80823E-02
8.64960E-02
7.574356-72
6.58339E-02
5.66530E-02
4.827216-02
4.36391£-02
3.373336-02
2.75338E-02
2.20203E-02
1.71726E-02
1.29705E-02
9.39428E-03
6.426443E-03
4.04156E-03
2.22654E-03
9.6C4T1E-04
2.246T0E-04
6.74301E-07
2.702426-04
1.01536E-03

WILLOW RUN LABORATORIES

1 TO V = 2 TRANSITIONS

273.3 DEG.
P BRANCH
St F(J)
6.24843E-08 1.2511¢€E
8.56027€£-08 1.130388E
7.13787E£-08 1.15836E
4.29686£-0°0 1.2145%8¢c
1.97161E-78 1.27257E
T.07046E-C9 1.33235¢E
2.010G5E-09 1.39396E
4.57263E~13 1.45743E
8.38169E-11 1.52278¢
1.24493E-11 1.59005¢E
1.50569E-12 1.65927E
1.48956E-13 1.73247C
1.21055€E~14 1.82368E
8.11619E-15 1.87894E
4.50813E-17 1.95627E
2.08340E-18 2.03572C
8.04575£-20 2.11730¢€
2.63802€E-21 2.20105¢t
T.12824£-23 2.28731¢t
1.65349E-24 2.37521E
3.25300E-26 2.46569E
5.48447E-28 2.55846LC
7.94982E-30 2.65358¢t
9.95863C-32 2.75107E
1.08383E-33 2.85098¢E
1.03038E-35 2.95332E
L00200E GO 3.05314E
.CO000E 22 3.16547E
«22000E 22 3.27535¢E
.00000E 02 3.38781¢E
.0GCQO0E 0O 3.55289LC
.DO000E 0O 3.62062C
.000002E 00 3.74105E
.00C00E G2 3.86420E
.000023€C 00 3.99G11E
.00C000E 00 4.11882¢C
LNGGO0E 0D 4.25037E
.00000E 00 4.38478E
.0G000E 0D 4.52211¢E
.J20300F 20 4.66239E
.C0CO0E 0D 4.80566E
«03G0JOE 0D 4.95194E
.00000E ©O 5.15129¢E
«N3002E 00 5.25374¢E
«QCGO0E 0D 5.40933E
.0CDOJE 0D 5.56809E
.0C002E 00 5.73508E
«00000E 00 5.89531E
.00000E 00 6.06385¢E
.0G00DOE 00 6.23572C

4,16557407E-37 SUM S(J) FOR P

= 2.91786036E-D7

OF HF

2o

00

30

00
o0
o0
00
oc
00
00
00
00

s}
v

00
Q0
20
00
20
Q0
2]y}
oo
00
0o
00
00
oC
00
00
00

4]
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WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

U OO

6

~

e

9
13
11
1?2
13
14
15
16
17
18
19
2.
21
22
23
24
25
26
27
2¢
29
3¢
31
32
33
34
35
36
37
38
3G
4y
41
42
43
44
45
46
47
48
49
590

TEMPERATURE

R BRANCH

StJ)
1.02544C-05
1.68814£-05
1.78728E-05
1.44276E-05
9.37060E-06
5.01790E-06
2.24565E-06
8.47182E-07
2.71472E-07
T.39146E-08
1.72441€-08
3.45417C-09
5.96011E-10
8.88647E-11
1.14841E~11
1.29026E-12
1.26417E-13
1.08351F-14
8.14947E-16
5.39635E-17
3.15631E-128
1.63616E-19
7.54282E-21
3.10331€E-22
1.14353E-23
3.78768E-25
1.13188E-26
3.06295E-28
7.53393C-30
1.69077E-31
3.47512E-33
6.56618E-35
1.14482E-36

.00000E OC
.00000E 0O
.00000E 00
.00000E 0O
.C0000E 0C
.00000E 00
.00000E 0O
«.00CO0E 00
.000C0E 00
.00CCOE 0C
.000G0E 00
.D0NJ0E 00
.00GO0E 00
.00000E 00
.00000E 00
-NJD00E 00
«00000E 00
.00000E 00

SUM S(J) FOR R =

F(J4)
9.50542L-01
9.02715E-01
8.56472E-C1
8.11792E-21
T.68646E-01
7.27006E-01
6.86843E-01
6.48132E-01
6.10844E-01
5.T4952E-01
5.4C0429E-01
5.07250E-01
4.75386E-01
4.448120-01
4,15502E-01
3.8743CE-C1
3.60571E-C1
3.34899E-01
3.10390£-01
2.87017€E-01
2.64752E-01
2.4358¢E-01
2.23478E-01
2.,04410E-0C1
1.86359E-01
1.69299E-01
1.53209E-01
1.38065E-01
1.238485E-C1
1.10524€E-91
9.80823E-02
8.64960E-02
7.57435C-02
6.58030E-02
5.665306-02
4.82721E-02
4.06391E-02
3.37333€-G2
2.75338E~02
2.26203E-02
1.71726E-02
1.297C5E-02
9.39428E~03
6.42443E-03
4,04156E-03
2.22654E-03
9.60471E-04
2.24670E-04
6.74301E-07
2.7C242E-04
1.01536E-03

1 TO vV = 2 TRANSITIONS

373.3 DEG.
P BRANCH
S(J) F(J)
9.53785E-06 1.05119E
1.46084E~05 1.10388E
1.43967E-05 1.15836E
1.08262E-05 1.2145€E
6.55704E-06 1.27257E
3.27852€E-06 1.33235¢
1.37208E~-C6 1.39396E
4.84927E-07 1.45743E
1.45658E-07 1.52278E
3.73708E-08 1.59C05¢E
B.22443C-09 1.65927¢E
1.55844E-03 1.73047E
2.55163E-10 1.80368C
3.62201E-11 1.87894¢
4.,47228E-12 1.95627E
4.,81936E-13 2.03572¢€
4,54757E-14 2.1173GE
3.77020E-15 2.20105E
2.75572E-16 2.28701L
1.78204€-17 2.37521C
1.02322€E-18 2.40569E
5.23577TE-20 2.55846E
2.39653C~-21 2.65358t
9.85)005E-23 2.75107E
3.64966E-24 2.85098¢
1.22394E-25 2.95332¢k
3.73025E-27 3.05814E
1.03752€E-28 3.16547E
2.64470E-30 3.27535¢€
6.20531E-32 3.38781E
1.34609E-33 3.50289C
2.71183E-35 3.62062E
5.09706E-37 3.74105E
.000002E 03 3.86420E
.00000E 00 3.99011E
.0CO00E 00 4.,11882E
.00000E 00 4,25037E
.0GOOOE 00 4.38478E
»00000E 0D 4.,52211E
.00000E 03 4.66239E
.00000E 00 4.80566E
.00000E 00 4.95194E
.J0000E 0O 5.10129¢
.00000E 00 5.25374E
.00000E 00 5.40933E
.00000E 00 5.56809E
.00000E 00 5.73008E
«00000E 00 5.89531¢E
.J0000E 00 6.06385E
.00000C 00 6.23572E

7.72838807E-35 SUM S(J) FOR P

= 6.12549C0C7E-05

OF HF

00

00
20
00
00
oC
00
09
02
00
GO
o
oc¢
00

Vis}
oc
o2
(V8]
0o
el
Q0
30
Q0
00
09
20
00

00
o0

00

00



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

21
22
23
24
25
26
27
28
29
30
31
3?2
33
34
35
36
37
38
39
(3%
41
42
43
44
45
46
47
48
49
50

TEMPERATURE

"

R BRANCH

Std)
2.75401E-04
4.71247E-04
5.38986E-04
4.8347T7E-04
3.73116E-04
2.43208E-04
1.35323E-04
6.67290E-05
2.89628E-05
1.11205E-05
3.78819E-06
1.14864E-06
3.10867E-07
7.52871E-08
1.63566E-08
3.19552E-09
5.62741E-10
8.95443E-11
1.29058E-11
1.68892E£-12
2.01187E-13
2.18701E-14
2.17509E-15
1.98432E-1¢
1.66494E-17
1.28824E~18
9.21671E-20
6.11383E-21
3.77042E-22
2.16763£-23
1.16486E-24
5.86690E-26
2.77670E-27
1.23803E~28
5.21269E-30
2.07724E-31
7.84990E-33
2.81772E-34
9.61756E-36

.000C0L 00
.00000E 00
.00000E 00
.000G0E 0O
.00000E 0O
.00200E 00
.00000E 00
.0000CE 00
.U0000E 00
.00000E 00
.00000E 00
.0000NE 0O

SUM S(J) FOR R =

F{J)
9.5C548E-01
9.527T15E~01
8.56472E-01
8.11792E-C1
T.68646E-D1
7.273006E-01
6.86843E~01
6.48132E-01
6.1C0844E-01
5.74952€-01
5.40429E-01
5.07252E-01
4,75386E-01
4.44812E-01
4,15502E-01
3.87430E-01
3.6U57T1E-01
3.34899E~01
3.10390E-01
2.87017€E-01
2.64758E-01
2.43586E-C1
2.23478E-01
2.C441CE-01
1.86359E-01
1.69299E-01
1.53209E-01
1.28065E-01
1.23845E-01
1.10524E-01
9.80823E-02
.64967E-02
7.57435E-02
6.58030E-02
5.66530E-02
4.82721E-02
4,06391E-02
3.37333E-02
2.75338E-C2
2.20263E-02
1.71726E-02
1.29705E-02
9.39428E-03
6.42443E-03
4.G4156E-03
2.22654E-03
9.60471E-04
2.246TCE~C4
6.74301E-07
2.70242E-04
1.01536E-03

1 TO V = 2 TRANSITIONS

500.0 DEG.
P BRANCH
StJ) FULJ)
2.66249E-04 1.05110E
4.40540E-04 1.1C388¢E
4.87425E~-04 1.15836E
4,27602E-~04 1.21458E
3.13880E-04 1.27257E
1.97558E-04 1.33235¢E
.C8070E-04% 1.39396E
5.182909E-05 1.45743E
2.19132€-05 1.52278¢E
3.2C916E-06 1.59005¢E
2.73474E-05 1.65927E
8.12787C-C7 1.73047E
2.16156E-07 1.80368C
5.15820E-08 1.87894E
1.15748E-08 1.95627E
2+14498E-09 2.23572¢C
3.75755E-10 2.11730E
5.96929E-11 2.2C105E
£.62247E-12 2.28701E
1.13555E-12 2.37521E
1.36722E-13 2.46569E
1.50917€E-14 2.55846E
1.53162E-15 2.65358E
1.43328E-16 2.75107E
1.24042E-17 2.85098E
9.95808E-19 2.95332¢&
T.43B47E-20 3.05814E
5.18628E-21 3.16547E
3.38594E-22 3.27535E
2.07664E-23 3.38781E
1.20044E-24 3.50289C
6.56258E-256 3.62062E
3.40452E-27 3.74105E
1.68188E-28 3.86420E
7.94033E-30 3.99011E
3.59547E-31 4.11882E
1.56731E-32 4.25037€E
6.60195E-34 4,.38478E
2.69764E-35 4.52211¢
1.07351€E-356 4.66239E
.0GO0DE 00 4.BO566E
.00000E 00 4.95194C
«00C00E G0 5.10129E
.GCOQ0OE 00 5.25374E
.00000E 00 - 5.40933E
.0GONJOE 02 5.56809E
.00000E 00 5.73008E
.00000E 00 5.89531¢
.0C000E 0D 6.06385E
.000002E 00 6.23572€

2.63191965E-03 SUM S(J) FOR P

= 2.32709441E-03

OF HF
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WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

19
21
22
23
24
25
26
27
26
29
30
31
32
33
34
35
36
37
38
39
41
41
42
43
44
45
46
47
48
49
5¢

SUM

TEMPERATURE

R BRANCH

StJ)
2.05514E-02
3.72339E-02
4.77271€£-02
5.13041E-02
4,87864E-02
4.20349E-02
3.32438E-02
2.43245£-02
1.65544E-02
1.05190E-02
6.25902E-03
3.49569E-03
1.83622E-03
9.08753E-04
4.24417E-04
1.87331E-04
7.82553E-05
3.09811€-05
1.16397E-05
4,15541E-06
1.4115GE-06
4.56779E-07
1.41008E-07
4.,15771E-08
1.17242E-08
3.16582E-09
8.13599£~10
2.03686E-10
4.86507E-11
1.11812E-11
2.47538E-12
5.28447E-13
1.08888E-13
2.16742E-14
4.,17041C-15
T.76048E-16
1.39684E-16
2.43137E-17
4.08939E-18
6.63535E£-19
1.0357CE-19
1.54779E-20
2.19722E-21
2.92368E-22
3.56056E-23
3,78663E-24
3.15181C-25
1.42540E-26
8.3084NE-30
6.51323E-28
4.83434E-28

S{J) FOR R =

FtJ)
9.5C548E-01
9.02715E-01
8.56472E~01
8.11792E-01
T.68646E-01
7.27036E-01
6.86843E-01
6.48132E-C1
6.10844E-C1
5.74952E-01
5.40429E-01
5.,07250C-01
4,75386E-01
4.44812E-01
4.15502E-01
3.87430CE-01
3.60571E-01
3.34899E-01
3.10390E-01
2.87017E-01
2.64T758E-01
2.43586E~01
2.23478E-01
2.0441CE-0O1
1.86359E-01
1.69299€E-01
1.532¢9E-01
1.38065E-C1
1.23845E-01
1.10524E~01
9.8C0823E-0C2
8.64960E-02
7.57435E-02
6.58030E-D2
5.66530E-C2
4,82721E-D2
4,06391E-02
3.37333E-02
2.75338E-02
2.20203E-02
1.71726E~C2
1.297G5E=-02
9.39428E-23
6.42443E-03
4,04156E-03
2.22654E-03
9.6047T1E~C4
2.246T0E-D4
6.74301E-07
2.T70242E~04
1.01536E-03

1 TO V = 2 TRANSITIONS

1000.0 DEG.

P BRANCH
S(J) F(J)
2.10223E-02 1.05110E
3.89653E-02 l1.10388¢E
5.11108E-02 1.15836E
5.62453E-02 1.21458E
5.47839€E-02 1.27257€
4.83808E-02 1.33235¢
3.92495E-02 1.3939¢6E
2.94873E-02 1.45743E
2.06272E-02 1.52278¢E
1.34887E-02 1.59005E
2.27094E-03 1.65927E
4.T6T4TE-D3 1.73047E
2.58882E-03 1.80368E
1.32686E-03 1.87894E
6.43012E-04 1.95627E
2.95120E-04 2.03572¢
1.28484E~04 2.11730¢
5.31419E-05 2.20105E
2.09131E-05 2.2BTC1E
7.84238E-05 2.37521E
2.80655E~06 2.46569E
9.59948E-07 2.55846¢k
3.14288E-07 2.65358E
9.86454E-08 2.751C7E
2.97279E-08 2.85098E
8.61522E-09 2.95332¢
2.4064764E-09 3.05814E
6.47536E-10 3.16547E
1.68483E-10 3.27535¢E
4.24284E-11 3.38781E
1.03583E-11 3.50289¢E
2.45573E-12 3.62062¢E
5.66344E~13 3.74105¢E
1.27273E-13 3.86420E
2.79203E-14 3.99011E
5.98972E-15 4,11882E
1.25889E-15 4,25037¢
2.59702C-15 4.38478E
5.26854E-17 4.52211E
1.05312E-17 4.66239E
2.07825E~-18 4,80566E
4.05734E-19 4,95194E
7.85270E-20 5.10129¢E
1.50998E-20 5.25374¢E
2.89119£-21 5.40933¢
5.52515E£-22 5.56809E
1.05639E-22 5.73008E
2.02592E-23 5.89531E
3.90741E-24 6.06385E
7.60038E-25 6.23572E

3.45518103€E-01 SUM S(J) FOR P

= 3.91467696E-C1

OF HF



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE v = 1 TO V = 2 TRANSITIONS OF HF

TEMPERATURE = 1500.0 DEG. K
R BRANCH P BRANCH

J S{J) FLJ4) Sid) F(J)

G 5.85477TE-02 9.50¢548E-01

1 1.08180E-01 9.02715E-01 6.09426E~-02 1.05110E 00
2 1.44120E-01 B8.564T2E-C1 1.17224E-0C1 1.12388t GO
3 1.64078E-01 8.11792E-C1 1.62607E-01 1.15836E 090
4 1.68382E-01 7.68646C-01 1.92819E-01 1.21458E 00
5 1.59524E-01 T7.27006E-01 2.06187E-01 1.27257E 30
6 1.41324E-01 6.86843E-01 2.03650E~01 1.33235E 00C
7 1.17990E-01 6.48132E-01 1.88210F-01 1.39396C 0C
8 9.33146E-02 6.10844E-C1 1.64045E-01 1.45743E 00
9 7.01632€-02 5.74952E-C1 1.35558E~-C1 1.52278E 0D
1¢ 5.02925E-02 5.406429E-01 1.06600€-C1 1.59305€ 00
11 3.44401E-02 S.NT250E-01 8.00014E-02 1.65927E QG
12 2.25711E-02 4.75386E~01 S5.7T42T4E-02 1.73047€ Q00
13 1.41781E-02 4,64812E-01 3,95037E-02 1.80368E 00
14 2.54730E-03 4.15502E-C1 2.60829E-02 1.87834E 0OC
15 4.95104E£-03 3.87430E-01 1.65538E-02 1.95627E Cu
16 2.,75863E-03 3.60571E-01 1.01119E-02 2.03572E Q0
17 1.48001£-03 3.34899E-0C1 5.95243E-03 2.11730E 00
1e 7.65301E-04 3.1039CE~01 3.380357C-03 2.20135€E GO
19 3.81768E-04 2.87017€E-51 1.85443E-303 2.28771E 0O
2¢ 1.83891E-04 2.64758E-01 9.83627E-C4 2.37521€ 00
2 8.56051E-05 2.43586E-01 5.05035E-04 2.46569E 20
22 3.85466E-05 2.2347RE-01 2.51274E-04 2.55846E 00
23 1.68029E-05 2.04410E-01 1.21275E-04 2.65358E 20
24 7.09660E-06 1.86359E-01 5.,68405E-05 2.75107E 09
25 2+90621E-06 1.69299E-01 2.58982E-05 2.85098E 00
26 1.15491E-06 1.53209E-01 1.14834E-05 2.95332E 00
27 4.45686E-07 1.38265E-01 4.96060E-D6 3.05814E 00
28 1.67137E-07 1.23845E-01 2.08991E-05 3.16547E 00
29 6.09480E6-08 1.10524E-01 8.59670E-07 3.27535E 00
3¢ 2.16241E-08 9.80823E-02 3.45640E-07 3.38781E 00
31 7.46839E-09 8.64967E-02 1.35985E-07 3.50289E 00
32 2.51187€-09 7.57435E-02 5.24110E-08 3.62062E 00
33 8.22934E-10 6.5803CE~02 1.98115€E-08 3.74105E 00
34 2.62646C-10 5.6653NE-02 7.35319E-03 3.86423E JC
35 8.16502C-11 4.,82721C-22 2.68293E-09 3.99011E 00
36 2.47135E-11 4,06391E-02 9.63462E-1D 4,11882C 00
37 7.27668E-12 3.37333E-02 3.40939E-10 4.250378 00
3e 2.08128€E-12 2.75338E-02 1.19034E-10 4.38478E 00
39 5.76956E-13 2.,20203E-22 4,10543E-11 4.52211E 00
490 1.54470E-13 1.71726E-02 1.40056E-11 4.66239E 00
41 3.97262E-14 1.,297G5E-02 4,73222€~12 4.,83566E 00
42 9.72999E-15 9.39428L~03 1.58575E-12 4.95194E 00
43 2.23790E-15 6.42443E~03 5.27728E-13 5.10129E 00
44 4.71596E~16 4,04156E-03 1.74668E-13 5.25374E Q0
45 8.68105E-17 2.22654E-03 5.75818E-14 5.40933E 09
46 1.25C003E-17 9.60471E-04 1.89362E-14 $.56809E 09
47 9.76640E-19 2.2467CE-04 6.22196E~-15 5.73008E 00
48 9.81226E-22 6.74301E-07 2.04606E~15 5.89531E 0OC
49 1.32162E-19 2.70242E-04 6.T45T2E~15 6.06385E 00
59 1.67836E-19 1.01536E-C3 2.2338BE-156 6.23572E 072

SUM S{J) FOR R =

1.36632474E 00 SUM S{J) FDR P

= 1.78067538E 00



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE Vv = 1 TO Vv = 2 TRANSITIONS OF HF

46

TEMPERATURE = 2000.0 DEG. K
R BRANCH P BRANCH

J S{J) FLJ) St F(J)

{ 7.85310E-02 9.50548E-01

1 1.46614E-01 9.02715E-01 8.23665C-02 1.551128 OO
2 1.99223E-01 8.56472E-01 1.61299E-01 1.10388C 00
3 2.33526E-01 8.11792€E-01 2.29944E-01 1.15836E 00
4 2.49069E-01 7.68646E-01 2.82853E-01 1.21458E 00
5 2.47534E-01 7.27006E-01 3.16697E-01 1.272578 00
< 2.32184E-01 6,86843E-11 3.30564E-01 1.33235E 20
1 2.07139E-01 6.48132E-01 3.25825E-01 1.39396E <6
8 1.76654E£-01 6.10844E-01 3.05650£-01 1.45743E GG
2 1.44530E~-C1 5.74952E-01 2.74292E-01 1.52278€ 922
1o 1.13737€-01 5.40429E-01 2.36342E-01 1.59L35E 00
11 B.62651E-02 5.0725CE-21 1.96054E-C1 1.65927E 90
12 6.31634E-02 4,75386E-01 1.56911€-01 1.73047E 0OC
13 4.47278E-02 4.44812E-01 1.21374€-01 1.80368E CU
14 3.06263E-02 4,155C02E-51 9.08724E-D2 1.87894E G2
15 2.03257€-02 3.87430E-01 6.59366E-02 1.95627F 00
16 1.39809E-02 3.60571E-01 4.64204E-02 2.03572E 00
17 8.17027€-03 3.34899E-01 3.17422E-02 2.1173CE 095
18 4.95667E-03 3.10396C6-01 2.11027E-02 2.23155E 3¢
19 2.92292€E-93 2.87017€-01 1.36527€-02 2.28701E 0D
29 1.67659E-03 2.,64758E£-01 8.6G337E-03 2.37521E 00
21 9.36C75E-04 2.43586E-01 5.28529E-03 2.46569E 20
22 5.09036E-04 2.23478E-C1 3.16805E-03 2.55846E 00
23 2.,69779E-04 2.04410E-01 1.85440E-03 2.65358E O
24 1.39426E-04 1.86359E-01 1.06088E-03 2.75137E Q00
25 7.03074E-05 1.69299E-C1 S.93670E-04 2.85098E 0O
26 3.46132E-15 1.53209E-01 3.25237E-04 2.95332E 90
27 1.66404E-05 1.38065E-01 1.74579E-04 3.05814E 00
28 7.81757C-06 1.23845E-01 9.18932E-05 3.,16547E Q0
29 3.58999E-06 1.10524E-01 4.74722E-05 3.27535E QC
30 1.61200E-06 9.80823E-02 2.40894E-05 3.38781E €D
31 7.07917€-07 8.64960E-02 1.20174E-05 3.50289E 90
2 3.04088E~07 7.57435E-C2 5.89878E-C6 3.62062€ 37
33 1.27763E-07 6.58033E-32 2.85141E£-056 3.74105E GO
34 5.24951E£-08 5.66530E-02 1.35856E-06 3.86420C 30
35 2.10839¢c-08 4.,82721E-32 6.38562E-07 3.,99011C0 05
36 8,27137E-09 4,36391E-32 2.96359E-07 4.11882E 02
37 3.16590E-09 3.37333£-02 1.35931F-07 4.25037E 09
38 1.,18018E-109 2.75338E-02 6.16741E-08 4,38478E O
39 4.,27367E-10 2.20203€E-02 2.77061F-08 4,52211E G0
4G 1.49758E-10 1.71726E~02 1.23354E-08 4,66239E 00
41 5.04R92E-11 1.29735E-02 5.44821E-09 4,80566E 20
42 1.62312€-11 9.39428E~73 2.38955E-C9 4.95194E ©
43 4.910423E-12 6.42443E-03 1.04180E-09 5.1C0129E CO
44 1.35833E-12 4.,04156E-03 4.51977E-10 5.25374E CO
45 3,28663E-13 2.22654E-03 1.95343E-1) 5.40933E 27
46 6.21874E-14 9,60471E-04 8.41981€-11 5.56809t 00
47 6.37960E-15 2.24670E-04 3.62379E-11 5.73008E OO
45 8.40585E~18 6.74301E-07 1.55925E-11 5.89531L 20
49 1.48233E-15 2.7C242E-04 6.71630E-~12 6.,06385E 30
5¢ 2.45928E-15 1.01536E-03 2.90003E-12 6.235725 00

SUM S{J) FOR R =

2.30662638E 20 SUM S{J) FOR P =

3.31114858E 00



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V = 1 TO V = 2 TRANSITIONS OF HF

TEMPERATURE = 2500.0 DEG. K
R BRANCH P BRANCH

J StJ) F(J) S(J) F(J)

0 7.99852€£-02 9.50548E-01 ]

1 1.50304E-01 9.02715E-01 8.42210E-02 1.05110E 00
2 2.06733€-01 8.5647T2E-01 1.66658E-01 1.10388E Q0
3 2.46676E-01 8.11792E-~01 2.41425€E-01 1.15836E 00
4 2.69318€-01 T.68646E-01 3.03474E-01 1.21458E 00
5 2.75522E-01 T7.27006E-01 3.49159E-C1 1.27257E Q0
6 2.67508E-01 6.86843E-01 3.76580E-01 1.33235E 00
7 2.48392E-01 6.48132E-01 3.85652E-01 1.39396E 00
8 2.21687E-01 6.10844E-01 3.77928E-01 1.45743E 00
9 1.90834E-01 5.74952E-01 3.56215E-01 1.52278E 00
13 1.58854E-01 5.40429E-01 3.24087E-01 1.59005E 00
11 1.28121E-C1 5.07250E-01 2.85371E-01 1.65927€ 00
12 1.00275€E~01 4,75386E-01 2.43696E-01 1.73047E 00
13 T.62557E-02 4.44812E-01 2.02160E-01 1.80368E 00
14 5.64063E-02 4.15502E-01 1.63137€-01 1.87894E 00
15 4,06223E-02 3.87430E-01 1.28214E-01 1.95627€ 00
16 2.85063E-02 3.60571E-01 9.82426E-02 2.03572E 00
7 1.95065€-02 3.34899E-01 7.34614E-02 2.11730E 00
18 1.30250E-02 3.10390E-01 5.36529E-02 2.20105E 00
19 8.49201E-03 2.87017E-01 3.83053E-02 2.28701E 00
2C 5.40915€£-03 2.64758E-01 2.67544E-02 2.37521E 00
21 3.36802€-03 2.43586E-01 1.82948E-02 2.46569E 00
2 2.05171E-03 2.23478E-01 1.22567E-02 2.55846E 00
23 1.22215E-03 2.04410E-01 8.05091E-03 2.65358E 00
24 T.12910E-04 1.86359€E-01 5.18851E-03 2.75107E 00
25 4.07270E-04 1.69299E-01 3.28299E-03 2.85C98E 00
26 2.27946E-04 1.53209E~01 2.04092€E-03 2.95332E 00
27 1.25034E-04 1.38065E-01 1.24740E-03 3.05814E 00
28 6.72349E-05 1.23845E-01 7.50081E-0¢4 3.16547E 00
29 3.54512E-05 1.10524E-01 4.44049E-04 3.27535E GO
30 1.83317E-05 9.80823E-02 2.58982E-04 3.38781E 00
31 9.23686E-06 8.64960E-02 1.48910E-04 3.50289E 00
32 4,62393E-06 T.57435E£-02 2.44682E-05 3.62062E 00
33 72.25499E-06 6.58030E-02 4.73019E-05 3.74105€E 00
34 1.07789E-06 5.66530E~-C2 2.61688E~05 3.86420FE 00
35 5.04706€E-07 4.82721E-02 1.43125€E-05 3.99011E 00
36 2.31277E-07 4,06391c-02 7.74436E-056 4.11882E 00
37 1.03579E-07 3.37333E-02 4.14863E-06 4.25037E 00
38 4.52496€£-08 2.75338E-02 2.20186E-06 4.38478E 00
39 1.92284E£-08 2.20203E-C2 1.15869E-06 4.52211E 00
45 7.91598E£-09 1.71726E-02 6.05008E-~07 4.66239E 00
41 3.13829E-29  1.29705E-02 3.13696E-07 4.80566E 00
42 1.18723t-09 9.39428E-03 1.61643E-07 4.,95194E 00
43 4.22343E-10 6.42443E-03 B8.28425E-08 5.106129E 00
44 1.37761E-10 4.04156E-03 4.22635E-08 5.25374E 00
45 3.92562E-11 2.22654E-03 2.14817E-08 - 5.40933E 00
46 8.74585E~-12 9.60471E-04 1.08882E-08 5.56809E 00
47 1.05592E-12 2.246T0E-04 5.50846E-09 5.73008E 00
48 1.63617E-15 6.74301E-07 2.78436E-09 5.89531E 00
49 3.38964E-13 2.70242E-04 1.40764E-09 6.06385€E 00
50 6.59780E-13 1.01536E-03 7.12533E-1D 6.23572E 00

SUM S(J) FOR R =

2.80068547E 00 SUM S{J) FOR

=  4.33054554E 00
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WILLOW RUN LABORATORIES

STREMNGTHS AND £ FACTORS OF THE V

P
MR = O O O

—
S

e
O X~ U

i
<

N NN NN
(GRS S

26
27
28
29
30
31
32
33
34
35
36
37
38
39
44
41
42
43
44
45
46
47
48
49
52

TEMPERATURE =

R BRANCH

StJ)
7.21884E-02
1.36265E-01
1.88977E-0C1
2.28212£-01
2.53139E-01
2.64N22E-01
2.62339E-01
2.50206E-01
2.30200E-01
2.05716£-01
1.77190£-01
1.4B897E-01
1.21839E-01
9.72210E-02
T.56798E-02
5.75566E-02
4.27902E-C2
3.11189E-02
2.21511€E-02
1.54419E-02
1.05477E-02
T7.062758-03
4,63801E-03
2.98816E-03
1.88951£-03
1.17301E-G3
7.15139E-04
4.28268E-0C4
2.51974E-04
1.45668E-04
8.,27485E~-05
4.61875E-05
2.53272E-0C5
1.364020E-05
7.21105E-06
3.73955E-06
1.9C031E-06
9.44871E-07
4.58737E-07
2.16835€-07
9.93689E-08
4.38800£-08
1.84987E-N8
7.33574E-09
2.66776E-09
8.47577£-10
2.10501€-10
2.83216€£-11
4.88801E-14
1.12712E-11
2.43969E-11

SUM S(J) FOR R =

F(J)
9.,50548E-01
9.02715E-01
8.56472E-71
8.11792c-01
T.68646E-D1
T7.270C€E-D1
6.,86843E-01
6.48132E-01
6.10844E-01
5.74952E-01
5,40429E-01
5.07252E~C1
4,75386E-01
4,44812E~01
4.15502E-01
3.87430E-01
3.60571E-01
3.34899E-01
3.16390E-01
2.87017€E-01
2.64758E-01
2.43586E-01
2.23678E~01
2.64410E-01
1.26359E-31
1.692992-71
1.53209E-01
1.38365E-01
1.232458-C1
1.10524E-01
9.80823E~02
8.64960E-C2
7.57435%5£-22
6.5803CE-52
5.66530E-02
4.82721E~02
4,063916-02
3.37332£-02
2.75338E-02
2.20203£-02
1.71726E-02
1.29705E-02
9.39428E-03
6.42443E~03
4.04156E-723
2.22654E-03
9.6047T1E-C4
2.2467T0E-04
6.T4301E-G1T
2.70242E-04
1.01536E-G3

1 70V =2
3000.0 DEG.
P BR
S{J)

7.618330-02
1.51776£-01
2.22188E-01
2.83296E-01
3.31844F-01
3.65730E~01
3.84132E-C1
3.87480E-01
3.77282F-01
3.55852E8-01
3.25981€6-01
2.90605E-01
2.52522%5-01
2.141697-01
1.77485E£-01
1.43862£-01
1.14154E-0C1
8.87445E-02
6., T6436E-02
5.05883E-02
3.71452E-02
2.67555E-02
1.90021E-02
1.32553E-02
9.10082E-03
£.15372E-03
4,10026E-03
2.69375E-03
1.74594E-03
1.11766E-03
7T.05915E-04
4.640B68E-C4
2.72272€-04
1.66371E-04
1.00646E-04
6.03143E-05
3.582676-05
2.11065E-05
1.23402E-05
7.16457E-06
4.13334E-06
2.37104E-06
1.35329E-05
T.65064E-07
4.35472E-07
2.45871E-07
1.38529E-07
7.79497E-08
4.38433E£-08
2.46718E5-08

2.91042298E 30 SUM S(J) FOR

TRANSITIONS
K
ANCH

FlJ)

1.N511CE
1.10388¢E
1.15836E
1.21458E
1.27257¢E
1.33235E
1.39396E
1.45743E
1.52278¢
1.59005E
1.65927E
1.73047E
1.80368C
1.87894E
1.95627E
2.03572E
2.11730€
2.20105E
2.28701E
2.37521E
2.46569E
2.5584¢E
2.65356E
2.75107E
2.85098E
2.95332¢E
3,05814E
3.16547¢
3.27535E
3.28781¢E
3.50289E
3.62062E
3.74105E
3.86420E
3.96011¢
4,11882¢E
4,25037¢€
4.38478E
4.52211¢F
4,66239¢E
4,80566E
4,95194E
5.10129¢E
5.25374E
5.40933E
5.56809E
5.73008E
5.89531¢t
6.C6385E
6.23572¢€

P = 4.78445721E 30

OF HF

00
00
00
30
o0
00
00
990
0
00
oG
oo
oc
00
00
0%
GO
oo
GO
gt
g
00
oe

00
GO
SC
oc
00
00
00
IS
Bl
o
ol
aly
sl

9]
o]0
i1s;
oo
GO
00
zo
00
oe
(0]9]
00
o
0o



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

C NV N O

TEMPERATURE

R BRANCH

S(J)

6.15112E-02
1.16495E~01
1.62531£-01
1.97981E-01
2.22078E-01
2.34911€-01
2.37319E-01
2.30730E-01
2.16957E-01
1.97984E-01
1.75773E-01
1.52109E-01
1.28493E-01
1.06081E-01
8.56T59E-02
6.77483E-02
5.24890E-02
3.98694E-02
2.97067E-02
2.17234E-02
1.55976E-02
1.10067E-02
7.62388E-03
5.19361E-03
3.47878E-03
2.29171E-03
1.48512€6-03
9.46898E-04
5.94063E-04
3.66750E-04
2.22794E-04
1.33161E-04

© 7.82865E-05
4.52550E-05

2.57079E-05
1.43395E-05
7.84474E-06
4.20261E-06
2.19997E-06
1.12192E-06
5.54998E-07
2.64670E-07
1.20537€-07
5.16487E-08
2.02979€E-08
6.96900E-09
1.87017E-09
2.71817€~-10
5.06595E-13
1.26081E-10
2.94364E-10

SUM StJ) FOR R =

FLd)

9.505482E-01
9.02715E-01
8.564T2E=01
8.11792C-01
7.68646E-01
7.27006E-01
6.86843E-01
6.48132E-01
6.10844E-01
5.74952E-01
5.40429E-01
5.07250E-01
4.75386E-01
4.44812E-01
4.15502€-01
3.874306-01
3.60571E-01
3.34899E-01
3,10390E-01
2.27017E-01
2.64758E-01
2.43586E-01
2.23478E-01
2.04410E-01
1.86359E-01
1.69299E-01
1.53209E-01
1.32065E-01
1.23845E-01
1.10524E-01
9.80823E-02
8.64960E-02
7.57435E-02
6.58030E-02
5.66530E-02
4.82721E-02
4,06391E-02
3,37333E-02
2.75338E-02
2.20203E-02
1.71726E-02
1.29705E-02
9.39428E-03
6.42643E-03

4.04156E-03 -

2.22654E-03
9.60471E-04
2.24670E-04
6.74301E-07
2.70242E-04
1.01536E-03

1 T0V =2
3500.0 DEG.
P BR
St

6.50073E-02
1.30124E-01
1.91905£-01
2.47158E-01
2.93214E-01
3.28149E-01
3.50899E-01
3.61299E-01
3.60008BE-01
3.48373E-01
3.28231E-01
3.01700E-01
2.70962E-01
2.38088E-01
22J4896E-01
1.72864E-01
1,43090E-01
1.16299E-01
9.28764E-02
7.29253E-02
5.63327E-02
4,28355E-02
3.20815E-02
2+36783E-02
1.72314E-02
1.23708E-02
8.76603E-03
6.13422E-03
4.24119€E-03
2.89873E-03
1.95946E-03
1.31068E-03
8.67963E-04
5.69340E-04
3.70108E-04
2+38556E-04
1,52540€E-04
9.68124E-05
6.10184E-~05
3.82124E-05
2.37901E-05
1.47326E-05
9.08027€E-06
5.57326E-05
3.40859E-06
2.07858E~06
1.26466E-06
7.68231E-07
4.6627TE-07
2.82986E-07

2.78728025E 30 SUM S(J) FOR P =

TRANSTITIONS
K
ANCH

FLJ)

1.05110C
1.10388E
1.15836E
1.21458E
1.27257¢E
1.33235¢E
1.39396E
1.45743E
1.52278E
1.59005E
1.65927E
1.73047E
1.80368E
1.87894E
1.95627¢E
2.03572E
2.11730E
2.20105E
2.287G1E
2.37521¢E
2.46569E
2.55846E
2.65358C
2.75107€
2.85098¢t
2+95332E
3.05814¢E
3.16547E
3.27535E
3.38781E
3.50289E
3.62062E
3.74105E
3.86420E
3.99011E
4.11882E
4.,25037E
4.38478E
4.52211¢€
4.66239E
4.80566E
4.95194C
5.10129E
5.2537T4E
5.40933E
5.56809E
5.73008E
5.89531E
6.06385E
6.23572E

OF HF

4.83036345E Q0



50

STRENGTHS AND F FACTORS OF THE V

TEMPERATURE =
R BRANCH
J S(d) F(J)
€ 5.69830E-02 9.5C548E-01
1 9.67960E-02 9.02715E~01
2 1.35662E-01 8.56472E-01
3 1.66337E-01 8.11792E-0C1
4 1.88182E-01 T.68646E-01
5 2.01160E-01 7.27006E-01
6 2.05776E-01 6.86843E-01
7 2.02974E-01 6.48132E-01
8 1.94009E-01 6.,1C0844E-01
9 1.80311E-01 5.74952E-01
10 1.63347E-01 5.40429€-01
11 1.44509E-01 5.07250£-01
12 1.25026E-01 4.75386E-01
13 1.05907€E-01 4.44812E-01
14 8.79199E-02 4.15502E-01
15 7.15860€-02 3.87430E-01
16 5.72062E-02 3.60571€-01
17 4.48940E-02 3.34899E~01
18 3.46169E-02 3.10390E-01
19 2.62386E-02 2.87017E-01
2C 1.95580£-02 2.64758E-01
21 1.43416E-02 2.43586E-01
22 1.03490E-02 2.23478E-C1
23 T7.35108E-03 2.04410E-01
24 5.14118€£-03 1.86359E-01
25 3.54097€E-03 1.69299E-01
26 2.40215E-03 1.53209E-0
27 1.63526E-03 1.38065E-01
28 1.05677E-03 1.23845E-01
29 6.85332E-04 1.10524E-01
30 4.37796E-04 9.80823E-02
31 2.75430E-04 B.64960E-D2
32 1.70604E-04 7.57435£-02
33 1.03995E-04 6.58030E-02
34 6.23454E-05 5.66530E~-02
35 3.67271E-05 4.82721E-02
36 2.12342E-05 4.06391E-02
37 1.20295E~-05 3.37333E-02
38 6.66263E-06 2.75338E-02
39 3.59663E-06 2.20203E-02
40 1.88410E-06 1.71726E-02
41 9.51778E-07 1.29705E-02
42 4.59277E-07 9.39428E-03
43 2.08549E-07 6.42443E-03
44 8.68621E-08 4.,04156E-03
45 3.16067E~C8 2.22654E-03
46 8.98833E-09 9.60471E-04
47 1.38415€E-09 2.24670E-04
48 2.73248E-12 6.74301E-07
49 7.20055E-10 2.70242E-04
5¢C 1.77914E-09 1.01536E-03
SUM S{J) FOR R =

WILLOW RUN LABORATORIES

1 70V =2
4000.,0 DEG.
P BR

S(J)

5.39286E-02
1.08324€-01
1.60634£-01
2.08435E-01
2.49627E-01
2.82579E£-01
3.06244E-01
3.20190€6-01
3.24597E-C1
3.20177E-01
3.08274E-01
2.89721E-01
2.66T07E-01
2.40636E-01
2.13318E-01
1.85180E-01
1.58212E-01
1.32941€E-01
1.09936E-01
8.95249E-02
7.18318E-02
5.68189€£-02
4.,43298E-02
3.413C4E-02
2.59444E-02
1.94807E-02
1.44553E-02
1.06051E-02
T.69587E-03
5.52655E-03
3.92914E-03
2.76682E-03
1.93063E~03
1.33548E-03
9.16216E-04
6.23689F-04
4,21448E-04
2.82828E-04
1.88582E-04
1.24991E-04
8.23879E-05
5.40334E-05
3.52767E-05
2.29383E-05
1.48632E-05
9.60225E-06
6.18867E-06
3.98137E-06
2.55841E-06
1.64323E-06

2.55060220E 00 SUM S(J) FOR P =

TRANSITIONS
K
ANCH

F(J)

1.05110Q€
1.1G3388E
1.15836E
1.21458E
1.27257E
1.33235E
1.39396¢E
1.45743¢E
1.52278E
1.59005¢E
1.65927E
1.73047E
1.80368E
1.87894E
1.95627E
2.03572E
2.1173CE
2.20105E
2.28701E
2.37521E
2.46569L
2.55846E
2.65358E
2.75107¢C
2.85098E
2.95332E
3.05814E
3.16547C
3.27535¢E
3.38781E
3.53289E
3.62062E
3.74105E
3.86420E
3.99011¢C
4.11882E
4.25037C
4.38478E
4.52211E
4,66239E
4.80566C
4.95194E
5.10129¢E
5.25374E
5.40933E
5.,56809E
5.73008E
5.89531¢E
6.06385E
6.23572E

OF HF

ole

00
00
71¢)
02
00
00
00
00
00
00
00
00

4.63225645€ 00



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

T @ ~NOVMPH WO

50

TEMPERATURE

i

R BRANCH

S(J)
4.17253E-02
7.93835E~-02
1.11656E-01
1.376905E-01
1.56719E-01
1.68909E-01
1.74476E-01
1.74048E-01
1.68498E~01
1.58849€E-01
1.46184E-01
1.31566E-01
1.15965E-01
1.00218E-01
8.49967E-02
7.07989E-02
5.79566E-02
4.66525E-02
3.69448E-02
2.87955E-02
2.20978E-02
1.67022E-02
1.24371E-02
9.12628£-03
6.60068E-03
4.70626E~03
3.30832E-03
2.29305E-03
1.56711E-03
1.05596€-03
7.01441E-04
4.59238E-04
2.96234E-04
1.88178E-04
1.17637E-04
7.23C26E-05
4.36375€E-05
2.58185E-05
1.49407E-05
8.42985E-06
4.61700E-06
2.43910€E-06
1.23109E-06
5.84787E-07
2.54813E-07
9.69997E-08
2.88562E-08
4,64783E-09
9.59470E-12
2.64314E-09
6.82463E-09

SUM S(J) FOR R =

FLJ)
9.50548E-01
9.02715E-01
8.56472E-01
8.11792€-01
7.68646E-01
7.27006E=01
6.86843E-01
6.48132E-01
6.10844E-01
5.74952E-01
5.40429E-01
5.07250E~01
4.75386E-01
4.44812E-01
4.15502E-01
3,87430E-01
3.60571E-01
3.34899E-01
3.10390E-01
2.87017E-71
2.64758E-01
2.43586E-01
2.23478E-C1
2.04410E-01
1.86359€-01
1.69299E-01
1.532096-01
1.38065E-01
1.23845E-01
1.10524E-01
9.80823E-02
8.64960E~-02
7.57435E-02
6.58730E-02
5.66530E-02
4.82721E-02
4.06391E-02
3.37333E-02
2.75338E-02
2.2G203E-02
1.71726E-02
1.29705E-02
9.39428E-03
6.42443E-03
4.04156E-03
2.22654E-03
9.604T1E~04
2.2467DE-04
6.74301E-07
2.70242E-04
1.01536E-03

1 TOV =2
4500.0 DEG.
P BR
Sty

4.41678E-02
8.89554E-02
1.32470E-01
1.72886E-01
2.08572€-01
2.38204E-01
2.60843E-01
2.75981€E-01
2.83545E-01
2.83867E-01
2.77626E-01
2.65760E-01
2.49380E~01
2.29674E-01
2.07818E-01
1.84909E-01
1.61908E-01
1.39608E-01
1.18620E-01
9.93696E-02
8.21171€E-02
6.69753E-02
5+.39393E-02
4.29148E-02
3.37454E-02
2.62369E-02
2.01785€-02
1.53576E-02
1.15717E-02
8.63534E-03
6.38486E-03
4.67933E-03
3.40055€E-03
2.45143€-03
1.75374E-03
1.24555E-03
8.78571E~04
6.15726E-04
4,28912E-04
2.97096E-04
2.04T16E-04
1.40385E-04
9.58483FE-05
6.51841E-05
4.41765E-05
2.98498E-05
2.01191E-05
1.35339€-05
9.09142E~-05
6.10224E-05

2.27377838E 00 SUM S{J) FOR P =

TRANSITIONS
K
ANCH

FLJ)

1.0511CE
1.10388E
1.15836E
1.21458E
1.27257¢
1.33235€E
1.39396E
1.45743E
1.52278E
1.59005E
1.65927E
1.73047E
1.80368E
1.87894E
1.95627E
2.03572E
2.11730E
2.20105E
2.28701E
2.37521E
2.46569E
2.55846¢E
2.65358E
2.751CTE
2.85098¢E
2.95332E
3.05814E
3.16547E
3.27535¢
3.38781E
3.50289E
3.62062E
3.741C5E
3.8642CE
3.99011€E
4.11882E
4.,25037E
4.38478E
4.,52211E
4,66239E
4,80566E
4.95194E
5.10129E
5.25374E
5.40933E
5.56809E
5.73008E
5.89531E
6.06385E
6.23572E

OF HF

4.30859900E 00



52

STRENGTHS AND F FACTORS OF THE Vv

TEMPERATURE =
R BRANCH
J S(J) F(Jd)
) 3.40018E-02 9.50548E=01
1 b6.4T7948E~-0D2 9.02715€-01
2 9.13987£-02 8.56472E-01
3 1.13105E£-01 8.,11792€-01
4 1.29508E-01 1.68646E-01
5 1.405C4E-01 7.27306E-01
6 1.46272E-01 6.86843E-01
7 1.47237E-01 6.48132E-01
8 1.44007E-01 6.108644E-01
9 1.37319€-01 5.74952E-01
10 1.27972E-01 5.40429E-01
11 1.16770E-01 5.07250E-01
12 1.04468E-01 4.75386E-01
13 9.17405E-02 4,44812E-01
14 7.91506E-02 4,155C2E-01
15 6.71411E-02 3.87430E-91
lo 5.60321E-02 3,60571E-01
17 4.60291E-02 3.34899E~-01
18 3.72371E-02 3,10390E-01
19 2.96785E-02 2.87017€-01
20 2.33120E-02 2.64758E-01
21 1.80519E-02 2.43586E-01
22 1.37843E-02 2.23478E-01
23 1.03814E-02 2.0441CE-01
24 7.71284E-03 1.86359E-01
25 5.65353E-03 1.69299E-01
26 4,38893E-03 1.532C09E-01
27 2.91811€~-03 1.38065E=-01
28 2.05487E-03 1.23B45E-01
29 1.42766E-03 1.1C524E-01
30 9.78460E-04 9.8(0823E~02
31 6.61347E~-04 8.64967E-02
32 4. 4C6TIE=-04 7.5743%E~02
33 2.89314E-04 6.5803NE-02
34 1.87016E-04 5.66530E-02
35 1.18912E-04 4.82721E-02
36 7.42755E=05 4.06391E-02
37 4.54982E-05 3.37333E-02
38 2.72683E-05 2.75338E-02
39 1.59387E-05 2.2C203E-02
40 9.04579E-06 1.71726E-02
41 4,95283€£-06 1.29705E-02
42 2.59129C-06 9.39428£-33
43 1.27606E-06 6.42443E-03
44 5.76451E-07 4.04156E-03
45 2.27498E-07 2.22654E-03
46 7.01593E-08 9.604T1E-04
47 1.17134E-08 2.24670E-04
48 2.52598E-11 6.74301€-07
49 7.15276E-09 2.70242E-04
5 1.91296E-08 1.C1536E-03
SUM S(J)} FOR R =

WILLOW RUN LABORATORIES

1 70V =

5000.3 DEG.

2 TRANSITIONS

P BRANCH

StJ)

3.60094E-02
T.26TT3E-02
1.08593E-01
1.42376€-01
1.72768E-01
1.98710E-01
2.19402E-01
2.34344E£-01
2.43349E-01
2.46529F-01
2.44266E-C1
2.37162E-01
2.25974E-01
2.11560E-01
1.94827€-01
1.76581€-01
1.57679E-01
1.38798E-01
1.20511E-01
1.03263E-01
2.73695E-02
T.30253E-02
£.03230E-02
4,92694E-02
3.98C048E-02
3.18224E-02
2.51849E-C2
1.97389E-02
1.53266E-02
1.17943E-02
8.99817E-C3
6.80856E-03
5.11128E-03
3.80832E-03
2.81722E-03
2.06983E-03
1.51101E-03
1.09632%-03
7.30881E-04
5.67482E-04
4.05151E~-04
2.87919€-04
2.03742E-04
1.43621E-04
1.00893E-C4
7.06640E-05
4.93649E-05
3.44134€£-05
24359522E-05
1.66534E-05

1.99662890E 00 SUM S{J) FOR P

FJ)

«0511GE
1.10388E
1.15836¢€
1.21458E
1.27257¢€
1.33235¢€
1.39396¢
1.45743E
1.52272¢
1.59005¢L
1.65927¢€
1.73047E
1.20368E

1.87894E

1.95627¢

L03572E
2.11730¢
2.20155E
2.28701¢
2.37521¢
2.46569E
2.55846E
2.65358¢€
2.75107E
2.85098E
2.95332E
3.05814E
3.16547C
3.27535¢E
3.38781E
3.50289E
3.62062¢E
3.741G5E
3.86420%
3.99011E
4,11882E
44.25037E
4.38478C
4.52211¢
4.66239E
4,83566LC
4.95194E
5.10129¢
5.25374¢
5.40933E
5.56809E
5.73008E
5.89531E
6.C06385E
6.73572E

=  3.93393272E 00

OF HF

20
a¢
ac
GO
oG
30

00

00
00
00
30
00
a0
20
20
00
ne
a0
00



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

19

21
22
23
24
25
26
27
26
29
35
31
32
33
34
35
36
37
EX
39
4c
41
42
43
44
45
46
47
48
4y
59

SUM

TEMPERATURE

R RRANCH

Std)
1.08057E 00
1.69328E CO
1.599220E 00
1.07726E 00
5.47264E£-01
2.14760E-C1
6.60750E-02
1.60303E-02
3.09636E£-03
4.78123e-C4
5.92805E-05
5.92494E-06
4,.79150E-07
3.14648E-08
1.68379E-09
T7.367C1E-11
2.64472E-12
T.816C1E-14
1.90773E-15
3.85759E-17
6.48065E-19
9.06751E-21
1.05858E-22
1.03210E-24
8.39896E-27
5.68735E-29
3.18138E-31
1.44798E-33
5.19621E-36

.0D000E GO
.GO000E 00
.0U000E 00
.00000E 00
.00C00E 0O
.000C2E 00
.00000E GO
.C0C20E 00
.02000£ 00
.00000E 00
.0000CE 00
.00000E 00
.50000E 00
«QUG0QE 00
.00000E 0O
.COO0OCE 00
.0000CE 00
.00000€ 00
.00000E 0O
«00000E Q0
.00000E 00
.03000£ 00

S{J) FOR R =

F(J)
9.71J0C8E-D1
9.45425E-01
9.78349E-01
8.74883E-01
8.40138E-01
8.04232E-01
7.67288E-01
T.29435%E-01
6.90811E-C1
6.51558E-01
6.11826E-01
5.717T70E-C1
5.31553E-01
4.91344E-01

4.51319E-C1
4,11658E-11
3.72551E-C1

3.34193€-C1
2.96784E-51
2.60532E-01
2.25653E-01

1.92366c-1
l.60898c-1
1.31484E-0C1

1.04364E-01
7.97250E-02
5.79992E-02
3.92668E-02
2.38540E-02
1.20333E-02

«8396E-03
2.915862E-04
9.48264E~04
6.35259E-03
1.68097E-02
3.26310E-02
5.41347C-02
8.16452E-C2
1.15494E-31
1.56017E-01
2.,0356C%E-01
2.584T73E-01
3.21113E-01
3.91843E-01
4.71J33E-01
5.59060E-01
6.56305E-01
7.63160E-01
8.80020E-C1
1.00729E 03
1.14537¢€ GG

6.29700780E C©0 SUM S{J)

¢ TO V = 2 TRANSITIGNS

273.3 DEG. K

P BRANCH

SJ)

9.11373E-01
1.225090 0D
9.63671E-01
5.47678C-01
2.35769E-01
7.85887C~-G2
2.05754E£-02
4,27119C-03
T.07945E-04
9.42266E-C5
1.01212€-05
B.8137TE-0T7
6.24985E-08
3.624326-09
1.72624E-12
6.78235E-12
2.20795€E-13
5.98258E~-15
1.35548€£-15
2.58026E£~18
4.14682E-22
5.65476E-22
6.57635E-24
6.55686E-26
5.63472E-28
4.16648E-3D
2.72367E-32
1.54935E-34
7.76930E-37
LQ0000E 02
.D5C00E 0D
.00000E 00
.0C020E 00
.C0000E 00
«000D2E 00
.000GOE 00
.0G300E 00
.00500E 00
«00000E 00
«.NO00OE 00
.0G000EF 00
.000200E 00
.00000E CO
.000GDE C2
«000020F 02
.ND0000E 00
.C00D0DE 00
.00000E 0O
.000C2E 00
.00000E D

FOR P

F{J)

1.02721¢ 02
1.252485E 9=
1.07655E 07T
1.09833E CC
1.11814E QC
1.13592C €2
1.15157C 93¢
1.16510E Q&
1.17645E 2.
1.18559E o
1.19250E 00
1.19715€ ¢
1.19953E 9%
1.19964E 20
1.19747¢€ 0OC
1.19323E o
1.18033C O
1.177398 ¢°
l.16624E 00
1.15291€ 0
1.13744E 90O
1.11988E D4
1.10026c 07
1.07866E 00

«05514E 00
1.02976E 00
1.00261E 00
9.73774E~01
9.43335E-01
9.11393E-01
8.78052C-01
8.43422E-01
8.07619E-01
T.70766E-01
7.32992E-01
6.94433E-01
6.55233E-01
6.15538C-01
5.75506£-01
5.35297c-01
4.95080E-01
4.55030C-01
4.15328E-01
3.76161E-01
3.37724E-01
3.N0219€E-01
2.6385CE-01
2+28834E-01
1.95389E-01
1.63743C-01

= 3.96482709Et 70

0F HF

33



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V = & TO V = 2 TRANSITIONS OF HF

TEMPERATURE 373.3 DEG. K

R BRANCH P BRANCH

J S(J) FLd) SJ) FLJ)

0 5.844330-01 3.710CRE-01

1 9.73495C-01 9.454250-01 5.22346E-01 1.02731€E vl
? 1.22855L 00 9.58349C-01 T.75555F-01 1.05235¢ g¢
3 B.24761E-01 B.748E83E-D1 T.355C2E-01 1.0765%50 00
4 5.27978E-01 8.40138E-01 5.28378E-01 1.09633C 0QC
5 2.75473E-01 8.04232€-0l 3.23519C-01 1.11814E 00
6 1.23025E-01 T.67288E~-D1 1,42907E-C1 1.13590E GO
7 4,35672E-02 7.29435E-01 5.59201E-02 1.15157€ 00
8 1.33519E-02 6.92811E-01 1.83489E-02 1.1651CE 00
9 3.43175£-03 6.51558E-21 5.0€130€6-03 1.17645E OC
1% 7.53937E-04 6.11826E-0C1 1.19362E-03 1.186559E 00
11 1.39827E-04 Se71772E-01 2.38857E-04 1.19250E 20
12 2.22212E-05 5.31553E-01 4.,C8T750E-C5 1.19715E G0
13 3.02224E-06 4.,913441-01 6.003081-06 1.19%53E §C
14 3.52703E-07 4.51319£~31 1.59237E-07 1.19904t Q0
15 3.54096C-08 4.11658E-01 8.29716E-08 1.19747E GO
1¢ 3.06543E-09 3.72551E-%1 7.86123E-03 1.19303C 30O
17 2429365E-10 3.341930-91 6.47933C-12 1.18633E 27
1% 1.48649E~-11 2.96784E-51 4.66159E-11 1417739 OC
19 8.36%64E~13 2.60532E-01 2.93776E-12 1.16624E OC
20 4,0876TE-14 2.25653E-71 1.62750£-13 1.152%1€ €9
21 1.73932E-15 1.92366E-01 T.95466C-15 1.13744C G5
22 6.44523E-17 1.65898E-71 3.44202F-15 1.11988E GO
23 2.37885¢t-18 1.31484E-01 1.324600-17 1.100268 20
24 5.82498E-2C 1.04364E-C1 4.54741E-19 1.0 7806k OC
25 l.41163E-21 T.97853E~32 1.398560-2C 1.85514E 50
26 2.93298E-23 5.79992E-32 3.86883E-22 1.7297¢68 30
217 5.13855E£-25 3.92668E-02 Geb6656TE-26 1.232618 QC
28 7.34485E-27 2.3654%E-02 2.192351E£-25 F.T3774E-01
29 7.96112E-29 1.20333E-52 4,51921E-27 9.43335%E-01
30 5.32489C-31 4.06396F-03 8.52988E-29 9.11393E-91
31 6.90325E-34 2.91582E-04 l 47936F-30 8.780520-91
32 3.77327£-35 9.48264C-04 «36654F-32 8.43422E-01
33 3.95023E-36 6435259E-03 3 50979E-34 8e0T619E-21
34 L000D0E 00 1.68297£-02 4.84690E-36 TeTuT66E-01
35 «QU00SE 00 3.26312E-02 L00202E 0D 7.32992E-01
36 .CON00E Q0 5.41347£-G2 +HUD0JE 03 6.944353£-01
37 «02202F 20 8.164520-02 «2I000E 0D 6.55233E~-01
34 «030008 o0 1.15494E-01 «J0U20F G0 6.15538L-C1
39 . 00000E GO 1.56017E-21 «20GCGOE 23 5.75506E-01
45 .0OC22E 2C 2.0356CE~01 £03020E 23 5.25297E-01
41 L0200 00 2.58473E-01 «DTIDVE DT 4.5508%E-01
42 «03200E 08 3.21113€E-91 SOOIt 02 4.55532E-01
43 L0J020E 00 3.91843E-C1 »DC000E 22 4.15325£-01
44 L0J000E GO 4.71233C-C1 .000303C €0 3.76161E-G1
45 «0JCNOF 3N 5.592360E-01 0002 O 3.37724E-901
46 «CUDCOE 00 6.56305E-01 «02300E 00 3.00219E-01
47 L000720F 00 T.6316%E-01 20000E 020 2.63853E-01
48 00009k 00 8.80020E-01 .0C002E 0D 2.28834E£-01
49 .1151”E on 1.00729E 22 2200628 090 1.95389E-01
S5¢ «OUNG0E 08 1.14537€ 00 550008 0D 1.63743E-01

SUM S{J) FOR R =

4,39393139E 00 SUM S(J)

FOR P

= 3.08%03828E (00



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V = 0 TO V = 2 TRANSITIONS OF HF

TEMPERATURE = 500.0 DEG. K
R BRANCH P BRANCH

J SJ) F(J) S(J) F(J)

0 3.27672E-01 9.71208E-01

1 5.66417£-01 9.40425E-01 3.04861F-01 1.02731C OO
2 6.50464E-01 9.08349E-01 4.90468E-01 1.05285E 20
3 5.88241E-01 8.748&83E-01 5.24579€-01 1.07655E 00
4 4.41959E-01 8.4C138E-01 4.42293E-01 1.09833E OC
5 2.82605E-01 8.04232E-01 3.10251E-01 1.11814E 20
& 1.55839E-01 7.67288E~01 1.85549E-01 1.13590E 4O
1 7.47189E-0C2 T.29435E-0C1 9.59044E-02 1.15157E GO
3 3.13249E-C2 6.90811E~C1 4.32103E-02 1.165135E 00
9 1.15311E-C2 6.51558E-01 1.70738E-02 1.17645E GO
1< 3.73955E~-03 6.11826E-01 £.94403E-03 1.18559E GO
11 1.07138E-03 5.7177CE-01 1.,83017E-03 1.19250E 00
12 2.71834E-04 5.31553E~01 5.00028E-04 1.19715E ON
13 6.12144E-05 4,91344E-01 1.21590€£-04 1.19953E 00
14 1.22593E-05 4.51319E-01 2.63893€-05 1.19964E 00
15 2.18754E-06 4.11658E-01 5.12585E-06 1.19747E 2C
16 3.48396E-07 3.72551E-C1 £.93456E-07 1.193C3E o0
17 4.96023E-08 3434163E-61 1.40122€-07 1.18633E 02
lg 6.32188£-09 2.96784E-01 1.98252E-08 1.17739C OO
19 7.22114€E-10 2.6C532E-C1 2.53736E-09 1.16624E Tu
20 7.398360C-11 2.25653E-(1 2.94564E-1D 1.15291E L0
21 6.80121E-12 1.92366E-01 3.11038E-11 1.137448 07
22 5.60808E-13 1.60898E-01 2.99573E-12 1.11988€ Gu
23 4,14222E-14 1.31484E-01 2.63933E-13 1.10026E 0OC
24 2.73262E-15 1.043¢4E-C1 2.13329E-14 1.07866E OC
25 1.69138E-16 T.97850E-02 1.58656E-15 1.05514E 00
26 8.25567E-18 5.79992E-C2 1.08899E-16 1.02976E 0O
27 3.67862E~19 3.926¢48E-C2 6.91953€-18 1.60261E 00
28 1.369328-20 2.38540CE-02 4.08291E-19 9.73774E-01
29 3.95351E-22 1.20333E-02 2.24425F-23 9.43335E-01
30 7.19675E-24 4.08396E-03 1.15284E£-21 9.113%3E-01
31 2.59143E-26 2.91582E-04 5.55229E-23 8.78052E-01
32 4.01061E-27 9.48264E-04 2+51540E-24 8.43422E-01
33 1.21049E-27 6.35259E~03 1.07552E-25 8.07619E-01
34 1.371298-28 1.68097E-02 4,35479E-27 T7.70766E-01
35 1.08679E-29 3.2631CE-02 1.675456-28 7.32992£-01
36 7.04557€E-31 5.41347€£-02 £.14624E-3D 6.94433E-01
37 3.98940E-32 8.16452E-02 2.15729€-31 6.55233E-01
38 2.04337E-33 1.15494E-C1 T.27041€E-33 6.15538E-C1
39 9.67721E-35 1.56017E-01 2.36104E-34 5.75506E-01
4y 4.30299E-36 2.03560E-C1 T.41480F-35 5.35297E-C1
41 .03000E 00 2.5B473E-01 «0C00G0E 0D 4.95080E-01
42 .GO000E OC 3.21113E-01 .00000E 03 4.55030E-01
43 .000COE 00 3.91843E-01 «0UCODE 0D 4.15328E~01
44 .000CG0OE OO0 4,7T1033E-01 .0CCOOE OO0 3.76161E-C1
45 .000C0E 00 5.59060E-01 .0GOCDE 00 3.37724E-01
46 .00000E 00 6.563G5E-01 .D000D0E 0D 3.00219E-01
47 .GJ0COE 00 7.63160£-C1 .00000E 00 2.63850E-01
48 .00000E 00 8.80020E-01 .000C0E 0D 2.28834E-01
49 +00N00E D0 1.00729E OC .00GO0E 00 1.95389E-01
50 .0COCOE 00 1.14537E GO .00000E 00 1.63743E-01

SUM S(J)

FOR R

3.13592982E 00 SUM

S{J) FOR P

= 2.42261845E 00



56

WILLOW RUN

STRENGTHS AND F FACTORS OF THE V

TN O NN D WO

TEMPERATURE

R BRANCH

SJ)
2.21528E-02
1.50664£-01
1.94735E-01
2.12241E-01
1.99980€E-01
1.71632E-01
1.34624E-01
9.72600E-02
6.50516E-02
4,34262E-02
2.347055E-C2
1.26510E-02
6.39453E-03
3.02665E-03
1.34299E-03
5.59161E-04
2.18609E-04
8.02950E-05
2.77150E-05
8.98960E-06
2.73938E-06
T.83176E-07
2.09817E-07
5.25237E-CE
1.22330E-08
2.63263E-09
5.17680E-10
9.12466C-11
1.39123E-11
1.727993E-12
1.35331E~-13
2.19475£-15
1.57366F-15
2.26001€£-15
1.24879F-15
4.93995E-16
1.63276E-16
4.823557€-17
1.30193€-17
3.31221E-18
8.01906E-19
1.86548E-19
4.29095E-20
9.21349E-21
1.97813C-21
4.17653E-22
8.70776E-23
1.79973g-23
3.72107E-24
T.63N25E-25
1.564C6E-25

SUM S{J) FOR R =

F(J)
9.710060E-01
9.40425E-01
9,08349E-C1
8.74883E~-01
€.40132E-01

«04232€-31
T.67288E-01
7.29435E-01
6.50811E-01
6.51558E-01
6.11826E-C1
5.7177GE-C1
5.31553E-C1
4.91344E-01
4.51319E-0C1
4,11658E-C1
3.72551E-01
3.34193£-21
2.96784E-01
2.60532E-C1
2.25653E-01
1.92366E-01
1.60898E-01
1.31484E-01
1.04364E-01
T.97850E~32
5.79992E~02
3.92668E-02
2.38542E-352
1.2C0333E-02
4.08396E-03
2.91582E-04
9.48264F-04
6.35259E-03
1.68097E-02
3.26310F-32
5.41347E-C2
8.16452E-02
1.15494E~01
1.56217E-01
2.03562E-01
2.58473E~-01
3.21113€E-01
3.91843E-01
4.71033€E-01
5.59060E-01
6.56305£-01
7.63160E-01
8.80020E-01
1.20729E 090
1.14537E 30

1.39448543E 00 SUM S(J)

LABORATORIES

0 T0 V = 2 TRANSITIONS

10C0.0 DEG.

P BRANCH

S(J)

8.10911E-02
1.46835E-01
1.87487€£-01
2.00132€-01
1.884220-01
1.60288E~01
1.24835E-01
£.97321E-02
5.98569F-02
3.72023E-02
2.16103E-C2
1.17622E-C2
6.01164F-03
2.89079E-03
1.31017E-03
5.60592E-C¢%
2.26813E-04
8.69081C-05
3.15853E-05
1.05043E-25
3.58133€-06
1.12068E-056
3.34627E-07
9.54859E-08
2.60783€£-08
6£.82724E£-09
1.71597€E-09
4.14714E-1D
9.65256E-11
2.16708BE-11
4,70044E-17
9.86559E-13
2.00680E-13
3.96319E-14
7.6G991E-15
1.42308E-15
2.59594C-156
4.62672E-17
2.06969E-18
1.37953E~-18
2.31513E-19
3.81987€-23
6.20573E-21
7.94070E-22
1.57215E-22
2.45T72E-23
3.80147E-24
5.82191L-25
8.83081L-25
1.32625E-25

FOR P

F(J)

1.02731E £9
1.Gb285C 0C
1.07655E 090
1.09833E OC
l.1114C 00
1.1359CE 00
1.15157E GO
1.1651CE 0%
1.17645E GO
1.18559€ 00
1.1925CE 00
1.16715€ 50
1.19953C 20
1.19964E 20
1.19747E 00
1.19333E GO
1.18633E 0%
1.17739E ¢0O
1.16624E 9D
1.15291€E 00
1.13744E 0T
1.11988E 03
1.1502¢E G0
1.7786¢E 37
1.05514F GO
1.022976t 00
l.03261E 07
9.73774E-01
9.43335E-01
9.11393E-01
8.78052E~01
8.43422E-01
8.07616C-01
T7.70766E-01
7.32992E-01
6.94433E=-01
6£.55233E-C1
6.15538E~C1
5.75506C-01
5.35297€-01
4.95080E-01
4,55032E-01
4.,15328E-01
3.76161C0-91
3.37724E-01
3.04219C-01
2.63850E-31
2.28834E-01
1.95389E-01
1.63743E-01

= 1.32538485E $0

OF HF



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

OO ~NO VD w0

TEMPERATURE

n

R BRANCH

StJd)
3.57541E-02
6.68782E-02
8.,99170E-02
1.02984E-01
1.05972E-C1
1.00325E-01
8.85011E-02
7.33019£~02
5.72878E-02
4.,23913E-02
2.97738E-02
1.98855E£-02
1.26472E-02
7.66800E-03
4.43564E-03
2.44950E-03
1.29185C-03
6.50765E-04
3.13094E-04
1.43808E8-04
6.33082E-05
2.629R8E-05
1.04350E-05
3.92371E-C6
1.39147E-06
4.61993E-07
1.41937E-07
3.95652E-0¢
9.65159E-09
1.90900E~09
2.48322E-10C
6.65031E-12
7.94884C-12
1.91992E-11
1.79901E-11
1.21610E-11
6.91735E-12
3.52637E-12
1.66439E-12
Te41492E-13
3.15774€-13
1.29704E-13
5.17324E-14
2.01425E-14
7.68984E-15
2.88942E-15
1.07212€E-15
3.94032E-16
1.43848E-16
5.23026E-17
1.89897E-17

SUM S(J) FOR R =

F{J)
9.71008E-21
9.40425E-01
3.08349E-01
8.74883E-01
8.47138E-01
8.04232E-01
7.67288E-01
7.29435E£-01
6.9C811E-C1
6.,51558E-01
6.11826E-01
5.71770E-01
5.31553E-01
4.,91344E-01
4,51319E-01
4.1165€E-01
3.72551€-01
3.34193E-01
2.96784E~01
2.60532E-01
2.25653E-01
1.9236€E-01
1.606898E-01
1.31484E-01
1.04364E-01
7.9785CE-02
5.79992E-C2
3.92668E-02
2.38540E~02
1.20333E-02
4.08396E-03
2.91582E-04
9.48264E-04
6.35259E-03
1.68097E~C2
3.26310E~02
5.41347E-02
B.16452E-02
1.15494E-91
1.56017E-01
2.0356CE-01
2.58473£-C1
3.21113E-0C1
3.91843E-C1
4.71333E-01
5.59060E-01
6.56305E-01
7.6316CE-21
8.80020E-01
1.00729E 00
1.14537E 0C

0 TO V = 2 TRANSITIONS

1500.0 DEG.

K

P BRANCH

SJ)

3.59933E-02
6.T77927E-02
9.18248E-0G2
1.06331E-01
1.10113E-01
1.05343E-01
9.40531E-02
7.89924E-02
6.27390E-02
4.73010E-02
3.39490E~C2
2.3248KE-02
1.52196£-02
9.54017E-03
5.73435E£-03
3.30950E-03
1.83624E-03
3.80605E-0¢4
5.2459BE-04
2.50473E-04
1.20063E-04
5.56346E-C5
2+494TTE-05
1.08372E-G5
4.56518E~06
1.86682E-056
T.41827TE-0T
2.86753E-07
1.07937€-07
3.96033E-08
1.41790E-08
4.95861E-09
1.69556E-09
5.67483E-10
1.86085E-10
5.986445E-11
1.88936E~11
5.86140E~12
1.78851E-12
5.37247E-13
1.59011€E-13
4.64)086E-14
1.33663E-14
3.80140€-15
1.06813E-15
2.96626E-15
8.14238E-17
2.20889E-17
5.91842E-18
1.56420E~18

8.42677212E-01 SUM S(J) FOR P

F(J)

1.02731€ 00
1.05285E 090
1.07655E 20
1.09833E 00
1.11814E 00
1.13590E 00
1.151578 G0
1.16510C 3492
1.17645E 0%
1.18559E 00
1.1925CE 992
1.19715C 00
1.1995%3E Q0
1.19964E 0G
1.19747€ 00
1.19323E 00
1.18633E 00
1.17739€ 30
1.16624C 30
1.15291E 00
1.13744E 0O
1.11988E ©°
1.10026E 0OC
1.07866E 00
1.05514E Q0
1.02976E 0C
1.05261E Q0
9.73774E-01
9.43335E-01
9.11393E-01
B.78052E-01
8.43422C-01
8.07619E-01
7.70766E-01
7.32992E-01
6.94433E-51
6.55233E~01
6.15538E-01
5.75506E~01
5.35297E-01
4.95080E~01
4.55353CE-01
44.15328E-51
3.76161E-01
3437724E-01
3.00219E-01
2.63850E-01
2.28834E-01
1.95389E-01
1.63743E-01

= B8.949752810-91

OF HF

57



58

WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE Vv

[

[}

NN -

N b=t et et et b P e et bt
€Y 0 CO ~ U W NS e TN

NN
N o

NN NN
U W

AN )
~

NN
Nelies)

SUM

StJ)

TEMPERATURE =

R BRANCH

SJ)
1.92452E-02
3.63575E-02
4.98583E-32
5.88185E-02
6.29547E-02
6.25994E-02
5.8563RE-02
5.19379E-02
4,38786E5-02
3.54306E-02
2.T4589E-02
2.03489€E-02
1.451731-02
9.96178E-03
6.57942E-03
4.18434E-03
2.56301E-03
1.51199E-03
8.588020-04
4.69379E-04
2.46604E-04
1.24350E-04
6.C0430E-25
2.76681E-05
1.21066E-05
4.99222E-06
1.91694E-C6
6.71902€-017
2.07296L=27
5.21435E-08
8.67152E-09
2.98382t-10
4,60389E-1C
1.44132£-09
1.75897E-09
1.55399E-09
1.15929E-09
T.T7553E-10
4,84271E-10
2.85432E-1C
1.61141E~-10
8.79164E-11
4,66465E-11
2.41883€-11
1.23C76E-11
6.16578E-12
3.05016E-12
1.49386E-12
7.26072E-13
3.50994E-13
1.69116E-13

FOR R =

F{J)
9.710C08E-D01
9.40425E-01
9.76349£-01
2.748823E-71
8.40138E-C1
8.04232E-01
7.67288E-01
T.29435£-01
6.,9C811E-31
6.51558E-01
6.11826E-01
5.71770E-71
5.315530-01
4.91344E-01
4.51319E-01
4.11658E-"1
3.72551E-01
3.34193C-"1
2.96784E-01
2.60532E-01
2.25653E-01
1.92366E-C1
1.60898E-C1
1.31484E-301
1.04364E-21
7.9785CE-32
5.79992E~22
3.92668E-12
2.38540F-02
1.25333E-02
4,08396C-C3
2.91582E-"4
9,48264E-04
6.35259E-03
1.680097E-02
3.26310E-22
5.41347E-02
8.16452E-02
1.15494C-01
1.56317E-01
2.03560E-01
2.58473E-C1
3.21113€-01
3.91843g-C1
4.71033E~-01
5.59060E-01
6.56305E-01
7.63160E-C1
8.80020E-01
1.00729E 00
1.14537E 00

O T0O V = 2 TRANSITIONS
2050.0 DEG. K
P BRANCH

St

1.95625E-02
3.75751E~02
5.2414TE-22
6.2943%E-02
6.86434E-02
6.96318E-22
6465555E-02
6.34134C-02
54234925-02
4.34617C-02
3.46670E-02
2.66240E-G2
1.97214E-02
1.41128E-02
9.76521E-03
€£.54370C-03
44,25050E-03
2.67890€-03
1.63975€E-03
9.75646E-04
5.647T1E-C4
3.18335E-0C4
1.74857C~04
9.36746E-05
4,89831E-05
2.5020TE-G5
1.24945E-05
6.10443E-C6
2.92017E-056
1.36879E-05
5429160007
2.83792L-07
1.25710E-07
5.47254E-08
2.34292E-08
9.87126E£-09
4.,09567E-29
1.674526-29
6.75040E-12
2.68465€-1D
1.05388E-10D
4.,08535E-11
1.56446E-11
5.91989€E-12
2.21376E-12
8.18078C-13
2.98662E-13
1.07648E~13
3.82661E-14
1.33917E-14

5.68526751E-21 SUM S(J) FOR P

FJ)

1.02731E 00
1.05285¢E 00
1.27655C 29
1.09833c 20
1.11814E GO
1.1359CE GJ
1.15157€ 67
l.16510¢
1.17645¢
1.18559¢k
1.1925%F
1.19715¢
1.19953¢
l.19564E
1.19747E
1.19553E
1.18633E
1.177358
l.16624F
1.15291¢E
1.13744E O
1.11988E ol
l.1uu26E 47
1.07666E QC
1.05514E ©0C
1.7297¢E G2
1.20261E 00
9.73774E-01
9.43335E-C1
9,11393C-01
B.,78052E-01
8.43422E-01
8.C07619E-21
TeTC766E-51
7.32992:-31
£.94433E-01
6.55233E-C1
6.15532E-01
5.75506£=01
5.35297E-01
4,95080E-01
4,55030€~-21
4,15328E-01
3.76161E-0C1
3.37724E-01
3.00219E-0Q1
2.63850€-01
2.28834€E-01
1.95389E-01
1.63743E-01

O COODC
D e D

(06 IS G e B

¢

]

O G OO

IR

= (e357T76817E-21

OF HF



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE Vv

L O NV WM O

TEMPERATURE =

R BRANCH

S{J)
1.15792E£-02
2.20078E-02
3.05427E-02

.3.66796C-02

4.01999£-02
4.117C3E-02
3.99002E-02
3.68689E-02
3.26388E-02
2.77725E£-02
2.2767T1€E-02
1.80106E-02
1.37659E-02
1.01744E-02
7.276024E-03
5.03633E-03
3.37454E-03
2.18847£-03
1.37316E-03
8.32982£-04
4,.87973E-04
2.75594€£-04
1.49693E-04
T.79222E-95
3.86734E-05
1.81592E-35
T.97C05E-06
3.253466E£-06
1.13814E-C6
3.30649E-07
6.37076E-08
2.54735E-09
4.58014E-09
1.67589€-08
2.39462E~08
2.48346£-08
2.17942E-08
1.72288E-08
1.26676E-08
8.82706C~09
5.90C38E~D9
3.81535E~-09
2.40134E-09
1.47806E-09
8.93085E-10
5.31400E-10
3.12205€-10
1.81539E-10
1.04695E-10
6.00002E-11
3.42318£-11

SUM StJ)} FOR R =

F{J)
3.71008E-01
9.40425E-0C1
9.08349E-01
8.74883E-31
8.40138E-21
8.04232E-01
7.67288E-D1
7.29435E-C1
6.90811E-C1
6.51558E-01
6.11826C-C1
5.71772E-01
5.31553E-01
4.91344E-C1
4.51319L-C1
4.11658E-01
3.72551E-21
3.34193E-01
2.96784E-01
2.60532E-C1
2.25653E-01
1.92366E-01
1.6C0898E-01
1.31484E-31
1.04364E-01
7.97850E£-22
5.79992E~52
3.926€68E-32
2.38540E-02
1.20333E-C2
4,08396E-23
2,91582E-04
3.48264E-04
6.35259E-03
1.68097£-02
3.2631CE-02
5.41347E-02
8.16452E-0C2
1.15494E-01
1.56017E-91
2.03560E~01
2.58473E-01
3.21113E-01
3.91843E-01
4.71033E-01
5.59060E-01
6.56305E£-01
7.63160C-01
8.80020E-01
1.00729E 00
1.14537E 0D

G TO V = 2 TRANSITIONS OF
2500.0 DEG. K
P BRANCH
S(J) FUJ)

1.18362E-02 1.02731E G0
2.3000€E-D2 1.05285¢C ¢
3,26516E-02 1.067¢558 ¢
4,01374E-02 1.C9833E OO
4,50693£-02 1.11814E GO
4.73460E-02 1.1359%E 42
4.71354E-02 1.15157¢ LG
4.48184E-C2 1.16510E 0C
4.09108E-02 1.17645E G0
3.59799E-(2 1.18559C GO
3.05690E-02 1.1925%E 2¢
2.51422E-02 1.16715E 2C
2.00516E-02 1.199538 (O
1.55283E-02 1.19964E (T
1.16909€-72 1.19747z <O
8.56592L-03 1.19333E OC
6.11390E-33 l.186338 07
4.25459£-03 1.17739€ 0%
2.88899E-03 l.166248 GO
1.91564E-03 1.15291E Q0%
1.24132E-03 1.137442 2D
T.86606E-24 1.11988E 27
4.87792E-04 1.1C026E 20
296214604 SOTHOGE ST
1.7626J3E~-C4 1.05514E S3
1.02838E-04 1.,22976E GO
5.88681E-05 1.00261E 22

3.30827E-25
1.82633E-05
9.97996E-05
5.28851E-06
2.77724E-06
1.43592E-05
7.31438E-07
3,67219E-07
1.81806E-07
2.88338E-08
4.28142E-18
2.03824E-08
3.58487E-09
4.45365E-09
2.04525E-09
9.28412E-10D
4.16596E~10
1.84767E-10
§.09730€-11
3.50450€-11
1.49657E-11
6.29738E~12
2.6C5T4E-12

4,05220377E-01 SUM S(J) FOR P

9.73774E-01
9.43335€=-01
9.11393E-21
8.780520-01
8.43422E-01
8.07619E-71
7.75766E-C1
7.32992¢€-01
6.94433E-01
6.55233E-01
6.15538E-01
5.75506E-G1
5.35297E-01
4.95080E-01
4.55030E-91
4.15328E-01
3.76161E-01
3.37724E-01
3.00219E-01
2.63850E-01
2.28834£-01
1.95389E-91
1.63743E-01

= 4.98828763E-01

HF



60

STRENGTHS AND F FACTORS OF THE V

PO NS WwN O

TEMPERATURE =

R BRANCH

SJ)
T.46740E-03
1.42515E-02
1.99381E-02
2.42322E-02
2.69821E-02
2.81840E-02
2.79664E-02
2.65597E-0G2
2.42575€E-02
2.13751C-02
1.82134£-02
1.59313E-02
1.20288E-02
9.34165E-03
7.04412E-03
5.15885E-03
3.66964E-03
2.53483E-03
1.69952E-03
1.10511E-03
6.96076E-04
4,23950E-04
2.49048E-04
1.420603E-04
7.58875E-0C5
3.88518E-05
1.86383E-95
B.,21161E-06
3.20279E-06
1.02409E-0¢6
2.17623E-01
9.61615E~09
1.91424E-08
T.76827E-08
1.23305E-07
1.42272E-07
1.39097E-07
1.22656E-017
1.02710E-07
7.84451E-08
5.86637E-08
4,24690E-08
2.99422E-08
2.06535E-08
1.39889E-08
9.33126E-09
6.14554E-09
4,00486E-09
2.58737€-09
1.66009E-09
1.05952E-09

SUM S(J) FOR R =

FLJ)
9.713C8E-01
9.40425E-01
9.08349E-C1
8.,74883E-0C1
8.40138E-C1
8.04232E-0C1
7.6728BE-"1
7.29435E-01
6.,90811E-C1
6.51558E-01
6.11826C-01
5.71770E-01
5.31553E-01
4.91344E-01
4,51319E-31
4,11658E-C1
3.72551€E-01
3.34193E-0l
2.96784E-01
2.60532E-01
2.25653E-01
1.92366E-0G1
1.60898E~71
1.31484E-051
1.04364E-01
7.97850E-92
5.,79992E-02
3.92668E-02
2.38540E-02
1.20333E-32
4,08396E-13
2.91582E-04
F.48264E-04
6.35259E-03
1.68097€-02
3.26310E-02
5.41347£-02
8.16452E-02
1.15494E-01
1.56017E-01
2.0356CE-01
2.58473E-01
3,21113€E-01
3.91843E-01
4,71333E-01
5.59060E-01
6.56305€E-01
7.6316CE-01
8.80020E-01
1.00729E 09
1.14537E 00

2.96697951E-01 SUM

WILLOW RUN LABORATORIES

P BRANCH

S(Jd)

7.06014£~03
1.49999E-02
2.15411E-02
2.68920£-02
3.07855E-02
3.30988E-02
3.38531E-G2
3.31949E-02
3.13651E-02
2+86595E-02
2+.53908E-02
2.1855%E-02
1.83057€-02
1.49406E-02
1.18954E-02
9.24812E-G3
7.02697€-0C3
5.22240E-03
3.79906E-03
2.7C698BE-03
1.89050E£-03
1.29485E-03
8.70310F-04
5.74360E-04
3.72385E-04
2437319E-04
1.48742E~0¢4
3.17311E-05
5.56929E-05
3.33036E-05
1.96245F-05
1.140304E-05
6+53194E-06
3.69277E-06
2.06074E-06
1.13558E-06
6.18140E-07
3,32481E-07
1. 76757E-07
9.28995E-08
4.82781E-08
2.48100E-08
1,26080E-08
6.33511€-09
3.14660E-09
1.54422E-G9
7.48250E-1D
3,57597E-10
1.68299E-13
7.78287E-11

S(J) FOR P

F(J)

1.02731€E o0
1.1:5285E 46
1.07655E GO
1.09833E CC
l.11814E OC
1.13590€ 90
1.15157€ 00
1.1651CE QO
1.17645E 27
1.18559E OO
1.19250E 20
1.19715€E 006
1.19953E G&
1.19964E 00
1.19747E 0C
1.19393E 00
1.18633E 00
1.17739E 00
1.16624E 00
1.15291E 00
1.13744E CO
1.11988E 0OC
1.13026€ 0C
1.C7866E 00
1.05514E 20
1.02976E 20
1.00261E $D
9.73774E-31
9.43335E-01
9.11393E-901
8.76052E-01
B.43422E-01
8.07619E-01
T.70766E-01
7.32992E-01
6.94433c-01
6.55233E-01
6.15538E£-01
5.75506E£~01
5.35297€E-01
4,9508CE-01
44.5503CE-01
4,15320E-01
3.76161E-01
3.37724E-01
3.006219E-01
2.63850E-01
2.28834E-01
1.95389E-01
1.63743E-01

= 3,88055980E-01

OF HF



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

) e

OLC NN PN D

Pt et et e e s bt e et
Lo ~NCU SN

NN
— O

22

TEMPERATURE

R BRANCH

StJ)
5.05441E-03
9.67543E-03
1.36150E-02
1.66901E-02
1.87967E-02
1.99135E£-02
2.00962E-02
1.94633E-02
1.81773E-02
1.64225E-02
1.43854E£-02
1.22365E-02
1.01190E-02
8.14118£-03
6.37563C~03
4.86121£-03
3.60870£-03
2.60755E-03
1.83299E£-03
1.25245€E-03
8.30772E-04
5.33984E-04
3.31725E-C4
1.98442E~04
1.13707E-04
6.19175€-05
3.16505E-05
1.48830E-05
6.20583E-06
2.12470E-06
4.84163E-07
2.29734E-08
4.91734E-08
2.14834E-07
3.67540E-07
4.57560E-07
4.83143E-07
4.60531E-07
4.,09C069E-07
3.44942E-07
2.79426E-07
2.19230€-07
1.67576E-07
1.25356E-07
9.20947E-08
6.66376E-08
4.76036E-08
3.36425E~-08
2.35637€£-08
1.63835E-08
1.13244E-08

SUM S{J) FOR R =

F(J)
9.71008E-01
9.40425E-01
9,08349E-01
8.74883E~01
8.4C138E-01
8.04232E-01
T.67288E-01

‘T+29435E-01

6.90811E-0C1
6.51558E£-01
6.11826E-01
5.71777E-G1
5.31553E~01
4.91344E-D1
4.51319E-01
4.11658E~01
3.72551E-01
3.34193E-01
2.96784E-01
2.60532E~01
2.25653E-01
1.92366E-01
1.60898E-01
1.31484E-01
1.04364E-01
T.97850E-02
5.79992E-02
3.92668E-02
2.38540E-02
1.20333E-02
4.,08396E-03
2.91582E-04
9.48264E-04
6.35259E-03
1.68097E-02
3.26310E-C2
5.4134TE-02
8.16452E-C2
1.15494E-01
1.56017E-01
2.03560E-01
2.58473E£-01
3.21113E-01
3.91843E-C1
4.71033E-01
5.59060E-01
6.56305€E-01
7.63160C-01
8.80020E-01
1.00729E 00
1.14537€ 00

O TO V = 2 TRANSITICNS

3500.0 DEG.

P BRANCH

SJ)

5.19712E-03
1.02317E-02
1.48139E-02
1.869369E-02
2.16990E-02
2.37160E-C2
2.47255E-02
2.47804E-02
2.39956E~C2
2.25292E-02
2.05627E-02
1.82807€-02
1.58549E-02
1.34326F-02
1.11287E-02
3.02455E-03
7.16909E-03
5.58316€-03
4.26548E-03
3.19889E-03
2435629E-03
1.73567E-03
1.21403€-03
8.,55063E-04
5.85828E-04
3.97547E-04
2.65769E-04
1.75108E-04
1.13757E-04
7.28952E-05
4.60931E-05
2.87709E-05
1.77339€-05
1.07979E-05
6.49664E-06
3.86352E-06
2.27160E-06
1.32078E-06
7.59558E-07
4.32092E-07
2.43168E-07
1.35378E-07
7.45517E-08
4.06011E-08
2.18589E-08
1.16274E-08
6.10569E-09
3.16136E-09
1.61129€-09
8.06500E-10

2.25454855E-01 SUM S(J) FOR P

F(J)

1.02731E 09
1.05285€ 00
1.07655E 00
1.09833E 00
1.11814E 07
1.1359G0E 00
1.15157€ 092
1.165128 23
1.17645E 070
1.18559€ 00
1.19250€E 0O
1.19715E d¢
1.19953E 52
1.19964E 20
1.19747E 00
1.19323€ 0%
1.18633E 00U
1.17739E 090
1.16624E 20
1.15291€E 090
1.13744E 00
1.11988E 00
1.1CC26E 00
1.07866E 00
1.05514E 00
1.02976E 30
1.00261E GO
9.73774E-01
9.43335€-01
9.11393E-01
8.78C52E-01
8.43422E-01
8,07619E-01
7.70766E-01
7.32992E-01
6.94433E-01
6.55233E-01
6.15538E-01
5.75506E-01
5.35297E-01
4.95080E-01
4,55030E-01
4,15328E-01
3.76161€E-01
3.37724E-01
3.00219E-01
2.63850L-01
2.28834E-01
1.95389E-01
1.63743E-01

= 3.06741941€-01

OF HF

61



62

STRENGTHS AND F FACTORS OF THE V

VO NC WP WN - O

TEMPERATURE =

R BRANCH

SJ)
3.54787E-03
6.80726E-03
9.62127E-03
1.18712E-02
1.34846E-02
1.44385E-02
1.47570E-02
1.45044E-02
1.37748E-02
1.26806E-02
1.134023C-02
9.86761E-03
8.36326E-03
6.90934E-03
5.56661E-03
4.37447C-03
3.35293E-03
2.50588E£-03
1.82510E-03
1.29424E-03
8.92415E-04
5.97218E-04
3.86874E-04
2.41689E-04
1.44833E-04
8.25943F-05
4.42744E-05
2.18601E-05
9.58256E-06
3.45305E-06
8.29090€E-07
4.14946E-08
9.37736E-08
4,32949E-07
7.83420€E-07
1.03237E-06
1.15472E-06
1.16670E-06
1.09913E-06
9.83500£-07
8.45788E-07
7.04726F-07
5.72247E-07
4,54841E-07
3.55094E-07
2.73048E-07
2.07276E-07
1.55641E-07
1.15798E-07
8.54943£-08
6.27224E-08

SUM S{J) FOR R =

F(J)
9.7100BE-01
9.40425E-01
9.08349E~01
8.74883E-01
B.40138E-01
8.04232E-01
7.67288E-01
7.29435E-01
6.90€11E-01
6.51558E-01
6.11826E-01
5.71770E-01
5.31553E-01
4.91344E-01
4.51319E-01
4,11658E-01
3.72551€-01
3.34193e-C1
2.96784E-01
2.60532E~01
2.25653E-01
1.,92366E-01
1.60898E-01
1.31484E-01
1.04364E-01
7.97850E-02
5.79992E-02
3.92668E-02
2.38540E~02
1.2C333E-02
4.08396E-03
2.91582E=-N4%
9.48264E-04
6.35259E-03
1.68097E-02
3.26310€E-02
5.41347€E-02
B.16452E-02
1.15494E-01
1.56017E-01
2.03560E-01
2.58473E-01
3.,21113E-01
3.91843E-01
4.71033E-01
5.59060E-01
6.56305E-01
7.63160E-01
8.80020E-01
1.00729E 00
1.14537E 00

WILLOW RUN LABORATORIES

0 TO V = 2 TRANSITIONS

4000.0 DEG. K

P BRANCH

StJ)

3.656405E-03
7.22237E-03
1.05202E-02
1.33861E-02
1.56944E-02
1.73645E-02
1.83639E-02
1.87069E-32
1.84488€-02
1. 76759E-02
1.64953E-02
1.50228E-02
1.33729E-02
1.16500E-02
9.94281E-03
£,32082E-03
6.83343E-03
5.51099E-03
4,36733E-03
3.40291E-03
2.60836E-03
1.96782E-03
1.46189E-03
1.06991£-03
T.71756E-04
5.48891E-04
3,8507T1E-04
2.66569E-C4
1.82159E-04
1.22918E-04
8.19309E-05
5.39617E-05
3.51283E-05
2.26089E-05
1.43901€~05
9.05950E-06
5.6426TE-06
3.47754E-06
2+12087E-05
1.28007E-06
T.6459TE-07
4.,51931E-07
2.64286E-07
1.52865E-07
8.74131E-08
4,93849E-08
2.75398E-08
1.51399E-08
8.19049E-09
4434964E-09

1.73323338E-01 SUM S(J) FOR P

F(J)

1.02731E 00
1.05285E 00
1.07655E 00
1.09833E 00
1.11814E 00
1.13590E 00
1.15157E 0C
1.16510€ 00
1.17645€E 00
1.18559E 00
1.19250E 00
1.19715€ 0¢C
1.19953E 00
1.19964E 00
1.19747€ 00
1.19303E 00
1.18633€ 00
1.17739E 00
1.16624E 00
1.15291€ 00
1.13744€E 00
1.11988E 00
1.10026E 00
1.07866E 00
1.05514E 00
1.02976E 00
1.00261E 00
9.73774E-01
9.43335E-01
9.11393E-01
8.78052E-01
8.43422E-01
8.07619E-01
7.70766E-01
T.32992E-01
6.94433E-01
6.55233E-01
6.15538E-01
5.75506E-01
5.35297E-01
4,95080E-01
4.,55030E-01
4.15328E-01
3.76161E-01
3.37724E-01
3.00219£-01
2.63850E-01
2.28834E-01
1.95389E-01
1.63743E-01

=  2.45573097E-01

OF HF



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE v = 0 TO V = 2 TRANSITIONS OF HF

TEMPERATURE = 4500.0 DCG. K
R BRANCH P BRANCH

J S(J) F{J) S(J) F(J)

J 2.56312E-03 S.71008E-21

1 4.92690E-03 9.40425€E-31 2.64299E-03 1.02731€ 02
2 6.98775£-03 9.08349E-21 5.23981E-03 1.05285E &6
3 C2.66571E-03 8.74883E-C1 T.66T796E~03 1.07655E 00
4 9.90957E-03 8.40138E~0C1 3.81826E£~-03 1.0G98330 a7
5 1.069900-02 8.04232E-01 1.16020E-C2 1.11814E 00
6 1.10437E-02 7.67288E-C1 1.29585E-02 1.13%90E 00
7 1.09799E-02 7.29435E-01 1.38563E-02 1.15157& O3
8 1.056450-02 6.90811E~11 1.42942F-0G2 1.16518C 27
9 9.86827E~03 6.51558C-01 1.42978E-02 1.17645E OC
10 8.9687T1E-03 6.11826E-71 1.39154E-02 1.18559E 0O
11 7.94291E-03 5.7177CGE-C1 1.32112¢-02 1.1925GE 90
12 6.86206E-03 5.31553E~01 1.22588E-02 1.19715E O
13 5.78716£-03 4.91344E~C1 1.11346E-02 1.19953E Q0
14 4.76648E-03 4,51319E-01 5.91181C-03 1.19964E 2C
15 3.83465E-03 4.11658E-01 £.65625E-03 1.19747C 00
16 3.01316E-03 3.72551E-01 T.42305€-03 1.19323E 00
17 2.31178E-03 3.34193E-01 6.25518E-03 1.18633E 00
18 1.73077E-03 2.96784E-01 5.18314E-03 1.17739E 02
19 1.26327€-03 2.60532E-01 4.22573E-03 1.16624E 30
20 8.97690E-04 2.25653E-71 3.39160£-03 1.15291& o0
21 5.19874L-04 1.92366E-"1 2.68116E-03 1.137448 OO
22 4,14827E-04 1.60898E-C1 2.08861E-03 1.11988E G©
23 2.68G30E-04 1.31484E-01 1.60398E-C3 1.10026E 0O
24 1.66306E-04 1.04364E-01 1.21488E-03 1.C7866E 00
25 2.830G28L-05 T.97850E-02 3.27875E-04 1.05514E 00
26 5.46756E-05 5.79992E~02 6.69639E-04 1.02976E 00
27 2.80380E-05 3.92668L-02 4.876TTE-DG «00261E 02
28 1.27774E-05 2.38540E-02 3.50789E-04 9.73774£-01
29 4.79093E-06 1.20333E-02 2+49301E-04 9.43335E~-01
30 1.19797£~06 4.G8396E-03 1,75104E~04 9.11393c-01
31 6.249G6E~08 2.91582E-04 1.21587E-04 8.78052£-0C1
32 1.47323E-07 9.48264E-74 ° 8,34860£-05 8.,434220-01
33 7.09881E-07 6.35259E-03 5.66999E-05 8.07619E-01
34 1.34168E-06 1.68097E-02 3.80970E-05 T.7C766E-01
35 1.84783E-06 3.26310E-02 2.53295E-05 7.32992E-0C1
36 2.16130E-06 5.41347E-02 1.66673E-35 6.94433E-01
37 2.28470E-06 8.16452E-02 1.08559€-05 6.55233E-01
38 2.25294E-06 1.15494E-01 6.99953E-05 6.155380-01
39 2.11295E-06 1.56017E-31 4.46790E-05 5.75556E-01
40 1.90157E-06 2.03560E-01 2.82338E-05 5.35297€-01
41 1.66013E-06 2.58473E-01 1.76619E-C5 4.95080E-01
42 1.41277E-06 3.21113E-01 1.09357E-05 4.555330E-01
43 1.17701E-06 3.91843E-01 6.70032€E-07 4.15328E-01
44 9.63251E-07 4.71333E-01 4,06090E-07 3.76161C0-91
45 7.T76464E-07 5.59060E-01 2.43335E-07 3.37724C-01
46 6.17871E-07 6.56305E=-01 1.440550-07 3.N3219E-01
47 4.86282E-07 T7.63160E-01 B.41705E-08 2.63850E-01
48 3.79139E-07 8.80020E-01 4.84748E-08 2.28834C-01
49 2.93258E-07 1.00729E 0o 2.T74660E-08 1.95389E-01
50 2.25318E-07 1.14537E 00 1.52719E-08 1.63743E-01

SUM S{J) FOR R =

1.35278556C-01 SUM S(J)

FOR P

= 1.98744835E-D1
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WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

OO NS WN DG

TEMPERATURE

R BRANCH

StJd)
1.83630E-03
3.65201£-03
5.19126E-03
6.46419E-03
7.43189€-03
8.07751E-03
8.40413E-03
8.43271E-G3
8.19884E£-03
7.74853E-03
T.13369E-03
6.40759€E-03
5.62106E-03
4.81933€~03
4.03997E-03
3.31174E-03
2.654528~-03
2.07977E-03
1.59174E-C3
1.18889FE-03
8.65418E-04
€.12745E-04
4.20856E-04
2.79343E-04
1.78211E-04
1.08403E-04
6.20970E-05
3.28223E-05
1.54289E-05
5.97163E-06
1.54242E-06
8.31631E-08
2.02745€-07
1.01110E-06
1.97357€E-06
2.82275E-06
3.42159€E-06
3.74989E-06
3.83505E-06
3.72792E-06
3.4848B7E-06
3.15790E-06
2.78987E-06
2.41326E-06
2.05071E~06
1.71646E-06
1.41822E-06
1.15884E-06
9.37905E-07
7.529C2€E-07
6.00190E-0C7

SUM S(J) FOR R =

F(J)
9.71008E-01
9.40425E-01
9,08349E-01
8.74883E-01
8.40138E-C1
8.04232E-01
7.67288E-01
7.29435E~C1
6.90811E-C1
6.51558E-01
6,11826E-01
5.,71770E-01
5.31553E-01
4.91344E-01
4.,51319E~01
4.,11658E-01
3.72551E-01
3.34133E-C1
2.96784E-C1
2.60532E-01
2.25653E-01
1.92366E-01
1.60898E-01
1.31484E-01
1.04364E-C1
T.3785CE-C2
5.79992E-02
3.92668E~02
2.38545E-02
1.206333E-02
4,083096E-03
2.91582E-04
9.48264E-04
6+35259E-03
1.68397E-02
3.2¢3102€-02
5.41347€E-02
8.16452E-02
1.15494E-01
1.56917€-01
2.03560E-01
2.58473E-01
3.21113€-01
3.91843E-01
4.71033E-01
5.59060E-01
6.56305E~01
7.63160£-01
8.80020E-01
1.06729E 00
1.14537¢ 00

0 TO V = 2 TRANSITIONS
5C00.0 DEG. K
P BRANCH

StJ)

1.95682E-03
3.88873C-03
5.7T1176E-03
7+34975€-03
8.73958E-03
9.83507TE-03
1.06093E-02
1.10548E-02
1.11830E-02
1.10206E-02
1.06373E-02
9.99024E~03
9.22C09BE-03
.35088E-03
7.42807E-03
6.49496E-03
5.58667TE-03
4.,73026E-03
3.94477£-03
3.24183E-03
2.62662E-03
2.09909E-03
1.65529£-03
1.28853E-C3
9.90472E-04
7.52091E-04
5.64309E-04

4.18519E-04

3.06894E-04
2.22562E-04
1.59667E-04
1.,13339E-04
7.96214E-05
5.53674E-05
3.81169€-05
2.59823C-05
1.75380E-05
1.17232€£-05
T.76032E-06
5.08706E-06
3.30186E-06
2.12165E-06
1.34923E-06
8.48825E-07
5.27983E-07
3.24456F-07
1.96775€-07
1.17613E-07
6.91478E-C8
3.98852E-08

1.06967513E-01 SUM S(J) FOR P

F(J)

1.62731C 0C
1.05285L 00
1.07655E 07
1.09833E 0C
1.11814E 0OC
1.13530E 00
1.151578 06
1.16510E 00
1.17645E 0D
1.18559E 0C
1.19250€E 00
1.19715E 00
1.19953E 00
1.19964E 00
1.19747& 0C
1.19303E OC
1.18633E 00
1.17739E 00
1.166240C 00
1.15291E 00
1.13744E 0C
1.1192¢8E 0O
1.1C02¢E QO
1.07866E 0OC
1.05514€ 00
1.02976E OC
1.00261E OC
9.737745-01
9.43335E-01
9.11393E-01
8.78052E-01
8.43422E-01
8.07619E-01
T7.7C766E-01
7.32992C-01
6.94433E-01
6.55233E£-01
6.15538E-01
5.75506E£-01
5.35297E-01
4.95080E-91
4.,5533CE-01
4.15328E-C1
3.76161E-01
3.37724E-01
3.00219€E-0C1
2.6385CE-01
2.268834E-01
1.95389E-01
1.63743E-01

=  1.62392755E-01

OF HF



WILLOW RUN LABORATORIES

APPENDIX VII

MORSE OSCILLATOR LINE STRENGTHS AND CORRECTION
FACTORS FOR HYDROGEN FLUORIDE
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WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE v

C TN WG

29
3y
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

TEMPERATURE =

R BRANCH

StJ)
4,31094E N1
6.62841LC 01
6.14706E 01
4.07697C 01
2.041028E 0Ol
7.90625E 00
2.40270E 0O
5.,78073E-01
1.10839£-01
1.70269E-02
2.10527E~03
2.1J398L-04
1.70637E-95
1.12748E-06
6.09331€£-08
2.7T3411E-D09
9.89400€£-11
2.99696E-12
T.54709E-14
1.58684E-15
2.79801E-17
4.15602E~19
5.22388E-21
5.58218E-23
5.09488E-25
3.99042E-27
2.69454E-29
1.57595E-31
8.01958E-34
3.56616E-36

L02000E 00
JOJNZOE 0D
«ON000E 00
.00000E 00
.00000E 00
.00N00E 00
.00000E 00
.00000E 00
.00000E 00
.00000E 00
.00000E 00
.00000E 00
.00000E 00
.000C0E 00
«.0J000E 00
.00000E 0O
.00000E 00
.00000E 00
.00000E 00
«Q0000E 00
.00000E 00

SUM S(J) FOR R =

F{J)
9.46725E-01
8.95215E-01
B445445E-01
7.97389E-01
7.51021E-01
7.063156-01
6.63245E=-51
6.21786E-C1
5.81913Z-01
5.436020-01
5.06826E-01
4.71561F-21
4.37783E-0G1

4.05467E-01

3.74588E-C1
3.45124E-01
3.17950E-21
2.90341€-01
2.64375E-21
2.40927E-21
2.18176E-01
1.96696E-01
1.76466E-01
1.57462E-C1
1.39663E~01
1.23044E-71
1.067585E-01
9.32621E-702
8.00539£-02
6.79386E-02
5.68942E-22
4.68993E-02
3.79324E-02
2.99722E-02
2.29977E-02
1.69879E~-02
1.19220E-02
7.77933E-03
4.53950E-03
2.18217E-03
6.87182E-04
3.45416E-05
2.04410E-04
1.17711E-03
2.93312E-03
5.45309€-03
8.71780E-03
1.27082E-02
1.74055€E-02
2.27908E-02
2.88456E-02

770V =

273.3 DFG.

1 TRANSITIONS

P BRANCH

S

3.79126C 01
5.12855E 01
4.18744C 21
2.44793F 1
1.08180%E Gl
3.70587€ §0
9.98214E-01
2.13423E-01
3.64738E-02
5.01088E-C3
5.56163E5-24
5.01003E-C5
3.67907E-G6H
2.21194E-07
1.09351E-G8
4.46465E-1D
1.51217€E-11
4,26817E-13
1.228640-14
2.30526E-16
3.37237E-18
4.81333E-20
5.87116E-22
65.14909E-24
5.55987TE~-26
4.36406E-28
2.99052€-30
1.79948E-32
9.56423E-35
4.51715E-37
«JU002E GO
.D0000E 00
.COCODE 00
.00000E 00
.00000E 00
.00000E 00
.00002E 00
-00000E 02
.00000E 00
.00000E 00
.00000E 00
.00000E 02
.00000E 00
.00000E 00
.00000E 00
.00D00E 00
.00000E 00
.00000E 00
.00000E 00
.00000E 00

2.43061814E 02 SUM S(J) FOR P

F(J)

1.05557¢E
1.11195E
1.17569E
1.23129E
1.29379E
1.35822E
1424670
1.4G297E
1.56334¢E
1.63575¢
1.71222¢
1.78678E
1.86547(
1.94631C
2.02932C

2.11454E G

2.20199¢E
2.29171¢€
2.38372¢C
2.47825E
2.57474C
2.673E1E
2.77529¢
2.87921¢C
2.9656CE
3.09450¢:
3.7.593¢%
3.31992¢c
3.4365CE
3.55571¢
3.67758¢E
3.80213¢€
3.92941E
4.05943E
4.19223E
4.32785E
4.46632E
4.60766E
4.75191E
4.89911E
5.04928E
5.20246E
5.35868E
5.51798E
5.68039E
5.84593E
6.01465¢C
6.18658E
6.36176E
6.54021E

= 1.71329392€ 02

oF

O OO
O (DD D DO

Pl s O M
L)

0¢C
00
oc
09
00
00
00
00
00
00
00
00
00
C0
00
00
00
00
00
00
00
00

HF
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STRENGTHS AND F FACTORS OF THE V

OOV RO

49
50

WILLOW RUN LABORATORIES

TEMPERATURE

R BRANCH

StJ)
2.33161E 01
3.79903E 01
3.956G4E 01
3.12138€ 01
1.96916E 01
1.01782€ 01
4.36912C 00
1.571G9E 00
4,76159E-01
1.22211E-01
2.66686E-02
4.96533E-03
7.91350E-04
1.08296E-04
1.27645£-05
1.29973E-06
1.14679E-07
8.794T4E-09
5.82065E~10
3.43919E-11
1.76485€6-12
7.97231E-14
3,18058E-15
1.12435€-16
3.53348E-18
9.90440E-20
2.49416E-21
5.59266E-23
1.13357€-24
2.07435E-26
3.435536-28
5.16C17E-30
7.03851E-32
8.72137E-34
9.80458E-36

.0N90CE 00
.000J0E 00
.0NOONE 00
<O9099E 90
.03200E 00
.00500E 00
.GICO0E 00
.09700E 00
.00200€ 00
.00000E 00
.00000E 00
.00000E 00
.0J000E 00
.00CO0E 00
.00G00E 00
.00ND0E 00

SUM S{J) FOR R =

FtJ)
9.46725E~-01
8.95215E~01
8.45445E~01
7.97389E-01
7.51021€-01
T.06315€-01
6.63245E-01
6.21786E-O1
5.81913E-01
5.436C2E-01
5.06826E-0C1
4,71561E-01
4.,37783E-01
4,05467E-01
3.74588E-01
3.45124E-01
3.17050E-01
2.90341€-01
2.64975E-01
2.40927E-01
2.18176E-01
1.96696E-01
1.76466E-01
1.57462E-01
1.39663E-01
1.23044E-01
1.G7585E-01
9.32621E-72
8.00539E-02
6.7938B6E-02
5.68942E-02
4,68993E-02
3.79324E£-02
2.99722E-C2
2429977€E-0C2
1.69879E£-02
1.19220€-02
7.77933E~03
4.53950E-03
2.18217€-03
6.87182E-04
3.45416E-05
2.04410E-04
1.17711E-0G3
2.93312E-03
5.45309E-03
8.71780E-03
1.27082E-02
1.74055E-02
2.27908E-02
2.88456E-02

1.68521407E 02 SUM S{J)

C TO V = 1 TRANSITIONS

373.3 DEG.
P BRANCH
S(J) F(J)
2.17294E 01 1.05507¢E
3.30056E 01 1.11195E
3.20596E 01 1.17069E
2.36166E 01 1.23129€
1.39266E Gl 1.29379¢
6.73883E 00 1.35822E
2.71295F D 1l.42460LC
9.16858E-01 1.49297E
2.61792E~C1 1.56334C
6.34753E-02 1.63575E
1.31253€£-02 l.71022¢€C
2.32346E-03 1.78678E
3.53380E-04 1.86547E
4,63364E-05 1.94631¢E
5.25594F-06 2,02932¢
5.17482E-07 2,11454E
4.43751£-08 2.20199LC
3.32570E-C9 2.29171C
2.186GC4E-10 2.38372C
1.26480E~11 2.47805E
6.46512E-13 2.57474E
2.93055E-1¢4 2.67381E
1.18253€E-15 2.77529E
4,26448L-17 2.87921E
1.37993€-18 2.98560¢
4,02311E-290 3.09450E
1.06119E-21 3.20593¢E
2.54336E-23 3.31992¢
5.56268E-25 3.43650E
1.11517€E-256 3.55571E
2.05845E-28 3.67758E
3.51452E-3D 3.80213E
5.57627E-32 3.92941E
8.26112E-34 4.,05943L
1.14828E-35 4.19223E
.CCO0JE 00 4.32785E
.003800E 02 4.46632E
«0J00NE 0D 4.60T766E
.2J0000E 0O 4.,75191E
.00000E 00 4.89911E
.0GJGOE 00 5.04928E
.00009%E 02 5.20246E
.0C000E 00 5.35868L
.00000E 00 5.51798E
«0CG00JE GO 5.68339¢E
.00209%E GO 5.84593E
.00000E 00 6.01465E
.2C000E 00 6.18658E
+Q0000E 00 6.36176E
.0N00JE 20 6.54021E

FOR P

= 1.35047543E 02

OF HF



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE v = 0 TO V = 1 TRANSITIONS OF HF

TEMPERATURE = 500.0 DEG. K
R BRANCH P BRANCH

J StJ) F(J) S(J) F(J)

v 1.30724E 01 9.46725E-C1

1 2.21724E 01 8.95215E-01 1.26819E 01 1.05507€ 07
2 2.503182E 01 8.45445E£~-01 2.08727E 01 1.11195¢C 00
3 2.22624E 01 7.97389E-01 2.28654E 01 1.17069E 00
4 1.64833E 01 7.51021E~-01 1.97686E 01 1.23129E OC
2 1.04C38E 01 7.06315E-01 1.42352¢t 01 1.29379C GC
6 5.67279E 00O 6.63245E-C1 8.T74941€ 00 1.35822€ 00
7 2.69445E 00 6.21786E-01 4.65266E 00 1.42460E 0C
8 1.12132E GO 5.81913E-C1 2.159G7E GO 1.49297E 00
9 4.10642E-01 5.43602E-01 B.T79620E-01 1.56334E CC
1¢ 1.32805E-01 5.06826E-31 3.16084E-01 1.63575€ 00
11 3.80451E-02 4.71561E-01 1.00563E-01 1.71022E 00
12 9.68063E-03 4.37783E£-01 2.84215E-02 1.78678E 00
13 2.19349E-03 4.05467E-01 7.157G9E-03 1.86547E 0C
14 4.43662C-04 3.74588E-01 1.61042E-03 1.94631E 22
1 8.02950E-05 3.45124E-01 3.24673E-04 2.02932C 00
16 1.30336E-05 3.1705CE-01 5.88072E-05 2.11454E 30
17 1.90194E£-06 2.90341E-01 9.59531L-0% 2420199t IC
le 2.53C97TE-07 2.64975E-01 1.41417E-06 2.29171E OC
19 2.97044E-08 2.40927E-C1 1.88775E-07 2.38372E 00
20 3.19423E-09 2.18176E-C1 2.28871€-08 2.47805C Q°C
21 3.11727E-10 1.96696E-01 2.52731E-09 2.57474E 2C
22 2.76745E-11 1.7¢6466C~01 2.54915€E-1D 2.67381E 0O
23 2.24033€E-12 1.57462E~-C1 2.35542E-11 2.71529C 00
24 1.65762E-13 1.39663E-01 1.99971E-12 2.87921t 00
25 1.12357€-14 1.23044E-01 1.56464E-13 2.98560C D7
26 £.99231E-16 1.07585E-01 1.13174E-14 3.09450E 00
27 4,00370E-17 9.32621E~02 7.59159E-16 3.20593E 00
28 2.11334E-18 8.006539E~-02 4.73768E-17 3.31992E 00
29 1.03N12E-19 6.79386E-02 2.75969€-18 3.43650E 00
30 4.64320E-21 5.68942E-02 1.50541E-13 3.55571€ 00
31 1.93709€E-22 4.68993E-02 T.71644E-21 3.67758C 00
32 7.48121E-24 3.79324E-22 3.72937E-22 3.80213E 00
33 2.67252E-25 2.99722E-02 1.70540E-23 3.92941€ 00
34 8.82907E-27 2.29977E-92 7.40507€E-25 4.05943C 30
35 2.66565E-28 1.69879E-02 3.06417E-26 4.,19223E 00
36 7.33506E-30 1.1922CE-02 1.21276E-27 4,32785E 00
37 1.80300E-31 T.77933E-03 4,60830E-29 4.46632C GD
38 3.82235E-33 4.53950E-03 1.68761E-30 4.60766E 00
39 6.46323E-35 2.18217€E-03 5.97944E-32 4.,75191t 920
490 6.95956E-37 6.87182E-04 2.05798E-33 4.89911E UC
41 .00000E 00 3.45416E-05 6.90855E-35 5.04928E 0C
42 .00200E 00 2.064410C-04 ?2.2T153E-36 5.20246C 0Of
43 .00000E 00 1.17711E-G3 .00000E 00 5.35868E 00
44 .00000E 00 2.93312E-03 .00200E 00 5.51798L 0OC
45 .000920E 00 5.45309E-03 .00000E 00 5.68039E 00
46 .00000E 00 8.71780E-03 .00000E 00 5.84593E 00
47 .00000E 00 1.27082E-02 .00000E 00 6.01465E 09
43 .00000E 00 1.74055E-0G2 .0CO00E GO 6.18658E OC
49 .00N00E 0O 2.27908E-02 .00000€ 00 6.36176E 00
50 «C5000E 00 2.88456E-02 .00000E GJ 6.54021E 00

SUM S{J) FOR R =

1.19494811E 02 SUM S(J) FOR P

= 1.37318822E %2
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STRENGTHS AND F

(5%

<

OV ~NOU WA

WILLOW RUN LABORATORIES

TEMPERATURE

FACTORS OF THE V

R BRANCH

S{J)
3.26718E 00
5.88021t 090
7.46878E 00
7.93536E 09
7.43934E 00
6.30300t 20
4.88904C 00
3.49940E 0C
2.32354E 0OC
1.436620 02
8.29519L-01
4.48351E-01
2.27284E-01
1.08249E-01
4.85125£-02
2.04870E-02
8.16353E£-23
3.07335E-03
1.09449E£-C3
3.691418-04
1.18047E-04
3.58331E-15
1.03357€£-05
2.83570E-0C6
T.40T27E-0T
1.84376E-07
4.37645E-08
9.91719E-09
2+14299E-09
4.42309E-10
8.71337€-11
1.63709t-11
2.92913E-12
4.97824E-13
8.00299E~14
1.20863E-14
1.69539E-15
2.16587TE-16
2.42829€-17
2.20533E-18
1.29272E-19
1.19417£-21
1.28493E-21
1.33394E-21
5.95448E-22
1.97513E-22
5.62429E-23
1.46143E-23
3.57961E-24
8.43206E-25
1.93658E-25

SUM S(J) FOR R =

F(J)
9.46T25E-91
8.95215E-01
8.45445E-01
7.97389E-01
7.51021E-01
T.06315E-01
6.63245E-01
6.21786E-01
5.81913E-51
5.43602E-01
5.06826E-01
4.71561E-01
4.37783E-01
4,25467C-01
3.7458PC-001
3.45124E£-01
3.17350E~-01
2.90341E-01
2.64975E-01
2.40327E-01
2.18176E-01
1.966960-31
1l.76466E-01
1.57462E-01
1.39663E-01
1.23044E-21
1.07585E-01
9.32621E-02
8,00539E-22
6.79386E-N2
5.68942£-02
4.68993E-02
3.79324E-22
2.99722E-32
2.29977E-02
1.69879E-02
1.19220E-02
T.77933E-03
4.53950E-03
2.18217€-03
6.,87182E-04
3.45416E-05
2.0441CE-04
1.17711E-03
2.93312E-03
5.45309E-03
8.71780E~03
1.27082E~02
1.74055C-02
2.27908E-02
2.88456E-02

210V =1
12300.0 DEG.
P BR

SJ)

3.3€143€ 00
6.22543E 0D
8.13960C 00
8.90685E 0D
8.60593E 00
7.52140E 00
6.02451E 00
4.45839E 00
3.06509E 12
1.96539E 22
1.17907C 00
5.6347DE~C1
3.50944E-01
1.74837€-01
8.21834E-02
3.65104E-02
1.53545€-02
€.12239E-C3
2.31817E£-03
£.34791E-0¢4
2.86341E-04
9.36989E-05
2.9295TE-05
8.T6533E-C5
2+51373FE-C6
6.92064E-07
1.83212€E-07
4.67148E-08
1.14912E-08
2.73160E-09
6.28560E-12
1.40251€-10
3.03982E-11
6.41133E-12
1.31821E~-12
2.64697E-13
5.20056E-14
1.00163E-14
1.89479E-15
3.5274TE-15
6.47573E-17
1.17472E-17
2.11020E-18
3.76186E-19
6.67048E-20
1.,17924€-20
2.08351E-21
3.,68845E~-22
6.55993E-23
1.17538E-23

5.21377420E 21 SUM S(J) FOR

TRANSITIONS
K
ANCH

F(J)

1.05577E
1.11195¢&
1.17069E
1.23129¢E
1.29379E
1.35822E
1.4246CE
1.49297¢E
1.56334E
1.63575E
1.71022E
1.78678E
1.86547E
1.94631C
2.N02932E
2.11454E
2.20199E
2.29171€E
2.383172E
2.47805E
2.5T7T4T4E
2.67381E
2.77529E
2.875921¢E
2.98560E
3.09450E
3.20593¢E
3.31992E
3.43650E
3.55571E
3.67758E
3.85213E
3.92941¢E
4.,05943EF
4.19223E
4.,32785E
4.46632E
4.60766E
4,75191C
4.89911E
5.04928E
5.20246E
5.35868E
5.51798¢E
5.68039¢E
5.84593E
6.01465E
6.18658E
6,36176E
6.54C21E

P = 6.07860881E 01

OF HF

00
00
co
0¢
Q09
00
0o
090

G
00
00
o
o0
o0
00

00
00



STRENGTHS AND F

O @~V HWwN—=O

FACTORS OF THE V

TEMPERATURE =

R BRANCH

StJ)
1.39649E 00
2.56501F 00
3.39086E 00
3.82389E €O
3.880C0E 0O
3.62782E 00
3.16630E 00
2.59894E 00
2.017C8E 00
1.48545F 00
1.04080E 00
6.95281E-01
4.43590€-01
2.70679E-01
1.58169C-01
8.86060E-02
4.76340E-02
2.45971E~02
1.22106L-02
5.83206E-03
2.68202E-03
1.18838E-03
5.07665E-04
2.09203E-04
8.32022E-GS
3.19479E-05
1.18467E-05
4,24272E-06
1.46732C-06
4.,89851E~07
1.57734E-C7
4,89259E~-C8
1.45888E-08
4.16868E~09
1.13605E-09
2.93072E-10
T7.07194E-11
1.56411€E-11
3.05354E-12
4.85354E-13
5.00146E-14
B.15253E-16
1.55257E-15
2.85926E-15
2.26765E-15
1.33744E-15
6.T7124E-16
3.12544E-16
1.35746E-16
5.65472E-17
2.288B24E-17

SUM S(J) FOR R =

F{J)
9.46725E-01
8.95215E-01
8.45445E-01
7.97389E-0C1
7.51021£-01
7.06315E-01
6.63245E-01
6.21786E=-01
5.81913E-21
5.436C2E-01
5.,06826E~01
4.71561E-01
4.37783E-91
4.05467E-01
3.74588E~01
3.45124E-01
3.17050E-01
2.90341E-01
2.64975E-0C1
2.40927E~01
2.,18176E-01
1.96696£-C1
1.76466E-"1
1.57462E-01
1.39663E-01
1.23044E-01
1.07585E-01
9.32621E-02
8.00539E-02
6.79386E-02
5.68942E~02
4.68993E~02
3.79324E-02
2.99722E-02
2.29977E-02
1.69879E-02
1.19220E-02
7.77933£-03
4.53950E-C3
2.18217E-0C3
6,87182E-04
3.45416E-05
2.04410E-04
1.17711F£-03
2.93312E-03
5.45309E~C3
8.71780E-03
1.27082E-02
1.74055E-02
2.27908E-02
2.88456E-02

WILLOW RUN LABORATORIES

0 TO V = 1 TRANSITIONS

1500.0 DEG.

P BRANCH

stJd)

1.46336E 00
2.81694E 02
3.90392€ 00
4.61727€ 6§

4,91647E (O
4.82752E 00
4.42823E 0D
3.82479E 0O
3.12714€ 0D
2.42933E 00
1.79832E 02
1.27139E 00
8.60097E-01
5.57677E-0C1
3.47573E-01
2.07607E-01
1.19507E-01
6.62812E-02
3.54595E-02
1.83195€E-02
9.14986E-03
4.42292E-03
2.07146E-33
9.40997E-04
4.15072E-04
1.77975€E-04
7.42535E-05
3.01898E-05
1.19701E-05
4.63432E-06
1.75396E-05
6.49684E-07
2.35799E-07
8439563E-08
2.93601E-0C8
1.00968E-08
3.418T4E-09
1.14117E-C9
3.76006E-1D
1.22451E-10
3.9466TE-11
1.26066E-11
3.99641E-12
1.25915E-12
3.94882E~-13
1.23458E~-13
3.85413E-14
1.20345E-14
3.76524E-15
1.18258E-15

3,07436502E 21 SUM S(J) FOR P

F(J)

1.055C¢7¢E
1.11195E
1.17369E
1.23129E
1.29379E
1.35822¢E
l.42460L
1.49297E
1.56334E
1.63575E
1.71C22¢E
1.78678E
1.86547E
1.94631E
2.02932E
2.11454E
2.20199E
2429171E
2.38372E
2.473805E
2.574T4E
2.671351E
2.77529E
2.87921C
2.98560C
3.09450L
3.20593C
3.31992¢C
3.43650E
3.55571E
3.67758E
3.8C213E
3.92941¢
4,05943C
4,19223E
4,32785E
4.46632¢E
4.60766E
4.75191E
4.,89911E
5.04928L
5.20246E
5.35868E
5.51798E
5.68039¢E
5.84593E
6.01465¢
6.18658E

6.36176E

6.54021E

= 4.16540027E 01

OF HF

Q0
or
Go
co
00
00
02
c2
00
00
9y
el
90
0C
oC
ue
00
(s10]
GO
0C
o0
[81e)
20

el
A

0o

oeC
00
00
00
00
o0
0o
00
20
20
00

~

o0

09
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WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE Vv

S I e e e N
VOOV PUWN=RO LN UED WA O

TEMPERATURE =

R BRANCH

S(Jd)
7.27302¢-01
1.35021E 0O
1.82186E 0O
2.1176CE 00
2.23632E 00
2.19745E 00
2.03488E €O
1.78950E 00
1.502C3F 00
1.20756E 00
9.32274E-01
6.92534E~01
4,95779E-01
3.42492E-01
2.28562E-01
1.47490E-01
9.21G63E-02
S.57C71E-02
3.26524E-02
1.85595E-02
1.02353E-02
5.47922E-03
2.84842E-03
1.43847€-03
7.05849E-04
3.36588E-04
1.55977E-04
7.02312E-05
3.07142E-05
1.30376E-05
5.36597E-06
2.13798E-96
8.22719E-07
3.04722E-07
1.08081E-07
3.,64264FE-08
1.15234E-08
3.35185E-09
B8.63041E-10
1.81379E-10
2.47667E-11
5.35922E-13
1.35686E-12
3.32579E-12
3.51306E-12
2.76053E-12
1.86192E-12
1.14435E-12
6.61173E-13
3.65865E-13
1.96294E-13

SUM S(J) FOR R =

F{J)
9.46725E-01
8.95215E~01
8.45445E-01
T.97389E-01
7.51021€E-01
7.06315€-01
6.63245E~01
6.21786E-C1
5.81913E-01
5.43602E-01
5.06826E-01
4,71561E-01
4,37783E-C1
4.05467E-01
3.74588E-01
3.45124C-0C1
3.1705CE-0O1
2.90341E-01
2.64975E-01
2.40927E-021
2.18176E-01
1.9669¢6E-21
l.76466E-C1
1.57462E-01
1.39663E-01
1.22044E-21
1.075€58-01
9.32621E-32
8.0(539E-02
6.79386E-02
5.68942E£-02
4.66993E~G2
3.79324E-02
2.99722E=C2
2429977E-02
1.69879E~C2
1.19220E-02
7T.77933E-03
4.53950E-03
2.18217E-03
6.,87182E-04
3.45416E-05
2.04410E-04
1.17711E-03
2.93312E-03
5.45309E-~03
8.71780E-03
1.27082E-02
1.74055E-02
2.27908E-02
2.88456E-02

DToOV =1
200C.0 DEG,
P BR

StJ)

7.68301E-01
1.50692€ 920
2.14876E Q0
2.64039E €0
2.54942EF 00
3.06749E 00
2.00B92F 00
2.80550E 00
2.49942E 00
2.13542E 00
1.75443E 00
1.38908F 00
1.06175E 00
7.84638E-01
5.61344E-01
3.89236E-01
2.61871E-01
1.71114E-01
1.08700E-01
6.71915E-02
4,045118~C2
2+37389E-C2
1.35920E-02
7.59921€-G3
4.15231€-03
2.21932E-03
1.16125£-03
5.95371E-04
2.99346E-04
1.47727E-04
7.16189E-05
3.41394E-05
1.60151E~05
7.40010E-05
3.37109£-06
1.51539E-06
6.72831E-07
2.95332€£-07
1.28286E-07
5.51966E-08
2.35476E-08
9.97377E-03
4419479E-09
1.75534£-09
7.31416E-10
3.03826E-12
1.25970E-1)
5.21958E~11
2.16426E-11
£.99y288E-12

2.00441957E 01 SUM S(J) FOR P =

TRANSITIONS
K
ANCH

F(J)

1.05507¢C
1.11165¢E
1.170€¢9E
1.23129E
1.29379E
1.35822E
1.42460E
1.49297E
1.56334¢€
1.63575¢E
1.71622¢€
1.78678€
1.86547€
1.94631E
2.02932E
2.11454E
2.20199E
2.29171E
2.38372E
2.47805E
2.57474E
2.6T321E
2.77529E
2.87921¢C
2.98560k%
3.0945%5¢
3.2G593¢
3.31992E
3.43650E
3.55571¢
3.,67758E
3.80213¢E
3.62941¢E
4,05943¢
4.19223E
4.,32785E
4.46632¢E
4.65766E
4,75191E
4,89911E
5.04928E
5.20246E
5.35868E
5.51798E
5.68039E
5.84593E
6.01465E
6.18658E
6.36176E
6.54021E

OF HF

o0
20
350

oC

9]
19
20
a0
oL
(o119
00

oo
00

J0
00
00
00
20
20
00
Qo
o]}

3.01739714€ 01



STRENGTHS AND F FACTORS OF THE V

VS N—= O

S IR i e i —p—
—C O MNP it O T NT

)5}

NN N
AL N

46
47
48
49
50

TEMPERATURE

R BRANCH

S(J)
4.20517C-01
7.85933E-01
1.07388E 00
1.27141E 00
1.37565E 00
1.39297E °0
1.33695E 00
1.22558E 00
1.07843E 00
9.14024E-01
T.42064E-901
5.92330E-01
4.54449E-01
3.38246E-01
2.44480E-01
1.71747E-01
1.17352E-01
7.80419E-02
5.05406L-02
3.18890E-02
1.96115E-02
1.17599£-02
6,87T757E-03
3.92368LC-03
2.18387E-03
1.18584E-03
6.281N6E-04
3.24420E-04
1.63312E-04
B.00576E-05
3.81712E-05
1.76709E-05
7.92285E-06
3.42801E-06
1.42381E-06
5.63202E-07
2.09542E-07
7.18179E£-08
2.18257E-08
5.42198E-09
8.76260E-10
2.24660E-11
6.74518E-11
1.96184E-10
2.46004E-10
2.29516E-10
1.83786E-10
1.34059E-10
9.18716E-11
6.02466E-11
3.82609E-11

SUM Si{J) FOR R =

FLJ)
9.46725E-01
B8.95215E-01
8.45445E-01
7.97389E-ul
7.51021E-01
7.06315E£~01
6.63245E-01
6.21786E-21
5.81913E-01
5.43602E-01
5.,06826E-31
4,71561E-11
4,37783E-01
4.05467E-01
3.74588€E-01
3.45124E-01
3.1705CE~-01
2.9C341€-01
2.64975€E-01
2.40927E-01
2.,18176E-01
1.96696E-01
1.76466E-01
1.57462E-01
1.39663E~01
1.23044E-01
1.07585C-01
9.32621E-0G2
8.00539E-02
6.,79386E-02
5.68942E-N02
4.68993E-02
3.79324E-02
2.99722E-02
2.29977E-~02
1.69879E-02
1.19220E-02
Te77933E-G3
4,53950E-353
2.18217E-03
6.87182E-C4
3.45416E-05
2.04410€-04
1.17711E-G3
2.93312E-03
5.453C9E-C3
8.71780E-03
1.27082E-02
1.74055E-02
2.279082E-32
2. 88456E-02

WILLOW RUN LABORATORIES

5 TOV =1
2500.0 DEG.
P BR
S(J)

4.46087E-01
2.84522E-01
1.28254E CD
1.61194E 00
1.85238E 0D
1.99337E 00
2.03473E 00
1.98546E 00
1.86155E 00
1.68310E 00
1.47139E 02
1.24632E 00
1.02456C 00
8.18579£-01
6.36391E-01
4.81938E-01
3.55863C-01
2.56441E-01
1.80496E-01
1.24187E-01
2,35873E-02
5.50794E-02
3.55583E-02
2.25065E-02
1.39765E-02
8.52165E£-03
5.10488E-03
3.0C6T3E-03
1.74241E-03
3.94176E-04
5.58907E-04
3.09804E~04
1.69440E-04
9.15041E-05
4.88285E-05
2.57652E-05
1.34538E-05
6.95712E~-06
3.56552E-06
1.81243E-06
9.14509E-07
4.58412E-07
2.28469E-07
1.13311€E-07
5.59733E-08
2.75645E-08
1.35456E-08
6.64911E-09
3.26367E-093
1.60366E-09

1.37492979E 01 SUM S(J) FOR P =

TRANSITIONS
K
ANCH

FtJ)

1.055C7E
1.11195E
1.17069E
1.23129¢E
1.29379¢
1.35822C
1.42460E
1.49297¢E
1.56334k
1.63575E
1.71322€E
1.78678E
1.26547L
1.54631E
2.02932E
2.11454E
2.20199E
2.29171C
2.38372E
2.47805E
2.57474E
2.67381E
2.77529LC
2.87921¢
2.98560E
3.M945CC
3.20593E
3.31992E
3.4365CC
3.55571¢
3.67758E
3.80213¢
3.,92941C
4,05943C
4,19223E
4.32785E
4.46632E
4.60766E
4.75191¢E
4.89911E
5.04928E
5.2024¢6E
5.35868E
5.51798E
5.68039E
5.84593¢E
6,01465E
6.18658E
6.36176E
6.54C21LC

OF

C
00
90
aC
(O
a2
a0
G0

g

Qo
0
a5
on
jelo)
(03¢

5¢

op

SO
2

OO CODOOOOQQO
TODOODD DO DO OO O

HF

2.24631393E 1

73



74

WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

Sum

St

TEMPERATURE =

R BRANCH

S(J)
2.60404E-01
4.88952E-01
6.73829E-01
8.07756E-01
8.88354£-01
9.17869E-01
9.02355E-01
8.50518E-01
7.72408E-01
6.78192C-01
5.77130E-01
4,76894E-C1
3.83202E-01
2.99774E-Cl
2.28526E-01
1.699C2E-01
1.23273E-01
8.73362E-02
6.04490E-02
4.08910€-02
2.70431E-02
1.74901E-02
1.136418-02
6.84658E-03
4.14448E-03
2.45392€-C3
1.42081£-03
8.04121E-D4
44,44562E-04
2.39865E-04
1.2613BE-74
6.45307E-05
3.20324E-05
1.53710£-05
7.09191C-06
3.12087E-06
1.29353E-06
4.94503E-07
1.67811E-07
4.65965E-08
8.42437E-09
2.41795C-1C
8.13157E-10
2.65023E-09
3.72493€-09
3.89572E-09
3.49671E-09
2.85835E-09
2.19428E~09
1.61093E-09
1.14443€-09

FOR R =

FJ)
9.46725E-01
8.95215E-01
8.45445E-01
T1.97389E-01
7.51021E-01
7.06315E-01
6.63245E£-01
6.21786C-C1
5.81913E-01
5.43602E-01
5.26826E-01
4.71561E~01
4.37783E-01
4.0546TE-01
3.74588E-01
3.45124E-01
3.17050(-01
2.90341£-01
2.64975E-01
2.40927E-01
2.18176E-C1
1.96696E-01
1.76466E-"1
1.57462E-01
1.396863E-¢1
1.23044E-01
1.07585E-01
9.32021E-02
8.,00539E-02
6.79326E-22
5.68942E-02
4.68993E-02
3.79324E-02
2.99722E-22
2.29977E-02
1.69879E-C2
1.1922%€-02
T.77933E-C3
4.53950E-03
2.18217E~C3
6.37162E-C4
3.45416E-05
2.04410E-24
1.17711E-03
2493312E-03
5.45309E-03
8.71780E-03
1.27282E-02
1.74055E-02
2.27908C-02
2.88456E-C2

CTOV =1
3600.0 DEG.
P AR

St

2.76909E-01
5.52962E-01
3.15621E-01
1.03404E 00
1.21370F 2D
1.33253F 00
1.39645E 2D
1.406427E 03
1.36193F vl
1.27845€ 00
1.16460E 0D
1.03160E 02
€,89992E-01
T.48842E-01
6.15197E-C1
4.93964E-01
3.87993E-01
2.98370E-01
2.24812E-01
1.66085E-01
1.20388E-01
de56783E-02
5.99056E-02
4.11763E-0C2
2.78407E-02
1.85280E-02
1.21438E-02
7.84378E-03
4,99569E-U3
3.13925E-03
1.94749E-03
1.19346E-03
7.229G2E-N4
4.33067C-04
2.56743E-04
1.50722E-04
B.T6TGTE=-D5
5.250600£-05
2.89274E-05
1.64301E-05
9.27017E-26
5.19927E-06
2.9C0T1E-0S
1.61095E=~GC5
8.91244E-C7
4.91562E-07
2.705C5E-07
1.48645E-C7
8.16369E-308
4,48530E-08

3.76021349E U0 SUM S(J) FOR P =

TRANSITIONS
K
ANCH

F(J)

1.0550 7€
1.11195€
1.17C69E
1.23129¢
1.29379¢
1.35822€
1.42460E
1.49297€
1.56334F
1.63575¢
1.71022€
1.76678E
1.06547E
1.94631E
2.02932€
2.11454C
2.20199E
2.29171€
2.38372E
2.47805€
2.514T4E
2.67381C
2.77529€
2.87921E
2.98560E
3.09450E
3.20593E
3.31992C
3.4365C€
3.55571€
3.67758E
3.90213C
3.92941€
4.15943E
4.19223E
4.327235€
4.46632E
4.60766E
4.75191¢
4.29911E
5.04928E
5.20246E
5.35866E
5.51792¢
5.68539E
5.84593E
6.01465C
6.18658€
6.36176E
6.54021E

OF

090
o0
00
o0
N
00
00
e
J2
00
00
02
0n
90
00
00
0o
oo
o0
00
[¢]})
Q9
(S)¢e]
0C
an
02
00
02
28
[o)0
or
00
00
20
J0
e
00
G0
oC
e18]
(98
GO
nc
00
05
aa
(0]¢]
00

HF

1.70668420E 01



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V 3 TO V = 1 TRANSITIONS OF HF
TEMPERATURE = 3500.0 DEG. K
R BRANCH P BRANCH
J S(J) FlJ) S{J) F(J)
2 1.69620E~-01 9.46725E-C1
1 3.19579E-01 8.95215E-11 1.80646€E-01 1.25537€ 2¢
2 4.43153¢-01 8.45445C-01 3.62519E-01 1.11195E 00
3 5.36021E-01 7.97389E-01 5.35555E-01 1.17069E 00
4 5.96466E-N1 7.51021E-01 6.90359E-01 1.23129E i
5 6.25278E-01 7.26315E-71 8.19066E-21 1.29379E 02
6 6.25388E-01 6.63245E-01 9.15994E-01 1.35822E 53
7 6.01332E-01 6.21786E~01 9.78038E-01 1.42460E GO
8 5.58604E-01 5.81913E-C1 1.00476E 00 1.492397E OC
9 5.03027E-01 5.43602E-01 9.98165E-01 1.56334E J7
1o 4.40188E-01 5.06826E-91 9.62303E-01 1.63575E 00
11 3.75008E-01 4.T1561E~01 9.02639E-01 1.71G622E 092
2 3.11466E-01 4.37783E-0U1 8.25413E-01 1.78678E OC
13 2.52487E-01 4.05467E-21 7.37002€-01 1.86547E 27
14 1.99949E-01 3.74588E-01 6.43382E-01 1.94631E 30
15 1.54801E-01 3.45124E-01 5.49730E-C1 2.029328 03
16 1.17240E-01 3.17052E-01 4.60177TE-01 24114545 07
17 8.69054E-02 2.90341E-91 3.,77714E-01 2.25199C 00
13 6.30779€-02 2.064975E~21 3.04226E£-01 2.29171E 20
19 4.48454E-02 2.40927£-01 2.40621E-01 2.38372E 00
24 3.12386E-02 2.18176E-01 1.87308E-01 2.4T205E 05
21 2.13248€E-02 1.96696E-"1 1.42905E-01 2.57474E DD
22 1.42677€-02 1.76466E~21 1.07439E-01 2.67361E 00
23 9.35663E-03 1.57462E-01 7.95145C-02 24775290 X
24 6.231385E-03 1.39663E-0C1 5.79629E-02 2.27321E 23
25 3.78774E£-03 1.23044E-"1 4.16400E-722 2.9856CE Q0
26 2.33704E-03 1.3758%E-01 2.94961E-02 3.09450E 00
27 1.41187E~-03 9432621E-D2 2.06130E-02 3.20593E 09
28 8.34565E-04 8.00539L-22 1.42191E-02 3.31992E 02
29 4.82193E-N4 6.79386E-032 9.68691E-03 3.43650LC 20
30 2.71936E-04 5.68942E-22 6.52C084E-03 3.5557T1E GO
31 1.49403E-04 4.68993E-72 4,33968E-C3 3.67758E 00
32 7.97488E-05 3.79324C-02 2.85673E-03 3.25213E 20
33 4,12015E-05 2.99722E-02 1.86109E-03 3.92941E 39
34 2.049C3€-05 2.29977E-02 1.20054E-03 4.05943E 00
35 9.72956E-06 1,69879E-02 71.67228E-04 4,19223E 09
36 4.35562E-06 1.19220E-02 4,86003E-04 4.32785E 00
37 1.80004E-06 7.77933E-03 3.05318F-04 4.46632E Q0
32 6.60869E-07 4,53950E-03 1.90325E-04 4.60766E 00
39 1.98669E-07 2.18217E-C3 1.17790E-04 4,75191t Q0
46 3.89097E-08 6.87182E-04 7.24143E-05 4.89911E 22
41 1.21039E-09 3.45416E-05 4,424T77E-05 5.04928E 00
42 4.41352E-09 2.04410E-04 2.68879E-05 5.20246E 02
43 1.56010£-08 1.17711E-03 1.62584E-05 5.35868E 20
44 2.37861E-08 2.93312€E-03 3.78852E-06 5.51798E 00
45 2.69872E-08 5.45309E-03 5.87148£-06 5.68039t 230
46 2.62770E-08 8.7178CE-03 3.51117E-06 5.84593E 20
47 2.32970€-08 1.27082E~02 2.09472E-056 6.01465E 00
48 1.93918E-08 1.74055E-22 1.24761E-06 6.18658E 0O
49 1.54296E-08 2.279G8E~D2 7.42411E-07 6.36176E 20
50 1.18732E-08 2.88456E-02 4.41741E-07 6.54C21E 00
SUM S{J) FOR R = 7T.11606830E 20 SUM S(J) FOR P = 1.31976172E 21



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS CF THE V = 2 TO V = 1 TRANSITIONS OF HF

76

TEMPERATURE = 4000.0 PEG. K
R BRANCH P BRANCH

J StJ) F(J) S(Jd) F0J)

¢ 1.14960C-01 F.46T25E-01

1 2.17163E£-01 8.95215E-01 1.22558E-01 1.055378 Q0
2 3.02556E-01 8.45445E-01 2.46844F-01 1.11195C 0%
3 3.68451€-01 7.97389E-01 3.66757E-01 1.170639C 20
4 4.13647€E-01 7.51021E-01 4.76467F-01 1.23129E 9°©
5 4,38388E-01 7.0¢6315E-01 5.70894F-01 1.29379C ©9
6 4.44187E-01 6.63245E-01 6.46098E-01 1.35822C 00
7 4.33554E-01 6.,21786E-01 6,99542E-01 1.42460E N
i 440965TF-01 5.81913E-C1 7.30208E-01 1.49297E o€
9 3.75977E-N1 5.436C2E-01 T.38556E-01 1.56334E 90
10 3.35983E-C1 5.06826E-01 T.26343E-01 1.63575C 26
11 2.92869E-0C1 4.71561E-01 6.96380C-01 1.715220 9¢C
1z 2.49362E-C1 4,37783E-01 6.52134E-01 1.78678E o™
13 2.07618£-01 4.0546T7E-01 5.97433F-01 l.R6547TE 00
14 1.69183E-01 3.74588E£-01 5.36119E-01 1.94631E 00
15 1.35C26E-01 3.45124E-51 4.71728E-31 2.02932E CC
16 1.05608E-01 3.1735GE-01 4,07383E-01 2.11454E GG
17 8.09858£-02 2.90341E-01 3.45573E-01 2.2CG199E JC
18 6.09143E-02 2.64975E-01 2.88148E-01 2.291171€E GO
19 4.49535E-02 2.40G927E-21 2.36332E-01 24383728 07
G 3.25572€-02 2.18176E-01 1.90777€-01 2.47835E €O
21 2.31437E-02 1.9669AE-01 1.51664E-01 2.5T4T4E 20
22 1.61495E-02 1.76466E-01 1.18804C-C1 2.67381E 00
2 1.10618€E-02 1.57462E-0G1 9.17486E-02 2.77529€ 00
24 T.43669€E-0n3 1.39663E-0C1 6.986898E-N2 2.87921E OO
25 4.90600E-03 1.23044E-01 5.25399E-02 2.98560€ 0JU
26 3.17476E-03 1.07585E-C1 3.,89978E-02 3.7945GE 0N
27 2.01414£-03 9.32621E-02 2.85939E-02 3.20593C O0C
28 1.25179C-03 8.00539L-N2 2.37203F-02 3431992¢ 20
29 7.61333E-04 6.79386E-02 1.48460E-02 3.43650E 920
34 4.52462C-04 5.,68942E-02 1.05224E-02 3.55571E 00
31 2.62232E~-04 4.68993E~-02 7.38103E-03 3.67758E Q0
32 1.47805E-04 3.79324E-02 5.12539E-03 3.85213E 90
33 8.07077E-05 2.99722E-02 3.52696E-03 3.92941E JC
34 4,24580E-05 2.29977€-02 2.40483E-03 4.,05943E 00U
35 2.13431C-05 1.69879E-132 1.62577€-03 4.19223E 00
36 1.01224C-05 1.16220E-n2 1.99025E-03 44.32785E OO
37 4.43474E-06 T.77933E~-03 7.25592E-0¢4 4.46632E N9
3y 1.727CG7E-06 4.53950E-03 4.79465E-04 4,6L766E 006
39 5.51011€-07 2.18217E-03 3.14722E-06 4.75191E Q0
43 1.14582E-07 6.87182E-04 2.05310E-04 4.89911C 29
41 3.78592E-09 3.45416E-05 1.33175€=-04 5.04928E 390
42 1.46672E-08 2.0441CE-04 8.59363L-05 5.,20246E 0C
43 5.50963C~-08 1.17711E-03 5.51947E-05 5.35368E 0C
44 8.92812€-18 2.93312E-33 3.,53032E-C5 5.51798E Q0
45 1.07667E-07 5.45309E£-03 2424990E-05 5.68039C 00
46 1.11421€-07 8.7178CE-03 1.42953€E-05 5.84593L Q0
47 1.04980E-07 1.27082E-02 9.06064E-05 6.01465E 0O
48 9.28404E-08 1.74055E-n2 5.73237€E-06 6.18658E 20
49 7.84592E-08 2.279C8E=D2 3.62247E-06 6.36176E OO0
50 6.40975E-08 2.8B456E-02 2.28812E-06 6.54021E OC

SUM S(J) FOR R =

5.30452394E 00 SUM S(J) FOR P =

1.73678441E 71



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS 0OF THE V

GO N WM D WN -~ O

— b
—

12

TEMPERATURE

R BRANCH

StJ)
8.04747E-02
1.52336E-01
2.13023E-01
2.6J0800E-C1
2.94825£-01
3.15133€-01
3.22547€E-01
3.18528E-01
3.04988E-01
2.84088E-01
2.58050E-01
2.28987€-01
1.98777E-G1
1.68980E-01
1.40795€~01
1.15060€-C1
9.22742€-02
T.26536E-02
5.61837E-02
4.26834E-02
3.18634E-02
2.33756E-02
1.68534E-02
1.19412E-02
8.31353€E-03
5.68564E~03
3.81816E-03
2.51626E-03
1.62603E-03
1.02918E-03
6.37075E-04
3.84892E-04
2.26316E-04
1.29011E-04
7.08993E-05
3.72545E-05
1.84793E-05
8.4T7T177E-06
3.45396E-06
1.15410E-06
2.51433€-07
B.70617E-09
3.53549E-08
1.39234E-07
2.36562E-07
2.99120E-C7
3.24560E-07
3.,20591E-07
2.97181E-07
2.63183E-07
2.25235€-07

SUM S{J} FOR R =

4.02972639E

FLJ)
9.46T725E-01
8.95215E~-01
8.45445E-C1
7.97389E~01
7.51021€E-01
7.06315E~01
6.63245E-01

6.21T86E-01
5.81913E-7:1
5.43622E-0C1

«06826E-T1
4.71561E-C1
4.37783E-01
4.05467E-01
3.74588E-01
3.45124E-C1
3.17057E-C1
2.90341E-01
2.64975E-01
2.40927C-01
2.18176E-01
1.96696E-01
1.76466E-C1
1.57462E-01
1.39663E-01
1.23044E-01
1.07585E-01
9.32621E-0G2
8.00539E-02
6.79386E-02
5.68942E-C2
4.66993E~-352
3.79324E-02
2.99722E-02
2.2997T7€E-02
1.69879E-02
1.19220E-02
T.T7933E-0C3
4.53950E~-03
2.18217E-03
6.87182E-C4
3.45416E-05
2.04410E-04
1.17711E-03
2.93312E-0G3
5.45309E-03
8.7178CE-03
1.27082E-02
1.74055E-02
2.27908E-C2
2.88456E-02

eYa)
Uy

S T0V =1
450C.0 DEG.
P BR
StJ)

2.58547E~02
1.73403€E-Cl
2.58777£-01
3.38215€E-01
4,08341E-01
4.,66409E-01
5.10469E-01
5.39474E-01
5.53286E-01
5.52612E-01
5.38875E-01
5.14038E-01
4.80400E-01
4.40404E-01
3.96452E-01
3.50759€-01
3.05242€-01
2.6145TE-01
2.20572E-C1
1.83379€-01
1.50327E-01
1.21573E-C1
9.75425E-D2
T.64927E-02
5.95676E-02
4.,58488E-02
3.48949E-02
2.62726E-02
1.95764E-02
1.44422€-02
1.95533E-02
T.64147E-03
5.48499E~-03
3.90451E-03
2.15756E-03
1.93300E-03
1.34545E~-03
9.30273E-04
£.39214E-04
4.3667T5E-04
2.96712E-D4
2.00618E-04
1.35038E-04
9.05318E-05
£.04799E-05
4.02815E-05
2.67616E-05
1.77448E-05
1.17500E-05
T.77476E-05

SUM S(J4) FOR

TRANSITIONS
K
ANCH

F(J)

1.055C7¢E
1.11195¢€
1.17069C
1.23129€
1.29379¢
1.35822¢E
1.42460E
1.49297E
1.56334E
1.63575¢E
1.71022€
1.78678E
1.86547¢
l.94651¢E
2,02932E
2.11454E
2.20199E
2.29171E
2.38372E
2.47805E
2.57474E
2.6T7381E
2.77529E
2.87921E
2.98560EF
3.09450E
3.2C593E
3.31992E
3.43650E
3.55571E
3.67758E
3.80213E
3.92941E
4.05943E
4,19223E
4.32785E
4e46632E
4.60766LC
4.75191E
4.89911E
5.04928E
5.2G246E
5.35868E
5.51798E
5.68039E
5.84593E
6.01465E
6.18658E
6.36176E
6.54021¢E

P =

OF HF

00
on
U0
ols}
G0
00
00
no
00
00
on
0n
[¥1s}
00
or
00
(0]0]
ele
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[o]¥;
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o0
o0
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oo
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20
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o
00
G
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0f
oG
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0n
00
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o0

8.,26096773E 00



78

WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

DN TN G

3G
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

TEMPERATURE

Ll

R BRANCH

S(J)
5.787€63E-02
1.09743E-01
1.53920C-01
1.89248E-01
2.15130E-91
2.315276-01
2.389C4E-01
2.38149E-21
2.30460E-N1
2.17229€-01
1.99917E£-01
1.79955E-01
1.58651E-C1
1.37133£-21
1.16313E-01
9.68694E-02
T.925%590L=-22
6.37385£-02
5.03953€E£-02
3.91853E-02
2.99693C-N2
2.254T2E-02
1.66869E-02
1.21477€-02
B.69705E-03
6.12179E-03
4.23471E-03
2.87698E-03
1.91851E-03
1.253336-03
2.01516E-04
5.00596E-C4
3.04479€E-C4%
1.79641C-04
1.02233E-04
5.56555E-05
2.86147E-05
1.36029E-05
5.75226E-06
1.99461£-06
4,51028E-07
1.62135£-08
6.83664E-08
2.79601E-07
4.93372E-07
6.47921E-07
7.30142E-07
T.48965E-07
7.20888C-07
6.62T749E-07
5.88646E-07

SUM S{J) FOR R =

FlJ)
9.46725E=-71
8.95215E~-C1
8.45445E-01
7.97389E-"1
7.51021E-C1
7.06315E£-01
6.63245E-C1
6.21786E-T1
5.81913E-01
5.43602E-01
5.06826E-41
4.71561E-701
4.37783E-01
4.05467E-01
3.74588E-C1
3.45124E-71
3.,17050£E-0C1
2.90341E-01
2.64975E-01
2.4C92TE-31
2.18176E-C1
1.96696E-01
1.76466E-0D1
1.57462E-01
1.39663E-01
1.23044E-~01
1.07585C-01
9,32521E~02
8,00539E£~02
6.,793860L-02
5.68942E-02
4.,68993E-C2
3.79324E-02
2.,99722E-02
2.299T77TE-(2
1.69879E-02
1.19220€E-C2
T.77933E-C3
4,53950E-03
2.18217E-03
6.87182E-04
3.45416E-05
2.71441CE-G4
1.17711E-03
2.93312E-03
5.45309E-03
8.,71780E-23
1.27082E-02
1.74355E-02
2.27308E-02
2.88456E-02

10V =1

5000.0 DEG.
P BR

S(J)

€.17T75E~02
1.25049€-C1
1.87269E-01
2.45930E-01
2.98728E-01
3.43722E-31
3.79443E-01
4.04975E-01
4.19979E-01
4.246T1E-01
4419759E-51
4.C6355E-01
3.85855€-01
3.59821F-01
3.29862C-01
2.97538E-01
2.64268E-C1
2.312750-01
1.99554E£~01
1.69857E-01
1.427C0E-01
1.183838-01
9.70259€-02
7.85973E-02
6.29559E-02
4,98833E-02
3.91147E-02
3.03643E-02
2+33450E-02
1.77828FE-02
1.34260FE-02
1.00507E-02
7.46302E-03
5.4987T1FE-03
4,02158F-03
2.92068E-03
2.1C710E-03
1.51365E-03
1.076676-03
7.63149C-04
5.321600E-04
2.77713€E-04
2.63958F=04
1.83745E-04
1.27464E-04
8.81548F-05
6.08133E-05
4.,18659E-05
2.8T7T79E-05
1.,97626E-05

3.11205363E 20 SUM S(J) FOR

TRANSITIONS
K
ANCH

FLJ)

1.055C7€
1.11195E
1.17009E
1.23129¢&
1.29379L
1.35822E
1.4264008
1.49297E
1.56334¢E
1.635735E
1.71022¢C
1, 7¢078E
1.RE6547E
1.94631¢C
2.M2932¢
2.11454E
2.2G193C
2.25171E
2.38372¢
2.47805¢€
2.57474C
2.67381E
2.77529C
2.87921C
2.9856(E
3.09450E
3.20593E
3.31992E
3.4365CC
3.55571C
3.67758E
3.80213¢E
3.92941E
4,N5943¢
4.,19223E
4,32785E
4,46632C0
4.60TLOE
4.75191E
4.89911E
5.0M4928LC
5.25246F
5.35868E
5.51798E
5.68039¢C
5.84593E
6.01465E
6.18658E
6+.36176E
6.54021E

P = 6.6€640741E GO

OF HF

cn
]
o]
o0

~
cQ

OO DD

S

]

QOO OOOo
<

0G
00
09
00
00
oo
20
o0
90
o0
on
00
00
02
00
00
05
00



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE v

Co~NTUVDdWwN - O

TEMPERATURE

R BRANCH

Std)
T.37524E-08
1.14243E-07
1.07600E-07
7.32658E-08
3.77539E-08
1.52151€-08
4.84919E-09
1.23327€E-09
2.51935E~10
4.15568E-11
5.56015€E-12
6.05921E-13
5.39924E-14
3.94916E-15
2.38008E-16
1.18650E~17
4.91171E-19
1.69520£-20
4.89787TE~-22
1.18959€E-23
2.43916E-25
4,24049E-27
6.27822E-29
7.95122€-31
2,65273E-33
8.12723£-35
6.61813E£-37

.000600E 00
LCDODCE €O
L00000E 00
.000COE 00
«000C0E CC
LGOGOOE CC
«B00C0E OO
.00000E 00
.000CCE 00
«GOOCOE 00
«GOOGGE GO
.00000E 0OC
.00000E GO
.00000C oC
.00000E 00
.00000E 00
.000C0E 00
.00200E 00
.00000E 00
.00000E 00
.00600E 00
.0J000E 00
.0J000CE 00
.002000E 00

SUM SUJ) FOR R =

F{J)
9.46014E-01
8.9384CE-01
B.43452E~01
7.94821E-01
7.47921E-01
7.02726E-01
6.59209E~01
6.17343E-01
5.77104E-01
5.38464E-01
5.01398E-01
4.65881E-01
4.31886E-01
3.99389E-01
3.68365E-01
3.38788E-01
3.10634E-01
2.83878E-01
2.58495E-01
2.34462E-C1
2.11754E-01
1.90348E-01
1.70219E-01
1.51343E-01
1.33699C-01
1.17261C-01
1.02007E-91
BeT79137E~02
7.49582E-02
6.31194E-02
5.23731E-02
4.26975E-02
3.40704E-02
2.647C0E-02
1.98743L0-02
1.426180-02
9.61089E-(3
5.9033€6E~0
3.10901£-03
1.21587E~03
2.00C117E-%4
4.10965E-05
7.18319E-04
2.21147E-03
4.50038E-03
T.56506E-03
1.13857E-02
1.59426E-02
2.12163E-22
2.71875E-22
3.383705E-D2

1 TOV = 2 TRANSITIONS
273.3 DEG.
P BRANCH
SJ) F(J)

6.54801E-08 1.05582¢
9.00854E-08 1.11352¢
7.54139E-08 1.17310€E
4.55664E-08 1.23461C
2.09811E£-08 1.29807€E
7.548T7E-09 1.36351¢€
2.15264E-09 1.43095¢E
4.91117E-12 1.50043E
9.02670E-11 1.57197C
1.34416E-11 1.64560FE
1.62959E-12 1.72135E
1.61576E~-13 1.799326E
1.31589E-14 1.87934E
B.83992E~-16 1.96164E
4,91925E~17 2.04617E
2.27735E-18 2.13297E
8.80913E-20 2.22207E
2.85983E-21 2.31349E
7.82765E-23 2.40728E
1.81485E-24 2.50345E
3.58139E-26 2.60205E
6.04514E-28 2.70309E
8.77200E-30 2.80661E
1.09995E-31 2.91265C
1.19824E-33 3.402123¢
1.14013E-35 3.13239¢

.00000E 00 3.24615C

- 00GJ0JE 0O 3.36255E

.0GO00E 00 3.48162EF

.DOO02E 0O 3.60340E

«0COCOE 02 3.72790¢

.00000C D
.CCOO00E 0D
.COGOOE 0D
L00000E 00
.GO000E 00
.CO00OE 00
.000COE 00
.GCO00E 60
.NODCOE 00
.00000E G2
.C0D00E 03
.0G000E 00
«30000F 00
.COCODE 00
.0C00DE 00
«D0G00E 00
.00000E 20
.00000E 03
.CC000E 00

4,28G12598E-07 SUM S{J) FOR P

3.85518¢
3.98525E
4.11816E
4.75393E
4.39260E
4.53420E
4.67877E
4.82633¢C
4.97693¢
5.13059LC
5.28735¢E
5.44725¢E
5.61032¢E
5.77T659E
5.94609E
6.11887¢C
6.29496E
6.47439C
6.65720t

= 3.07824871E-07

OF HF

0o
00
co
0k ]
00
00
$1¢]
00
00
00
00
no
00
00
00
00
w0
[s]0)
00
00
00
00
uo
an
0C
30
00
V]1¢]
8]0
00
[e18]
J0
03
00
o]
a9
a7
00
0o

37



80

WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

Pt
OO0 UmPWwNe~O

TEMPERATURE

R BRANCH

SJ)
1.06469E~C5
1.74385E-05
1.83624E-05
1.47370€E-0Q5
9.51235E-06
5.06013E-06
2.24853E-06
8.41843E-07
2.6T1TTE-CT
7.22182£-08
1.66907E-08
3.30970C-C9

5.64896C-10 -

8.32416€-11
1.06216E-11
1.17707€-12
1.13620C-13
9.58163E~-15
7.08053E~16
4.59893E-17
2.63363E-18
1.33387£-19
5.99374C~21
2.39705€E-22
8.55884E-24
2.73692E-25
7.86201E-27
2.03471€-2¢8
4.75728E-30
1.00735E-31
1.93588E-33
3.38150E-35
5.37230E-37
.00000E 00
.00000E 00
«00020E 0O
.00GO0E 00
.00000E CO
.00000E 0O
.00000E 00
+00000E 00
.0C000E 00
.00000E 00
«00000E 00
.00000E 00
.000N00E 00
+.00000E 00
.00000E 00
.00GO0E 00
.00000E 00
.00000E 0O

SUM S(J) FDR R =

F(J)

9.46014E-01
8.9384CE-01
8.43452E-01
7.94821E-01
7.47921E-01
7.02726E-01
6.59209E-01
6.17343E-01
5.77104E-01
5.38464E-01
5.01398E-01
4.,65881E-G1
4.31886E-01
3.99389E-C1
3.68365E-01
3.3878RE-G1
3.10634E-01
2.83878E-C1
2.58495E-C1
2.34462E-01
2.11754E-01
1.90348E-01
1.7C219€-01
1.51343E-01
1.33699E-01
1.17261E-01
1.020C7E-C1
8.79137E-02
7.49588E-02
6.31194E-02
5.23731E-02
4.26975E-02
3.40704E-02
2.64TC0E=-02
1.98743E-02
1.42618E-02
9.61089E-03
5.9G036E-03
3.109C1E-03
1.21587E-03
2.00117E-04
4,10965E-05
7.18319E-04
2.21147€E-03
4,50038E-03
7.56506E-03
1.13857E-02
1.59426E-02
2.12163E-02
2.71875E-02
3.38370E-02

1 TO V = 2 TRANSITIONS

373.3 DEG.
P BRANCH
SJ) FlJ)
9.99516E-06 1.G5582E
1.53734E-05 1.11352¢E
1.52106E-C5 1.17310€
1.1480BE-05 1.23461C
6.97774E-06 1.29807E
3.50031E-06 1.36351E
1.46942E-05 1.43095¢€
5.22829E-07 1.50043E
1.56867E-07 1.57197¢€
4.03494E-08 1.64560E
8.90122E-09 1.72135E
1.69049€-09 1.79926E
2.77367E-10 1.87934¢
3.94499E-11 1.96164E
4.,88013E~12 2.C4617E
5.26803FE-13 2.13297E
4.97905E-14 2.222G7¢
4.13421E-15 2.31349E
3,02610E-16 2.40728E
1.95950E-17 2.50345E
1.12¢52E-18 2.60205¢
5.7T102E-20 2.70309E
2.64438E-21 2.80661E
.08797E-22 2.91265E
4,03492E-24 3.02123E
1.35431E-25 3.13239¢E
4.13086E-27 3.24615E
1.14978BE-28 3.36255E
2+93286E-30 3.48162E
6.88570E-32 3.6034CE
1.49453E-33 3.72790¢
3.01241€-35 3.85518E
5.66465E-37 3.98525¢E
«00000E €2 4.11816E
«00000E 0D 4.25393E
«00000F 093 4.39260E
.000C0E 00 4.53420E
.0C000E 00 4.67877E
.0J000E 00 4.,82633E
+00000E 0O 4.97693E
.00000E 0D 5.13059¢E
.00000€ 00 5.28735E
+00000E 00 5.44725E
.0C000E 00 5.61032E
«.00000E 02 5.TT659E
.00000E 00 5.94609t
.00000E 0D 6.11887E
«0CO00E 00 6.29496E
«00000E 0D 6.4T439E
+«00000E 00 6.65720E

7.92077625E-05 SUM S(J) FDR P

= 6.4T7363454E-05

OF HF

0oC

oc
(Vs
G0
00
0C
oC

oC
G0
1
o0

i
L

0%
e
00
oC
o¢
oo
oC

00



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

LN WP e T

P BNy

11
12
13
L4
15
15
17
18
19
20
21

22

23
24
2y
20
27
2%
29
31
32
33
34
35
3¢
37
3%
3y
43
41
42
43
44
45
46
47
48
49
5.

SUM

TEMPERATURE

R BRANCH

StJ)
2.85944E-04
4,85799E-04
5.537520-04
4.92953E-C4
3,757156-04
2.42229E-04
1.35496E-C4
6e563024£-05
2.85526E-05

.08652E-05
3.66663E-06
1.12060E-06
2.94639E-27
7.05232E-08
1.51283E-08
2.91519E-C9
5.057756-10
7.91856E-11
1.12129E-11
1.43935E-12
1.67871E-13
1.78295E-14
1.72839L-15
1.93273E-16
1.24614E-17
9.303862E-19
5.40192E-20
4,561400-21
2.38082E-22
1.29146E-23
6.439C04E-25
3.02138E-26
1.3930628-217
5.195556-29
1.90775E-30
6.40258E-32
1.93675E£-33
5.14173E-35
1,13295E-36

«033C0E OC

.CO000E 00

.JU00N0E €O

+0UCOOE 00

.DJ30200E 00

.0N000E 0D

.0GN00E 00

.00N0oE OO
L00000E 00
.0J3500€ 00
. 020008 00
.000C0E 00

S{J) FOR R =

FLJ)
9.46014E-01
8.93842E-01
B.43452E£-01
T.9402215-71
7.47921E-C1
T.027268-01
6.59206E-21
6.17343E-71
5.77124C-"1
5.38464E-01
5.01398E-701
4.658015-:1
4,31886E-"1
3,99389E~-01
3.68365E~31
3.38788E-71
3.10634F-01
2.,83878E-C1
2.584G5E~C1
2434462E-71
2.11754E-"1
1.9C0348E-~01
1.762196-01
1.51343e-01
1.33699E-C1
1.17261Z-C1
1.020070-01
8.79137L-72
7.49588E-02
6,31164E~02
5.23731E-302
4.26975E-12
3.40704E-02
2.647C0E-02
1.98743E-42
1.42618E-77
9.61089L-03
5.90036E-03
3.10901E-03
1.21587E-33
2.0G117C-C4
4.,10965E-05
7.18319E-04
2.21147€-33
4.50038E-73
T1.56506E=-23
1.13857C~02
1.59426E-32
2.12163E-02
2.71875€E-C2
3.38370E-02

1 70V = 2 TRANSITIUONS

530.0 DLG.

P BRANCH

S(J)

7.19015E=-04
4.636N9E-C4
5.14980E-C4
4.534540-04
3.34C1RE-C4
2.,10922C0-04
1.15736E-04
5.56575F£-05
2.35995E-05
8.86346E-06
2.95979E-56
8.81652E-07
2.34965E-07
5.618170-08
1.20847C-28
2.34467E-09
4,11407£-10
6.54563E-11
Fe46849E-12
1.24863%5-12
1.505240-13
1.66346E-14
1.69202E-15
1.58310€~16
1.37136E-17
1.1C187€~18
&.23733F-2C
5.74749E-21
3.75486C-22
2.35433E-23
1.33281E-24
7.28598(-2¢
3.783630-27
1.269950-2¢8
8.83151£-30
4,030338-31
1.74430£-32
7.34932E-34
3.00366C-35
1.19551€-26

L033002F 00

«50030E 0D

L00200E 0D

.00020E 03

.00000C 0D
«00C00E 020

L02000C 00

.00000E 230
«D00ODE 0D

.0J000E 00

2.68976486E-23 SUM S(J) FOR P =

FtJ)

1.05582E
1.11352C
1.17310E
1.23461E
1.29837&
1.36351¢&
1.43295¢C
1.52043¢
1.57197L
lo€4505¢C
1.72135¢E
1.79926C
1.8B7934E
1.96164E
2.0M4617E
2.13297E
2.722°7C
2.31349t
2.40728E
2.50345F
2.60205E
2.75306C
2.800661E
2.91265€C
3,0r2123¢E
3.12239¢E
3.24615E
3.36255E
3.48162k
3.603400
3.72797C
3.85518L
3.96525E
4,11816¢L
4,25393C
4.39260F
4,53420¢
4, 6787TE
4.22633C
4,97093E
5.13059E
5.28735E
5.44725¢
5.61032E
5.77659C
54946095
6.11887¢E
6.29496¢E
6.4T439E
6.65T20E

Sl wo B o BNV NN & )
DT D D 0D

AR o I ol
PRRSR R

O Cr O OO
ST A .

L« SN
[Snr e LSCRRAE

son T

RGN S SIS
IR :

OO Mo
[

OO OO
FO N T D 5 O D D O

o)

2.46400177E-03



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE v = 1 TO V = 2 TRANSITIONS OF HF

82

TEMPERATURE = 1000.C DEG. K
R BRANCH P BRANCH

J S(Jd) F(J) St F(J)

U 2.13381£-02 9.46014E-01

1 3.84627E-02 8.93840E-01 2.22303E-02 1.05582E 00
2 4.90346E-02 8.43452E-01 4,10054E-02 1.11352E 00
3 5.24044E-02 7.94821E-0C1 5.4C202E-02 1.17310E 30
4 4.95244E-02 7.47921E-01 5.96459E-02 1.23461E 00
5 4.,23886E£-02 7.02726E-01 5.82989E-02 1.29807E 00
6 3.32864L-02 6.59209E-01 5.16538E-02 1.36351E 00
7 2.41712€E-02 6.17343E-01 4.20338E-02 1.43395€ 00
8 1.63165€-02 5.77104E-01 3.16705E-02 1.50043E 00
9 1.02776E-02 5.38464E-01 2.22146E-02 1.57197E 0C
10 6.05817€-03 5.0139€E-01 1.45638E-02 1.64560E 00
11 3.34948E-23 4,65881E-01 8.95156E-03 1.72135€E 00
12 1.74036E-03 4.31886E-01 5.17141E-03 1.79926E 00
13 8.51250E-04 3.99389E-01 2.81409E-03 1.87934E 00
14 3.92544E-04 3.68365E-01 1.44518E-03 1.96164E 00
15 1.70897E-04 3.38788E-91 7.01652E-04 2.04617€E 00
16 7.03335E-05 3.10634E-01 3.22594E-04 2.13297E 00
17 2.73972E-C5 2.83878E-01 1.40675E-04 2.22207t QC
18 1.01129E-05 2.58495E-01 5.82728E-05 2.31349E 00
19 3.54136E-06 2434462EC-01 2.29651E-05 2.40728E 00
20 1.17776E~C6 2.11754E~01 8.62335E-06 2.50345E 00
21 3.72386E-07 1.9C348E-C1 3.08988E-06 2.6C0235E Q0
22 1.,12049E-07 1.76219£-91 1.05808E~-C5 2.703598 00
23 3.21149E-08 1.51343E-01 3.46792E-07 2.80661E QU
24 8.77512E-09 1.33699E~C1 1.08957E-07 2.91265E 0C
25 2.28757E-09 1.17261E-01 3.28659E-08 3.02123E OC
26 5.69293E-10 1.02007E-01 9.53285E~09 3.13239E 00
27 1.35308E-10 8.79137E-32 2.66300E-09 3.24615E 00
28 3.07203E-11 T.49588E-02 7.17605E-10 3.36255E 00
29 6.66169E-12 6.31194E£-02 1.86840E-10 3.48162E 00
30 1.37896L-12 5.23731E-92 4.,70804E-11 3.63340E G0
31 2.72144E-13 4.26975E-D2 1.15005E-11 3.7279CE 00
32 5.10980€E-14 3.4CT04E-02 2.72793E-12 3.85518E 00
33 9.09582E-15 2.64700E-02 6.29410E-13 3.98525¢8 00
34 1.52630E-15 1.98743€-32 1.41505E-13 4.,11816E 00
35 2.39198C-16 1.42618E-02 3.1C540E-14 4.25393E 00
36 3.44633E-17 9.6108GE~03 6.66418E-15 4.39260E 00
37 4.43673E-18 5.9C036E-03 1.40105€E-15 4.53420E 00
3e 4.81732E-19 3.1C0901£-03 2.89101E-16 4.67877E 20
39 3.82225€-20 1.21587£-03 5.86620E-17 4.82633C 00
40 1.25915E-21 2.0G117E-04 1.17279E-17 4.97693E 00
41 5.116240-23 4.1C0965E-05 2.31475E-18 5.13059L 0O
42 1.75274E-22 T.18319E-04 4,51955E-19 5.28735¢E OC
43 1.04995E-22 2.21147€E-03 B.74797E-20D 5.44725E 00
44 4.13628E-23 4.5G038E-03 1.68222E-22 5.61032E 00
45 1.34223E-23 T.56506E-03 3.22104E-21 5.T7659E 00
46 3.89787E-24 1.13857E-02 6.15546(-22 5.94609E 00
47 1.05521E-24 1.59426E-02 1.17687€-22 6.11887E 00
48 2.72725E-25 2.12163E-02 2.25683E-23 6.29496E 00
49 6.83601E-26 2.71875E-02 4,35241E-24 €.47439E 00
59 1.68074E-26 3.3837CE-02 B.46509E-25 6.65720E 00

SUM S{J) FOR R =

3.49880368E-01 SUM S(J) FOR

P = 4.16758579E-01



WILLOW RUN LABORATORIES

STRENGTHS AND £ FACTORS OF THE V

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

SUM S(J)

TEMPERATURE

R BRANCH

StJd)
6.07889E-02
1.1175C0E-01
1.43368E-01
1.67597E-21
1.70929E-01
1.60266E-01
1.41505E-21
1.17247E-01
9.19739E-02
6.85526E£-02
4.86786E-22
3.29996E-02
2.13928E-02
1.32810(£-02
7.93542E-03
4.51670£-03
2.47938E-C3
1.37880£-03
6.64919E-04
3.25354E-04
1.53439E-04
6.97890£-05
3.06302E-05
1.23789E-05
5.31152C-026
2.C09998E-06
8.02198E-07
2.96068E-07
1.05538E-07
3.63124E-G8
1.22461€£-08
3.84613E-09
1.17875E-09
3.45354E-10
9.61237€-11
2.51667€-11
6.09740E-12
1.32784E-12
2.45176E-13
3.32351E-14
1.87796E~-15
1.31316C-16
7.76171E-16
B.03669E-16
5.47850E-16
3.07713E-16
1.54592E-16
7.23002E-17
3.22090E-17
1.38712€-17
5.83511E~-18

FOR R =

F(J)
9.46014E-C1
8.9584CE-C1
B.43452E-01
T.94821E~C1
7.47921E~01
T.02726E-01
6.59249E-71
6.17343E-01
5.,77104E-31
5.38464E£-C1
5.01398€-71
4.65881E-01
4.31886E-01
3.99389E-01
3.683656-01
3.38788C-01
3.10634E-C1
2.83872L£-01
2.584G5E-21
2+34462E-01
2.11754E-01
1.9C342E-21
1.70219E-31
1.51343€-01
1.33699E-01
1.172¢1£-31
1.02007:-01
8.79137E-02
7.49588E~02
6.31194L-302
5.23731E-02
4.,26975E-02
3.4CTC4E-C2
2.647C0E-D2
1.98743E-02
1.42618E-92
9.61J089E-03
5.9C0036C-C3
3.10901E-03
1.21587E-C3
2.00117e-C4
4.10965E-715
7.18319E~04
2.21147E-C3
4.5G03€L-u3
T.56506E-03
1.13857E-02
1.59426E-02
2.12163E-02
2.,71875E-C2
3.38370E-02

1.37310451E 02 SUM S(J)

1 TO V = 2 TRANSITIONS
1560.7 DEG.
P BRANCH
S{J) FLJ)

6.38646E-02 1.055822E
1.23362E-C1 1.11352C
1.71799€E-01 1.1731%¢
2.0447T7E-01 1.23461E
2.19416E-01 1.29€357¢E
2.17427F-01 1.36351C
2.015€1E-C 1.43095¢C
1.7¢199%€-01 1.50343E
1.45990E-0C1 1.57197E
1.15397E-01 1.64560C
8.65847E-02 1.72135¢C
£.229320E-02 1.79926¢E
4.29412E-02 1.87934¢
2.84088F-02 1.96164¢
1.80634E-02 2.04617E
1.10533E-02 2.13297C
6.51722E-03 2.22221LC
3,735697E-03 2.31349E
2.03638E-03 2.40728C
1.08158€-03 24503458
5.56019E-04 2.6C205E
2.76962E-06 2.T0329E
1.33818E-04 2.8U661E
6.27820E-G5 2.91265E
2.86320C-05 3.02123E
1.27066E-05 3,1323GE
5.49334E-06 3.24615LC
2.31606E-06 3.36255LC
9.53337E-07 3.48162E
3.83537E-07 3.60340E
1.5C0980E-07 3.72790t
S5.82203E-08 3.25518¢t
2.23176E-08 3.98525¢E
B.17543E-09 4.11816¢€
2.98405E~-09 4.25393E
1.07195E-C9 4.3926(E
3.79439E-12 4.53420C
1.32509E-10 4.,67877C
4,57115E-11 4,82633E
1.55971E-11 4.97693C
5.27073E-12 54133559
1.76640E-12 5.28735¢E
5.87893E-13 5.44725E
1.94591E-13 5.61032¢L
6.41511E-14 5.77659E
2.10964E-14 5.94609E
6.93153E-15 6.11887E
2.27927E-15 6.29496E
7.51398E-16 6.47439E

2.48804E-15

FOR P

6.65720E ¢

=  1.90295105E 08
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84

STRENGTHS AND F FACTORS OF THE Vv

I XN UG

TEMPERATURE =

R BRANCH

509)
8.15372E-02
1.51452E-01
2.,04680E-01
2.38534E-01
2.52837E-01
2.49617€£-01
2.32481E-01
2.05834E-01
1.74116€-01
1.41213E-01
1.10087€E-01
B.26570£-02
5.98660£-02
4.18788E-D2
2.83264E-02
1.85426E-02
1.17567E-02
7.22512E-03
4,35652E-03
2.49100E-03
1.39895E-03
T.63128E-04
4.04494E-04
2.08382E-04
1.04355E-04
5.03032E-5
2.43402E-05
1.10542E-05
4e93632E-06
2.13889E-06
8.97993E-C7
3.645696-07
1.42699E-07
5.36174E-08
1.92123E-08
6.49858E-09
2.04074E-09
5.77T7G8E~12
1.39025E~10
2.46182E-11
1.82066E-12
1.66893E-13
1.29478E-12
1.76120E-12
1.57796€E-12
1.16500E~12
7.69075E-13
4.72279E-13
2.75924€-13
1.55579€E-13
8.55011€E~14

SUM S{J) FOR R =

FLJ)
9e46014E-01
8.93840E-01
B.43452E-01
7.94321E-01
T.47321E£-01
7.02726E-01
6.59209E-01
6.17343E-01
5.77154E-01
5.38464E-01
5.01398E-91
4.658381E-01
4.31286E-01
3.99389E-01
3.68365E-491
3.38788E-C1
3.10634E-G1
2.83878E-11
2.58495E£~01
2.34462E-01
2.11754E-01
1.90348E-01
1.7C219E-01
1.51343E-51
1.33699E-01
1.17261C-71
1.02307E-01
8479137E-02
7.49588E-02
6.31194C-52
5.23731C-22
4.,26375E£-02
3.40704E-02
2.64T02€-02
1.98743E-0G2
1.42618E-02
9.61089E£-03
5.90036E£-03
3.10901E-03
1.21587E-03
2.00117E-04
4.,10965E-95
7.18319E-04
2.21147€E-03
4.,50038E-03
T.565C6E-03
1.13857E-02
1.59426E-02
2.12163E-02
2.71875E-02
3.38370E-02

WILLOW RUN LABORATORIES

1 T0v =2
2000.0 DEG.
P BR
S{J)

8.63156E-02
1.69746E-01
2.42943E-01
2.99954E-01
3.370178-01
3.52926E-01
3.48938E-01
3.28279E-01
2.95401E-01
2.55177E-01
2.12187€E-01
1.75206E-01
1.31936£-01
9.89757E-02
7.19497E-D02
5.07420E-02
3.47539E-02
2.31402E-02
1.49923E-02
9.46012E-03
5.81885E-03
3.49191E-03
2.34618E-03
1.17177E-03
6+56337TE-04
3.59879E-04
1.93328E-04
1.01837€E-04
5.26447F-05
2.67306E-05
1.33425E-05
6.55261E-056
3.16894E-06
1.51048E-05
7.10231E-07
3.29730£-07
1.51281€~07
6.86558E~08
3.08491E-08
1.37371E-08
6.06820E-09
2.661T6E-09
1.16C57E-09
5.03531E-13
2.17626E-1D
9.38034£-11
4.03706E-11
1.73697£-11
7.48121€E-12
3.22997E-12

2.30241281E 29 SUM S(J) FOR

TRANSITIONS
K
ANCH

F(J)

1.95582¢
1.11352¢
1.17310E
l.23461E
1.298)07E
1.36351¢t
1.43095E
1.50043¢E
1.57197E
1.64560E
1.72135¢
1.79926E
1.87934¢E
1.96164C
2.04617E
2.13297E
2.22237¢E
2.31349E
2.40728E
2.50345¢%
2.6G2G5E
2.70379¢
2.80661¢C
2.,91265E
3.22123E
3.13239E
3.24615¢E
3.36255E
3.48162E
3.60340¢E
3.727906¢E

3.85518LC ¢

3.98525E
4.11816E
4.,25393€
4,39260F
4.53420E
4.6787TE
4,82633E
4,97693E
5.13059¢
5.28735¢E
5.44725E
5.61032E
5.TT659E
5+.94609E
6.11887¢C
6.29496E
6.4T7439¢E
6.65720E

P = 3.54898366E (0

OF

00

20

20

HF



WILLOW RUN

STRENGTHS AND F FACTORS OF THE V

e

[ O N L

14
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
25
29
30
31
32
33
34
35
36
37
35
39
4n
41
42
43
44
45
46
47
43
49
5¢

TEMPERATURE

R BRANCH

S(J)
8.30471€-02
1.55264E-01
2.12397E-C1
2.51967E-01
2.73392E-01
2.77840€E-01
2.67852€-01
2.46827£-01
2.18521E-01
1.86454E-01
1.53757E-31
1.22762E-01
3.50471E-22
7.14335€-02
5.21703E-22
3.70586E-02
2.56206£-02
1.72500E-02
1.131¢6E-02
7.23713E-03
4.51341E-03
2.74575E£-03
1.62979E~03
9440 8E~D4
5.33584E-04
2.94287E-04
1.58331E~04
2.30597&-05
4.245%2E-25%
2.11216E-05
1.02120E~05
4.78777€£-06
2.169370-06
9.46331E-07
3.94489£-07
1.55563E-07
5.79616E-928
1.89010£-08
5.33042E-09
1.10764E-09
9,62378C-11
1.03737C-11
9.47067E-11
1.51671E-10
1.63035E-10
1.39149E-10
1.08160E-10
7.81690€£-11
5.37076E-11
3.55762E-11
2.29384E-11

SuM S{J) FDR R =

F{J)
9.46014E-71
8.9384CE-91
8.43452E-01
7.94821C-C1
7.47921E-01
T.02726E~01
6.59206GE-01
6.17343E-71
5.7T7104E-01
5.38464L-31
5.01398L-01
4,65281E-01
4.31886£-01
3.99389E-01
3.68365E£-01
3.3878BE-D1
3.10634E-21
2.83878LC-01
2.58495E-01
2.34462E-C1
2.11754E-71
1.90348E-01
1.70219C0-01
1.51343E-01
1.33699E-21
1.17261E-71
1.02087E-0C1
8.79127E-02
T.49588E-02
6.31194E-02
5.23731€-22
4,269T5E~02
3.40704E-02
2.64TC0E=-C2
1.98743E-02
1.4251€E-02
9.61389E-03
5.90036E-03
3,10901E-03
1.21587E-C3
2.00117E-04
4.,10965E~05
7.18319E-04
2.21147E-03
4,50338E-03
T.56506E£-03
1.13857E-02
1.59426E-02
2.12163E-02
2.71875E-02
3.38370E-C2

2.77816644E 35

LABORATORIES

1 TO V = 2 TRANSITIONS
2530.0 DEG.
P BRANCH
SJ) F{J)

B.82590E-02 1.05582¢
1.75385E-01 1.11352E
2.55073E-01 1.17310E
3.21821€E-01 1.234561E
3.71562E-01 1.29807C
4.02556E-01 1.36351F
4.13C12E-01 1.43355¢k
4.25908L-21 1.53343C
3.83628E-01 1.57197C
3.49918E-01 1.64560L
3.08854E-01 1.72135¢
2.64343E-01 1.79926¢E
2.19752E-01 1.87934E
1.77684E-01 1.96164E
1.39906E-01 2.04617C
1.37389E-01 2.13297E
8.34315E-02 2422207E

5.88332E-02
4.23637E-02
2.94187£-02
2.01417E-02
1.35097E-02
2.88355£-03
5.7308B6E-C3
3.62954E~03
2.25830E-03
1.38136E-03
8.31247E-04
4.92431E-04
2.87378E-04
1.65330E-04
9.38337F-05
5.25693E-05
2.90951€£-05
1.591€9E-05
B.61640E-06
4.,61711E-06
2.45112E-06
1.292130-06
6.73762E-07
3.49394E-07
1.80557E-07
9.22872E-08
4,70842E-08
2.39324E-08
1.21303E-08
6.13666E-09
3.1C172E-09
1.56795E-09
7.93600E~-1D

SUM S(J) FOR P

2+31349E
2407288
2.50345¢E
2.602355E
2.TC309E
2.90661E
2.91265¢
3.02123¢E
3.13239¢E
3.24615E
3.36255E
3.48162¢€
3.6C340E
3.72790E
3.85518¢E
3.98525E
4.118106L
4425393E
4.39260¢
4.53420L
4.678T7C
4.82633E
4.97633E
5.13059¢E
5.28735E
5.44725E
5.61032E
5.77659t
5.94629L
6.11887E
6.29496E
6.47439E
6.65T20E

= 4.65281475E 20

OF

1 KD (0 D DO

R I o B
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86

WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

TEMPERATURE

R BRANCH

S(J)
7.49518E-G2
1.40762E-01
1.94155E-01
2.33106E-01
2.56937E-01
2.66243E-01
2.62676E-01
2.48629E-01
2.26893E-01
2.00311E£-01
1.71504E-01
1.42670E-01
1.15479E-01
3.19504E-02
6.99965E-02
5.25074E£-02
3.84586C-02
2.75189€-02
1.92456E-02
1.31600E-02
8.801G3E-03
5.,75785E-"3
3.68549E-03
2.30211£-03
1.41422E-03
8.47600E~04
4.96735E-04
2.84497E-04
1.591C8E-04
8.67879E-05
4,60965E-05
2.37863E-05
1.18853E-05
5.72420E-06
2.63912E-06
1.15263E-06
4.68851E-07
1.72419£-07
S5.40394E-08
1.24906E-08
1.20807E-09
1.45046E~10
1.47566E-09
2.63439E-09
3.09912E-09
3.00437E-09
2.60328E-09
2.09663E~09
1.60450E-29
1.18297E-09
8.,48202E-10

SUM S(J) FOR R =

F(J)
9.46014E-01
8.93840E-01
8.43452E-01
7.94821E-01
T.47921E-C1
T.02726E-01
6.5920G9E~01
6.17343E£-01
5.77104E-01
5.386464E-01
5.C01398£-01
4.05881E-01
4.31886E-01
3.99389E-01
3.68365E-C1
3.387£8E-01
3.10634E-0C1
2.83878E-01
2.58495E-01
2.34462E-01
2.11754E-01
1.90348E-01
1.76219E-01
1.51343E-21
1.33699E-01
1.17261E-01
1.020C7E-01
8.79137L-22
7.49588E-02

6.,31194E-02
5.23731€-C2
4.,26975E-22

3.40754E-02
2.64T00E-02
1.98743E-02
1.42618E-02
9.61089E~03
5.9C0036£~-03
3.10901E~-03
1.21587E-03
2.00117€E-04
4.10965E-05
7.18319E-04
2.21147€E-03
4,5G038E-C3
7.56506E~03
1.13857E-02
1.59426E-02
2.12163E-02
2.71875E-02
3.38370E-02

1 TO V = 2 TRANSITIONS

3000.0 DEG.
P BR
StJ)

7.98360E-02
1.59724€-01
2434748E8-01
3.00624E-C1
3.53136E-01
3.90472E-01
4,11381E-01
4.16167E-01
4.06316E-01
3.84215E-01
3.52806E-01
3.15227E-01
2.74496E-01
2.33266E-01
1.93671E-01
1.57255E-01
1.24984E-01
9.73129E-02
T.42806E-02
5.56260£-02
4.08950E-02
2.95348E-02
2.00674E-02
1.40408E-02
1.00615E-02
5.,8C915E£-03
4.54060E-023
2.98524E-03
1.93617E-03
1.23954E-03
7.83757E-04
4.89735E-04
3.02589E-04
1.84974E-04
1.11942E-C4
6.710659E-05
3.98724E-05
2+34959E-05
1.374900E-05
T.978T4E-06
4,60370E-06
2.64115E-056
1.50758E-06
8.56786E-07
4.85153E-07
2.73920E-07
1.54327E-017
8.68344E-08
4.88365E~-08
2.74787E-08

K

ANCH

l.
1.
1'

F(J)

05582E
11352C
17315€

1.23461E

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
2.
2.
2.
2.
2.
20
2.
2.
2'
2.

29807k
36351E
43)95E
50043E
57197E
6£4560E
72135E
79926E
R7934E
96164E
N461TE
13297E
22207E
31349E
40728E
50345k
60205E
70359¢
8G661E
S1265E

3.02123E

3.
3.
3.
3.
3'
3‘
3.
3.
4.
".
4.
4o
4.
4.
4'
5.
5.
S.
5.
5,
5‘
6.
60
6.
6.

2.87C018606E 00 SUM S(J) FOR P =

13239E
24615E
36255E
48162E
€4340C

T2793E

85518L
98525E
11€16E
25393E
39260E
53420E
67877E
82633E
97693E
13059E
2B735E
44725E
61032E
T7659E
94609E
11887E
29496E
47439C
65720E

5.15098810E 00

OF HF
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WILLOW RUN LABORATORIES

STRENGTHS ANR F FACTORS OF THE Vv =1 TO V = 2 TRANSITIONS OF HF

TEMPERATURE = 3500.0 DEG. K
R BRANCH P BRANCH

J S(J) F(J) S{J) F(J)

o 6.38659E-02 9.46114E-01

1 1.20340E-01 8.9384CE-01 6.81242E-02 1.05582E

2 1.66983E-01 8.43452E-C1 1.36938E-01 1.11352€ 7

3 2.02227E-21 7.94821&£-01 2.52754E-"1 1.17312€ ©
4 2.25438E-01 T«47321E-01 2.62101E-C1 1.23461F

5 2.36887E-21 T.02726E=01 3.12027€-01 1.298u7L

5 2.37623E-01 6.59209E~01 3.50348E-01 1.36351¢C

7 2.29276E-01 6.17343E-"1 3.75792E-01 1.43095€E

o 2.13R4CE-01 5.771C4E~01 3.88048E-01 1.5C0C430 07
G 1.93440E-01 S5.38464E-01 3.87713E-01 1.57197C 04
1 1.70132E-01 5.0139°C~021 3.76139E-01 1.64560E
11 1.45747E-01 4.65881E-21 3.55242E-C1 1.721358 <2
12 1.21785£-21 4.3188¢C-01 3.27262E-01 1.79926E5 52
13 9.93688E-C2 3.99389E-21 2.94542E-01 1.87934E 5
14 7.92419E-02 3.68365E-71 2459319E-01 1.96164E

15 6.18050E-02 3.38788E-"1 .23582C-01 2.04617C

16 4.71755E-02 3.10624E-01 1.88956E-01 2.13297¢

17 3.52572E-02 2.83878E-01 1.56666E-01 2.222357C

1e 2.58101E-02 2.58495C-01 1.27528E-01 2431349t 7
19 1.85133£-02 2.34462E-01 1.01989E-01 2.40728L 9
20 1.30147€E-02 2.11754E-71 E.01874E-02 2.50345¢E

21 8.96825E-03 1.90348E£~01 6.22195€£-02 2.60205E

P 6.052156-03 1.702190=01 4.72146C-02 2.753.,9¢E

23 4,011636-13 1.51343€-01 3.53994E-02 2.8G651¢

24 2.60372E-03 1.336499E-01 2.61533C-02 2.91265E
25 1.655956-03 1.17261E-71 1.935064E-02 3.02123¢C

26 1.03156E-03 1.02207E-C1 1.36884FE-02 3.13239E

27 6.29022E6-04 8.79137E-02 F.723746E-03 3.24615E

28 J.75119£-04 7.49588E-02 6. 79800E-03 3.36255¢

29 2+18507L-04 6.31194E~72 4.70330E-G3 3.48162E

3¢ 1.24111E-34 5.23731E-02 3,21656E-03 34653400
31 6.85763E-05 4,26975E-02 2.17554C-03 3.72730E

32 3.67375E-05 3.4CT04E-02 1.45595E-03 3.85518E

33 1.89918E-05 2.647C0E-02 9.64616E-04 3.98525E

34 9.40864E-06 1.96743C-"2 6.33004E-04 4.11816C

35 4.41981E-06 1.42618E-02 4.11647E-D4 4425393E

36 1.93548C~06 9.612890-03 2.65418E-04 4.39260C

37 T.66886E-27 5.90336C-23 1.69766E-04 4.53420E D4
38 2.59157€-07 3.10951E-23 1.07772E-D4 4.6787T70 27
39 6.46271E-08 1.21587E-03 £.794030-05 4.82633E 20
49 6. T74734E-09 2.001170-04 4.25548E-05 4.,97693C 37
41 B.74873E-10 4.10965E-05 2.649T74E-05 5.130559c ©F
42 9.61536£-09 7.18319E-04 1.64109E-05 5.28735C O%
43 1.85480E-08 2.21147E-03 1.01155E-05 5.44725E 30
44 2.35799E-08 4.,5C0038E-03 6.20896E-056 5.61332E 20
45 2.47027€E-08 T.56506E-23 3.79746E-05 5.77659C 22
46 2.31285E-08 1.13857E-02 2.31571€E-05 5.94609E 0D
47 2.01225E-78 1.59426E-02 1.40888E-36 6.11887E 05
48 1.66291E-08 2.12163E-02 B.55794E~07 6.29496E €O
49 1.32329E-08 2.71875E-02 5.19381E-07 6.47439E 00
5¢ 1.02341E-08 3.38370E-02 3.15182E-07 6.657200 &2
SUM S{J) FOR R = 2.73358691E 30 SUM S(J) FOR P = 5.20956725%E 20



88

STRENGTHS AND F FACTORS OF THE V

TEMPERATURE =
R BRANCH
J S(J) FLJ)
0 5.29316E-02 9.46014E-01
1 9.99903E-02 8.93840E-01
2 1.39378C-01 8.43452€-01
3 1.69904E-01 7.94821€E-01
4 1.91029€-01 T.47921E-01
5 2.02853E-01 7.02726E-01
6 2.06040E-01 6.,59209E-01
7 2.01694E£-01 6.17343C-01
8 1.91222E-01 5.77104E-01
9 1.76173E-01 5.38464E-01
1¢ 1.58105E-01 5.01398E-01
11 1.38465E-01 4,65881E-01
12 1.18499E-01 4.3188B6E-01
13 9.92058E£-02 3.99389E-01
14 8.13174€E-02 3.68365E-91
15 6.53061E-02 3.38788E-01
16 5.14153E-02 3.10634E-01
17 3.97005E-02 2.83872E-01
18 3.00763E-02 2.58495E-01
19 2.23613€-02 2.34462E-01
20 1.63192E-02 2.11754E£-01
21 1.16919E-02 1.90348£-01
22 8.22359E-03 1.70219E-01
23 5.67810£-03 1.51343E-01
24 3.84797E-03 1.33699E-01
25 2.55865E-03 1.17261E-01
26 1.66853E-03 1.C2007E-01
27 1.06637E-03 8.79137E-02
28 6.67292E-04 7.49588E-02
29 4.08316E-04 6.31194E-02
30 2.43882E-04 5.23731E-02
31 1.41843E-04 44.26975E-02
32 "8.00594E-05 3.40704E~-02
33 4.3642TE-05 2.647GCE-N2
34 2.28173E-05 1.98743E-02
35 1.13202E-05 1.42618E-02
36 5.23898E-06 9.,61089E-03
37 2.19511E-06 5.90036E-03
38 7.84861E-07 3.109C1E-03
39 2.07181E-07 1.21587E-03
40 2.29058E-08 2.00117€-04
41 3.14612€E-09 4.10965E-05
42 3.66370€E-08 7.18319E-04
43 7.48937E-08 2.21147E-03
44 1.06907E-07 4.50038E-03
45 1.12035E-07 7.56506E~03
46 1.11159€E-07 1.13857E-02
47 1.02468E-07 1.59426E-02
48 8.96941E~08 2.12163E-02
49 7.55740E-08 2.71875E-02
50 6.18550E-08 3.38370€E-02
SUM S(J) FOR R =

WILLOW RUN LABORATORIES

1 TOV = 2
4000.0 DEG.
P BR

StJ)

5.65142€-02
1.13997E-01
1.69715E-01
2.21037E-01
2.65643F-01
3.01696E-01
3.27968E-01
3.43896E-0C1
3.49576E-01
3.45696E-01
3.33425E-01
3.14268E-01
2.89915E-C1
22,62094E-C1
2.32445E-01
2.02420€E-01
1.73223€E-01
1.45777€-01
1.20723€E-01
9.84400E-02
7.90833E-02
6.26274E-02
4.89144E-02
3.76981€E-02
2.8683DE-02
241555TE-02
1.60078E-02
1.17527€E-02
2.53439E-03
6.13251E-03
4.36241E-03
3.07350E-03
2.14561E-03
1.48482€-03
1.01905E-03
6.93918E-04
4.69040E-04
3.14845E~04
2.09975E-04
1.39195E-04
9.17634E-05
6.01888E-05
3.92985E-05
2.55547E-05
1.65588E-05
1.06977E-05
6.89437€-06
4.43517E-05
2.84978E-05
1.83018E-06

2.48834804E 00 SUM S{J) FOR P =

TRANSITIONS
K
ANCH

F(J)

1.05582E
1.11352E
1.17310E
1.23461E
1.29807E
1.36351C
1.43095E
1.5C043E
1.57197E
1.64560C
1.72135¢€
1.79926E
1.87934E
1.96164E
2.04617E
2.13297E
2.222C7E
2.31349E
2.40728E
2.50345E
2.60205E
2.70309E
2.80661LC
2.91265E
3.02123E
3.13239¢
3.24615E
3.36255¢E
3.48162E
3.60340¢E
3.72790E
3.85518t
3.98525¢E
4.11816E
4,25393¢t
443926CE
4.53420E
4.67877C
4.82633E
4.97693E
5.13059E
5.28735E
5.44725E
5.61032E
5.77659¢E
5.94609E
6.11887E
6+29496E
6.47439E
6.65720E

OF HF

5.00362706E 00



WILLOW RUN

STRENGTHS AND F FACTORS OF THE Vv

N DWW O

—
—

P b e
~N>UTV W

—
)\ o

NN N
w N O

N
S

SUM

S(J)

TEMPERATURE

I

R BRANCH

S{J)
4.33226E-02
£.23032E-02
1.14714E-01
1.40556E-01
1.59090E-01
1.70330E-01
1.74€699E-01
1.72951E-01
1.66077E-01
1.55203E-01
1.41493E-0G1
1.26C63E-01
1.09911E-C1
9.38768E-02
7.86137E-02
6.45880E-02
5.20896E-02
4.,12556E-02
3.20989€E-02
2.45403E-02
1.84385E-02
1.36163E-02
9.88285E-03
71.04930E-03
4.94035E-C3

3,4)N067E-03

2.29796E£-03
1.52327€-03
9.89549E-04
6.29131E-024
3.9075CE-04
2.36502€E-04
1.39014E-04
7.83711E-05
4.33530E-05
2.22855E-05
1.07664E-05
4,71131E-06
1.76203E-06
4.85595E-07
5.61308E-08
8.C625CE-09
9.82050E-08
2.100027E-27
2.96%14E-07
3.43835E-027
3.56866E-07
3.44076€E-C7
3.14948E-07
2.T7413E-07
2.37270E-07

FOR R =

FLJ)
9.46014E-01
8,93840E-31
8.43457FE~71
T.948215-%1
T.47321E-01
T.2272¢E-01
6.59209E£-01
6.17343E-01
5.7T7T104E-0G1L
5.38464E-01
5.01396E£-01
4.65881E-01
4.31886E-31
3.993895E~51
3.68365€E-01
3.,36788E-01
3.10634E-01
2.83878E-01
2.58455E-01
2434462E-01
2.117548-51
1.906348E-91
1.7C219C-01
1.51343E-101
1.33699E-C1
1.17261E-01
1 02007E-01
8s79137E-02
T.49522E-02
6.311G4E-12
5.23731E=752
4.26915E-02
3.407564E-02
2.64T00E-G2
1.98743E-22
1.42618e-02
9.61389E-G3
5.90336E5-73
3.109C1£-93
1.21587€-03
2.C3117E-C4
4.109€655-7°5
7.18319E-04
2.21147E-C3
4.50232E-03
T.565C€6E-72
1.13857E-072
1.59426E-02
2.12163E-02
2.71875E~02
3.3837CE=-02

2.20717597E 0G SUM S(J)

LABORATORIES

1 TO VvV = 2 TRANSITIONS

4530.C DEG.

P BRANCH
SJ) F(J)
4,62855L-32 1.55582E
9.36136E-02 1.11352E
1.39959E~-01 1.17310CE
1.83339E-01 1.23461E
2.21955E-01 1.2984G7¢€
2.54319E-01 1.36351E
2.79347E-0C1 1.43065¢E
2.96413E-01 1.50G343E
3.75365€£-01 1.57197E
3,00492E-G1 1.64560E
3.004725-01 1.72135¢E
2.8827TTE-G1 1.79926E
2.71081E-01 1.87934E
2.50154E-01 1.96164E
2.26772E-C1 2.04617E
2.02123E-C1 2413297E
1.,77270E-01 2.22207¢
1.53087E-01 2.31349¢E
1.30258€£-01 2.40728¢C
1.09265E-01 2.50345¢
G.06369E-02 2.6C235E
7.38222E-G2 2.T0309¢E
5.95178E-02 2.80661¢
4.74207E-22 2.91265¢E
3.73574E-02 3.02123E
2.90315E-02 3.13239¢E
2+23456E-02 2.24615E
1.70195E£-02 3.36255E
1.28325E-52 3.48162¢
9.58217E-03 3.6C34CE
7.08893E-03 3.72790¢E
5.19799E-53 3.8551¢8E
3.77922E-C3 3.98525E
2.72555E-03 4,11816E
1.95057E-03 4.25393E
1.38580E-33 4.292460E
9.77783E-04 4.53420E
$.85428E-C4 4.67877E
4.77568E-0C4 4.82633¢
2.3C858E-04 4.97693E
2.28012E-04 5.13059E
1.5637T7E-04 5.28735¢
1.06776E-C4 5.44725E
T.26192E-05 5.61032E
4,92165E-05 5.,77659E
3.32551E-05 5.94609E
2.24136E-05 6.11887E
1.50L765E-05 6.29496E
1.01268E-05 6.47439E
6. T9650E-06 6.65720E

FOR P

= 4.66040945E 00

OF

o
[e]e}
6o
a7
oc
ocC
20

DD

YO DD DO

T OO QOO COO
—

D0 OC
DO DD

DO DO O

[ ]

QOO OOC

a0

90
’1€
o0
a0
Q0
’J.’
o0
20
GO
or
oo
0n
on
20
o0
00

HF

89



90

STRENGTHS AND F FACTORS OF THE V

[Nale <L NIl oo BN 6o BN - S CVRN S T e wn I S

TEMPERATURE =

R BRANCH

StJ)
3.53034E-02
6.69331E-02
9.39026E-02
1.15531E-01
1.31467E-01
1.41686E~01
1.46460E-01
1.46309E-01
1.41938E-01
1.34167E-01
1.23865E-01
1.11886E-01
9.93145E-02
8.59355E-02
7.32066E-02
6.12511E-02
5.03600E-02
4.07043E-02
3.23528E-02
2.52928E-02
1.94516E-02
1.47167E-02
1.09534E-02
8.01875E-03
5.77275E-03
4.08515E-03
2.84017E-03
1.93849E-03
1.29754E-03
8.50588E-04
5.45069E-04
3.40586E-04
2.06794E-04
1.21414E-04
6.84446E-05
3.66516E-05
1.83255E-05
8.30243E-06
3.21221E-06
9.18137E-07
1.09973€-07
1.63717€E-08
2.06710E~-07
4.58256E-07
6.69659E-07
8.06400E-07
8.67664E-07
2.67140E-07
8.22594E-07
7.503724E-07
6.65075€-07

SUM S{J) FOR R =

F(J)
9.46J14E-C1
8.93840E-C1
B.43452E-01
7.94821E-01
T.47921E-01
7.02726E-01
6.59209E-01
6.17343E-01
5.771C4E-C1
5.38464E-C1
5.01398E-C1
4.65881E-~01
4.,31886E-0C1
3.99389E-01
3.68365E-01
3.38788E-01
3.10634E~21
2.83878E-01
2.58495E-01
2.34462E-01
2.11754E-01
1.90348E-01
1.76219E-01
1.51343€-01
1.33699E-01
1.17261E-C1
1.02007E-01
8.79137E~C2
7.49588E-02
6.31194E~02
5.23731€E-02
4.26975E-02
3.40704E-02
2.64700E-02
1.98743E-02
1.42618E-02
9.61089E-03
5.90036E-03
3.10901E-03
1.21587E-03
2.00117E-04
4,10965E-05
T.16319E-04
2.21147€E-C3
4.50038E-03
7.56506E-03
1.13857E-02
1.59426E-02
2.12163E-02
2.71875E-02
3.38370E~02

WILLOW RUN LABORATORIES

1.92884642E 00 SUM S{J) FOR P

1 TO v = 2 TRANSITIONS OF HF
5060.0 DEG.
P BRANCH
S{d) F(J)
3.77359E-02 1.05582E 0O
7.64831E-02 1.11352€ 00
1.14732E-01 1.17310E QC
1.50984E-01 1.23461E 0C
1.83853E-01 1.29807E 0C
2.12152E-01 1.36351E 00
2.34366E-01 1.43095E 00
2.51694E-C1 1.5C043E 00
2.62375E-01 1.57197€ 00
2.66178E-01 1.64560E COC
2.6436TE-01 1.72135E 07
2.57256E-01 1.79926E 0O
2.45638E-01 1.87934E 00
2.306425E-01 1.96164E OO0
2.12573E-01 2.C4617E 00
1.93020E-01 2.13297E 0O
1.72640€-01 2.22207E QO
1.52199E-01 2.31349E GO
1.32336E-01 2.405728E 09
1.13547E-01 2.50345E 00
9.61895E-02 2.60205E 00
8.04906E-02 2.7C309E 00
6.6561TE-02 2.80661E 00
5.44194E-02 2.91265E 00
4.,40065E-02 3.02123E GO
3.52119E-02 3.13239E 00
2.78896E-02 3.24615E 00
2.18749E-02 3.36255E 0OC
1.69966E-02 3.48162E 0C
1.30874E-02 3.6C340E OO
3.99041E-03 3.72790E OC
7.56323E-03 3.85518E Q0
5.68046E-03 3.98525E 00
4.23417E-03 4.,11816E GO
3.13341E-03 4.25393E 00
2.30296E-03 4,39260E 00
1.68164E-03 4.53420E 00
1.22042E-03 4.67877E 00
28.80599€E~04 4.82633E 00
6.31969E-04 4.97693E 00
4.51255E-04 5.13059E 00
3.20719E-04 5.28735E 00
2.26972E-04 5.44725E 0C
1.60003E-04 5.61032E 00
1.12404E-04 5.T7T659E 00
7.87254E-05 5.94609E 00
5.49946E-05 6.11887E 03
3.83359E-05 6.29496E 00
2.66801E-05 6.47439E 00
1.85481E-05 6.65720E 00
= 4.,26038778E



WILLOW RUN

STRENGTHS AND F FACTORS OF THE V

U W= O

o~

9
1c
11
12
13
14
15
1¢
17
18
19
20
21
22
23
24
25
26
27
28
29
3
31
32
33
34
25
3¢
37
38
3G
4y
41
42
43
44
45
46
47
4%
49
55

TEMPERATURE

R BRANCH

S(J)
9.43092E-01
1.43519E 70
1.41299E 00
9.630726-01
4.96381E~01
1.98327E-01
6.229240-02
1.55222F=02
3.089300-03
4.93752E-C4
6.36756E-05
6.65462E-N6
5.65946E-07
3.932856-08
2.24236E-09
1.05336£-10
4.G9422E-12
1.32246E-13
3,56582E-15
8.06318E-17
1.53634E-18
2.47272E-20
3.43331E-22
3.99716E-24

4.C3713E-26

3.52546£-28
2.6T665E-30
1.77679E-22
1.03725E-34
5.35650£-37
LOG00NE 0
.00CO0E GO
LOCOLCE €C
LGO0C0E CO0
LO000NE €O
+OODODE 0O
L000Z0E OF
+03CGG0E 00
000008 GO
.000208 0O
.0O0COE 00
«GONCGE 00
.3000GE 00
.00000E 00
.G0D0CE 00
.0GGOCE OO0
.00G00E 00
.J0000E 00
.00000E 00
.000GOE 00
.00090E 90

SUM S(J) FOR R =

FLJ)
9.73018E-01
9.47044E-01
9.22753E-C1
8.98217E-01
8.74913E-01
8.52716E£~01
84314030-01
8.10952E~-C1
7.91339E~C1
Te72543E-01
T7.54543E-01
T.37319E-01
7.20851E-01
7.05121E-01
6.9C11CE-11
6.758L0E-C1
6.62174E-01

- 6.49216E-01

6.36910C-0C1
6.25240E-01
6.14193E~01
6.03755E-01
5.93912e-C1
5.846520-01
5.759¢3E-0C1
5.67834E£-01
5.6C254E-31
5.53214E-01
5.467C3E-L1
5.40713E-C1
5.35237E-01
5.30267E-01
5.2579¢€E-C1
5.21818E-01
5.18328£-01
5.15321E£-01
5.12793£-C1
5.1674C0E-C1
5.09160E-01
5.08050E£-01
5.074C9E-01
S.0T23€E-01
5.,07531E-01
5.08294L-01
5.09526E-01
5.11229E-01
5.13405E-01
5.16057E-01
5.19190E-01
5.22806E-01
5.26912E-01

LABORATORIES

& TG v = 2 TRANSITIONS

273.3 DEG.
P BRANCH
S(J) F(J)
7.94325E-01 1.028C02E €O
1.05383F &0 1.C5703E 0
8.450464E-01 1.08726E 00
4.85793E-01 1.11855E 00
2.11382E-01 1.15099E 20
7.13836E-D2 1.1846CC OO
1.89766E-02 1.21942C o€
4.00870E-03 1.25549€ 00
6.77594E-04 1.29282E €O
9.21662E-C5 1.23146E 00
1.01380£-05 1.37144C 00
9.05930E-07 1.41279E CT
£.60522E-08 1.45554C 20
3.94636E-C9 1.499748 0OC
1.94038BE-10 1.54541E (O
7.885713E-12 1.5926CE CO
2.66064E-13 1.64134C OC
T.48664E-15 1.6G6167¢ OC
1.76506E-16 1.743628 CC
3.50330E-18 1.79724C OC
5.88252£-20 1.85257E OO
€.39849E-22 1.90964C 00
1.02477€-23 1.5685CE GO
1.07433E-25 2.C2918E ¢C
9.72919E-2¢8 2.09174E 20
7.65323E-30 2.156228 00
5.25893E-32 2.22264E 0OC
3.17495E-34 2.291u8L QC
1.694052E-35 2.3€155E 20
.000N0OE GO 2.434127 00
.0CCO0E 00 2.50883E 00
LCCLGoE €D 2.58573E 00
.GLO00F 22 2.6648B5E OO
LOC000NE €D 2.74626E 0O
.0C000E OO 2.82999E 9
.GCGOO3E €O 2.91611E OC
LO0C02E 0D 3.004658 22
.00G00C 00 3.09567E 0%
«0C0C0E 00 3.18923E Q0
+GCOOOE C2 3.28536L 0T
LO0G00E 00 3.38414E 0
.COC00E L0 3.48560C QO
«00000F 03 3.58980E 00
»00000E 03 3.69680E 3
«CGO00E 0D 3.80665E 00
.00000E 00 3.91941E 00
.00000E 5O 4,03514C 05
.00000E GO 4.15389L 00O
«20000E 00 4.27572E OF
.00000E CD 4.40068E OO
= 3.48552349C

5.58052021E 30 SUM S(J) FOR P

OF



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V = 0 TO V = 2 TRANSITIONS OF HF

92

TEMPERATURE = 373.3 DEG. K
R BRANCH P BRANCH

J StJ) F(J) S(J) F(J)

G 5.10079€-01 2.73018E~C1

1 8.51226E-01 9.47044E-01 4.55263E-01 1.028G2E GO
2 9.09354E-01 9.22053E-01 6.78209E-01 1.05709€ 0O
3 7.37340E-01 8.98017E-01 6.46977E-01 1.08726E 0C
4 4.78889E-01 8.74913E~01 4.68674C-01 1.11855E 0C
5 2.55317€E-01 8.52716E-01 2.72124E-01 1.15099E OC
6 1.13274E-01 8.31403E-01 1.29805E-01 1.1846CE 0O
7 4.21864E-02 8.10952E-01 5.15749E-02 1.21942E 0O
8 1.32715E-02 7.91339E-01 1.72212E-02 1.25549E CC
9 3.54397E-03 1.72543E-01 4.86346£-03 1.29282E 00
10 8.06611E-04 7.54543E-01 1.16752€-03 1.33146E 0G
11 1.57047E-04 7.37319E-01 2.39255E-04 1.37144€ 00
12 2.62465€E-05 7.20851E-01 4.20137E-05 1.41279E 00
13 3.77757€-06 7.05121€-01 €.346442E-06 1.45554E 00
14 4.,69739€E-07 6.90110E-01 B.26699E-07 1.49974E 0C
15 5.06299€-08 6.75800E-01 9.32642E-08 1.54541E QC
16 4.74550E-09 6.62174E-01 9.14013E-09 1.5926GE 0G
17 3.88082E-10 6.49216E-01 7.80778E-10 1.64134E 00
18 2.77846E-11 6.36910E-01 5.83354E-11 1.69167E 0C
19 1.74755E~12 6.25240E-01 3.82546E-12 1.74362E 00
20 9.69049E~14 6.14193E-01 2.22971E-13 1.79724€ 0O
21 4.75481E-15 6.03755€-01 1.12842E-14 1.85257€ Q0
22 2.07212€E-16 5.93912E-01 5.11345€E-16 1.90964E 00
23 8.05101&E-18 5.84652E-01 2.06408E-17 1.96850E 00
24 2.79989L~19 5.75963E~01 T.45085E-19 2.02918E 00
25 8.75034E-21 5.67834E-01 2.41483E-20 2.09174E 0G
26 2.46762E-22 5.60254E-01 7.05568E-22 2.15622E 00
27 6.30540E-24 5.53214E-01 1.86627E-23 2.22264E 00
28 1.46615€-25 5.46703E-01 44.4ETBJE-25 2.29108LC Q0
29 3.11575E£-27 5.4G713E-01 9.85370€E-27 2.36155E JC
30 6.07828E-29 5.35237E~01 1.98420F-28 2.43412E 0C
31 1.09343E-30 5.30267E-01 3.68079E-3) 2.50883E 00
32 1.82217E-32 5.25796E-01 6.31912E-32 2.58573E 30
33 2.82615E-34 5.21818E-C1 1.00868E-33 2.66485C 00
34 4.09899E-36 5.18328E-01 1.50414E-35 2.74626C 00
35 .0000GE 0O 5.15321E-01 .00003E 00 2.82999E 00
36 .000GCOE 00 5.12793E-01 .0D000E 00 2.91611E 00
37 .00000E 00 5.10740E-01 .0000%3E 00 3,00465E 00
38 .000C0E 00 5.09160E-01 .N0D0DE 02 3.09567E 90
39 .00000E 00 5.08050E-01 .000CCOE 00 3.18923f 30
40 .0CCO0E 0O 5.074C9E-01 .0GD00E 00 3.28536E 00
41 .00000E 00 5.07236E-01 »00000E 00 3.38414E 00
42 «00660E 00 5.07531E-01 «00000E 00 3.48560E 00
43 .000COE 00 5.08294E-C1 .00000E 00 3.58980E 00
44 .G0NCOE 00 5.09526E-01 .00000E 00 3.69680C 00
45 . 00200 00 5.11229E-01 .00000E 0D 3.80665C 00
46 .000CNE 0O 5.13405E-01 .0CO00E 03 3.91941C 00
47 .00C0GE 00 5.16057E-01 «000GJE 00 4.03514L 00
48 .00000E 0O 5.19190E-01 .00000E 00 4.15389E 00
49 .00000EL 00 5.22806E-01 .00000E 00 4.,27572C 00
50 .000N0OE 00 5.26912E-01 .00002E 00 4.40068E 00

SUM S(J) FOR R =

3.91547558E 0C SUM S(J) FOR P

= 2.T2616690E 20



WILLOW RUN

LABORATORIES

STRENGTHS AND F FACTORS OF THE Vv = C TO V = 2 TRANSITIONS OF HF

TEMPERATURE = 500.0 DEG. K
R BRANCH P BRANCH

J S(J) F(J) S(J) F(J)

o 2.85984E-01 9.7391¢8€-01

1 4.96807E-01 9.47544C~-01 2.65728E-01 1.02802E C°
2 5.75084E-01 9.22053E-01 4.,28905E-01 1.05709E ©2
3 5.25891E-01 8.98017E-01 4.61441E-01 1.08726E 00
4 4.03867E-01 8.74913E-01 3.92317E-71 1.11855E &2
5 2.60980E-01 8.52716E-71 2.78160E-01 1.15099E CD
(8 1.47073E-01 8.31403E-01 1.68538E-01 1.18460E 00
1 7.23509E-D2 8.10952E~-31 8.84523E-C2 1.21942C 00
2 3.12535£-02 7.91339E-C1 4.,05548F-02 1.75549E 07
9 1.19082E-62 7.725463E-01 1.63418€-02 1.29282E G2
1% 4.01680E-03 7.54543E-01 5.814C5E-03 1.33146E 00
11 1.20332E-03 7.37319E-C1 1.83321E-03 1.37144E 09
12 3.21076E-04 7.20U851E-01 5.13958E-04 1.41279€ 090
13 7.65131E-05 7.05121€E-01 1.28504€-04 1.45554€ 00
14 1.63270E-05 6.9C0110E-01 2.87341F~D5 1.49974E 00
15 3.12783E£-C6 6.,758CGCE-01 5.76170E-05 1.54541t 0OC
16 5.39342E-07 6.62174£-01 1.23881£-06 1.59260E 00
17 8.39265E-08 6.49216E-01 1.68851E-07 1.64134€ 0T
18 1.18165E-08 6.36910E-01 2.46094E-08 1.69167E 0C
19 1.50937E-09 6.25240E-01 3.30407E-09 1.74362E GO
2 1.75390LE~19 6.14193E-01 3.99939E-1) 1.79724E 20
21 1.85919E-11 6.03755E~C1 4.41227E-11 1.85257¢C 2C
22 1.85298E-12 5.93912€-01 4.44928E-12 1.90964E OC
23 1.62421C-13 5.84657E-01 4.112R2F~-13 1.96850E 0O
24 ‘1.31349E-14 5.75963E-21 3.49535E-14 2.02918E d0
25 9.92656E-16 5.67834E-01 2.73943E-15 2.09174E 00
26 6.94578E-17 5.60254E-01 1.98601C-16 2.15622E 930
27 4.51396E-18 5.53214E-01 1.336064E-17 2.222064E Q0
28 2.73339L-19 5.46703E-01 8.3667T4E~-19 2.29108E 02
29 1.54729E-20 5.40713C0-21 4.89337E-20 2.36155E 0QC
30 8.21498F-22 5.35237E~-C1 2.68170E-21 2.43412E QOC
31 4.10467E-23 5.30267E-01 1.38175€E-22 2.50883E 20
32 1.93678E-24 5.25796E-91 6.T1661E-24 2.58573E 05
33 8.66030E-26 5.21818E-01 3.09094E-25 2.66485E 00
34 3.68282E-27 5.18328E-01 1.35142E-26 2.74626E O
35 1.49485E-28 5.15321€-01 5.63409E-28 2.82999E 00
36 5.81283C-30 5.12793E-01 ?2.24795€E-29 2.91611€ o0
37 2.17361E-31 5.10740E-01 8.61613E-31 3.00465E 20
38 7.84600E-33 5.09160E-01 3.18467€£-32 3.09567E GO
39 2.74466E-34 5.08050E-01 1.13958E-33 3.18923E 02
49 9.342C1E-36 5.07409E-01 3.96363E-35 3.,28536E 27
41 .00000E CO 5.07236E-21 1.34554E-36 3.38414E O0
42 .00000E 00 5.07531€E~C1 .C0002E 0D 3.4856CC 00
43 .00000E 0OC 5.08294C-01 .00C02E 02 3.5898CE 00
44 .0020G0E 00 5.09526E-01 .0000C0%E ©D 3.69680E 00
45 .006C0E 00 5.11229E-01 «0COO0E 0D 3.800665E 03
46 .00000E 00 5.13405E-91 .00000E 0D 3.91941E 00
47 .000C0E 0O 5.16357E-01 «0C0C2E 02 4.03514E 20
48 .00NCOE 00 5.,19190E-01 .0000G0E 00 4.15389E 00
49 .00000E 00 5.22806E-01 .0000CE 0D 4,27572E 0C
50 .00000E 00 5.26912E-01 .00000E 00 4,4C068E 00

SUM S{J) FOR R =

2.21383610E 00

SUM S(J) FOR P =

2.14874214E 0



WILLOW RUN

94

STRENGTHS AND £ FACTORS OF THE V

Nols BRI« NV, I SN CUN N B o 2

TEMPERATURE

"

R BRANCH

StJd)
T.17010E-02
1.32148E-01
1.72168E-01
1.87957E-01
1.81386E-01
1.58499E~-01
1.27052E-01
9.41775E-02
6.49732E-02
4.17481E-02
2.51408E-02
1.42090E-02
7.55288E-03
3.78307E-03
1.78860£-03
7.99509E~04
3.38422€-04
1.3%858E-04
5.18034E-05
1.87902E-G5
6.49319E-06
2.14091E-06
6.T4554E-07
2.03415€E-07
5.88004E-G8
1.63191E-08
4,35541C-09
1.11967E-09
2.77712€E-10
6.65694E-11
1.54478E-11
3.47635E-12
7.59985E-13
1.61690L~13
3.35383E-14
6.79478E-15
1.34708E~-15
2.61830€E~16
4.99906E-17
9.39413C-18
1,74098E~18
3.18852E-19
5.78305€-20
1.04095E-20
1.86370€-21
3.32643E-22
5.93288£-23
1.05997E-23
1.90180€E-24
3.43574E-25
6.26689E-26

SUM S{J) FOR R =

FLJ)
9.73018E-01
9.47044E-01
9,22053E-01
8.98017E-J1
8.74913E-01
8.52716E-01
8.31403E-01
8.10952E-01
7.91339E-01
7.72543E-01
T.54543E~01
7.37319€E-01
7.20851E~01
7.05121E-01
6.9011CE-D1
6.75800E-01
6.62174E-01
6.49216E-01
6.36910E-01
6.2524NE-01
6414193E-01
6.03755E-01
5.93912E-01
5.84652E-01
5.75963E-01
5.,67834E-01
5.60254E-01
5.53214E-01
5.467C3E~-C1
5.40713E-01
5.35237E-01
5.30267E-01
5.25796E-01
5.21818E-01
5.18328E-01
5.15321E-01
5.12793€E-01
5.10740E-01
5.0916CE-01
5.08050E-01
5.07409E-01
5.07236E-01
5.07531E-01
5.08294E-01
5.09526E~-01
5.11229C-01
5.13405E-01
5.16057€-01
5.19190E-01
5.22806E-01
5.26912E-01

LABORATORIES

0 TOV =2
1000.3 DEG.
P BR

S{J)

T.06768E-02
1.28405€E-01
1.64921E-C1
1.77516E-01
1.68931E-01
1.45593E-01
1.15135€E-01
8.42176E-02
5.72908E-02
3.63888BE-02
2.16463E-02
1.20898E-02
6.35346E-03
3.14766E-03
1.47270€E-03
6.51791E-04
2.73316E-04
1.08757E~04
4,11294E-55
1.48051€E-05
5.08035C~-06
1.66444E-06
5.21440E-07
1.56452E-07
4.50281C-08
1.24510E-08
3.31323F-09
8.49837E-10
2.10465E-1D
5.04101E-11
1.16975E-11
2.63430E-12
5.76763E-13
1.2299%E-13
2.55900E-14
5.20485E-15
1.03681€£-15
2.02665€E~156
3.89491€-17
7.37438E-18
1.37833E-18
2.54854E-19
4.6T172€E-20
8.50892E-21
1.54340E-21
2.79459E-22

.06358€E-23
9.20460E-24%
1.68312E-24
3.10448E-25

1.28556763E 00 SUM S{J) FDR P =

TRANSITIONS
K
ANCH

F(J)

1.02802E
1.05709E
1.08726E
1.11855E
1.15099E
1.1846CE
1.21942C

1.25549C

1.29282E
1.33146E
1.37144E
1.41279C
1.45554E
1.49974E
1.54541E
1.59260E
1.64134E
1.69167E
1.74362E
1.79724E
1.85257C
1.90964E
1.96850E
2.02918E
2.09174E
2.15622E
2.22264E
2.29108¢E
2.36155E
2.43412E
2.50883¢€

2.58573¢E,

2.66485E
2.74626E
2.82999E
2.91611E
3.00465E
3.09567E
3.18923E
3.28536E
3.38414E
3.48560¢L
3.5898CE
3.6968CE
3.80665E
3.91941E
4.03514E
4.15389E
4.27572E
4.40068E

OF HF

1.19488102€ 00



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

~NOCO v W O

<O o

TEMPERATURE

R BRANCH

S(J)
3.12054E-02
5.86591E~02
T.94969E-02
9.22682E-02
9.61187E-02
9.26486E-02
8.35232E-02
T.09787E-02
5.71571E-02
4.37775E-02
3.19213E-02
2.23345E-02
1.49382E-02
9.58440E-03
5.90740£-03
3.50238E-C3
1.9998TE-03
1.10109€-03
5.85218E-04
3.00589E-04
1.49371E-04
7.18909E-05
3.35481E-05
1.51958E-05

6.68839E-06

2.86379E-06
1.19417€-06
4,85496E-07
1.92661E~-G7
T.47126E~08
2.83456E-08
1.05337E-08
3.83881E-09
1.37358E-09
4.83153E-10
1.67272€-10
5.,70705€E~-11
1.92133€-11
6.39382E-12
2.10302E-12
6.85560E-13
2.21694E-13
7.12151€E-14
2.27573E-14
7.24498E-15
2.30130E-15
7.30469E-16
2.32070E-16
T.39165E~17
2.36437E-17
7.60881E-18

SUM S{J) FOR R =

F(J)
9.73218E-01
9.47044E-01
9.22053E~-01
8.98017E-01
8.74913E~-01
8.52716E-01
8.314C3E-01
8.10952E-01
7.91339£-01
1.72543E-01
7.54543E-01
T.37319E-01
7.20851E~01
T.05121€E-01
6.90110E-01
6.7580NC-01
6.621T74E-D1
6.49216E£-01
6.36910E-01
6.252470E-01
6.14193E-01
6.03755E-01
5.,93912E-01
5.84652E-01
5.75963E~C1
5.67834E-01
5.60254E-01
5.53214E-01
5.46T03E~01
5.4C713E-C1
5.35237E-01
5.30267E-01
5.257T96E-31
5.21818E-C1
5.18328E-01
5.15321C-01
5.12793E-01
5.10740E-01
5.,0916CE-01
5.0805CE~01
5.07409E~01
5.07236E-01
5.07531E-01
5.08294E-01
5.09526E-01
5.11229E-01
5.13405E-01
5.16057E£-01
5.19190E-01
5.22806E-01
5.26912E-01

7.98149890E-01 SUM S(J)

0 TO0V =2
1500.0 DEG.
P BR

s{J)

3.13708E~02
5.92835L£-02
B.07727E-02
9.40501E-02
9.87237E-02
9.56848E-02
8.67449E-02
7.41379€-02
5.00492C-02
4.62666E-02
3.40055C-02
2.38963E~02
1.60850E-02
1.03879E-02
6.44569E-03
3.8479)E-03
2.21272E-03
1.22713E-03
5.57072E-04
3.40076E-04
1.70316E-04
f,26288E-95
3.88754E-05
1.77566E-05
71.88241E-06
3.40457E-05
1.43234E-C6
5.87618E-07
2.35345€-07
9.21242E-08
3.52860E-08
1.32404E-08
4,87289E-09
1.76107E-09
6.25753E-1D
2.18878BE-10
7.54603E-11
2.56748BE-11
f.63240E-12
2.B7189E-12
3.46681E~13
3.09629E-13
1.00623E-13
3.25388E-14
1.0486JE-14
3.37285E-15
1.08457E~15
3.49232E-16
1.12803E-15
3.66148E-17

FOR

TRANSITIONS
K
ANCH

F(J)

1.02802¢
1.05799¢k
1.08726E
1.11855¢E
1.15099¢
1.18460E
1.21942E
1.25549¢E
1.79282¢
1.33146E
1.37144C
1.41279¢
1.45554E
1.49974¢E
1.54541E
1.59260E
1.64134¢€
1.69167E
1.74362E
1.79724E
1.85257¢E

1.90964E

1.96850E
2.02918E
2.09174E
2.15622E
2.22264%
12.29108E

2.36155C ¢

2.43412¢C
2.50883E
2.58573E
2.66485E
2.74626E
2.82999E
2.91611E
3.00465E
3.N9567E

3.18923C «

3.258536¢E
3.38414¢E
3.48560C
3.58980E
3.69680E
3.80665E
3,91941E
4.03514E
4.15389¢C
4.27572C
4.400068E

P =

OF

090
00

00
00
00
0
ao
o
00
a2
on
G
A

WU

Co
o
00
(038
on

HF

8426512194E-01



96

STRENGTHS AND F FACTORS OF THE V

[ el el i
CXT N UTDUWUNNRIOOONUW PN O G

50

TEMPERATURE

R BRANCH

S(J)
1.67967E-02
3.18893E-02
4.,49804E£-02
5.25843E-02
5.71014E-02
5.78094C-02
5.52698E-02
5.02919£-02
4,37785E-02
3.65892E-02
2.94410E-02
2.28550E-02
1.71471E-02
1.24514E-02
8.76248E-03
5.98293E-03
3.96773€-03
2.55826E-03
1.60522E-03
9,811G2E-04
5.84614E-04
3.39926E-04
1.93036E-04
1.07154C~C4
5.81928E-05
3.09456E-05
1.61278E-05
8.24476E-06
4.13797E-06
2.040T4E-06
9.8984GE-07
4.72619E-07
2.22340E-07
1.03153E-07
4.72399E-C8
2.13747E-08
9.5645TE-09
4.23664E-09
1.85947E-09
8.09460E-10
3.,49844E-10
1.50269E-10
6.42138E-11
2.73283C-11
1.15956€E-11
4.91078E-12
2.07817E-12
8.79823€~13
3.73094E-13
1.58669E£-13
6.77613E-14

SUM S(J) FOR R =

F(J)
9.73018E-01
9.47044E-01
9,22353E-01
8.98017E-01
8.74913E-01
8.,52716E-01
8.314C3E-0C1
8.10952E-01
7.91339E-01
7.72543E-C1
7.54543E-01
7.37319E-C1
7.20851C-01
7.05121E-01
6.90112E-01
6.75800E-01
6.6217T4E-01
6.49216E-01
6.36910E-01
6.25240E-01
6.14193E-01
6.03755C-01
5.93912E-0G1
5.84652E-01
5.75963E-01
5.67834E-01
5.60254E-01
5.53214E-GC1
5.467T03E-01
5.40713E-01
5.35237€-01
5.30267E-01
5.2579¢E-01
5.2181€E-01
5.18328E-01
5.,15321E-01
5.12793€-01
5.1C740€-C1
5.06160E-C1
5.0805CE-0C1
5.07409E~01
5.07236E-01
5.07531E-01
5.08294E~01
5.09526E-01
5.11229E-01
5.13405€£-01
5.16057E-01
5.1919CE-01
5.22806E-01
5.26912E-01

WILLOW RUN LABORATORIES

0 TO Vv = 2 TRANSITIONS

220040 DEG. K

P BRANCH
S{J) F(J)
1.75501E-02 1.028G2E
3,28588E-02 1.05799E
4.61060E-02 1.08726E
5.58308E£-02 1.11855E
6.15431E-02 1.15099E
6.324T78E-02 1.18460F
6.13840E-02 1.21942E
5.670CTE-02 1.25549¢E
5.01349C-02 1.29282E
4.25113E-02 1.33146E
3.47248E-02 1.37144E
2.73656E-02 1.41273¢E
2.08427E-D2 1.45554C
1.5364TE-02 1.49974E
1.09766E-02 1.54541E
T1.60826E-03 1.59260E
5.12198E-03 l.64124E
3.35239€£-03 1.69167E
2.13523€E-03 1.74362E
1.32467E-03 1.79724C
£.01164E-04 1.85257E
4,72792F=-N4 1.90964C
2.72475E-04 1.96850¢E
1.53484E-04 2.02918E
2.45767E-05 2.09174L
4.56309E-05 2.15622E
2.41247E-05 2.22264E
1.25093E-05 2.291068¢E
6+36715E-06 2436155E
3.18405€-06 2.43412E
1.56573E-06 2.50883E
T.57TT78E-07 2.586573E
3.61279€-07 2.66485E
1.69829€-07 2.T4626E
7.87858£-08 2.82999¢E
3.61036E-08 2.91611E
1.63579£-08 3.0C465E
7.33491E-09 3,09567C
3.25814€E-09 3.18923C
1.435100-09 3.28536¢L
£.27433C-10 3.38414C
2.72566E-1D 3.48560E
1.17774E-10 3.58980E
5.06723E-11 3.6968GE
2.17329€-11 3.8BU665E
9.30216E-12 3.91941¢E
3.97817E-12 4.03514E
1.7C0195E-12 4.153€9E
7.29336E-13 4.27572E
3.13472E-13 4.400068E

5.53288865E~-01 SUM S(J) FOR P

= 6.18033606E-01

OF HF

09

0o
00
[e]a]
V4]
00
09
02
o0
0D
90
oe
090
00
02
00
00
00
00
o0
00
00
00
oo
00
00
00
00
00
00
o0
00
00
00
919)
00



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

OO NC DWW~ OC

41
42
43
44
45
46
47
48
49
50

TEMPERATURE =

R BRANCH

S{J)
1.01060E-02
1.93031E-02
2.70033€-02
3.27918E-02
3.64623E-02
3.80200E-02
3.76560E-02
3.57005E-02
3.25643E-02
2.86807E-02
2.44551E-02
2.02287€-02
1.62595E-02
1.27172E-02
9.69024E-03
7.20113£-03
5.22403€E-03
3.70287E-03
2.56663E-03
1.74111E-03
1.15682E-03
T.53371E-04
4.81258E-04

3.01779E-04

1.85891E-04
1.12565E-04
6.70547E-05
3.93237€E-05
2.27191E-05
1.29406E-05
7.27211E-06
4.03484E-06
2.21193E-06
1.19899E-06
6.43113E-07
3.41593E-07
1.79809€E-07
9.38704E-08
4.86402E-08
2.50354E-08
1.28100E-08
6.52130E-09
3.30569E-09
1.66993E-09
8.414196-10
4.23237E-10
2.12716E-10
1.06920E-10
5.37980E-11
2.71235E-11
1.37160E-11

SUM S(J) FOR R =

F(J)
9.73018E~01
9.47044E-01
9.22053E-21
8.98017€E-01
8.74913E~0C1
8.52716E-01
8.31403E-01
8.,10952E-01
7.91339E-01
7.72543E-01
7.54543E-01
7.37319E-01
7.20851E-01
7.05121E-01
6.90110E-01
6.7580NE-C1
6.62174E-01
6.49216E-21
6.3691CE~-D1
6.25240E-01
6.14193E-01
6.03755E-31
5.93912E-01
5.84652E~D1
5.75963E-01
5.67834E-01
5.60254E-01
5.53214E-C1
5.46T03E~-01
5.40713E-21
5.35237€-01
5.30267E-01
5.25796E-01
5.21818E-01
5.18328E-01
5.15321E£-01
5.12793E-01
5.1C0740E-01
5.09160E~01
5.0805CE~01
5.07409E-01
5.,07236E-01
5.07531E-01
5.08294E-01
5.09526E-01
5.11229€-01
5.13405E-01
5.16057E-01
5.19190E-01
5.22806E-01
5.26912E-01

0 Togv =2
2500.0 DEG.
P BR

S(J)

1.03161E-02
2.01138£-02
2.87216E-02
3.56021E~02
4.04074E-02
4.30052E-C2
4.34729E~02
4,20641E-02
3.91569E-02
3.51931E-02
3.06199E-02
2.58426E~02
2.11918E-02
1.69081E-C2
1.31411E-02
9.95946E-03
T.36T44E-03
5.32422E-03
3.76195E-03
2.60093E-03
1.76089€E-03
1.16827E-03
7.60114E-04
4.85341E-06
3.04339E-04
1.87548E-04
1.13664E-04
6.77934E-05
3.98213E-35
2.30523E-05
1.31610E-05
7.41575E-056
4.12687E-95
2.26987E-06
1.23485E-06
6.64945E-07
3.54679E~07
1.87540E-07
9.83775E-08
5.12366E-08
2.65151E-08
1.36455E-08
6.98916E-09
3.56592E-09
1.81389E-09
9.20723E-10
4.66801E-1D
2.36611E-10
1.20025E-10
6.09949E-11

4.05224150E-01 SUM S(J) FOR P =

TRANSITIONS
K
ANCH

F(J)

1.02802E
1.05709E
1.08726E
1.11855E
1.15099¢E
1.18460FE
1.21942¢E
1.25549E
1.29282C
1.33146C
1.37144E
1.41279¢t
1.45554¢E
1.49974C
1.54541E
1.59260¢E
1.64134C
1.69167E
1.74362E
1.79724¢
1.85257¢€
1.90964E
1.96850E
2.02918E
2.C9174E
2.15622E
2.22264E
2.29108E
2.36155E
2.43412E
2.50883E
2.58573E
2.66485E
2.T4626E
2.82999¢
2.91611E
3.00465E
3,09567E
3.18923E
3.28536E
3.38414E
3.48560E
3.58980¢t
3.69680E
3.80665E
3.91941¢E
4.03514E
4,15389E
4.,21572E
4.40068E

OF HF

00

Lo S i b I o I o B ]
QDO OGO

2 O
DO

00
09
0o
U
Q0
00
50
no
on
00

20

00
00
00
450
on
00
ok
09

n
u

an
0D
0nn
00
Go
00
39
09
00
0%
U0
00
00
090
o0
00
no

4.79710966E-91



WILLOW RUN LABORATORIES

98

STRENGTHS AND F FACTORS OF THE

T 0~ U e O

TEMPLRATURE

]

R BRANCH

SJ)
6.51737€-03
1.25000E-02
1.76275C-02
2.16637E-02
2.44T34E-02
2.602745-n2
2.63933E-02
2.57180E-02
2.42022€-02
2.20741E-072
1.95638E-02
1.68824E-02
1.42278E-22
1.16763E-02
9.38138L£-03
T7.37632E-03
5.68086E-03
4,28891E-"3
3.17665£-03
2+30991E-03
1.65%216E-03
1.15892E-N3
3.00682E-04
5.44531E-04
3.64769E-04
2.40833E-04
1.56815E-C4
1.C0763E-04
6+39329E-05
4.00799E-05
2.48413E-05
1.52314E-05
9.24464E-06
5.55772E-06
3.,31156L-06
1.95692E-06
1.14760E-06
6.68287£-07
3.86699E-07
2.22487E-07
1.27362E£-07
7.25891E-08
4,12185E-08
2e33347E-D8
1.31796E-28
7.43195E-09
4,18716t-09
2.35271E-929
1.32953E-09
7.50456£-10
4,24527€E-10

SUM S{J) FOR R =

F(J)
3.73018E-01
9.47244E-C1
9.22053E~01
8.98017E~11
8.74913E£-C1
8.527T16E~-C1
8.314323E~01
8.1C952E-01
7.91339E£-01
T.72543E-01
T.54543E-01
T.37319E-0
7.208510-C1
T.05121E-01
6.,9C1120E-01
6.758G0E-C1
6.62174E-01
6.49216E-01
6.3¢9170E-01
6.252400-0G1
64.14193E-01
6.,(3755E~"1
5.93912E-C1
5.84652F-0'1

5.75963E-11
5.67834E-11
5.60254E-31

5.53214E~31
5.46703E-01
5.40713E-01
5.35237E-C1
5.30267E-01
5.25796£-31
5.21818E-01
5.18328E-01
5.15321E-01
5.12793E-C1
5.10745E~C1
5.,09160E-01
5.58350E-01
5.27T409E-01
5,07236E-01
5.07531E~01
5.08294E-C1
5.09526E-01
5.11229E-01
5.13405E-C1
5.16057C-N1
5.19190E-71
5.22806E£-01
5.2¢6912€-01

3 T0V =2

3¢00.0 DELG.

P BR

S{J)

6.6T637TE-03
1.31172E-C2
1.89484E-02
2438534E-02
2.7€¢C11E-02
3.00642E-02
3.,12226E-02
3.11549€-C2
3.502040-02
2.80328E-02
2+54331E-02
2.24638E£-02
1.934656£-02
1.62681E-02
1.33711€-02
1.07526E-02
8.46771F-03
5.53534E-03
4.94T02E-G3
3.67535F-03
2.68180E-03
1.92313E-03
1.35618E-03
3.4107T7TE-D4
6£.42979E-04
4.32805E-C4
2.27194E-24
1.875376E-04
1.21433E-24
T+.74699C-05
4,28377E-05
3.34412F-05
1.87721E-05
1.14598E~05
6.92971C=05
44.15333E-06
2.46883E-CH
1.45637€E-06
£.53135€-07
4.96630E-07
2.87427E-07
1.65527E-07
9.49138E-08
5.42264E-08
3.08907E-08
1.75589E-08
3.9667T3E-09
5.65371E-09
3.20771E-09
1.82181FE-09

3.06925753E-31 SUM S(J) FOR

TRANSITIONS

K

ANCH

F(J)

1.02832¢E
1.057359€E
1.08726C
1.11855E
1.15099¢E
1.18460LC
1.21942E
1.25549¢E
1.29282¢€
1.33146E
1.37144E
1.41273C
1.45554C
1.49974E
1.54541¢
1.5925672E
1.64134E
1.69167E
1.74362C

OF HF

00

0n
00
90
00
09
ac
32
5o
I
J0
30
na
o0
an
00
00

0C

1.79724E 9O

1.85257E
1.90964E
1.96250C
2.22918C
2.09174E
2.15622C
2.22204C
2.29128E
2.36155¢
2.43412C
2.50883k
2.58573E
2.66485E
2.74626C
2.822999E
2.91611E
3.00465E
3.N9567E
3.18923E
3.28536E
3.38414E
3.48560E
3.58920E
3.6968GE
3.806065E
3.91941E
4,03514E
4,15389L
4,27512€E
4.40068E

P = 3.80730620E-91

ac
ac
el
an



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

) G

DOV ODNCV DN -

o

e e
V1PN e

AN DN P s s
N = DL GO

NN NN
[0 ARG I S RENN]

W W N NN
— OO0 G~

[SSINVE Y]
S W

35
36
37
3g
39
40
41
42
43
44
45
46
47
48
49
5¢

TEMPERATURE

0]

R BRANCH

S{J)
4.41137E-03
8.48636E-03
1.20372E-02
1.49210€-02
1.70491E-02
1.83898E-02
1.89658E-02
1.88465E-02
1.81358E-02
1.69596E-02
1.54519E-02
1.37435E-02
1.19520E-02
1.01758E-02
8.49108E~03
6+950T3E-G3
5.58652E-923
4.41194C-03
3.42612E-03
2.61783E-33
1.95948£-03
1.45971E-03
1.06648E-03
7.68532C-04

- 5.46558E-04

3.83812E~04
2.662B6E-04
1.82626E-04
1.23878E-04
B+31542E-05
5.52665E-05
3.63884E-05
2.37478£-05
1.53701E-05
9.87C88E-06
6.29363E-06
3.986C9E-06
2.50919E-06
1.57CT72E-06
9.78328E-07
6.06647E-07
3.74713€-07
2.30686E-07
1.41630E-07
8.67669E-08
5.30740E-08
3.24339E-08
1.98141E-08
1.21083E-08
7.40629E-09
4.53748E-09

SuM S(J) FOR R =

FLJ)
9,73018C-01
9.47044E-01
9.22053E~C1
8.98017E-01
8,74913E-21
8.52716E-01
8.31403E-01
8.10952€-01
T.91339E-C1
T.72543E-01
T.54543E-01
T7.37319E-01
7.25851E-01
7.05121¢6-91
6.50110E-21
6.75800E-01
6.62174E-91
6.49216E-C1
6.36912c~C1
6.25240E-01
6.14193E-21
6.,23755E-01
5.93912E-21
5.84652E-01
5.75963E-021
5.067834E-01
5.60254E~01
5.53214E-21
5.,467T0G3E-T1
5.40713E~-01
5.35237E£-C1
5.30267E-71
5.25796E-0C1
5.21818E-01
5.18328E-51
5.15321€-31
5.12793E=01
5.1074CE-01
5.09162E-01
5.0805%E-01
5.07409E-21
5.07236E-C1
5.07531E-01
5.08294E-01
5.C09526E-01
5.11229C-01
5.13405E-01
5.16057E-71
5.19190E-01
5.22806E~-01
5.26912E-01

2 TO V = 2 TRANSITIONS

3500.0 DEG.

P BRANCH
St FtJ)
4.52967E-C3 1.02852€E
8.94744E-03 1.05739E
1.35309€E-02 1.08726t
1.65843E-02 1.11855C
1.94545€E-02 1.15099E
2415416E-02 1.1846CE
2.28043E-02 1.21942E
2.32575€E-02 1.25549¢E
2.29668BE-32 1.29232E
2.20366E-02 1.33146C
2.05969E-02 1.37144C
1.87893E-22 1.41279¢E
1.67565E-02 1.45554E
1.46261E-02 1.49974¢t
1.25092E-02 1.54541E
1.04927E-022 1.59260E
8.63897E-03 1.64134E
5.98681E~03 1.69167E
5+55438E-03 1.74362E
4.34323E-03 1.79724E
3.34254E-03 1.85257E
2.53327£-03 1.99964E
1.,89179€-03 1.96855E
1.39281F-03 2.02918¢C
1.01152E-03 2.06174E
7.25018E-04 2.15622E
5.13152€-04 2.22264E
3.58834C-04 2.29158E
2.48037E-04 2.36155E
1.69567E-04 2.43412E
1.14708E-1¢4 2.50883E
T.68237E+05 2.58573E
5.09655E-05 2.66485E
3.35C90£-05 2.74626E
2.18464E-05 2.82999E
1,41306E-05 2.91611E
9.07268L-06 3.00465C
5.78544E-G5 3.09567E
3.66608E-05 3.18923¢E
2.3C978E-06 3.28536L
1.44772E-056 3.38414E
9.03214E-07 3.4856CC
5.61231E-07 3.5898CE
3.47532E-07 3.6968CE
2.14593E-07 3.80665¢E
1.32212€E-07 3.91941¢E
8.13281E-08 4.,23514E
4.99819E£-08 4.15389E
3.07104E-08 4.27572E
1.88785E-D8 4.40068E

2.38018066E-01 SUM S(J) FOR P

= 3.06971365€-01

OF HF

33
09
a5
29
00
20
op
20
o
00
29
90
00
50
Sle
02
Bl
on
Ol
22
09
00
00
20
20
00
09
[2)e}
09
00
00

99



100

STRENGTHS AND F FACTORS OF THE V

WILLOW RUN LABORATORIES

210V =2

TEMPERATURE = 4000.0 DEG.
R BRANCH P BR
J StJ) FLd) SJ)
it 3.09650E-03 9.73018E-01
1 5.97067E-03 9.47044E-01 3.,184772-03
2 8.50629(-03 9.22053E-C1 £.31583E-03
3 1.06129E-02 8,98017E-01 9.254220-03
4 1.22308E-02 B8.74913E-C1 1.18735€E-02
5 1.33337E-02 B.52716E-01 1.40710€E-C2
6 1.39270E-02 8.31453C-31 1.57725€-02
7 1.40447E-02 Be10952L-01 1.69369E£-02
8 1.374330-02 7.91339E-01 1.75573E-C2
9 1.30953E£-02 1.72543E-01 1.76578E~-22
10 1.21811E-02 7.545435-31 1.72894E-02
11 1.17828€E-22 7.37319E-"71 1.65228E-22
12 9.87824E-03 7.20851C-01 1.544130-C2
13 8.636130-03 7.05121E-01 1.41333E-C2
14 7.41363L-03 6.93110E-C1 1.268518~02
15 6.25478E-03 6.75830E-21 1.11762E-02
16 5.19057€-03 6.62174E~01 G.67448E-03
17 4.23992E-03 6.49216E-C1 8.23448E-03
18 3.41138C-03 6.36910E-01 6.89649E£-03
19 2.73523E-03 6.25247E-11 5.687710-03
20 2.11561E-03 6.14193E-01 4.62024E-03
21 1.63257£-03 «23755E£-01 3.70012E£-03
22 1.24379E-03 5.93912E-351 2.92262E-03
23 9.36222E-04 5.84652E-"01 2.21802E-03
24 6.96171C0-04 5.75963E-31 1.75303F-03
25 5.11983L-04 5.67834E-01 " 1.33255E-03
26 3.72495C-C4 5.60254E-01 1.00103E-03
27 2.682400-n4 5.53214E-01 7.435026-04
28 1.91283E-04 5.46743E-C1 5.46255C-04
29 1.351420-N4 5.4C7T13E-C1 3.97180E-04
35 9.46393E-C5 5.35237€-vl 2.85928E-0¢
31 6.57249E-05 5.30267E-71 2.03894E-04
32 4.52870E-05 5.25796E-71 1.440880-C4
33 3.09748E-05 5.21818E~01 1.0G955E-04
34 2.10450E-05 5.18328E£-01 7.01623E-C5
35 1.42000E-05 5.15321E-01 4.83899L-05
36 9.52683E-06 5.12793E~01 3.31347€£-05
37 6.35670C-06 5.10740E-01 2.25366C-05
3e 4.22036L-06 5.0916%0-01 1.52327E-05
39 2.78941E-06 5.538C50E£-21 1.02366E£-05
40 1.83625E-06 5.07409E-C1 6.84272F-06
41 1.25454£-G6 5.,07226E-01 4,55208E-05
42 7.87T758E-07 5.07531E-01 3.01519€E-25%
43 5.138860-07 5.,08294C-01 1.98957£-06
44 3.34551C-07 5.09526E-91 1.308B47E-06
45 2.17471C-07 5.11229E-01 B.58148E~C7
46 1.41224E-07 5.13405E-C01 5.61543E-37
47 9.16664E£-78 5.16057E-u1 3.66832E-27
48 5.95031E-08 5.1919CE-D1 2.39366E-27
49 3.86483E-(8 5,22806E-01 1.56107E-07
51 2.51316E-08 5.26912E-91 1.018160-07
SUM S{J) FOR R = 1.87958188E-01 SUM S(J) FOR

TRANSITICNS
K
ANCH

FtJ)

1.02802E
1.05709E
1.0872¢C
1.,11855E
1,15099C
1.12460E
1.21942¢
1.25549¢E
1.29282¢€
1.33146E
1.37144¢C
1.41279E
1.45554¢E
1.46974¢
1.54541E
1.59260F
1.64134E
1.69167E
1.74362F
1.79724E
1.85257E
1.90964E
1.9685G0C
2.02918¢E
2.09174E
2.15622E
2.22264E
2.29108EC
2.36155¢E
2.43412E
2.50883E
2.58573E
2.66485C
2.74626E
2.82999¢L
2.91611E
3.00465¢E
3.09567E
3.18923¢
3.28536E

«38414L
3.4856CE
3.58G80E
3.69680L
3.806¢€65E
3.91941E
4.N3514E
4.15389¢E
4.27572¢€
4,40068E

P =

OF

ee
o]
o0
a9
ce
00
o0
a0

n
095
073
00
Di&
0o
02
00
0d¢
02
00
Q0

00
Do
00
Go
o))
00
6o

~
i

G0

o O
o O

eI WiRes]

<
L85 BN I G e I 0 I

O OGO
)

<

SO OO
OO OO0

O O
[ ]

Q0
0o
G

‘HF

2.50613302€-01



STRENGTHS AND F FACTORS OF THE

1¢
11
12
13
14
15
16
17
1€
19
25
21
22
23
24
25
26
27
28
29
30
31
32
32
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

WILLOW RUN LABORATORIES

TEMPERATURE

R BRANCH

StJ)
2.237C3E-03
4.32140£-03
6.17796E-03
7.74719E-03
6.98821E-03
3.88032E-03
1.04225E-02
1.06319E-02
1.05404E-02
1.01910E~-02
9.63365E-03
8.92110c-03
8.12510E-03
7.23349E-03
6.34821E-03
5.48292E-03
4.66458E-03
3.91150E-03
3.23506E-03
2.6435C0E-03
2.12812E-03
1.69450£-03
1.33366E£-03

1.03803E-03

T.99382E-04
6.09356E-04
4,620004E-04
3.44049E-04
2.55058E-04
1.87503E-0D4
1.36746E-N4
9.89813E-05
7.11386E-05
5.07877E-05
3.606329E-05
2.54164E-05
1.78314E-05
1.24481E-05
8.65069E-06
5.98708E~06
4.12841E-06
2.83754E-C6
1.94482E-06
1.32981E-06
9.07526E-07
6.18420E-07
4,20975E-07
2.86401E-07
1.94822E-07
1.32569E-07
9.028C5E-N8

SUM S(J) FOR R =

FlJ)
9.73018E-01
9,47044E-01
9.22053E~01
8.98017C-01
8.74913E~01
8.52716E-01
8431403E-C1
B.10952E-01

. T7.91339E-C1

T.72543E-01
T.54543E-71
7.37319E-01
7.20851€~-721
7.05121E-C1
6.9C011CE-C1
6.75820E-01
6.62174E-01
6.49216£-C1
6.36917E-21
6.25240E-01
6.14193C-01
6.03755E-21
5.939126-"1
5.84652E-301
5.759¢3E~01
5.67834E-01
5.602548-01

«53214C-01
5.467C3E-01
5.40713E-D1
5.35237E-01
5.302¢7TE-%1
5.257G6E~01
5.21818E-C1
5.18328E-01
5.15321E-01
5.12792E-C1
5.10740E-01
5.0916%E-01
5.08050£-01

5.074C9E-01

5.07236E-01
5.L7531E-01
5.,08294E-01
5.09526E-01
5.11229E-01
5.134C5E-01
5.16057E-01
5.19190E~-01
5.22806E-01
5.26912E-C1

1.5C640316E-C1 SUM

S T0vV =2

4500.C DEG.

P BR

StJ)

2.30356£-03
4.58212€-03
6.T74504E-03
8.7C86TE-C3
1.04019£-02
1.17704E-02
1.27797€-02
1.34157E-02
1.36849E-02
1.36111£-02
1.,32332E-C2
1.26003E-C2
1.17677€-02
1,07925E-52
9.73C05E-03
8.63066E-03
7.53768E-03
€.48621E-03
5.50261E-03
4,60489E-03
3.80339E-03
3.15201E-C3
2.49945E-03
1.99C56E-03
1.56752E-03
1.22124E-03
9.41615E-04
T.18842E-04
5.43577TE-C4
4.07322E-C4
3.02582E-0C4
2.22924E-04
1.62950E-0¢4
1.18227€-04
B.51762E-05
5.09597E~05
4.33579£-05
3.06601E-05
2.15648E-05
1.506925€E-05
1.05151E-05
7.29608F-06
5.0440G5E-06
3.47600E-06
2.388B6E-D6
1.638C1E-06
1.12115E-06
7.66400E-07
5.23491€-07
3.57483F-07

S{J) FOR

TRANSITIONS
K
ANCH
F(J)
1.02832E

1.0M5739E
1.08726E

1.11855E

1.15C99¢E
1.18460E
1.21942¢
1.25549¢
l1.29282¢:
1.33146¢
1.37144E
1.41279¢
1.45554¢
1.49974¢
1.54541¢E
1.592635¢E
1.64134E
1.691¢67E
1.74362¢E
1.79724€
1.85257E
1.9C5648
1.9685CE
2.02918E
2.09174E
2.15622E

2.22264C

2.29108E
2.36155¢
2.43412E
2.50883E
2.58573E
2.66485E
2.74626E
2.82999E
2.91611¢
3.00465E
3.09567¢E
3.18923E
3.28536E
3.38414¢L
3.485060E
3.5898CE
3.69680C
3.82665E
3.91941¢
4.03514E
4.15389E
4.27572E
4.40068E

P =

OF

o0V OOO
32D DD OO

)
o

L)
VD OO T

3Oy O ¢

SO O DA
oo

<
DQC

o0

[& R )
OO

30
00

(]
y
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(&
O CC

TOOCOoOOOCC
D QOO O

OO O D
D DD

<

oo
o
00
00
0o
ocC
0 Ci

HF

2.06781C45E-01



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS GF THE V = 0 TO V = 2 TRANSITIONS OF HF

102

TEMPERATURE = 5020.0 DEG. K
R BRANCH P BRANCH

J St F(Jd) St F(J)

G 1.65479E-03 9.73018E-0C1

1 3.20144€-03 9.47044E-01 1.70551€E-03 1.02832t 2¢C
2 4.58966E-03 9.22053E-01 3.40062E-03 1.05709t 00
3 5.77902€-03 8.98017E-01 5.02429F-03 1.08726E 0C
4 6.74090C-03 8.74913E-C1 6.51926E-03 1.11855c 0C
5 T7.45944E-03 B.52716E-01 7.83558E-03 1.,15099t 00
6 7.93142E-03 8.31403E-G1 8.93337F-03 1.18460E 00
7 8.16546E-03 8.1C952€E-01 9.78490E-03 1.21942€ 00
8 8.18G14E-03 7.31339E-C1 1.03755E-02 1.25549E 00
9 2.00191E-03 7.72543E-01 1.07035E-02 1.29282E 30
16 7.66258E-03 7.54543€-01 1.07797E-02 1.33146E 00
11 7.19670E-03 7.37319E-01 1.06249E-02 1.37144& 00
12 6.63929E-03 7.2C851E-01 1.02685E-02 1.41279E 00
13 6.02372E-03 7.05121E-01 9.74529E-03 1.45554E 40
14 5.38044E-03 6.9U110E-01 9.09290E-03 1.49974E 00
15 4,73525E-03 6.758C0E~01 8.34951E-03 1.54541E 00
16 4.,10938E-03 6.62174E-C1 7.55159E-03 1.59260E U6
17 3.51294E£-03 6.4921¢E-01 6.73211E-03 1.64134E 00
18 2.9752GE-03 6.36910E-21 5.91948E£-23 1.69167C 00
19 2.48504E-03 6.25240E-01 5.13676E-03 l.74362C 00
26 2.05161£-03 6.14193E-01 4.40154E-03 1.79724L 00
21 1.67501C-03 6.03755E-01 3.726N28-03 1.85257E 00
22 1.35304E-03 5.93912€-01 3.117596-03 1.9C964E 00
23 1.08185E-03 5.84652E-01 2.57940E-03 1.9685CC 00
24 8.56609E~-04 5.75963E~C1 2.11123€E-03 2.02918E 0C
25 6.71963E-04 5.67834E-01 1.71020E-D3 2.09174E OO0
26 5.224430-04 5.6G254E-01 1.37161€-03 2.15622E GO
27 4,02756E-04 5.53214E-01 1.08958E-03 2.22264E 00
28 3.07987E~-04 5.46703E-01 £.5T75634E-04 2.291J8E 00
29 2.33714E-04 5.4GT13E-01 6.69153E-04 2.36155E 00
30 1.76065E-0D4 5.35237E-01 5.17718E-04 2.43412E 00
31 1.31725E-04 5.30267E-01 3,97348BF-04 2.50883E 00
32 9,79136£-05 5.25796E-01 3.02636E-04 2.58573E 00
33 7.23377E-05 5.21818E-01 2.28824C-04 2.664385E 00
34 5.31377E-05 5.18328E-01 1.71822E-04 2.74626E 00
35 3.88262E-05 5.15321E-01 1.28177E-04 2.82999L 00
36 2.82292E-05 5.12793€E-01 9.5C291E-05 2.91611E 0N
37 2.04311€-05 5.10740E-01 T.0C463E-05 3.00465E 00
38 1.47256E-05 5.09160E~01 5.13510E-05 3.09567E 00
39 1.05731E-05 5.08050E-01 3.74559E-05 3.18923E 00
40 7.56583E-06 5.07409E-01 2.71932E-05 3.28536E 00
41 5.39756E-06 5.07236€E-01 1.96579€-05 3.38414E 00
42 3.84055E-C6 5.07531E~01 1.41552€E-05 3.48560E 09
43 2.72654E-06 5.08294E~01 1.01571E-05 3.58980E 00
44 1.93207E-06 5.09526E-01 T.26566E£-056 3.69680E GO
45 1.36709E-06 5.11229E-01 5.18330E-06 3.80665E 00
46 9.66278E-07 5.13405E-01 3.68930E-06 3.91941E 00
47 6.82515E-07 5.16057E-01 2.62106E-~05 4.03514C 0OC
48 4.81945E-07 5.19190E-01 1.85949E-05 4.,15389E 00
49 3,40354E-07 5.22806E-01 1.31793E-06 4,27572E 00
50 2.40484E-07 5.26912€~-01 9.33630E-07 4.40068L 00

SUM S(J) FOR R =

1.22257257E-01 SUM S(J) FOR P =

1.72211607E-01



WILLOW RUN

LABORATORIES

STRENGTHS AND F FACTORS OF THE Vv = C TO V = 3 TRANSITIONS OF HF

TEMPERATURE = 273.3 DEG. K
R BRANCH P BRANCH

J S(J} FLJ) SJ) F(J)

C 4.17074E-G2 9.86606E-01

1 6.652B81E-C2 9.742085E-T1 3.43244E£-02 1.21449E OC
2 6.41510E-02 9.63017E-71 4,50169E-02 1.030238E 00
3 4.43441E-02 9.52785E£-01 3.57280E-02 l.C4€682E 00
4 2.31942€-02 9.43574E-C1 2.03411E-02 1.06472C 00
5 9.41029E-03 9.35369E-01 £.,77095E-03 1.C8380E QL
6 3.00319E-03 9.28158E-C1 2.93693E-03 1.10410E 20
7 7.£0842E-04 9.21931E-01 T.T4620E~04 1.12564E VO
& 1.54547E-04  9.16676E-C1 1.62443E-04 l.148460 0OF
9 2.59621E-GC5 9.12386E-01 2.72736E-05 1.17258E 90
17 3.23184E-06 9.09055E-01 3.68691E-C6 1.16824E 07
11 3.50586E~-07 9.,06676E~01 4.03274E-07 1.22487E QO
1z 3.04011E-C8 9.05247E-C1 3.58534€E-08 1.253126 0O<
13 2.15524E-09 9.04765E-C1 2.6G219F-09 1.28281E 07
14 1.25426E-10 9.052298-01 1.546416-10 1.31399E 47
15 6.01680E-12 9.06640E~01 7.56625E-12 1.3467CC Of
1¢ 2.38928E~-13 9.C09001E-01 3.07358E~13 1.38098L Ou
17 7.88216€-15 9.12315E-C1 1.03432E-14 1.41688C 27
18 2.17486E-16 9.16586E~T1 2.,906412E-16 l.45444E D0
19 5.03063E-18 9.21823E-01 6£.83520LC~-18 1.49375E 00
20 9.80853E-20 9.28532E-01 1.35485E-19 1.53471¢ OC
21 1.61988E-21 9.35225E-01 2.27296E-21 1.577540 G7
22 2.27733E-23 9,43410E-01 3.24351E£-23 1.62222E OO0
23 2.713942E-25 9.526(3E-C1 3.95724L-25 l.668805 Q7
24 2.83439E-27 9.62815E-C1 4.149650-27 1.71735E 03
2% 2.53611E-29 9.74064E-21 3.76023E-25 1.76792% 0N
26 1.97320£-31 9.86365E-C1 2.96069E-31 1.82056C 0O
27 1.34249E-33 9.99738E-01 2.03703E-33 1.87534C 0C
28 8,03309E-36 1.01423C 0 1.231756-35 1.93231€ 0%
29 .0COCOE 00 1.02978E GO LCULO0E GO 1.99154E 92
30 .0G00JE 00 1.04650E O3 +00O00E 00 2.053090 0%
31 .UGO0LOE 00 1.06437E GO «0D3GO0E 00 2.11702E GI
32 .000COE 00 1.08343E 00 .0C000E 00 2.18341t O°
33 .0COCOE 00 1.1¢371E 0O .00000E 00 2.25230C 0O
34 .0UN02E 00 1.12522E 20 .00000E GO 2.32379E 0G
35 .G0C00E 00 1.14832E 00 .0CUD0E 0D 2.39793E 0O
36 .C00G0E 00 1.17211E &9 LCC00200E 00 2.4T4BCE Dy
37 LOULOGOE 00 1.19755E u?) «GUU00E 03 2.55448E 07
38 <OG0N00E 00 1.22436E GO .00000E 00 2.63703L OC
39 .0000N0E 00 1.25257& 00 .000003E CO 2.72253E 0OC
40 .0G60GOE OO0 1.28224E 02 »0LJDOE GO 2.81107E OC
41 LO00CG0E 00 1.31339C 02 SO0200DE GO 2.90272E 07
42 .00NCOE 09 1.346C7C 02 .000%0E 00 2.997506E 0OC
43 «00020E 00 1.38333E G5 .0C000F 0D 3.09567C OF
44 .GO0O00E 00 1.416160 C7 .0C0GOE 00 3.19715E 0O
45 .0J000E 00 1.45371E UG L00000C 00 3.302726E 02
46 .00000E 00 1.49294E CO .00000E 0D 3.41051E O~
47 .000NGOE GO 1.53393E 00 .00000E 0D 3.52258E G2
48 .00COCE OC 1.576728 00 .0002C0E 00 3.63835E G7
49 .00300E 00 1.62136E 00 .0C00NE €D 3.75793LC 00
G .00N00OE 00 1.66791C 4T .0CD0NE 00 3.88140t OO

SUM StUJ)

FOR R =

2.53281850F-21 SUM

S(J) FOR P

= 1.48066749E-C1



104

WILLOW RUN

STRENGTHS AND F FACTORS OF THE V

[Vole BN e SRE N S B EV R SN L o

TEMPERATURE

R BRANCH

S(J)
2.25578E-02
3.81322E-02
4,12854E-02
3.39504E-02
2.23768E-02
1.21144E-D2
5.46106E-023
2.06782E-03
6.61781E-04
1.79885E-04
4,16994E~05
8.27374E~06
1.40989E-06
2.07014E-07
2.62747E-08
2.89198E-09
2.76935£-10
2.31482E-11
1.69463CE-12
1.09030E-13
6.18673E-15
3.10735E-16
1.38656E-17
5.51769E-19
1.96575£-20C
6.294T4€-22
1.81914E-23
4.76417€E-25
1.13548E-26
2.47349£-28
4.94636E-30
9.12102€E-32
1.55798E-33
2.47658E-35

.00000E 00
.COGO0E 00
.(GJC00E 00
.00000F 0O
.00G00E 00
.0000CE 00
.00000E 00
.000DGE 00
.00000E 00
.000C0E 00
.030C2E 00
.020200E 00
.000C0E 00
.00000E 00
.3C000E 00
.00000E 00
.00000E 00

SUM S(J) FOR R =

F(J)
9.86606E-01
9.74285E-01
9.63017€E-21
9.52785E-C1
9.43574C-C1
9,35369E-C1
9,28158E~-C1
9.21931E-C1
9.16676E-01
9.12386E-01
9.09055E-01
9.C6676E-01
9.05247E-01
9.04765E-01
9.05229E-01
9.06640E-01
9.09001E-01
9.12315E-301
9.16586E-C1
9,21823E-01
9.28032E-01
9.35225E-01
9.43410E-01
9.52603E-01
9.62815E-C1
9.74064E-01
2.86365E-01
9.99738E-C1
1.061420E OO
1.02978E 00
1.04650E (0
1.06437E CC
1.08343E &3

1.106371€ 00

1.12522E 09
1.14802E (O
1.17211E 0D
1.19755€ 00
1.22436E 09
1.25257L 00
1.28224E 00
1.31339€ 00
1.34607E 0D
1.38033E 09
1.41619E €3
1.45371C 00
1.49294E 00
1.53393E 00
1.57672E 02
1.62136E 00
1.66791E 09

LABORATORIES

C TO V = 3 TRANSITIONS

1.78837167E-01 SUM S({J) FOR P

373.3 DEG.
P BRANCH
S{J) F{J)

. 1.96613E-02 1.01449E
2.89714E-C2 1.03008E
2.73539E-02 1.04682E
1.96242E-02 1.06472E
1.12913E-22 1.7838CE
5.34057E-C3 1.10410C¢E
2.10527E-C3 1.12564E
£.97E49E-C4 1.14846E
1.95757E-04 1.17258E
4,67039E-05 1.198304E
9.51717E-06 1.22487¢
1.66275E-06 1.25312C
2.49945F-07 1.28281€
3.24367E-08 1.31399¢E
3.64633E-09 1.34670CE
3.562500-1D 1.38098E
3.03525F-11 1.41688E
2.2628TE-12 1.45444¢E
1.48137€-13 1.49370E
8.,54572E-15 1.53471E
4.36C012E-16 1.57754¢
1.97482E-17 1.62222E
7.97061£-19 1.66388CE
2.87793E-23 1.71735¢E
9.333C06E-22 1.76792C
2.72953E-23 1.82056E
7.22892E-25 1.87534¢E
1.74108E-26 1.93231¢E
3.83002E-28 1.99154E
7.72906E-30 2.053009E
1.43728E-31 2.11752E
2e4T416E-33 2.18341C
3.96097E-35 2.25230E
5.925380-37 2.32379E

.0GCOOE (D 2.39793E
.00ONOE 0D 2.47480E
.CCGOUO0E 0D 2.55448C
.D0000E OO 2.63703E
.02000E 0O 2.72253E
.00000C 0D 2.81107E&
.00CO0E 00 2.9C272¢
.00000E 00 2.99756¢E
.CO000E 0D 3.09567E
«00J00%E 00 3.19715E
.0N00C0E 00 3.30206E
.00000€ 00 3.41051C
.00000E 00 3.52258E
.00020F 00 3.63835¢L
.00000E 00 3.,75793E
.00000E 0D 3.88140E

= 1,15299766E-01

OF HF
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WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE vV = 0 TO V = 3 TRANSITIONS OF HF

TEMPERATURE = 530.2 DEG. K
R BRANCH P BRANCH

J S{J) F(J) SJ) FJ)

iJ 1.26474E-02 9.86606E-"1

1 2.22542E-02 9.74285E-"1 1.14751£-02 1.01449C 00
2 2.61293E-02 9.632175-01 1.83218E-C2 1.03048E ©2
3 2.42143C0-02 9.52785E-L1 1.95395£-02 1.04682E 20
4 1.87311E-02 9.43574E-01 1.64270E-02 1.06472E8 o0
5 1.23831€-02 9.35369E-C1 1.15418E-02 1.08380C 00
6 T7.09358C-03 9.281%8E-01 6.93413E-23 1.10410E ©OC
7 3.54637E~-0C3 9.21931E-C1 3.61062E-23 1.12564C 0
& 1.55845E-73 9.166T6E-C1 1.64338E-23 l.14846C 50
Y 6.04435E-C4 9.12386C~-21 6.57TT68E-C4 1.17258E ¢
1o 2.07656E-04 9.09C55E~01 2.32578E-04 1.19824E 00
11 6.33948E-C5 9.06676E-1 7.6292228-05 1.22487C 230
12 1.72474E-C5 3.05247E-171 2.03406FE-(5 1.25312E 26
13 4.,19300E-C6 G.04765E-"1 5.06253E-06 1.28281€ €2
14 9.13248E-07 9.05229E~31 1.12742E-06 1.31399E $o&
15 1.78661E-07 9.0664CE-C01 2.25264E-07 l.34670E GO
16 3.14746C-08 9.,C90C1E~-"1 4.04890E-358 1.38Mn98E 27
17 5.CC602E-09 9.12315E-C1 6.56402E-09 1.41688E 00
1y 7.2CT10E-10 9.16586E-C1 9.62376E£-10 1.45444C GO
19 9.41699t~11 9.21823E-01 1.27946E-10 1.49374C 0o
24 1.11975E-11 9.28032E-"1 1.54671E-11 1.53471E 20
21 1.21531€C-12 9.35225E-01 1.70486E-12 1.57754E 00
22 1.206460-13 9,43410E~01 1.71832E-13 1.62222& 00
23 1.09943E-14 9.526030-C1 1.58819€-14 1.6688CE GU
24 9.22175E-1¢ 9.628150-"1 1.35010E-15 1.71735E 090
25 T.14788E-17 9.T74564E~11 1.05876E-16 1.76792E 0C
26 5.,12045E-18 G.66365E-71 T.68299E-18 1.820%6t CC
27 3.41C61€E-19 9.99738E-11 5.17529E-19 1.87534E 0D
2¢& 2.11691E-20 1.71427°E U3 3.24595F-20 1.93231E $2
29 l.22834C-21 1.02978E 22 1.90200€-21 1.99154F Q0
30 6.68515E-23 1.04650E O0 1.04461£-22 2.05349e 00
31 3.42397L-24 1.06437E 0C 5.39546E~24 2.117352C 90
32 1.65598E£-25 1.08343E 77 2.62979E-25 2.183418 20
33 7.58911€E-27 L.1U371E o0 1.21378E-26 2.2523CE OC
34 3.30725E£-28 1.12522¢8 .0 5.32378E-28 2.32379C Qo
35 1.375458-29 1.148028 O 2.22704E-29 24397938 0
36 5.47909E-31 1.17211C 7 8.91782£-31 2.4743CE (7
a7 2.09036E~-32 1.19755E 002 3.43113E-32 2.55448L OC
3& 7.75550E-34 1.22436C G0 1.27328E£-33 2.63703E 00
39 2.7T77C8E-35 1.252578 CO 4¢57523E-35 2.72253E 0C
4 9.67254E-37 1.28224E CU 1.598248-36 2.81107E vu
41 .000C0E 00 1.31339€ 05 .00000C 0D 2.90272E 00
42 .030C0E 00 1.34607E OC LOCGCODE €D 2997561 00
473 «C0QC00E 00 1.38033E 00 SO0C00F 00 3.09567€ OO
44 L000002E 00 1.41619E CD LO0000E 00 3.19715E GO
45 .00C00E 0O 1.45371E &0 .00g0oL oo 3.30286E 3G
46 .00C00E €O 1.49294F € .QUCCOE 00 34410518 GO
47 .COCGOE €O 1.53393E 00 .CO500E 00 3.52258E QU
48 .02G00E OC 1.57672E 00 .000C0E 00 3.63835E GO
49 .000C0E 00 1.62136E QG .0G00DE 0D 3.75793E 00
55 .00500E 00 1.66791E 09 .0NCCONE GO 3.88140t 20

SUM S({J) FOR R =

1.29432827E-01 SUM S({J) FOR P

= 9.24533017E-32



WILLOW RUN LABORATORIES

STRENGTHS AND F. FACTORS OF THE V = 5 TO V = 3 TRANSITIONS OF HF

106

TEMPERATURE = 10C0.0 DEG. K
R BRANCH P BRANCH

J SiJ) FJ) SJY FLJ)

¢ 3.17095€-03 9.866C€6E-21

1 5.91957€-03 9.74285E£-01 3.05235E-03 1.01449E 00
2 7.81666E-03 9.63017E-01 5.48521E-03 1.235C8E 00
3 8.65446E-03 9.52785E~01 6.97291E-0C3 1.04682E 00
4 B.47565E-03 9.435T4E-01 T.43306E-C3 1.06472€ 00
5 7.52059E-03 9.35369E-01  7.00963E-0C3 1.08380E 06
6 6.12539E~03 9.28158E~01 5.99024E~-C3 1.1541CE 00
7 4.61628E-03 9.21931E-01 4.69988E-03 1.12564E Q9
g 3.23641E-03 9.1667€E-21 3.41280E-03 1.14846E 00
9 2.11907£-03 9.12386E-01 2.30605E-03 1.17258C 0C
10 1.29971£-03 9.090585E~-01 1.45570€6-03 1.198354E Q0
11 T.48581E-04 9.066T6E~UL 8.61083E-04 «22487E O0
12 4.05725E-04 9.05247€-C1 4.78489E-04 1.25312E 20
13 2.07318E-04 9.04765E-01  2.5C312E-(0¢4 1.28281E 00
14 1.00046E-04 9.05229E-01 1.23508E-04 1.31399E OC
15 4.,56684E-05 9.06640E-01 5.758C07E-05 1.34670E 00
16 1.97497E-05 9.09001E~01 2.54060E-05 1.38098E 0OC
17 8.10371E-06 9.12315€-01 1.06252E-05 1.41688E 00
18 3.15962E-06 9.16586E-01 4.21909E-06 1.45444E 00
19 1.17234E-06 9.21823E-01 1.59282E-36 1.493752 0O°
20 4.14552E-07 9.28032E-01 5.72620E-07 1.53471€ 00
21 1.39914E-07 9.35225E~01 1.96322€-07 1.57754E 00
22 4.51385E£-08 9.43410E-C1 6.42888E-08 1.62222E 00
23 1.39411E-08 9.52603E-01 2.01386£-08 1.66880E 0C
24 4,12833E-09 3.62815E~01 6.04401E-09 1.71735E 2JC
25 1.17397€-09 9.74064E-01 1.74361E-09 1.767328 00
26 3.21088E-10 9.86365£-01 4.81776E-1D 1.82056E 00
27 8.46003E-11 3.99738E-01 1.28368E-10 1.87534E 00
28 2.15082E-11 1.01420E €O 3.29794E~-11 1.93231E 0OC
29 5.28485E-12 1.02978E 00 8.18318E-12 1.99154E 00
3¢ 1.25714E-12 1.04650E 0OC 1.96437E-12 2.C5359E OC
31 2.899G93C=13 1.06437E 002 4.56965E~13 2.117C2E 00
32 6.49819E~14 1.08343E 00 1.03194E-13 2.18341E 00
33 1.41695E-14 1.10371E 0D 2.26621E-1% 2.25230£ 00
34 3.01192€-15 1.12522E 00C 4.84832E-15 2.32379E 0Ov
35 6.25228E-16 1.148C2E 0OC 1.01232E-15 2.39793E 00
36 1.26980E~16 1.17211E 00 2.066T70E~16 2.4748CE 00
37 2.52778€-17 1.19755E 00C 4.13321€E-17 2.55448E 0C
38 4.94169E~-18 1.22436E 02 8.11293E-~-18 2.63753E 00
39 9.50573E-19 1.25257E CC 1.56602E-18 2.72253E 0O
40 1.80271E~-19 1.28224E 00 2.97858E~19 2.81107E 00
41 3.37735E-20 1.31339E 09 5.59375E-20 2.90272C 0OC
42 6.26374E-21 1.34607E 050 1.03941E-20 2.99756E 00
43 1.15246E£-21 1.38033E 00 1.91514E-21 3.09567€ 00
44 2.10815E-22 1.41619E 00 3.5C670E-22 3.19715E 00
45 3.84277£-23 1.45371E 00 6.39555E-23 3.30206E 00
46 6.99626E~24 1.49294E 00 1.16457€-23 3.41051E 00
47 1.27531E-24 1.53393E Q2 2.12240£-24 3.52258E OO
48 2.33340£-25 1.57672E 00 3.88120E-25 3.63835E Q0
49 4.29650E-26 1.62136E 00 T.14066E-25 3.75793E 00
50 7.98330E-27 1.66791E 0O 1.32540E-26 3.88140E 00

SUM S{J) FOR R =

6.04948992E~-02 SUM S(J) FOR P =

4.96315145E-02



WILLOW RUN

STRENGTHS AND F FACTORS OF THE Vv

TEMPERATURE =
R BRANCH
J St F(J)
C 1.38079E-03 9.86606E~01
1 2.62900E-03 9.742852-01
2 3.61109€-03 9.63017E-2C1
3 4.24136E-03 9.52785E-01
4 4.49350E-03 9.43574E-D1
5 4.39814E-03 9.3536GE-0C1
6 4,02866E-03 9.28158E-51
7 3.48973E-03 9.21931E-C1
(3 2.85144E-03 9.16676E-01
9 2.223G7E-03 9.12386E-C1
1o 1.65408E-03 9.05055€E-01
11 1.17718C-03 9.06676E-01
12 8.02805E-04 9.,05247E~21
13 5.25473L-04 9.04765E-C1
14 3.306580E-04 9.05229E-01
15 2.00148E-04 9.06640E-21
1¢6 1.16762E-04 9.09001E-01
17 6.57085E-05 9.12315E-01
g 3.57108E-25 9.16586E-01
19 1.87631E-05 9.21823E-01
20 9.54123E-06 9.26032E-01
21 4.70066E-06 9.35225E~31
22 2.24610E-06 9.434100-01
23 1.04202€-C6 9.52603£-21
24 4.69855E-07 9.62815E~C1
25 2.06138E-07 9.T74064E-C1
26 8.80907E-C8 9.86365E-01
217 3.67072E~-08 9.9G73RE~01
28 1.49315E-08 1.0142CE Cu
29 5.63563£-09 1.02978E C5
3C 2.39852E-09 1.046508 20
31 8.79422E-10 1.06437E 00
32 3.28519£-10 1.08343E GO
33 1.20484E-10 1.106371E 02
34 4.34328E~-11 1.12522E 20
35 1.5408C0E-11 1.14802E 03
36 5.38579E~12 1.17211F ©0
37 1.85720E-12 1.15755E 00
38 $e32593£~-13 1.22436E 00
39 2.13110E-13 1.25257E €O
45 7.10991E-14 1.28224E D
41 2.35227E-14 1.31339£ 00
42 7.72798E-15 1.34607E O
43 2¢526472E-15 1.38033L G5
44 8.21392E-16 1.41619E 07
45 2.66518E-16 1.45371E 33
46 8.63781E-17 1.49294E 03
47 2.80073€E~-17 1.53393E N9
48 9.10004E-18 1.57672E Ovu
49 2.96796£-18 1.62136E 00
50 9.73391E-19 1.66791E 33
SUM S{J) FOR R =

LABORATORIES

¢ ToO V=3
1500.2 DEG.
P BR

StJ)

1.35561€-03
2.53402E-03
3.41725E-03
3.94073E-03
4409929E-03
3.93973E-03
3.54373E£-03
3.00682E-03
2.41919C-03
1.85257F-03
1.35407C-03
9.46763E-04
6.346429E-04
4.,08096E-04
2.52348F-04
1.5C197t-04
2.61551E-05
4.76830E-05
2.54916E-05
1.31785€E-05
65.59534E-06
2.19877E-06
1.50512E-06
6£.87813E-07
3.05600E~07
1.32158E-07
5.56890E-08
2.28910E-G8
9.18898E-09
3.6U638E-09
1.38540E-09
5.21539E-10
1.92627E-10
6.98851E-11
2.49354E-11
B.76092E-12
3.03477E-12
1.03777E-12
3,50780E-13
1.17356E-13
3.891356E-14
1.28063F-14
4,18882E-15
1.36376E£-15
4.42606E-16
1.43419E-16

4.64730E-17

1.50844E-17
4.91293E-18
1.60851E-18

3.82833424E-32 SUM S(J) FOR P =

TRANSITIONS
K
ANCH

F(J)

1.C1449E
1.03008t
1.C4682E
1.06472L
1.08380E
1.1041CE
1.12564E
1.14846E
l1.17258¢
1.19804E
1.22487E
l1.25312C
1.28281E
1.31399E
1.34670E
1.38098€E
l.4168¢8E
l.45444F
1.4937CC
1.53471E
1.57754¢E
1.62222¢€
1.66880€
1.71735E
1.76792€E
1.82056¢E
1.87534¢
1.92231¢
1.99154¢E
2.053C9E
2.11702E
2.18341E
2.2523CE
2.32379E
2.39793¢
2.47480E
2.55448C
2.63703E
2,T2253E
2.81107¢
2.90272¢
2.99756E
3.09567E
3.19715¢
3.30206E
3.41051¢
3.52258E
3.63835E
3.75793E
3.88140E

OF

YOO ODCC OO WD

loNaRwRENe RSN o w N el ulw]

OO
[ enl o)

00
00
00
0u
00
Q0
00
D0
1')!
00
o0
S0
co
00
¢
00
00
00
oC
00
(¢]¢]
00
[8]¥
0C
cn
00
ocC
00
00
00
(14
05
00
00
00
00
(4]0}

HF

3.40398502E-02

107



WILLOW RUN

LABORATORIES

STRENGTHS AND F FACTORS OF THE V = 0 TO V = 3 TRANSITIONS OF HF

SUM S(J) FOR R =

2.70510542E-02 SUM S(J) FOR P

=  2.53728293E-72

TEMPERATURE = 2C092.0 DEG. K
R BRANCH P BRANCH
J SJ) F(J) S(Jd) F(J)
¢ T.45365E-04 9.86606E-01
1 1.43323E-03 9.74285E-01 7.39012E-04 1.01449E 90
2 2.00781E-03 9.63017E-01 1.4G890E-03 1.03038E 00
3 2.428G93E-03 9.52785E~01 1.955689E-03 1.04682E 00
4 2.67652E-03 9.43574E-01 2.34T712E-03 1.06472E 00
5 2.75142€-03 9.35369E-01 2.56427F-G3 1.08380C &
6 2.67273E-03 9.28158E-01 2.61349E-03 1.1041GE 00
1 2.47253E-03 9.21931E-C1 2.51701E-03 1.12564E 0O
5 2.18950E-03 9.16676E-01 2.30851E-03 1.1484€E 00
3 1.86268E-03 9.,12386E-01 2.02672F-03 1.172%8E 0O
2 1.52649£-23 9.09055E-01 1.72938€-03 1.198C4E 920
1.20760E-03 «L66THE-O1 1.38880E-03 1.22487E 00
9.23797E-04 9.05247E-01 1.08922E-G3 1.25312€ 00
6.84357E-04 9.04765E-71 B8.26265E-04 1.28281E 60
4.91575E-04 9.05229E-01 6.06683E-04 1.31399E 00
3.42761E-04 9.0664CE-O1 4432029E-04 1.3467CE Q0
2.32241E-04 9.09001E-01 2.98648F-0¢4 1.38098E 0O
1.53058£-04 9.12315E-921 2.00613C-04 1.41688E 20
9.82071E-05 9.16586E-01 1.31079E-04 1.45444€ 00
6.,14028E-05 9.21823E-C1 £.33851F-25 1.49370E 9G
3.74428E-05 9.26032E-01 5.16911E-05 1.53471E 00
2.22871E-05 9.35225E-C1 3.12532£-05 1.57754E 33
1.29601E£-05 9.43410E-01 1.84460E-05 1.62222E 99
7.36883E-06 9.,52603E-C1 1.06366E-025 1.66880E D0
4.09999E-C6 9.62815E-C1 5.99746E-056 1.71735E 0C
2.23422E-06 9.74064E-C1 3.375950E-06 1.76792E 00
1.19341E-06 9.86365E~21 1.78877E-06 1.82056E 00
6.25367E-07 9.59738E-01 9.47791E-07 1.87534E QG
3.21761E-07 1.01422E 22 4.92727€-07 1.93221E 90
1.62687E-07 1.02978E 25 - 2.51541F-C7 1.99154E Q0
8.09N25E-"8 1.0465CE 5D 1.26211E-27 2.75309E OO
3.96039E-08 1.06437TE 23 6.22941E-08 2.,11702E 00
1.91C12E~-08 1.08343E CU 3.0272%E-C®2 2.18341E GO
9.08468E-09 1.10371E 7 1.44967E-C8 2.2523%E 0C
4.,26456E-09 1.12522E 03 6.84732E-09 2.32379E GG
1.97763E-09 1.14802E 0O 3.19293€E-09 2.39793E OC
9.06812E-10 1.17211E 22 1.47123€-09 2.474€5E 20
4.11524E-10 1.19755E 02 6.T70495E-10 2.55448E 0C
1.85006E-10 1.22436E 00 3.02518E-10 2.63703E 00
8.24717€-11 1.25257E 093 1.35259E-10 2472253k 0C
3.64901E-11 1.22224E €3 5.99889E-11 2.821107E 0O
1.60409E-11 1.31339€ 53 2.64180E-11 2.902728 00
7.01299E-12 1.34607€ 00 1.15638E-11 2.99756E U0
3.05248E-12 1.38333E 0D 5.03648E-12 3.09567E 00
1.32415E-12 l.41619E CO 2.18500E-12 3.19715E 00
5.73104FE-13 1.45371E C3 9.45263E-13 3.3C206E 02
2.47759E-13 1.49294E 00 4.,08253E-13 3.41051E 00
1.67110E-13 1.53393E C0O 1.76235€£-13 3.52258E 0C
4.63611E-14 1.57672E G2 T.61331E-14 3.63835C 00
2.01161E-14 1.62136E Q0 3.29551E-1¢4 3.75793E 00
B.76114E-15 1.66791E 00 1.43123E~14 3.8814CE 0C



STRENGTHS AND F FACTORS OF THE V

[ R SV N

[Nl e BN e ]

[ow]

ot
—

SUM

S{J)

TEMPERATURE

i

R BRANCH

St
4.51402E-04
8.73150E-04
1.23777€6-93
1.52416E-03
1.71962E-03
1.82056L-03
1.83192E-03
1.76564E-03
1.63829E-03
1.46867E-03
1.27540E~03
1.07508E£-03
8.81096E-04
7.03045C-04
5.468M4E=-04
4.14975E-04
3.07582E-C4
2.22856E-04
1.57967E-04
1.09628E-04
7.45446E-G5
4,97009E-N5
3.25142E~05
2.08856E~05
1.31822E-05
8.18081E-06
4,99538E-06
3.0)332E-06
1.77909E-C6
1.03909E~06
5.987850-07
3.40685E-07
1.91516E=07
1.06447E-07
5.85396E-08
3.18760E-08
1.71987E-0C8
9.23157E-09
4,88527E-09
2.57576E-09
1.34973E-09
7.034R1E-10
3.64981E-10
1.88649E-10
9.72224C-11
5.00011E-11
2.5684TE-11
1.31900E-11
6.T7786E~12
3.48848E-12
1.80014E-12

FOR R =

FtJ)
F.86606E-C1
9.,74285E-21
9.63017E-C1
9.52785E£-C1
9.43574{-01
9.353695-01
9.28152E-71
9.21931E-¢1
F.166760-01
9.123865-021
9.09055E-C1
F.C6676E-01
9.05247E-01
9.247650-01
9.05229E-01
9.06640L0-51
9.09001E-21
9.12315E-01
9.1¢6586E-01
9.21823E-01
9.28332E-C1
3.35225E-71
9.43415E-01
9.52603E-01
9.62815E-01
9.74064E-11
9.86365E-21
3.99738E
1.01420€
1.02978C
1.0465CE
1.06437¢
1.08343F
1.14371¢€
1.12522¢€
1.14822E
1.17211C
1.19755¢
1.22436E
1.25257&
1.28224E o2
1.31339E Q2
1.34607E CO
1.38033E ©D
1.41619E 773
1.45371E CO
1.49294E CU
1.53393E 00
1.576728 03
1.62136E GD
1.66791E 0D

1
b

DO O DT
L T D L DO s e

RIS

)
¢

[99)

2.02368084E-22 SUM S(J)

WILLOW RUN LABORATORIES

V=23

DEG.

P BR

StJ)

4.50189E-04
B.68450E-04
1.22775E-03
1.50768E-23
1.69629E-03
1.79377C-C3
1.79675E-03
1.72662E-03

1.59725F-C3

1.42745E-03
1.23566E-03
1.03818E-C3
8.47996E-04
e T4295E-04
5.22580E-04
3.95141F~04
2.91780E-04
2.105910-04
1.48682E-04
1.C2766E£-04
£.95882E-C5
4.,61992E-05
3.02923E~05
1.92445E-05
1.20918£-95
T.46978E-06
4.542CTE-06
2.7T1679E-05
1.63174E-06
9+31046E-07
5¢33953E~G7
3.02339E-07
1.69143E-07
3.35619E-08
5.12085E-08
2.T7526E-08
1.49042E£-08
7.93752E-09
4.19532E-09
2.20236E-09
1.14921E-09
5.96557E-10
3.08320E-10
1.58789E-10
8.15610E-11
4.18194E-11
2.14243E-11
1.09769E-11
5.63029E-12
2.89398E-12

FOR

TRANSITIONS
K
ANCH

FiJ)

1.01449E
1.03058E
1.046382E
1.06472¢
1.7838CE
1.1041°CE
1.12564E
l.14846E
1.17258E
1.198C04E
1.22487C
1.25312¢C
1.28281¢
1.31399C
1.34670CE
1.38C98E
1.41688¢E
1.45444E
1.49370¢E
1.53471E
1.57754E
1.62222E
1.6688CE
1.71735E
1.76792E
1.82056E
1.87534E
1.93231¢C
1.99154¢E
2.05309E
2.11702¢
2.18341E
2.2523CC
2.32379E
2.39793E
2.47430E
2.55448E
2.63703E
2.72253E
2.81107E
2.90272E
2.99756E
3.09567C
3.19715¢€
3.302C6E
3,41051¢
3.52258E
3.63835E
3.75793C
3.88140¢

P =

OF

S )

[

OO QOO
=

DD

OO OCOCOOcC
PO DT O

o

3 ) T O

[eNe]

OO DO
£ O e

Tyt

OO
Y Y (D

36
00
00
00
Q¢
0o
oc
0¢

HF

1.97525629E-22



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V = 0 TO vV = 3 TRANSITIONS OF HF

110

TEMPERATURE = 3020.0 DEG. K
R BRANCH P BRANCH

J sJ) F(J) SJ) FlJd)

& 2.94028E-04 9.86606E-01

1 5.71010€-N4 9.74285E-01 2.94368E-04 1.01449E 00
2 8.15888E-04 3.63017E-01 5.72321E-04 1.03C08E 0D
3 1.01663E-03 9.52785E-01 2.18667£-04 1.04682C 00
4 1.16521E-03 9.43574C-01 1.02118E-03 1.064728 GO
5 1.25807€E-03 9.35369E-01 1.17160E-03 1.28380E 00
6 1.29602E-03 9.28158E-01 1.26615E£~-G3 1.10410E 0D
7 1.28375E-03 9.,21931E-01 1.30545E-03 1.12564E 39
8 1.22883€E-03 9.16676E-01 1,294G5€E-03 l.14846E 00
9 1.14074E-03 9.12386E-01 1.23948(C-03 1.17258C 00
10 1.02964E-03 9.09055E-C1 1.15121E-G3 1.19804E 00
11 9.05418E-04 9.06676E-01 1.03547€-03 1.22487E 00
12 T.76917E-24 9.05247E-0D1 9.14281E-04 1.25312E 00
13 6.51372E-04 9.04765E-01 7.84581E-04 1.28281E 00
14 5.34189C-04 9.05229E-01 6457739E-04 1.31399E 20
15 4.28942E-04 9.06640E-01 5.39276E-C4 1.3467CE 09
16 3.37534E~-04 9.C9201E-01 4,32837C-24 1.38398E 00
17 2.60493C-04 9.12315E-01 3.40389E-04 1.41688E 00
13 1.97313E-04 9.16586E-01 2.62486E-04 1.45444E D0
19 1.46791E-04 9.21823F-01 1.98626E-04 1.49370E 20
< 1.073290-04 9.28232E-01 1.47593L-04 1.53471E 00
21 T.71756E£-05 9.35225E-01 1.07767E-04 1.57754E 00
22 5.46092E-05 9.43410E-01 T.73692E-25 1.622228 59
23 3.80482E-05 9.52633E-C1 5.46496E-05 1.6688CE GO
24 2.61185C-05 9.62815E-01 3.80021£-05 1.71735E 30
25 1.76752E-05 9.74064E-01 2.60310E-05 1.76792E 5C
26 1.17988E-05 9.86365E-01 1.75749€E-05 1.82C56E 0C
27 T.77357€E-06 9.99738E-C1 1.17324E-0G5 1.87534E 29
28 5.05789€-06 1.01429E S° T.68935F-06 1.93231C 00
29 3.25189E-06 1.02978E 00 4.,98880C-06 1.99154E Q0
30 2.06716E-06 1.G4650E DD 3.19777E-06 2.75359C GO
31 1.29998E-06 1.56437E 30 2.32629E-05 2.11752E G2
32 8.09251E-07 1.08343E 02 1.27004E-06 2.18341E 09
33 4.98960E-07 1.10371E 00 7.87871E-C7 2.25230E 00
34 3.04891E-07 1.12522E 0O 4.84231E-C7 24323798 Q0
35 1.84T748E-07 1.14802E 02 2.946T1E-CT 2.39793E 09
36 1.11080E-07 1.17211E 00 1.77873E-G7 2.47480C 00
37 6.63090E-08 1.19755%E 00 1.06527€-07 2.55448E 00
38 3.93244E-08 1.22436E 0O 6.33378E-08 2.63723t Q0
39 2.31833E-08 1.25257E Q0 3.74101E-08 2.72253E 40
490 1.35952€£-08 1.28224E 00 2.19644E-08 2.81107€E 390
41 7.93553E-09 1.31339€E 093 1.28273€E-08 2.90272E 00
42 4.61346E-09 1.34607E 00 T.45640E-C9 2.99756E 00
43 2.67319E-19 1.38033E 00 4,31711E-729 3.09567E 30
44 1.54482E-09 1.41619E GO 2.49131E-09 3.19715C 0G
45 8.90999E-10 1.45371E GO 1.43398E-09 3.30206E CO
46 5.13255€E-10 1.49294E 00 8.23859E-10 3.41651E OC
47 2.95504E-10 1.53393E 20 4.,72807F-10 3.52258C 90
48 1.70174E-10 1.57672E 00 2.71250E-10 3.63835E 00
49 9.80968E-11 1.62136E 00 1.55690E-10 3.75793E 00
50 5.66492E-11 1.66791E CO 8.94762E-11 3.88140E 00
SUM S(J) FOR R = 1.56930538E-02 SUM S(J) FOR P = 1.58060165E~72



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE v = 0 TO vV = 3 TRANSITIONS OF HF

TEMPERATURE = 3500.0 DEG. K
R BRANCH P BRANCH

J S(J) F{J) S(J) FLJ)

v 2.01495€E-04 9.866356C-C1

1 3.92433E~04 9.74285E-01 2.02268E-04 1.01449E ©
2 5.63921E-04 9.63017E-01 3.95443E-04 1.03C2€E 30

3 T.08651E-04 9.527€5E-01 5.70395E-04 1.74682E 00
4 8.21422E-04 9.43574E-01 T+19454E-04 1.764728 0OC

5 8.99420E-04 9.35369E-01 8.36988E-04 1.08380€ 00
6 9.42245E-04 9.28158E-01 3.19720E-04 1.10410E 00
7 9.51726E-04 9.21931E-01 3.66832E-04 1.12564E 02
8 9.31504E-04 9.16676E-C1 9.79796E~04 1.14846E 00
9 8.86549E-04 9.12386E-01 7.62022E-04 1.17258C 00
1C 8.22582E-04 9.,09055E-01 3.18354E-C4 1.19824E 00
11 7.45524E-04 9.066T6E-301 8.54510E-C4 1.22487E 00
12 6.61036E-04 9.05247E-01 T.76515E=-04 1.25312¢8 00
13 5.74146E-04 9.04765E-01 6.97203E-04 1.28281E OO0
14 4.89011L-04 9.05229E-01 5.00820E-04 1.31399E 0C
15 4.,088C06E-04 9.0664CC-01 5.12761E-04 1.34670E 00
16 3.35720E-04 9.090C1E-01 4.29426E-06 1.38098E OC
17 2.71032E-04 9.12315E~01 3.53197E-04 1.41688E GG
18 2.15251€-04 9.16586E-U1 2.85510E~0¢4 l.45444E 00
19 1.68279E-04 9.218230-721 2.26984E-04 1.49378E 09
20 1.29579E-04 9.28032C-01 1.77588E-04 1.53471E 00
21 9.83362E~-05 9.35225E-31 1.36817E-04 1.57754E 00
22 7.35883E-05 9.4341CE-01 1.03855E-04 1.62222€ CO
23 5.43321E-05 9.526C3E-01 T.77156E-05 1.66880E 27
24 3.95992€E-05 9.62815E~01 5.73620E-05 1.71735E QO
25 2.85055E-05 9.74064E-01 4.17836E-05 1.76792E 0C
26 2.02770E-C5 9.86365E-51 3.00524E-05 1.82356E 00
27 1.42606E-05 9.99738E-01 2.13536E-05 1.87534C Q0
28 9.92086E-06 1.01420E 00 1.49970E-05 1.93231¢€ 00
29 6.83059E-06 1.02978E 00 1.04160€E-05 1.99154C 0O
35 4.656T8E-06 1.0465CC 02 7.15780E-06 2.05309E 00
31 3.14521E-06 1.06437E 00 4.86932F-C6 2.11722E 00
32 2.10558E-06 1.C08343E 00 3.,28084E-06 2.18341E 00
33 1.39789E-06 1.10371E CJ ?2.19056E-06 2.2523CE OO
34 9.20808E-07 1.12522E 02 1.45C11E-G6 2.32379E OO0
35 6.02126E-07 1.14802E 92 9.52239€E-07 2.39793E OO
36 3.91067E-07 1.17211E Q0 6.2C611E-07 2.47480C 00
37 2.52397€~07 1.19755E GO0 4.01651E-07 2.55448E 0C
3e 1.61963E-07 1.22436E 03 2.58265E-07 2.637C3E 00
39 1.03389E-07 1.25257E 00 1.65G83E~-07 2.72253E 0C
40 6.56889E-08 1.28224E 00 1.04953E-07 2.81107E OO0
41 4.15628E-08 1.31339E CO 6.64028E-08 2.90272E 00
42 2.62031E-08 1.34607E 02 4.12327€E-08 2.99756E GO
43 1.64694E-08 1.38033C CT 2.62564E-08 3.09567E 00
44 1.03258E-08 1.41619E 00 1.64283E-08 3.19715E 00
45 6.46171E-09 1.45371E Q00 1.02531€E-08 3.3G206E 00
46 4.03833E-09 1.49294E Q0 6.38672E-09 3.41351E 02
47 2.52203€E-09 1.53393€ CC 3.97319E-09 3.52258E 00
48 1.57493E-09 1.57672E 30 2.47011E-09 3.63835E 00
49 9.84033E-10 1.62136E 02 1.53567E-09 3.,75793E 00
50 6.15565E~-10 1.66791E 00 9.55393E-10 3.88140E 05

SUM S{J) FOR R =

1.24798945E-02 SUM S(J)

FOR P

= 1.28947629E-72



WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE Vv = 0 TO V = 3 TRANSITIONS OF HF

112

TEMPERATURE = 4000.0 DEG. K
R BRANCH P BRANCH

J SJ) F(J) S(J) F(J)

< 1.43384E-04 9.86606E-01

1 2.19866E-04 3.74285E-01 1.44213€-04 1.01449€ 00
2 4.,03889E-04 9.63017C-ul 2.83107€E-04 1.03008E 0Of
3 5.10795E~-04 9.52785E-C1 4.102903E-04 1.04682E O
4 5.97112E-04 9.43574E-01 5.22600E-04 1.06472E Q0
5 6.60738E-04 9.35369E-C1 6.14313E-04 1.08380E 00
6 7.00978E-04 9.28158E-~01 6.83478E-04 l1.1u410E 07
7 7.18480E-04 9.21931E-01 7.2B966E-04 1.12564E 0N
8 7.15042E-04 9.16676E-01 7.51C33E-04 1.14846E Q0
9 6.93373E~-C4 9.12386E-01 7.51184€£-04 1.17258t 00
10 6.56785E~04 9.09055E£-01 7.31932E-04 1.198234E 00
11 6.08887E-04 9.06676L-01 6.96509E-04 1.22487E 00
12 5.53314E-04 9.05247E-C1 6.48553E-04 1.25312E 00
13 4.93477E-04 9.04T65E-01 5.91811E-04 1.28281E 3§
14 4.32388E-24 9.05229&-01 5.29873E-04 1.31399E OC
15 3.72547E-04 9.06640E-01 4.65970£-0¢4 1.3467GE 07
16 3.15887E£-04 9.090C1E-T1 4.02834E-04 1.38098E 00
17 2.637740C-04 9.12315E-31 3.42620E-04 1.41688E G0
1g 2.1705NE-04 9.16586E-71 2.86892E~04 1.45444E 397
19 1.76107E-C4 9.21823E-01 2.36657TE-C4 1.49370E OC
29 1.40970E-04 9.28032E-01 1.92431E-0G4 1.53471E 0C
21 1.11389E-04 9.35225E-01 1.54320E-04 1.57754C 00
22 £.69243E-05 9.43410E-91 1.22122E-04 1.62222E 00
23 6.72258E-05 9.52603E-C1 9.54130E-05 1.66880F 20
24 5.10920E-05 9.62815E-0C1 7.36333E~05 1.71735E GO
25 3.85193E-05 9,74064E~0U1 5.615B0E-05 1.767428 00
26 2.87356E-05 9.86365E-71 4.23463E-05 1.82056E 20
27 2.12215€-05 9.99738E-01 3.15855E-05 1.87534E Q0
28 1,55218E-05 1.01420E 00 2.33146E-05 1.93231E 06
29 1.1249CE-05 1.02978E G35 1.70386E-05 1.99154E GO
30 2.08136E-06 1.06652E 20 1.23339E-05 2.05309E 006
31 5.75768E-06 1.G6437TE 002 R.84760E-06 2.11702E 09
32 4,07003E-06 1.08343E 00 6.29219E-06 2.18341E 0C
33 2.85579E~06 1.13371€ 23 4.43841E-06 2.2523CE 00
34 1.98989E-06 1.12522E 09 3.10668E-06 2432379€ 00
35 1.37751E-06 1.148028 00 2.15877E-C6 2.39793E 230
36 9.47815E-07 1.17211E 00 1.48989E-06 2.47480E 00
37 6.48496E-07 1.19755E €3 1.02173E-06 2.556448E 00
38 4.41412E-07 1.22436E 03 6.96561E-07 2.63733E 00
39 2.93043E-07 1.25257€ 30 4,72302E-07 2.72253E 00
40 2.01731E-07 1.28224E 0D 3.18658E-07 2.811C7€ 0C
41 1.35571E-07 1.31339E 00 2.14033E-0G7 2.90272E 00
42 9.08CG71E-D8 1.34607E 00 1.43185FE-07 2.99756E 00
43 6.06511E-08 1.38033E 00 9.54530E-08 3.09567E 00
44 4.04142E-08 1.41619E 0O 6.34414E-08 3.19715E GO
45 2.68794E-08 1.45371E 00 4.,20601€E-08 3.302G6E OO
46 1.78531E-08 1.49294E 00 2.78296E-08 3.41051E 00
47 1.18477E-08 1.53393E Q0 1.83873E-08 3.52258E 00
48 7.85980E-09 1.57672E GO 1.21377E-08 3.63835E 00
49 5.2151€E-09 1.62136E 0D 2.00964E-N3 3.75793E 00
5C 3.46294E-09 1.66791E GO 5.28684E-09 3.88140E 00
SUM S(J) FOR R = 1.01135910E-02 SUM S{J) FOR P = 1.06736143E-02



WILLOW RUN

STRENGTHS AND F FACTORS OF THE V

TEMPERATURE =
R BRANCH
J StJ) F(J)
C 1.05C61E-04 9.86606E-01
1 2.05420E-04 9.74285E-01
2 2.97448E-04 9.63917E-N1
3 3.78056E-24 9.52785E~01
4 4.448B67E-04 9.43574E-01
5 4.96328E-04 9.35369E-01
& 5.31745€-04 9.28158E-01
7 5.51270E-04 9.21931E-01
8 5.55796E-04 9.16676E-01
9 5.46842E-04 9.12386E-01
G 5.26379€E-04 9.09055€E-01
11 4.96654E-04 9.66676E-01
12 4.60025E-04 9.05247E~01
13 4,188C5E~04 9.04765E-C1
14 3.75131E-D4 9,08229E-01
15 3.30883E-04 9.0664CE-C1
16 2.87618E~04 9.090C1E-01
17 2.4654TE-D4 9.,12315E-01
18 2.08542E-04 9.16586E-"1
19 1.74157E-04 9.21823E~01
¢ 1.43671E-04 9.28032E-G1
21 1.17139€E-04 9.35225E-01
22 9.44356E£-05 9.4341C0E-01
23 7.53138E£-05 9.52603E-01
24 5.94441E-05 9.62815E~C1
25 4.64543E-05 9.74064E-C1
26 3.59591E-05 9.86365E-(1
27 2.75826E-05 9.99732E-01
28 2.09742E-C5 1.01420E ©O
29 1.58174E-05 1.C2978E 023
30 1.18346E-05 1.04650E CO
31 8.78861E-06 1.06437E 00
32 6. 4B043E-0D6 1.08343E 0C
33 4.74652E-06 1.1C0371E CC
34 3.45468E-06 1.12522€ 30
35 2.49961E-0C6 1.148C02E 00
36 1.79863E-06 1.17211€ CO
37 1.28761E-C6 1.19755E C%
38 9.17441F-07 1.22436E GO
39 6.50871E-07 1.25257€ 00
4y 4.59949E-07 1.28224E 00
41 3.23891E-07 1.31339E 00
42 2.27374E-07 1.346G7E 02
43 1.59190£-07 1.38033E 00
44 1.1120CE-07 1.41619E 00
45 7.75342E-08 1.45371FE G2
46 5.39842E-08 1.49294E 00
47 3.75504F-08 1.53393E Q0
48 2.61054E-08 1.57672E 090
49 1.81470E-08 1.62136E 00
5¢ 1.26193E-08 1.66791E CO
SUM S(J) FOR R =

LABORATORIES

0 TOV = 3
4500.0 DEG.
P BR

SJ)

1.05822E-04
2.08400E-04
3.03925E-04
3.89028E~04
4.60981E-04
5.17840E-04
5.58526E~04
5.82833E~04
5.91366E-04
5.85427E-04
5.66866E-04
5.37899E-C4
5.00932E-04
4.58391€E-04
4.12580E-C4
3.65566E-C4
3.19104L-04
2.74598E-04
2.33088E-04
1.95273E-04
1.61545E-04
1.32032E-04
1.06662E-04
8.525378E-C5
6.73405E-05
5.26730E-05
4.07940E-05
3.12954E-05
2.37914E-05
1.79304E-05
1.34019E-05
9.93851E-0G5
T+31529E-06
5.34651E-06
3.88161E-06
2.8C04TE-CS
2.00865E-06
1.43288E~-06
1.01700E-06
7.18494E-07
5.05463E-07
3.54258E-07
2.47450E-07
1.72339E-07
1.19731€E-07
8.30131E-08
5.74660E-08
3.97376E-08
2.746£21E-08
1.89767E-08

8.31833005E-03 SUM S(J) FOR P =

TRANSITIONS
K
ANCH

F(J)

1.01449€C
1.03008E
1.04682E
1.06472E
1.P83ELE
1.1C410E
1.12564E
1.14846C
1.17258¢E
1.198C4E
1.22487€
1.25312E
1.28281€
1.31399E
1.34670E
1.38098E
1.41688E
1.45444E
1.49370E
1.53471E
1.57754E
l1.62222¢
1.66880E
1.71735E
1.76792E
1.82056€E
1.87534E
1.93231¢E
1.99154E
2.05309E
2.11702E
2.18341E
2.2523C¢
2432379E
2.39793E
2.47480E
2.55448E
2.63703¢
2.72253E
2.81107E
2.90272E
2.99756¢E
3.09567E

3.19715E

3.3C236L
3.41051¢E
3.52258E
3.63835E
3.75793E
3.88140E

OF HF

09
06
00
G2
0s
00
00

ne

v
30
oC
06
¢18]
Go
00
00
ae
0
o0
00
e
00
G0

oG

00

6.93720376E-03
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WILLOW RUN LABORATORIES

STRENGTHS AND F FACTORS OF THE V

o Cw

NelNo-BE N No B RN VRN

TEMPERATURE

R BRANCH

St
7.88156E-05
1.54319E-04
2.24058E-04
2.85918€-04
3.38230E-04
3.79845{-04
4.10158E-04
4.29115E~04
4.37151E-04
4.35137E-N4
4.24272E-04
4.05983E-04
3.81825E-04
3.53374C-04
3.22144E-04
2.89520E-04
2.56709E-04
2.24709C-04
1.94299E-04
1.66045E~-04
1.40315E-04
1.17303E-04
9.70583E-C5
7.9517CE-05
6.45313E~05
5.18962E-05
4.13738E-05
3.27117E-05
2.56585E~05
1.99743E-05
1.54376E-05
1.18498E-05
9.03703E-06
6.849T4E-06
5.16194E-06
3.86896E-06
2.88517E-06
2.14141E-06
1.58246E~06
1.16473E-06
8.54137£-07
6.24311E-07
4.54989C-07
3.30739E-07
2.39890E-07
1.73677E~-07
1.25557E-07
9.06704E-08
6.54313E-08
4,72025E-08
3.40542E-08

SUM S(J) FOR R =

FlJ)
9.866C6E-01
9.74285E-01
9.63017E-C1
9.52785€E-01
9.435T4E-01
9.35369E-01
9.28158E-01
9.21931E-01
9.16676E~-01
9.12386E-01
9.09055E-01
9.06676E-01
9.05247E-01
9.04765€E-01
9.05229E-01
9.06640E-01
9.09001E-01
9.12315E-21
9.16586E-01
9.21823E-01
9.28332E-01
9.35225E-01
9,43410E-01
9.52603E~01
9.62815E-C1
9.74064E-01
9.86365E-01
9.99738E-01
1.0142CE €D
1.02978E 00
1.04650E 00
1.06437E 00
1.08343E CO
1.10371E 02
1.12522E 00
1.14802E €O
1.17211E 0D
1.19755E 02
1.22436E 0J
1.25257E 0C
1.28224E 030
1.31339E 00
1.34607E 00
1.382333E 02
1.41619E 0D
1.45371E 00
1.49294E 03
1.53393E 00
1.57672E 00
1.62136E 00
1.66791E GO

0 TOV =3
5000.2 DEG.
P B8R

S{J)

7.94741E-05
1.56904E-04
2.29696E~04
2.95515F-04
3.52411FE-04
3.98919E-04
4,34117E-04
4.57641E-04
4.69671E-04
4,70869E-04
4.62300E-04
4.45327E-04
4.,21504E-04
3.92469E-04
3.59845E-04
3.25157E-04
2.89768E-04
2.54840E-04
2.21305E-04
1.89868E-04
1.61014E-04
1.35029E-04
1.12028F-C4
9.19927E-05
7.47958E-05
6.02381E-05
4,8G733E-05
3.80310€E-05
2.98357E-05
2.32198E-05
1.79335E-05
1.37503E-05
1.04703E-05
7.92065E-06
5.95490E-06
4.45100E-06
3.30878E-06
2.44716E-06
1.8C136E-06
1.32321E-06
9.63716E-07
7.00947E-07
5.08176E-07
3.67371E-07
2.64927E-07
1.90657E-07
1.36982E-07
9.82955E-08
7.04777E-08
5.05132E-08

6.92498595E-03 SUM S(J) FOR P =

TRANSITIONS

K

ANCH

F(J)

1.01449C
1.03008E
1.04682E
1.06472E
1.08380E
1.1041CE
1.12564E
1.14846E
1.17258E
1.19804E
1.22487E
1.25312¢E
1.28281E
1.31399E
1.34670E
1.3809¢E
1.41688E
1.45444E
1.49370E
1.53471E
1.57754E
1.62222E
1.66880C
1.71735¢E
1.76792E
1.82056E
1.87534€E
1.93231E
1.99154E
2.05309E
2.117C2E
2.18341E
2.25230E
2.32379¢E
2.39793E
2.47480E
2.55448E
2.63703E
2.72253E
2.81107E
2.90272€
2.99756E
3.09567E
3.19715E
3.30206E
3.41051E
3.52258E
3,63835E
3.75793E
3.88140E

OF HF

7.55456495E-03
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WILLOW RUN LABORATORIES
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OTT, JAMES
COPY NO. 154

BATTELLE MEMORIAL INSTITUTE
535 KING AVENUE
COLUMBYS, OHIO 43201
ATTN. UNGAR, EDWARD W.
CoPY NO. 155

BULL TELEPHONE LABORATORIES

WHIPPANY ROAD

WHIPPANY, NEW JERSEY

ATTN, HURLBUT, HAROLD D.
COPY NO. 156

BLLL TELEPHONE LABORATORIES
WHIPPANY, NEW JERSEY
ATTN. IRVINE, MERLE M.

COPY NO. 157

BELL TCLEPHONE LABORATORIES
WHIPPANY ROAD
AHIPPANY, NEW JERSEY
ATTN. SINCLAIR, RIBERT 0., JR.
RM. 38-123
CIPY NO. 158

BENOIX CORPORATION

MISHAKAKA DIVISION

430 S. BEIGER STREET

MISHAWAKA, INDIANA

ATTN, INGALLS, EGBERT C.
coPy 0. 159

BENDIX CORPORATION
SYSTEMS DIVISION

3320 PLYMOUTH ROAD P. 0. BOX 639

ANN ARBOR, MICHIGAN 48107
ATTN. BITONDO, DOMENIC
CoPY NO. 160

BENDIX CORPORATION
SYSTEMS DIVISION
3300 PLYMOUTH ROAD
ANN ARBOR, MICHIGAN
ATTN. KRESSE, ARTHUR D.
COPY NO. 161

BCNDIX CORPORATION
SYSTEMS DIVISION
3360 PLYMOUTH ROAD
ANN ARBOR, MICHIGAN
ATTN. LIBRARY
COPY NO. 62
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BISSETT-BERMAN CORPORATION
2941 NEBRASKA AVENUE
SANTA MONICA, CALIFORNIA
ATTN. DOCUMENT CONTROL

COPY NO. 163

BOEING COMPANY
P. 0. BOX 3707 M/S 19-88
SEATTLE, WASHINGTON
ATTN. ADAM, WILLIAM 8.
COPY NO. 164

BOEING COMPANY

AERO-SPACE DIVISION

POST OFFICE BOX 3707

SEATTLE 24, WASHINGTON

ATTN. MC DONALD, RICHARD K.
COPY NO. 165

BURROUGHS CORPORATIGN
POST OFFICE BOX 892
PAOLI, PENNSYLVANIA
ATTN. LOHSE, EDWARD
COPY NO. 166

CALIFORNIA INSTITUTE OF TECHNOLOGY
JET PROPULSION LABORATORY
4800 OAK GROVE DRIVE
PASADENA 3, CALIFORNIA
ATTN. LIBRARY {(TDS}
DENSLOW, H.
COPY NO. 167

CALIFORNIA, UNIVERSITY OF
LAWRENCE RADIATION LABORATORY
TECH. INFO. DIV., P. 0. 8OX 808
LIVERMORE, CALIFDRNIA
ATTN. CRAIG, CLOVIS G.

COPY NO. 168

CHRYSLER CORPORATION

MISSILE DIVISION

P. 0. BODX 2628

DETROIT 31, MICHIGAN

ATTN. ERICKSON, ROBERT P.
CaPY NO. 169

CHRYSLER CORPORATION
MISSILE DIVISION
P. 0. BOX 2628
DETROIT 31, MICHIGAN
ATTN. SAHS, JOHN H.
TECH. INFDRMATION CENTER
CIPY NO. 170

COLUMBIA UNIVERSITY
ELECTRONICS RESEARCH LAB.
632 WEST 125TH STREET
NEW YORK 27, NEA YORK
ATTN. CRESSMAN, HELEN

COPY NO. 171

COLUMBIA UNIVERSITY
ELECTRONICS RESEARCH LAB.
632 WEST 125TH STREET
NEW YORK 27, NEW YORK
ATTN. SECURITY OFFICER
CoPY NO. 172

CONDUCTRON CORPORATION
343 S. MAIN STREET
ANN ARBOR, MICHIGAN
ATTN. RITT, RWVBERT K.
LIBRARY
coPY NO. 173

CORNELL AERONAUTICAL LAB.s INC.

P. 0. BOX 235 4455 GENESEE ST.

BUFFALO, NEW YORK 14221

ATTIN., CHAPMAN, SEVILLE

ODIRECTOR, PHYSICS DIVISION
COPY NO. 174

LIBRARTAN
COKNELL ACRONAUTICAL LAB., INC.
445% GENESEE STREET
BUFFALD 21, NEwW YORK
ATTN. DESMOND, JOSEPH
CoPY NO. 175

CORNELL AERONAUTICAL LAB., INC.
445% GENESEE STREET, P.0D. BOX 235
BUFFALO, NCW YORK 14221
ATTN. KAJSHAGEN, W. MAURICE
VIA. LIbRARY

COPY NO. 176

CORNELL AERONAUTICAL LAB., INC.
P. 0. BOX 235
BUFFALD, NEW YORK 14221
ATTN. KELL, ROBERT E.
VIA. LIBRARY
cOPY NO. 177

CORNELL AERONAUTICAL LAB.y INC.
4455 GENESEE STREET P. 0. BODX 235
BUFFALU, NEW YDRK 14221
ATTN. WURSTCR, DR. WALTER H.
VIA. SECURITY OFFICER

CoPY NO. 178

WILLOW RUN LABORATORIES

DEFENSE RESEARCH CORPORATION

6300 HOLLISTER AVENUE

GOLETA, CALIFORNIA

ATTN. TECHNICAL INFORMATION OFFICE
COPY NO. 179

DIKEWQDD CORPORATION
4805 MENAUL BOULEVARD, N. E.
ALBUQUERQUE, NEW MEXICO
ATTN. CARLSON, CARL R.
CDPY NO. 180

DOUGLAS AIRCRAFT COMPANY, INC.

3000 OCEAN PARK B8LVD.

SANTA MONICA, CALIFORNIA

ATTN. ARNQUIST, DR. WARREN Ny G-25
COPY NO. 181

DOUGLAS AIRCRAFT COMPANY, INC.
3000 OCEAN PARK BOULEVARD
SANTA MONICA, CALIFORNIA
ATTN. AVIONICS SECTION

COPY NO. 182

DOUGLAS AIRCRAFT COMPANY, INC.
3000 OCEAN PARK BOULEVARD
SANTA MONICA, CALIFORNIA
ATTN., TECHNICAL LIBRARY

coPY NO. 183

DYNAMICS RESEARCH CORPORATION
38 MONTVALE AVENUE
STONEHAM, MASSACHUSETTS
ATTN. TECHNICAL LIBRARY
COPY NO. 184

EASTMAN KODAK COMPANY
APPARATUS + DPTICAL DIVISION
405 PLYMDUTH AVENUE NORTH
ROCHESTER 4, NEW YORK
ATTN. 500ZE, IRVING

CIPY NO. 185

EDGERTON, GERMESHAUSEN + GRIER INC

P. 0. BOX 384, KENMORE STATION

BOSTON, MASSACHUSETTS 02215

ATTN. DOCUMENT CDNTROL CENTER
COPY NO. 186

ELECTROMAGNETIC RESEARCH CODRP.
50ul COLLEGE AVENUE
COLLEGE PARK, MARYLAND
ATTN. LIBRARIAN
COPY NO. 187

ELECTRD-OPTICAL SYSTEMS, INC.
353 Ne HALSTEAD SYREET
PASADENA, CALIFORNIA
ATTN. LIBRARIAN

coPYy NO. 188

EMERSON ELECTRIC MANUFACTURING CO.
STAR DIVISION
322 PALM AVENUE
SANTA BARBARA, CALIFORNIA
ATTN. COURTNEY, HOWARD
COPY NO. 139

FAIRCHILU~STRATOS CORPORATION
AIRCRAFT MISSILE CIVISION
HAGCRSTORN 10, MARYLAND
ATTN. ENGINEERING LIBRARY
TABISH, BLCRNARD S.
COPY NO. 190

FCOERAL SCIENTIFIC CORPORATION
515 WEST 131ST STREET
NEwWw YORK, NEW YORK 13027
ATTN. LIBRARY

COPY NO. 191

FLORIDA, UNIVERSITY OF

DEPARTMENT OF PHYSICS

SAINESVILLE, FLORIDA

ATYN. BALLARD, DR. STANLEY
CIPY NO. 192

GCNERAL APPLIED SCIENCE LAB., INC.
MERRICK + STEWART AVENUES
WESTBURY, NEA YORK 11591
ATTN. BYRNE, ROBERT W.
VIA. MASTER CONTROL STATION

COPY ND. 193

SENERAL DYNAMICS CORPORATION
POMONA DIVISION
P. 0. BOX 1011
POMONA, CALIFORNIA
ATTN. DIVISION LIBRARY
COPY NO. 194

SENERAL DYNAMICS CORPORATION

THERMO-MECHANICS SECTION

DEPT. 5, SECTION 332

MAIL ZDNE 6-51 P. D. BOX 2537

POMONA, CALIFORNIA

ATTN. POLICH, DR. W. F.

VIA, ECC-INTRA-PLANT ZONE 6-11
CaPY ND. 195

GENERAL DYNAMICS CORPORATION

ASTRONAUTICS DIVISION

80X 1128

SAN DIEGU 12y CALIFORNIA

ATTN. ENGINEERING LIBRARY
COPY NO. 196

GENERAL OYNAMICS CORPORATION
ASTRONAUTICS DIVISION
P. 0. BOX 1128 MAIL ZONE 596-04-1
SAN DIEGD 12, CALIFORNIA
ATTN. THOMSON, JAMES A. L.

COPY NO. 197

GENERAL DYNAMICS CORPORATION
GENERAL ATOMIC DIVISION
P. 0. BOX 608
SAN DIfGO, CALIFORNIA 92112
ATTN. HAYS, STANLEY D.

COPY NO. 198

GENERAL DYNAMICS CORPORATION
P. 0. BOX 748
FORT WORTH, TEXAS
ATTN. DE TONNANCDUR, P. R.
CHIEF, LIBRARIAN
CoPY NO. 199

GENERAL ELECTREC COMPANY
TEMPO DIVISION
735 STATE STREET, DRAWER Q2Q
SANTA BARBARA, CALIFORNIA
ATTN. DUCUMENT CONTROL
HERRMANN, RICHARD G.
COPY NO. 230

GENERAL ELECTRIC COMPANY
TEMPO DIVISION
735 STATE ST., P. 0. DRAWER QU
SANTA BARBARA, CALIFORNIA
ATTN. LIEBHOLD, KLAUS
DIRECTOR, DASA DATA CEN.
COPY ND. 201

GENERAL ELECTRIC COMPANY
BLDG. 3, ROOM 143-1
SYRACUSE, NEW YORK
ATTN. BURKE, YOLANDA
DOC. LIBRARIAN
COPY NO. 202

GENERAL ELECTRIC COMPANY
LIGHT MILITARY ELECTS. DEPT.
3u1 BROAD STREET
JTICA, NEW YORK
ATTN. LIBRARY

COPY NO. 203

RE-ENTRY PHYSICS LIBRARY
GENERAL ELECTRIC COMPANY
MISSILE + SPACE VEHICLE DEPT.
SPACE TECHNOLOGY LIBRARY RM. 1343L
VALLEY FOURGE, PENNSYLVANIA
ATTN. LIbRARIAN

COPY NO. 204

GENERAL ELECTRIC COMPANY
RE-ENTRY SYSTEMS DEPT.
3198 CHESTNUT STREET
PHILADCLPHIA, PA. 19104
ATTN. BOTJE, JACOBUS M.

COPY NO. 205

GENERAL ELECTRIC COMPANY
MISSILL + SPACE DIVISION
SPACE TECH. CENTER P.0. BOX 8555
PHILADCLPHIA, PA. 19101
ATTN. FARBER, JOSEPH
RAIM M9539
COPY NO. 206

GENERAL ELECTRIC COMPANY
MISSILE + SPACE DIVISION
P. 0. BOX 8555
PHILADELPHIA, PA. 19101
ATTN. FRIEL, PATRICK J.
00M UT216
COPY NO. 207

GENERAL ELECTRIC COMPANY
MISSILE + SPACE DIVISION
SPACE TECH. CENTER P. 0. BOX 8555
PHILADELPHIA, PA. 19101
ATTN., GUTTMAN, ANDREW
COPY NO. 208

SENERAL ELECTRIC COMPANY
MISSILE + SPACE DIVISION
SPACE TECH. CENTER P.0. BOX 8555
PHILADELPHIA 1, PENNSYLVANTIA
ATTN. LEW, HENRY G.
AM. 9167-L
COPY NOD. 209

GENERAL ELECTRIC COMPANY
MISSILE + SPACE DIVISION
P. 0. BOX 8555
PHILADELPHIA, PA. 19101
ATTN. 2AYL, GEORGE J.

COPY NO. 210



GENERAL ELECTRIC COMPANY

MISSILE + SPACE DIVISION

SPACE TECH. CENTER P, 0. HOX 8555

PHILADELPHIA, PA. 19101

ATTN. RIETHOF, THOMAS R.

VIA. RE-ENTRY PHYSICS LIBRARY
COPY NO. 211

GENERAL LLECTRIC COMPANY

MISSILE + SPACE DIVISION

P. 0. BOX 8555, SPC, RM. M9539

PHILADCLPHIA, PA. 19171

ATTN. SCALA, SINCLAIRE M.
CaPyYy NC. 212

SENERAL ELECTRIC COMPANY
MISSILZ + SPACE DIVISION
SPACE TECH, CENTER P.D. BOX 8555
PHILADELPHIA 1, PENNSYLVANIA
ATTN, DOCUMENFS LIHRARY, RM 1343L
THORKELSON, WILLIAM L.
COPY NO. 213

SUNERAL MOTORS CORPORATION

DCFINSF «ESEARCH LAbORATIRIES

57067 HIOLLISTER AVENUE

SULETA, CALIFORNIA 93217

ATIN. PRIMICH, RORIN I.

VIA. CCNTRAL DOCJMENT CONTROL
CIPY NO. 214

GUNERAL MOTORS CORPORATION

DEFENSE RISCAKCH LABORATORIES

57u7 HOLLISTER AVENUL

SULLTA, CALIFURNIA 93517

ATTN. SHAAR, CAMILLE M,

VIA. CENTRAL DOCJUMENT CONTROL
COPY NO. 215

SENERAL MOTORS CORPURATION

DEFENSE RESEARCH LAsORATIRICS

6767 HOLLISTER AVENUEC

GOLETA, CALIFORNIA 93017

ATTrie STEINBERG, YARTIN

VIA. CENTRAL COCUMENT CONTROL
CaPy Nn. 216

SENDRAL MUTORS CORPORATION
DUFENSE SYSTEMS DIVISION
BOX T
SUNTA BAKBARA, CALIFNRNIA
ATTN. BURT, ROBERT T.
LIrRARIAN
CoPY N0 217

GENERAL MUTORS CORPURATICN
DETENSE KRESEARCH LABORATIRICLS
Bux T
SANTA HAxBARA, CALIFORMNIA
ATTN. MAIDEN, COLIW J.

CoPY ND. o 218

SEVERAL PRECISION, INCORPORATET
LIBRASCUPE DIVISION
3.3 WOSTLRN AVEWJE
SLENDALE 1, CALIF32NIA
ATTN. SANNS, NATHAN J.
SUPERVISOR LIusRaRY STy,
C2PY NG, 219

SLUPHYSILS CORPURATION OF AMIXICA
BURLINGTON ROAN
BEDFIRE, MASSACHJSITTS
ATTH. TECHNICAL LIBRARY
NAZZARD, L.
caey

NOD.o 22

SFUPHYSICS CORPURATINN DF AMIRICA
PHYSICS RESEARCH CIVISID
BUXLINGTON ROAD
BEDFOKD, MASSACHJSETTS
ATTi. PRESSMA%, JEACMD

CaPY N3, 221

HELTODYND CORPORATION
850D/BMRS DATA CJRRILATION FAC.
NURTON AIR FORCE BASE
CeLIFURNIA 924703
ATTAd. FoLUMAN, SAJL

CoPY N 222

HCLIODYNE CORPORATION

BSU/UMRS UATA CURRZLATION FAC.

NCRTON AR FDRCE wASE

CaLIFORYIA $2404

ATIN. HAKSHBAKGLR, DR. F. C.
CIPY NO. 223

HUGHES AIRCRAFT COMPANY

Mall STATION B-108

FLURENZL AVENUE + TraLi STREIT

CULVER CITY, CALIFORNIA

ATTN. CRAVEN, wILLIAM A4, JR.
CIPY NO. 224

HUGHLS AIRCRAFT COvpany
CCwTINCLA + TCALE STREET
CULVER CITY, CALIFORNIA
ATTN, STROUP, RICHARD £,
CapPY NO. 229

HUGHES AIRCRAFT COMPANY
GROUND SYSTEMS GROUP
FULLERTON, CALIFORNIA
ATTN. HAIRE, MARY LOU
TECHNICAL LIBRARY
COPY NO. 226

INSTITUTE FOR DEFENSE ANALYSES
403 ARMY-NAVY DRIVE
ARLINGTON, VIRGINIA 222232
ATTN. BISERMAN, LJUCIEN M,

CIPY NO. 227

INSTITUTE FOR DEFENSE ANALYSES
4L ARMY-NAVY DRIVE
ARLINGTON, VIRGINIA 22202
ATTN. CRISLERy DR. EARL H.
via. DOCUMENT CONTROL CLERK
COPY NO. 228

INSTITUTE FGR DEFENST ANALYSES
4. ARMY-NAVY DRIVE
ARLINGTON, VIRGINIA 22222
ATTN. FOUTE, EUGENE W.

CIPY NO. 229

INSTITUTE FUR DEFENST ANALYSES
40, ARMY-NAVY DRIVE
ARLINGTON, VIRGINIA 222)2
ATTN. HULHSTIM, ADULF R.
vEA.  DUCUMENT CONTROL

CaPY NO.  23¢

I'STITUTL FOR DEFENSE ANALYSCIS
45, ARMY-NAVY DRIVE
ARLINGTON, VIRGINIA 22202
ATT. TECH. INFORMATION JFFICE
CaPy NO. 231

INSTITUTE FOR DEFENSt ANALYSES
UL ARMY-NAVY DRIVT
AvLINGTCON, VIRGINIA 22202
ATTN. MAYER, HARRIS L.

COPY &

232

INSTITJTE FOR DEFFNSE ANALYSES
4., ARMY-NAVY DRIVE
ARLINGTON, VIRGINIA 22202
ATIN. MINKES, JOSHUA
VIa. OGLUMENT CONTROL

COPY . 2343

INSTITUTL FOR OZFENST ANALYSES
400 ARNMY-NAVY DALV
ARLINCTON, VIRGINIA 222.2
ATTN. WOLFHARD, HANS .
VIn.  DUCUMINT CONTROL

Cary N 234

TNSTITOTE DF CrAVAL STUPIES
545 TELHYILGGY SQUARC
CAMPRIDGL 39, MASSACHUSITYS
ATTA. LInRARY

CHPY M. 239

TT.K CORPURATIUN
VIBYA DIVISON
145, PALL MILL el
PALD ALTO, CALIFIR.IA
ATTN, DUSUYENT CONT WL
TAGENT, 2ORIS
CoPY NT. 236

ITT FEOERAL LACJIRATORIES
340 WASHINGTON AVEANLL
NUTLEY 1oy NEW JERSEDY
ATTN. LIviARY
C2PY N0. 237

JUHNS HUIPKINS UNIVERSITY
APPLIECH PHYSICS LARJRATORY
3,21 GioeGIA AVENJE
SILVER 5PxING, MARYLAND, 20910
ATT . FOLLIN, DR JAMLS Wy JR.
VIA. JACUMINTS LIBRARY

CIPY ND. 238

JUHNS HUPKINS UNIVIRSITY
APPLIET. PHYSICS LABGRATORY
3.21 Gokola aveNJe
STLVZR SPRINGS, MARYLAND
ATT Io LIEKARIAN

CIPY NO. 23y

KistiaN ATRCRAFT CORPORATION

NJULEAR TIVISION

SARDEN CF THE GJDS RIAD

CCLORADD SPRINGS, COLDIRALD

ATTN. CLASSTFIED [QCUMTNT BRANCH
CoPY NO. 24,

LING=TZMIC-VOUSGHT, INC.
P.o o 00X 404
wlRREN, VICHIGAN 43090
ATT 4. LIBRARY
CaPY NO. 241

LUCKHZEL~CALIFNRANIA COMPANY

P. J. BOX 551

BURBANK, CALIFORNIA 915053

ATTN. KUTZSCHER, [ CDGAR W.
CoPY NO. 242

WILLOW RUN LABORATORIES

LOCKHECD-CALIFORNIA COMPANY
DEPT. 77~14, BLDG. 170, PLANT B-1
BURBANK, CALIFORNIA 91503
ATTN. CONTRAL LIBRARY
COPY NO. 243

LOCKHEED AIRCRAFT CORPORATION
MISSILE + SPACE DIVISION
3251 HANOVER STREET
PALO ALTO, CALIFORNIA
ATTN. KOZUMPLIK, DR. WM. A, (LIB)
TECH. INFORMATIDN CENTER
COPY NO. 244

LOCKHEED AIRCRAFT CORPORATION
MISSILE SPACE DIVISION
3251 HANCVER STREET
PALO ALTOD, CALIFORNIA
ATTN. DCS-R FOR
MEYEROTT, ROLAND E.
COPY NO. 245

LOCKHEED MISSILES + SPACE CO.
DEPT. 51-32, BLDG. 518, PLT. §
1111 LOCKHEED WAy
SUNNYVALE, CALIFORNIA 94088
ATTN. DAHL, MILTON R.

COPY ND. 246

LCCKHEED ATRCRAFT CURPORATION
SEURGIA CIVISION
35 SOUTH COBH DRIVE
MARIETTA, GEDRGIA
ATTHN. BAJER, C. XK.
MANAGER
COPY NA, 247

LIBRARIAN

LUCKHEED LLECTRUNICS COMPANY

J. 5. HIGHWAY 22

PLAINFIELD, NEw JERSLY

AT e SREINLING, RICHARD C.
COPY NO. 243

Luwtll TEUHNDLOGITAL INSTITUTE
Rt SEARCH FOUNCATION
453 AI4CIN STRELCT
LUACLLy MASSACHUSETTS 1853
ATIN. “IRANDA, HENRY AL, JR,
VIA. SULLURITY UFFICER

CaPY NU. 249

MARTIN COMPANY

DONVER £IVISIOH

P Co vdx 1176

DEWER 1, COLLCRAD]

ATIN. AUVANCED TECHNOLOGY LIBRARY
CIPY ND. 250

MASSACHUSETTS INST. UF TECHWULDGY
LiNCOLY LARDRATORY
Pa 0. diX 73
LLXINGT 2N, MASSATHUSETTS 02173
ATIN. eaLSER, MARTIN

CAPY . 251

MASSACHUSITTS INST. OF TLZHNIL2G
LIRCOLN LAPORATSRY
LEXINGTON 73, MASSACHUSETTS
ATTNe LILLUPS, RORERT R,

COPY ND. 252

MASSACHUSETTS INST. DF TLCHNOLOGY
LINCOLY LABORATURY
Pe . 30X T3
LUXINGTUN 73, MASSACHUSETTS
ATTN. CHAYTERTON, SLRWARD J.

CUPY NO0. 253

MASSACAUSETTS INST. OF TECHNOLIGY
LINCOLY LABORATIRY
P.o 0. HOx T3
LEXINGTON, MASSACHUSENTS 22173
ATT 4. CLARK, IONALD L.

COPY NO. 254

MASSACHUSETTS INST. OF TECHNRLIGY
LINCOLN LARCRATORY
244 WOOD STRELT - P, 0. rOX 73
LUXTNLTEN, MASSACHUSLTTS (2173
ATIN, FOELRERG, SELYMDUR

COPY N0. 255

YASSACHUSETTS INST. NF TECHNOLUSY
LINCULN LABORATIRY
PusT OFF EOX 73
LEXINGTUV, MASSACHUSETTS
ATV, GRANESE, MARY A,
GOCUMENTS LIGKARIAN
CaPY NO. o 256

MASSACHUSETTS [NST. OF TECHNCLIGY
LINCOL Y LABORATURY
Po N0 w0X 73
LTXINGTON 73, MASSACHUSITIS
AT T4, MC VAMARA, FRANK L.
CoPY NO. 257

MaSSACAUSTTTS INST. OF TECHWOLLGY
LINCOL LABURATORY
P. 0. nOX 73
LEXINGTON, MASSACHUSETTS 2173
ATTN. PIPPERT, DR. GLEN F.

CIPY NO. 258

MASSACHUSETTS INST. OF TECHNOLOGY
LINCOLN LABORATORY
244 WOOD STREET
LCXINGTON, MASSACHUSETTS 02173
ATTN. SLATTERY, RICHARD E.

COPY NO. 259

MELPAR, INCORPORATED

3339 ARLINGTON BOULEVARD

FALLS CHURCH, VIRGINIA 22046

ATTN. TECHNICAL INFO. CENTER
COPY ND. 260

MELPARy INCORPORATED

AGVANCED PROGRAMS ANALYSIS

3229 ARLINGTON BOULEVARD

FALLS CHURCH, VIRGINIA

ATTN. WAKEFORD, RONALD C.
COPY NO. 261

MINNEAPOLIS-HONEYWELL REG. CO.
MILITARY PRODUCTS GROUP
2630 RIDGWAY ROAD
MINNEAPOLIS, MINNESOTA
ATTN. SLADKY, M. A,
COPY NO. 262

MITHRAS, INCORPORATED
Tl CONCORD AVENUE
CAMBRIDGE, MASSACHUSETTS 02138
ATTN. LIBRARY
COPY NO. 263

MITHRAS, INCORPORATED
MICROWAVE + THERMAL RADIATION
751 CONCURD AVENUE
CAMBRIDGE, MASSACHUSETTS
ATTN. LOKAH, LAWRENCE

COPY NO. 264

LIBRARY SERVICLCS
MITRE CORPDRATION
PGST OFFICE 8OX 223
BLNFORD, MASSACHUSETTS
ATIN. CLAFLIN, JEAN E.
LIBRARTAN
CCPY NO. 265

MITRTD CORPORATION
BLOFORD, MASSACHUSETTS
ATTN. LIcRARY
MCNAUGHT, JOAN C. (LIB)
CIPY NO. 266

NATIONAL COMPANY, INC.

111 WASHINGTON STREET

MILRUSE, MASSACHUSETTS

ATTHe HUTCHINS, WILLIAM R.
CIPY NO. 267

NATIONAL ENGINEZRING SCIENCE CO.
711 5. TAIR DAKS AVENUE
PiASADENA, CALIFORNIA 91105
ATTN. LTANAKOS, JAMES J.
V1a.  SECURITY OFFICE

COPY NO. 258

JO2TH AMURICAN AVIATION

AUTONCTICS DIVISION

P. 0. BUOX R-3

A AHEIM, CALIFORNIA

ATTN. RESEARCH AND DEV. LIBRARY
CIPY NO. 269

NURTH AMERTCAN AVIATION, INC.
QUCKETOYNE DIVISION
e 0. wOx 552
CLNUGA PARK, CALIFORNIA 91334
ATTH. DEullly ATHUR G.

C2PY NAL 27C

NCRTH AMERTCAN avIATIUN, INC.
RUCKETDYNE DIVISION
5133 CAILGA AVENUE
CANOGA PARK, CALIFORNIA 91334
ATTN. SOLDEN, DRe STANLEY A,
©/561-351, Z-11
CIPY NOQ. 271

NURTH AMLRICAN AVIATION, INC.
RLCKETLYNE CIVISION
5033 C4DGA AVEGUF
CaNOGA PARK, CALIFIRNIA
ATTHN. LInRARIAN
COPY ND. 272

NIRTH AMERICAN AVIATIUN, INC.
AUTONETICS DIVISIDN
315, T. INPERIAL HIGHRAY
2uanNDY, LALIFORNIA
ATTMN. TUCHNICAL LIRRARY

CiPy NO. 273

NORTH AMEw]CAN AVIATION, INC.

SYSTI¥S RESCARCH

12214 LAKEWQDD BLVD.

DUWNCY, CALIFDRVIA

ATIN. CLARY, WwILLIAM T., JR.
CaPY ND. 274
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NORTH AMERICAN AVIATION, INC.
COLUMBUS DIVISION
4300 EAST FIFTH AVENUE
COLUMBUS 16, OHID
ATTN. REAGAN, JAMES F.

COPY NO. 275

NORTHROP SPACE LABORATORIES
3451 wW. BROADWAY
HAWTHORNE, CALIFORNIA 90250
ATTN. LANDRUM, BDBBY L.

COPY NO. 276

PAA/GMRD

MAIL UNIT €41, BLDG. 989

PATRICK AIR FORCE BASE, FLA.

ATTN, MARQUIS, DENNIS C.
CIPY NO. 277

PLRKIN-ELMER CORPIRATION
ELECTRO-OPTICAL DIVISION
MAIN AVENUE
NURWALX, CONNECTICUT
ATTN. WOOD, MARGARET D. (LIB)
CENTRAL LIBRARY
COPY NO. 278

PHILCO CORPORATION

WESTERN DEVELOPMENT LARS.

3785 FABIAN WAY

PALO ALTO, CALIFORNIA

ATTN. HARTBAUM, HELMUT K.
COPY NO. 279

E. H. PLESSET ASSOCIATES, INC.
2444 WILSHIRE BOULEVARD
SANTA MONICA, CALIFORNIA
ATTN. SECURITY LIBRARIAN

COPY NOD. 280

E. He. PLESSETT ASSOCIATES, INC.
2444 WILSHIRE BOULEVARD
SANTA MONICA, CALIFORNIA
ATTN. STEWART, HAROLD
COPY NO. 281

RCA MATHEMATICAL SERVICES
RCA SERVICE COMPANY
PATRICK AFB, FLORICA
ATTN. ROLLINS, JOHN
COPY NO. 282

LIBRARIAN

RADIO CORPORATION OF AMERICA

AEROSPACE COM. + CONTROLS DIV.

POST OFFICE BOX 588
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