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ABSTRACT
HIGH RESOLUTION ABSORPTION, ZEEMAN AND MAGNETIC ROTATION

SPECTRA OF THE FUNDAMENTAL AND SATELLITE BANDS
OF NITRIC OXIDE IN THE NEAR INFRARED

by Donald B, Keck

The absorption, Zeeman and magnetic rotation spectra
of the 1-0 vibration-rotation bands of nitric oxide have been
obtained using the Michigan State University high resolution
(v0.07 cm™! at 22000 cm™!) near infrared spectrometer. This
included the weak satellite transitions, ZH% > zﬂg and ZHS >
zﬂk. Improved values of the molecular constants have been
obtained by a simultaneous least squares analysis of combi-
nation differences and frequencies. The spin-orbit constant
was determined directly by means of the satellite band fre-
quencies which were included.

Theoretical calculations of the Zeeman patterns and
intensities have been given. The observed spectra match
these predictions very closely.

A phenomenological .theory of magnetic rotation spectra
is outlined. Predictions made on the basis of this theory
explain the major features of the observed magnetic rotation
signals starting from rather basic principles. These features
include the doublet structure of lines at high pressure and

the intensity contour of the 2-subband.
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Modifications made in the above mentioned instrument
are discussed. These include a rod source, a vacuum polarizer
assembly, new monochromator mirrors, a new grating drive as-
sembly, and new detectors. All air paths in the entire opti-

cal train have been eliminated.
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INTRODUCTION

Nitric oxide, being the only stable diatomic molecule
possessing an odd number of electrons and an electronic
angular momentum, has been the subject of many investiga-
tions (1-16). The result is a 21 ground state whose com-
ponents are separated by V120 cm~! by a spin-orbit inter-
action, The coupling is intermediate between Hund's cases
(a) and (b)., 1In addition the intermediate coupling makes
both I states magnetically sensitive,

Improvements in infrared detectors since Shaw's (6)
work on NO in 1956 has led to an increased interest in the
vibration-rotation spectra of the fundamental region
(v1900 cm™1) .

This work has been concerned with obtaining and ana-
lyzing high resolution absorption, Zeeman and magnetic
rotation spectra of both !“N!f0 and !5N!€0 for this region,
including the weak satellite transitions, 2H£ > an and
ZHS > ZH}“

The system used in obtaining the spectra is described
in Chapter 8. This includes an account of the modifications
which were necessary to extend the range of the instrument

to enable these spectra to be recorded.






Analysis of the absorption spectra was carried out
using the existing theory (9, 17, 18, 19, 20) which is
outlined in Chapter 1. A simultanecus analysis of all
observed transitions for each isotope is carried out in
Chapter 5 and leads to improved values of existing molec-
ular constants through the use of least squares fits to
both combination differences and frequencies, Inclusion
of the satellite data provides a direct determination of
of the spin-orbit coupling constant and helps resolve
previous differences regarding this quantity.

Zeeman components were resolved for two low J-value
lines for both isotopes. The theory necessary to explain
their positions and a brief analysis of them is given in
Chapters 3 and 6 respectively.

In Chapter 2 the quantum mechanical theory for the
intensities of the transitions is given, These calcula-
tions are necessary for the magnetic rotation analysis,

Buckingham and Stephens (21) have given a review of
the theory for magnetic rotation spectra from a phenomenol-
ogical viewpoint. A brief account of their approach and
the deviations from it as proposed by Aubel (22) are given
in Chapter 4. Aubel's approach coupled with the results
of Chapter 2 enable theoretical predictions of the magnetic
rotation signal to be made starting from rather basic prin-
Ciples, With the help of the computer these predictions
have been made for several representative transitions and

are given together with the observations in Chapter 7.






It is found that the major features of the observed signal
can be explained by this theory on a semi-quantitative

level.






CHAPTER 1

ROTATION-VIBRATION ENERGY FOR AN
INTERMEDIATE 4l STATE

The molecular Hamiltonian of a diatomic molecule, for
the region of spectrum being considered here, can be written
(23) as a sum of an electronic, a vibrational, and a rota-

tional term, viz,

H=H +H + H . (1.1)

Vibrational Term

Assuming an anharmonic oscillator as a model, the
form for the vibrational energy has long been known., Herz-

berg (24) gives the term value as:

G(v) = we(v+£) - wexe(v+5)2 + weye(v+£)3 F oo o (1.2)

where G(v) is in cm™’', v is the vibrational quantum number

and w_>>w_X_>>w are vibrational constants,
e e’e eYe

Rotational Term

Here the pure end over end rotation of the molecule
is considered. If J is the total angular momentum quantum
number in units of fi, and assuming the possibility of
orbital, L, and spin, S, electronic angular momenta, the

end over end rotational angular momentum of the molecule is:






-> > > >
P=J-L -5 . (1.3)

For the case of the diatomic molecule, taking the body
fixed z-direction along the internuclear axis, Pz = 0 so

that:

' 2 _ - _ 2 -
H_ = BP‘ = B[(Jx Lx SX) + (Jy L

2
: - 5,)2]

y
= B[J% - A% + 82 - 233 + L2 - 72

+ 2B[(LxSx + LySy)

- (J,L, + JyLy)] ’ (1.4)
where B is the rotational constant.

The matrix elements for the Hamiltonian in equation
(1.4) have been given by Van Vleck (18) and later by Dous-
manis, Sanders and Townes (20) for a pure Hund's case (a)
coupling scheme., These are listed in Appendix I-A with
their phase conventions. In this representation both L
and S are quantized along the internuclear axis with the
eigenvalues A and I respectively. Herzberg (25) discusses

this and other coupling schemes in detail. The total

angular momentum along the axis is designated by @ = |[A + &

For the case of NO or any other molecule with an un-
paired p-electron, L = 1, its projection A = 0,t1, S = }

t}., With these quantum numbers six
2S+llA|

and its projection I

case (a) states can be formed with the designation A+

viz,

Zni, zﬂ_i, zﬂg, 2H_3, 225, 22_5 .






oy
1]
(S22
|
[
i
0t

(1.3)

For the case of the diatomic molecule, taking the body
fixed z-direction along the internuclear axis, Pz = 0 so

that:

v 2 _ - - 2 -
H_ = BP¢ = B[(Jx Lx Sx) + (Jy L

2
: - 5,)2]

y
= B[J% - A% + 82 - 23:8 + L2 - 72]

+ 2B[(Lxsx + LySy) - (JxLx + JyLy)] ’ (1.4)

where B is the rotational constant.

The matrix elements for the Hamiltonian in equation
(1.4) have been given by Van Vleck (18) and later by Dous-
manis, Sanders and Townes (20) for a pure Hund's case (a)
coupling scheme. These are listed in Appendix I-A with
their phase conventions. In this representation both L
and S are quantized along the internuclear axis with the
eigenvalues A and I respectively. Herzberg (25) discusses

this and other coupling schemes in detail. The total

angular momentum along the axis is designated by & = [A + .

For the case of NO or any other molecule with an un-

1, its projection A = 0,t1, S = }

paired p-electron, L

and its projection I = t}, With these quantum numbers six

case (a) states can be formed with the designation ZS"']'lA[A_'_z

viz,

2n£, Zn_i, 2n3, 2n_3, 22%' 22_5 .






The interactions of these six states form a 6x6 matrix,
as given in Table 1.1, This matrix can be factored by
choosing as a basis, symmetric and antisymmetric combina-
tions first proposed by Kronig (26), of the six pure case

(a) wave functions, viz,
1 H +
‘\U(Ayzvg)spa = /?[W(Ayzig) = UJ(—/\,—Z,—Q)] (1.5)

This factorization breaks the Hamiltonian matrix into
two 3x3 blocks of opposite parity, similar to that shown in
Table 1.2. The eigenvalues of the symmetric (antisymmetric)
block corresponds to the c(d) level (A-doublet levels) of
Mulliken (27). The only difference between the two blocks
is in the I-I and the Zxﬂﬁ terms. These matrix elements
stem from the last line of equation (1l.4) which is off
diagonal in A, The degeneracy in A is lifted by the inter-

action of the 1 with the nearby ¢ state. Similar terms

will enter when the spin-orbit interaction is considered.

Electronic Term

For this work only the ground electronic state need
be considered. 1Its energy may be taken as some constant,
Teo An additional energy will arise when the electronic
orbital and spin angular momentum interaction is included.

The total electronic energy can therefore be written:

> >
He = Te + A(L:S) (1.6)






Table 1.1 Matrix of Hé in Pure Case (a) Basis,

R S S ST BT
| g, n R C 0
GT B € Z ¢ 0
n* g * Y1 J 0 0
HY = §* * 0 o R n
c* 0 * B €
\ 0 0 0 n* €% Y1

Table 1.2 Matrix of H! + A(L-8) in
symmetrized Case (a) Basis.

s S a a a
z I, 11 z Il Il
} 5 3 } 3 3
s s
K U n
(L) * 8 3 0
.. n* e * .
H' + A(L-S) = a a
r K " n
a
0 (u)* 8 €
i
rl* E* Y

> >
Table 1.3 Matrix of Hé + A(L-S).

I, n
| 3
. B+p2 (B, +e?) (1402 (83+y1) ]
H' + A(L-S) =
r ( ) e*[1+p¢(B;+v) ] y+p 2 (y %+e?)

where p = D”/B"“

|







I a* 6 n 8 C
‘ 61 B, € ¢ g ’
| n*oe* oy 0 0
HY = gx gx 0 g 81 n
g B e? 8, €
! 0 0 0 n* ex Y1

Table 1.2 Matrix of H! + A(L-3) in
Symmetrized Case (a) Basis.

a

| K in n
wS)y* 8 € 0
Al 3 l n* e* y
H! + A(L:S) = ‘ a a
K Y n
a

! Y (b €
| n* e* Y

Table 1.3 Matrix of HL + A(£:8).

I, hil
3 3
s [ B+0%(B1%+e?) e[1+p2(B1+y1) ]
' © P
C o S e*[1+02 (8 4v1) ] y+p2(y12+e?)

where p = D“/B"n







Matrix elements of the spin-orbit Hamiltonian are given in
Appendix I-B in the pure case (a) basis. In the symmetrized
basis discussed above the matrix of H; + A(L-8) is given in

Table 1.2,

Diagonalization of Hy and B

At this point the two 3x3 subblocks of Table 1.2, ob-
tained by adding He + H;, may be diagonalized to obtain
rotational and electronic eigenvalues. Dousmanis, Sanders
and Townes (20) have shown that by diagonalizing to succes-

sively higher orders in ( )1 the problem reduces to

Eelec
diagonalizing the 2x2 submatrix:
(8 e )

L5 - J i (1.7
This is acceptable for the case of NO since it is
known that the ground state is the 2I and EW_W is 2120 cm™!
and Ei-v is 32,000 cm™!, Terms in l/Ez_n will therefore
be small., It is seen that to this order the eigenvalues

for the symmetric and antisymmetric blocks are equal.

These eigenvalues are:

By 2= 4(8+ ) * Jl8-Y)2 + 4|e\2]%
=48+ y) = IB'X (1.8)

where

X = [4(J+})2 + x(x-4)15 ;s A =a/B"






Here the upper (lower) sign is used with E; (E;) where this
energy corresponds to an intermediate 2H£ (an) state. These
energies were first given by Hill and Van Vleck (17) starting
from pure case (b) wave functions. Van Vleck (18) later ob-
tained the same answer starting from pure case (a) wave

functions as was outlined here.

Centrifugal Distortion

Thus far our model for rotation has been that of a
rigid rotator. To account for non-rigidity a term must be
added to Hé which varies as P*, A term of this form was
added by Almy and Horsfall (19). Their Hamiltonian including

the spin-orbit term is:

H_ = BPZ - DP' + A(L:S) , (1.9)

where D is the centrifugal distortion constant. Finally,
considering matrix elements in the symmetrized basis which
only involve the N states, as was done in Eq. (1.7), this
Hamiltonian matrix is as given in Table 1.3. This matrix

can be diagonalized with the result that:
B, o= B"[(3+})2 - 22] + BT[L(L+1) - A2]
+ [lAa(A - 4B™)A2 + B”(J+})2]5
- D"[J2(J+1)2 - 3J(3+1) + 13/161 . (1.10)

In this expression terms of order D"/B" have been omitted.

The term L2 - A? was also omitted in the P“ term.
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Vibration-Rotation Interactions

To this point the vibration and rotation of the molecule
have been considered as independent motions. It is reason-
able to assume that the rotational constants considered so
far are really time averages over the period of vibration.

It is also reasonable that, because of the anharmonicity, the
average separation will increase with increasing vibrational
quantum numbers, The rotational constant, B, which varies

as r"2 will be a decreasing function of v. From rather in-
volved calculations (for a simple example, see Pauling and

Wilson (28)) the rotational constants are given by:

B
v

Be - ae(v+%) (50 11)

D, =D % se(v+§) 5 (1.12)

where Ge and Be are the vibration-rotation interaction con-
stants., Here Be(cm“) = ﬁ/4vcpré, where r, is the equi-
librium separation of the atoms and u is the reduced mass.
The spin-orbit coupling constant has also been found
to have a vibrational dependence by many researchers (11,

13, 14, 16)., It is written as:

A, =B, - xo(vih) . (1.13)

When this is done, only a single G(v) need be used to ac-
count for the vibrational energy of both components of the

By ground state,






L1

Lambda Doubling

It has already been pointed out that the eigenvalues
of the symmetric and antisymmetric blocks in Table 1.2 are
slightly different, each one giving the energy of one of
the A-doublet levels. Herzberg (29) discusses this un-
coupling phenomena in some detail. The splitting of the
levels is symmetric and the energies, in this intermediate

case are (5,9):
WA(J v) = T.(J,v) = EA(J v) ( 4)
> 7 T ; i i - 1.1

Neglecting the term in (E )~!, the effects of which

I=1

are too small to be observed in this work, Eﬁ(v) is:

4q, 2Py
+

8} (v) = 2p, (3+}) + 1 —
A =2 (A -2)2
v v

[(3+3)% = (J+3)] (1.15)

J

Zp[\ |

1
A _ |49
oy 2
(Ay-2) J

E; —_
A =2
v

Here Py and q, are the A-doubling constants.

+ @+ 3 - (3+h)1] & (1.16)

Total Energy Expression

Finally to the order of approximation considered so
far, the total energy of a diatomic molecule with a 21
ground state and with a coupling scheme intermediate between

Hund's cases (a) and (b) can be written:






12

wQ(J,v) = T, + G(V) + BUL(3+})2=A%] + B_[L(L+1)=4?]
+ (-l)i[Z.Av(Av - 4B )n? + BVZ(J-#i)Z]%
=D, [(J+}) " - (3+) 2 + 1]
: b, v (1.17)

where i = 1(2) corresponds to the intermediate ZH} (ZH%)

state respectively.






CHAPTER 2

WAVEFUNCTIONS AND INTENSITIES

The allowed transitions and intensities will now
be considered. The expressions for the linear combina-
tions of pure case (a) wave functions chosen as a basis

for the energy calculations must be found.

Intermediate Wavefunctions

The linear combinations of symmetrized wavefunc-
tions which diagonalize the 2x2 matrix of Eq. (1.7) are
a good approximation for the system. For the inter-

mediate wavefunctions one can write the matrix equation:

2 ,a o= lSya
|2n)8r® = ¢ |2n>5* s l2:1)

where the wavefunctions |2N) and |%I> are in the inter-
mediate and the symmetrized case (a) basis respectively.
The s (a) denotes the symmetric (antisymmetric) linear

combinations. The matrix C, is evaluated from H' = CHC+

and the normalization condition; CC+ = 1., The result is:

= a =b |
Cc = | b 2 J v (2.2
where,
a3y i Jv 2% *
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Therefore the intermediate wave functions to this order are:

|2H5)s’a = aJvlzni>s'a - va]2H3>S’a (2.3a)

a a

|zn%)sra = aJv|2H§>S' + bJV[ZHVS’ (2.3b)

The symmetries of the wave function have been carried merely
as a formality since to the order considered here, the ener-
gies and therefore the wave functions are identical for both
the symmetric and antisymmetric blocks of Table 1.2,

A complete tabulation of these wave functions for the
states v = 0 and v = 1 and for J up to 49/2 is given in
Appendix II, for !“N1€0 and !5N160, It is seen that the

wave functions are very nearly pure case (a).

Intensities

To obtain the selection rules and for later calcula-
tions, the integrated absorption coefficient (30, 31) (often
called the absolute or integrated line intensity) S (cm~™2)
will be needed. For a transition from the state m to m' it
is:

) h B ’ (2.4)

N =, - N Vmm' “mm*

mm "’ m'

where Nm is the number of absorbing molecules in the mth

state, v is the frequency (cm™!) of the transition, B

mm "’ mm "

is the Einstein coefficient of induced absorption, and h is
Planck's constant. For this work, N is negligible, and
Bmm‘ can be obtained from time-dependent perturbation theory

(32), From this treatment it is seen that three cases must
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Therefore the intermediate wave functions to this order are:

a &

2 sya _
| ) (2.3a)

s,a
L L L

2 s,a _ 2 s,a 2 s,a
| n%) = aJVI n%> + val H%> (2.3b)

The symmetries of the wave function have been carried merely
as a formality since to the order considered here, the ener-
gies and therefore the wave functions are identical for both
the symmetric and antisymmetric blocks of Table 1.2.

A complete tabulation of these wave functions for the
states v = 0 and v = 1 and for J up to 49/2 is given in
Appendix II, for 1“N1€0 and 15N160, It is seen that the

wave functions are very nearly pure case (a).

Intensities

To obtain the selection rules and for later calcula-
tions, the integrated absorption coefficient (30, 31) (often
called the absolute or integrated line intensity) S (cm™2)
will be needed. For a transition from the state m to m' it
is:

s = (N, - N,) hv B ” (2.4)

mm * mm' “mm’

where Nm is the number of absorbing molecules in the mth

state, v is the frequency (cm™!) of the transition, B!

is the Einstein coefficient of induced absorption, and h is

Planck's constant. For this work, N is negligible, and

m?
Bmm“ can be obtained from time-dependent perturbation theory

(32), From this treatment it is seen that three cases must
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be considered. These are; a) no magnetic field, non-
polarized radiation, b) longitudinal magnetic field, non-
polarized radiation, and c¢) longitudinal magnetic field,
radiation linearly polarized in the X-direction. (The
values of Bmm’ for these three cases are identical as they
must be, but for completeness all are given here,) A
coordinate system having the space fixed Z-axis parallel
to an applied magnetic field and along the direction of
propagation is chosen. (From this it is apparent that in
later references to Zeeman patterns, it is a longitudinal
effect that is being considered.)

In the following expressions |(uA)|2 is the square of
the absolute value of the space fixed electric dipole moment
matrix element in the intermediate basis of the absorbing

molecule, with A = X, ¥, Z.

(a) No magnetic field, non-polarized radiation,

2
By = 3;2 g 12+ Ty |2+ [y |2} (2.5a)

This is effectively the case of isotropic radiation since

the molecular dipole moments are randomly oriented. Since
any direction is equivalent to any other, the three terms

in the above sum may be replaced by 3 times any one of

them.

(b) Longitudinal magnetic field, non-polarized radiation.

B _ 2r

2 2
' = 2 ) 12+ [ uy) |2} (2.5b)
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In writing this it has been assumed that the magnitude of

the electric fields in the X~ and Y-directions are equal.

(c) Longitudinal magnetic field, radiation linearly

polarized in the X-direction.

Brm*

2
=2 [y |2 (2.5¢)
x2
The electric dipole matrix elements must now be
evaluated. For a diatomic molecule the body fixed dipole

moment is along the internuclear or z-axis. The value of

the A-component in the space fixed system is then:
Moo= A, u = A, u (2.6)
A é s o2

where Mo is the direction cosine transformation coef-
ficient relating the A- (space fixed) and a-axis components
of a vector, where A =X, Y, Z and ¢ = x, y, 2.

The quantum numbers v, J, @, M will describe the
system completely for what is now needed. With primes de-
noting the final state the square of the absolute value of
the matrix element of N in the intermediate basis can be

written (assuming no vibration-rotation interaction):

v, 30,00 M uy [v,3,0,M |2 =

| ol v 12 @ er My g laseMp) |2 L (2.7)

The term, |(v'|u,|v)[? is a vibration transition probability
and will be designated |R |?. The non-zero elements for

this quantity, assuming anharmonic oscillator wavefunctions,
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will occur (33) for v' = v*1,*2,*3,,, . Cross, Hainer and
King (34) have shown that the second matrix element of

Eg. (2.7) can be written:

(J',g',M3|AAZ|J,Q,MJ) =

. (J';J)0

Az (3',0';3,2)8, (I"',M';3,M) . (2.8)

Az

Table 2.1 lists the values for these terms as they
apply to the pure case (a) representation. It is noted
that only the term QAZ(J',Q';J,Q) will be affected by the
intermediate wavefunctions. It is also true that |(uX)|2 =
| (uy) |2 so that the only element which need be calculated
is | (ug) |2

The pure case (a) angular momentum selection rules
for this coordinate system may be seen directly from these
matrix elements. They are AJ = -1,0,+1 corresponding to
the P, Q, and R branches respectively, AQ = 0 which implies
AL = 0 (since we are considering transitions within the 21
state AL = 0) and AM = ¢#1,

Since only the ¢ components will need to be con-

Az
sidered, the subscript will be dropped. The absolute square

of the non-zero terms in Eq. (2.8) are as follows:

(i) o (J-1;73) |2 [16J2(2J+1) (2J-1)]1"1 (2.9a)

[16J2(J+1) 2171 (2.9b)

|e(J;3) |2

|o(J+1;J) |2 [16 (J+1)2(2J+1) (2J+3) 17! (2.9¢c)
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(ii) Here the notation Q;,Q, for 2 = },3 respectively is

used.
(a) AQ =0
o (J-1,0 :J,0 2 = 4{a a J2-q2 b
| ( 12 ! 112)| ¢ J-1,v’ JrV[ 112]
2_02 310
+ by y giby  L3%-02 1% (2.10a)

¢(J,2  ;J,9 2 =
(3, 1,277 1,2)I

4{ + b }2 (2.10Db)

aJ,v'aJ,vgl,z J,v'bJ,v92,1

¢ (J+1,Q ;7,9 2 = 4 J+1)2 - @2 }
o a2 1,2)’ {aJ+l,V'aJpV[( ) 1,2]
2 _ o2 3.0
+ bJ+l,v'bJ,v[(J+l) 92’1] } (2.10c¢)

(b) AQ = %1

3
V[Jz—n2 ]

le(J-1,2 ;3,0 |2 = 4{
2 2r1

a b
rl 1,2 J-llV' J,

V[JZ-Q2 2]5}2 (2.11a)

J-1,v'2g,

?

’ 1,2
- 2
4{aJ’anJ’,\,QZ’1 bJ,v"aJ,vgl,z} (2.11b)
¢(J+1,Q :J,0 2 =4 b J+1)2 - @2 }
o o1 ! 1n2)| {aJ+l,V° J,V[( ) 2'1]
- 2 _ a2 1532
bJ+l,v'aJ,v[(J+l) 91,2] } (2.11lc)

It is to be noted that in the intermediate basis the
values AQ = t1 are allowed, for here the quantum number €

Merely denotes the limiting pure case (a) value. The
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following terms give the relative intensities of the Zeeman
components for each branch:
(iii) |o(J+1,M21;J,M) |2 = (J*M) (J*M-1) (2.12a)
[e(3,M:1;J,M) |2 = (J*M) (TJ*M+1) (2.12b)
|o(J+1,M21;3,M) |2 = (J*M+1) (T+M+2) . (2.12¢c)
The line strength for a particular branch is obtained
from the product of the appropriate AJ terms from Egs. (2.9)
and (2,10) or (2.11) multiplied by the sum over all possible
M and AM values of the corresponding term from Eq. (2.12).
These sums are:
T(I-M) (J-M-1) + (J+M) (J+M-1)] =
M

39(29+1) (23-1) (2.13a)
TL(I+M) (T+M+1) + (J+M) (T-M+1)] =
M

33(3+1) (23+1) (2.13b)
LL(T+M+1) (T+M+2) + (J=M+1) (J-M+2)] =
M

303+ (2041 (20+3) . (2.13¢)

Then defining s(J',Q';J,Q). as the line strength, one can

write:
s(J-1,0';3,9) = I%3|¢(J—l,n‘;J,n)]2 (2.14a)
s(J,0';3,2) = Ié%%%%%7\¢(J,Q';J,Q)\2 (2.14p)

S(J+1,2';3,0) = 177%:TT|¢(J+1,9';J,9>|2 . (2.14c
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The calculated values for these line strengths are given in
Appendix III for the four possible bands (i.e., AQ transi-
tions) up to J = 49/2 for 1*N!60 and !°N!60. The values
of the line strength for the AQ = *1 transitions are seen
to be considerably less than those for a@ = 0.

The effect of the symmetry of the wave functions has
been neglected here. It has been shown that for each value
of J there are two levels (A-doublet levels) of opposite

parity. The general symmetry selection rule is (35):

+ > =

P SRR S s (2.15)

Each line of a branch will consist of two transitions of
equal intensity, and the line strengths given above must be
divided by 2 to properly account for this A-doubling.

The Einstein coefficient of induced absorption may

now be given. For the field free case it is:

B(v',J',2';v,J,0) = §%|RV}ZS(J',Q';J,Q) . (2.16)

In the presence of a magnetic field, the values given
in  the preceding equation must be multiplied by a field
factor corresponding to the particular branch needed. This

gives:
B(v',J-1,0"',M*1;v,J,Q,M) =

3 (JM) (JvM-l)J (2.17a)

RV L BN {mm)
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B(v',J,Q',Mt1;v,J,Q,M) =

(JsM) (J*M+1)
T(+1) (295D ] (2.17p)

o w

B(v',J,Q';v,J,Q) [

B(v',J+1,Q',M*1;v,J,Q,M) =

' V. 3 (JM+1) (TJ*M+2)
B(v',J+1,9';v,J,9) [Z (J+1)(2J+1)(2J+3)].(2.17c)

Here again the symmetry of the levels has been neglected.
Finally an expression for the number of absorbing molec-

ules in the initial state is needed. This can be obtained

from Boltzmann statistics. If N is the total number of ab-

sorbers taking part in the absorption process/unit volume,

then the number of absorbers in the state characterized by

the numbers i, v, J, M (i denoting the electronic state) will

be given to a very good approximation by:

N = N exp(-ei/kT)exp(—wev/kT) x

ivJM

exp[—BVJ(J+l)/kT]exp(-A/kT)/ZiZVZJZM (2,18)

where BV is the rotational constant, A is the Zeeman energy
of the state M, and Zi' Zv' ZJ and ZM are partition functions
for the electronic, vibrational, rotational and magnetic

states. Since the magnetic energies are small compared with

kT the magnetic term becomes:

exp (-A/KT) _ 1
"‘P'fr' T (2.19)

The evaluation of the vibrational and rotational terms is

given in many places (see e.g. Townes and Schawlow (36)).






23

They can be written:

exp(—wev/kT) B
—_— = exp(—wev/kT)[l—exp(—me/kT)] (2.20)

Z
v

and

exp[—BvJ(J+l)/kT]

(ZJ;,},)BV exp [-ByJ (J+1) /kT] . (2.21)

h

For the case of nitric oxide only the 2I electronic
states need be considered in evaluating the electronic term.
This becomes:

1

& I+exp (s 4¢/kT) (2.22)

exp(—el,z/kT)
4
where Ae = E; - E; = A (the spin-orbit constant). It must
be remembered that the -(+) sign above is used for the tran-
sition @ = }, A0 = 0,+1 (2 = 3, A0 = 0,-1).
The complete expression for the integrated absorption
coefficient in the absence of a magnetic field is then ob-
tained from the product of Egs. (2.16), (2.19), (2.20),

(2.21), and (2.22) as:
s(v',3',2';v,J3,9) =

ZWhZBv P exp(-wev/kT)[l - exp(-me/kT)]

x

(kT) 2 [1 + exp(s8e/kT)]
exp[-EvJ(J+l)/kT]B<v',J',Q';v,J,Q)v(v',J',Q';v,J,Q) (2.23

where P is the partial pressure of the absorbing gas (the

ideal gas law has been used) and all other quantities are
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as previously defined.
The integrated absorption coefficient is usually writ-

ten in the form:
S = SoP (2.24)

where Sy is given in cm™2/atm,

By making use of James' (12) experimental determina-
tion of |R,|? = (8.14 x 1072 Debye)? the values of Sy can
be calculated. This was done for !*N!60 for the vibra-
tional transition v=0 - v=1 for values of J up to 49/2 for
all possible values of AQ2 and AJ. These are tabulated in
Appendix IV. Shaw and Abels (38) have also carried out

portions of this calculation though by a different method.

Transitions

The pure case (a) selection rules, the intermediate
wavefunctions, the intensities and the energies having
already been given, the spectrum can be predicted. The
main points should be summarized. It will consist of two
subbands, an 5l 2“% and ZH% > ZH% and two satellite bands,
2n5 - an and an - Zné for the particular vibration being
considered. To facilitate later notation these transi-
tions will be designated 1, 2, H, and L respectively., The
two satellite transitions may also be called HES and LES
(high and low energy satellite) respectively. Each of
these transitions will have a P, Q and R branch corres-

ponding to AJ = -1,0,+1 respectively. In addition each
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line of these branches will be a doublet, since for each
value of J, there are two levels of opposite parity. A
typical spectral line within a vibration-rotation band might
be labeled PH(7/2)+, which indicates a transition from
J=7/2, 9=} toJd =5/2, @ =3, The plus sign is merely
a designation to indicate the higher frequency component of

the A-doublet.






CHAPTER 3
ZEEMAN ENERGIES

The intensities and selection rules for the Zeeman
transitions were given in the preceding chapter., Here our
concern will be the energy levels of the system in the
presence of a magnetic field. The effect of the inter-
mediate wavefunctions will be quite apparent, for contrary
to the pure case (a) coupling scheme where the zﬂk state
would have a magnetic moment of zero, a non-zero value is
now obtained., Dousmanis, Sanders and Townes (20) have given
a treatment of the Zeeman energies in the intermediate case.

The magnetic Hamiltonian is:

e 1ige
Hitva=i s vueH g (31

In the body fixed system the magnetic moment operator is:
U= —uo (L+28) (3.2)

where u, is the Bohr magneton.

Ssince this work is concerned with only the 21 states,
only the z-component of L will have non-zero matrix elements.
To transform the magnetic moment operator to the space fixed

system the direction cosines, A o must again be used.

A,
Since the magnetic field is taken along the space fixed Z-axis,

only this component of the magnetic moment is needed, viz.

26







by = —ug[ZAZxSx + zxzysy + AZZ(A+ZSZ)] . (3.3)

From Appendix I and Table 2.1 the matrix elements of ugz can
be calculated by a simple direct product of AAu and Su'

In the pure case (a) basis the matrix elements needed are:

-H oM
<J,n,M|uZ}J,n,M> = (A+2%) (3.4a)
J(J+1)

+ug[(Jxﬂ)(Jiﬂ+l)]}M
<3,9:1,M|u,]3,2,0> = ——————————
J(J+1)

[S(s+1) - E(E!l)]% s (3.4b)

Inserting the appropriate values for the gquantum numbers

yields:
<2H£‘uz[2H£> =0 (3.5a)
. 5 -3uoM
< Hg[uzl na> = E?;:IT (3.5b)
+u M

<Py lug2ng> = <Pl lfny> = (@-h @ hid. Gso

J(J+1)
From this the expectation values for My in the intermediate

basis can be calculated, viz.

-uoM 3 [2(3-3) (3+3) + 3 - A
(up) = C b (3.6)
J(J+1) X

where the upper (lower) sign corresponds to the intermediate

Zn% (ZH%) state.
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The Zeeman energies can be written:
Egm = 9gHoMH ’ (3.7)

where gy is the molecular g-factor given by dividing Eq.
(3.6) by -ugM. Calculated values for gy are given in
Appendix V for the vibrational states v = 0 and v = 1 and
for J-values through 49/2 for both !“N!€0 and !Sn!6o.

Eg. (3.6) agrees with that given by DST (20) al-
though the method by which it was obtained follows that of
Lin (39).

The strengths obtained for the Zeeman components in
Chap. 2 did not include the perturbing effect of the magnetic
field. They are certainly good to a first approximation
and will be used throughout.

If one were to consider Hm = —Evﬁ, as a perturbation,
the perturbed intermediate rotational wave functions, from

first order perturbation theory (40), can be written:

(J+1,Q,M|uZ\J,Q,M)H

|g,e,M)" = [J,0,M) + i SR f PSP

(J~1,n,M|uZ\J,Q,M)H

- —— | J-1,9,M) A (3.8)
IE,

where AER,P = EJ+1—EJ and EJ—EJ_l respectively. This ap-
proach was carried out for a pure case (a) basis and the
results indicated that the intensities would change by

less than 1%, The exact perturbation calculation is not

conceptually difficult; however, the algebra involved, because

of two magnetically sensitive levels, will be extremely tedious.






CHAPTER 4

MAGNETIC ROTATION THEORY

As early as 1846 Faraday (41) showed that optical
activity (rotation of the plane of polarization) can be
induced in matter by a magnetic field. This furnished
one of the first connections between optics and magnetism
and provided an impressively strong hint as to the elec-
tromagnetic character of light.

A medium exhibits magnetic circular birefringence
(MCB) (or Faraday rotation) when, as the name implies, a
longitudinal magnetic field causes the refractive indices
for right and left circularly polarized light to be un-
equal, thereby rotating the plane of polarization. 1In
addition the field causes different absorption coefficients
for the two polarizations, giving rise to magnetic circular
dichroism (MCD). These two effects are interrelated. Mag-
netic rotation spectra (MRS) in which the total intensity
transmitted through crossed polarizers is measured, stems
from these two effects.

Buckingham and Stephens (B&S) (21) have recently given an
extensive review of magnetic optical activity from a pheno-
menological standpoint. Their starting point is essentially

that of Rosenfeld (42), Kramers (43) and Serber (44) with

29
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the extensions of Carroll (45). It should be mentioned that
Hameka (46, 47, 48) has treated magneto-optic phenomena by
resonance fluorescence techniques. While this is probably

a more rigorous approach, it loses sight of the relevant
phenomenological parameters and consequently will not be
considered here.

The phenomenological calculation considered by B&S
is carried out in three steps: the observable is related to
the difference in the complex refractive indices of right
and left circularly polarized light; Maxwell's equations
are used to express the complex indices in terms of the
moments induced by the radiation; finally, these moments
are calculated quantum mechanically.

This approach is general enough to be applicable to
all material phases; however, things can be simplified,
both conceptually and practically, for the gaseous phase
which is our immediate concern.

The approach which will be used is an extension of
that of Aubel (22), and parallels quite closely that of
B&S. The first step of both approaches is the same.

In complex notation the electric vector describing
a circularly polarized wave propagating in the +Z-direction

is (21):
Bl e SO0 i t T eis Yo
E =E.i 1Eyj = Egexpli(wt-k 2)](i*ij) (4.1)

where E* (E7) represents the electric field for a right

(left) circular polarization in the conventional right hand
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sense (i.e., for radiation traveling in the +Z-direction,

right circularly polarized will mean a rotation of the

electric vector in the counter-clockwise sense viewed into

the beam), k* (k™) is the corresponding propagation con-

stant, and o is the angular frequency of the radiation.
Then a wave linearly polarized in the X- and Y-

directions can be written in terms of E* and E”:

_1 =

Ey = 5(E+ + E7) (4.2a)
2l LA =

Ey = 37(EY - E7) 5 (4.2b)

For an optically active media there will be two different

indices of refraction:
n == N (4.3)

If a wave initially linearly polarized in the X-direction
traverses an absorbing media of length L, then upon emerging

there will be a Y-component given by:

)
E, = %—%{/’F exp[i(wt+P - 1‘Eﬂri)]

X
-/ expliut-p - 22811 L (4.0
T and T™ are the transmission fractions for the right and

left circularly polarized components respectively., The
ratio of the intensity transmitted by an analyzer whose
axis is parallel to the Y-direction relative to that of one
at an angle P relative to the X-direction and in the absence

of the media is:
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' o= IEX|2 = Lipt 4 - - /T ex {i[2P+3£(n‘—n+)]}
BT P c

-/TFT~ exp{-i[2P+ﬁ%(n'-n+)]}

FUTH + T° - 2/TTT= cos2 (P+6) ) , (4.5)

where 6 = nvL(n"-n*) and v is the frequency in cm~1,

Assuming a normal exponential law of absorption, the trans-

mission fraction is given:

+

T = exp(-atL) , (4.6)

where o (a~) is the absorption coefficient for right (left)

circularly polarized lignt. One usually defines a quantity:

(a==at) . (4.7)

Ny

¢ =
With this, Eq. (4.5) can be written:

)2 + /TFT=sin2 (p+0) } (4.8a)

R S o
1= (et

- (at+a~
= exp[-iﬁ—ggmlgl{sinz(P+e) + sinh?¢} o (4.8Db)

+ +
It should be understood that n , « and therefore 6, ¢ and
T' are functions of frequency. The form of Eq. (4.8a) makes

it easy to separate it into a circular dichroism term:

+1 a~L
=2 {exp(=3x=) = exp(-=w=)}2
cp = LT - A5l R 2 2 (4.9a)
4

and a circular birefringence term:

-
CB = /TFTsin2 (P+6) = exp[-+%+%)115in2 (p+6)

5 . (4.9Db)

This completes step one.
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At step two B&S obtain the complex indices in terms
of the magnetic and electric polarizabilities. Following
Aubel it is simpler to exoress them in terms of the absorp-
tion coefficients for right and left circularly polarized
light. From Penner (49) one finds that the absorption coef-
ficient can be written in the following forms for various
conditions of pressure.

At very low pressure, Doppler broadening is the major

contribution to line width. The absorption coefficient is:

ap(vy) = :S{;(H‘—-Z-)% exp [

L ‘i"z(v—vi)ZJ (4.10)

where S is the integrated absorption coefficient, is the

YD
Doppler halfwidth, and vy is the frequency of the ith absorp-
tion line. In speaking of halfwidths, it will always be
assumed to mean one half the total width at one half the

maximum height (HWHM) unless otherwise designated. The

Doppler halfwidth is given by:

V.
o YA 2KT In2ih4
Yp = =1 (4,11

where k is the Boltzmann constant, M the mass of the molecule
and T the absolute temperature.

At the other extreme, that of high pressure, the line
shape should be Lorentzian and the absorption coefficient

will be:

Sy, 1
m

o (v,) = SSNPT N
BNV (vvg)? % 2 (4.12)

where Yy, is the Lorentz halfwidth and S is as before.
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YL, is pressure dependent and can be written (50):
=00 (4.13)
Y =¥y, ' 2

0
where P is the pressure. Values for Yy, (cm™!/torr) must
be found experimentally.
Most of our work falls in an intermediate pressure

range where the absorption coefficient is:

Wi
Yp

a(vi) @ (4.14)

ln2]§ rxp[—(lnz/yDz)nZ]dn
3

“ v+ (v—vi—n)2

If there is an applied longitudinal magnetic field
there will be an absorption coefficient for each Zeeman
component. When the absorption coefficient for each vy
has been found, the total absorption coefficient is found
for right or left circular polarizations by a single sum-

mation:

of(v) = Jot () y (4.15)
b

The integrated absorption coefficient determines
whether vy absorbs the right or left component as will be
shown shortly.

Finally the Kramers-Kronig relations (51) are used
to obtain the indices of refraction, viz.

o(v) = & J__L__.__..V' (vdv! (4.16a)
m (v'2=-y2)

/ $(v) = -2 f““ Jdv, (4.16b)
| 2-v2)
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The quantum mechanical calculation of the integrated
absorption coefficient which was treated in Chapter 2, com-
pletes the third step. From time dependent perturbation
theory it is known (52) that AM = +1 (-1) absorbs right
(left) circularly polarized radiation,

This completes the phenomenological calculation and
one must now combine Egs. (4.6), (4.7), (4.8a), (4.14),
(4.15) and (4.16a) to obtain, in principle, the magnetic
rotation intensity T'(v) as would be observed by a spectro-
meter having infinite resolving power.

In practice the spectrometer halfwidth is much greater
than the line widths being considered. Therefore to predict
the MRS signal which would be observed, an integration over
the spectrometer slit-function must be performed. The nor-
malized MRS signal will then be given by:

[T (v)o(v)adv

T(v) = . (4.17)
jo(v)dv

Here o (v) 1is the spectrometer slit-function which can be
obtained by recording the profile of a very narrow emission
line.

It should be mentioned that the integrations involved
in Egs. (4.14), (4.16) and (4.17) can not be done in closed

form and numerical integration techniques must be used.






CHAPTER 5
ABSORPTION ANALYSIS

Spectra of the 1- and 2-subbands, the HES and LES for
the v =0 - v = 1 transition for both 1“N!€0 and 15N160
were obtained using the high resolution infrared spectrometer,
Details of the instrument will be treated in Chapter 8. Ex-
perimental details for obtaining the absorption spectra of
the four bands of both 1“N1%0 and !SN!60 are given in Table
5.1, Figures 5.1 and 5.2 show typical absorption records
for portions of the HES and LES spectra for !5N!60, 15N16g
and !*N!60 were obtained from the Isomet Corporation and the
Matheson Company respectively. 15N160 had sufficient
purity as obtained; however, the !“N160 contained nitrogen
compound impurities which were frozen out for the LES region.

Calibration was accomplished using Edser-Butler bands
as recently reviewed (53). Bands of CO, HCl, and HCN meas-
ured by Rank et. al. (53) were used as standards. Standard
deviations of the calibration fits ranged from 0.001 cm™!
to 0.003 cm~ !, All frequencies used in the analysis were
measured on at least two different records.

The absorption charts were photographed, the raw data
then digitized using the Hydel system (54) and finally reduced

to absorption frequencies by the computer program SHAFT, which

36
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Table 5.1 Experimental Conditions for Absorption Spectra.

l4ntéo Calibration
Chart Band Region Pressure Fringe Eff. Standard Order Pressure §S,D.
(cm=1) (Torr) Order Sl. Width (Torr)
(cm=1)
5/26 HES 1945-2070 100-200 9 .062 HC1 (2-0) 3 10-20 0.,0014
co  (1-0) 1 1
5/27 HES 1990-2020 200 9 .062 co El-o; 1 80-3 10,0015
5/31-1 HES 1990-2020 200 9 .062 co 1-0 1 80-3 0.0012
5/31=2 HES 1990-2020 200 9 .062 co (1=0) 1 80-3 0.0010
5/31-3 HES 1990-2020 100 9 .062 co (1-0) 1 80-3 0.0015
6/1-1 HES 1990-2020 100 9 .062 co (1=-0) 1 77-9 0.0017
6/1=2 HES 1995-2080 100-200 9 .062 co (1-0) 1 80-1 0.0021
6/2-1 HES 1995-2080 100-200 9 .062 COo (1=0) 1 80-1 0.0023
6/2-2 HES 1950-1990 100-200 9 .062 HC1 (2-0) 3 6-10 0.0015
co (1=-0) 1 50-10
6/3 HES 1950-1990 100-200 9 .062 HC1l (2-0) 3 6-14 0.0012
co (1-0) 1 50-10
6/7 FUND 1905-1990 1-260 9 .062 HC1l (2-0) 3 4 0.0013
co (1l=-0) 1 50-10
6/10 FUND 1905-1990 1-260 9 .062 HC1l (2-0) 3 4 0.0016
co (1-0) 1 50-8
6/13 FUND 1800-1930 .5=2 9 .061 HCN (101) 3 5 0.0020
HCl1l (2-0) 3 6-9
6/14 FUND 1800-1910 .5=2 9 .061 HCN (101) 3 5 0,0022
HC1l (2-0) 3 6~-10
6/22 FUND 1705-1800 230-2 11 .059 HCN (001) 2 4-10 0,0022
HCN (101) 3 5
6,23 FUND 1705-1800 200=-2 10 .059 HCN (001) 2 5-10 0,0013
HCN (101) 3 5
6,24 LES 1670-1830 250-100 10 .062 HCN (001) 2 1 0,0019
HC1l (2-0) 3 10-6
7/5 LES 1670-1840 200 -100 ! N2 HCN (001) 2 1-2 0,0019
HC1 (2-0) 3 9-6
11/1 LES 1690-1795 160 16 L0336 HCN (001) 2 2 0.0030
HCN (101) 3 5-3
11/2 LES 1690-1795 100 1] .036 HCN (001) 2 2 0.0038
HCN (101) 3 3
oyleo Calibration
7/11 HES 1930-2020 76 9 .060 HC1l (2-0) 3 4-3 0.0016
co (1-0) 1 3-1
7/13 HES 1920-2015 75 9 .060 HC1 (2-0) 3 4-3 0,0018
Cco (1-0) 1 3-2
7/15 LES 1690-1780 71 10 .062 HCN (001) 2 1-2 0,0020
HCN (101) 3 4
7/18-1 LES 1660-1690 70 10 .055 HCN (001) 2 1 0,0021
HCN (101) 3 5
7/18=2 LES 1645-1690 70 11 .055 HCN (001) 2 1 0,0021
HCN (101) 3 4
7/19 LES 1700-1780 68 11 .062 HCN (001) 2 1 0,0026
HCN (101) 3 4
7/20 FUND 1705-1790 66-2 10 .065 HCN (001) 2 4 0,0031
HCN (101) 3 3
7/21-1 FUND 1710-1790 66-2 11 .065 HCN (001) 2 3 0,0025
HCN (101) 3 3
7/21-2 FUND 1770-1890 .5=2 9 .057 HCN (101) 3 3 0.0027
HCl (2-0) 3 3
7/22 FUND 1790-1890 .5-2 9 .057 HCN (101) 3 2 0,0027
HCl (2=-0) 3 3
7/25 FUND 1890-1970 1-64 9 .058 HC1l (2-0) 3 3 0,0026
co (1=-0) 1 80-60
7/26 FUND 1890-1970 1-64 9 .058 HC1l (2-0) 3 4 0.0018
co (1-0) 1 80-60

All of the above spectra were recorded with the following conditions: Pathlength, 945 cm;
grating, 300 lines/mm; detector, Kodak PbSe E-2; grating rotations, 0,02 and 0,05 degs./min,
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is described in Appendix VII-A, Identification of the trans-
itions presented no difficulty.

The "effective" rotational, vibrational and spin-orbit
constants may be obtained from the method of combination
differences (55) and/or from frequencies. Both of these
approaches were used. In each case the appropriate formula
was fit to the observed data by the method of least squares
using the M. S. U, CDC 3600 computer. Data from all bands
for a given isotopic species were fit simultaneously. The
least squares subroutine used in all fitting programs gives
estimators for the constants and their standard errors.
From this the simultaneous confidence intervals (SCI) (56)
can be calculated for each constant. On all fits a level
of significance of 0.05 was chosen (i.e., a 95% SCI was
used) .

Combination differences were calculated from the ob-
served frequencies using program DIFF. This program,
given in Appendix VII-B, calculates all possible A;F and
A,F's and forms a weighted average of the appropriate
components to determine the final values for both the
ground and upper state. Because of the statistical nature
of the problem, one may use both A;F and AoF's in deter-
mining the constants. Frequencies used in forming the
combination differences are the average of the A-doublet

frequencies.
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Effective Energy Expressions

For the 2 state of NO, L. = 1, A = *1, and A, = A,/B,
=73, The radical in Eq. (l1.17) may therefore be expanded

in powers of (J+})2. Keeping terms through (J+})% yields:

TH(3,v) =T+ 6w -D_ + (-11O /2
+ Bvi(J+£)2 - Dvi(J+§)L+ + Hvi(J+§)6
¢ B} (3,V) , (5.1a)
where
Q, = A, - 2B, - 2B /A + ... , (5.1b)
B,; = B, + D, + (-l)ti[)\V + 2Av2 T (5.1c)
D,y =D, + (-DTB A+ &x b+ L], (5.1d)
Hy, = (-1)YB_[21 5 + 200 6 + ,..] . (5.1e)

B D and HVi are "effective" rotational constants. The

vi’ “vi

energies in Eq. (5.la) are essentially those of two simple

diatomic molecules with an electronic energy separation of

Q.

v
From Egs. (5.1lc), (5.1d) and (5.le) the "true" rota-

tional constants are:

B = ———— =D (5.2a)






_ vl v2
DV = (5.2b)
H + H
H = ...,__.2____..,"1, V2 -9 . (5.2c)

The "effective" rotational and spin-orbit constants were

assumed to be linear functions of v, viz,

B,; = Boj = oV , (5.3a)
D,; = Do; + B8,V , (5.3b)
Ho, = Hoy - v;v ’ (5.3c)
A, =1Rg - xv . (5.34d)

The expressions for the combination differences and fre-
quencies, including the above assumptions, which were fit
are found in Appendix VI-A and VI-B. They are listed there
in a form readily adaptable for computer use.

Two methods were used in obtaining the molecular con-
stants., In the first method the ground state combination
difference data were first fit, using program ROTCONS given
in Appendix VII-C, to determine the "effective" ground state
rotational constants., 80 and 76 non-zero weighted GSCD with
J-values up to 71/2 for 1“N!®0 and !°N!®0 respectively were
fit., These ground state constants were then fixed in the
frequency fit (using program ALLFIT given in Appendix VII-D)
thereafter determining only the "effective" upper state con-
stants. The fits indicated that the upper state "effective"

constants were determined less accurately in a fit of the
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upper state combination differences than in the fit of fre-
quencies in which the ground state "effective" constants were
fixed. For this reason all upper state constants quoted were
determined from a fit of frequencies. From preliminary fits

it was found that Hv and Hv2 were equal and opposite to the

il
accuracy of our measurements; consequently they were replaced

by a single constant, Hy' = HV2 = —HV The final least

1°
squares output from these two fits, for both molecules, is
given in Appendix VIII, which includes the observed, predicted
and observed minus predicted values for all data points,

In the second method, a frequency fit was made in which
all constants, both upper and ground "effective" rotational,
spin-orbit and vibrational, were determined simultaneously.

The final least squares output from this fit for both molec-

ules is given in Appendix IX,

Effective Rotational Constants

The values of the "effective" rotational constants with
their 95% SCI from these two methods are listed in Table 5.2
under Case I and Case II respectively., While the constants
overlap in almost all cases, within their 95% SCI, it is
still disconcerting that the overall standard deviations of
the frequency fits, also listed there, should differ by such
an amount. Attempts were made to remove this discrepancy.
One of these was the inclusion of an AJ dependence suggested
by James (13). While the Ag term was on the verge of signifi-

cance, it did not improve this situation.
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Our values of the "effective" rotational constants
from Case I are listed in Table 5.3 along with those of
other researchers. Small differences between our constants
and others could arise from the fact that an HV dependerice
has been included. In fitting the data this will of neces-

sity affect the values of the other constants,

Rotational Constants

The rotational constants for both molecules were cal-
culated from Egs. (5.2a) and (5.2b) and are given in Table
5.4, In this Egs. (1.11) and (1.12) have been used. These
rotational constants, determined from Case I and Case II

"effective" constants, agree to well within their 95% SCI.

Spin-Orbit Constants

The constants Qy and x were determined directly from
the frequency fit since satellite data is included. From
the values of Qp and By, Ay can be obtained by solution of
the simple quadratic (obtained by neglecting terms of order
2By3/A,2 = 0.0006 cm™! and higher) of Eq. (5.1b). Table 5.5
lists the values of Ap, A1, Ae and xe obtained. It is seen
from this that the spin-orbit constants from Case I are the
same, within their 95% SCI, for both isotopes, as are those
from Case II. Our values for Ay and A; should be compared
with those of James (13) for !“N!60 (Ag = 123.16%*0.02 cm !

and A, = 122.91¢0,02 cm~!),
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Lambda Doubling Constants

A least squares fit to determine the A-doubling con-
stants was also performed for each molecule. The expres-
sions which were fit (using program LAMCON given in Appendix
VII-E) are given in Appendix VI-C. Doublet separations from
both the HES and LES were used. The least squares output
for both isotopes is given in Appendix X. Values for these

constants (cm~!) are:

This Work Microwave (5
154160 1uN160 155160 lunlég
Py ® 103 5.672+t0.058* 5,828*0.063 5.686 5.876
q, * 105 3.9:1.1 4.6%1.1 2.4 3.84
No. pts. fit 29 41
std. dev. 0.0028 0.0043

* 95% simultaneous Confidence Intervals

The values for p, agree very well with those obtained from
microwave measurements. While the values for q, do not over-
lap theirs, it should be pointed out that much higher J-values
are being fit (e.g., up to J = 47/2 for 1“N!®0 and J = 41/2

for 15yleg),

Vibrational Constants

Since only one vibrational transition was observed,
only one vibrational constant, AG(l), can be determined.

The difference in vibrational term values is:

AG(V) = G(V) - G(0) = (wg-w X,) VvV = w X, vZ+ .. . (5.4
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The values for AG(l) from the two cases, given here for com-

pleteness, are:

1unl6g
Case I Case II
AG (1) 1875.,9872 * 0,0038 1875.9904 * 0.0026
155160
Case I Case II
AG (1) 1842,9366 * 0,0030 1842.,9378 * 0,0023

The Case I and Case II values do overlap within their 95%

SCI.

Isotopic Calculations

The theoretical relations for rotational and vibra-
tional constants between isotopically related molecules in

terms of the reduced mass are:
Bel = p2Bg, (ae)l = p3ag, Del = p“De, wel = pug, (5.5)

where i refers to the substituted species and p? = u/ui,

u being the reduced mass of the normal species. Assuming
14N160 to be the normal species, Table 5.6 lists observed
and calculated values for the isotope !°N!60. A value of

p = 0,98211970 was obtained from the AIP Handbook (57).

It is seen that these calculated values agree very well with

the observed values.






51

Discussion

The measurement of the line frequencies used in the
analysis is believed to be accurate to 0.003-0.004 cm~!.

The "effective" ground state rotational constants de-
termined from the ground state combination difference data
are probably the more meaningful of the two sets. It is
generally accepted (58) that fitting combination differences
leads to a more accurate determination of these constants
than a polynomial fit of the frequencies., In addition, the
constants determined in this way will not be affected by
perturbations of the upper states, and the ground state is
less likely to be affected by perturbations,

The difference between the standard deviation of the
frequency fit of Case I and Case II could arise due to the
fact that in Case I, the fit is being forced to accept
values for several of the constants. The curve obtained by
varying the remaining constants may not be able to match
the experimental curve as well as when all the constants are
varied, It is still possible however, that the accuracy of
the present data is sufficient for this difference to be
pointing to an inadequacy of the present theory. The diffi-
culty does appear to come in large part from trying to fit
the satellite and fundamental data simultaneously. James (13)
reported difficulty in using constants determined from the
fundamental band to accurately predict the observed HES fre-
quencies. The double set of constants is carried throughout

to highlight this difficulty.
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It is comforting that the "true" rotational constants
(Table 5.4) from the two cases are in good agreement. The
values for r,, which are the same, as expected, for both
isotopes, are good to the accuracy stated.

It should be stressed that the spin-orbit constants
for the two isotopes are in very good agreement for both
Case I and Case II. This indicates that both isotopes have
identical electronic structure to the accuracy of the data.

The Q-branches of the fundamental subbands overlap
considerably, leaving very few unblended lines. This is due
in part to the A-doubling in the Q; lines which is quite
large at high J (e.g., ~0.24 cm~! at J = 21/2). For this
reason these Q-branches were not included in any of the
fits.

It should be emphasized that the data input to all the
fits included the lines from both fundamental subbands to-
gether with lines from the HES and LES. For reference, the
95% SCI quoted throughout, are ~4 times the commonly used

standard errors of the coefficients,






CHAPTER 6
ZEEMAN ANALYSIS

In general, Zeeman spectra have not been recorded in
the infrared because the resolution was not sufficient to
show the individual AM transitions., It happens that the
splittings for the 2-subband of both !“N!60 and 1°N!60
are sufficiently large and the experimental conditions
such that for small J-values the extreme components of the
transitions could be resolved and their splittings measured,
Fig. 7.6 shows Zeeman patterns for the P-branches of the 1-
and 2-subbands for low J-values. In Fig. 6.la the observed
Zeeman spectra for the P,(5/2) line of the (1-0) band of
14N160 at five different magnetic fields are shown. The
patterns for !5N!®0 are not significantly different and
hence are not reproduced.

The magnetic fields producing these patterns were ob-
tained from an air-core, water cooled solenoid built by the
Magnion Corporation. This solenoid is capable of producing
fields up to 6800 gauss. It has a central core diameter of
seven inches and is forty-eight inches long. Over the region
containing the absorption cell, the field is homogeneous to

within $2%,
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From the work of Chapters 2 and 3 the theoretical
Zeeman patterns can be predicted. Figure 6.lb shows the
predicted Zeeman pattern for the P, (5/2) transition for
the same fields as above. (These were obtained from program
PLOTPUN given in Appendix VII-H.) The central components
of these transitions overlap considerably; however, the
two outermost components appear as single lines.

Measurements of the splittings of the components of the
P2 (5/2) and R, (3/2) lines from the zero field position were
made for both !“N160 and 15N160, Table 6.1 lists the observed
and predicted values (predicted from program ZEEPUN, Appendix
VII-G) of these splittings for the various field conditions.
The uncertainty in measurement is probably no greater than
0,004 cm~!; however, the field and therefore the splitting
uncertainty ranges between 0.9 and 1.5%. The observed and
predicted values agree reasonably well. Microwave measure-
ments of these splittings (58, 59, 60) are more accurate,
but the above agreement is good enough so that the inter-

pretation of the observed pattern is certainly correct.
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Table 6.1 Zeeman Splittings for the (1-0)
P,T5/2) and R, (3/2) Lines of 1“N160 and !5N160
as a Function of Field.

Splittings®
P2(5/2) Ry (3/2)
FIELD Ohs. Calc. Obs. Calc.
(Gauss)
4000 0.3807 0.3764 - -
5000 0.4785 0.4704 0.4784 0.4702
l'-}N].GO
6000 0.5718 0.5644 0.5648 0.5642
6700 0.6398 0.6304 0.6328 0.6300
4000 0.3862 0.3760 - -
5000 0.4732 0.4702 0.4806 0.4708
155160
6000 0.5686 0.5642 0.5693 0.5650
6700 0.6248 0.6300 0.6350 0.6308

a) Separation between the most extreme Zeeman
components in cm™!,






CHAPTER 7

MAGNETIC ROTATION ANALYSIS

From October 7-27, 1966, quite an extensive series
of magnetic rotation spectra were run on the 1-0 band of
both !“N160 and !SN!60 as a function of pressure, path length,
field and polarizer angle. This included a look at the HES
of 14N160, Figures 7.1, 7.2, 7.3, 7.4 and 7.5 summarize the
main features of these spectra. The experimental arrange-
ment used in obtaining them is described in Chapter 8,

Most features in Figs. 7.1 - 7.4 have been given a
qualitative explanation. The opposite rotations of the 1-
and 2-subbands of Fig, 7.4 has been observed and accounted
for by Mann and Hause (62) and by Aubel and Hause (63). A
general explanation for the intensity minimum of the P, and
R; lines near J = 9/2, visible in Figs. 7.1 - 7.4, was also
given by the latter. The doublet structure seen in the lines
in Figs, 7.1 and 7.2 has also been observed by Robinson (64)
who simply attributed the occurrence to absorption from a
background of non-uniform intensity.

A semi-quantitative description of the above features
has been attempted. Using the M, S. U, CDC 3600 computer
the numerical integrations of Eqs. (4.14), (4.16a) and (4.17

wexrxe carried out to predict the magnetic rotation signal.
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These predictions also give a clearer picture of the whole
magnetic rotation effect. In all calculations it is assumed
that the adjacent lines do not add appreciably to the circu-
lar birefringence or dichroism. The effect of overlap is
considered later. Program PLOTPUN, listed in Appendix VII-H,
carried out the necessary computations and plotted the output.
Pertinent magnetic rotation parameters which are input are

the Doppler HWHM, Lorentz HWHM, spectrometer HWHM, pressure,
pathlength, integrated absorption coefficient, polarizer
angle, the Zeeman splittings including the A-doubling and the
relative intensities. The Doppler HWHM for NO at room tem-
perature, calculated from Eq. (4.11) is 20,002 cm !. The
Lorentz HWHM must be found experimentally. Shaw and Abels

(38) have done so for NO and found vy, = 8x1075 cm~!/torr.

It is slightly dependent on the transition. This value has
been found to be too low, by at least a factor of 2, to give
reasonable matches to the observed magnetic rotation signal.
Buckingham and Segal (65) found that a value 4 times larger
than this was needed in their predictions for the 3-0 band

of NO, The difficulty must be studied in more detail; however,
for the time a value increased by 2X will be used. For pres-
sures = 1 torr, Ypr'® lOyL and one would expect a Doppler line-
shape; however, for pressures of ~20 torr, Yp ¥ Yp- Therefore
the intermediate lineshape of Eq. (4.14) was used, which should
handle both conditions. A spectrometer HWHM of 0,05 cm~! was
used., For general reference this is ~3 times smaller than

that used by Aubel and Hause (63) for the 2-0 band. This was



64

possible due to greater dispersion in the region of the 1-0
band coupled with a larger percent magnetic rotation. In
the calculations so far, a Gaussian form has been assumed
for the spectrometer slit-function. In actual fact, for
the mechanical slit-widths used, the slit-function should
be more nearly trapezoidal. Eventually careful plots of a
narrow emission line should be run for the region of in-
terest and the exact slit-function input to the program.
The integrated absorption coefficient was input as calcula-
ted from Eq. (2.23). Zeeman splittings were calculated
from Eq. (3.7) using program ZEEPUN, and input.

The Zeeman splitting is symmetric to the order of ap-
proximation considered here, Fig., 7.6 shows some of the pat-
terns and relative intensities, including the A-doubling, for
both the 1- and 2-subbands. Each transition is a collection
of (2J+1) symmetric doublets, the components of which are
characterized by AM = +1 and -1, and which absorb, in equal
amounts, right and left circularly polarized light respectively.

The magnetic rotation signal, as will be seen later, is
predominantly due to circular birefringence. Typical
anomalous dispersion curves for a simple doublet along with
the rotation angle 6, are shown in Fig., 7.7. 6 is directly
proportional to the integrated absorption coefficient, and
the calculations show it can attain magnitudes of ~70 radians
for the 1-0 band. In the central region of the doublet, ¢
is changing rapidly. One therefore expects sin?6 to oscillate

rapidly between 0 and 1. The frequency of this oscillation
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will decrease as one proceeds toward the wing of the tran-
sition since there 6 changes less rapidly. Finally, as 6
becomes less than 7m/,, the circular birefringence will de-
crease to zero. In the extreme wings of the line, the Kramers-
Kronig relations (i.e. Eq. (4.16a)) predict 6 « 1/\)a The
frequency range for w>6>0 is consequently larger and this
last oscillation in the sin®6 term is broad compared to
those closer to the line center. Absorption is also taking
place throughout this region. The absorption coefficients,
for right and left circular polarizations, calculated from
Eg, (4.14) and the path lengths used are such that the
transmission fractions for even the weakest Zeeman components
are zero near the center of the line. However, the absorp-
tion coefficient decreases to zero, and the transmission
fraction therefore goes to unity, more rapidly than does 6
as can be seen from Eq. (4.14)., Fig. 7.8 shows the contri-
butions of these various terms for the P;(15/2) line for one
set of conditions. This line, like other l-subband lines,
displays nearly a simple doublet Zeeman pattern. The trans-
mission fractions for right and left circular polarizations
are shown in Fig. 7.8a. The circular birefringence term
(Eq. (4.9b)) will appear, as in Fig 7.8b with nearly zero
intensity near the zero field position due to the VTFT-
coefficient, oscillate to a peak in the wings due to the
sin?ps term and finally decrease to zero as 6 > 0., One

notes that there can be no circular birefringence con-

tribution to the magnetic rotation intensity in the absence
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Fig. 7.8. Predictions of the terms making up the magnetic
Totation signal of the 1-0 band, P;(15/2) line of l“Nlfo.
a) Transmission fractions, T+ and T-. b) Circular bire-
fringence. «c¢) Circular dichroism. d) Integration of the
sum of (b) and (c) over the spectrometer slit-function.
Field strength, 6000 gauss; pathlength, 315 cm;
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69

of either component of circular polarization,

The circular dichroism pattern, shown in Fig. 7.8c,
is obtained directly from Eq. (4.9a). It is seen that
this term is non-zero over a comparatively small frequency
range and cannot attain a value greater than 0.25, When
an integration over the slit-function is performed, it is
found that the contribution due to this term is almost
negligible,

Finally, Fig. 7.8d shows the MR signal after integra-
tion over the spectrometer slit-function. The intensity at
line center is ~0.25. Not enough checks of the observed
intensity transmitted through parallel polarizer-analyzer
were taken. Ultra-violet radiation progressively fogged
the first plate of the AgCl polarizer thereby vitiating
quantitative intensity measurements: however, earlier
measurements indicate that the actual MR signal is ~0.,30,
The calculated versus observed agreement is reasonable.

As Aubel (63) points out, the magnetic rotation
signal for the l-subband should follow the normal band
intensity contour since 6 is proportional to the integrated
absorption coefficient and all the Zeeman patterns are
very nearly the same. Also, as he points out, the angle 6
is calculated to be positive in the wings of these lines,
thereby giving rise to an enhancement of the magnetic rota-
tion signal for positive polarizer setting.

The 2-subband Zeeman patterns, Fig. 7.6, are quite

different from the single doublet character of the l-subband.
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However, after calculating the anomalous dispersion and trans-
mission fraction for each line and performing the appropriate
summations, one still ends up with a doublet character as
regards right and left circularly polarized lignt. One
expects the 2-subband to have slightly weaker magnetic rota-
tion signals due to both a smaller integrated absorption
coefficient and the greater amount of overlap of AM = +1
and -1 transitions. A series of plots similar to the ones
in Fig. 7.8 have been made for the 2-subband but essentially
the same type patterns are obtained. Consequently they
have not been included.

Having discussed the makeup of the magnetic rotation
signal, let's examine some specific features of Figs. 7.1-

7.4.

Doublet Character 9£ MR Lines

As was stated earlier, Robinson (64) qualitatively
attributed the effect to simple absorption from a non-
uniform background. This is certainly correct; however,
going back to Fig 7.8a one can see exactly how it enters. The
transmission fraction is zero near the zero field position.
If, as was the case in Fig. 7.8, the spectrometer slit-
function is much wider than this region of zero transmission,
the magnetic rotation signal will appear as a single line.

If the absorption coefficient or the pathlength is increased,
the region of zero transmission will broaden and may eventu-

ally become comparable to the slit-function. At the same






71

time the angle 6 extends its region of non-zero values so
that it is always broader than the YT¥T  term. Upon inte-
gration over the slit-function a decrease in magnetic rota-
tion signal will be observed. Figs. 7.9a and 7.9b show pre-
dictions for the P; and P, (15/2) lines at two different
pressures which demonstrate this effect. Both the integrated
and unintegrated patterns are shown. It should be remarked
that the absorption coefficient is increased by an increase
in pressure (see Eq. 2.23 and 4.12). This will have a bigger
effect than increasing the pathlength since by changing the
pressure the lineshape is also altered. An increase in pres-
sure makes the line more nearly Lorentzian, its tail in-

creasing and thereby adding to the doubling effect.

2-Subband Intensity Contour

It was stated earlier that the 2-subband should be slightly
weaker than the l-subband due to a smaller absorption coefficient
and greater overlap of right and left circular polarization
regions. It is this latter point which is giving rise to
the intensity minimums near J = 9/2. Consider the 2-subband
patterns in Fig. 7.6. If one calculates the ratio of the
intensity of the strongest component and the nearest com-
ponent of opposite polarization one finds a minimum for J =
9/2. That is, one can expect a smaller value in the calcula-
tion of ¢ in Eq. (4.7) from these components.

This can be extended over all (2J+1) components to

predict a smaller magnetic rotation signal from this trans-
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ition. This is certainly not the entire story however., It
is noted that the largest components of the P, (9/2) line

do not lie directly on top of a component of the opposite
polarization. In order to get a large cancellation effect
these components must overlap within their individual line
widths, They are separated by 0.0064 cm™!, thus the absorp-
tion coefficient must have a HWHM approaching this to get
the maximum cancellation. On the other hand, the J = 11/2
components are separated by only 0.0003 cm !, One might
therefore expect the minimum in the magnetic rotation signal
to move toward higher J-values for lower pressures, and
therefore smaller absorption coefficients. This is borne
out by experiment (see Fig, 7.1). By the same line of
reasoning, at lower field strengths, where the Zeeman com-
ponents are closer together, the minimum should move toward
lower J-value (see Fig. 7.3). Predictions of the magnetic
rotation signal agree very well with experiment as regards
this minimum, Fig, 7.10 shows predictions for the P, sub-
band for J = 5/2 to 15/2 for two different pressures. It

is seen that at the higher pressure the minimum is shifted

by one to J = 9/2 in agreement with Fig. 7.1,

Directions of Rotation

The subject of the opposing rotations of the 1-
relative to the 2-subband has been well explained (63).
Let it suffice to say that the predictions made from the

theory of Chapter 4 are in complete agreement with the
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Fig. 7.10. Predictions of the magnetic rotation signal for
the 1-0 band, P, subband of !“N!®0 at pressures of 1.0 and
10.3 torr. Field strength, 6000 gauss; pathlength, 315 cm;
slit-function FWHM, 0.1 cm~!,
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observation that the rotation is positive (negative) for

the 1l- (2-)subband. While there are no complete cancella-
tions. in the 1-0 band similar to those observed (63) in the
2-0 band, there are nevertheless partial cancellations which
become obvious as the absorption is increased. In Fig 7.1
in the region from J = 7/2 to 19/2 for a pressure of 21,2
torr, it is noted that the inner components of the doublets
are weaker than the outer. While some of this can be at-
tributed to instrumental factors it is too regular to be
explained solely on this basis. It is reasonable to assume
that the Lorentz tail on the absorption coefficients for the
1- and 2-subband lines is producing enough overlap to result

in partial cancellation of rotations.

Magnetic Rotation Spectra of the HES

Fig 7.5 shows the meager traces of magnetic rotation
spectra which were obtained from the !“N!60 HES, A wide
range of conditions of pressure, field and pathlength were
tried with no better success than this, The transmission
for these lines is between 10-15%. There appears to be no
one condition of field or pressure which will simultaneously
maximize all lines.

The weakness of the observed signals can be attributed
to instrumental sensitivity. The failure to observe more
lines must be attributed to the combination of line-width
(vy, = 0.1 cm~!), A-doubling, and Zeeman splittings

being right to produce cancellation., This could
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explain the non-existence of the Q-branch in Fig. 7.5 as
there the overlap of components is great. (For the actual
positions of the Q-branch lines see Fig. 5.1l.) Fig. 7.11
shows predicted Zeeman patterns, including A-doublet split-
tings, for the HES R-branch lines for J up to 11/2. It is
seen that for J = 11/2, and therefore for all higher J-values,
the most intense Zeeman components for both A-doublet com-
ponents, are well within the Lorentz halfwidth of the lines.
This will result in cancellation which will be less severe
at higher values of the field., Also as the pressure, and
therefore Y, is increased there will be more overlap of the
AM = +1 and -1 components resulting in smaller signals at

higher J-values., This is observed in Fig. 7.5.

Discussion

The calculations, incorporating intensities determined
quantum mechanically, inserted into an expression derived
using classical dispersion theory and including the effects
of a finite resolution spectrometer, have successfully pre-
dicted the major features of the magnetic rotation spectrum
of the fundamental band of !“N!®0, The agreement is not
perfect. This is perhaps due partly to the rather crude
numerical integrating techniques in which basically the areas
of rectangles with equal bases were added for all regions.
It is quite conceivable that this led to a distortion of the
form of the lineshape and of the rotation angle 6. Never-

theless it would appear that the overall approach is correct.
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From the plots obtained it appears that the line shape
and the exact position of the Zeeman components are the most
criticalrparametersﬁ A change in the integrated absorption
coefficient produces a comparatively small change in the
magnetic rotation signal.

It would appear that, as regards the determination of
any molecular parameters, the magnetic rotation as measured
here is of limited usefulness due to the number of super-
imposed quantities. It has been pointed out (63) however,
that the integrated effect as seen here can be used to show
the presence of magnetic splittings even when these splittings
are more than a factor of 10 below the resolution capabilities
of the instrument.

Buckingham and Stephens (21) have mentioned the pos-
sibility of reducing the complexity by separating the MCB
and MCD terms through application of a "small" alternating
magnetic field and using a phase sensitive detector. It is
not clear that the magnetic rotation effect would be meas-
urable for "small" fields, however, this possibility should
be explored. Eberhardt (66) has also managed to experimen-
tally isolate the quantities 6 and ¢, He accomplished this
by chopping the beams with a plane polarizer to isolate the
angle of rotation 6, and by chopping with quarter-wave plates
to isolate ¢. These measurements should provide direct deter-
mination of molecular transition probabilities. One may have

trouble making quarter-wave plates for the near infrared;
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however, this approach also has good possibilities. Addi-
tional work should be done in obtaining better agreement

between theory and experiment for the work presented here.
It is still possible that, if the effect can be predicted
accurately enough, information on molecular parameters can

be extracted.



CHAPTER 8

SPECTROMETER DESCRIPTION

The high resolution infrared instrument used in this
work is the result of an evolutionary process beginning with
R, H. Noble (67) and including, among others, Brown (68) and
Aubel (22). Aubel has given a detailed description of the
instrument in its next to present form including alignment
procedures,

The modifications which put the instrument in its
present form were made during the period from September 1964
to May 1965. An account of these follows. Since the basic
alignment procedure has not been altered it has not been in-

cluded.

Carbon Rod Source

The previously used 300 watt Zr arcs were plagued with
a number of difficulties such as; 1) instability in a magnetic
field, 2) an envelope which failed to transmit sufficiently
well beyond 2.7u, 3) short and unpredictable outputs and
lifetime,

A rod source was developed patterned after the work of
Rank (69) and Rao, Spanbauer and Fraley (70) to overcome some
of the above difficulties. It is in a water-cooled housing

which mounts directly to the tank wall, thereby eliminating
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a previous air path, A 2" x 3/16" CaF; window presently
provides isolation between the rod enclosure and the main
vacuum chamber; however, almost any window of similar di-
mensions could be used. The CaF, transmits in excess of
95% out to 7u. The back end of the enclosure is removable
and, as seen in Fig. 8,1, serves as a base for two 1" water-
cooled brass posts which deliver current to the rod.

The rod itself is 0.25" x 2" and has an ~13° V 0,125"
deep cut longitudinally in it to make it more nearly a
black body radiator. National SPK graphite was found to be
the most suitable rod material. Electrical contact is made
to the rod by means of 2 two-turn coils of #18 copper wire
which are pushed over the ends. This is then pushed into
two coaxial holes in the 1" posts.

Figure 8.2 is a schematic of the rod power supply.
Basically it is a "variac" driven welding transformer oper-
ating step-down off the 220 VAC line. Pressure, water and
rod breakage cutouts are provided in the system. Typical
operating conditions are 410 amps at 7.5 VAC which heats the
rod to v2700°C. The supply will furnish 500 amps; however,
rod lifetime is cut by about a factor of 3 and output is
increased by only “15%. At the normal operating current,
the average lifetime is about 20 hrs during which the output
is constant, The output is not affected by a magnetic field.

A one atmosphere environment of ultra pure argon is

provided during operation which retards evaporation of the rod.
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Pressures as high as three atmospheres have been tried with
no significant increase in rod life,

It has been found that the rod output at 4400 cm~! is
about 30% better than the previously used Zr arcs and very

stable throughout its lifetime.

ForeoEtics

The basic optical path in the foreoptics has been
modified little from the work of Aubel (22), however, a
vacuum polarizer assembly has been added to eliminate the
last air path in the entire optical train. A false 1"
aluminum baseplate has been added, and CaF; "windows" are
used throughout to allow increased range. The baseplate
provides a stable platform for mounting the mirrors and
eliminates mirror displacement during tank evacuation.

Fig. 8.3 shows the present mirror configuration. Table 8.1
lists the specifications on the various mirrors. The only
significant change in foreoptics mirrors was to make M2 on

a quartz blank. This was done because of its close proximity
to the rod source and the small thermal expansion coefficient
of quartz, The foreoptics mirrors are versatile enough to
permit the use of a shorter 36.7 cm cell; however, the homo-
geneity of the field of the present Magion solenoid is suf-
ficient to obviate its use.

The alignment procedure has been previously given (22).
This has been facilitated by an assembly which positions a

25 watt Zr arc at the same point as the "carbon" rod.
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Table 8.1 Spectrometer Optics

Element Type Comments
Foreoptics

M1* ellipse 4" dia; foci 44:176 cm

M2* flat 35" square; hole 2 cm dia.
(fused silica blank)

M3, 4* flat 33" square

M5,6,7* sphere 6" dia., cut to make M5,6,7;

R = 78.7 cm

M8, 9% flat 35" square

M10* ellipse 4" dia.; foci 128:64 cm

M11* flat 4" square with beveled edge

M1l2* ellipse 6" dia.; foci 114:57 cm

M26 flat 2" dia.

wl,2,3,4 window CaF,, 2", 1", 1", and 2" dia.

Monochromator
M13* parabola 10" dia.; focus 106 cm
M14 flat 10" dia.; rectangular hole 2.5 x 6 cm
(cut off 10 cm from and parallel to
hole)

M15 flat 10" dia.

G grating see text

M16 flat 4 x 3,4 cm, rear mount

Exit Optics

M17* ellipse 4" dia.; foci 40:112 cm
M18%* flat 4" dia.; hole 1.6 cm dia,
M19,20* flat 21" square

Ll plano-convex 2" dia.; foci -28:10; CaF,

lens






88

Table 8.1 (cont.)

Element Type Comment

Calibration Optics

W5,6 window 2" diameter

L2,3,4,5 convex lens f = 25 cm; achromatic
M21,22,23 flat 2" x 23"; 2 - v ox 3"
M24,25 flat 2" x 23"

P prism height 2", long side 9.55 cm

angles 50°, 60° and 70°

* Protected with SiO, coating

All mirrors are front surface type
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The vacuum polarizer assembly is pictured in Fig. 8.4.
It has provision for simultaneously removing both polarizer
and analyzer from the beam to allow normal absorption or
longitudinal Zeeman spectra to be recorded. In addition the
polarizer and analyzer may be independently rotated and their
angles readout to 0.1 degrees., This rotation is consistent
with the conventions chosen in the MRS work., Two sets of
polarizers will soon be available. The presently available
set which operates between 2.5 and 12y consists of 6 AgCl
plates at Brewster's angle. The plates are mounted in pre-
cisely machined grooves in a tubelike structure made from
"phenolboard." Equal numbers of plates are inclined in
opposite directions to eliminate beam displacement upon ro-
tation of the polarizer. This arrangement gives "95 percent
polarization. An Irtran II window is mounted in front of
the first polarizer to eliminate the large amount of ultra-
violet radiation which fogs the AgCl plates. The new set
will use Polaroid HR plates as the polarizing elements and
will be useful between 0.7 and 2.3u,

F in Fig. 8.3 represents a filter holder by means of
which one can insert any one of three IR filters for elimi-
nating unwanted wavelengths from the beam. These filters

cut off radiation below 1.06u, 1.8u and 3.0u respectively.

Monochromator

Fig. 8.5 shows the present configuration of the mono-

chromator., Modifications made here include: new entrance






Fig. 8.4. Polarizer Assembly.
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slit jaws; insertion of two new 25 cm flats; a new pickoff
mirror assembly; a new grating drive; and relocation of the
gratings. As one might expect the entire monochromator had
to be realigned and with insignificant exceptions the pro-
cedure given in (22) was followed.

The entrance slit is presently being formed by two
razor blades manufactured by Edward Weck & Company. Almost
every brand of razor blade currently manufactured was checked
with a 30X microscope against the surface of a Johansen block.
All blades with the exception of the Weck were found to have
curvature and/or nicks in excess of 10u. The Weck blades
appear straight to within 1 or 2 microns over a length in
excess of 2 cm and are free from nicks. These blades are
mounted to the former slit jaws which have now been provided
with an adjustable stop to prevent damaging the blades upon
closing.

The greatest problem with this arrangement is in getting
the two blades mounted in the same plane. The procedure used
to accomplish this was to illuminate the slits from behind.
The blades were then shimmed until no parallax existed as
ones head was moved symmetrically from side to side. This
procedure had to be carried out simultaneously with checking
the blades for parallelism with the 30X microscope.

The flats M14 and M15, were identical 25 cm diameter
mirrors and replace the former 20 cm diameter flats. This
change allows the grating to be covered completely over a

larger angular region and improves resolution at lower
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angles. MI14 has a rectangular hole 25 x 60 mm in its center
and has been cut off along a line 10 cm from the center and
parallel to the long axis of this hole. This allows a) the
beam to enter the monochromator almost along the axis of the
paraboloid and b) the exit slit to be placed as close to
the pickoff mirror, M16, as possible. This latter feature
allows the pickoff mirror to be as small as possible thus
minimizing the amount of the beam obstructed. M15 is used
for double passing the grating. To accomplish this M15 is
rotated about a line perpendicular to the base plate and
parallel to its face, to the best compromise position for
covering the grating at working angles. It is then tipped
until the double pass image at the exit slit is just below
the single pass image. The pickoff mirror is tipped until
the D.P. beam emerges from the exit slit parallel to the
baseplate. The exit optics usually have to be realigned.
The Foucault test must be repeated on the double pass image.
Finally a mask should be placed at the exit slit to block
out the single pass energy. Originally both modes of oper-
ation were to be simultaneously possible; however, the present
hole in M18 is not sufficiently large to transmit both beams.
The grating equation for double pass is obtained as

follows. The general grating equation is (71):

d(sin i + sin 8) = m\ i (8.1

where d is the grating space, i is the angle of incidence,

6 is the angle of diffraction, m is the order, and A is the
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wavelength., 6 is considered positive (negative) if it lies
on the same (opposite) side of the normal as i. If ¢ is the
angle between M14 and M15 measured from the axis of rotation
of the grating, then for double pass, 6 = i - ¢; from which

the equation can be written:
d[sin i (1 + cos 2f) - sin 2f cos i] = mx (8.2)

where f = ¢/2 is the angle of the double pass central image.

The new pickoff mirror assembly is merely a small stage
which protrudes from the hole in M14 and provides a means of
focusing, tipping and turning M16. This stage is fastened
to the back of the mount for M14. This assembly eliminates
all previous mounting arms which removed portions of the
beam.

G is a mount which holds two Bausch & Lomb gratings
mounted back to back. It has been repositioned so as to
eliminate the so-called "single-double pass" radiation,

This is radiation diffracted by the grating along the normal
to the flat, so as to hit the flat, and then be reflected
back to the grating to be dispersed again., There are three
gratings available; a) 600 lines/mm with a ruled area of
212 x 158 mm? blazed at 28.8° or 1l.6u in first order,

b) 400 lines/mm with a ruled area of 206 x 128 mm? blazed

at 37.9° or 3u in first order, and c) 300 lines/mm with a
ruled area of 254 x 128 mm? and blazed at 48.6° or 5u in
first order. Presently the 300 and 600 lines/mm gratings

are mounted and the 300 lines/mm grating was used in this work.
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Frequencies are measured on this instrument by a
linear interpolation between calibrated interference fringes
(53) . Any variations in a uniform rotation of the grating
will introduce uncertainties in the frequency of a line, a
measure of which is the standard deviation of the calibra-
tion fit, A new grating drive train shown in Fig. 8.6, was
installed to minimize and/or eliminate the variations which
existed in the former selsyn drive system. Three things
were done in this new system; a) the 14" bronze and com-
panion screw gear of the 360:1 reducer were lapped against
one another with fine grinding compound to make as smooth
a contact as possible at this very critical point, b) all
gears at the next critical point in the train were replaced
by precision 3 gears, (PIC Design Corporation) having a
maximum tooth to tooth uncertainty of 0.0001", <c) the drive
was made direct by means of an SR-37 Consolidated Vacuum
Corporation double O-ring seal. These changes and other
minor ones now enable the reproduction of the standard fre-
quencies (53) with an average standard deviation of
20.002 cm~!, The 10 speed variable reductor (Insco Corpora-
tion) in the drive train gives shaft speeds of 0.01, 0.02,
0.05, 0.1, 0,2, 0.5, 1, 2, 5 and 10 RPM at the output of the
90:1 reducer. This in turn drives the grating the same number
of degrees/minute. Spectra are normally recorded at 0.02,

0.05, or 0,1 degrees/minute,
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Fringe System
SLINge: pysteil

The present Edser-Butler calibration train is shown
in Fig. 8.7. The major alteration here is the use of a
constant deviation Wadsworth (72) assembly for order sorting
which replaces the interference filters formerly used. This
system was designed primarily by Dr, M. D. Olman.

The source for the calibration system is a 100 watt
Zr arc, The chopper is driven by an 1800 RPM synchronous
motor and interrupts the beam 450 times/sec. L2 and L3
deliver an f/5 beam to the monochromator by means of two
front surface mirrors, M2l and M22. The fringe beam enters
and leaves the monochromator symmetrically 2.1 cm above and
below the axis of the paraboloid and traces basically the
same path as the infrared beam. M23 directs the beam to a
collimating lens, L4. The beam then passes through a Fabry-
Perot etalon which has a spacing of 3.1102 * 0,0003 mm.

The normal ring system is formed for each wavelength
present in the beam, The condition for a maximum in trans-

mission at the wavelength X is (73):
2t cos¢ = ni (8.3)

where ¢ is the angle between the axis and the nth bright
ring and t is the etalon spacing. If n is changed by unity

this corresponds to a change:

av(em™l) = o (8.4)
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!

EXIT SLIT

Monochromator same
as in Fig. 8,5

Fig. 8.7. Calibration System.
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at the angle ¢ = 0. From the grating equation, the angle
by which the grating must rotate to produce a change in n

of one at the center of the pattern is found:

. : S
A0 = (24 slnetane)\§¥ﬁ) (8.5)

where d is the grating space, 6 the grating angle and m
the order of interference in the light coming from the
grating. From this the relation between the change in

v in the orders m and m' is:

0

"
bt . (8.6)

=3
<
I
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M24 directs the beam to a prism in a Wadsworth mount which
acts as an order sorter. The order sorter must be placed

in the exit optics system so that the same light distribu-
tion is maintained in the monochromator at all times. The
prism is mounted at minimum deviation and the combination

of the prism and M25 form a constant deviation device. L5
brings the various orders to focus in the plane D3. A

1P21 photomultiplier with a slit taped on its face is placed
on the axis of L5. By adjustment of a feed screw the Wads-
worth assembly brings one of the orders into coincidence

with this slit.

Fringe System Alignment

Since the fringe system uses the monochromator, it is

assumed that part of the alignment is already done.
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at the angle ¢ = 0. From the grating equation, the angle
by which the grating must rotate to produce a change in n

of one at the center of the pattern is found:

A8 = (2d sinétans) ) (8,.5)

A
2tm
where d is the grating space, 6 the grating angle and m
the order of interference in the light coming from the

grating., From this the relation between the change in

v in the orders m and m' is:

o Cmv 1
by =@ vy = 3T , (8.6)

EIE]

M24 directs the beam to a prism in a Wadsworth mount which
acts as an order sorter. The order sorter must be placed

in the exit optics system so that the same light distribu-
tion is maintained in the monochromator at all times. The
prism is mounted at minimum deviation and the combination

of the prism and M25 form a constant deviation device., L5
brings the various orders to focus in the plane D3. A

1P21 photomultiplier with a slit taped on its face is placed
on the axis of L5. By adjustment of a feed screw the Wads-
worth assembly brings one of the orders into coincidence

with this slit.

Fringe System Alignment

Since the fringe system uses the monochromator, it is

assumed that part of the alignment is already done.
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Position source and chopper on the axis of L2 and L3.
Position L2 so that the "bead" of the source is at its
focal point. This may be done by observing the beam
after L2 with a collimated telescope and adjusting L2

for the best image.

L3, M21, and M22 must be simultaneously adjusted to

give a sharp image of the source on the entrance slit
17.2 cm above the baseplate and to cover the paraboloid
symmetrically. With this done the beam will automatically
leave the monochromator 0.9 cm below the IR beam. M23

is now tipped and/or turned to give uniform coverage on
L4, L4 should be adjusted so that the beam travels along
its axis.

With a collimated telescope, observe the beam leaving

L4 and adjust L4 for the best image of the exit slit.

A collimated beam is now leaving L4,

Insert M24 so that it intercepts the total beam and
directs it to cover the face of the prism uniformly.
Remove M25 and adjust the prism for minimum deviation
with the feed screw.

Insert M25 and adjust it until the beam travels along

the axis of and uniformly covers L5. Lock down M25.
Connect the external drive and counter to the feed screw.
Insert the photomultiplier so that its slit is on the
axis of L5 and the image of the exit slit is in focus

on it,
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10. Insert the etalon., Place a sodium lamp in the vicinity
of L4 and observe output from the etalon with a telescope
through W6 by removing M24, A ring pattern and image of
the exit slit should be simultaneously visible. Adjust
the etalon horizontally and vertically until the slit
image is exactly centered in the ring pattern. The exit
slit image is considerably smaller than the central spot
in the ring pattern in order than good modulation is
obtained., In this step it is assumed that the etalon
plates are perfectly parallel by a previous adjustment,

1l. Repeat Step 5 by using central image for sufficient in-

tensity.

This completes alignment and the entire train must now
be carefully shielded to prevent stray light from reaching

the photomultiplier.

Detectors

A number of new detectors have been obtained, These

a
include Kodak types N-2, 0-2, P-2 and E-2, The N-2, O—2 2"

P-2 are PbS cells while the E-2 is a PbSe cell. All are

Coolable.

The PbSe E-2 detector has a sensitive area of 0.2

4 mm and is most useful from ~4,25u - 6.5y, It was us

o
this work. It has a room temperature resistance of ~23

a 77°K resistance of v8MQ2, and needs a 9V bias battery-

; £ns
Cause of its sensitivity at comparatively long wavelend
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the use of a cooled light shield which allows only radiation
from the monochromator to strike it is absolutely essential.
Without this shield it was found that the detectivity can be
reduced by as much as a factor of 10, The linearity of the
PbSe E-2 detector has not been checked. This must be done
before quantitative intensity measurements are made.

These detectors are, or soon will be, mounted on a
brass base by means of Dow Corning "Silastic". The brass
base is recommended by Kodak to match the thermal expansion

coefficient of the detector.

Electronics

With the exception of the infrared preamplifier the
electronics is as described by Aubel (22). The preamp pres-
ently in use is a battery operated solid state FET device
obtained from Denro Labs. It has a frequency response flat
within 2 db from 8 to 105 cps, a continuously variable volt-
age gain of from 10-100 times that input, and an input impe-
dance in excess of 140 MQ@., It has been found that the noise
equivalent signal (i.e., that signal necessary to produce
an SNR of unity) of this solid state device is essentially
the same as the formerly used Tektronix Model 122 preamp,

and requires three fewer power supplies,

Recommendations

During the course of work on this instrument, it was
noted that a number of other changes could be made which

would potentially improve its operation,
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New entrance and exit slit mounts and drives should
be constructed. Presently these mechanisms do not even have
the same pitch drive screw., Provision for more accurate
setting and readout of the slit opening should be made.

A new detector housing should be constructed. It
should have provision for mounting several detectors with
a means of quickly changing them without first warming them.
An adjustable and coolable light shield should be provided.
The detectors are presently the limiting noise factor. Some
evidence exists for obtaining improved detectivity by ad-
justing the detector temperature for a given wavelength. It
appears that with the use of a small heater coil, the temper-
ature of a detector could be adjusted to and held at any tem-
perature from 77°K to room temperature, Further tests should
be run on this with the detectors and incorporated in any new
housing if the improvement warrants it. Some improvement
might also be obtained by selecting the optimum chopping fre-

quency, this however requires major modifications,



SUMMARY

An analysis of the vibration-rotation transitions for
the 1-0 band including lines from the HES and LES for both
14N160 and !5N!60 has been performed. Least squares fits
of both combination differences and frequencies has led to
improved values of the rotational, vibrational and spin-
orbit constants. Values for the A-doubling constants have
also been obtained. Isotopic substitution calculations were
carried out and agree well with observation.

Zeeman patterns were resolved for the lowest J-values
of the fundamental band and the splittings agree reasonably
well with theory.

The magnetic rotation spectra of the fundamental band
for the above two isotopes was recorded., Quantum mechanical
calculation of Zeeman intensities, inserted into a classi-
cally derived expression, and inclusion of the effects of a
finite resolution spectrometer has led to predictions for
the magnetic rotation spectra which agree with the major
features of the observed spectra. These predictions have led
to greater understanding of the magnetic rotation effect.

Modifications were made on the high resolution infrared
spectrometer which have increased its range, and improved its
accuracy and ease of operation. These included addition of a
rod source, a vacuum polarizer assembly and a new grating drive

assembly,.
104
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APPENDIX I
Assume the following phase convention:

<@|J_|a*l> = i<@|J_|Q*1l> = F(J)
Y X
-<z|S_|z¢1l> = i<z|S_|z*tl> = F(S)
Y X
-<A|L_|A%t1> = i<A|L_|A%1>
Y X
where F(X) = 3[X(X+1) - XZ(thl)]i

A) Matrix Elements of H]':

<25|H;|z£> = <Z_§|H;[Z_£> = B[J(J+1)+L] + E = o

<n£|H£|H£> = <n_£[H£\n_£> = BT{[J(J+1)+}

+ [L(L+1)-721} = 8,

<H3|H£[H%> = <n_§|H£|n_3> = BT{[J(J+1)-]]

+ [L(L+1)-A2]} = v,
" S =2 R =
<z£[Hr|z_i B° (J+}) = &
' > = < . > =" - 55
<“2'Hr|“5 n_3|ﬂr)n-£ B"[(J-3) (J+3)] 3

<n£|H;|z_£> = <n_}|ﬂé|zé> = -2<n|BLy!:> (J+3) =

<H3|H;‘E£> <n_g|H£|z_}> . -2<H|BLy|z> x

[@-D) @+ 12 = n

<n£|H;|z£> = <ﬂ_b]H;[Z_}> = —2<H|BLy|Z> =0,
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APPENDIX I

Assume the following phase convention:

F(J)

<Q|Jy|9tl> i<ela fa*1>

-<z|Sy[ztl> = i<z|s |z#1> = F(S)
-<A|Ly|Ar1> = i<a|n_[a1>

where F(X) = 3[X(X+1) - Xz(Xz*l)]i

A) Matrix Elements of Hé,

<2£|H£]Z£> = <2_5|H£|2_£> = B[J(J+1)+L] + E = o
<H£|H£|H£> = <H_£|H£|H_£> = B"{[J(J+1)+}]

+ [L(L+1)-A2]} = B,
<mylHp|ng> = <n_glHL|N_5> = B"{ [J(J+1)-1]

+ [L(L+1)-A2]} = v,
<Z£|H£|Z_£> = B (J+}) = &
<H3|H£|H&> = <H_3|H£|H_£> = B"[(J—&)(J+3)]% = ¢
<H§IH£IE_£> = <H-§!H£_|Z&> = —2<H|BLy|Z> (J+£) =
<H3|H£|Z£> = <H_3|H£IZ_§> = —2<H|BLyIZ> xl

[(3=3) (3+3)12 = n

<H£|H£|Z§> = <n_£|H£|z_§> = —2<H|BLy|Z> = 8,
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Note: The phase conventions chosen are not those of VanVleck
(15) or Dousmanis, Sanders and Townes (20). They are chosen
in such a way as to agree with those of King, Hainer and Cross
(34) used in calculating the direction cosine matrix elements
and yet yield the energies as derived by VanVleck. The con-

stant term L2-A2 has been included.

B) Matrix Elements of A(ﬁog)°

A = vy,

<H_3|A(f°§) In_g> <H3|A(ﬁ°§) [mg>

<H_£|A(i’§)|n_£> <H£IA(L>°§)IH£> —iA = B2
<n£|A(fe§)[z£> = <H_}|A(i.)°§) ]z_y = <H|ALy|Z> = 8,

To simplify notation the following definitions are made:

B = B + B

<
"

<

—
+

Y2






APPENDIX [1=A

INTERMEDIATE WAVE FUNCTIONS FOR THE

2 Pl 172,
(Ssd,t)
(1/2,

(1/2,
(1/2»

1/2,M)
3/2,M)
5/2,M)
[1/2, 7/2,M)
(172, 9/72,M)
(1/2,1172,M)
[1/2,1342,M)
[1/2,15/2,M)
[1/2:17/2,M)
[1/2,19/2,M)
[1/2221/2,M)
[1/2,23/2,M)
[1/2,25/2,M)
[(1/2,27/2,M)
[(1/2,29/2,M)
[1/2,31/2,M)
(1/2,33/2,M)
[1/2,35/2,M)
(1/2537/2,M)
[1/2,39/2,1)
[1/2,41/2,M)
(1/2,43/2,M)
[1/2,45/2,M)
[(1/2,4772,M)
[(1/2,49/2,M)

V=

0 STATE of

A [J>M,8>
21,0000 1/2:M51/2>
21,0000 3/2,4,1/2>
2049990 5/2:,4,1/2>
20,9991 7/254,1/2>
20,9980 9/2,4,1/2>

20,9970(14/2,%21/2>
20.995013/2,M21/2>
20.994015/2,M51/2>
20,992117/2:421/2>
20,991119/2,M51/2>
20.9R9121/2+M21/2>
20,9R7123/2,4,1/2>
20.985025/2sM01/2>
20,982127/2sM51/2>
=0.980029/22M51/2>
20,978131/2,M21/2>
20.975033/2,451/2>
20.973135/2,M,1/2>
20,970037/25451/2>
20,967130/2,451/2>
20.964141/25M21/2>
=0,962043/2,4,1/2>
20,959145/2:421/2>
20,956047/2:M4,1/2>
20,953049/2,4,1/2>
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14N160 AS A FUNCTION OF J

B [JsMsS>

=0.000¢(
=0.024(
=0.0401(

1/72,M,3/2>
3/2,M,3/2>
5/2,M,3/2>
=0.054( 7/2,M,372>
=0.0690 9/72,M,3/72>
“0.08301172,M,3/72>
=0.096013/72,M,3/2>
=0.110(15/2,1,3/2>
=0.123(17/2,M,372>
*0.137019/2,M,3/2>
=0.149(21/2,M,3/2>
=0.162(23/2,M,3/2>
=0.175025/2,M,3/2>
-0.187(27/2,M,3/2>
=0.199(29/2,M,3/2>
=0.210(31/2,M,3/2>
=0.222(3372,M,3/2>
=0.,233(35/2,M,3/2>
~0.244(37/2,M,3/2>
=0.254(39/2,1,3/2>
~0.264(41/2,M,3/2>
=0.274(43/2,M,3/2>
=0,284(45/2,M,3/2>
=0.293(47/2,M,3/2>
=0.302(49/2,M,3/2>
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INTERMEDTATE WAVE FUNCTIONS FOR THE

2 Pl 3/2,
[Ssds™)

(372,

(372,
(372,

1/2,M)
3/2,M)
5/2,M)
(372, 7/72,M)
(372, 9/2,M)
[3/2,11/2,M)
[3/2,13/2,M)
[3/2:4572,M)
[3/2,17/2,1)
[3/2,19/2,M)
[3/2,21/2,M)
[3/2,23/2,M)
[3/2,25/2,M)
[3/2,27/2,M)
[(3/2,29/2,M)
[3/2,31/2,M)
[3/2,33/2,M)
[3/2,35/2,M)
[3/2,37/2,M)
[3/2,3972,M)
[3/2,41/2,M)
[3/2,43/72,M)
13/2,45/2,M)
[3/2,47/2,M)
[3/2,49/2,M)

A fJsi, 8>

21,0001

=1.000¢(
20,9991

1/22M53/2>
R/2:sM238/2>
5/2:Ms3/2>
7/224,3/2>
20,9980 9/2:4,3/2>
20.,997011/2,453/2>
+995013/2,45,3/2>
20,994115/2,4,3/2>
20.992017/2+423/2>
S20.991119/2s453/2>
20.989121/2:45,3/2>
=20.9R7123/2:453/2>
=0,9R5025/2+4,3/2>
20.,9R2027/2:4,3/2>
20.,9R0120/2245,3/2>
20,978031/2,4,3/2>
20.,975033/22453/2>
20.973135/22423/2>
20,970137/254,5/2>
20.,967133/2,4,3/2>
20.964141/254538/2>
20,962143/22453/2>
20.959145/22M,3/2>
20.956147/22M,3/2>
20,953049/254,3/2>

v=0 STATE nf 14N160 AS A FUNCTION OF J

B [JsM2S>
+0.0000 1/72,M,1/2>
+0,024( 3/72,M,1/2>

40,0400 5/2,1,1/2>
+0.054( 7/2,M,1/2>
+0.0691 9/2,Ms1/2>
+0.083(11/2,M,1/2>
+0.,096(13/2,M,1/2>
+0.110(15/2,M,1/2>
+0,123(17/2,M,1/2>
+0.137019/72,M,1/72>
+N.149(21/2,M,172>
+0.162(23/2,M,1/2>
+0.175025/2,M,172>
+0.187[27/2,M,1/2>
+0.199(29/2,M,1/2>
+0.210(31/2,M,1/2>
+0.222(33/2,M41/2>
+0.233[35/2,M,1/2>
+0.244[37/2,M,1/2>
+0.254[39/2,M,1/2>
+0.264(41/2,1,1/2>
+0,274143/2,M,1/2>
+0.284(45/2,M,1/2>
+0.293(47/2,M,172>
+0,302049/2,1,1/2>






2 Pl

(S,

(172,
[1/2,
(172,
(172,
(172,

INTERMEDIATE WAVE
172, vs=1

o)

1/2,M)
3/2,M)
5/2,M)
7/72,M)
9/2,M)

[1/2,1172,M)
[(1/2:1372,M)
(1/2,15/2,M)
[1/2:,17/72,M)
(1/2,19/72, M)
(1/2,21/2, M)
(1/2,23/2,M)
(1/2,25/2,M)
(1/72,2772,M)
[1/2,29/2,M)
(1/2,31/2,M)
(1/2,33/72,M)
[1/2,35/2,M)
(1/2,387/2,M)
[(1/2,39/2,M)
[1/2,41/2,M)
[(1/2,43/72,™)
[1/2,45/2,M)
(1/2,47/2,M)
(1/2,49/2,M)
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FUNCTIONS FOR THE

NF 14N160 AS A FUNCTION OF J

tJsM, 8>

1/25M51/2>
3/2:M21/2>
5/2sM451/2>
7/2:M51/2>
9/2s4,1/2>

20.997111/224,1/2>
20.995013/2:,4,1/2>
20,994115/2,4,1/2>
0,992117/2s451/2>
0.991012/254,1/2>
20.9891021/2,451/2>
20,9R7123/2:451/2>
20,9R5125/254,1/2>
S0.983127/22M51/2>
=20,9R01209/2s451/2>
20,978181/2:451/2>
20.975133/2:451/2>
20.973185/22451/2>
20,970137/25M51/2>
20.968130/2s4,1/2>
20,965(41/2:451/2>
20,962143/2,451/2>
20.959145/2,45,1/2>
20,956(47/2:421/2>
20.954(40/2:,4,1/2>

[JsM,8>

1/2,M,38/2>
3/2,14,3/2>
5/2,M,3/2>
7/2,M,3/2>
9/72,M,3/72>

-0.082(11/2,M,3/2>
-0.09601372,M,3/72>
-0.,109(15/2,M,3/2>
=0.123017/2,M,372>
=0.136(19/2,M,3/2>
~0.149(21/2,M1,3/2>
-0.161(23/2,M,3/2>
=N.174(25/2,M,3/2>
~0.186027/2,M,3/72>
-N.198(29/2,M,3/2>
-0.209031/2,M,372>
-0.221(33/2,M,3/2>
-0.232(35/2,M,3/2>
-N.242(37/2,M,3/2>
=0.253(39/2,M,3/2>
~0.263(41/2,M,3/2>
=0.273143/2,M,3/2>
-0.283145/2,M,3/2>
=0.292047/2,M,3/2>
~0.301049/72,M,3/2>
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INTERMEDIATE WAVE FUNCTIONS FOR THE

2 Pl 372,

[S;Jn")

{372,

(%72,
(372,

172,M)
3/2,M)
5/2,M)
(372, 7/2,M)
[3/2, 9/2,M)
(3/2,1172,M)
[(3/2,18/72,M)
(3/2,15/72,M)
[3/2+4772,M)
[3/2,19/7,M)
(3/2,21/2,M)
[$/2,2372,M)
(3/2,25/72,M)
(3/2+2772,M)
(3/2,29/72,M)
(3/2,31772,M)
(3725, 33/2,M)
[3/2,35/2,M)
(3/2,37/72,M)
[3/2,39/2,M)
[3/7541/7,.M)
(3/2,4372,M)
[3/2,4572,M)
(3/2,47/2,M)
[3/2,49/2,M)

Vs

1 STATE AF
A rJosM,5>

1/2sM538/2>

3/2:,4238/2>
R/214,3/2>
20,9991 7/2+M,3/2>
20,998 9/2:M,3/2>
20,997111/2,4,3/2>
=0.,9951013/2,4,3/2>
30,994115/2»,¥»3/2>
20,992(17/72,4,3/2>
20.991(10/25,4,3/2>
20,989021/2,4,3/2>
=0,9R7t23/2,4,3/2>
20,985125/2,4%,38/2>
2N,983127/2:%,3/2>
20.,930129/2,M4,3/2>
20.,978131/2+,45,3/2>
20.975[133/224,3/2>
20.,973135/2+4,3/2>
20,970137/72:4,3/2>
20.968B139/2:¥»3/2>
20,965041/2,%,3/2>
20,962143/2,4,3/2>
20,959(45/2,4,3/2>
20,956[47/2:%,3/2>
20,9541460/2,4,3/2>

=1,000!

=1,000t¢
20,999¢(

14N160 AS A FUNCTION 0OF J

B [JsM,S>

+0.0001I

+0.,024¢
+0.040(

1/72,M,1/72>

3/72,M,172>
5/2,M,1/2>
+0.054( 7/72.,M,1/2>
«0,068[ 9/72,M,1/2>
+0.082(11/72,M,1/2>
+0,096(1372,M,172>
+0.109(1572.,M,172>
+0.123(17/72.,M,1/72>
+0.136[19/72,M,1/2>
+0.149(21/72,M,1/72>
+0.161(23/72,M,1/2>
“0.174(25/2,M,1/2>
+0.186[27/72,M,1/2>
+0.198[29/72,M,1/72>
+0.209(31/72,M,1/72>
+0.221(3372,M,1/2>
+0.,232(3572,M,172>
+0.,242(37/72,M,1/72>
+0.253(3972,M,1/2>
+0.263(4172,M,1/2>
+0.,273(4372,M,17/2>
+0.283[(45/72,M,1/2>
‘0.292[47/20Mp1/2>
+0.301(49/72,M,1/2>






INTERMFDIATE

APPENDIX [1-B

2 Pl 172, v=0 STATE nF

[SsdsM) = A TdsM,S>
(1/2, 1/2,M) =21,000t 1/2:4,1/2>
[1/2, 3/2,M) =1,000! 3/2,451/2>
(1/2, 5/72,M) 50,999 5/2+,421/2>
(172, 772,M) 20,9991 7/2>4,1/2>
(1/2» 972,M) 20,998 Q/2,401/2>

[(1/2,11/2,M)
(1/2,43/72,M)
(1/72+4572,M)
(17221772, M)
[(1/2,19/2, M)
(1/72,21/72,M)
(172,23/2,M)
(1/2,25/2,M)
[(1/2,27/72,M)
(4/2,29/72, M)
(1/2,31/72,M)
(1/2,33/2,M)
[1/72,35/2,M)
[(1/72,37/2,M)
[1/2,39/2,M)
(1/2,41/2,M)
(1/2,43/2,M)
(1/2,45/72,M)
(1/2,47/2,M)
[1/2,49/2,M)
(1./72,51/2,M)

20.,997011/2sM,1/2>
20.,996({13/2sM51/72>
20.994115/2:M51/2>
20,993117/2:%5,1/2>
20,991119/72+%,1/2>
20.9R9121/2,M,1/2>
20,988123/2,M,1/2>
=0,9R6125/2:M51/2>
=0,983(27/2:sM51/2>
20,9R81129/2+%,1/2>
£0,979131/2,4,1/2>
=20,977133/2:%51/2>
20,974136/2+451/2>
20,972037/2:Ms1/2>
20,969(39/2:,451/2>
20.,966[44/2:M01/2>
20,964(43/2,M,1/2>
20,961145/2:M51/2>
£0,958(47/22M,1/2>
20,956(49/2:M,1/2>
20.,953(51/2:M,1/2>

WAVE FUNCTIONS FOR THE
15N160 AS A FUNCTION OF J

B [JrM,s,S>
-00000[
-0.024(
‘0.039(

1/2,M4,3/72>
3/2,M,3/2>
5/2:M,3/2>
-0.,053( 7/72,M,3/2>
-0.0660 9/72,M,3/2>
-0.080(11/72,M,3/2>
-0,093(13/72,M,3/2>
“0.1060(15/72,M,3/2>
“-0,119(17/72,M,3/2>
"00132[19/2!“53/2)
=0.145(21/72,M,3/2>
-0.157(2372,M,3/2>
=0.169(25/72,M,3/2>
~0.181(27/72,M,3/2>
-0.193(29/2,M,3/2>
-0.,204(31/2,M,3/2>
=0,215133/72,M,3/2>
-0.226(3572,M,3/2>
“0.237(37/2,M,3/2>
'00247(39/2:“:3/2)
-0.,257041/2,M,3/2>
“0.267(43/72,M,3/2>
»0.276(45/2,M,3/2>
=0.286(47/72,M,3/2>
~0.295(49/2,M,3/2>
-0.303(51/72,M,3/72>
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INTERMFDIATE WAVE FUNCTIONS FOR THE

2 Pl 372,

[Sy.)p™)

[3/7,

(372,
(372,

1/2,M)
3/72,M)
5/72,M)
[3/2, 7/2,M)
(372, 9/72,M)
(3/2,493/2,M)
(3/2+s45/2,M)
(3/2,17/72,M)
(8/2,1972,M)
(872,217 2,M)
[372,23/72,M)
[3/2,2572,M)
[8/2:,2772,M)
[3/2,29/2,M)
[3/2,%4/2,M)
[3/7,583/2,M)
[3/2+7%572,M)
[3/2,3772,M)
(3/2,39/2,M)
[3/2,41/2,M)
(3/2,43/2,M)
[3/2,45/2,M)
[3/2,4772,M)
(3724972, M)
[3/2,81/.2,M)

A tJaMyS>

1/72+Ms3/2>

3/2:M4,3/2>
5/2:Ms3/2>
20,9991 7/2+45,3/2>
20,9981 6/2:Ms3/2>
30.997111/2:M53/2>
20,996(13/2:M23/2>
20.994015/2:,45,3/2>
$0,993117/2+M23/2>
=0.991(10/2,4,3/2>
£0.9R89124/2:M4+3/2>
20.,988123/2:M4,3/2>
20.,9R6125/2-s4»3/2>
20,9R3(27/2s423/2>
20,981129/2+M53/2>
=00979t31/20“'3/2>
20,977133/2+M23/2>
20,974(35/2,M,3/2>
20,972137/2:%,3/2>
20,969139/2:,M,3/2>
=0,966041/22M53/2>
=0.964[43/20W03/2>
£0.,961145/2:M,3/2>
20,958147/72,4,3/2>
20,956(49/2:M53/2>
20,953(51/72+M53/2>

=1.0n0t

1,000t
20,9991

v=n STATE nF 15N160 AS A FUNCTION OF J

B [JaMsS>

+0.000¢

+«0,0241¢
+0.0391

1/72,mM,1/2>

3/2:M,1/2>
5/2,M,1/2>
+0.053[ 7/2,M,1/2>
+0.066[ 9/2,M,1/2>
+0.,080(011/72,M,1/2>
*0,093[1372,M,172>
+0.106(15/72,M,1/2>
«+0.119(17/72,M,1/2>
+0.,132[19/72,M,1/2>
«0.145(21/72,M,1/2>
+0,157(23/72,M,1/2>
+0,169(25/72,M,1/2>
+0.,181[27/72,M51/2>
+0.193[2972,M,172>
+0.204[31/2,M,1/2>
*+0.21513372,M,172>
+0.226(35/72,M,1/2>
+0.237037/72,M,172>
+0.247(39/2,M,1/72>
+0.257(41/72,M,1/2>
+0,267(43/72,M,1/2>
+0.276145/2,M,1/2>
+0.286(47/2,M,1/2>
‘0.295[49/23"01/2)
+0.303[5172,M,1/2>
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INTERMEDIATE WAVE FUNCTIONS FOR THE

2 Pl 172,
1Ssdst)

(1/2,

(/2
(1/2,

1/2,M)
3/2,M)
5/2,M)
(172, 772,M)
(172, 9/2,M)
(1/2:11/72,M)
[1/2,13/2,M)
(1/2,15/2,M)
[1/2:17/2,M)
(1/2,19/72,M)
[(1/2,21/2,M)
[1/2:23/2,M)
[1/2,25/2,M)
[1/2,27/72,M)
[1/2,29/2,M)
(1/2,31/2,M)
[1/2,33/2,M)
(1/2,35/2,M)
(1/2:37/2,M)
[(1/2,39/72,M)
(1/2,41/72,M)
(1/2,43/2,M)
[1/2,45/2,M)
(1/2,47/2,M)
(1/2,49/2,M)
(1/2,51/2,M)

A rJaM,S>
=1.0000 1/2,M51/2>
21,0000 3/2,M21/2>
20,9991 6/254,1/2>

9991 7/2,451/2>
20,9980 9/2,4,1/2>

20.9971011/2+451/2>
20,996113/2:M21/2>
20.994115/2,4,1/2>
«9931017/2,M21/2>
2991(10/2s4,1/2>
990121/22M,1/2>
W988123/22451/2>
20.9R6[25/2,4,1/2>
=0.,984(27/2:421/2>
=20,9R2029/2,%51/2>
20.979131/2sM51/2>
20.977133/2,M21/2>
20.974135/22M01/2>
20,972(37/2+:M21/2>
20,969130/25M21/2>
=N,9A71414/25M21/2>
20,964143/2,451/2>
20,962[45/2,M51/2>
20,959047/2,M51/2>
=0.956[40/2s421/2>
20,953151/2:M51/2>

v=1 STATE NnF 15N160 AS A FUNCTION OF J

B (JsMyS>

=0.000¢

=0,023(
“0.038(

1/2,M,3/2>
3/2,M,3/2>
5/2:M,3/2>
=0.0520 7/2.,M,372>
=0.0660 9/2,M,3/2>
<0.079(11/2,M,3/2>
-0.093(1372,M,3/2>
=0.106(15/2,M,3/2>
=N.118017/2,M,372>
=0.131(19/2,M,3/2>
-0.144(21/2,M4,3/2>
-0.156(23/2,M,3/2>
~0.168(25/2,M,3/2>
=0.180027/2,M,3/2>
-0.191029/2,M,3/72>
=0.203(31/2,M,3/2>
-0.214(33/2,M,3/2>
=0.224(35/2,M,372>
=0.235(37/72,M,3/72>
=0.245(39/2,M,3/2>
=0.255[41/2,M,3/2>
=0.265043/2,M,3/2>
=0.275(45/2,M,3/2>
-0.284(47/2,M,3/2>
=0.,293(49/2,M,3/2>
-0.302(51/2,M,3/2>
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INTERMEDIATE WAVE FUNCTIONS FOR THE

2 Pl 372,
[Ssdst)

(372,

(372,
(372,

1/2,M)
3/2,M)
5/2,M)
(372, 7/2,M)
(3/2, 972,M)
[3/2,11/2,M)
[(3/2,13/2,M)
(3/2,15/72,M)
(3/2+17/2,M)
(37241972, M)
(3/2,21/2,M)
(3/2,23/72,M)
[3/2,25/2,M)
[3/2,27/2,M)
(3/2,29/2,M)
[3/2,31/2,M)
[3/2,33/2,M)
(3/2,35/2,M)
[(3/2,37/2,M)
[(3/2,39/2,M)
(3/2,4172,M)
(3/2,48/2,M)
(3/2,45/2,M)
[3/2,47/2,M)
[3/2,49/2,M)
(3/2,51/2,M)

v=

1 STATE: 0F
A rJaHM,S>
21,0000 1/2,453/2>

3/22M05/2>
5/21425/2>
7/2s%53/2>
20,9081 9/2,4,3/2>
20,997111/2sM53/2>
20.996113/224,3/2>
20,994115/2545,3/2>
20.993117/22M08/2>
20,991(10/2,4,3/2>
20.990(21/2,453/2>
=0.9R88(23/2:4,3/2>
20,986125/2,45,3/2>
20.,9R41(27/2:M4538/2>
20.9R2129/2,453/2>
204979131/22453/2>
20,977133/22M08/2>
20,9741385/2:M53/2>
20,972137/2:4,3/2>
20,9A9130/2,M58/2>
20,947141/2s423/2>
S0,9A4143/2,4,3/2>
20,942045/2,4,3/2>
20,959147/2,4%53/2>
20,956149/25M458/2>
20,953151/2,M453/2>

15N160 AS A FUNCTION OF J

B [JsMsS>

+0,000(

+0,0231(
+0,038(

1/2,M,1/72>
3/2,M,1/2>
5/2+,1,1/2>
«0.052(0 7/2,M,1/2>
+0.0660 9/72,M,1/2>
+0.079011/72,M,1/72>
+0.093(1372,M,1/2>
+0.106015/2,M,1/2>
+N.118017/2,M,1/2>
+0.131019/72,M,1/2>
+0.144021/2,M,1/2>
+0.156(2372,M,1/2>
+0.,16R8(25/2,M,1/2>
+N.180027/2,M,1/2>
+N.191029/72,M,1/72>
+0.203(31/2,M,1/2>
+0.214(33/2,M,1/2>
*N.224(35/2,M,1/2>
+0.235087/72,M,1/2>
+0.245039/72,M,1/2>
+0,25504172,M,1/2>
+0.265(43/2,M,1/2>
+N.27504572,M,172>
+0.284(47/2,M,1/2>
+0,293049/72,M,1/2>
+0.302(5172,M,172>







APPENDIX III-A

CALCULATED LINE-STRENGTHS FOR 14N160

J BRANCH
P1 Q1 R1
172 0,0000 0,6666 1,3325
372 1,3325 0,267% 2,3985
5/2 2,38985 0,1725 5,4264
772 35,4264 0,1285 4,4416
9/2 4,4417 0,1029 5,4511
11/2 5,4512 0,0862 6,4575
1372 6,4576 0,0745 7,4621
1572 7,4621 0,0658 8,4654
1772 8,4655 0,0992 9,4680
19/2 9,4681 0,0540 10,4700
21/2 10,4701 0,0497 11,4716
2372 11,4717 0,0463 12,4728
25/2 12,4730 0,0434 13,4739
27/2 13,4741 0,0410 14,4748
2972 14,4750 0,089 15,4755
31/2 15,4758 0,0371 16,4761
3372 16,4764 0,0355 17,4767
3572 17,4770 0,0342 18,4771
3772 18,4775 0,0330 19,4775
39/2 19,4779 0,0319 20,4779
4172 20,4783 0,0310 21,4783
432 21,4787 0,0301 22,4786
4572 22,4790 0,0294 28,4788
4772 23,4793 0,0287 24,4791
4972 24,4795 0,0280 22,4793
51/2 25,4798 0,0275 26,4796
P2 02 R2

372 0,0000 2,3980 1,6003
5/2 1,6003 1,5395 2,8576
772 2,8576 1,1388 4,0006
9s2 4,0007 0,903$ 5,0917
1172 5,0918 0,7483 6,1548
1372 6,1549 0,6381 7,2012
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1572
1772
1972
2172
2372
2572
27/2
29/2
3172
3372
3572
3772
39/2
4172
43/2
4572
4772
49/2
51/2

1s2

372

572

772

9/2
11/2
1372
1572
17/2
1972
2172
2372
25/2
2772
2972
3172
33/2
3572
3772
3972
4172
4372
45/2
47/2
49/2
51/2

372
5/2
7/2

7,2012

8,2367

9,2648
10,2875
11,3064
12,3222
13,3357
14,3474
15,3576
16,3666
17,3746
18,3817
19,3881
20,3939
21,3992
22,4040
23,4084
24,4125
25,4162

PH

0.000+000
0.000+000
2,402-003
7.776=003
1.680=002
3,003-002
4,784=-002
7.048-002
9.805-002
1.305=-001
1.677=001
2.095=001
2,555=001
3.053-001
3,585-001
4,146=001
4,733-001
5.340-001
5,963-001
6.596-001
7,237=001
7,880-001
8,522-001
9,159-001
9,789+-001
1,041+000

PL
8.009~004

9,518-004
1,119-003

121

0,555
0,4913
0,4399
0,3977
0,362>
0,326
0,3069
0,2846
0,2651
0,2477
0,2323%
0,2185
0,2061
0,1948
0,1845
0,1751
0,1666
0,1587
0,1514

QH

0,000+000
6,390=004
1,091=003
1,507=008
1,904=008
2,288<003
2,6572005
3,013-003
3,3545008
3,681:008
3,992:008
4,2875008
4,5662003
4,8285008
5,0742008
5,3025008
5,5145008
5,710s008
5,8900038
6,0545008
6,2045003
6,338:008
6,4593003
6,5673003
6,6625003
6,7455008

oL
6,442:004

1,100=0038
1,5195008

8,2366

9,2647
10,2874
11,3062
12,3220
13,3355
14,3472
15,3573
16,3663
17,3743
18,3814
19,3878
20,3936
21,3988
22,4036
23,4080
24,4120
25,4158
26,4192

RH

8,041-004
9,634-004
1,141-003
1,321-003
1,497-003
1,665-003
1,825-003
1,978-003
2,110-003
2,234-003
2,345=003
2,443-003
24527=003
2:598-003
2,657-003
2,703-003
2,757=003
2,760-003
2,772=003
2,776=003
2,770-003
2,726=003
2,735=003
2,708-003
2,675-003
2,638=003

RL
1,612-004

3,433-004
5,290~-004






9/2
1172
13/2
1572
1772
19/2
2172
2372
25/2
27/2
29/2
3172
3372
3572
3772
39/2
41/2
43,2
4572
4772
4972
5172

1.284-003
1.444-003
1.593-003
1.731-003
1.857-003
1.970-003
2.069-003
2,155-003
2,227-003
2.,285-003
2,331-003
2,364-003
2,386-003
2.397-003
2,398-003
2.390-003
2.373-003
2.350-003
2.320-003
2.284-003
2,243-003
2,198-003
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1,920005
2,306s008
2,6785003
3,0375008
3,381=008
3,710-003
4,023-003
4,3202003
4,601003
4,8654003
5,111s008
5,3412008
5,5552003
5,7512003
5,932-008
6,097-003
6,247-003
6,382-003
6,5032003
6,611003
6,7062008
6,789+003

7,123=004
8,902-004
1,060-003
1,221-003
1.,372-003
1,511-003
1,687-003
1:752-003
1,854-003
1,943-003
2,020-003
2,0865-003
2,158-003
2,180-003
2,212-003
2,234=003
2,247-003
2,252-003
2,250-003
2,240-003
2,225=003
2,205-003






APPENDIX I11-B

CALCULATED LINE-STRENGTHS FODR 15N160

J BRANCH
Pl 01 R1
1/2 0,0000 0,6666 1,3326
3/2 1,3325 0,2672 2,3986
5/2 2,3986 0.,1724 5,4266
772 3,4265 0,1284 4,4419
9/2 4,4418 0,1028 5,4515
1172 5,4513 0,0861 6,4580
1372 6,4577 0,074$ 7,4626
15/2 7,4623 0,0656 8,4660
1772 8,4656 0,0589 9,4687
19/2 9,4682 0,0557 10,4708
21/2 10,4702 0,0494 11,4724
23/2 11,4718 0,0459 12,4738
25/2 12,4730 0,0430 13,4749
27/2 13,4740 0,0406 14,4759
29/2 14,4749 0,0385 15,4767
31/2 15,4756 0,0367 16,4774
3372 16,4762 0,0351 17,4779
35/2 17,4767 0,0337 16,4785
3772 18,4771 0,0325 19,4789
39/2 19,4775 0,0314 20,4793
4172 20,4778 0,0305 21,4797
4372 21,4781 0,0296 22,4801
4572 22,4784 0,0288 23,4804
4772 23,4786 0,0281 24,4807
4972 24,4789 0,0275 25,4809
51/2 25,4791 0,0269 26,4812
P2 02 R2

3/2 0,0000 2,3981 1,6002
5/2 1,6002 1,5398 2,8576
772 2,8575 1,1386 4,0006
9/2 4,0005 0,9038 5,0917
1172 5,0916 0,7488 6,1549
1372 6,1546 0,6387 7,2012
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1572
1772
19/2
2172
2372
2572
2772
2972
31/2
3372
3572
3772
3972
a1/2
4372
4572
4772
4972
51/2

172

372

572

772

972
1172
1872
1572
1772
1972
2172
2372
25/2
2772
29/2
3172
3372
3572
3772
39/2
4172
4372
4572
4772
49/2
51/2

372
5/2
7/2

7,2009

8,2363

9,2643
10,2870
11,3057
12,3215
13,3349
14,3465
15,3566
16,3656
17,3735
18,3805
19,3868
20,3926
21,3978
22,4025
23,4069
24,4109
25,4146

PH

0,000+000
0,0004000
2,236=003
7.251~003
1,570-002
2.811=-002
4,489-002
6,629=-002
9.244-002
1,234-001
1.590-001
1.990-001
2,434-001
2,916-001
3,434-001
3.984-001
4,561-001
5,160-001
5,778=001
6,410-001
7.053-001
7.701-001
8.3851-001
9.001-001
9.646-001
1.028+000

PL
7.432-004

9.022-004
1.083-003

124

0,5568
0,4921
0,4407
0,3986
0,3635
0,338/
0,3080
0,2838
0,2662
0,2489
0,2336
0,2198
0,2078
0,1961
0,1858
0,1764
0,1678
0,1599
0,1527

QH

0,0004000
5,9922004
1,023-008
1,414-005
1,7882003
2,14920098
2,49820038
2,835<008
3,159:008
3,470=008
3,7675003
4,0505003
4,318:008
4,571008
4,809=003
5,0325008
5,240=003
5,4342008
5,612-008
5,776=008
5,9272008
6,063:008
6,187-003
6,299-008
6,3985008
6,4862003

aL
5,7942004

9,896=004
1,3682008

8,2367

9,2648
10,2876
11,3064
12,3223
13,3358
14,3475
15,3577
16,3667
17,3747
16,3819
19,3883
20,3941
21,3994
22,4042
23,4086
24,4127
23,4164
26,4199

RH

7,308-004
8,578=004
94958-004
1:129=-003
1,224=003
1,368-003
1,469-003
1,557-003
1,632-003
1,694-003
1,745=003
1,780-003
1,806-003
1,820-003
1,824-003
1,819-003
1,805=-003
1,783-003
1,755=003
1,722-003
1,683-003
1,640-003
1,598=003
1,5442003
1,493-003
1,440-003

RL
1,376=004

2,870=004
4,352=004







972
1172
1372
1572
1772
1972
2172
23/2
2572
2772
2972
3172
3372
3572
3772
3972
4172
43/2
45,2
4772
49/2
5172

1,271-003
1,459-003
1.645-003
1,827-003
2,003-003
2,172=003
2.332-003
2.,482-003
2.621-003
2.750=003
2.867-003
2.972-003
3.066-003
3.147-003
3.218-003
3,277-003
3.325-003
3.363-003
3,392-003
3.411-003
3,422-003
3,424-003
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1,72920038
2,0792003
2,416:008
2,74320038
3,057:008
3,3595008
3,64750038
3,922-008
4,183=003
4,429<008
4,6622003
4,8795003
5,083-003
5,2722008
5,4472003
5,6082003
5,756=003
5,8915008
6,0132003
6,123-003
6,222-003
6,310008

5,716=004
6,998-004
8,168=004
9,218-004
1,014-003
1,095-003
1,165-003
1,219-003
1,263-003
1,297-003
1,321-003
1,335-003
1,341-003
1,388-003
1,329-003
1,314-003
1,293-003
1,268-003
1,238-003
1,206-003
1,170-003
1,138-003






N40
N40
N40
N40
N40
N40
N40
N40
N40
N40
N40
N40
N40
N40
N4O
N40
N40
N4O
N4O
N40
N40
N4O
N4O
N40
N4O
N4O
N40
N4O
N40
N4O
N40
N40
N40

P1
P1
B
R1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
Py
P1
P1
P
P1
P1
R1
R1
R1
R1
R1
R1
R1
R1

APPENDIX IV

IDENTIFICATION

3/2

5/2

772

9/2
11/2
13/2
15/2
17/2
19/2
21/2
23/2
25/2
27/2
29/2
31/2
33/2
35/2
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2

1/2

372

5/2

7/2

9/2
11/2
1372
1572

FREQUENCY

1871,0000
1867,6000
1864,2000
1860,7000
1857,2000
1853,7000
1850,1000
1846,5000
1842,9000
1839,2000
1835,5000
1831,8000
1828,0000
1824,2000
1820,4000
1816,5000
1812,6000
1808,6000
1804,7000
1800,7000
1796,6000
1792,6000
1788,4000
1784,3000
1780,1000
1881,0000
1884,3000
1887,5000
1890,7000
1893,8000
1896,9000
1900,0000
1903,1000

CALCULATED VALUES FOR THE INTEGRATED
ABSORPTION COEFFICIENT FOR 14N160

S0

0,79
1,387
1,84
2,22
2,48
2,64
2,69
2,66
2,54
2,36
.04
1,90
1,64
1,39
1,15
0,94
0,75
0,58
0,45
0,34
0,25
0,18
0,18
0,09
0,06
0,82
1,44
1,97
2,42
2,77
3,00
3,13
3,14
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N40 R1 17/2 1906,1000 3,07
N40 R1 19/2 1909,1000 2,91
N40 R1 21/2 1912,0000 2,69
N40 R1 23/2 1914,9000 2,48
N4D R1 25/2 1917,8000 2,15
N40 R1 27/2 1920,7000 1,85
N40 R1 29/2 1923,5000 1557
N4O R1 31/2 1926,2000 1,30
N4O R1 33/2 1929,0000 1,06
N40Q R1 35/2 1931,7000 0,84
N4O R1 37/2 1934,3000 0,66
N4O R1 39/2 1937,0000 0,50
N4O R1 41/2 1939,6000 0,38
N4D R1 43/2 1942,1000 0,28
N40 R1 45/2 1944,6000 0,20
N4O R1 4772 1947,1000 0,14
N40 R1 49/2 1949,6000 0,10
N4O R1 51/2 1952,0000 0,07
N4D P2 5/2 1867,2000 0,61
NaD P2 7/2 1863,6000 1,08
N4O P2 972 1860,1000 1,34
N4O P2 11/2 1856,5000 1,95
N4O P2 13/2 1852,8000 1,69
N4OD P2 15/2 1849,2000 1,74
N4O P2 17/2 1845,5000 1,73
N40 P2 19/2 1841,7000 1,67
N4O P2 21/2 1838,0000 1,56
N4O P2 23/2 1834,2000 1,42
N4O P2 25/2 1830,3000 1,26
N4Q P2 2772 1826,4000 1,09
N4O P2 29/2 1822,5000 0,92
N4O P2 31/2 1818,6000 0,77
N4O P2 33/2 1814,6000 0,62
N40 P2 35/2 1810,6000 0,50
N4O P2 37/2 1806,6000 0,39
N40D P2 39/2 1802,5000 0,30
N40 P2 4172 1798,4000 0,22
N4O P2 43/2 1794,3000 0,17
N40 P2 45/2 1790,2000 0,12
N4O P2 4772 1786,0000 0,09
N40 P2 49/2 1781,7000 0,06
N4O P2 51/2 1777,5000 0,04
N4O R2 5/2 1887,6000 1,10
N4O R2  7/2 1890,9000 1,46
N4O R2  9/2 1894,1000 1,78
N4O R2 11/2 1897,3000 1,92
N4O R2 13/2 1900,5000 2,02
N40 R2 15/2 1903,6000 2,05
N4O R2 17/2 1906,7000 2,01
N40O R2 19/2 1909,7000 1,92
N4O R2 21/2 1912,7000 1,78
N40 R2 23/2 1915,7000 1,61
N4O R2 25/2 1918,7000 1,43

N40 R2 27/2 1921,5000 1,23






N40
N4O
N4O
N4O
N40
N4O
N4O
N40O
N4O
N40
N40
N4O
N40
N40
N40
N40
N40
N40
N4O
N4O
N40O
N4O
N40
N4O
N4O
N4O
N4O
N4O
N40
N4O
N4O
N40
N4O
N4O
N40
N4O
N4Q
N4O
N40
N4O
N40O
N40
N40
N40
N40
N40
N4O
N4O
N4O
N40
N40
N40
N40O
N4O

PH

PH
PH
PH
PH
PH
PH
QH
GH
QH
QH
QH
QH
QH
GH
QH
QH
QH
QH
OH
QH
GH
QH
QH
QH
QH
QH
GQH
QH
QH
QH
QH
QH
QH
QH

9/2
11/2
1372
15/2~
15/2
15/2+
17/2-
17/2+
19/2-
1972+
21/2-
21/2+
23/2-
23/2+
25/2«
25/2+
27/2=
27/2+
29/2-
29/2+
31/2-
31/2+
33/2=
33/2+
35/2~
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1924,4000
1927,2000
1930,0000
1932,7000
1935,4000
1938,1000
1940,7000
1943,3000
1945,9000
1948,4000
1950,8000
1953,2000
1987,3000
1984,1000
1974,9000
1966,1000
1966,2000
1963,3000
1960,5000
1960,7000
1955,2000
1955,3000
1952,5000
1952,7000
1950,0000
1950,1000
1995,7000
1995,8000
1996,0000
1996,3000
1996,6000
1997,0000
1997,4000
1997,4000
1997,5000
1997,9000
1998,0000
1998,4000
1998,5000
1999,0000
1999,1000
1999,6000
1999,8000
2000,3000
2000,4000
2001,0000
2001,2000
2001,8000
2002,0000
2002,6000
2002,8000
2003,4000
2003,6000
2004,3000

1,04
0,87
0,70
0,56
0,44
0,34
0,25
0,19
0,14
0,10
0,07
0,05

1,46-003

4,45-003

2,08-002

1,87-002

1,87-002

4,04-002

2,09-002

2,09-002

1,99-002

1,99-002

1,84-002

1,84-002

1,66-002

1,66-002

4,05-004

6,65-004

8,67-004

1,02-003

1,12-003

1,17-003

5,87-004

1,17-003

5,87-004

5,70-004

5,70-004

5,36-004

5,36-004

4,90-004

4,90-004

4,36-004

4,37-004

§,79-004

$,79-004

3,22-004

3,22-004

2,68-004

2,68-004

2,17-004

2,17-004

1,73-004

1,73-004

1,35-004







1=0
170
1»0
10
1=0
1=0
1=0
1=0
1+0
1-0
1«0
1e0
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1=0
1»0
1=0
1=0
1«0
1»0
i-0
1=0
1=0
1e0
1~0
in0
1~0
1=0
1=0
1=0
i»0
1=0
10
i»0
i=0
1-0

N40O
N40
N4O
N4Q
N4O
N40
N40
N40O
N40
N4O
N4O
N40
N40
N4O
N4O
N40
N4O
N4O
N40
N40
N40
N40
N40
N40
N4O
N40
N40
N4O
N40
N40
N4O
N40
N40
M40
N4O
N4O
N40
N40
N40
N40
N4O
N4O
N40
N4O
N4O0
N40
N40O
N40
N4O
N40
N40
N4O
N40
N40

QH
QH
QH
QH
QH
QH
QH
QH
QH
QH
GH
QH
QH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
PL
PL
PL
PL

PL

35/2+
37/2-
37/2+
39/2e«
39/2+
41/2-
41 /2+
43/2-
43/2«
45/2-
45/2+
47/2=
47/2«
172
3/2
5/2
7/2
9/2
11/2
13/2
15/2~
1572«
17/2~-
17/2+
1972~
19/2+
21/2~-
21/2«
23/2~
23/2«
25/2e
2572+
27/2-
27/2+
29/2e
29/2+
31/2~
31/2+
33/2
33/2+
35/2=
35/2+
37/2=
37/2«
39/2e
39/2«
41/2~
41/2+«
7/2
9/2
11/2~
1172
1372~
13/2
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2004,5000
2005,2000
2005,4000
2006,1000
2006,3000
2007,1000
2007,3000
2008,0000
2008,3000
2009,0000
2009,3000
2010,0000
2010,3000
2000,7000
2004,2000
2007,7000
2011,3000
2015,0000
2018,7000
2022,5000
2026,3000
2026,4000
2030,2000
2030,3000
2034,1000
2034,2000
2038,1000
2038,2000
2042,1000
2042,2000
2046,2000
2046,3000
2050,3000
2050,4000
2054,4000
2054,6000
2058,6000
2058,7000
2062,8000
2063,0000
2067,0000
2067,2000
2071,3000
2071,5000
2075,6000
2075,8000
2079,9000
2080,1000
1743,7000
1739,8000
1735,8000
1735,8000
1731,6000
1731,7000

1,35-004
1.03"004
1,03=-004
7.71'005
7|71'005
5,66-005
5.66’005
4,08-005
4,08-005
2'88‘005
2,88-005
2,00~005
2,00-005
5,24-004
6,14-004
7,00-004
7,66=004
8|08900“
8,24-004
8,14-004
3,90~004
3,90~-004
3,64-004
3,64-004
3,31-004
3'31F004
2,93-004
2,93~004
2,54-004
2,54-004
2,15-004
2,15-004
1,78-004
1,78=004
1.449004
1,44=004
1|14'004
1,14-004
8,84-005
8’84"005
6,72-005
6|729005
5,04=005
5|01?005
5.66‘005
3.66'005
2.62'005
2.629005
5,77-004
4.02900‘
2,06=004
4,12-004
2,04-004
4,08-004
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N4O PL 15/2- 1727,3000 1,96-004
N40 PL 15/2 1727,4000 3,92-004
N4O PL 15/2+ 1727,4000 1,96-004
N40 PL 17/2- 1723,0000 1,82-004
N40 PL 17/2+ 1723,0000 1,82~004
N4O PL 19/2- 1718,4000 1,65-004
N4O PL 19/2+ 1718,5000 1,65=004
N40 PL 21/2- 1713,8000 1,46~004
N4O PL 21/2+ 1713,9000 1,46-004
N40 PL 23/2- 1709,0000 1,26-004
N4O PL 23/2+ 1709,1000 1,26-004
N40 PL 25/2- 1704,1000 1,06-004
N40 PL 25/2« 1704,3000 1,06-004
N40 PL 29/2- 1694,1000 6,98-005
N40 PL 29/2« 1694,2000 6,98-005
N4O PL 31/2~ 1688,9000 5,49-005
N4O PL 31/2+ 1689,0000 5,49-005
N4O PL 33/2- 1683,5000 4,22-005
N40 PL 33/2+ 1683,7000 4,22-005
N4O PL 35/2~ 1678,1000 $,18-005
N40 PL 35/2+ 1678,3000 3,18~005
N40O QL 3/2 1756,1000 2,41-004
N4O QL 7/2 1755,3000 5,16~004
N40 QL  9/2 1754,7000 6,06-004
N4O QL 11/2+ 1754,0000 3,33-004
N4O QL 13/2= 1753,1000 3,47-004
N40 QL 13/2 1753,2000  6,95-004
N4O QL 13/2+ 1753,2000 $,47-004
N4O QL 15/2 1752,2000 6,97-004
N4O QL 17/2 1751,1000 6,75=004
N4O OL 19/2« 1749,8000 3,17-004
N40 QL 21/2- 1748,5000 2,90-004
N4O QL 21/2+ 1748,6000 2,90-004
N40 QL 23/2- 1747,0000 2,58-004
N4O QL 23/2+ 1747,2000 2,58-004
N4O RL 7/2- 1770,2000 9,06-005
N4O RL 7/2+ 1770,2000 9,06-005
N4O RL 11/2- 1775,5000 1,30-004
N40 RL 17/2- 1782,5000 1,39-004
N4O RL 17/2+ 1782,6000 1,39-004
N4O RL 21/2- 1786,6000 1,20-004
N4O RL 21/2« 1786,7000 1,20-004
N40 RL 27/2- 1791,8000 7,79-005
N4O RL 27/2+ 1791,9000 7,79-005
N4O RL 29/2- 1793,3000 6,40-005

N40 RL 29/2+ 1793,5000 6,40~005






SUBSTATE
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APPENDIX V=A

G-FACTORS FOR 14N160

J
1/2
372
5/2
7/2
9/s2
1172
1372
1572
1772
1972
2172
23/2
25/72
27/2
29/2
31/2
3372
35/2
3772
3972
41/2
43/2
45/2
47/2
4972
5172

372

5/2

7/2

9/2
11/2
13/2
15/2
1772
1972
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vs=0

0,0000
0,0230
0,0263
0,0273
0,0277
0,0279
0,0279
0,0278
0,0277
0,0276
0,0274
06,0272
0,0270
0,0267
0.026b
0,0262
0,0259
0.0256
0.,0253%
0,02350
0,0247
0,0244
0.,0241
0,0238
0,0235
0,0232
0.,7770
0,3166
60,1632
0,0935
0,056%
0,0337
0,0192
0.,0095
0,0025

VALUES

V=1

0,0000
0,0228
0,0260
0,0270
0,0274
0,0276
0,0276
0,0275
0,0274
0,0273
0,0271
0,0269
0,0267
0,0265
0,0262
0,0260
0,0257
0,0254
06,0251
06,0248
0,0245
0,0242
0,0239
0,0236
0,0233
0,0230
0,7772
0,3168
0,1635
0,0938
0,0564
0,0340
00,0195
0,0097
0,0028






NN NNNONNDRD NNV N

21/2

23/2
25/2
2772
29/2
31/2
3372
3572
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
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v»0,0025
90.0063
00,0092
.0.0114
°0,013%
00.0145
e0,0155
°0|0164
s0,0170
<0,0175
°0,0179

~.0.0152

s0,0184
©0,0186
°0,0187
=0,0187

-0|0023
10.0060
-0,0089
90'0111
’0.0129
90'0142
=0,0153
q0|0161
’0.0168
-0,0173
=0,0177
’0’0180
30.0183
“0|0184
*0,0185
'0.0186






SUBSTATE
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APPENDIX V=8B

G-FACTORS FOR 15N160

J

172

372

5/2

772

9/2
11/2
1372
1572
17/2
1972
21/2
2372
25/2
27/2
29/2
31/2
3372
35/2
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2

3/2

5/2

7/2

9/2
11/2
1372
1572
1772
1972
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vs0

0,0000
0,0224
0,0252
0,0262
0,0266
0,0268
0,0268
0,0267
0,0266
0,0265
0,0264
0,0262
0,0260
0,0258
0,0255
0,0253
0,0251
0,0248
0,0245
0,0243
0,0240
0,0237
0,0234
0,023
0,0228
0,0226
0,7779
0,3176
0,1643
0,0946
0,0572
0,0348
0,0203
0,0105
0,0036

VALUES

V=l

0,0000
0,0228
0,0260
0,0270
0,0274
0,0275
0,0276
0,0275
0,0274
0,0272
0,0271
0,0269
0,0267
0,0264
0,0262
0,0259
0,0257
0,0254
0,0251
0,0248
0,0245
0,0242
0,0239
0,0236
0,0233
0,0230
0,3169
0,1635
0,0938
0,0564
0,0340
0,0196
0,0098
0,0028
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21/2
23/2
2572
27/2
29/2
31/2
3372
3572
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
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'0-0015
°0,0053
«0,0082
00,0104
°0,0122
<0,0136
00.0147
©0,0155
-0,0162
°0,0168
00,0172
<0,0175
«0,0177
20,0179
<0,0180
°0,018%

-0,0022
~0,0060
-0,0089
’0'0111
'0'0128
'0.0142
-0,0153
’0.0161
-0,0168
’0.0173
90‘0177
-0,0180
-0,0182
-0'0184
-0,0185
'0'0186






APPENDIX VI

The expressions used in the combination difference,

frequency and A-splitting fits are as follows:

A) Combination differences
8 FH(I,v) = [U(J+n) -U (J) ] x Bo,
- [U(J+n) 2-U(J) 2] X Do,
+ (1) U(g+n) 3-u@) 3) x  H}
- [U(J+n)-U(J)1v <oy
- [U(J+n)2-U(J)?%] v x 8,
- (-1)[u(g+n) 3-U(3) 31V < y' o,

where i = 1, 2 refers the the Zni and ZHE states respectively,
n =1, 2 corresponding to a difference of 1, 2 in J respec-

tively and U(J) = (J+3)2.

B) Frequencies
v(J,n,v,s) = 1.0 x AG(1)
+ (SH,s - GL,s) x Qg
+ (6l,s - 62,s - 6H,s + (SL,s)V/2 8 X
+ {[U(J+n)—U(J)]61’S - U(J)GH,S + U(J+n)5L’s} x Bogi
+ {[U(J+n)-U(J)]62’s + U(J+n)6H,s - U(J)GL,S} x Byg2
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(cont.)

- {[U(J+n)2—U(J)2]61’S - U(J)ZGH’S + U(J+n)26L's} X
- {[U(J+n)2-U(J)2]6295 + U(J+n)26H,S - U(J)?-(SL’S} x
- {[U(J+n)3—U(J)3]c‘Sl’S - U(J)36H,S + U(J+n)36L’s} x
+ {[U(J+n)3—U(J)3]62,s + U(J+n)3<SH’S - U(J)36L,s} x
- {[U(J+n)+§](al,s+aL’S) - 5(52’5 + sH's)}v x
- {[U(J+n)-§](62’s+aH’s) + }(al’s + (SL'S)}V x
- LIU(I+n) 2431 (8 48 )+ h(8, o+ 6y v x
- {[U(J+n)2+§](52,s+6H’S) + %(Gl,s + GL'S)}V x

+ [U(J+n) 3] v (81 ¢ + 8, g) x

- [U(J+n) 3] v (52’5 + GH,S) x

U(J) is the same as for the combination differences except
that n = -1,0,+1 corresponding to the P, Q, and R branches

respectively, and § S and SL g are Kronecker

4

§
l,s" "2,s’

deltas having the value 1 or 0 depending upon whether s is

H,s’

equal or unequal to the other subscript. The 1, 2, H, and
L refer to the ZH%, ZH% subbands, the HES and LES respec-

tively.,

a1

o2

B1

B2
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C) A-splitting expressions

a
!
|

= (J%2-1) (J+3)

r
!
I

(J+3%)
l-subband

Av(J-1;J) = 2{1+U(J-1) [A;1-2]"2 + U(J)[X01-2]-2}PA

+ 4{U(J-1) [A11-2]71 + U(J) [Ao1-21711q,

-Av(J;J) = -2{2F(J) - U(J)[r1:-2]1"2 - U(J)[A01-2]-2}pA

+ 4 U(J){[l11-2]-1 + [Aol‘zlnl}qA

~AV(J+1 ;J) = -2{1-U(J+1) [r11-2]1"2 + U(J)[AOI-Z]'z}pA

+ 4{U(J+l)[%11-2]-1 - U(J)[X01-2]-1}qA

2-subband

6v(J-1;3) = 2{U(J) [Xgp-21"7% = U(J-1) [A12-2] ?}p,

+ 4{U(J)[A02-2]—1 - U(J-l)[A12-2]-1}qA
—Av(J;3) = =2 U(J) {[rgo-2]172 + [A12-2]'2}pA
-4 U(J){[A02—2]-1 + [A12—2]—1}qA
—4v(J+1;3) = 2{U(J) [A92-2]1"2% - U(J+1) [A12-2] ?}p,

+ 4{U(J) [rgp-21"1 - U(J+l)[A12—2]-1}qA
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HES

8V (3-1;3) = 2{F(J) - U(JI-1) [X1,-2]17% - U(JI) [rg1-2] ?lp,

- 4{U(3) [r91-2171 + U(I-1) [A12-2]" t}q,

-Av(J;J) = =2{F(J) + U(J)[r,-2]" 2 = U(J)[AOI—Z]—Z}pA

4 U(3) {[21,-2172 = [rg1-2171}q,

Av (J+1;3) = 2{F(J) - U(J+1) [x1,-2]1"2 - U(J) [rg1-2] 2}p

A

-4{U(J+1) [A1,=-21"1 + U(J3) [rg1-2] l}q

A
LES
-Av(J-1;J) = =2{F(J) = U(J=-1)[r;;-2] 2 - U(J)[Aoz—2]"2}pA
+ 4{U(J-1) [A1,-21"1 + U(J)[A02-2]-1}qA
-Av(J;J) = =2{F(J) + U(J) [rg2-2]1"2 - U(J)[A11-2]_2}pA
+ 4 U@ {01-21"1 - [A2-21711q,
-Av(J+1;J) = =2{F(J) - U(J+1) [}\11-2]-2 - U(J) [}\02—2]-2}p

A

+ 4{U(J+1) [A11-21"1 + U(J)[A02-2]_l}qA






APPENDIX VII
COMPUTER PROGRAMS

Many computer programs were written during the course
of this work. The major ones are described below with op-

erating instructions.

A, SHAFT

This intricate and very useful program written by
L. E. Bullock is designed to reduce the raw data, including
code weights from up to eight separate Hydel measurements of
a band to a tabulated output of the average fringe number,
weighted average frequency, weighted standard deviation,
individual measurements and weights of each line measured
in the band. It will also identify these lines. SCAN and
CALFIT (written by M. D. Olman (74)) are used as subroutines.
SCAN determines the fringe numbers of the individual lines
including calibration lines. Standard calibration frequency
decks are input and matched with the observed calibration
lines. CALFIT performs a least squares fit of the calibra-
tion lines to determine the fringe constants which are then
used to obtain frequencies for the observed lines. The
frequencies are ordered and a weighted average of identical

transitions is performed. All this information is tabulated
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in a convenient output which includes identification of the
transitions, if this is known. This program can also be
used like a normal SCAN program with the option of getting
punched output of the frequencies, which can later be used
in place of the raw Hydel data to obtain the tabulated out-
put. The user provides the program with identification decks
and a series of tolerances which indicate his maximum uncer-
tainty in the frequency (in cm~!) of any line so that the
program is able to recognize separate measurements of the
same line, All tolerances and other quantities necessary
for operation are preset to typical values which will be

used in the event they are omitted on input.

STRUCTURE OF DATA DECK

I, Option card

Col. Variable Field Function
1 NGPS I Indicates number of groups <8

to be averaged.

2 IOP(1) I #0 indicates SCAN desired (see
SCAN description for input).

3 IOP(2) I #0 indicates average desired.
=2 indicates punch of identifi-
cation, average frequency and
weight in the identification deck
format is desired.

4 IOP(3) I #0 indicates punch frequencies
and weights (8/card) is desired
from SCAN,

5 IDNT I #0 identification deck(s) is used.

=2 identification deck(s) is input.
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Col. Variable Field Function
6 ICAL I #0 calibration deck(s) is used.

=2 calibration deck(s) is input.
=3 causes fringe constants just
determined to be used to obtain
line frequencies (see below).

7 IDON I =1 provides printout of single
frequencies in the "group" tab-
ulation. =2 omits punching
weights as provided in IOP(2)=2,

11-20 TOL1 F Frequencies within a group which
differ by less than TOLl1l are con-
sidered to be separate measurements
of one line, and their non-weighted
average is formed. TOLl is preset
to 0.05,

21-30 TOL2 F Frequencies in the various groups
which differ by less than TOL2 are
considered to be measurements of the
same line, TOL2 is preset to TOLL.

31-40 TOL3 F Frequencies which differ by less than
TOL3 from input identification fre-
quencies are assigned the correspon-
ding identification. If two identi-
fications within TOL3 are found, an
asterisk field is printed. If TOL3
is greater than 100 the asterisk
field is suppressed and the same
identification may be punched and/or
printed for all lines.

II. IDENTIFY data deck

This section handles both identification and calibration
decks and appears if and only if IDNT or ICAL are equal to 2,

1. Order card: This card is used to convert input frequencies

from their value in the order in which they were recorded to
their value in the order of the IR. It can be inserted any-

where in the identification deck.
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Col. Variable Field Function
8 IR I Order in which the IR radiation

was recorded.
16 TICAL I Order in which the identification

or calibration line would have
been or was recorded.

75-80 ORDER A "ORDER" specifies an ORDER card.

(Note: if the ORDER card does not appear IR and IICAL are
assumed to be one.)

2. Ident deck cards:

1-8 NAME1 A These two fields contain the

9-16 NAME?2 A identification title that is de-
sired to be printed and/or punched
beside the corresponding frequency.

20-33 XNU F Frequency of identification or
calibration line.

These cards are read until a value of XNU=0 is encountered.

III. SCAN data deck

This section appears if and only if IOP(l) #0. A descrip-
tion of the SCAN deck is given elsewhere. (The basic structure
is: NEW SCAN card, operator name card, heading cards, calibra-
tion constants card (option), Hydel cards, and 8- or 9-parameter
card.) A non-zero punch in cols, 23-27 of a l-parameter card
acts as a switch to either begin or end punch/averaging depen-
ding upon whether the switch was on or off before. If punch
frequencies are obtained, the fringe constants used are also
punched, whenever they are set, and included with the fre-
quencies., This is done in a format recognized in the averaging
section. The first NGPS groups must end with an 8-parameter

card. The last group ends with a 9-parameter card. The
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punch/averaging switch is off at the start of each group.

IV. AVFRQ (averaging) data deck

1. Heading cards: Cols. 1-72 of these cards will be listed

on the output. This will continue until END HEAD is found
in cols. 73-80. Cols. 1-72 of the last card will also ap-
pear as a heading for the output of each page of this set
of data. If IDNT #0 and the word "IDN HEAD" appears in
cols. 73-80, the first 32 cols. of this card are used as

a two line column heading over the identification titles.
If this card does not appear, the word IDENTIFICATION is

used. (Read by 10A8)

2. Group identification and data (appears NGPS times) :

Cards a,c must appear once and only once for each group.
Cards b, d, e, and f may appear as many times as needed.
Up to (10000/NGPS+1l) data points may appear in each group.

a) Column heading card: Contains column headings for

the tabulated output of individual measurements. Place
the first line of heading in cols. 1-8, the second line
in cols. 9-16. If non-zero numbers are found in cols.
21-35 and 36-50 they are treated as updated values of
the fringe constants A and B respectively. These num-
bers are used to convert all succeeding frequencies in
this group, and a new set of punch frequencies is given.

b) Punched frequency cards: Frequencies and weights

punched from SCAN or a previous run may be entered here.

The format is 8(4PF8,R1,X). Frequencies and weights
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are read from left to right across the card until the
first three fields are zero.
i) If the first field is zero, the card is treated
as a fringe constants card. The last value read is
used in fringe number calculations. Values may be
input; A in cols., 16-19 and 21-25, and B in cols.
35-39 and 40-44, No decimal point is used!!
ii) If the first two fields are zero, the card is
treated as a code-weight specification card. 1If
this card does appear the codes weights are read;
4, cols, 21-28; 3, cols. 31-38; 2, cols. 41-48;
1, cols. 51-58; blank, cols. 61-68, If this card
does not appear the code weights are assigned:
4=1.0, 3=0.25, 2=0.62; 1=0.16; 0=10"29%; blank=1.0.
The last code weight card is used to assign all code
weights for that particular group.

c) Blank card: Card with first 20 columns blank to

indicate the end of the punched data.

d) Delete cards: DELETE in cols. 11-16 with frequency

to be deleted in cols. 21-35,

e) Change cards: CHANGE in cols. 11-16 with frequency

to be changed in cols. 21-35, new/old value of frequency
in cols. 36-50 and weight code in col. 52,

f) Punch card: PUNCH in cols. 12-16 causes average

frequencies of this particular group, including changes
and excluding deletes to be punched out in the normal

format of b) above.
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3. Calibration constants card: Fringe constant A in

cols., 21-35, B in cols. 36-50. If this card is blank the

last values of fringe constants will be used.

V. SEARCH data deck

This section appears if ICAL#0 and must be used in con-
junction with the averaging section. Its purpose is to match
SCAN fringe numbers with the corresponding calibration fre-
quencies and finally do a least squares fit to determine the
fringe constants. A punch deck of the assigned fringe numbers,
frequencies and weights is punched out in the standard CALFIT
format.

1. Number of lines card: This card specifies the number

of calibration line fringe numbers input from SCAN; cols.
1-10. The search is carried out twice unless the number
of lines identified equals or exceeds the number of lines
on this card on the first pass.

2. Initial identification cards: At least two initial

identifications of calibration lines must be made and input.
This input consists of the identification title exactly as
it was read in for the calibration deck, and the approximate
fringe number (within one) of the calibration line. The
identification is put in cols. 1-16 (A-format) and the
fringe number is in cols. 30-39,

3) Blank card: A blank card signals the end of initial

identification cards.
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4, Heading cards: These are heading cards for the CALFIT

subroutine. Cols. 1-72 of the cards are read and printed
until a card with END HEAD in cols. 73-80 is encountered.
The last card is repeated at the top of all succeeding

pages.

VI. New case

NEW CASE in cols. 73-80 indicates that a new case be-
ginning with the option card follows. Note that if the fringe
constants just determined in section V are to be used for new

SCAN data, a new case is called for with ICAL=3.

VII. StoE card

STOP in cols. 77-80 ends execution of the program.

A listing of the program follows.






147

FILE, a9

HAIN, 5

FILE EnD

FTN,L,x
PROGRAM SHAFT

C  SCAN HYDE| AVERAGE FNFUUENCIES TABULATE
COV4ON/1/IOP(3).!LS(ﬂ),TUL1.TOL2,TDL$.A.B;LPnIUNT.ICAL.IDON,JUMP
COMMON/2/ N
COMMON/S/NAME1(2OUU);NAMEZ(ZDDO),NU(ZUUU’:NMAX
COHMON/S/ICHEAD(9);IHEAD(Q,Z),IDN(4)
COMMON/E/AVGFREO(ZUU).ANGT(?DO).NUM
COMMON/9/ CCWT(3,5)
JIMENSTON FRO(1,10000),NTS(1.10000)
TYPE INTEGER WIT,wT,uTs

1 READ JnU:NGPS.{OP.lDNT,ICAL.IDON.TOLI,TOLZJTULJ.IFDGNE

[FCIFnoNE JEL, 8H STOP) sTOP

DN (1)=8H % IDN(2)=8H 3 IDN(S)=8H
IDh(4)=8H

JUrp=g

IDEM=10000, /8GPS
lFrluNT.Po.z.ou.ICAL,EG,E) CALL OVERLAY(1,,1,,)
IFCIDNT) 8200,8100
8100 1.P=1
NAME](])=NANtP(1)=bh
8200 CONTINUE
Nz
no 10 I=1,NGPS
10 ILS(I)=1
IF(TOLI.EQ.D.) TOL1=,p50
IFeTOL? 1EG, 0, TOL2=ToL1
IF(TOLS .NE, 0.) GO Tp 13
TFCICAL) TUL3=.03
T0L3=,04=70L3
13 IFCI0P(1y) CALL OVEhLAY(?.,2,J.FRQ.NTS,NEPS:IDEM)
14 JFCINP(2)) CcaLL OVEHLAV(K,.3,J.FRQ,WTS.NuP5;1DtM)
IFCICALY 16,200
16 CALL OVERLEY(4, 1 445)
JUMP=1
ICAL=0
1DMT=1
GO TO 14
200 KELD 160, IFDONE
IFCIFDONE, £Q. 8K ) GO To 200
IF(IFDnNE.EU.BHEND HEAD) Go T 200
lF([FDONE.Eu.BHNEw CASE) Go To 1
IF CIFDONE JEQ, 8K STOP) sToP
100 FOHMAT(711.3X,3F10.6:32X;A8)
160 FORMAT (72x,48)
END

FILE, 69
OVERLAY, 1,1
FILE END

B
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Lax
PRNGRAM IDENTIFY
couwnM/1/1uP(3v.ILS(E).TULl,YOLZ,TOLs,A,d.LP.IDNT.ICAL.IDON.JUMP
C3W4ON/$/NAHE1IEUUD).NAMEZ(ZUUO):NU(ZUUD):NMAX
TY®E REAL Wy
TYP= INTEGER ORDER
Nz1
NT=1
IR=11CAL=y
REAN) 1,1NAMEL,IVANEZ.XNU;ORDER
IFCIRDER,EQ, 8H JRDER)Y 10,15
IR=INAME]agH ]

TICAL=INAME2-8H 0

GO To 20

IF(ANU) 16,25

XNUsXNil*TR/1ICAL

IF(NLEN,1) Gu TO 6

TFONUCNT=1),LE, XNUY GO TO 6

NUCNT)=NU(NT=1) ¢ NAMEl(NT):NAMEl(NT-i) b NAMEZ(NT):VAMEZ(NT-l)
NT=NTeyq

[FI(NT=1) 6,6,5

NUCNT)=XNU § NAMEl(NT):INAME1 $ NAME2(NT)=INAME2
N=N+1 ® NT=N § GO TO 20

NMAK=N-1

IF(TPL&.GT,IOD.) GO To 26
NA%E1(NMAK*I):NAM&?(NMAX»l)=NAMEI(NMAX¢2):8H
NAMEZ (NMAX+2) = 8K ko

NUCNMAX+1)=0,0

RETJURN

NAMET (NMAX+2)=MAMEL (1)
NAME?(NMAX+2)=NAME?(1)

FETURN

FOorRvaT (?A8,3X.F13.4;40X»AR)

END

)69
LAv.e.2

END
LsX

PROGRAM ALL SCAN(FRG,WTS,NGPS, IDEM)
covwowz1/10Pr3),ILs<b>.ToLl.ToLz,ruleA,s,LP.IUNI:lCAL-IDON-JU"P
COMMON/2/ NAVF

DIMENSTON IFST(10).xM<e>.vm(c).FRNGx(1ou),PSEP(1uu).FGSEP(lUD"
11162),12(2), IHFAD(9), NAME(2) »NHEAD(10),UELX(6), IPFR(3), IPEN(2),
2WT(6),WTT(8)

DIMENSTON FRUCNGPS, IDEM) , WTS (NGPS, IDEM)

DATACIPEN=BHOF IRST , BH6SECOND )

TYPE INTEGER WTT,WT,WTS

PRINT 9701

READ 7, NAME, IFDONE

FOPMAT (?AB,EbX,AB)

JECIFDONE=BHANEY SCANY 11,13

IF C(IFDONE=BHOLD SCAN)g, 9

i.--__________7
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8 PRINT 10
10 FORMAT (B1Xx*~NO NAME CARD-ASSUMING NEA SUANw)
Go 10 13
9 TNEW=0
S0 T
13 IMFW=1
1 READ 3, IHEAD, TFLONE
PRINT 3, I[HEAD
TF L IFDONE=BHEND HEAD) 1,2
2 IH=NIP=1
IFeIoP¢3)) 9800,9900
9800 PUMNCH 3, I[HEAD
9900 CHNTINUE
GFOM=NCAL=IP=1rARDS=IFRQU=TPUNCH=0
[H=1LT=1L=TLS (NAVF)=1
M=1
AFSEPSFSEP=0.0
ASSIGN 3600 TO NGO
[FCICAL) 334,335
334 [FCICAL .EQ, 3) GO TU 4001
A=0,0 % B=z1.0 F NCAL=1
1F ¢ NOT,I0P(S)) Gl TQg 335
JAsA $ IYA=(A-lA)*l,E% % 1R=R+1,E5 § XB8zo8«1,E5 § [XB=(XxB=IB)~1,EDS
PUMCH 70, 1A,1XA,IB,IXB
335 COMNTINUE
101 READ 10U, (XMCIY,YMCI),WT(IYy,1=1,6),ICO0E»IrK
[F¢ICUODE=6) 202,200,204
203 IF¢ICCDE=-8) 7000,8001,8001
20?2 lF(4=-1CODEYSN11N,4000,204
204 TF(ICODE=2) 205,2000,200
205 IF(=-1CnDE) 1U0N,105,105
105 PRINT 106, (xm(T),YM(I),1=1,6)
GC 10 101
102 PRINT 9701
IF¢ICAL JEQ., 3) ICAL=D
KETURN
200 NCOURD=6
IF(XM(&a)) 104,107
107 L0 108 1=1,5
NCOORD=NCOORD S
103 IF(XM(NCOOKD)Y) GO TGO 104
GO 1o 101
104 DO 201 1=1,NCONRD
201 XM(I)=OMT2+#XM(I)=-THETAwYM(T1)
IFCICONE=Y) $06Nn0,5000,6000
1N00 XFRM=XM
XFRNG=YM
FRNua=XFRNG=1.0
[PP= XM(2)
IFCIPUNCH) GO TO 411
[PUNCH=XM(3)
GN TO 410
411 IF(XM(3)) IPUNCH=0
410 CONTINUE
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50 TO 101
2000 SuMx=SUMY=SUMYY=SUMYX=0,0

L) TO NGO

32 CONTINUE
NJQFR=0
ASSIGN 6205 TO NIR
DO 20 1 = 1,6
Su4Y = SUMY + YM(])

SUMX SUMX + XM(I])
SUMYY = SUMYY + YMCI)wYM(I])
20 SUMYX = SUMYX + YM(I)«XMC(])
THFTA = (SUMYX = SUMY*SUMX/6,)/7(SUMYY = SUMY*SUMY/6,)

THETA2=0.5*THETA*THETA
OMT2=1,0=THETA?2

IgaD = 0

Loy s8¢0 1 = 1,6

NELX(1) = (SUMY=-THETAxSUMY)/6., + THETA=YM(1) - XM(I)
JFCABSF(DELXCI)) ,GT, 10,0) IBAD = 1

30 COMTINUE
Gy TO (101,31),1IH
31 JF ¢, NOT, INFW) ENCODE(4,11,1FR) XFRM
PRINT 9201, [HEAD, IFR,NAME
IF¢THETA? ,GT, 0,0000125) PRINT 6210
¥ ¢IBAD) PRINT 6209
A0 TO 101
300n NOR007J=2,NC0L0RD,2
[P = IP + 1
XFSEP=XFSEP+1,N
PSEP(IP)=XM(J)=XM(J=1)
FSEP=PSEP(IP)+FSEP
3007 CONTINUE
"0 Y0 101
3600 NFRM=NFRM+1
IPFR(NFRM)=1FR
IF¢,NOT,INEW) ENCODE(4,11, IPFR(NFRM))XFRM
11 FORMAT (F4)
GO TO ( 3?1\500?)1NFRM
3602 FSHP=zFSEP/XFSEP
Ne1=aNFRM=1
PRINT601, JPEN(NL) , IPFR(N1),NAME »THETASDELX, (PSEP(])sI=NIPsIP)
601 FORMAT(AB«PEN SEPARATION FRAME IS NO,*A4/ « MEASURED BY #2A8/
1* POTATION ANGLE IS#F10,6* RADIANS»/* ROTATIUN FITS TO*6(F3#x,2)» M
21CHONS#*/+ OBSERVED PEN SEPARATIONS#(20F5))
3608 NIP=IP+1
IFCTHETAZ2 ,GT, 0.0000125) PRINT 6210
[FtIBAD) PRINT 6209
FRINT 3609,FSFEFP
3609 FOPMAT (* AVERAGE PEN SEPARATION FOR THIS FRAME 1S#F6,1« MICRONS*)
FSEP=XFSEP=0.0
IF(NFRM,EQ,2) GO TO $2
IH=2
ASSIGN 32 TO NGO
PSFPSUM = 0
Do 8701 J=1,1P
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4000

4001

71
70

5000

5301

5010

5911

6000
67205

6206

303
6204

6003

6004
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PSFPSUM=PSEPSUM+PSEP(J)
FENSEP = PSEPSUM/ [P
PRINT9300,PENSEP

GO TO 32

CONTINUE

A = YM(1l) + XM(2)=0,00001
Bzx4(3)+YM(3)»0,00001
[FeyM(2) LLT. Nn.0) B==8B
8z¥M(2)+8+0,00001

PRINT 9400, A, B

NCAL=1

[Fe,NOTLI0OP(S))Y GO TO 101

1A=A % IXA=(AelA)*1,E5 % ]R=E+1,E5 § XB=8#1,E5 § [XB=(XB=IB)*1,E5

IF¢CIL.FUL1) 71,8000

PUNCH 70,1A,IXA,IB8,1XB

FORAAT (15X, 14,%,15,8X,16,X%X,15)

G0 TO 101

90 %001 J = 1,NCOOQORD

NGFR = NOFR + 1

FRNGX (NOFR) = XM(J)

FSIFP(MOFR)SFRNGX (NOFR)Y=FRNGX(NOFR=1)
CONTINUE

LGN TO 101

iF(NOFR) GO TO 200

IF(.NOT,INEW) 60 TO 200

XFRANG=XM

FuniGzXFRMGe1.0

nn %011 1=1,5

g lysyMm(I+1)

YMETYysyYM(]+1)

AEe)=YM(6)=0,0

GO TO 200

0 TO NIK

FRKINT 9500, XFRNG, THETA,DELX, (FGSEP(]),1=¢,NOFR)
ASSIGN 6204 TO NIR

AVESEP=0,12(FR NGX(NOFR)=FRNGX(1))/(NOFR=1.)
I16AD = 0

HG 6206 1=3,N0FR

IF (ARSF(FGSEP(1)-FGSEP(I=1)) ,GT, AVESEP) I[bAD = 1
IFCIRAD) PRINT 6208

M=

IF(NCAL) PRINT 9650,A,B

PRINT 9655

IFCIOP(3) AND, TPUNCH) PRINT 303
FORMAT (1H+,40X«THESE FREQUENCIES ARE BEING PUNCHEDw)
DO w001 J=1,NCOORD

NEXT=8H

X]R = PENSEP + XM(J)

DO 6003 I=1,n0FR

IF(XIR,LE,FRNGX(I)) GO TO 6004
L=Nz=NOFRw1

NEXT=8HEX RIGHT

GO TO 6011

Lsl=~1
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50 TO (6012,6011),1
6012 VEXT=BHEX LEFT
L=1
6011 FRVIL1ISFRANG+L+(X]R=FRNGX(L))/FGSEP(L+1)
IF(,NOT,NCAL) 70 TO 9000
FREQ1=A+R«FRNO1
PRINT 96%1, NEXT,FRNO1,WT(J),FREQ1
IF¢ ,NOT, IPUNCH) GO TO 6301
IF(NEXT ,NE, 8MW ) GO TO 6001
300 COVNTINUE
IF¢.NOT, 10P(2)Y) GO T0 6901
IF (ILT.EQ. 1) GO TU 1009
IF (FRO(MAY¥,ILT =-1) ,LE, FREQ1 ) GO TO 6
FRY(CNAVE , TLT)=FRO(NAVE , ILT=1)
WIS (VMAVF, ILT)=wTS(NAVF,iLT=1)
ILT = LT - 1
IF (ILT,EQ, 1) GO TO 6
GO TO 5
A FRO(NAVF, ILT)=FREQL
WTS(NAVE, ILT)=WT (L)
L T0 10
1009 FRN(NAVF,ILT)Y=FREQL
WTS(NAVE , TLT)=RWT (J)
19 1L = 1L + 1
1.2 LT = JL
GO 0 A001
8001 IF (. NOT,JOPC3))Y GO TO 330
8000 MM=1L=1
FUNCH 301, (FRUINAVE,JJ),WTSINAVF,JJ)» JJ=MDH»MM)
M=,
IF(ICODE.GT,4) 333,71
333 1CARDS=(1L+6)/R
ILl=TL-1
PRINT 331, 1LL, 1CARDS ¢ PUNCH 331,ILLsICARDS
337 FOPMAT (l6#FRENUFNCIES HAVE REEN PUNCHED ON+15« CARDS FOR THIS CAS
1E#)
230 COMTINUE
TLR(NAVF)Y=ILT
FAVF=NAVF +1
G TO (4,102),1CCGDE=7
9000 HKINT 9651, NEXT,FRNC1,WT ()
6001 COMTINUE
0 TN 101
7000 KEADS,NHEADSPRINT3,NHEAD$GOTO101
3 FNeMAT (10A8)
100 FORMAT (6(2F5,R1),11,A4)
106 FORMAT (#0THIS CARD HAS A BLANK OR ZERO CODE* 5X6(2F5,X) /)
301 FORMAT (&(4PFB,R1,X))
6208 FOPMAT (#+#BOX*FRINGE SPACING VARIATION ,GT, 10%+)
6209 FORMAT ( B1X*ROTATION FIT ,GT, 10 MJCRONSH®)
6210 FORMAT (*++«&0X*THETA IS GT., 0,005 RADIANS®)
9201 FORMAT(#5#/%129A8/* LINE POSITIONS FOR FRAME~ Ad4,4X*MEASUREL BY
1 «2AR)
9300 FORMAT (#6PEN SEPARATION ON THE FILM =#*F6,1+ MICRONS*)

Ji






153

9400 FORMAT(*6THE FOLLOWING CALIBRATION CONSTANTS HAVE BEEN INPUT A

9651 FNRVAT

1
9500 FORMAT

=at11,5» R ozeF18,10)

9655 FNRMAT (/10X*FRINGE NUMBER

9701

302

FORMAT (*5=/%1#9A8)
FORMAT(/2A8,18«CARDSY)
END

FILE,#9
OVERLAY, 3,38
FILF END
FTN,LsX
PRNSRAM AVFRI(FRQ,WTS,NGPS, IDEM)

COMA0ON/1/TOP(3Y, 1LS(8),TOL1,TOL2,TOLS,A,B,LPIDUNT, [CAL,IDON, JuMpP
COVMON/3/NAMEL€2000) , NAME2(2000) 4 NUC2000) , NMAX
COMMON/D/AVGr REQEZ200), AWGT (20G) , NUM

1001

107

CoMMonN/Z7/7 LL

(» FIRST FRINGE IS NOQ,«F5,8X #*I0TATION ANGLE [S#F10,6+ RADI]
1ANGe/* ROTATION FITS TO*6(F3w, %)% MICRONS#/#0FRINGc SEPARATIONS IN
1 MICRONS*/(5X10F5))
9650 FORMLT(*CALIBRATION
(+9*A9,F10,4,X,R1,F13,4)

CONSTANTS USED ARE#*5X#A =#F11,5,5X*B =+F13,10)

FREQUENCY™)

CO44M0N/8/1CHEAD(S9), IHEAD(9,2), IDN(4)

COMMON/9/ CCAT(H,5)

NIMENSTON FRO(NGPS, IDEM), WTS(NGPS, IDEM)
NIMENSTON FROTC10),1(8),S16(8),SHT(8),WIT(8),0EVIB), ATT(B),F(10)

EQUIVALENCE (F,FRQT)

TYPr INTEGER WTT,WTS,WGT,WIT
TOL=0,1*701.1
IFeToL,LT,.0,000n2) TOL=0,0002
NPRUNCH=1

LL=1

A7=2R0O=A

ADNE=3

AVLAST=0,

NOS=0

Nz UGFS+1

[FeJuMP) GO TO 2013

PRINT 2610

FORPAAT(LHY/71H1)

IFCIDNTY GO TO 1307

READ 160, ICHEAD, TFDUNE
FORMAT(10AS)

IFCIFDONF EQ, 8HIDN HEAD) GO TO 11¢7

PRINT 160, [CHEAD

IF¢IFDONE ,NE, BHEND HEAD) GO TO 1

N o= 1
NUM=0

RKEAD 161, (IHEAD(N,J)»J=1,2),A,8,1NWT

IF(N JEQ, 1) GO TOQ 1002

IF¢IHEAD(N,2) ,EQ., 8H DELETE) GO TO 50U
IF¢IHEAD(N,2) .EQ, 8H CHANGE) GO TO 33

IF(IHEAD(N,2),FQ.8H PUNCH)
[LTM=TLS(NM1)

107,108






1107
1237

1307
108

1002

71

70
77

NS

82
a0

77

78
79

b1
83

73

74
74

106
75

5
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PFUNCH 106, (FRO(NM1,J),WTS(NM1,J),d=1,I1LTM)

Go To 1001

o 1267 Jd=1,4

INV(J)=ICHEADC.))

GO TO 1

INI(3)=8H TDENTIF $IDN(4)=8H]ICATION $ GO TO 1
COMTINUE

IF (N ,GT, NGPS) GO 70 1%

COMTINUE

CCvTEN,1)=,016 % CCwWT(N,2)=,062 % CCWTIN,S)=,22 & CCWTI(N,4)=1,0
CCHT(N,S)=1,0

IPEINT=55

[Feay 71,72

TA=A % IXA=(A-TA)*1,E5 $ IR=B+1,F5 § XB=t*1.,E5 % [XB=(XB=1B)«~1,E5
PUMCH 70, 1A.IxA,IB,IXB

FOFMAT (15X, 14,Y,19,9X,15,X,15)
IH.=lLT=ILS(N)

SIG(N)Y=0,

DEV(NYI=0,L0

SWT(N)Y=0,

IF¢CICAL NE, 0) GO TO 2

PRINT 261, [CHEAD,(IHEAD(N,J),d=1,2)
REALD 109, (FRAT(I)SWIT(J),J=1,8)
FORMAT(8(FS,4,R1,X))

[F(FRGT) 73,82

TFeFRGT(2)) B0,81
AZFRDO=1,FS*FROT(2)+wTT(2)+FRAT(3)*»,1
ADLE=FRUT(4)+1.E-5*w1T(4)+1 ,F-69FRQAT(3)
YFCRY 77,768

SLCPE = B/AONE

PRINT 79,1Ls A,R

Gn T D

PRINT 79,IL, AZERQ,AINE
FURMAT(*NFREQUFNCIES BEGINNING WITH NJUMBER=*14« WERE CALCULATED USI
100s/* THF FOLLOWING CONSTANTS, A=*xFl1,5%* bz*F12,10)
Go TO 2

JF(FRUT(3))RSE,84

CCwT(N,1)=FRQT(6)

CCHT(nN,2)Y=FRQT(3)

CCyTIN,3)=FRGTC4)

COVTIN,4)Y=FRNT ()

CCWT(N,5)Y=FRETCT)

GG TO 2

COMTINUE

[Feay 74,75

DO /6 J=1,8
FRET(JYSA+(FROT(J)=AZERO) *SLOPE

PUNCH 106, (FRQT(J),WTT(J),Uu=1,8)

FORMAT (8(4PF8,R1,X))

DO 12 J=1,8

IF (FRAT (J).EOQ, 0)Y GO TO 12

IF (ILT,EQ, 1) GO TG 1009

IF (FRO(N,ILT ~1) ,Le, FRQT(J))Y GO TO 6
FROIN, ILT)=FRAEN, ILT=1)






WTSIN, ILT)Y=WTS(N, ILT=1)
ILT = ILT = 1
IF (ILT,EQ, 1) GO TG 6
GO T0 »
6 FRO(N,ILT)=FRQT(J)
WIG(N, TLT)=WTT(J)
50 T0 10
1009 FRO(N, ILT)=FRQT(J)
wTS(N,ILT)=wTTCJ)
10 IL = I + 1
12 LT = 1L
IF¢(FRQT) GO TOC 2
84 CONTINUE
[FeicaL NE, 0Y GO TO 3084
PRINT 2084, (CCaT(N,J),Jd=1,5)
2084 FURMAT (*OWEIGHT-CODE CORRFSPONDENCE*/5X* COUE*6X, #1*w9X,22%9X, * S*
19X, #4%, 7A#3LANKw/* WEIGHT*5F10,4)
3084 CONTINUE
ILT=1LT=1
FINT=FRU(N,1)
FF’O(N,IL)"ipESP
1SAME=1
[DRGP=0
ng 750 Jd=1,1IL7
WET=WwTS(N, J)
IF(FRG(N, J*1)Y=FRG(N,J) ,GT, TOL1) GO TO /10
FTOT=FRQA(N,J+1)+FTOT
JSAME=1SAME+]
IDRUP=TDROP+1
GO T0 750
710 AVFsFTOT/ISAME
JTT=J=1SAME+1
IF(IPRINT,LT.50) GO To 709
IPRINT=0
IFC.NOT,A) GO 7O 1762
PRINT 767, 1CHEAD, (IHEAD(N,L),L=1,2),A,8,T0L1
Go Tn 709
1762 PRINT 762, 1CHEAD, (IHEAD(N,L),L=1,2),AZERU,AUNE, TULY
7672 FORMAT(1H1,9A6/1H0,2A8/+«0 CALIBRATIUN CUNSTANTS Az«F11,5
1+ RzwF12,10/+0 THESF FREQUENCIES ARE WITHIN*F7,3« WAVE NOS, OF
2EACH DTHER AVERAGEw®/)
709 TF(ISAME«1) 712,711
711 IFCIDON,NE,1) GO TO 720
712 PRINT 760, (FRGIN,K)Y S WTSIN,K),K=JTT,J)
760 FORMAT(D(F11.4,X,R1))
[PRINT=2IPRINT+(JTT=J+4)/5
PRINT 761,AVF
761 FORMAT(1H+,67XF10,4)
720 FRAO(N, J=IDRCP)=AVF
WTS(N, J=IDROP)=WGT
[SAMF=z1
FTNT=FRQ(N,J+1)
750 CONTINUE
ILT=1LT=IDROP






ILS (Ny = ILT
TL=ILT+1
FRO(N, IL)=1,E2N
NMq1 =iy
NN O+ 1
Co 70 1001

2013 CONTINUE
B0 1% NI=1,NCGPS
MILS=TLS(NI)
PO 15 J=1,NILS

15 FRO(NT,J)=A+B«FRQ(NT, J)

13 mzteq
IFCICAL JNE, 0) GO TO 1013
PRINT 261, ICHEAD
FRINT 269, (lON(1)sIDN (2),(IHEAD(IH,1),1lH=1,N))
PRINT 270, (IUNC3), I0UN(4), (THEAD(IH,2),IH=1,N))
PRINT 271
[PRT=0

1013 CONTINUE
IFeA ,EQ, 0,) A=sAZERO
IF(3 ,FQ, 0.) R=AONE

NMY = N = 1
Do 20 J=1,N

2C I[¢.h=1

372 FS=F(1)=FRQ(1,1(1))
SI6T=0,

WIT(1)=WTS(1,101))
DD 34 K=2,N
F(«)=FRUW(K, 1 (K))
IF(F(K)Y LT, FS) FS=F(K)
WIT(KY=WTS(K, 1 (K))

34 CONTINUE
AVGE=AVWED
ICNT=0)
No 36 K=1,N
IF(F(KYyeFS ,LE., TOLZ) GO T0 35
F(K)y=1,E210
A)JT(K)=48
L0 10 36

35 XCwWT=CWT(K,W1lT(K))
AVG=AVG+F (K)*XCWT
AVWSAVWHXCWT
T(K)=1(K)+1
JICNT=ICNT+1

$6 CONTINUE
AVG=AVG/AVW
IAVG=AVG
D0 38 K=1,N
IF(F(KY ,GT, 1.E10) GO TO 38
IF¢ICNT ,LE. 1) GO T0 37
XCWT=CWT(K,WIT(K))
NEVT=(AVG=F(K))
SIGST=DEVTw#2«¥CWT
SIG(K)=SIG(K)+SIGST
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SIGT=SIGT+5]1GST
DEV(K)=PDFV(K)+NEVT*XCWT
SWT(K)=SWT(K)+XCWT

37 F(x)=zF(K)e]AVG
TF(F(KY LT, 0) F(K)=1,+F(K)

38 COMTINUE
SIGT=SOURT((SIGT*ICNT)/((ICNT=1)*AVH))
IFRT=IPRT+1
IF(IPRT LLE, 50) GO To 370
PRINT 262,T0L2
PRINT 261, 1CHEAD
PRINT 269, (IDN(1),IDN (2),(IHEAD(IHs1),1H31,N))
PRINT 270, (1DN€3),IDNC4), (THEAD(IH,2),H=1,N))
PRINT 271
[PRT=1

370 CONTINUE

FRNG=(AVG=A)/B
IFCIDNT) 8250,R300

250 CalLL TTIDENT(AVG)

8300 IFf1CAL) 2000,72001

2000 NUMsNUM+1
AYAFREN(INUMIZAVG B AWGT(NUM)=AVW
GO 10 1270

2001 PRINTZ10,NAMRELIC(LP) s NAME2(LP) FRNG,AVG,AVA,SIGT(F (J),WIT(J),d=1,N)
IF¢(IoPt2)Y NE.2)Y GO TO 570
TFCIDONLEWQ,2) 1280,1260

1280 PUMCH 1210, NAME1(LP),NAME2(LP)Y,AVG
Gn TO 570

1290 JF(NAME1(LP) ,FG. 8H )y GO T0O 570
PUMCH 1210, NAME1(LP),NAMED2(LP)Y,AVG,AVH

570 CONTINUE

IF(AVG=AVLAST .GT, TOL?) GO T0O 1270
IF(ABS (AVG=AVLAST) GT, TOoL2) GO T0O 1270
PRINT 276

1270 CONTINUE
AVLAST=AVG

27 DO 28 J = 1,N
IF (1(J) JLe. ILSCJ)) GO TN 32

#z8 COMTINUE
IFCICAL JNE, 0)Y GO TO 60
GSIGT:OQ
GAVW=O0,

NuMH=0

D0 96 J = 1,N
NUMB=NUMR+ILS(J)
DEV(J)=DEV(J)/SWT(J)
GSIGT=GSIGT+S[G(J)
GAVW=GAVW+SAT(J)

56 SIG(J)=SART(SIG(II*ILS(I)/Z¢ILS(JI=1)/SWT(J))

GSIGT=SART(GSIGT«NUMB/(NUMB=1)/GAVW)
PRINT 235, (DEV(J),Jd=1,N)
235 FORMAT (#0 AVERAGE DEVIATION#30X,8(3XF7,4))
PRINT 230,GSIGT,(SIG(Y) ,J=1,N)
230 FORMAT (% STANDARD DEVIATION®#24XF7,4,2XF/7.4,7(¢(3xF7,4))






240

5

=3

5

52

1054

1053

105%

54

60
9500
161
210
261
262

269
270
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PRINT 240, (ILS(J),d=1,N)

FORMAT (= NO. OF LINES MEASURED*26X,8(6X14))
PRINT 262,T0L2

GO TO 60

CONTINUE

D0 32 K=1, LT

IF(ABS(FRQ(NML,K)=A) ,GT, TOL) GO TO 52
00 51 J=K, ILT
WTS(NML,J)=ATS(NML, J*1)

FRO(NML, J)=FRA(NML, J+1)
TLS(NM1)=ILS(NM1) -1

TLT=ILS(NML)

GO TO 1001

CONTINUE

PRINT 280,A, IHEAD(N,2)

GO TO 1001

CONTINUE

DO 54 K=1,ILT

TF(ARS(FRQ(NM1,K)=A) ,GT, TOL) GO TO 54
IF(8 LT, FROG(NML,K)) GO T0 1053

N0 1054 KQK=K,ILT

IFt3 ,GT, FRU(NM1,KQK+1)) GO TO 1054
WTS(NM1,KQK)=TWT

FRA(NMY, KAK) =B

GO T0 1001
FRO(NML, KOK) =FRQ(NML1,KQK+1)
HTS(NM1,KOK) =WTS(NML,KQK+1)
FRO(CNML, ILT
WTS(NML, ILT)=1WT

GO T0 1001

KM1=K=1

DO 1055 KOK=1,KM1

KQM=K=KIK

IF(B ,LT. FRO(NM1,KQM)) GO TO 1055

FRO(NM1,KOM+1) =8

WTS(NM1,KQM+1)=TWT

G0 TO 1001

FRO(NMY,KGM+1) =FRU(NML, KOM)

WTS(NM1,KUM+1) =WTS(NM1,KOM)

FRO(NM1,1)=8

WTS(NM1,1)=]wWT

GO TO 1001

COMTINUE

PRINT 280,A, IHEAD(N,2)

GO To 1001

COMTINUE

RETURN

FORMAT (2A8,4X,2E15,10,X,R1)

FORMAT (1X,2A8,F8,2,F11,4,F6,2,XF7,4:X8(2XF6,4,X,R1))
FORMAT(1H1,10A8/1H02A8/1H0)

FORMAT (*ONOTE.. LINES ARE ASSUMED TO BE THE SAME IF FREQGUENCIES*/

1» ARE WITHIN®F7,3% WAVE NOS, OF EACH UTHER,#/*5%)

FORMAT (#0%2A8,2X*FRINGE AVERAGE*10X*STD,*2X8A10)
FORMAT (1X2A8,2X+*NUMBER FREQUENCY WGT, DEV . *2XEA10)
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271 FORMAT (1H )
272 FORMAT (*+ IDENTIFICATION#)
276 FORMAT (#+#35X,1Ht)
280 FORMAT(*FREQUENCY OF#F10,4+ WAS NOT PRESENT TO*AB)
1210 FORMAT(2A8,3X,F13,4,7X,F4,2)
9650 FORMAL (1018)
FuD

FUNCTION CWT(IA,IB)
COMMON/9/ CCHT(8,5)
IFCIB,EQG.,0) GO TO 3
IFCIR,GT,4) GO TO 4
CWT=CCWT (1A, IR)Y
RETURN

3 CwT=1,F=20
RETURN

4 CWT=CCWT(IA,5)
KETURN
END

SUBROUTINE IIDFNT(AVFREQ)
COMMON/1/10P(3),11.S(8),TOL1,TOL2,TOL3,A,8,LP, IDNT, ICAL, IDON, JuMpP
CUMMNN/3/NAMEL(2000),NAME2(2000),NU(2000),NMAX
COMMON/7/ LL
TYPE RFAL NU
LPzNMAX+1
X=AVFREQ=NU(LL)
IF (ABS(X),LE.TOL3) 50,60
60 TF(X) 70,70,90
70 RETURN
90 LL=LL+1
IF(LL.GT.NMAX) IDNT=0
Go TO 40
50 LP=LL
TFCARS(AVFREO=NUCLL*1)) ,LE,TOL3) LP=NMAX+2
RETURN
END

>

FILE,69
QVERLAY,4,4
FILE END
FTN,LaX
PRNGRAM SEARCH
COMMON/L1/10P(3), 1LS(8),TOL1,TOL2,TOLS,A,B8,LP, [UNT, 1CAL, IDON, JUMP
COMMON/3/NAMEL(2000), NAME2(2000),NU(2000), NMAX
COMMON/Z4/ FNUM(200),FREQ(200),WT(200) s SUMWHT,NODATA, INDATA
COMMON/5/AVGFREQ(200),AWGT¢200),NUM
DIMENSION IDENT1(200),IDENT2¢200)
TYPE RFAL NU
READ 2, NUMLINES
SUMWHT=NODATA=INDATA=0,0
l.=1
LT=1
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27

31
32

54
91
33

KLl
30
4n

IS

3

60

62
64
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READ 1, 1IDENTL1, 1IDENT2,XFNUM
JF(XFN'YM,EQ,0,0) GO To 27
TF(L,EQ,1) GO TO 6

[FEFNUM(LT=1) ,LE.XFNUM) GO TO 6
FNEM(LT)=FNUMCLT-1)
INFENTL(LT)=IUENT1(LT=1) % IDENT2(LT)=IDENTZ(LT=1)
LT=LT=1

TFELT=1) 6,6,5 )
FPANUMCLT)=XFHNUMGIDENTL(LT) =T IDENTLSIDENT2(LT)=[IDENT2
L=1+#1 § LT=L % GO TO 30

LMAX=L=-1

TL=LMAX

TF(LMAX,LT,2Y GO TO 1000
SUIk=3UMY=SUMXY=SUMX2=0,0

T1=0

lLi=1

DO 50 1.=1,LMeX

DO 49 N=1,NMAX
TFCIDENTA (L) .EN,NAMEL(N)) 31,49
TFCIDENT2(L) JEQ.NAMEZ2(N)) 32,49
X=F{UM(L)=AVGFREQ(LL)

iF(ABS(X), LE.1,0) 33,34

[FtXy 49,49,91

lLLslL+1 % IFC(LL.GT,NUM) GO TO 52 % GU TO 3¢
FNUSCL)YSAVGFREA(LL)
WTIL)=AAGT(LL)

FREWCL)SNUCND
SUMWHT=3UMwAT+WT (L)

TF(AT(L)) 300,301
MODATA=NOUA TA+1

tyrsNUMel b Ll=1[+1

nn 41 K=sLL,NUM

AVRFREN(K) zAYGFRFO(K+1)
AWNT(K)SAWGT (K+1)
SUMX=SUMX+FNUMCL)
SUMY=SIIMY+FREQCL)

SUMX UMXY+FNUMCL) *FREQ (L)
SUMX2=SUMX2+F NUM (L) *FNUMCL)

GO TO %0

CONTINUE

TL=lL=1 $ IFCIL.LT,2) GO TO 13000
CONTINUE

1IFe11,1.T,2) GO TO 1000
N=T1I+SUMX2=SUMY *SUMX

Az (SUMY*SUMXZ2=SUMX*SUMXY)/D

Bz (I I*SUMXY=5UMX*SUMY) /D

LL=1

nno 200 17=1,2

DO 100 I=1,NUM
FROzA+R*AVGFREOCT)

X=FRO=NUCLL)

IF(ABS(X),LE.TOL3) 76,62

1F¢x) 100,100,64

LL=LL+1 $ IF(LL.GT,NMAX) GO TO 101 $ GO 0 60







76

aco
401
51

80

100
101
200
201

550

1000

500
600
1001

w

99
110
115
495
501

120
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II1=11+1

FREQ(IT)=NUCLL)
FNUMCIT)=AVGFREQCID)
WTCIT)=AWGT (1)
SUMWHT=SUMWHAT+KT(I1)
IFCWTCIT)) 400,401
NODATA=NODATA+1

NUM=NUM=1

DO 51 K=1,NUM
AVGFREQ(K)=AVGFREQ(K+1)

AWGT (K)SAWGT (K+1)

I=1-1

SUMX=SUMX+FNUM(TT)
SUMY=SUMY+FREQCIT)
SUMXY=SUMXY+FNUMCII)*FREQ(IT)
SUMX2=SUMX2+FNUMCT L) *FNUM(CTT)
Ti=] [ *#SUMX2=-SUMX*SUMX

Az (SUMY*SUMX2=SUMX*SUMXY) /D
Bz (] ]*SUMXY=SUMX*SUMY) /D
CONTINUE

TFCIT.LT NUMLINES) 206,201
CONTINUE

INNDATA=I1

CALL CALFIT

PRINT 500, INUATA,NUMLINES

DO 550 K=1, INDATA

PUNCH 600,FRFQK),FNUM(K) ,WT(K)
RETURN

PRINT 1001

RETURN

FORMAT (2A8,13X,F10,33x,A8)
FORMAT (110)

FORMAT (%2 «15# LINES OUT OF #15+« HAVE BEEN FOUND AND ENTERED#*)
FORPMAT (2F15.4,F15,2)

FORMAT (#2A #RONG IDENTIFICATION OR FRINGE NUMBER HAS BEEN INPUTw)
END

SURROUTINE CALFIT
COMMON/1/10P(3),1LS(8),TOL1,TOL2,TOL3,A,B8,LP, IONT, [CAL, IDON, JUMP
COMMON/4/ FRINGE(200),FREQ(200),WHT(200) s SUMWHT,NODATA, [NDATA
DIMENSTON COENC3),DATACS), [H(10), INDEX(S),SIGMA(S),SIGMCO(S),
1VECTOR(4,4), IHEAD(2)

DATA (IHEAD=8H CONST, 8H SLOPE)

TYPE DOUBLE COEN,SIGMA,SIGY,VECTOR

PRINT 3

FORMAT (#1%)

READ2, IH$IF(IH(10) EQ,BHLAST FIT)STOPSIFCIH(10)=BHEND HEAD)110,115
PRINT 24 IH$GO TO 99

PRINT2, (TH(1Y,1=1,9)8NDEL=0
DEVMAX=FLEVEL=VAR=0,0$NOIN=K=NOENT=NOMIN=NOMAX=0
AVGWHT=SUMWHT/NODATA

DO 120 I=1,16

VECTOR(I )=0,08DATA=1,0

D0220N=1, INDATA
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WT=AHT(N)/AVGHHTEDATA(2)=FRINGE(N)FDATA(S)SFREQ(N)
PN2201=1,34VECTOR(]1,4)=VECTOR(I,4)+DATA(Ll)*WT§D0220U=1,3
220 VECTOR(I,J)SVECTOR(I,JY+DATACI)I*DATAC(J)#AT
VECTOR(4,4)=N0ODATA SPRINT90,NODATA,AVGWHTVECTOR(2,4),
1IVECTOR(3,4),VECTOR(2,2),VECTOR(2,3),VECTOR(3,3)3NOSTEP==-1
DEFR=VECTOR(4,4)-1,0%D08001=1,381F(VECTOR(I, 1)) 792,794,810
7¢2 PRINTZ793,14%G0T0100
794 PRINT795,1$SIGMA(]I)=s1,03G0T0800
R10 SIAMA(II=NSARTCVECTORCI, 1))
A0 VECTOR(I,1)=1,n$D08301=1,2%1P1=1+1$D08S0JY=1IPL, S
830 VECTOR(J, [)sVECTORCLI,J)=VECTOR(1,J)/SIGMA(1)/SIGMACY)
PRINTO0,VECTOK(2,1),VECTOR(3,1),VECTOR(3,2)
1000 NOSTEP=NOSTEP+1$1F(VECTOR(3,3))1002,1002,1010
1002 NSTPM1=NOSTEP=-1%PRINT1004,NSTPM136G60T701381
1010 SIBY=SIGMA(SI*NSORT(VECTOR(3,3)/DEFR)$DEFR=DEFR-1,1
[FPOFFRY 1017,1017,2020
1N17 FRINTLIN19,NIUSTHFPEGOTO1381
1H20 VMl V=VMAX=),0NSNOIN=040010501=1,281F(VeCTURCI 1)) 1042,1950,1060
1742 PRINTLN44, 1, 0STEPHL0TD1381
1060 JTF(VECTUR(I,1)-0.0001) 100,108R0,1080
1n8n YAR=VECTOR(I,3$)*VECTOR(3,1)/VECTORCI,»I)$IF(VAR)L1100,1050,1110
1100 MOIAN=NOIN« LS INNEX(NOINY=IECOFNI(NOIN)SVECTORCL,$)*SIGMA(3)/SIGMA(])
SIAACO(NOTN)=DSURT(VECTOR(T, 1))Y*SIGY/SIGMACTD)
[FCVMIND) 1160,1170,904
274 PRINTON6SGITOTIND
1179 VHATN=VARENOMIN=T$G0T01050
1160 1F(VAR=-VMIN)1050,1050,1170
1110 TF(VAR-VMAX)1050,1050,1210
12190 VYMaXsVARENDMAX=]
1957 COMTINUESTIF(ANDINYFDS,1240,1310
374 PRINTYNZ7$GOTOLINY
1240 PRINTO5,SIGYYGOT01350
1310 IX=8HENTFRINGSIF(NOENT)12511,1311,1313
1311 IX=3HREMOVEY
1313 PRINT91,NOSTEP, IX, IHEAD(K)
1314 PRINT 70, IHEARCK) ,FLEVEL,»SIGY
no 71 J=s1,N010N
JK=INDEX(J)
71 PRIANT 72,14E0D¢CJK),COEN(J),SIGMCO(JY)
AzCOEN(L) b S=COFN(2)
72 FORMAT (A17,F1R,10,F16,10)
1320 FLEVEL=VMIN*DEFR/VECTOR(S,3)FIF(FLEVEL+0,0000001)1350,1350,1340
1349 K=dMOMINSNOENT=0$GUTO1391
1350 FLFVEL=VMAX*DEFR/(VECTOR(3,3)~-VMAX)
IF¢FLEVEL=0,0000001) 1380,1370,1370
1370 NOENT=K=NOMAX
1391 IF(<)Y1392,1392,1400
1392 PRINT1395,N0STEPSGOTO100
1400 VK=1,0/VECTOR(K,K)$D014101=1,3%1F(1=-K)14350,1410
1439 ND01440J=1,3
1440 IF(J NFK)VECTOR(I,J)=VECTOR(I,J)=VECTOR(I,K)*VECTOR(K,J)*VK
1410 CONTINUE
00 1480 I=1,3
1480 [F(I,NE,K) VECTOR(I,K)==VECTOR(],K)»VK
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L340
1331
1530

1630

16140

1606

1424
16210

130
1

2
Al

55
70

75
79

31
73734
775
936
937

1004
1019
1044
1395
15606

9000
9601
9050
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DO 1520 J=1,3

IF(J.,NE,K) VECTOR(K,J)=VECTOR(K, J)~VK

VECTOR(K,K)=YKeG0OT01000

PRINT 72,NOSTEP

CONTINUE

SRINT1586, vECTOR(1,1),VECTNOR(2,2)3VFIT=0.$DATA=1,$J01660N=1,INLATA
WT=wHT () SDATACZ2)SFRINGE(N)YSYPRED=0,08D016301=1,NOIN
YPRED=YPRED+COEN(I)wDATACINDEXCI))SDEVSFREQIN) =YPRED
VEIT=VFIT+WT*DFV*DEVHPRINTO050,N, DATA(Z2)»FREG(N) s YPREDJDEV,WT
ADFV=wT*DEV*DNEVSIF(ADEV=-DEVMAX)1660,1610,1610

NiMA X =N

NEVMAX=ADEV

CONMTINIE

VETT=VFIT«NODATA/Z(NODATA=2,0)/VECTOR(4,4)

STNF 1 T=DSORT(VFIT)BPRINTL,VFIT,STDFIT

[Fe5eNNEL)L0U0,100,1624

IF(DEVMAX=0,000025)100,100,1620
INEL=NDEL+LSNODATASNODATA=1SSUMNHT=SUMWH I =WHT (NMAX) $wHT (NMAX)=0,0
PIINT Q001 ,NMAX

00 T0 495

RETURN

FORAAT (#UVARIANCE =*F11,6/% STD, DEV, =*F8,4/*7%)

FORYMAT (1NA8)

FORMAT (#QPAKTIAL CURKRELATION COEFFICIENTS*9X«CONST FRINGE*/23X»

1FRINGE®F12,4/28X+#FREQURNCY*2F9,4)

FORMAT («#0STANDARD ERROR OF Y IS*F12.6) _
FORMAT (% F LeVFL OF«R&,E11,2/+ STD DEV OF (O=P)=xE11,2//10X*VARIABL

1F COEFFLICIENT STD. ERROR«/)

FORMAT (*0COMPLETED*I2« STEPS OF REGR=SSION=*)
FORANT (*eCALIBRATION FIT OF#14% LINES*#/«0WEIGHT NUIMALIZATION=F5,2

i/% SUM OF FRINGE NOS, 1S#F12,4/+ SUM OF FREQUENCIES 1S+#F12,4/+0RAM
1 SSCP MATRIX FRINGE FREQUENCY*/» FRINUZ*F18,2/%+ FR
CFOUENCY*?2F15.2)

FORMAT (#0STEP NO,*[2% VARIABLE*A9,A8)

FORMAT (*#FERROK RESID, SAUARE VAR,*12* IS NEGATIVE, SO LONGw#)
FORMAT (#QVARJABLE*I2+« [S CONSTANT#)

FORMAT (*QERRUOR, VMIN PLUS, SO LONGw¥)

FORMAT (%0=RROR, NOIN MINUS, SO LONGw)

FORMAT (#0Y SWUARE NONePOSITIVE, TFRMINATE STEP+1Z2)

FORMAT (*#ONO MORF DEGREES FREEDOM STEPe«]Z)

FORMAT (#0SUUARE Xexl1w NEGATIVE, SO LONGelZw» STEPS#)

FORMAT (#0K=0 STEP*[2«, SO LONGw)

FORMAT(*0DIAGONAL ELEMENTS*SX#CONSTwF9,4/23X*FRINuZ#F8,4/*1210X+RE

1SULTS#/%0 RUN FRINGE  FRFQ ORS  FREQ CALC UBS=CALC WHT#*/)

FORMAT (3F15,27XA8)

FORMAT (++DELETING LINE NO,*#14)
FORMAT (14,F10.4,2F11,4,F9,4,F6,2)
END
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B. DIFF
This program reads and stores punch output from SHAFT
and obtains the A-doublet splittings, and the weighted
average of all possible rotational combination differences,
vibrational differences and spin-orbit differences. Average

A-doublet frequencies are calculated and punched.

STRUCTURE OF DATA DECK

I. Frequencies

Up to 600 lines may be input.

Col. Field Variable
1 I Upper vibrational state of line.
9 R Branch of the line (P, Q, and R).
10 R Subband (1, 2, H, L).
12-13 I Lower state J value times 2.
16 R +/- indicating A-doublet component.
20-33 F Line frequency.
41-44 F Weight of line.
73-80 A "END DATA" signals end of data.

II. Options
1. Punch card: PUNCH in cols. 76-80 indicates that punch

output of difference is desired for input to fitting programs.

2., Heading cards: Cols. 1-72 are printed until END HEAD is

encountered in cols. 73-80., The last card is printed at the

top of each page.
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3. Any of the following may appear:

a) RTCOMDIF in cols. 73-80 indicates that rotational
combination differences are desired. In the first 8
cols. of this card a tolerance may be read, equal to
0.001 times the integer number appearing. This is used
to print a flag if two or more differences are averaged
which differ by more than this number.

b) VIBRADIF in cols. 73-80 indicates that vibrational
differences are desired.

c) SPORDIF1l,2 in cols. 73-80 indicate that spin-orbit
differences are desired, for the ground and excited

vibrational states respectively.

gl END CALC in cols. 73-80 terminates execution.

(Note: If A-doublets are present in the input data, a punch
output of the average frequencies is automatically given in
the frequency input format.)

A listing of the program follows.
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3. Any of the following may appear:

a) RTCOMDIF in cols. 73-80 indicates that rotational
combination differences are desired. 1In the first 8
cols. of this card a tolerance may be read, equal to
0.001 times the integer number appearing. This is used
to print a flag if two or more differences are averaged
which differ by more than this number.

b) VIBRADIF in cols. 73-80 indicates that vibrational
differences are desired.

c) SPORDIF1l,2 in cols. 73-80 indicate that spin-orbit
differences are desired, for the ground and excited
vibrational states respectively.

d) END CALC in cols. 73-80 terminates execution.

(Note: If A-doublets are present in the input data, a punch
output of the average frequencies is automatically given in
the frequency input format.)

A listing of the program follows.
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PRNGRAM NIFF
COMMON/1/NU(AON) JWET(600Y,.1UC600), JLCA00),VUCE00Y,SUC600)»SLI600),
1JUMP,N,DSODIFF(170,1),SO0NDIFFC100,3)DWT(100,1)>WT(100,3)
COMMONZ2/ ILAMDA(SOQ),ISUR(ADD)
COMMON/3Z/ “CUDEC(S5), TPIUN
COMMONZ4/ TOL
NIMENSTIQN TCODF(40)
TYPE RFAL “NU
TYPE INTFGER VvU,SU,SLsRRANMHSSTP
N=1
NLINES=NTOTAL=DN
1 READ 2,VU(n),BRANCH, ISHBINY, JLA, LAMDA(CN) S NU(N) , WGT(N),STP
IF(STPL,EQ.RHRND FATA) 60O (2 29
JLWs(JlLWel) /2
IF(RRANCH=1R1)X,4,5
3 JUINY=JLwW=1
RO TO A
4 JUINI=JLW
GO TO A
5 JUIN)sJLW+Y
6 JL(NY=JL W
IFCISURB(N)=2Y R,5,91
8 SUIN)Y=SLI(N)=Y & 50 T0 7
9 SUINY=SL(NY=2 ¢ 50 TO 7
14 IFCISUR(N)EW.1RK) 12,13
12 SLI(NY=sY & SUINY=2 % GO T0 7
13 SL(NY=?2 & SUtNy=H

7 NazNhe1
G0 TO 1
27 N=Me1

DO 10 LL=1,N
IFCLAMDACLL) o NFO1R ) 15,10
15 CALL LAMDADIF
GO 10 95
19 CONTINUE
GO 10 10N
95 PRINT S0
PRINT 519
DO 18 l=1,N
BRANCH= JUCT)=JL(1)+40
JLOWER=2#JL.(]1)~1
PRINT 300, VUC(I),BRANCH,TSUB(L),JLOWER,LAMDACT),NUCL),WGT(I)
PUNCH 3015 VUC(T),BRANCH, ISUBC(L)» JLOWER,LAMDACTI),NUCI),WGT(])
NLINES=NI INES+1
NTOTALaNTOTAL+1 )
IFCNLINES.GE.50R) 17,18
17 PRINT 53
PRINT 51
NLINES=(
18 CONTINUE
PRINY 54, N
100 JUMP=9Q
IPUN=Q
ASSIGN 75 TO NGO
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7h READ 1n1, I1CODF
IFCICONECLIN) JEQ.8H PUNCHY GO T0 1000
GO TN NGO
1000 TPUN=1
GO 10 70
75 IFCICODECLINn)-8HEND CALC) 80,110
8n IFCICONECLN) LFQ, AHEND HEAD) 30 T0 200
98 PRINT 150, (ICOLE(D),I=1,9)
GO TO 7p
207" ASSIGN tn2 TO NGO
ng 201 }=1,9
201 NCODE(I)YsICONE(I)Y
GO TO 90
10?2 IF(ICONECLIN)-8HRTCOMNDIF)104,103
103 TOL=,0n4«lr0iECL)
CALL RTCOMDIF
GO 1O 10N
104 IFCICONECLN)-BHSFORDIF1)10A,105
105 TOL=.0n1* 1CODF(1)
CAlLL SPGRDIF1
GO TO 100
105 IFCICONECLN)=~BHVIBRANDIF)10R,107
107 CALL VIBRADIF
GO TO 49N
108 IFCICODE(CLN)~8HSPORPDIF2)11n,109
109 JuMp=1
CALL SPORDIF?
GO TO 1¢gn
110 CONTINUE
2 FORMAT (I11,7X,2R1,Xs12,2%XsR1538XsF13e4,7XsF4.2,29%X,A8)
5n FORMAT(«1THE FOLLOWING FREAUENCIES ARE THE AVERAGE LAMDA DOURLFT F
1REGUENC]ES)
51 FORMAT(///» Y LINE FREQUENCY WGT#*)
53 FORMAT (e1w)
54 FORMAT (#0AFTER AVERAGINA, THERE ARE*][S5% FREQUENCIFES*/#«5r)
101 FORMAT (10A8)
150 FORMAT (9AR)
30N FORMAT(4X,11e-nNw,7X,2R1,3X,[2s%/2%,1X,R1,4%X»F10.4,4X,F10.2)
301 FORMAT(]1wewSX,2R1,X,12«/2%31,3X,F13,4,7X,F4,2)
END

SURROUTINE LAMDANIF
. CALCULATES THF LAMBIA SPLITTINGS AND THE AVERAGE FREQUENCIES
COMMONZ4/NUCE0N) ,WGTC600), JUC600),JLCO00)»VUCH00)»SUCHD00)aSL(K00),
1JUMP N, DSODIFFC1Nn0,1)sSONIFFC100,3)Y>DWT(100,3)sWT(100,3)
COMMON/2/ LAMDA(A00).ISUR(A0D)
COMMON/3/ NCODF(9)s IPUN
TYPE INTEGER VU,SU,SL,RRANCH
TYPE RFAL NU
PRINT 60
NTOTAL=NLINES=n & NMAX=N
PRINT 53
DO 50 t=1,N
[1ale1
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Do 50 J=1I,N
IFCVUCT) W NE,VUCJY) GO TO 50
IFCJUCT) WNEWJUCI) WORLJLCT) (NEWJLEU)) GD TO 50
IFESUCT) W NE,SUCJ) . ORWSLCT) NELSLCJY) Gp To 50
TFCLAMDACI) JEQ,1R=,OR..AMDACI) ,EQ.1R+) 100,50
100 IFCLAMDACJ) JEQ,1R=,0R.LAMDACJ) ,EQ.1R+) 101,50
104 XLAMDIF=ABS(NU(I)Y=NUCJ))
NUEI)=(NUCT)*NUCJ) I /2.0
WGT(T)=2¢WGTCII#WGT(J)/(WGT(I)+WGT(J))
LAMDA(T)=1R»
NzN-1
DO 30 L=zJsN
LAMDA(L)=LAMDA(L*1)
ISUB(L)=ISUB(L+1)
VULL) =VU(L+1)
JUCL)=JUCL+1) % gLCL)=JL(L+1)
SUCL)=SUCL+1) § SL(L)=SL(L+1)
NUELI=NUCL+1)
3N WGT(L)=WGT(L+1)
JLOWER=2+JL (1) =1
BRANCH=JU( 1) =JL(1)+40
PRINT 55,VU(1),BRANCH, 1SUB(I)» JLOWNER,NUCT) , XLAMDIF,WGT ()
PUNCH 355,VUC1),RRANCH, ISURCI), JLOWER,NUCI), XLAMDIF,WGT(I)
NLINES=NLINES+1
NTOTAL=NTOTAL+1
IF(NLINES.GE.50) 52,50
52 PRINT 53
PRINT 51
NLINES=0
50 CONTINUE
PRINT 54, NMAX,NTOTAL
RETURN
51 FORMAT(///+ v LINE FREQUENCY DIFF y*6X*WT . %)
53 FORMAT (el#)
54 FORMAT (#0FROM A TOTAL OF «I15* FREQUENCIES, A TOTAL OF #15/# LAMD
1A DOUBLETS WERE FOUND#*/#*5%)
55 FORMATCI5%=0%,5X,2R1,3X,12,%/2%,F15.4,F10,4,F10.2)
60 FORMAT (#1TABULATED BELOW ARE THE AVERAGE LAMDA DOUBLET FREQUENCIE
1S« /% AND THE DOUBLET SEPARATION®)
355 FORMAT(15%e0%,2X,2R1,2X,12,%/2%,2X,F15.4,F10,4,5XsF10.2)
END

SUBROUTINE RTCOMDIF
C CALCULATES THE ROTATIONAL COMRINATION DIFFERENCES

COMMON/1/NU(600) ,WGT(600),,JUC600),JLC600),VU(600),SU(600),SL(600),
1JUMP,N,DSODIFF(100,1),SODLIFF(100,3)

COMMON/2/ LAMDAC600),1SUB(600)

COMMON/3/ NCODE(9)s IPUN

COMMON/4/ TOL

DIMENSION DCDIFF€150,2,1),CD]FF(150.2,3),DWT(150,2,1)sWT(150,2,3)
DIMENSION DITEST(150,2,1),1TEST(150,2,3)

TYPE INTEGER V,S,VU,SU,SL

TYRE REAL NU

IN=0
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21

23

24
23

26
27

3%

34

37

38
39
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DO 2000 1As1,150

DO 2000 1B=1,2
DO 20008 1C=IN,3

ITEST(IA,1IB,1C)3¢R
PRINT 83
PRINT 5%
DO 50 l=21,N
IFCLAMDAC]) «NE,1R* ,AND,LAMDACI),NE,LR ) GO TO Sp
[ls]ey
DO 50 Js1l,N
IFCLAMDACJ) ¢NE,1R* ,AND,LAMDA(J) NE, 4R ) GO TO Sg
IF(SUCT) NE.,SU(CJY.OR,SLC(T1),NEsSLEJ)) GO TO 50
IFCVUCTY .NE,VU(CJ)Y) GO TO 59
IFCJUCY) NE,JUCJ)) GO TO 38
V=0
S=S (1)

IFCJLCL) WEQedL (UY+1)21,22
K=1
CDaNU(J)=NU(])
WAT=2¢WGRT(I)OWGT(J)/Z(WGTCIY*+WGT(J))
JdrJl(J)
GO TO 48

IFCJL(T) ,EQ.JLEJUY~1)23,24
K=y
CDeNU(T)=NUC)
WAT=2#WGTC)OWGT(JUI/ZCWGTCIY+AGT(J))
JusyL (1)
GO TO 48

IFCJLCT) (EQ.JLEJUY+2)25,26
K=?2
CDasNUCJY=NU(I])
WAT=24WGT()*WGRTEJ)/Z(WGRTCIY+AGT(J))
JJsJL(J)

GO TO 48

IFCUL() . ED ML CJY-2)27,50

K=2

CDeNUCI)=NUCJ)
WAT=2oWATCI)PWRTCI)Z(WGTLII+ANGT ()Y
JdsJgL (1)
G0 TO 48

IFCJL(I) WEQ,JLEJY)T6,50
VaVy(l)
S=SyU(I)
&F(JU(X)pEﬂ.JU(J)*i)S?,SS

=4
CDsNU(I)eNU(J)
WATZ2¢WGRT(I)OWBTCU)/Z(WGT(IY+AGT(J))
Jdryu(d)
GO TO0 4p

IFCIUCT) ,BQ.JU(JI=1)39,40
Ksy
CDaNU(J)Y=NUCT)
WAT32«WGRTCI)OWGRT(JI/CWGT(IYN+NGT(J))
Jysgu(l)
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49

50

1009

52

60
L1

53
54
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GO TO 48
éF;JU(!)'EQ.JU(J)+2)41042
CDENU(I)=NU(J)
WATZ2¢UWGT(I)OWOT(JI/(WGTLI)*WGT(J))
JJsJucd)
GO TO 48
iFéJU(!).EO.JU(J)-2)43.50
CDENU(J)sNUCT)
WATz2¢WGT(I)®NBT(J)/(WGT(1)+NGT(J))
JJsJgu(l)
DELJE(K=1)#50+JJ
JLOWERS 2% JJw1
PRINT ¢55,8:V,.K, JLOWER,CD-WAToNUCI),NU(J)
FORH‘T(' '10x’1106Xo!106x3!1HQX!lZo'lz'nSXOFso‘l4x.F‘020271004’
IFCWT(DELJSS)VINE,0.0) GO TO 49
WTCDELJ,S»V)SWAT
CDIFF(DELV,SaV)=CD
GO TO Sg
IFCABSF(CDIFF(DELJ+SaV)I*CD). BT, TOL) ITEST(DELJ2SsV)z1Re
CDIFF(DELJ,SsV)=(CDIFF(DEL)»S2V)IOWT(DELJ2S,VI+CDEWATIZ(WT(DELY,S>»V

1)eWAT)

WTIDELJ,S+sV)EWT(BELJ,S,V)I*WAT

CONTINUE

PRINT 53

PRINY 150, NCODE

PRINT S1

NJsp

NLINESsQ

NTOTAL=0

DO 60 S=4.,2

DO 60 V=NJ,3

DO 6n Kz1,2

DO én JJ=1,50

DELJUS(K=1)e50+JJ

IF(CDIFF(DRLY,S,V),EQ.0,09 GO TQ 60

JLOWER = 2¢JJ-t

PRINTY 55,S,V,.K, JLOWER,CDIFF(DELJsS,V), ITEST(DELJ+S, V) WT(DELJ,S»V)
IFC . NOT.IPUN) GO TO 1000

PUNCH355,S,V K, JLOWER,CDIEP(DELJY»S,V), ITEST(DELY+SsV)sWT(DELJ,S,V)
NLINESaNLINES+y¢

NTOTALSNTOTAL 4

IF(NLINES.GE.50) 52,60

PRINT 53

NLINES=(

PRINT 450,NCODE

PRINT Sy

CONTINUE

PRINY S54.N,NTOTAL

FORMAT (///740XaSUBe4X2VIBa3IXODELTAeEOXw o 7XaCOMET7X*WT .9/ 9X®STATE

12XeSTATEC20X#DIFF,¢///)

FORMAT (e1v)
FORMAT (#0 FROM «I3+ INPUT FREQUENEJES A TOTAL OF «[3/« COMBINAT]
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10N DIFFERENCES WERE FOUNDw/w5¥)
55 FORMAT(+ #w10X,11,6X,11,6X,11:6X,12,%/2%,3X,FB,4,1R1,3X,F4,2)
150 FORMAT (9A8)
355 FORMAT(315,16,%/2#F13.4,1R1,4X,F6.2)

END

SUBROUTINE VIBRADIF

C CALCULATES THE VIRRATIONAL DIFFERENCES

COMMON/1/NUC40N) ,WGT(600),UC600),JL(600),VU(600),SUC600),SL(600).,
1JUMP,N,DSODIFF(100,1),SODIFF(100,3)
COMMON/2/ LAMDA(600),SUR(A00)
COMMON/3/ NCODE(§), IPUN
DIMENSION DVDIFF(200,2,1),VDIFF(200,2,2),DWT(200,2,1),WT(20052,2)
TYPE REAL NU
TYPE INTEGER VU,SU,SL,S,V
DO 50 I=s1,N
IFCLAMDACI) NE,1R*,AND,LAMDACI) NE,IR ) GO TO 5¢
11=s1+1
DO 50 J=1I,N
IFCLAMDACJ) JNE,1R*, AND,LAMDACJ) «NE, 1R ) GO TO 50
IFESUCT)  NE,SUCJ)OR.SL(T) NEZSLCUY) GO TO 50
TFCJUCT) JNELJUEJY L OR,JL(T) NESJLCUY) GO TO 50
K=1
IFEVUCT)=VU(J)) 20,50,21
20 IFCVUCJ) JEQVUCTY*+2) K=2
VD=ENUCJ)=NUCT)
v=vytl)
SNENIVING)
S=su(l)
GO 70 40
21 TFLVUCD) ,EQ.VUCJ)+2) K=2
VDENU(T)=NU(J)
V=vutJ)
JJ=Jud)y
S=SytIy
4n INDEX=(K=1)#100+JJ
WAT=2#WGT(I)*WGT (I /Z(WGT (I +AGT(J))
IFCWTCINDEX,S,V))42,41
41 VDIFF(INDEX,S,V)=VD
WTCINDEX,S,V)=WAT
GO TO 5p
42 VDIFF(INDEX,S,V)=(VDIFFCINNEX2SsV)*«WT(INDEX»S,V)+VD*WAT)/(WTCINDEX
15SaVI+WAT)
WTCINDEX,S,V)=WTCINDEX,S,V)+AAT
5n CONTINUE
PRINT 51
NLINES=0
NTOTAL=0
ASSIGN 60 TO NGO
DO 60 S=1,2
DO 6n V=1,3
DO 6N K=1,2
DO 6n JJ=1,50
INDEX=(K=l)w*100+JJ
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IFCVDIFFCINDEX,S,V),FQ,0.0Y GU TO 60

JLOWER32eJJ~1
PRINT B85,S,V.K,JLOWER,YDIFFCINDEX,S,» V), WTCINDEX,S,»V)
IFC.NOT,IPUNY GO TO 10»
PUNCH 355,8,V,k, JLOWER,VNIFFCINDEX,S,V),WTCINDEX,S,V)
GG TO 102
60 CONTINUE
ASSIGN 100 TO NGN
DO 100 K=1,3
DO 100 S=1,2
: DO 400 I=1,N
IFCSUCT) NE,SLCI).OR,SU(CT),NE+S) 1005
10 IFCJUCTYJNEJLCIY) 100,15
19 JLOWER32+JL(1)=1
v=vut(l)
PRINT 55,S,V,K, JLOWER,NUCT),WST(1)
IFC.NOT,IPUNY GO TN 102
PUNCH 355,S,V,K, JLOWER,NU(CT)»WGTC(])
GO TO 102
100 CONTINUE
GO TO 10%
102 NLINES=NLINES+1
NTOTAL=NTOTAL+4
IFENLINES.GE+»N) 52,101
52 PRINT 53
| NLINES=0
PRINT 1868,NCUDE
PRINT 51
101 GO TN NGO
105 PRINT S54,N,NTOTAL
54 FORMAT (///10X#SUBW4X#V [ Qa3XCDELTACEXw Jw7X*V]IBe7X2WT . ¢/9X*STATE
12X*STATE#20X*D1FF.*///)
B3 FORMAT (wie)
54 FORMAT (#0 FROM +I3« INMPUT FREQUENCIES A TOTAL OF «I3/+« VIBRATIONA
h 1L DIFFERENCES WERE FOQUND#/+5¢)
58 FORMAT (e #10X,I1,6Xs11,AX,1196X512,%72%52Xs F9.4,4X,F4.2)
150 FORMAT (9AR)
358 FORMAT(415p'/2*7X:F10.40F1n-2)
END

SURBROUTINE SPORDIF1

€ CALCULATES THF SPIN=ORBIT DIFFERENCES FOR THE V=0 STATE
COMMON/4/NU(CAUB) ,WGT(600),JUC600),.JLC600),VU(600),SUC600),SL(600),
1{JUMP,N,DSORIFF(100,1),SODIFF(100,3)aDWT(100,1),WT(100,3)
COMMON/2/ ILAMDA(4&00),ISUR(AQD)
COMMON/3/ NCODE(9), IPUN
COMMONZ4/ TOL
DIMENSION DITEST¢100.1), ITEST(10G,3)
TYPE INTEGFR v,S,VU,SU,SL
TYPE REAL NU

L
INsQ
DO 2000 lA=1,1n0

DO 2non I1Be]N,3
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35

an
41
42
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45

5n

1000

52
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ITEST(1A,IR)=1R

PRINT 53

PRINT 51

00 50 1=1,N
TFCLAMDACT) (NE 1R* ,AND,LAMDACI) . NE, 1R ) GO TO 59
11=s]+1

DO 50 J=TI,N

TFCLAMDACJ)Y (NE,1R*,AND,LAMNDACJ) WNE,1R ) GO TO 5p
TFOJUCTY W NELJUEIY L ORLJLCT) (N2 JLCJY) GO TO 50
IFESUCT) JNE,SUCJY) GO TO 35

IF(SLCTI) L EQ,SLCJY) GO TO 5n

Jd=gLn)

V=0

IF(SL(1),EQ,1) 4n,41

TFESLCT) JNE,SLEJ)) GO TO 5n

v=vy

JJ=gucn)

TFESUCT) L EDL2) 4n,41

Son=NUCIY=NUCYY

GO TO 42

SON=NUCJ) =NULT)
WAT=2#WGT (1) *WGT (J)/(WATCIY+AGTCJ))

JMz2% -1

PRINT 155, VoJM,S0N,WAT,NUCI)»NUCJ)
FORMAT(215¢/2%7X,F10,4,10X,F10.2,2F10.4)
TFEWTCJIIa V) W NEL0,0) 45,43

WTCJJ,V)=WAT

SODIFF(J.J,V)=50D

GO TO Sg

TFCABSF(SONIFFEJJ,V)=SNU) . GT,10L) TTEST(JJ,V)=1R*

SODIFFCJI,VIE(SULTFF IS, V) eW T CJJaVI+SOD*WAT)/(WT(JJsVI+WAT)

WTEJJSVYSWT(JJ,VI+WAT

CONTINUE

1F(JUMP) RETURN

PRINT 53

PRINT 150, NCODF

PRINT 51

NJ=(

NLINES=0

NTOTAL=0

NO 6N V=NJ,1

no 60 JJ=1,50
TF(SODIFF(JJaVIoFQ40,0) KO TI 60
FLLPTNNET]

PRINT 55,V,JM, SORIFFCJI V), ITESTCII V), NT(JJsV)
1FC,NOT, IPUN) GO TO 1000
PUNCH355,V, M, SONTFF(JJ V), ITESTCI, V) WT(JJaV)
NLINES=NLINES+1

NTOTAL=NTOTAL+1

IF(NLINES.GE,50) 52,60

PRINT 53

NLINES=0

PRINT 150,NCUDE

PRINT 51






c

6n

51
5%
54

55
150
355
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CONTINUE

PRINT S4,N,NTUTAL

FORMAT (//714XwVe9XeJoRX+SPIN DRBIT*BXaWEIGHT*/33X+DIFFERENCE~//7/)
FORMAT (wile)

FORMAT (e0 FROM +[3« [NPUT FREQUENCIES A TOTAL OF +[3/« SPIN ORBI
1T DIFFFRFNCES FOR THF V=n AND vs1*/% STATES WERE FOUNDW/%*5w)
FORMAT (% ¢13X, 117X, 2%/ 2%,8X,F8,4,R1,9X,F4,2)

FORMAT (9AR)

FORMAT (2158 /2«7%X,F10.4,R1,5XsF10.2)

END

SURROUTINE SPURDIF?2

CALCULATES THF SPIN=ORBIT DIFFERENCE FOR EXCITEL V=-STATES

22
23
24
25

24
27

22

29
4n

4%

45

50

COMMON/ZAL/NUCANN) ,WGT(600), 1UCE00), JLEA00)sVUCHD0)2SUCH00),SL(K00)
LJUMP N, DSONIFF(1n021),SONIFF(100,3)>DWT(100,1)5WT(100,3)
COMMONZ2/ LAMDACAQD) s ISUB(AGD)

COMMONZ3Z/ MNMCODF(S), IPUN

NIMENSION NWFT(1n0s1)sWET(10023)

TYPE REAL MU

TYPE INTFGFR V,S,VU,SU,SL

CAlLLL SPORD'TF1

No Bf 1=1,N

IFCLAMDACT)Y oM, 1Re AND,LAMPACLY W NELIR ) GO TO 5g
T[=]+1

ng sn J=11I,N

IFCLAMNDACY) o E (15%% JAND,LAMNACJY .NELLR ) GO TO 59
TF(SUCT) JEQ4SUCJYORWSL(TI),EJeSLCJYGOR.SUCTI)NE.SL(1)) 50,22
TFCJUCT ) yNFLJUCJY e ORGJLCT) NESWJLCEU)) B0, 23

JEOVUCTY ERLVUCJYJAND.VUCLY.NELL) 24,51
IFOVUCTI)YEN,?) 25,726

V=2

G0 TO 27

V=3

JdsJu((l)

IF(SU(T1)EN,2) 27,29

SON=MUCT)=nUCJY+SONIFFCJ ), n)

GO TN 4y

SOD=NUCIIY=NUC[IY+SODIFFCJIn)
WAT=3waGT(1)*WRTEIIOWT(JJs A/ CAGT(I)+WRT(JY+ANT (I SsN))
IFCWFT O Ja V) eNFana D) 45,43

WET(JJ,VYSuAT

SODIFF(JJsV)I=SOD

50 TO By

SOPIFFCJIsVIS(SONIFF(JIsV)ICWETI(JIs VI+SOD*WATI/Z(WET(JJsV)I+WAT)
WET(IJsVISWET(JJ,V)+WAT

COMTINUE

PRINT 51

NLINES=9(

NTOTAL=(

DO 6N V=2,3

DO &0 JJ=1,5N

IF(SODIFF(JJIVI.EQWeQ,0) RO TI A0

JM=2+J.-1

IF(SODIFF(JJ»V).L.T,0,0) 56,57






54

57

10°

6"

51
5%
54

58
75
15n

PRINT

50 TO
PRINT

IFC,NOT,IPUN)

75, V,dM

107
55, Y, UM,

17>

SODIFF(JJLVIs WETEJISV)

G0 TO 102

pUNCH KSS’V,JM,SFD'FF(JJnV)lde(JJlV)
NLINES=NLINES+4

HTOTAL

=NTOTAL +1

IF(NLINES.GEQ50) 52,60

PRINT
NLINFS
PRINT
PRINT

b3
=0
150, nCOUE
51

CONT INUE
PRINT 54,N,NTUTAL
(//7714XeV+9Xw JwaXesSO [N DRBITH*BX*WEIGHT#/33X+«DIFFERENCE*///)

FORMAT
FORMAT
FORMAT

FORMAT
FORMAT
FORMAT

(vle)
(0 FRyM

»[ e

4T DIFFERFNCES FOR THE V=2 AND V=3e/w

[NPUT FREQUENCIES A TOTAL OF «]3/«

(% 124,11, 7Xs12,¢/2%,8XsF8,4,10X2F4,2)

(v «13X,01,7Xs12s%/2

(9AR)

355 FORMAszlb,t/2§7¥nr1004,10Y!F10'2)

BN

SPIN ORBI

STATES WERF FOUNDw#/*5%)

SPIN NRRBIT DIFFERENCE IS NEGATIVgw)
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C. ROTCONS

D. ALLFIT

E. LAMCON

F. STEPFIT

Programs in sections C, D, and E use subroutine STEPFIT

(Section F) which is a least squares routine written by M. A,
Efroymson (75). ROTCONS fits rotational combination differ-
ences, ALLFIT fits frequencies and LAMCON fits A-doublet
splittings. All three have essentially the same input and

thus a general description follows.
STRUCTURE OF DATA DECKS

I. Constants cards
CONSTANT in cols. 73-80 indicates that the following
cards have initial or fixed values of the constants.
1. Heading cards: Cols. 1-72 are read and printed until
END HEAD in cols. 73-80 is encountered.

2. Values of the constants: Read in cols. 1-20 in the

following orders:
ROTCONS: Bg1,Bg2, Dg1,Do2,Hp1,Hg2,01,02,B81,B2,Y1/,Y2/
Hy,v'.
ALLFIT: AG(1),Hb,v'Qo,x,Bo1,Bo2,Do1,Do2,01,02,81,82,
Hoy,Ho2,v1,Y20

LAMCON: p,,q,.

II. Data cards
NEW DATA in cols. 73-80 indicates that the following
cards contain information to be fit. The formats are as

follows:
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Cols. Field Variable

1. ROTCONS

1-5 I Substate of difference.
6-10 X Vibration level of difference.
11-15 I %
16-21 I 2J
25-36 F Combination difference.
41-46 F Weight.
2. ALLFIT
1 I Upper vibrational state.
9 R Branch (P, Q, or R).
10 R Subbranch (1, 2, H, L).
12-13 I 2J
20-33 F Frequency
41-44 F Weight
3. LAMCON
10 R Branch (P, Q, or R).
B R Subbranch (1, 2, H, L)
14-15 I 2J
34-49 F A-doublet splitting
50-59 F Weight

"END DATA" in cols. 73-80 signals the end of data.

III. Information card
Col. Field Function

1-5 I #0 indicates statistical infor-
mation from STEPFIT is desired.






Col.

6-10

20-29

30-39

40-49

50-59

70-72

73-80

Field

A

IV. Option card

178

Function

Number of data points to be
deleted if subsequent fits
warrant it.

If the weighted observed minus
predicted value is larger than
this, the line is deleted and

the fit is repeated. The largest
deviation is deleted first.

If the value of the diagonal ele-
ment of the inverse matrix is less
than this number, that variable is
not included in the fit.

Value of the minimum change in the
value of a variable before it will
be entered. Preset to 10-8.

Value of the minimum change in the
value of a variable before it will
be removed.

#0 indicates a punch output of the
fit is desired.

Ident field for the molecule.

This card controls which variables will be entered in

the fit.

given in I above.

The order of the variables for each program is as

Starting from column one, a non-zero punch

in the column corresponding to a particular variable will

cause it to be entered in the fit.

V. Heading cards

These cards are read and printed until END HEAD is

encountered in cols.
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VI. Control card

This card is read and depending upon the content of
cols. 73-80, control is returned to the appropriate section:

CONSTANT ~+ Section I

NEW DATA » Section II

blank + Section IV (Option card data should appear)

LAST FIT > Ends execution

The listings of ROTCONS, ALLFIT, LAMCON and STEPFIT follow.






1000
100
110
120
130
150
160
200
210
230
300
350
360

1200
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C, ROTCONS

PROGRAM ROTCONS

COMMON/1/NODATA,NQVMI ,AVEWHT,STDY,NOSTEPsN»WTN,FREGPRD, YPRED,DEV.,
1DATA(20,500) _
COMMON/2/F0BS(500)FCALC(500),WT(500)  NKC€17), INFO, INDATA,NDEL,MAX, X
1DEVMAX,N1(25),MOL,CON(17,500), IHC10)»SS(200),VV(500),KK(500),JJ(50
20),NUMCON, ISTATE

COMMON/3/ NOVAR,JUMP,CONST(20),EFIN,EFOUT

COMMON/5/ TOL

COMMON/10/ IPUNCH

COMMON/C/ NAME(30)

DATA(NAME=3HB01,3HB02,3HD01,3HD02,3HH01,3HH02, 6HALPHAL,6HALPHAZ,
15HBETAY1,5HBETA2,6HGAMMAL, 6HGAMMA2,3HH02,6HGAMMA2)

EXTERNAL ROTCONS1,ROTCONS2,ROTCONS3

TYPE INTEGER SS,VV

TYPE REAL J

UCJsP)s(JeP+,5)222

F¢J)=s(Je,5)ex2

NUMCON=14 § ISTATE=0

JUMP=0

READ 50,1H

IF(IH(10) ,EQ.BHLAST FIT) 900,110
IF(IH(10) ,EQ,BHEND DATA) 365,120
IFCIH(10) ,EQ,8BHCONSTANT) 150,130
IFCIH(10),EQ.8HNEW DATA)300,900
JUMP=1

READ 50,1IH

PRINT 50,(1H(1),1=1,9)
IFCIH(10),EQ.BHEND HEAD) 200,160
PRINT 83

Jisi

READ 220,CONST(¢J1),[H(10)
IFCIH(10),NE, 8H ) 100,230
PRINT 240,NAME(J1),CONST(J1)
JisJdie1l

GO TO 210

Mz1q

READ 355, SS(M),VVIM),KK(M), JJ(M),FOBS(M),WT(M),IH(10)
IF¢IH(10) ,NE.BH ) 100,360
INDATA=M

JaJJ(My/2,

PekKK(M) .

GO TO (1200,1300) SS(M)
"CON(1,M)=U(JaPY=F (J)

CON(2,M)=0,

CON(I MIzse(U(J,P)ew22F(J)wa2)
CON(4,M)=0,
CON(S5,M)=U(JsP)#x3=F (J)ww]
CON(6,M)=0,
CON(7,M)a=CON(L,M)W¥VV (M)
CON(8,M)=0,

~CON(9,M)=CON(3,M)*VV(M)

CON(L0,M)=0,
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CON(11,M)==CON(5,M)2VYV (M)
CON(412,M)=0,
CON(13,M)==CON(5,M)
CON(14,M)==CON(11,M)
GO TO 1400
1300 CON(1,M)=0,
CON(2,M)=U(J.P)Y=F(J)
CON(3,M)=0,
CON(4,M)za(UCJ,P)**2=F (J)aw2)
CON(5,M)=0,
CON(6,M)2U(JsPY®23=F(J)aw3
CON(7.M)=0,
CON(8,M)==CON(2,M)*VV (M)
CON(9,M)=0,
CON(10,M)SCON(4,M)®VV (M)
CON(11,M)=0,
CON(12,M)==CON(6,M)2VV (M)
CON(13,M)=CON(6,M)
CON(14,M)=CON(12,M)
1400 CONTINUE
FCALC(M)=0,
IFcJUMP) 380,390
380 DO 385 L=1,14
385 FCALC(M)=FCALC(M)+CONST(L)«CON(L M)
390 M=Me1l
GO TO 350
365 READ 40, INFO,NDELMAX,XDEVYMAX,TOL,EFIN,EFQUT,; [PUNCH,MOL
40 FORMAT(215,9X,4F10,10x%x,13,A8)
20 READ 45, (NK(I),I=1,14),IH(10)
45 FORMAT(14]11,58X,A8)
IFCIH(10) ,NE.8BH ) GO TO 100
25 READ 50, IH
PRINT 50, (IH(M),M=1,9)
IFCIH(10) ,NE.BHEND HEAD) GO TO 25
CALL STEP FIT(ROTCONS1,ROTCONS2,ROTCONS3)
GO TO 20
900 CONTINUE
PRINT 54
50 FORMAT (10A8)
51 FORMAT (w#1#/)
53 FORMAT (//7)
54 FORMAT (#5«)
220 FORMAT (F20,52%,A8)
240 FORMAT (A20,F30,10)
355 FORMAT (315,16,3%x,F12,4,5%x,F6,1,25X%X,A8)
END






1

000
100
110
120
130
150
160

200

210

230

300
310
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D, ALLFIT

PROGRAM ALLFIT

COMMON/1/NODATA,NOVMI ,AVEWHT,STDY,NOSTEP N, WTN,FREQPRD, YPRED, DEV,
1DATA(20,500)
COMMON/2/F0BS(500),FCALC(500),WT(500),NK(17), INFO, INDATA,NDELMAX,
1XDEVMAX,N1(25),MO0L,CON(17,500),1H(10),S5(500),VV(500),KK(500),
2JJ(500),NUMCON, ISTATE

COMMON/3/ NOVAR, JUMP,CONST(20),EFIN,EFOUT

COMMON/5/ TOL

COMMON/10/ IPUNCH

COMMON/C/ NAME(30)

DATA(Iv1=1,0,0),(IV2=0,1,0),(I1v3=0,0,1)
DATA(NAME=7HDELTAG1, 3HH02, 6HGAMMA2,3HAAQ, 3HCH],3HB01,
13HB02,3HD01,3HD02, 7HALPHA 1,7HALPHA 2,5HBETAL1,5H3ETA2,3HH0L,3HH02,
26HGAMMAL, 6HGAMMAR)

DIMENSION IV1(3),1v2(3),1v3($)

EXTERNAL FITALL1,FITALL2,FITALL3

TYPE INTEGER BRANCH,VV,SS

TYPE REAL J,NU,K

UCJaK)=(JeK+ 5) w2

Fel)=(J+,5) %2

JUMP=0 § NUMCCNz=17 § ISTATE=0

READ 50, IH

IFCIH(10) ,EQ.BHLAST FIT) 900,110

IFCIH(10) ,EQ,BHEND DATA) 365,120

IF¢IH(10) ,EQ.BHCONSTANT) 150,130

IFCIH(10) (EQ, BHNEW DATA) 300,900

JUMP=1

READ 50,1H

PRINT 50, (IH(1),1=1,9)

IF(IH(10),EQ.BHEND HEAD) 200,160

PRINT 53

Ji=1

READ 220, CONST(J1),IH(10)
IFCIH(10) ,NE.8H ) GO Y0 100

IF(CONST(J1).ER,0,0) GO TO 230
PRINT 240, NAME(J1),CONST(J1)
JizJ1+1

GO TO 210

N=1

READ 355,VV(N),BRANCH,SS(N),JJ(N),FOBSIN) ,WT(N),IH(10)
IF¢TH(10)  NE.8H ) GO TO 100
INDATA=N

KK(N)=BRANCH=1RQ

KzKK(N)

IF(SS(N),EQ,1RL)SS(N)=4
IF(SS(N),EQ,1RH)SS(N)=3

J=JJ(NY/2,

GO TO (410,420,430,440) SS(N)
CON(1,N)=IVI(VV(N))

CON(4,N)=0,

CON(5,N)=VV(N)/2,
CON(6,N)=U(JaK)=F(J)






420

430

440
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CON(7,N)=0,
CON(B,N)z=(U(J,K)wn2)e(F(J)ww2)
CON(g'N)=OQ
CON(10,N)==(U(J,K)+,5)«VV(N)
CON(11,N)=eVV(N)/2,
CON(12,N)==(U(J,K)**2+ 5)ayV(N)
CON(13,N)=s=VV(N)/2,

CON(14 , N)=(U(J,K)**23)a(F(J)ne3)
CON(15,N)=0,
CON(16,N)=e(U(J,K)"*3)+VV(N)
CON(17,N)=0,
CON(2,N)==CON(14,N)
CON(3,N)=-CON(16.N)

GO TO 450

CON(1,N)=IVI(VV(N))

CON(4,N)=0,

CON(S,N)==VYVI(N)Y/2,

CON(6,N)=0,
CON(7,N)sU(JaKY=F(J)
CON(B,N)=0,
CON(9,N)== (Ul J,K)x®2) s (F(J)ne2)
CON(10,N)=VVINY/2,
CONCL1,N)se(U(JsK)=45)*VV(N)
CON(12,N)=eVV(N)/2,
CON(13,N)zse(U(J,K)**24+ ,5)eVV(N)
CON(14,N)=0,

CON(15 , NYs(UCJ, K)ew3 ) (F(J)®e3)
CON(16,N)=0,
CONM(17,N)==(U(J,K)*23)sVV(N)
CON(2,N)=CON(15,N)
CON(3,N)=CONC17,N)

GO TO 450

CON(1,N)=IVIC(VV(N))

CON(4,N)=1,

CON(5,N)==VV(N)/2,
CON(6,N)==F (J)

CON(7,N)=U(JsK)

CON(B8 )N)=F(J)we2
CON(9,N)==(U(J,K)®w2)
CON(10,NY=VVIN)/2,
CON(11,N)=e(U(J,K)=,5)¢VV(N)
CON(12,N)seVV(N)/2,
CON(13,N)ze(U(J,K)w*24 ,5)aVyV(N)
CON(14,N)=w(F(J)xx3)
CON(15,N)=sU(J,K)w+3
CON(16,N)=0,

CON(L7 ,N)s=(U(J,K)**3)eVV(N)
CON(2,N)=CON(15,N)=CON(14,N)
CON(3,N)=CON(17,N)

GO TO 450

CON(CL,N)=IVI(VV(N))
CON(4,N)==1,

CON(5,N)=VV(N) /2,
CON(6,N)=U(J,K)






450

380
385
390

365
20

25

900

45
50

220
240
355
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CON(7,N)==~ FJ)

CON(B,N)==(UlJ,K)**2)
CON(9,N)=F(J)we2

CON(10,N)=e(UCJ,K)* 5)*VV(N)
CON(11,N)=eVV(N)/2,
CON(12,N)=e(U(J,K)**2+,5)«VV(N)
CON(13,N)==VV(N)/2,
CON(14,N)=U(J,K) w3
CON(15,N)=e(F(J)##3)
CON(16,N)==(U(J,K)**3)*VV(N)
CON(17,N)=0,
CON(2,N)=CON(15,N)~CON(14,N)
CON(3,N)==CON(16,N)

CONTINUE

FCALC(N)=0,

IF¢JUMP) 380,390

Do 385 LL=1,NUMCON
FCALC(N)=FCALC(N)+CONST(LL)Y*CON(LL,N)
NaN+1

GO TO 310

READ 40, INFO,NDELMAX,XDEVMAX,TOL,EFIN,EFOUT, IPUNCH,MOL
READ 45, (NK(1),1=1,17),IH(10)
IFCIH(10) ,NE.8H ) GO TO 100
READ 50, IH

PRINT 50, (IH(M),M=1,9)

IFCIH(10) ,NE.BHEND HEAD) GO TO 25
CALL STEP FIT(FITALLL1,FITALL2,FITALLS)
GO TO 20

CONTINUE
FORMAT(215,9X,4F10,10X,15,4A8)

FORMAT (1711.55X,A8)

FORMAT(10A8)

FORMAT (wew)

FORMAT (F20,52X,A8)

FORMAT (A20,F30,10)
FORMAT(11,7X.2R1,X,12,6X,F13,4,7X,F4,2,29XsA8)
END






185
E, LAMCON

PROGRAM LAMCON
COMMON/1/NODATA,NOVMI ,AVEWHT,STDY,NOSTEP+N,WTN,FREQPRD, YPRED, DEV,
1DATA(20,500)
COMMON/2/F0BS(500),FCALC(500),WT(500),NK(17),INFO, INDATA,NDELMAX,
1XDEVMAX,N1¢(25),MOL,CON(17,500),1H(10),5S¢(500),VV(500),KK(500),
2JJ(500) ,NUMCON, [STATE
COMMON/3/ NOVAR,JUMP,CONST¢20),EFIN,EFDUT
COMMON/S/ TOL
COMMON/10/ JPUNCH
COMMON/C/ NAME(30)
DATA(NAME=2HPL,2HQL)
EXTERNAL LAMCONY1,LAMCON2,LAMCON3
TYPE INTEGER BRANCH,SS
TYPE REAL J
UCJ)=( we2=,25)2(J*1,5)
F(J)=(J*,50)
ISTATE=0 § NUMEON=2 $ JUMP=0
READ 9000, AD,A1,B01,802,811,812
9000 FORMAT(6F10)
XL01=A0/B01
XXL01=XL01«XLOY
XL 02%A0/B02
XXL02=XL02«XL 02
XL11=A1/8B11
XXL11sxXL11w~XL 11
XL12=A1/8B12
XXL12=XL12#XL12
1000 READ 50,!H
100 IF¢IM(10),EQ.8HLAST FIT) 900,110
110 IF¢]H(10),EQ.8HEND DATA) 365,120
120 IF(IH(10),EQ.8HCONSTANT) 150,130
130 IFCIH(10),EQ,8HNEW DATA) 300,900
150 JUMP=1
160 READ 50, 1H
PRINT 50, (lH(1),1=1,9)
IF¢IH(10),EQ,BHEND HEAD) 200,160
200 PRINT 53

Jisi
210 READ 220,CONST(J1),1H(10)
IPCIW(10) ,NE.8H ) 100,230

230 IF(CONST(J1),.,E0,0,0) GO TO 235
PRINT 240 , NAME(J1),CONST(J1)
235 Jiwidled
GO TO 210
300 Msy ‘
1350 READ 301,SS(M),KK(M),JJ(M),FOBS(M),WT (M), 1H(10)
IFCIN(L0) NE,BH )100,360
360 Ju,5+JJ(M)
BRANCH=SS(M) 1RO
1G0=KK (M)
IF(1GO,EQ,1RN) [GO=3
IP(160,EQ,1RL) ]GO=4






370
372

374

376

380
382

384

386

1370
1372

1374

1376

1380
1382

1384

1386

390
400
500
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GO TO (1370,1380,370,380) 1GO

GO TO (372,374,376) BRANCH
CON(1,M)=2,#F(J)=-2,*U(J=l)/XXL1222,+U(J)/XXLOY
CON(2,M)==(4,*U(Jr1)/XL12+4,%UCJ)/XLOL)

GO TO 390

CON(L,M)Ze (2, «F(J)*2,#U(J)/XXL122,¢U(J)/XXL0L)
CON(2,M)==(1,/XL1271,/XL01)w4,»UCJ)
FOBS(M)==FOBS(M)

GO TO 390

CON(1,M)=2,#F (J)=2,*U(Je1)/XXL122,+U(J)/XXLOL
CON(2,M)zw (4, *U(Jel)/XL12e4,#UCJ)/XLOL)

GO TO 390

GO TO (382,384,386 ) BRANCH

CON(1,M)=e(2,*F (J)=2,#U(Jn1)/XXL112,*U(W)/XXL02)
CON(2,M)=4,*U(J=1)/XL11+4,+U(J)/XL0O2
FOBS(M)==FOBS(M)

GO TO 390
CON(1,M)=e(2,*F(J)+2,+U(J)/XXL0252,#U(J)/XXL11)
CON(2,M)=(1,/XL111,/XL02)+4,+U(J)
FOBS(M)3=FOBS(M)

GO TO 390

CON(1,M)=e(2,#F (J)=2,+U(Je1)/XXL11=2,0U(VJ)/XXLOD2)

CON(2,M)=4,#U(Je1)/XL11%4, 9UtJ)/XL02
FORS(M)==FOBS(M)

GO TO 390

GO TO (1372,1374,1376) BRANCH
CON(1,M)=2,42,#U(J"1)/XXL11#2,0U(J)/XXLOL
CON(2,M)=4,vU(J=1)/XL11%4 ,#UCJ)/XLOL

GO TO 390

CONCL,M)=wd oF (J)#2,%U(J)/XXL1142,+UCJ)/XXLOL
CON(2,M)=4,#(1,/XL11+1,/XL01)+U(J)
FOBS(M)==FOBS(M)

GO TO 390
CON(1,M)=e2,#2,#U(J+1)/XXL1122,+U(J)/XXL01
CON(2,M)=4,#(UtJs1)/XL11=U(J)/XLOL)
FOBS(M)==FOBS(M)

GO TO 390

GO TO (1382,1384,1386) BRANCH
CON(1,M)==2,*UtJ=1)/XXL12+2,9UtJ)/XXLOR
CON(2,M)=ed, ¢UtJ=1)/X 1244, #U(J)/XL02
GO TO 390
CON(1,M)=o(l,/XXL12+1,/XXL02)*2,wU(J)
CON(2,M)=e (1, /XL12%1,/XL 0204, sUt))
FOBS(M)3=FOBS(M)

GO TO 390
CON(1,M)=e2,#U(Jsl)/XXL12#2,«UtJ)/XXL02
CON(2,M)=ad,#UtJe1) /XL 1244, %U(J)/XL02
FOBS(M)==FOBS(M)

FCALE(M)=0,0

IF(JUMP) 400,500

DO 70 Ks1,NUMCON
FCALC(M)=FCALC(M)*CON(K,M)«CONST(K)
MzMet

GO TO 1350
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INDATA=M=~1

READ 40, INFO,NDELMAX,XDEVMAX,TOL,EFIN,EFOUT,IPUNCH,MOL
READ 45, (NK(1),1=1,2),1H(10)

IFCIH(10) ,NE. 8K 1100,21

PRINT 51

READ 50, 1H

PRINT 50, (IH(]Y,1=1,9)
IFCIH(10),EQ,BHEND HEAD) 350,20

CALL STEP FIT (LAMCON1,LAMCON2,LAMCON3)
GO TO 340

CONTINUE

PRINT 54

FORMAT(215,9X%,4F10,10%,13,A8)

FORMAT( 211,70%,A8)

FORMAT(10A8)

FORMAT (#1w/)

FORMAT (#ew)

FORMAT (#5+)

FORMAT(F20,52X,A8)

FORMAT (A20,F30,10)
FORMAT(9X,2R1,2X,12,19%,F15,4,F10,13X,A8)
END
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501

5114
512
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Fo STEPFIT

SURROUTINE STEP FIT(HEAD1,+HEAD2,0UTPUT)

COMMON/1/NNDATALNOVMI s AVFWT»STDY,,NOSTEPSN,WINSFRENPRD, YPRED,»DEV,
1DATAC20,5%00)

COMMON/2/F0BS(50N) ,FCALC(S5N0)»dT(500),NKC17)»INFO,INDATA,NDELMAX,
LXDEVMAX, N1€25),MOL,CONC17,500),14€¢10),SS(500),VV(500),KK(500),
2J4J(500) ,NUMCOUN, [STATE

COMMON/ 3/ NOVAR, JUMP,CONST(20),EFIN,EFQUT

COMMON/C/ MAME(SN)

COMMAON/S/ TOL

comMMON/Z10/ TPUNCK

DIMENSION VECIOR€20,20), INPEX(20),SIGMA(20),COEN(2n),SIGMCO(20),
ANOTIN(20) s »USEESN0)

DIMENSTON XCONST(20)

TYPE JMTEGFR SS,VV

TYPE DOURLE VECTOR,SIGHMA,CHEN»SIGMCO,SIGY,NEFR,VAR

IF¢ ,NOT,FFNUT) EFOUT=1,E=8

IFC,NOT,FFINY FFINzEFQUT=1,E=8

IFCTOL,ER.N,N) TCL=0,001

MOVAR = 9

D0 1%7 [=1,NUMMON

IFO(NK(T))1R8,157

NLPI(NOVARISNAMECTI+ISTATR)

IFCJUMP) 8458,R159

XCONST!NOVARI=COAST (1)

NOQVAR=MOVARS Y

CONTINUE

NONDATA=p

N0?254 ®N=s1, INDATA

IF(WT(~)12R2,283

NUSE(N)Y=N

G0 TN 254

NUSE(N) =1

NONDATA=NNDATA+1

CONTINUE

NDEL=0

NOINSKz=NOENT=NNMINSNOMAX=VARSF LEVEL=0,0

LONP=0

NOVM] s NQVAK « 1

NOVPL = NOVAR + 1

N0 176 | = 1,NNVPL

DO 176 J = 1.NOVPL

VECTOR(I,J) = n,.n

IF(NDEL)BO01,50N

SUMWHT=(0,0

NO525Ne1, IHDATA

Nym=n

DO 512 =1,NUMCOA

IFENK(T))IB11,512

NUM=NUM+ ¢

DATACNUM,N)Y=CON (1,N)

CONTINUE

DATA(NOVAR,N)=SFORSINY=-FCALC(N)
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146

541
511

58n
1115

581

601
599

180

604
1601
602
6073

650

792

794

81n
80n

189

SUMWHT =SUMWHT +W T (N)

AVEWHT=SUMWHT/NOLCATA

DOS510N=1, INDATA

IFCNUSE(N))146,510

WHT=WT(N)/AVEWHT

DO 540 I = 1, NOVAR
VECTOR(I,NAVPLY=VECTORCI,NOVAL)+DATACT, NI #WHT
DO 540 J = [,NOVaAR

VECTOR(I,J)=VECTARCI, JI+NATACI,N)#NDATACJs N) *WHT
VECTOR(NGVPL,NOVFEL) = VECTAR(NOVPL,NOVPL) + WHT
CONTINUE

IFCINFD)58N0, 650

PRINT 1115

FORMAT (w1SUM OF VAR/)

NOMAX=NOVMI

IFENOVHMTGT %) NCMAX=8

PRINT 15, (l,1=1,NOMAX)

PRINT 17, VECTOR(NOVAR,NOVPL)» (VECTOR(T,NOVPL)» 121, NOMAX)
IF(NOMAX,EQ,NOVMT) GO TO 5181
NOMAXENOMAX +1

PRINT 1116, (1, 1=N0MAX,NOVMY)

PRINT 17, (VECTOR(I,NOVPL), I=NOMAX,NOVM])
COMTINUE

NGO=N $ NOMIA=q4 T NOMAXENQUMI
IF(NOMAX=6)599,599,601

NQMAX=A

NGO=1

PRINT 152, €1, 1=NAMIN,NOMAX)

DO 1R0 J=NOMIN,NEVM]

Jdd=J

IFCJJJ GT o NOHAY , AND NGN) JJ.J=NUMAX

PRINT 153,U, C(VECTOR(I, 1), I=NOMIN,JJJ)
PRINT 154, (VECTUR(1,NOVAR), ISNIMIN,NOMAX)
IF(NGO=1) A03,604,602

NOMIN=7 § NGO=N T NOMAXSNOVMI
IF(NOMAX,GT,412) 1601,599

NOMAX=12 $ NGO=2 § GO TO 599

NGO=N % NUMIN=43 $ NOMAX=NNVMI § GO TO 599
CONTINUE

PRINT155, VECTNR(NOVAR,NOVAR)

NOSTEP = =1

ASSIGN 132n TO NUMRER

DEFR = VECTOR(AOVPL,NOVPL) = 1.0

DO 8NQ ! = 1,NOVAR

IF(VECTOR(I, 1)) 792,794,810

PRINT 793, 1

GOTo172

PRINT 795, [

SIGMA(CT) = 1,0

GO TO Agn

SIGMA(I) =NSURT (VECTNR (1,1))
VECTORCI,I) = 1.0

DO 830 I = 1,NOVMI

IPL = 1 + 1
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871

1901

1002

1040

1017

1020

1042

1969
1081

1101

904
117n
116n
1110
121n
105n

903
124n
1300
1310
13114

1318
1314
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Do 830 U = IP1, nOVAR

VECTOR(I,J) = VECTNOR(I,JUY 7( SIGMACI)e SIGMACY))
VEGCTOR(J, 1Y = VECTOR(I, )
IFtINFDYR7N,10nNn1

PRINT169,(1,1=1,N0VMI)

DO B8RS 1=2,N0VM]

IM1=]~=4

PRINT1A0, [, (VERTER(],JYs U=, 1M1)
PRINT161,(VECTNR(I,NOVAR), 1=215>NOVMT)
NQSTEP = NNSTEP + 1

IF (VECTNR(C NQVAR,NQVAR))Y 1002,1002,1010
NSTPML 2 NNSTEP - 1

PRINT 10n4, NSTPM1

GO TN 1331

SIGY = SIHAMA(NOVAR) #nNSART (VECTOR(NOVAR,NOVAR)/ DEFR)
NEFR =NEFK=1,0

1F (NEFR ) 1017,1017, 1920

PRINT 14119 ,NNSTEP

GO TO 1351

VMINSVMAX=MOINES(

DO 1050 1 = 1,NQUMI

IF (VECTORCI,IY) 1042, 1n5n, 1060

PRINT 1044, |, NCSTEP

GO TO 13R1

IF(VECTOR(I,1)=-TCL)Y 1050, 1080, 1080
VARSVECTNR(]I yNOVARI®VECTOR(NIOVARS [Y/VECTORCI» )
[FCVYARY110n, 1n5n, 1110

NQTIN = NOTI™ 1

INDEX(NOTINY !

COFNINNIN) VECTORCILZNNOVAR) ¢ SIGMA(NOVAR) / SIuMA (1)
SIGMCOCNOIN) = (SIGY / STIGMACL)) #DSQRT (VECTOR(I,1))
IF (VMIN) 11A0,11702,904

PRINT 906

6G0T0172

VMIN = VAR

NOMIN = I

GO TO 1050

IF(yAR ~ VMIN)1050,1050,1170

1F (VAR = VMAX)Y1n50,1050,1210

VMAX = VAR

MOMAX & 1

CONTINUE

IF (NOIN)Y 903,4240,1300

PRINT 907

GO TO 472

STNy=SIGY

GO TO 1350

IFCINFN)L340,1320

IF (NOENT) 1311,1311,1313

PRINT148, MNOSTEP, K

GO THO 1314

PRINT169, NOSTEP, K

IFCLOOP) FLEVEL=FL

PRINT 162,K,FLFVEL,SIGY

+






1301
8302

8303
8305

8304
8304
132n

1340
1345
1351

1361
1379

1391
1392

140n
143n
1461

1441
1410

1500
1481

1541
152n

1381
1381
157n

15810
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001301J=1,N0 1IN

N=INDEX(J)
PRINT1A3,N,N1(N),COEN(S),STGMCI(J)

IF(JUMP) 8307,83n4

IFCLO0P) B303,R304

PRINT R3N5

FORMAT(#2F INAL CONSTANTS AFTER CORRECTIONS WERE ADDED#/)
DO 8306 J=1,NOTN

Nz INDEX (J)

XNEWCOM=COEN{J)+XCONSTEN)

PRINT 163,N,N1EN)» XNFWEON, RIGHCOCY)

GO TO NUMBFR,(13720,1580)

FL=FLEVEL
FLEVEL=VMIN®LEFR/VECTOR(NOVARS VOVAR)
IFCEFOIT + FLEVEL) 1350, 1350, 1340

K = NOMIN

NOENT = n

GO TO 1391

FLEVEL = VMAX #» CEFR / (VERTOR(NIVAR,NOVAR)= VMAX)
IF (EFIN = FLEVEL) 1370,1341,1380

IF (EFIN) 1380,118(,1370

K = NOMAX

NQOFENT = K

IF(K) 1392,1392,1400

PRINT 1395, NOSTEP

GOTO172

DO 1410 1 = 9,hN0VAR

IF (1=K) 1430,1410,1430

DO 144n g = 1, NOVAR

IF (J=K) 1460,1440,1460

VECTOR(I, ) =VECTERET, ) =VECTIRCI,K)Y*VECTOR(K, J)/VECTOR(K,K)
CONTINUE

CONTINJE

DO 148n I = 1, NOVAR

IF (1=-K) 1500,14%0,1500

VECTOR (1,€) = = VECTNR (I,4) / VECTOR (K.,K)
COMTINYUE

D0 1520 J = 1, NOVAR

IF (J=X) 1540,1520,1540

VECTOR(K,J) =  VEGTOR (K,.) / VECTOR (KsK)
CONTINUE

VECTOR(K,K) = 1,0 / VECTOR(XsX)

GoTO1001

CALL HFAD1

CONTINUE

ASSIGN 1580 TO NUMBER

Loop=1

GO TN 1310

CONTINUE

IFCINFO) PRINT15R6, (L, VECTNR(L,L),L31,NOVM])
CALL HEAD2

VFIT=DEVMAX=SWT=Xx1R=0.0

D01660N=1, INDATA

WTN=NUSE(N) #wT(N)






192

WHTzWTHN/AVEWR]
YPRED = 0,0
N0 163" I = 1,NCIN
163" YPREDsYPREN+COFENCI)Y®DATACIMDEXCI) s M)
DEV=2FORS(NY=FCALC(N)=YPRED
IF(en,.=WT(N))1652,1652,1651
1651 VFITsSVFIT+uThaNEVew?2
X]R=X]R+1,n
SWT=SWT+WT(N)
1652 FRFQPRND=FCALC(N)+YPRED
WHTzWHTw AVEWR T
CALL QUTPUT
ADFEVEZARSF(NEV)#SCRTF(WHT ) wnUSE(N)
IF(DEVMAY=-ADEVY1A10,1610,1460
1610 NMAX=N
NEVMAX=ANEV
166" CONTINUE
VFIT=VFITeX IR/ €(X]R=NOIN)*SWT)
STOFIT=SNARTFIVFIT)
PRINT150, YFI1, STNFIT
[FINNDELMAX=NTEL)172,172,1624
1624 IF(DFVYAY=-YDEVMAX)172,172,1620
1620 NUSE(NMAX) =0
MDELENDEL+1
NODATA=NODAT 2=
SUMWHT=SUMUHT =WT (N*AX)
PRINT 9pni,NrAX
GoTn49%
172 RETURN
15 FORMAT (» Y+8115,/)
17 FORMAT(w» *QF15,4,//)
11148 FORMAT(17,R115,/)
123 FORMAT (111,49« NO CORRENTION FOUNDY)
150" FORMAT(«NSTAT FRCM LINES WWTO LT 10.0%/#0VAR., S*F10,6% STD. DE
1V zeF7,4/¢7¢)
151 FORMAT (1048)
152 FORMAT(#=RAW SSCP MATRIX#/121,5122)
158 FORMAT(X12,6F22,.4)
154 FORMAT (e YWwEF22,4)
155 FORMAT(» Y VS Y+F15,4)
154 FORMAT (1311,385X12,10X15,F5,2XA8)
159 FORMAT (#~PARTTAL CORR, CUOFKFF.%//1618)
16n FORMAT (13,16FR,4)
161 FORMAT (¢ Ye14hF7,4)
162 FORMAT (+ b LEVEL OF Xe*11,£10,2,9X«STD DEV OF (0=P)#F7,4//10XwV
1ARIABLF COEFFICIENT STD ERROR*/)
163 FORMAT (111,49,2F17.12)
168 FORMAT (@USTEP NODw]3/» VAR, REMOVED*]3)
1672 FORMAT (#0STEP NCw13/» VAR. ENTERED#13)
174 FORMAT(#2RFSULTSe//» ROEFFICIENT oLD VALUE CORRECT
110N MEV VALUE®//8(9XA6,3F15.87),4(9XA624X3F15,12/))
704 FORMAT (4F15)
702 FORMAT («ABOVE NCN=EIGENVA| UE NOT NIAG., AFTER 10 CYCLESw)
79% FORMAT (+ ERROR RESID SQ VAR*I3% [S NEGw)
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796 FORMAT (eQVAR«15¢ 1S CNNSTs)
851 FORMAT (X613,F20,F10,23X48)
S90A FORMAT («(0FRROR, VMIN PQOSw+)
907 FORMAT (#0FRROR A~0IN NFGw)
1000 FORMAT (*OQLINE NCw*14w NELETED*5X613,2F10.9)
1004 FORMAT (+0Y SQUARE NEG STEPwI5)
1019 FORMAT (*Q07ER0O DFG FREFDNOM STEP*]3)
1044 FORMAT (#SHUARF X=¢]2% NEGATIVE STEP*[3)
1395 FORMAT (#K=z0 STEFw13)
1584 FORMAT (w0 U[AG EL.EMENTS=/% VAR NN VALUE*//7(14,F12.6))
900N FORMAT (215,F1n)
9001 FORMAT (s+_LINE NN=l4e REINAG DELETED FROM FITw)
ENTs

SURROUTIMNE PRIMTCUT

COMMON/41/NODATAL,NOVMI, AVEWUT»STDY,NOSTEPSN,WIN,FRENPRD, YPRED,»DEV.,
1DATAL2R,50N)
COMMNN/Z2/FNBS(50N),FCALC(SN0)»AT(S500),NK(17)INFO, INDATALNDELMAX,
1XDEVMAX,N1(29),MCL,CONC17,500),14(¢102,SS(5002,VV(500),KK(500),
2JJ(5n0) ,NUMCUN, ISTATE

COMMON/3/ NOVAR, JUMP,CONST(20),EFIN,EFQUT

COMMON/S/ 0L

COMMON/4Nn/ [FUNCH

COMMON/C/ NAVEE3N)

TYPE INTEGER SS,VYV,BRANCH

ENTRY ROTCONSY

PRINT 167,M0L,NOTATA,NOVM]I ,NDELMAX,XDEVMAX,AVENKT,STDY,NOSTEP
RETURN

ENTRY ROTCONS2

PRINT1A6

RETURN

ENTRY ROTCONSS

PRINT 165, NySS(AN)2VVIN)  KK(NDI L, JJIN) s WTNsFOBS(NV)»FCALC(N)»FREQPRD,
1NATACNOVAR,N),YPRED,DEV

IFCIPUNGCH) PUNCH 1165sNSSEN)sVVINISKKIN)» JIJIN) L WIN,FOBS(N) .,
1FRFQPRN, DEYV

RETURN

ENTRY SPNRCONY

PRINT 267, MOL,NCDATASNOVMYI, NUELMAX,»XDEVMAX,AVEWHT,STDY,NOSTEP
RETURN

ENTRY SPORMON2

PRINT 266

RETURN

ENTRY SPORCOMG

PRINT 26%, NoaVV(N)»JJ(N) ,WIN,FOBS(N) oFCALCIN) ,FREWPRD,DATA(NOVARSN
1), YPREDN, DEV

RETURN

ENTRY FREQFIT1

PRINT 367,MOL,NOTATA,NOVM] ,NDELMAX,XDEVMAX,AVEAHT,STDY,NOSTEP
RETURN

ENTRY FRFQFI]IT2

PRINT 366

RETURN

ENTRY FRFEQFIT3
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RRANCH=KK (N)+5n

PRINT 465N, VVIN),RRANCH,SS(N) ,JJ(N) ,WTNsFOBS(N)sFCALC(N) ,FREWPRD,
1NDATAINNVAR,N) ,YPREN,NEV

RETURN

ENTRY FITALLY

PRINT 367,MO0L,NUTATA,NOVH] ,NDELMAX,XDEVMAX,AVENHT,»STDY,NOSTEP
RETURN

ENTRY FITALL?Z

PRINT 466

RETURN

ENTRY FITAILLS

IFESS(),EN,3) SS(M)=1RH

IF(SS(M) EN,4) SS(N)=1RL

BRANCH=KK(N)+1R@

PRINT 465,N, VVINY,RRANCH,SS(N) , JJ(N) , wTNsFOBS(N),FCALC(N) »FREQFRD,
1DATAI(NNVAR,N) ,YPRED,DEV

TFCIPUNGCH) PUNCH 1465,N,VVEN)» RRANCHSSSIN) , JJ(N),WTN,FOBS(N),
1FRFEQPRN, NEV

RETURN

ENTRY I_AMCONY

PRINT 667,M0L,NUTATA,NOVM] ,NDE_LMAX , XDEVMAX, AVEAHT,STDY,NOSTEP
RETURN

ENTRY 1.AMCON?

PRINT 566

RETURN

ENTRY LLAMCONR

PRINT 565,h,SSENIKKI(N)Y» JUIN) 2 WwIN,FOBS(N),FCALC(N),FREQPRD,
1DATACNDIVAR,N) , YPEN, DEV

IFCIPUNCH) PUNCH 1965, s SSEN) s KK(NY»JJ(N)»WTN,FUORS(N)Y,FREQPRD,DEV

RETURN

165 FORMAT (15,312,012, ¢/2*,FA,2,6F9.4)

1645 FORMAT (#1 hO S V K J  wHI ngs CaLC PRED 0-C
1 P=C 0-Fw)

167 FORMAT (+1 COMRINATION DItFERENCES FOR #A8/% FI11 w14% DATA POINTS
1TOv 12» VARIABILES®/x DELETES UP TO #[2 » POINTS IF (0-P) 1S
2 GTeF6,3/% WhT NORM#F6,2/* STD DEV OF (0=0)w F9,4/# co

SMPLETED ]2+« STERSw)
26% FORMAT (15,14,15,%/2+,F6,2,6F9,4)

2648 FOXMAT (*1 NO v J wH T URS CALC PRED 0-C
1 P-i OwpPe)

267 FORMAT (+1 SPIN CRRIT NIFFFRENCES FOR #A8/¢ FIT «]4%« DATA PUINTS T
10« 12% VARIABLES#/» DELETES UP TO #]2% POINTS IF (O=+) IS GT
2¢FA 3/ * WHT NORM*FAR,2/w STD DEv OF (0-C)v F9,4/» COMPL
IETFD w12¢ STEPSH)

3654 FORMAT (*«1inN0 V. LLINE  WHT 78S CALC PRED 0-C
1 PaC N=-Fw)

367 FORMAT (#1 FREQUENCY FIT FOR *A8/w FIT «]4% DATA PQINTS TO »]2+ VA
1RIABLES®/» DFLETES UP YO w2« POINTS IF (0=P) IS GT *F6,3/w
2 WHT NQORM #Fg,2/* STD DEV OF (0=C) *F9,4/¢ COMPLETED #][2«
ISTEPS+)

46%5 FORMATU(X, [3,12,1%X,2R1,13,%/2*1X,F4,2,3F11,.4,3F9.4)

46K FORMAT(#4 NO v | INE WHT 08S CALC PRED 0-C
1 P=C N-Pw)

56€~FORMAT(XIISJX)?R1013"/2 wF4,2,X0s2FBs4,4F9,4)
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564 FORMAT (w1 NO L INE YHT oBS CALC PRED 0-C
1P=-C Q=Pw¥)
567 FORMAT(»1 LAMDA TNIFFERENCE FIT FOR«A8/ * FIT #14« DATA POINTS
170+« 12« VAR]JABLES#*/w» DELETES UP TO «]2 « POINTS IF (0=-P) IS
2 GTeFH,3/* WhT NOR“eF6,2/* STD DEV OF (0=C)* F9,.4/» co
IMPLETED #]2% STEPSw)
1165 FORMATU(15,312,13,%/2%,F6,2,3%X»3F15,4)
1465 FORMAT(IS,13,X,2R1,[3,¢/2%,F6+2,3X,3F15.4)
1565 FORMAT(I%,2Xs2R1,13,%/2%,F8.2,3X,3F15,4)
END
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G. ZEEPUN

This program calculates the Zeeman splittings for all
branches for the intermediate coupling case and for specified
values of field strength. Punch output of these is provided
for later input to the plotting program. Inputs include the
spin-orbit and rotational constants for the transition under
consideration, the Zeeman splitting constant, the vibration-
rotation band, the fields to be used and the J-values desired.
Also available is the option of adding a fixed value to all

splittings.

STRUCTURE OF DATA DECK

I. Punch option card

Col. Field Function
1-9 I #0 indicates punch section is
desired.
10,11,12 R Beginning in col. 10; P, Q, and

R indicates that punch output of
these branches is desired. One
or all may be used.

20-29 I #0 indicates punch output is
desired.,

II. Constants card

These three cards contain the values of the molecular
constants A and B and the Zeeman splitting constant respect-
ively. The cards are read from left to right and have 8 fields
of 10 columns. The constants A and B are punched on the first
two cards in the order v = 0, 1, 2, 3 for 1“N160 and !5N!60
respectively. The Zeeman constant is on the third card in

COlS. l"lo.
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III. Band card
The band designation is typed in cols. 1-10 of this card.
The codes are: (1-0) = 1, (2-0) = 2, (3-0) = 3, HES = 4, LES = 5.

The format is I10.

Iv. Field strength card

Up to 8 values of field may be input and the splitting
is automatically calculated for each. The value is input in
gauss; there are 8 fields of 10 columns starting from the left

of the card. The format is 8(F10.1).

v. J-value card

This card specifies the J-value(s) desired and provides
for adding a constant value to the splittings. The option
of choosing only one subband is also available. As many of

these cards as needed may appear.

Col. Field Function
12-13 I 2J
20-32 F #0 indicates that this value should

be added to all splittings.

41-50 T A value of 1 or 2 will indicate
that only that subband is desired.
A blank will cause calculation for
both.

73-80 - If the word COMPLETE appears,
splittings of all transitions up to
and including J are calculated.

VI. Return card
If RETURN appears in cols. 75-80, control is returned to I.
VII. New case card

If NEW CASE appears in cols. 73-80, control is returned to
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section III.

VIII. Stop card

If STOP appears in cols. 77-80, execution is terminated.

A listing of the program follows.






100

N -

1001

1002
9999
in03
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PROGRAM ZEEPUN

COMMON/ZL1/ FREQ(3IN0),XINT(3n0)

COMMON/4/ 1JIM, TBRANCH(3), IPUNCH

READ 1, JJIM, (I1BRANCH(N) ,N21s3), IPINCH

FORMAT (19,3R1,7x,110)

DO 3 L=1,3

IBRANCH(L)=IRRANCH(|)=1RN

CALL ZEEMAN

GO TO 100

END

SUBROUT INE ZEEMAN

COMMON/1/ FREWC3IN0I,XINT(3N0)

COMMON/4/ 1JIM, IBRANCH(3),1PUNCH

DIMENSION NAC1A),A(5,10),DR(10),8(5,10),DG(100,2,1),G(100,2,5)>
HE10),Y(3)

DIMENSTON ISIGN(2),FRAU(S5N,2,3),INT(50,2,3)

DATA(ISIGN=1,-1)

TYPE REAL INT

N=n

READ 1, (CACI,U), =N, 3),121,2)2((B(1,J),J3N,3),1=21,2),AMUD

FORMAT (BF10,5,/,8F10.5,/,510)

READ 3, IMOL

FORMAT (10Xx,12)

READ 1001, IBANT

FORMAT (t1n)

READ 1102, (*(]),1=1,8)

FORMAT (AF410,)

READ 1n03, JMAX,YNU, ISUBANN, IFLT

FORMAT (11%,12,6%,F13.4,9%,110,22X,A8)

IFCIPLT, EQ, 8N STOP) GO v0 5000

IFCIPLT . FQ,8HNFW CASE) GN TOU 2

IFCIPLT.EQ,8H RFTURN) RETURN

H(9)=0,0

JMOL=IMOLL =13

CONTINUE

LMAXE(JMAX+1)/)

JF=8

DO 61 J=st.JF

IF(H(J"i)QEQQ0.0)JF=J

FLNDFAC=AMUO#*M ()

FIELDsH(J)

FU=FL=?1.0

GO TO (5,6,7,8,9), IBAND

NJa2

NU=NL=KU=1

KL=0

EPSUSEPSL==1,0

GO TO 15

NJ=2

NUsNL=1

KUs2

KL=g

EPSUSERSL==1,0

GO TO 15
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7 NJ=2
NUsNL =1
Kus3
KLe0
EPSUSEPSL==1,0
GO TO 15
8 NJsNL=KU=ITRL=1
Nys2
KL®80
EPSU=1,0
EPSLE-4,0
ITRU=3
GO TO 15
9 NJaNUsKy=ITRU=1
N_ 82
KLs0
EPSU==1.1
EPSL=1,0
[TRL=3
15 CONTINUE
Y(KUY=A(JMOL.KI) /BLUMOL s KUY
Y(KLI=SA(JMOLKL)/Z/BCUMOL » XL )
1FCISURANDY 9100,9200
9100 NB=NT=I1SUBAND
IFCISUBAND,ER.?2) FUsFL=1.0
GO TO 9000
920N NBs1
NTaNJ
900m DO 631 M=NB,NT
IF(MEQ.2)NUBNU+1
IF(M,EQ,2)NLENL+1
FUsFUxEPSUY
FLesFL*EPSL
JUBLMAX#Y
1G0=1
DO 20 L=z1.JJ
IFCIPLY NE,BHCOMPLETE) 202,201
20?2 IFC(1GO) 200,201
200 LsLMAXeq
160 = 0
204 AQsLe=,5
AMEBAQw (AQ+1,0)
Q(L,NUKU)B(L . B¢FUS((2,0@(AM=¢75))m1.5#Y(KU)*3,0)/SART(4,0"AM+1,0+
1YCKUI*C(Y(KU)=4,0)))/AM
GCL,NL KL)2 (L. 5+FLW((2,00(AM=:75))=1,5«¢Y(KL)*3.0)/SQRT(4.0"AMe1 .0+
1Y(KLI®(Y(KL)=4,0)))/AM
20 CONTINUE
DO 61 L=i,LMAX
IFCIPLT . NE,8HCOMPLETE) 300,301
300 LslLMAX
304 ASSIGN 51 TO NGBOTO
AQ!L’.B
JOs2el L ay
IF(NL.EQ,2,AND,L,LT.2)GO0 T 60
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IFINULEQ.NL) 200n,2100
2000 ISUBsNU
PRINT 34, IMOL,KU,NU,JQsH(J)
GO TO 59
2100 IF(NULNEJNL) 2200.50
2200 IFCITRU=ITRL) 2300,2300,24n0
2304 1SUB=4RL
GO TO 2500
2400 ISUB=1RMH
2500 PRINT 41, IMOL,.KU,ITRL,ITRU,JIsx ()
5A JMa| +|
[32¢JUM
SUMPeL , 333#A0%(2,#AQel,)%(2,¢A0-1.)
SUMQe1,333¢A0~(AQ+1,)e(2,%#AQ¢1,)
SUMR’loSSS"Aaﬁlo)‘(ZQ'AQ*lc)*(20"0*3.’
DO 60 K=1.,JM
Ldoel +K
AJ‘LJ'QB
ALRHASG(L NLsKL)sFLDFACwAU
ZETAR=(AJ=1,0)«F | DFAC
ZETAL=(AJ*1.0)«FLDFAC
DNUPL=DNUPRsDNUQL =DNUQR=DNURL=DNJYRR=R]ITNPL=RITNPRER]ITNQLERITNQR=
4RITNRL2RITNRR=¢qQwe1Q
IF(L,GE.3) GO TO NGOTO
IF(NU.EQ,2,AND,L,LT,3) ASSIGN 52 TOQ NGOTO
IF(NU.EQ.1,AND,L,LT,2) ASSIGN 52 TO NGOTO
IF(NU.EQ,2,AND,L,LT,2) ASSIGN 53 TO NGOTO
IFINL,EQ.2,AND,L,LT,2) ASSIGN 53 TO NGOTO
GO TN NGOTO
51 DNUPR=G(L=1,NU,KU)*ZETAR=A_PHA
DNUPL=G(L=1,NU,KL)*ZETAL=ALPHA
RITNPRS((AQeAJ)*(AQeAJ=1,0))*100,/SUMP
RITNPL=((AQ=AJY®(AN=AJm1,0))%100./SUMP
52 DNUQR=G(L,NU,KU)*ZRTAR=ALPHA
DNUQL=B(L,NU)KU)*ZETAL=ALPWA
RITNQRs((AQ+AJI*(AQ=AJ*1,0))*100.,/SUMQ
RITNOL=((AQ=AJY*(ADSAJ+1,0))*100./SUMQ
53 DNURR=G(L+1,NU,KL)®ZETAR=A|PMA
DNURL=G(L*1,NU,KU)*ZETAL=ALPHA
RITNRRs((AQ=A »1,0)%(AQ~AJ+2,0))*100,/SUMR
RIFNRLE((AQeAJ+1,0)%(AD+AJ+2,0))+%100,/SUMR
IFCRITNPL,EQ.0,0)DNUPLSRITNPL=10vwq0
IF(RITNPR.FQ,0,0)DNUPRsRITNPR=10%wq0
IFCRITNQL.EQ,0,0)DNUQLERITNQL=10ev40
IFCRITNQR«EQ,y 0, 0)DNUQRSRITNQR=10%*q 0
IF(RITNRL+EQ,0,0)DNURLZ=RITNRL=10wq0
IFC(RITNRR,EQ,0,0)DNYRR3RITNRR=10w=q0
INDEX=32¢LJ=1
PRINT58, INDEX, NDNUPL,RITNPL,DNUPR,RITNPR, DNUQL,RITNAL,»DNUQR>RITNGR,
S INURL,RITNRL»DNURR,RITNRR
IFCIJIM) 500.6N
500 FRO(K,4,4)sDNyPL#XNY
INT(K,1,4)3RITNPL
FRO(K,2,1)sDNUPR+XNU
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INF(K,2,1)2RITNPR
FRQ(K,1,2)=DNUQL+XNU
INT(K,4,2)=RITNQL
FRO(K,2,2)sDNUQRXNU
INT(K,2,2)3RITNQR
FRQ(X,1,3)=DNURL+XMNU
INT(K,1,3)=RITNRL
FRQ(K,2,3)=DNURR+XNU
INT(K,2,3)sRITNRF
60 CONTINUE
IFC1JIMYBOY,61
801 DO 900 L1=4,3
IF¢IBRANCH(L!),GT.5) GO TO 61
NAME=JRRANCH(LI)+1RO
IF(IPUNCH) PUNCH 5500, NAME,ISUB,JO,IMOL,FIELD
5500 FORMAT(10X,2R1,X,12,%/2¢,2X,*Ne|220w,6X,F10,1,*GAUSS*)
DO 800 KI=1,uM
DO 8n0 JI=1,2
IF(FRQ(KI,»J1, IBRRANCH(LI)) . .AT.5000) 799,850
850 FREQ(KI«(JI=1)eJM)SFRQ(KI,JI» IBRANCH(LT))
XINT(KI#(JI=1)eJM)SINT(KT, J12IBRANCH(LTI))®ISIGN(JI])
GQ TO ARQN
799 FREQ(K!#(J]=1)+d¥)=0,0
XINT(KI+(JI=1)eJy¥)2(0,0
807 CONTINUE
NUM=0
DO 3IN0H N=4q,!
IFC.NOY,FREQINY) GO TO 300n
NUM=NUMe
FREQINUMISFREQ(N)
XINTO(NUMYSXINTENYZ100.
3non CONTINUE
IFCIPUNCH) PUNECH 5501, (FREN(AWI»XINT(KO)sKQS1, NUM)
5501 FORMAT (4(2(F/,4,3%X)))
900 CONTINUE
61 CONTINUE
GO TN 9999
5000 CONTINUE
58 FORMAT(]4%/2%3(2(2XF7,4,XFZ)X))
31 FORMAT (1 CALCLULATION OF ZEEMAN SPLITTINGS AND RELATIVE INTENSIT

11ES FOR, %/« Nel2w0, «]4w=0, BAND, #[1w=-SUBBAND,»/w» J = #]2w
2/2, =#FS5s GAUSS,*/*ex1BX*P BRANCH®*17X%*0Q BRANCHw17X*R
3 BRANCH#/wn MJw3(# DELM+ I DELM~ I«X)/)

41 FORMAT (w1 CALCULATION oF ZEEMAN SPLITTINGS AND RELATIVE INTENSIT
11ES FOR,*/» Nel2%0, #[qw=0, ¢[qe/2 - #]1%/2 BAND.#/# J = ]
22+#/2, H = «F5+ GAIISSea/w~«18X*P BRANCH*17X*Q BRANCHw*17X
3*R RRANCHe/*i) MJI#3(+ NELM+ ! DELM~- [#X)/)

END
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H. PLOTPUN
This program accepts input of intensities and splittings
symmetric about the origin, and calculates and plots the absorp-
tion, Zeeman and magnetic rotation signals expected. Gaussian
and intermediate lineshapes are available; Gaussian, triangular
and trapezoidal slit-functions are available. The Doppler,
Lorentz and slit-function HWHM, pressure, polarizer angle and

path lengths are input.

STRUCTURE OF DATA DECK

I. Option card
Col. Field Function

1 I =1, 2, or 3; indicates that a
Gaussian, triangular or trape-
zoidal slit-function is desired.

2 I #0; calculates rotation angle per
unit path length.

3 T #0; calculates the individual
transmission fractions for all
components.
=2; plots the unintegrated CD
pattern.

4 I #0 calculates the unintegrated
circular birefringence.
=2, plots the unintegrated CB
pattern.

L) I #0; plots the transmission frac-
tion for right and left circular
polarizations.

6 IE #0; calculates the CD pattern
integrated over the slit-function.
=2; plots the above.

7 A #0; calcualtes the CB integrated
over the slit-function.
=2; plots the above.






Col.

8
9

10

11

12
13

14

15

21-30

31-40

41-50

51-60

61-70

71-75

76-80

Field
I

I
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Function
#0; plots the integrated MR signal.

#0; plots the unintegrated MR
signal,

plots a title according to the
code; 1-CIR. DICHROISM, 2-TRANS-
MISSION, 3-ABS. COEFFICIENT, 4-
MAG. ROTATION, 5-ZEEMAN, 6- ABSORP-
TION, 7-blank.

#0; causes all plots above to be
superimposed.

#0

plots the integrated absorption.

; prints values of all quantities.
; every 5th plotter unit printed.

; every plotter unit printed.
H
i

every 2nd plotter unit printed.
every 10th plotter unit printed.

{0 (N

4

#0; suppresses the plot of the experi-
mental conditions.

#0; plots bar graph of the Zeeman
patterns.

Doppler HWHM.

Lorentz HWHM, an intermediate (Dop-
pler) lineshape is used if this is
non-zero (zero).

Range in cm 1/10" of the plot.

Height of the plot in intensity
units/inch.

Slit-function HWHM,

#0; uses trapezoidal slit-function.
This is the halfwidth of the top of
the trapezoid.

A tolerance used to control the in-
tervals of integration in calculating
the lineshape. The intervals are nor-
mally 0.001 times the range in cols.
41-50 above. The tolerance may be set
to some fraction of this value. It is
preset to 1.0.
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. Pressure card
Values of the pressure are read by the format 8F10. The

lculations specified on the option card are automatically

repeated for every pressure.

II

I. Any of the following cards may appear

1. Absorption card: The integrated absorption coefficient
for the transition is input in cols. 1-10, the path length
in cm. is in cols. 11-20 and the polarizer angle in degrees
is in cols. 21-30. The splittings and relative intensities
follow this card.

2. New case card: If NEW CASE is encountered in cols.
73-80, control is returned to section I.

3) Stop card: If STOP is encountered in cols. 77-80

execution is terminated.

Iv. splitting cards

These cards follow card III-1 above. The splittings and

intensities must be symmetric about the origin as input.

v.

1. Title card: This card is the title card punched in

ZEEPUN. It specifies the transition and field strength.

2. Splitting cards: The splittings and fractional inten-

sities from ZEEPUN are input here.

3. Blank card: A blank card signifies the end of input data.
Control card

Upon completion of all options for the last pressure, con-

trol is returned to section III.

A

listing of the program follows.






95
91

91
99

92
81
8”2
8%

87
8A

89

88
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PROGRAM PLOTPUN
COMMONZ1/ XNU(3I0N),AC300)

COMMON/2/ DABSCOFM(601),ABSCOFY(600).DABSCOFP(601),ABSCOFP(600)
COHMOlel SY)SX:“AXPOS.GAMLJGA*D’ 10P<20)1NUMBERIXHAXJNUHM
COMMON/4/ NSHAPE(601),SHAPE(600), IMAX, IMIN,SLITWDTH,POL,SLITTRAP

COMMON/S/ 1LABFL(4),FIELN

COMMONZ6/ RANGE,WEIGHT,S0,P(8),PRES,OPL,XNUZERD,SLTITNORM,TOL
COMMON/Z7/ DTRAMSM(601), TRANSY(600),DTRANSP(601), TRANSP(600),

1DCD(401),CD(AON)
COMMON/8/ DPHI(6N1),PHI(A0N)
COMMON/9/ DFARADAYt601),FARADAY(600)

COMMON/4n/ DCDINT(601),CNINT(600),DFARINT(K01),FARINT(600)

COMMON/11/ DLNSHP(501),XLNSHP(g00)
DIMENSION | _ABEL(4)

DIMENSION 11(4),12(4)

DIMENSION NAMEY(10),MAME2(40)
DATACI121,=151,-1),(1220,1,0,1)

DATA(NAMEL=8KCIR, DIC,RAHTRANSMIS,BHARS,

1RAHABSORPT], 8K )y (NAME2SRHHROISM
2TIAON » 8H » 8HON » RH
NUMBFR=0

COE, 8H™AG.

»8HSION
)

ROT,B8HZEEMAN

s SHFFICIENT,8HA

READ 90, I0P,GAMD,GAML,RANGESHEIGHT»SLITWDTH,SLITTRAP,TOL

FORMAT (2011,5F1N0,2F5%)
IFCIOP(15)) 10P(14)=1
IFC,NOT,TOL) TOL=1,0

PLHT=6,

IF(HEIGHT) PLHT=REIGHT/100,

KAl L=1

PTEST=n,

[FC,NOTL,I0P(10)Y) INPCLIN) =1

READ 91,F

FORMAT(gF1n)

READ 2,SN,0PL,POLANGLE, XNUZERO, ITEST
FORMAT (3F40,19X,F10,13X,AR)
IF¢,NOT,POILANGLEY POLANGLE=O.
POL=PULANGLE/57.29578
IFCITEST,EQ,RHNEW CASEY GO TJ 95
IFCITEST.EQ,RH STOP)Y GU 10 R0
READ 92, ILABEL,FIFLD
FORMATOANX,2K1,X,12,5X,12,7Xst10)
Nz1 ¢ NM=4

READ 873, (XNU(CJ),A(J),» =N,uM)
FORMAT (4(2F10))

D0 87 .J=N,NM

IFexnNytyY) GO 10 85

CONTINUE

NsMNe1i

IF(XNU(N)Y) 8R,R6

Nz=Ned

NMEN+3

G0 TO R2

IFREQ=N

DO 4 JSlnIFREQ

L=Je+1
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DO 4 K=L,IFREQ
IFOXNUCU) o LEWXNU(K) )4, 3
3 TsXNUCJ) % S=A(y)
XNU(J)sXNUCK) $ AlCJI=A(K)
XNU(K)=T % A(K)=S
4 CONTINUE
PRINT 201, 1LABFL,FTELD
PRINT 2¢2
PRINT 201, (XNUCJ)»ACJY»J=1,1FRED)
NN=1q
1 PRES=P(NN)
NNSNN+1
IFC,NOT,GAML) GU TO 11
IF(PTEST=PRES) Kalls=s1
PTEST=PRFS
11 CONTINUE
PRINT 203, GAMD
PRINT 1203, GAML
PRINT 204, SLITWITH
PRINT 205, SN0
PRINT 204, QPL
PRINT 207, PHES
PRINT 208, POLANGLF
IM==-A0N
DO 7 IN=IM,600
ABSCNFM(IN)Y=li, $§ ARSCOFP(]IM)=0,
TRANSMCIN)=1,0 & TRANSP(INY=1.0 & CDCIN)=SO.
PHI(IN)=N,
FARADAY(INY=D, § COINMT(LIN)=0, % FARINT(IN)=0,
XLNSHP(I%)=0,
7 CONTINUE
XMAX=(
NUMMEQ
ASSIGN 150 TO MGEe
9000 IF(NUMRER) GO TO 16
CALL PLOT(=4,,31,,0,100.,100.)
CALL PLOT(N,s0,51)
CALL PLOT(Q.O'?O'O)
X=0, $ v=0, % NUMBFR=1 § NiIMBER1=1 § JuMs1 $ GO TO 17
14 NUMBER=NUMRER+1¢
NUMBER4 sHUMBER/Z2,+1
NUM=XMODF (NUMBFR,4)+1
JUM=XMODF(NUMBER, 2)
Xz15,#11(NUM)
Ys10.2]2(NUM)
17 CALL PLOT(Y,X,2,1004,100.)
CALL PLOT(N,s0,,N)
{F{.NOT,JUM) GO TO 19
JUR=20,«NUMBERY
CALL PLOTCJUB,N,,3)
12 CONTINUE
IFEINP(15)) GO TC 21
XPLHT=PLHT+,1
CALL CHAR(XPLHT,1+sNAMEL(INP(10))»850,5424,2)
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CALL CHAR(XPLHT, 2., NAME2(INP(10))sR850e5425.2)

CALL PLOT(PLHWT,1n,,2)
CALL PLOT(PLMHT,0,,1)
21 CONTINUE

CALL PLOT(n"SO’?)
CALL PLOT(N,»0,sM)
IFCRANGE) GO T0 8001
DEL=XNU(TFREG)=XANU(1)
RANGE = NEL+DELw,1

8000 IF((RANGF-NEL)Z2,.GT,6+«GAMN) G) TO 8001
RANGFESRANGE+, 1% DFL
GO TN R8QNO

8004 CONTINUE
XSCALE=1"./RANGE
Sx=100n,/RANGE
MAXPOS=S8X
SY=6OUC
IF(HEIGHT) SY=z=HETIGKHT
Nzh
TICS=RANGEZ20,
DO 100N U=, 6
XTICS=tTICS)win,+*
TF(XTINS,LT,1.,) O TO 1000
IF{xTICS,LT,1,5) GO TO 1001
IF(xTINS.LT,2.5) GO TO 1n0>
GO TN 19n3

1000 CONTINUE

1001 DELX=1.o(l0n,%x(-))
ID=%
50 TO 1014

100”2 DELXS2,«(1n,*x(~))

ID=5
GO TO 410n4

10078 DELXSS . w(1n,vw(=))
ID=2

1004 NUMTICS=RANGF/¢2,*NELX)
N=%,/XSCALE
CALL PLOT(N,»-N,2,31004,5X)
MAX=NUMTICS»?
Xza (MUMTICS)*DFLYX
XN==X
NUMBIGsNUMTICS/ZID
LLSNUMT]ICS=NUMR]IG#*ID
CALL PLOT(N,»X,1,100.,,58X)
DO 1nin LsN,MAX
Yus, N5 § YNz=,05
IFCL.NE,LLY GO T 1030
YUs,4 % YD=s=,1 § LL=LL+ID
10359 CALL PLOT(YU,X,1)
CALL PLOT(YD,X,1?
CALL PLOT(O..X.l)
IFCL,EQ.,MAX) GO TO 1010
XsX«DELX
CALL PLOT(N,aX,1)






1019

2501

250N

5100

5001

300

2502

2503

2504

2600
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CONTINUE

CALL PLOT(Nn,»D,1,100.5SX)
Xz=XN=,3925/XSCALF

ENCONE(5,2501,1Xx2) XN

FORMAT (F5,3)

CALL CHAR‘-.QJXIYX2‘5'GO)O1’ll)
XN==XN

X=XN=,375/%SCAILE

ENCODE(6,2500,1X1) XN

FORMAT(FA.X)

CALL CHAR = ¢ 2, X3 I1X196s0eretl1sel)

CALL PLOT (Qs5n.,2)

IFCINP(14)) GO TC 2600

CALL PLOT (00)‘5.320100091001)

CALL PLOT (0s,0.,0)
ENCONEC1,5100, LAREL (2)) TLABEL(2)
ENCONE(1,510N, LAREL (1)) TLABEL(1)
FORMAT(1R1)

ENCOPNE(2,5001,LAFEL(3)) JLABEL(3)
ENCOPME (2,5071,LABEL(4)) [I_ABEL(4)
FORMAT (12)

CAILLL CHAR(=,5,1.,LABEL(1Y5150s,41,,1)
CALL CHAR(-051101JLAREL(?).1D003010!1)
CALL CHAR(.Qslt';B'LABEL(S,Iz'OCI01101)
CALL CNAR('.5)105’2H/25200.:01301)
CALL CNAQ(—.BlioﬁinNﬁiﬂqo"1‘01)
CALL CHAH('.5;1-QDLAREL(4)5200.D.1.01)
CALL CHAR('us;Q.;)lHOI1!09o01’.1)
CALL CHAR('.S:Qoﬁo?HH=12:O.:01301)
NFIELD=FIELD

ENCODE(4,3n0,LF) NFIELN

FORMAT(14)

CALL CHAR(=,5,2,R85,| Fsd4,0,,.15,1)
CALL CHAR(-.5.3.45A5HGAUQS,5:U.nolo-l)
ENCODE(4,25072,L PRES) PRES
FORMAT(F4.4)

CALL CHAR(—'51403052“p=12’n'J'1’01)
CALL CHAR<-'5’4Q‘U‘LPRFS‘4DOQ’.1'01)
CALL CHAR(.OSDGO?U’szMIZ,ﬁQ"1'01)
CALL CHAR(=,5,5,70,4H0PL=2,4,00,41,,1)
ENCODE(4,2505,L0FL)Y OPL

FORMAT(F4.n)

CALL CHAR(-0506015.L0PL14I0'..1001’
CaLL CHAR‘9.5.6.7512HCM32,O.0-1:.1)
CALL CHAR(=¢5,7.35,6HPOL,= 62000010 41)
ENCONE(5,2504, LPOL) POLANGLE
FORMAT(F%.1)

CALL CHAR(=,5,7,55,LP0Ls5s0esrels,1)
CALL CHAR('05)806533HDEG)3300'.1)01)
CALL PLOT ¢0+,5,,2)

CALL PLOT (0esn.,0)

CaLlL PLOT (0es0e,52,100,,5X)

CONTINUE

D0 3000 LL=1,IFRFQ






3001

3200

300N

15n
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L=IFREN+1-LL

X=¥YNU(L)

IFCINP(15))Y GO T 3001
Yi=0.1

CALL PLOT(N,»X,2)
IF‘A(L)OL-TDO.U, Y1='001
GO TO 32040

CALL PLOT(NasX,2,SY,SX)
Yi=AC(L)

CONMTINUE

CALL PLOT(Y1,X,1)

CaLL PLOT(N,,X,1)

CALL PLUT(”.:X:?;SY:SX)
G0 TO ~N@n0

IF(KALL) CaALL LINESHAP
N0 9 K=1,1FREQ

CALL ARSCO(K)

CONTINUE

[Js=XMAX*#SX

[Ts=-1J

CALCHULATES SLIT FUNCTICN

CALC'/LATFS ROTATION

IFCINPC1)) CALL SLITFUNC

IFCIOPC2)) CALL REFRACT

CALCULATES 1wDIVIDUAL TRANSMISSINNS,

IFCINP(3)) CALL TRANS

ANGLF/UNIT PATAH LENGTH

PLOTS C.D.

PATTERN

CALCULATES AND/ZOR FLOTS UNINTEARATED FARADAY ROTATION

r

6999

7040

700N
7021

PLOTS INDIVIDUAL

3n

7111

710n

IFCINPC4)Y) 6799,7020
IFCLINPCL9)Y GO Tr 7000
IFCINPC4Y . MEL2Y GO TO 70100
[FOCNUMMY) 7010,7070

ASSIGN 70n0n TO NGO

CALL PLOT(N ¢204s725SY,S¥)
CALL PLOT(N,5~5.,24100,510Nn.)
CALL PLOT(N,s0,,M)

GO TN 90nod

CALLL FARROT

CONTINUE

IFCIOPtS)Y) 3Nn,93n0
[FCIOPC11)) GO TN 7100
IFENUMMY 7110,71N00
ASSIGN 7100 TO NGO

CALL PLOT(“.IU"ngYlSX)
CALL PLOT(N,»-%,,2,100,5100.)
CALL PLOT(N,50,,0)

GO TO 90N

CONTINUE

X=1J4/8X

NUMM=1

CALL PLOT(1¢5X,2,SY,8X)
no 31 LslJ,I1
X=X+(1,/8X%X)
YT2TRANSM(L )*wx2

TRANSMISSION CJKVES
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349 CALL PLOT(YT,X,1,SY,SX)
X=1J/SX
CALL PLOT(1,,X,2,SY,SX)
DO 32 L=s1J,IT
X=X+(1,/75X)
YTETRANSP(| )*=*?
$2 CALL PLOT(YT,X,1,SY,SX)
930n CONTINUE
CALC!ILATES AND/QR FLOTS INTEGRATED C,D, PATTERN
IFCINPC6KY) 940Nn,6500
940" CONTINUE
IFCIOPC11))Y GO T 500
IFCINPCEYNEW2Y GO TO 500
IFENUMMY 7200,5Q0"
7200 ASSIGN 5n0 TU NGO
CALL PLOT(N4sN4s7,SY,»SX)
CALL PLOT(”.n‘G.-ZAIOO.oioﬂo)
CALL PLOT(NGs»0,451)
GO T0 9¢0n0
507 CONTINUE
NBElJd=IMIN
MTs=NB § X=NR/SX
[FCIOP(E) e FQa2) nUMM=1
CALL PLOT(ﬁo’x.2’SYISX)
N0 510 N=NR,M]
X=X+(1,/5X)
YS=zqn,
DO s5N8 M=]I“]r, ITMAX
MMsNeM
505 YSsSYS+SHAPF(M)wCr (M)
YT=YS/SLITORM
CDINT(M)=YT
IFCIOPCEY o -Q02) CALL PLOT(YTS»X,1,SY,SX)
541 CONTINUE
950n CONTINUE
CALC!ILATES AWDZOR PLOTS INTERGRATED FARKAUDAY ROTATION
IFCI0P(7)) 9#0P,%700
960N CONTINUE
IFCI0PC11)Y GO Tr 7300
IFCIOPC7Y,NEW2Y GO TO 7300
[FONUMMY) 7310,7300
7341 ASSIGN 730r TO NGO
CALL PLOT(P4s0,52,SY,SX)
CALL PLOT(“..‘S.,?:lDU.:lOﬁ.)
CALL PLOT(N,s0.,90)
GO TO 90n0
7300 CONTINUE
NBe=599=-1IMIN
hNTzeNB
X=NB/SX
IFCIOP(7) . FQ@s2) NUMM=1
CALL PLOT(N,»X,2,SY,SX)
DO 610 N=NR,M]
XzX+(1,/SX)
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YS=0.
DO 605 M=sIMIN, IMAX
NM2N+M
605 YSEYS+SHAPE(M)wFARADAY (NM)
YTsYS/SLITNOKM
FARINTIN)I=YT
IFCINP(7)YFQe2) FALL PLOT(YT»X,158Y,SX)
610" COMTINUE
9700 CONTINUE
€ PLOTS INTEGRATEDI M.R. SIGNAL
IFCINPE8Y) 9#0Nn,6900
980N CONTINUE
IFCI0PE14))Y GO Tr 9802
IFENUMM) 9801,65802
98041 ASSIGN 9R(02? TO NGO
CALL PLOT(N,»0,,255Y,SX)
CALL PLOT (04s=5,52,1004,1104)
CALL PLOT(N,450,,0)
GO 1N 9qan0
9802 NMUMM=1
NB2=599~IMIN ¢ NT==NR % Xx=nNB/DOX
CALL PLOT(Nn,,Xx,2,SY,SX)
DO 710 N=NR,NT
X=X+(1,/75X)
Y=CDINTIN)+FARINT(N)
710 CALL PLOT(Y,X,1,5Y,8X)
9900 CONTINUE
¢ PLOTS UNINTEGRATED M,R, SIGMAL
IFCI0P(9)Y) 991n,99290
9911 COMNTINUE
IFCI0P(11)) GO Tr 9915
IF(NUMM) 9911,90915
9941 ASSIGN 9915 TU NGO
CALL PLOT(N,»0,57,5Y,SX)
CALL PLOT (0c9'5012010001100')
CALL PLOT(04s0,,N)
G0 TO 90nU
9915 NUMM=1
L==500
X=zl./SX
CALL PLOT (0+,%X,2,SY,»SX)
DO 810 I=L,50M0
X=X+01,/SX)
Y=CDCIY+FARADAY (1)
811 CALL PLOT(Y,X,1,8Y,SX)
992n CONTINUE
C PLOTS ARSORPTIOWM
IF(IOP(12)) 9930,9940
993n CONTINUE
IF(I0PC11)) GO TC 7400
ITF(NUMM) 7410,74n0
7440 ASSIGN 7400 TO NGO
CALL PLOT(N,s0,52»SY,SX)
CALL PLOT(Nn,»~-5,,2,100,-100.)
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993>

9931
994n
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CALL PLOT(N4s04sN)

GO TO 9000

CONTINUE

NB==590-TMIN § NT==NB F X=NB/SX
NUMM=1

CALL PLOT(Nn.»X,2,SY,SX)
DO 9931 J=hMB,NT
X=Xe(1.,/SX)

YS=p.

RO 9932 KIIMIN,IMAX
JK2J+K

TMESTRANSM(JK) #TRANSM(JK)
TP=TRANSP(.IK)*TRANSP( JK)
YS2YS+SHAPF(K)w(2,=TM=TP)
YT=sYS/SLITMOKM

CALL PLOTC(YTsX,1,SY,SX)
CONTINUE

r PRINTS VALUFS 0OF ALL NUANTITIFS

995n

9952

995%
9954
996n

2n

8n
100
102
20n
201
207
203
1203
204
208

IFCINP(13)) $99K50,996010

CONTINUE

PRINT 9952

FORMAT (w1 X*7X*ABSNRPTIUN® BXeTRANS ., *#10X*CD*GX*#ROT, ANGLE=10X

1*FRe12X*MR4OX*INT, MR*¥{(X%QF */)

N=nN % ¥X=f,

INDEX=5

IFCI0P€13) ,EL,2) 1NDFEX=1

[FCIOP(13) ,EL.3) IMPFEX=2

IFCINP(13) ,EG,4) INDEX=10

DO 9959 I1=M,600, INDEX

AB=ABSCUFM(]I)Y+ABSCOFP(])

TRSTRANSM(T)« TRANSP(1)

XMH=CD(JY+FARANAY (1)

XMRI=CNINTCIY+FARINTC])

PRINT 9965,Xs AR, TR,CD(1),PAI (1), FARADAYC(I),XMRsXMR1,SHAPE(I)
FORMAT(F10,4s4X,F10.3,4X,2(F10,4,4%X),E13.3,4X,4(F10.4,4X))
X=X+ ([HDFX/SX)

COMYINUE

CALL PLOT(NesD,,72,8Y,8X)

CALL PLOT(nol-50’21100.01000)

CALL PLOT(N,»0,,Nn)

Y=0,

X=h,

IF(PINNY)Y 6O 10 1

GO TO 99

CALL PLOT (JUB,0,»=1)

FORMAT(2F2n,2)

FORMAT(348)

FORMAT(w4%,2R1,X,12,%/2 Nel2*0%6X,F10.1* GAUSSw)
FORMAT(w wdX,r40,4,2X,F10.4)
FORMAT(wN*90X,42KVALUES INPUT//» #5X,9HFREQUENCY,4X,9HINTENSITY/)
FORMAT(wODOPPLER HALFWIDTH ¢F10,4« CM=1w¥)
FORMAT(X#LORENTZ HALFWIDTH #F10,4¢ CM=-1/ATM,*)
FORMAT(X*SPECT, WALFWINDTH *F10,4« CM=-1*)
FORMAT(X*INT, ABSORP, FOFF, *F10.,5¢ CM=2/ATM,w)






204k
2e7
2018

50N

51n

60N

21

29
3n
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FORMAT(X*OPTICAL PATHLENGIH #F10,1« CMw)
FORMAT(X*PRESSURF#11X,F1n,2* TQRR=)
FORMAT(X*PNOLARTZER ANGLE+4X%,F1l0.2% DEGREES*)
END

SURROUTINE LINFSKAP
COMMONZL/ XNU(CZIQONR),AC300)
COMMON/2/ NABSCOFM(601)sABSCOFM(600),DABSCOFP(601),ABSCOFP(600)
COMMONZ3/ SY,SX,YAXPOS,GAML,»GAMD, 10P(20),NUMBER,XMAX,NUMM
COMMON/4/ NSHAPE(H601)»SHAPF(600), IMAX, IMIN,SLITWDTH,POL,SLITTRAP
COMMNON/B/ TLABEL(4),FIELD
COMMUN/6&/ RANGF,RETGHT,SN,P(8),PRES,OPL ,XNUZERD,SLITNORM,TOL
CO"MON/T7/ NTRAMSF(AR01), TRANSM(,0D0),DTRANSP(601), TRANSP(600),
LICH(AULYHCN(EADN)
COMMON/B8/ NPHI(6MLY,PHTI(AON)
COMMON/Z9/ NFARADAY(601)Y,FARADAY(60D)
COMMNN/1N0/ DOUINT(AQD1),CNINT(H00),NFARINT(AOL)»FAKINT(600)
COMMON/11/ DLNSHP(A01),XLNSHP(K00)
IFC,NOT,GAMLY RO TN 5000
JMAax=7n0Q
NEL=9./SX
TLINESTOL
I\IN=1
TFCDFLLGTTLINK) 50,600
TLINE=2,»TI [k
NN=2eNH
IF(DFLLGT.TLINF) 500,510
NEL=NEI /NN
JMAX=ENQ#NN+1 )N
NpFL=PFL«DFL
GL=GAML «PRES/ /A0, + CON=N,4491«GL*NEL/GAMD § GGL=GL*GL
SIG=(.,594/(GAMNWY+2) ) *»DNEL
Ng
DO 10 I=N,AQN
II=]wNY
XLs0,
No 2n Jdst, jMaX
NEMNOM=GGL+. e J*«NDEL
XNUMSEXPE=STGe( (j+1])we2))
XsXNUM/Z/DFENOM
XLaxXL+X
IF(XOLT110F’6) GC TO Zt
CONTINiE
PRINT 100
NO 3N K=1,.MAX
swK
DEMOM=GGL+ e xNDFEL
XNUMSEXP(=SIGr((j+T1])ww2))
X=XNUM/DENOM
XLexl+X
IFCIl=-K) 29,30,3n
IF(X LT 1.F=h) GC TO 31
CONTINUE
PRINT 100






31
1n

4n

5n

1009

5001

111

1114

151

10n
20N

1"
12
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XLNSHP(1)=XL*CNN
IFCXLNSHP (1) LT.1.F=6) GN TO 40

COMTINUE
PRINT 200
IIMAX=1

N0 5h L=1,11IMAX

=e|

XLNSHPCT)SXLMSHP (L)

KALL=0

PRINT 10”0.(“.'\’5*1""I)nI-‘-f\l,SOU’lO)
FORMAT(F20,11)

RETURN

SItz,694/7((GAMN2+2) *#SX)
CONz,47/GAMD

Nz

PO 110 1=N,50¢
XzkEXP(=S1Ge(Ixep))
XLNSHP([)YsYe((ON

IFEXLNSHP(T) oLT41ok=8) GN TU 111

CONTINUE
PRINT 100
IIMax=1

DO 150 L=1,11IMax

I==|

XLNSHPC [YsYLASHP L)

KALLL=D
RETURN

FORMAT (wHAVE EXYCFENED NO LN0OPWT)
FORMAT (#~AYVE EYCFENED MAIN LJIOPw)

ENT

SURROUT INE ANSCO(K)

COMMDN/1/
COMMONZ2/
COMMON/Z 3/
CO“MONZ4/
COMMON/S/
COMMON/Z &/
COMMONZT7/

YNLI(I0N) ,AC300)

NAESCOFMO601), ABRICIFM(600)DABSCOFP(601),ABSCOFP(600)
SY,S¥,MAXPOS,GAML ,GAMD, 10P(20),NUMBER,XMAX,NUMM
NSHAPE(601)sSHAFF(500)» IMAX, IMIN,SLITWDTH,POL,SLITTRAP
TLABFL(4),FIELN

HANGF, FEIGHT ,S0,2(8),PRES,OPL,XNUZEROD,SLITNORM,TOL
NTHAMSM (AQ1), TRAVSM(A00),DTRANSP(601), TRANSP(600),

1NCD(A0L)CN(EDN)

COMMON/Z8/
COMMNN/ZYG/

NPHI(6N1Y,PHI(ADN)
NFARADAY (601),FARADAY(6A0D)

CO™MON/Z1n/ DCOINTC(AH0L),COINTCE00),NFARINT(601)sFARINT(K00)
COMMON/Z11/ DLNSHP(601),X_NSHP(K00)

AT=zA(KY*SO«PHESZT760,

ATXL=ARSF(AT»0OPL)

X=XNU(K)

TEST=1,/8Y

DO 10 J=1,599,%
ABCOBATXL*XLNSHP (J)
TEMP=1,-EXP(=ARCH)
IFCTEMPL.LTL,TEST) GO TO 1?2

CONTINUE
XWeXmJ/SX
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IFCARSF (XMWY GT  XYAX) XMAXSABSE(XW)

INZX*SY
IWsXW*#SX
MAX= TW+XABSF (2« (IN=]W))
ITeXABSF(IN)+XABSF(J)
IFCIT.6GT,6N00 ) 1100,1290
1100 XMAX=600./5X
TFCIN) 1200,1000,3000
1000 TWs=60N
MAX=AQN+2* 1IN
GO TO 1200
3nnpn MAX=AQN
IWz=60N+2%1N
1207 COWNTINVE
N0 20 JsIW,MrX
IL=sJ=1IN
YzAT#XLNSHP(IL)
IFLY)Y 100,205,300
1010 ABSCOFM(J)=ABSCOFMOJI+ABSFC(Y)
GO TO 20
300 ABSCNFP(J)=ABSROFP(J)+Y
20 COMTINUE
RETURN
END

SUKRNUTIVE SLITFLNC
COMMNNY/ZL/ XNL(Z0N),AC300)
COMON/2/ DAPSCOFM(601)Y,ABSCIFM(600) . DABSCOFP(601),ABSCOFP(600)
COMMONZ3/ SYsSX,MAXPOS,GAMI_,GAMD, 10P(20),NUMBER,XMAX, NUMM
COMMONZ4/ NSHAPECOLL) s SHAPF(600) s IMAX, IMIN,SLITWDTH,POL,SLITIRAP
COMMON/S/ TLABFL(4),FIFLD
COMMONZ6/ RANGF,NETGHT ,S0,P(8),PRES,OPI. s XNUZERD,SLITNORM,TOL
COMMONZ7/ PFTRAMS™(A01),T«A4SM(A00),DTRANSP(601),TRANSP(&G0).,
DCheaD1)Y,CN{HQN)
COMMON/Z8/ PHIC6N1Y,PHTI(AQN)
COMMON/Z9/ 1FARADAY(601)Y,FARADAY(6(00)
COMMON/Z10/ DCEDINT(AQ1),CNINTLO00),NFARINT(K01),FARINT(600)
COMMON/Z117 DLNSHP(AQ1),XI NSHP(A00)
TEST=1,/S5Y
IFCIOP(1)Y«FQe2) GO TO 590
IFCIOP(1) kW, 3) RO TN 70N
SLITMORM=SX*SL 1 T-DTH*"2,13
SIfe¢694/(SLITUDTH»#2)
Nz N
SHAPE(N)=1,0
X=n,
No 1n [=1,400
X=X+(1,/SX)
SHAPE(T1)=EYP(-S]Ca(XweD))
IF(SHAPE(I)Y LT, TFST) 20,10
1n COMTINUE
PRINT 100
100 FORMAT(«1A RANGE TOO SMALL FOR THE SLITWIDTH HAS BFEN USEDw)
2n IMAX=] § IMIhN=ze]NMAX

-
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PRINT 200, X
200 FORMAT (X*#THE HAILF=EXTENT AF SLIT FUNCTION [S#F8,4% CM=1w)
DO 3N J=1, 1MAX
Lzsey
SHAPE(L)=SHAPE(J)
37 COMTINUE
G0 TN 1000
50N SLITNORM=SX*SLITwDTH#*2,
N=fi & SHAPE(M)=1,0
Xz=n,
N0 510 [=1,600
X=Xel(1,/5X)
SHAPE(I)=1,=-(.5«Xx/SLITWDTH)
IF(SHAPE(I)Y LT, TFST) 520,510
511 CO"TINLE
PRINT 410N
529 IMAX=s] ¢ Ivln=ze]rMAY
PRINT 20", X
D0 530 Js1i,InaY
L=y
SHAPE(L)=SrHAFR(J)
530 CO“TINUE
GO TN 1000
700 SLITHORM=SX#S5LITubDTH*2,0
Nzf & %=ne $ [TMaX=SLITTRAp*SX
DO 710 I=hN,ITmMAX
XzX+01,/9X)
SHAPF(T)=1,0
711 CONTINUE
[T=]1TMAX+1
SLP=SLITWOTH=SLITTRAP
no 720 1=17,60n
Xz=X+(1,/5X)
SHAPE(I)=1,~-( .5*X/SLP)
IF(SHAPECIY JLT,TEST)Y) 730,720
727 COMTINUE
PRINT 100
730 IMaAXs] § IMIN=aIMAX
PRINT 20n,X
DO 740 J=1,1™AX
ls=J
SHAPE(L)=SHAPE (U
74n CONTINUE
1non CONTINUE
10P(1)=0
RETURN
END

SURBROUTINE RFFRACGT

COMMON/1/7 XNU(3I0N),A(300)

COMMON/2/ DABSCOFM(601),ABSCOFM(A00)DABSCOFP(601),ABSCOFP(600)
COMMON/3/ SY,SY,MAXPOS,GAML,»GAMD, JOP(20),NUMBER, XMAX, NUMM
COMMONZ4/ NSHAPE(601)sSHAPE(H00), IMAX, IMINL,SLITWDTH,POL,SLITTRAP
COMMON/S/ ILABFL(4),FIELD
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COMMON/ &/ RANMGF,MEIGHT,SN,RP(B),PRES,OPL,XNUZERD,SLITNORM, TOL
COMMON/ZT7/ DTRAMSY(A401), TRAMSM(K00),DTRANSP(601), TRANSP(600),
10CN(601),CNn(H0nN)
COMMODN/Z8/7 DPHTeHN1)Y,PHI(AQN)
COMMONZ9/ NFARADAY(601),FARADAY(A0D)
COMMONZ4N/ DCDINT(AQL),CNIMT(O00),NDFARKINT(601)FARINT(600)
COMMONZ11/ DLNSHP(AQL),XI.LNSHP(&0D0)
PDIMENSION NDIFe6n0Y,NIF(AQN)
1Jz=XMAX*SY
IT==1J
MNahn
0o 10 114,17
17 NIF(L)=ARSCOFMELY-ABSCNFP (L)
CO“214/(4.+#3,14159)
NO 2N Jdzsh,v99
PTNs ,5«(0IF(J+4)=DIF(J=1))
PT=n,
ng 29 1=14, 17
IFCI,EN,J) GG TU 25
PT=pT+NIF(T1)/ (V=)
25 CO"TINLE
27 PHI(J)=CON»(FT+PT()
DO 3N J=1,R99
Kzw]J
30 PHI(K)zPHICD)
RETURN
ENT;

SURRAOUTIHE THAMS

COMMON/ZL/Z YNUCRUN), AC3IN0)

BOMMON/D/ DALSCOFMIA01)Y s ARSCOFM(A00),DABSCOFP(401),ABSCOFP(600)
CO“MNNZ3/ SY»SX,*AXPOS,GAMI » 3AMD, TOP(20),NUMBER, XMAX, NUMM
COMMONZ4/ NSHAPECEDL) s SHAPE(AGD) » IMAX, IMIN,SLITWDTH,POLSSLITIRAP
COMMNN/S/Z TLAREL(4),FIFLN

COMMONZE/ HAY GF,REIGHT,S0,R(8B),PRES,OPL,XNUZERD,SLITNORM, TOL
CO“MONZT/ PTHAMSM(AG1), TRANSMIAR00),DTRANSP(601), TRANSP(600) .,
1DBCICAQ1),CN(EAUM)

COMMON/8/ NPHIt611),PHTI(ACOR)

COMMON/Z 9/ NFLARADAY(601)sFARADAY(600)

COMMNN/Z10/ DCDINT(AQL),CNINT(O00),NFARINT(601),FARINT(600)
COMMON/11/ DLNSHP(601),XLLNSHP(600)

[JseXMAX®SX

IT==1J

X=14/5%

ASSIGN 1M TO NGO

IFCINPI3)WFQ,2)Y ®00,6A00

500 CALL PLOT(N,.»X,2,SY,SX)
NyMME=1
ASSIGN 110 T NGC
607 DO 10 L=1Jd,IT

X=X+(1,/75%X)

TM2(ABSCOFM(L)wOPLY/2,

TPs(ABSCNFP(L)*0PL)Y /2.

TRANSM(L)SFXP(=T¥)
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TRANSPLI=FEXF («TP)
TFETRANSMOL) WLT1.F=100) TRANSM(L)=0,
TFITRAMSP (L) 4LTe1.F=100) TRANSP(L)=0,
CDELIS(TRANSM(L)=TRANSP (| )Y**2/4,
GO TO ~NGO
117 CALL PLOTC(CDOLY,Y,1)
10 COYTINJE
RETURN
END

SURROUTIHE FARROT
COMMON/L/ ¥NU(Z0N),A(310)
COMMON/2/ DARSCOFM(601),ABSCOFU(600),DABSCOFP(601),ABSCOFP(600)
CO"MONZ3/ SY»SY,MAXPOS,GAML,GAMD, T0P(20),NUMBER, XMAX, NUMM
CO'MNN/S/Z TLABFL(4),FIFLD
COMMONZGE/ RANGF,RETGHT,Sn,P(8),FRES,OPL,XNUZERD,SLITNORM, TOL
COUMONZT7/ NTHAMSY (A01), TRANSM(A00),DTRANSP(601), TRANSP(600),
1UCH(A01),Cl(ANDN)
COMMON/8/ 1iP-1(601),PHI(ACN)
CO'MON/9/ NFARADAY(601),FARADAY(600)
COMMON/1n/ DCOINT(A01),CNINTC600),NFARINT(601),FARINT(600)
CO»MONZ11/ DLNSHF(AD1),XLLNSHP(A00)
e n
o 1N J=h,R94
X=OPL*PHTI () +POL
SN (STVF(X))»*D
XXZTRANSH( 1)« IRANSP(J)
10 FARANAY () =SvwxX
DO 20 K=1,599
Ja=K
270 FARADAY(J)=FARADAY (K)
TFII0P(4) o NE,2) HETURN
NUMM=1
L==500
Xz=L/SX
CALL PLOT(FARADAY (L), X,2,SY,5X)
NO 3N Kzal,500
CALL PLOT(FARANDAY(K),X,1,SY,5X)
30 X=X+1,/SX
RETURN
END






P4

T O D ¥ N P PP A Y
VONOVNABWNHOODONOUHAWN R

NNV NONNDNNDNONDNNDNONDNNNDNDNNRN NN DN DN w

APPENDIX VIII-A

GROUND STATE COMBINATION DIFFERENCE FPIT FOR 14N160

v

OO0 0D OO0 D OO0 O0OOCDOOCOODOODOOOOLOOCODOODOOO O

DEL
J

MMV NDNONDNONNNDNNNNNDNNNNNNNNON NN N

7/2

9/2
1372
1572
17/2
21/2
23/2

5/2

7/2

9/2
11/2
1372
1572
1772
19/2
21/2
23/2
25/2
27/2
29/2
3172
33/2
3572
37/2
3972
41/2
43/2
45/2
47/2
49/2
51/2
53/2
55/2
59/2
61/2

WGT ¢

0.00
0,00
0.45
0.00
0.00
0.00
0.00
0.80
2,00
2,00
2,00
2.00
2,00
3.91
2,40
2,65
2,00
2,00
2.05
2'07
0.00
2,00
2,67
2,00
2.00
1,54
2,00
0.80
1,11
1.03
1,33
1.33
1,33
0.00
0.44

0BS,

15,5088
18,8957
25,7884
29,2080
32,6486
39,5050
42,9153
27,5128
34,3930
41,2639
48,1382
55,0015
61,8636
68,7263
75,5783
82,4288
89,2735
96,1112
102,9425
109,7659
116,5903
123,3991
130,2025
137,0010
143,7910
150,5671
157,3424
164,1065
170,8638
177,6128
184,3452
191,0731
197,7962
211,1806
217,8931
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PRED,

15,4766
18,9137
25,7838
29,2164
32,6471
$9.5018
42,9258
€7,5150
34,3908
41,2632
48,1334
25,0003
61,8635
68,7227
15,5774
82,4271
89.2715
Y6,1102
102.9428
109,7689
116,5883
13,4005
150,2054
1$7,0025
143,7916
120.,5725
157,3449
164,1086
170,.,8635
1/7,6094
184,3462
191,0737
197,7919
211,2003
217,8905

(0=P)

0,0322
=0,0180
0,0046
=0,0084
0,0015
0,0032
»0,0100
=0,0022
0,0027
0,0007
0,0048
0,0012
0,0001
0,0036
0,0009
0,0017
0,0020
0,0010
=0,0003
=0,0030
0,0020
=0,0014
-0,0029
~0,0015
«0,0006
=0,0054
=0,0025
=0,0021
0,0003
0,0034
-0,0010
=0,0006
0,0043
=0,0197
0,0026
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NNV R PP R RPRHARPPRPPPPERRPRBRERERPRPEREREENNDNODN

63/2
65/2
67/2
69/2

1/2

3/2

5/2

7/2

9/2
11/2
1372
1572
17/2
1972
21/2
23/2
25/2
27/2
29/2
31/2
3372
35/2
3772
39/2
41/2

1/2

3/2

5/2

7/2

9/2
11/2
1372
1572
1772
19/2
21/2
23/2
25/2
27/2
29/2
3172
33/2
35/2
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
53/2
5572
57/2

0.46
0.00
0.00
1.44
4,44
7.19
9,29
5.99
4,33
4,38
4.53
3.43
4,53
3.15
4,86
3,37
2.48
4,02
3,43
3.08
0.11
0.59
0,23
0.21
0,00
6,49
4,38
2,00
2.00
3.30
2,00
2.00
2,94
2,67
3,61
2.40
2.80
2,71
2‘35
2,00
2,00
2.00
2,40
2,00
0,00
0.00
1,33
1.54
1,54
1,11
1,39
1,33
1,33
1.33
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224,5773
231,2435
237,8608
244,5585
5,0109
8,3645
11,7037
15,0449
18,3922
21,7368
25,0740
28,4238
31,7664
35,1067
38,4527
41,7943
45,1351
48,4791
51,8164
55,1594
58,5008
61,8383
65,1691
68,5089
71,8436
13,3770
20,0689
26,7511
33,4398
40,1269
46,8150
53,5011
60,1896
66,8753
73,5613
80,2440
86,9284
93,6102
100,2959
106,9757
113,6508
120,3317
127,0052
133,6732
140,3340
147,0000
153,6709
160,3331
166,9848
173,6407
180,2830
186,9201
193,5584
200,1914

224.571%
2351.2430
237,9055
244,5591
5.0165
8.,3608
11.7050
15,0491
18,3931
21.7369
25,0805
28,4439
$51.7669
35,1097
58,4520
41,7939
45,1352
48,4760
51,8161
25,1555
28.4940
61,8315
65,1680
68,5033
/71,8372
13,3773
20,0658
26,7541
83,4422
40,1300
46,8174
53,5044
60,1908
66,8766
/13,5617
80,2459
86,9291
¥3,6113
100.2921
106,9716
113,6494
120,3255
126.9995
183,6712
140,3405
147,0069
13,6703
160,3303
106,9865
1/3.,6386
160,2862
166,9288
193,5660
200.1974

0,0060
0,0005
=0,0447
=0,0006
=0,0056
0,0037
«=0,0013
=0,0042
»0,0009
=0,0001
20,0065
20,0001
<0,0005
-0,0030
0,0007
0,0004
-0,0001
0,0031
0,0003
0,0039
0,0068
0,0068
0,0011
0,0056
0,0064
-0,0003
0,0031
=0,0030
=0,0024
=0,0031
=0,0024
«0,0033
=0,0012
=0,0013
=0,0004
=0,0019
=0,0007
=0,0011
0,0038
0,0041
0,0014
0,0062
0,0057
0,0020
=0,0065
*0,0069
0,0006
0,0028
=0,0017
0,002
»0,0032
=~0,0087
»0,0076
=0,0060
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59/2
63/2
65/2
67/2
69/2
71/2

S.D.

0.54
0.00
0.46
0.54
0,00
0.89

= 0,0032

222

206,8169
220,0403
226,6589
233,2465
239,8322
246,4155

206.8224
2¢0,0511
226,6535
233,2472
299.8315
246,4057

*0,0055
=0,0108
0,0054
-0.0007
0,0007
0,0098
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FREQUENCY FIT FOR 14N160 INPUTING GSCD CONSTANTS

LINE

P1
Pl
P1
P1
Pl
P1
P1
P1
Pl
P1
P1
P1
P1
P1
P1
P1
P1
P1
Pl
P1
P1
P1
P1
P1
P1
Pl
P1
Pl
P1
P1
P1
Pl
P1
P1
P1
Pl
P2
P2
P2
P2
p2
P2
P2
P2
P2
P2
P2
P2
P2

372

572

7/2

9/2
11/2
13/2
15/2
1772
1972
21/2
23/2
25/2
27/2
29/2
31/2
33/2
3572
3772
39/2
41/2
43/2
45/2
47/2
49/2
51/2
5372
55/2
5772
59/2
61/2
63/2
67/2
69/2
71/2
73/2
75/2

5/2

7/2

9/2
11/2
1372
1572
17/2
19/2
21/2
23/2
25/2
27/2
29/2

WGT,

2.00
2,00
2,00
2.00
2,00
2,00
2.00
2,00
2.00
2,00
2,00
2.00
2,00
2.00
2,00
2.00
2.00
2.00
3.00
2,00
0.00
0.00
1.00
1.25
1.25
1.25
1,06
1,00
1.00
1,00
0.31
0.00
0.25
0.31
0.80
0,50
1.25
2,00
2.00
2,00
2,00
2,00
2.00
2,00
2,00
2,00
2.00
2,00
2,00

223

OBSERVED

1871,0621
1867,6678
1864,2372
1860,7738
1857,2751
1853,7426
1850,1777
1846,5784
1842,9420
1839,2729
1835.5705
1831,8345
1828,0622
1824,2581
1820,4175
1816,5447
1812,6403
1808,6959
1804,7237
1800,7203
1796,6884
1792,6158
1768,4977
1784,3583
1780,1857
1775,.9811
1771,7412
1767,4719
1763,1680
1758,8344
1754,4648
1745,6376
1741,1611
1736,6771
1732,1552
1727,5964
1867,2154
1863,6850
1860,1206
1856,5204
1852,8884
1849,2157
1845,5164
1841,7786
1838,0078
1834,2044
1830,3675
1826,4956
1822,5922

PRED|CTED

1871,0644
1867 ,6686
1864,2387
1860,7745
1857,2761
1853,74356
16850,1769
1846,5761
1842,9412
1839,2722
1835,5692
1831,8322
1828,0612
1824,2563
1820,4175
1816,2449
1812,6386
15808,6985
1004,7249
1800,7177
1796,6771
1792,6031
1788,4960
1784,3558
1780,1826
1775,9767
1771,7382
1767,4673
1763,1641
1758,8290
1/54,4621
1/45,6343
1741,17388
1736,6828
1732,1615
1727,6104
1867,2050
16863,6762
1860,1123
1856,5135
16852,8801
1849,2122
1845,5102
1841,7743
1838,0046
1834,2014
1830,3650
1826,4954
1822,5930

(0=P)

=0,0023
=0,0008
=0,0015
»0,0007
=0,0010
~0,0010
0,0008
0,0023
0,0008
0,0007
0,0013
0,0023
0,0010
0,0018
-0,0000
=0,0002
0,0017
=0,0026
=0,0012
0,0026
0,0113
0,0127
0,0017
0,0025
0,0031
0,0044
0,0030
0,0046
0,0039
0,0054
0,0027
0,0033
=0,0127
=0,0057
=0,0063
20,0140
0,0104
0,0088
0,0083
0,0069
0,0083
0,0035
0,0062
0,0043
0,0032
0,0030
0,0025
0,0002
»0,0008






50
51
52
53
54
55
56
57
S8
59

61
é2
63
64
65
66
67
68
69
7N
71
72
73
74
75
76
77
78
79
80

82
83
84
8%
86

88
89
90
91
92
93
94
93
96
97
98
99
100
1014
102
103

L i i i T O O T ¥ P O O N ™ v

P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
p2
P2
P2
P2
P2
P2
Pe
P2
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1

R1
R1
R1
R1
R1
R1
R1
R1
Rl
R1

3172
3372
35/2
37/2
39/2
41/2
43/2
45/2
47/2
49/2
5172
53/2
55/2
57/2
5972
63/2
65/2
67/2
69/2
71/2
73/2

1/2

3/2

572

7/2

9/2
11/2
1372
1572
1772
1972
21/2
23/2
25/2
2772
29/2
31/2
33/2
35/2
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
5372
55/2
57/2
5972
63/2
65/2
67/2

2.00
2,00
0.00
2.00
4,00
2,00
2,00
1.25
2.00
0.50
1.25
1.06
1.00
1.00
1,00
0.00
0.25
0.25
0.25
0.00
0.87
2.00
0.12
2.00
2.00
2,00
2,00
2.00
2.00
4,00
3.00
3.00
3.00
2.00
2,00
2.00
2'00
2.00
2.00
2.00
2,00
2,00
2,00
2.00
2,00
1.00
2,00
2.00
2,00
2.00
2.00
2'00
3.00
2,00

224

1818,6562
1814,6895
1810,6848
1806,6560
1802,5904
1798,4906
1794,3653
1790,2101
1786,0183
1781,7936
1777,5433
1773,2571
1768,9423
1764,5973
1760,2179
1751,3985
1746,9073
1742,4046
1737.87414
1733,3576
1728,7216
1881,0430
1884,3080
1887,5249
1890,7149
1893,8708
1896,9927
1900,0795
1903.1310
1906,1482
1909,1314
1912,0785
1914,9911
1917.8670
1920,7128
1923,5204
1926,2911
1929,0276
1931,7289
1934,3935
1937,0224
1939,6158
1942,1686
1944,6914
1947,1705
1949,6218
1952,0242
1954,3920
1956,7264
1959,0258
1961,2817
1965.6779
1967,8200
1969,9236

1818,6580
1814,6904
1610,6906
1806,6586
1802,5947
1798,4990
1794,3716
1790,2127
1786,0224
1/81,8008
1777,5480
1773,2641
1768,9491
1764,6031
1/60,2260
1/51,3790
1/46,9089
1742,4Q077
1737,8754
1733,3118
1/28,7168
16881,0459
1884,3044
1887,5286
1890,7183
1893,8735
1896,9943
1vY00,0804
1903,1320
1906,1488
1909,1308
1912,0781
1914,9903
1917,8676
1920,7097
1923,5165
1926,2880
1929,0240
1931,7244
1934,3889
1937,0176
1939,6101
1942,1663
1744,6861
1947,1691
1949,6153
1952,0244
1954,3961
1956,7302
1959,0265
1961,2846
1965,6854
1v67,8274
1969,9301

=0,0018
=0,0009
=0,0058
=0,0026
»0,0043
=0,0084
=0,0063
=0,0026
0,004
»0,0072
x0,0047
=0,0070
20,0068
=0,0058
~0,0081
0,0195
=0,0016
=0,0031
«0,0013
0,0458
0,0048
=0,0029
0,0036
20,0037
»0,0034
»0,0027
»0,0016
=0,0009
=0,0010
+0,0006
0,0006
0,0004
0,0008
q000006
0,003%
0,0039
0,0031
0,0036
0,0045
0,0046
0,0048
0,0057
0,0023
0,0053
0,0014
0,0065
=0,0002
=0,0041
=0,0038
=0,0007
=0,0029
=0,0075
30'0074
=0,0065






104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
124
122
123
124
125
126
127
128
129
130
1314
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

A PR ER S HA 1B (A FA 1A B KA 1A 1S FA 1A S 13 b RA R 4 R A A |3 A 1A 1A B3 A RS 1B £ LA 43 18 ph 43 (A B F4 HA (b (A P R KA 43 44 (A FD FD pa Ja

R1
R1
R1
R1
R1
R1
R1
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
PH
PH
PH
PH
PH
PH
PH
PH
PH
OH

69/2
71/2
7372
77/2
79/2
81/2
83/2

5/2

7/2

9/2
1172
1372
1572
1772
19/2
21/2
23/2
25/2
2772
29/2
31/2
3372
35/2
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
53/2
55/2
57/2
59/2
61/2
63/2
67/2
69/2
71/2
73/2
75/2
79/2
81/2

5/2

7/2
1372
1972
21/2
23/2
27/2
29/2
31/2

3/2

0.00
4,25
4.06
3.27
1.02
0.25
0.03
0.50
2.00
2.00
2,00
2,00
2.00
4,00
3.00
3.00
2.00
2.00
2,00
2,00
2.00
2,00
2.00
2,00
2,00
2.00
2.00
2,00
1.00
1.00
2,00
2,00
2.00
2.00
2,00
2,00
3,00
5,00
4,25
4,06
4,06
2.52
0.25
0,03
3,50
4,25
0,81
0,59
0.00
0.83
0,22
0.50
0.19
3.44
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1971.9874
1974,0119
1975,9970
1979,8486
1981,7183
1983,5390
1985,3251
1887,6334
1890,9134
1894,1523
1897,3539
1900,5179
1903,6422
1906,7335
1909.7827
1912,7972
1915,7691
1918,7034
1921,5985
1924,4551
1927,2751
1930,0551
1932,7929
1935,4916
1938,1563
1940,7772
1943,3607
1945,9001
1948,4071
1950,8699
1953,2875
1955,6704
1958,0141
1960,3188
1962,57914
1964,8004
1966,9819
1971,2184
1973,2801
1975,2977
1977,2728
1979,2082
1982,9551
1984,77014
1987,3424
1984,1496
1974,9266
1966.,2034
1963,3488
1960,6465
1955,2907
1952,6705
1950,0931
1995,7093

1971,9931
1974,0162
1975,9989
1979,8417
1981,7011
1vY83,5185
1985,2936
1887,6273
16890,9038
1894,1433
1897,3456
1v00,5105
1903,6378
1906,7273
1909,7788
1912,7921
1915,7669
1v18,7032
1921,6007
1924,4593
1927 ,2789
1v30,0591
1932,8000
1935,5014
1938,1632
1Y40,7852
1943,3673
1945,9094
1948,4115
1950,8735
1953,2952
1955,6767
1958,0179
1960,3188
1962,5792
1964,7993
1966,9790
1971,2173
1973,2758
1975,2941
1977,2722
1979,2101
1982,9656
1984,7834
1987,3585
1Y84,1631
1974,9277
1Y66,1980
1963,3943
1960,6409
1955,2772
1952,6629
1950,0904
1995,7192

=0,0057
~0,0043
-0,0019
0,0069
0,0172
0,0205
0,0315
0,0061
0,0096
0,0090
0,0083
0,0074
0,0044
0,0062
0,0039
0,0051
0,0022
0,0002
=0,0022
=0,0042
=0,0038
=0,0040
=0,0071
=0,0098
=0,0069
=0,0080
=0,0066
-0,0093
=0,0044
«0,0036
-0,0077
=0,0063
-0,0038
0,0000
=-0,0001
0,0011
0,0029
0,0011
0,0043
0,0036
0,0006
*0,0019
~0,0105
=0,0133
»0,0161
=0,0135
»0,0011
0,0054
=0,0455
0,0056
0,0135
0,0076
06,0027
=0,0099
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158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
1746
177
178
179
180
184
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211

-
A H8 F FA A BB 1A 1A A HB $B 1A bA 1B BA A 1A (A A A 4R A b4 [ BD bA BR FA (b p (A S 1A FA $A pA }3 1A FA 1A 1A 1A A A 1A KA 1A £ A 4 LA 4B 1a

OH
OH
OH
OH
OH
oM
OH
oH
oH
OH
QH
QH

QH
OH
oH
QH
QH
oM
QH
QH
QH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL

"PL

5/2

7/2

9/2
11/2
1372
15/2
1772
19/2
21/2
23/2
25/2
2772
29/2
31/2
33/2
35/2
3772
39/2
41/2
43/2
45/2
47/2

1/2

3/2

5/2

7/2

9/2
11/2
1372
1572
1772
19/2
21/2
23/2
25/2
27/2
29/2
31/2
3372
3572
37/2
3972
41/2

7/2

9/2
1172
13/2
1572
17/2
1972
21/2
23/2
25/2
29/2

3.44
5,75
5,75
6.50
4,25
6,25
7.25
7.25
5,25
7,25
6.71
5,71
6.25
6.25
6.52
0.06
5.47
2,02
0,75
0,37
0.12
0.02
6.25
4.06
5,25
6,25
3.25
2.25
2.25
2,25
2,25
2,25
2,25
2.25
1.25
2,06
2.02
2.02
0,50
0.31
0,12
0,12
0,00
0.02
0.00
0.33
0,14
0,45
0,00
0.00
0,89
2,35
0.41
0,31
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1995,8561
1996,0692
1996,3367
1996,6594
1997.,0403
1997,4819
1997,9706
1998,5101
1999,1019
1999.7395
2000,4216
2001,1481
2001,9131
2002,7202
2003,5586
2004,4293
2005,3351
2006,2678
2007,2268
2008,2061
2009,2108
2010,2235
2n00.7202
2004,2184
2007,7710
2n11,3816
2015,0516
2018,7790
2022,5563
2026,3944
2030,2763
2034,2086
2038,1911
2042,2159
2046,2841
2050,3927
2054,5361
2058,7180
2062,9301
2067,1735
2n71,4369
2075,7358
2080,0497
1743.7736
1739,8602
1735,8506
1731,7099
1727,4296
1723,0406
1718,5314
1713,8731
1709,1216
1704,2579
1694,1797

B iy o i e

1995,6681
1996,0758
1996,3416
1996,6646
1997,0437
1Y97,4776
1997,9649
1998,5039
1999,0928
1999,7297
2V00,4125
2001,1389
2001,9065
2002,7131
2003,5559
2V04,4324
2005,3399
2006,2757
2007,2372
2008,2214
2009,2259
2V10,2478
2000,7357
2004,2289
2007,7808
2011,3907
2V15,0577
2018,7806
2022,5581
2026,5888
2030,2709
2034,2025
2038,1817
2042,2064
2046,2741
2V50,3826
2054 ,5292
2058,7113
2062,9263
2067,1714
2071,4437
2075,7404
2V80,0587
1743,7518
1/39,8601
1735,8411
1731,6960
1727,4259
1723,0325
1718,5175
1713,8825
1/09,1298
1/04,2613
1694,1865

»0,0120
=0,0066
«0,0049
=0,0052
=0,0034
0,0043
0,0057
0,0062
0,0091
0,0098
0,0091
0,0092
0,0066
0,0071
0,0027
=0,0031
=~0,0048
«0,0079
~0,0104
»0,0153
-0,0151
»0,0243
»0,0155
=0,0105
«0,0098
»0,0091
20,0061
=0,0016
~0,0018
0,0056
0,0054
0,0061
0,0094
0,0095
0,0100
0,0101
0,0069
0,0067
0,0038
0,0024
=0,0068
n0,0046
=0,0090
0,0218
0,0001
0,0095
0,0439
0,0037
0,008
0,0139
20,0094
~0,0082
3030034
=0,0068



212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227

o 5 1A pA |4 1A 8 RA (D 4B A pB A A P8 RS

PL
PL
PL
oL
aL
oL
oL
oL
QL
oL
oL
RL
RL
RL
RL
RL

31/2
3372
35/2

3/2

7/2

9/2
1372
15/2
1772
21/2
23/2

7/2
1772
21/2
27/2
29/2

S.D,

0,06
0.31
0.06
0.00
0.37
0.00
0.16
0.00
0.00
0.00
0.00
0.00
2.08
0.18
0,04
0.04

- 0'0065
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1688,9736
1683,6705
1678,2606
1756.1344
1755,3554
1754,7463
1753,2180
1752,2486
1751.1800
1748,6199
1747,4732
1770,2551
1782,6006
1786,6781
1791,9257
1793,4459

1688,9851
1683,6777
1678,2672
1756,1146
1755,3367
1/54,7548
1753,2098
1/52,2490
1751,1646
1748,6315
1747,1866
1/70,2314
1782,6053
1786,6884
1791,9278
1793,4467

»0,0115
=0,0072
=0,0066
0,0198
0,0187
=0,0085
0,0082
»0,0004
0,0154
~0,0116
»0,0134
0,0237
'0'0047
»0,0103
"0‘0021
"0|0008
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APPENDIX VIII-B

GROUND STATE COMBINATION DIFFERENCE FIT FOR 15N160

)
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DEL
J

NANNRONNNNRNNONRNRNONNI N R R R R

1/2

3/2

5/2

7/2

9/2
1172
1372
1572
1772
19/2
21/2
23/2
25/2
27/2
29/2
31/2
3572
37/2

1/2

5/2

7/2

9/2
11/2
1372
1572
1772
19/2
21/2
23/2
25/2
27/2
29/2
31/2
33/2
3572

WGT,

1.00
0.68
2.18
3.59
2.67
4.94
2.42
1,49
3.00
2.74
2.67
1,78
0,72
2,67
0.89
0.23
0.04
0.00
2,68
0.80
2,00
1.69
2.00
2.00
2.00
2.14
2.00
2.00
2.00
2,00
2,00
2.40
1,33
0.80
2,00

0BS,

4,8429
8,0673
11,2901
14,5262
17,7559
20,9792
24,2039
27,4327
30,6579
33,8824
37,1118
40,3365
43,5676
46,7858
50,0139
53,2276
59,6744
62,8878
12,9071
25,8223
32,2769
38,7247
45,1835
51,6308
58,0887
64,5441
71,0020
77,4426
83,9015
90,3481
96,7960
103,2312
109,6903
116,1280
122,5677

228

PRED,

49,8418
8,0696
11,2973
14,5249
17,7523
20,9796
24,2066
27,4334
30,6599
$3,8859
37,1116
40,3368
43,5614
46,7855
20,0088
53,2314
59,6739
62,8936
12,9114
25,8222
$2,2772
58,7320
45,1863
21,6401
28,0933
64,5458
70,9975
77,4484
83,8982
¥0,3469
96,7943
103,2402
109,6845
116,1270
122,5674

(0=P)

0,0011
-0,0023
=0,0072

0,0013

0,0036
-0,0004
«0,0027
r0,0007
=~0,0020
'0.0035

0,0002
=0,0003

0,0062

0,0003

0,0051
=0,0038

0,0005
«0,0058
20,0043

0,0001
~0,0003
«0,0073
=»0,0028
»0,0093
HO|0046
20,0017

0,0045
=0,0058

0,0033

0,0012

0,0017
”0.0090

0,0058

0,0010

0,0003
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37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
53/2
5572
57/2
59/2
61/2
6372
67/2
69/2
71/2

5/2

7/2
13/2
15/2
17/2
19/2
21/2
27/2

5/2

7/2

9/2
1172
1372
15/2
17/2
1972
21/2
23/2
25/2
2772
29/2
31/2
33/2
35/2
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
53/2
55/2
57/2
59/2
63/2

1.54
1,39
1.33
0.00
0.80
0.54
1,39
1.03
1.39
0.00
0.00
1.33
0,00
0.00
1.90
0.00
0.19
2.00
0.00
0.00
0,44
0.00
0.38
0.57
0.00
0.00
0,00
2,00
2.00
2.00
2,00
2.00
0.80
2.00
2,00
2.00
2,67
2.40
1,33
2,00
1.54
0.50
0.67
0.44
1,39
0.80
0,54
1,39
0,00
0.54
1,39
0.73
0.32
0.00

229

129,0145
135,4534
141,8769
148,3080
154,7355
161,1580
167,5793
173,9878
180,4014
186,7935
193,2074
199,5898
205,9870
212,3904
225,1080
231,5062
237,8236
11,6097
14,9253
24,7937
28,1714
31,4802
34,7920
38,0861
47,9772
26,5254
33,1269
39,7871
46,4139
53,0349
59,6518
66,2638
72,8835
79,4805
86,0813
92,6750
99,2700
105,8534
112,4393
119,0052
125,5706
132,1308
138,6845
145,2241
151,7599
158,2898
164,8074
171,3214
177,8485
184,3203
190,8109
197,2805
203,7513
216,6528

129.,0057
1395,4415
141.8746
148,3048
14,7317
161.1550
167.5745
173,9897
180,400
186.8059
193,2061
199,6004
2V05,9884
212,3696
2¢5,1092
291,4666
257,8148
11,6074
14,9225
24,8614
28,1715
81,4799
34,7863
38,0905
47,9886
26,5299
33,1592
39,7864
46,4111
53,0329
59,6514
66.2661
72,8768
79,4830
86,0844
92,6805
99,2712
105,8560
112,4346
119,0067
125,5720
152,1303
158,6813
145|2247
1°1.7604
158,2881
164,8077
171,3189
177.8217
184,3159
190,8015
197.2783
203,7464
216,6562

0,0088
0,0119
0,0023
0,0032
0,0038
0,0030
0,0048
=0,0019
0,0011
=0,0124
0,0013
=0,0106
»0,0014
0,0208
»0,0012
0,0396
0,0088
0,0023
0,0028
~0,0677
=0,0001
0,0003
0,0057
=0,0044
=0,0114
=0,0045
=0,0323
0,0007
0,0028
0,0020
0,0004
=0,0023
0,0067
90.0025
«0,0031
=0,0055
»0,0012
=0,0026
0,0047
=0,0015
-0,0014
0,0005
0,0032
=0,0006
«0,0005
0,0017
=~0,0003
0,0025
0,0268
0,0044
0,0094
0,0022
0,0049
=0,0034



230

90 2 0 2 67/2 0.71 229,5218 229.,5%811
91 202 71/2 0.12 242,3417 242,3718

S.D, = 0,0044

~0,0093
=0,0301
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FREQUENCY FIT FOR 15N160 INPUTJNG GSCD CONSTANTS

LINE

P1
P1
P1
P1
P1
P1
Pl
P1
P1
P1
P1
P1
P1
P1
P1
Pl
P1
P1
Pl
P1
PL
P1
P1
P1
Pl
P1
P1
P1
P1
P1
Pl
P1
Pl
P1
P1
P1
P1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1

7772
7572
73/2
71/2
67/2
6572
63/2
61/2
5972
57/2
5572
53/2
51/2
49/2
47/2
45/2
43/2
41/2
39/2
37/2
3572
3372
3172
29/2
27/2
2572
23/2
21/2
19/2
1772
1572
1372
11/2

9/2

7/2

5/2

3/2

1/2

5/2

7/2

9/2
1172
1372
15/2
17/2
19/2
21/2
23/2
25/2

WGT,

0,50
0.12
0.00
4,00
0.00
0.00
1.00
0.00
0,00
1.06
1'06
1.06
0.31
0.50
0’00
1.00
1.06
1.25
2,00
2.00
2.00
2.00
2.00
2,00
2.00
2,00
2.00
2.00
2.00
2,00
2,00
2,00
2.00
2.00
2,00
2,00
2.00
2,00
0.50
2.00
0'50
2,00
2,00
2.00
2,00
2.00
2,00
2,00
2,00

231

OBSERVED

1695,7322
1700,1321
1704,4740
1708,8576
1717,4356
1721,7132
1725,9500
1730,1360
1734,3142
1738,4392
1742,5464
1746,6172
1750,6611
1754,6751
1758,6554
1762,6093
1766,5163
1770,4089
1774,2697
1778,0889
1781,8808
1785,6504
1789,3694
1793,0696
1796,7309
1800,3657
1803,9610
1807.5305
1811,0696
1814,5759
1818,0386
1821,4766
1824,8814
1828,2559
1831,5973
1834,9074
1838,1834
1847,8135
1854.0782
1857.4583
1860,2025
1863,2221%
1866,2067
1869,1583
1872.0747
1874,9630
1877,8083
1880.6324
1883,4177

PREDICTED

1695,7341
1700,1370
1/04,5111
1/08,8562
1717,4584
1721,7151
1725,9449
1730,1385
1734,3048
1738,4407
1742,5459
1/46,6203
1750,6638
1/54,6761
1758,6573
1/62,6072
1766,5256
1/70,4125
1774,2678
1778,0914
1/81,8832
1785,6432
1789,3712
1793,0673
1796 ,7313
1800,3633
1803,9631
1807,5308
16811,0662
1814,5694
1818,0404
1821,4790
1824,8853
1828,2592
1831,6007
1834,9097
1838,1863
1847,8211
1654,0813
1857,1625
1860,2109
1863,2266
1866,2095
1869,1595
1872,0766
1874,9606
1877,8117
1880,6295
1883,4142

(0=P)

~0,0019
”0|°049
=0,037¢

0,0014
=0,0228
=0,0019

0,0081
»0,0025

0,0094
»0,0015

0,0005
@0,0034
=0,0027
e0,0010
20,0019

0,002
«0,0093
=0,0036

0,0019
’0.0025
«0,0024

0,0072
=0,0018

0,0023
=0,0004

0,0024
»0,002%
=0,0003

0,0034

0,0065
«0,0018
20,0024
=0,0039
20,0033
e0,0034
«0,0023
=0,0029
!0.0076
«0,0031
»0,0042
'0.0084
=0,0045
=0,0028
«0,0012
.0|0019

0,0024
=0,0034

0,0029

0,0035



50
51

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
74
72
73
74
75
76
77

79
8n
81
82
83
84
85
86
87
8s
a9
90

92
93
94
95
96
97
98
99
100
104
102
103

R e e e il el el el el o Ll L O T Y R T O P T T PV T VT

R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
P2
P2

P2
p2
P2
4
P2
P2
P2
Pe
4
P2
P2
P2
P2
P2
P2
pe
P2
P2
P2
P2
Pe
4
P2
P2
pa
Pe
P2

27/2
29/2
31/2
3372
3572
3772
39/2
41/2
43/2
45/2
47/2
49/2
51/2
53/2
55/2
57/2
59/2
61/2
63/2
65/2
67/2
69/2
71/2
7572
7572
73/2
71/2
67/2
65/2
63/2
61/2
59/2
5772
55/2
5372
51/2
49/2
47/2
45/2
43/2
41/2
39/2
3772
35/2
3372
31/2
29/2
27/2
25/2
23/2
21/2
1972
1772
1572

2.00
3.00
1.00
0.50
2.00
2,00
2,00
2.00
2.00
2,00
2.00
2,00
1.00
2,00
2,00
1'00
2,00
2.00
2.00
2,00
1.25
1,25
0.50
0.00
0.12
0.50
0.50
0.00
0.00
0.19
1,37
1.06
0.31
0,00
1.06
0.31
0,50
1.06
0.25
1,00
1,25
1.25
2,00
2,00
2,00
2,00
2,00
2,00
2,00
0,50
2'00
2,00
2,00
2,00

232

1886,1654
1888,8816
1891,5711
1894,2169
1896,8374
1899,4234
1901,9697
1904,4862
1906,9634
1909,4106
1911,8191
1914,1965
1916,5342
1918,8406
1921,1077
1923,3434
1925,5398
1927,7002
1929,8260
1931,9140
1933,9656
1935,9802
1937,9557
1941,8065
1696,8332
1701,2654
1705,6775
1714,4074
1718,7343
1723,0202
1727,2815
1731,5179
1735,7232
1739,8789
1744,0501
1748,1706
1752,25714
1756,3202
1760,3483
1764,3489
1768,3187
1772,2598
1776,1782
1780,0440
1783,8990
1787,7169
1791,5102
1795,2653
1798,9888
1802,6814
1806,3468
1809,9735
1813,5698
1817,1362

1886,1655
1888,8833
1891,5677
1894,2183
1896,8352
1899,4182
1901,9671
1704,4818
1906,9621
1909,4078
1911,8188
1714,1948
1916,535%6
1918,84190
1921,1108
1923,3446
1925,5423
1927,7036
1929,8280
1931,9154
1933,9654
1935,9776
1937,9518
1941,7841
1696,8139
1701,2549
1705,6667
1714,4026
1718,7267
1723,0216
1727 ,2873
17/31,5237
1735,7308
1739,9086
1744,0570
1748,1759
1752,2652
1756,3249
1760,3548
1/64,3548
1768,3248
1772,2646
1776,1742
1780,0534
1783,9019
1787,7197
1791,5066
1795,2624
1/98,9869
1802,6800
1806,3414
1809,9710
1813,5685
1817,1337

=0,0004
=0,0017
0,0034
=0,0014
0,0022
0,0052
0,0026
0,0044
0,0013
0,0028
0,0003
0,0017
=0,0014
20,0004
»0,0031
=0,0012
20,0025
00,0034
«0,0020
=0,0014
0,0002
0,0026
0,0039
0,0224
0,0193
0,0105
0,0108
0,0048
0,0076
=0,0014
«0,0058
20,0058
=0,0076
«0,0297
=0,0069
=0,0053
«0,0081

20,0047

=0,0065
»0,0059
90.0061
-0,0048
0,0040
«0,0094
=0,0029
=0,0028
0,0036
0,0029
0,0019
0,0014
0,0054
0,0025
0,0043
0,0025



104
109
106
107
108
109
110
114
112
113

118
116
117
118
119
120
124
122
123
124
125
126
127
128
129
130
134
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
154
152
153
154
155
156
187

PO PR 1D A PR B B0 BB 1S BB RS b BB (A (A RS BB BB fA A 1B 46 1B 1S M A S (B A HA A 1A 48 A MA B 1A A 8 A S pS (B b8 (8 hB b8 ML 1S LA (B 48 fa pa

P2
R2
P2
P2
P2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

R2
R2
R2

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

R2
R2
R2
R2
R2

PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
ok
oL
oL

oL

1372
1172

9/2

7/2

5/2

5/2

7/2

9/2
1172
1372
1572
17/72
1972
21/2
2372
25/2
2772
29/2
31/2
3372
35/2
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
53/2
55/72
57/2
59/2
63/2
65/2
67/2
71/2
29/2
25/2
23/2
21/2
19/2
1772
15/2
13/2
11/2

9/2

7/2

3/2
J1/2
27/2
21/2
19/2
17/2

2,00
0.00
2,00
2,00
2,00
0.00
0.00
2,00
2,00
2,00
2,00
2,00
2,00
2.00
2,00
2,00
4.00
3,00
1,00
2,00
2.00
0.31
0,50
2,00
2,00
2,00
2,00
2.00
2,00
2,00
2.00
0.50
1,00
2,00
1.25
1.25
0.42
0.06
0.25
0.33
0.31
0.50
0.25
0'00
0.00
2,00
0.00
2,00
0,00
0.50
0.00
2,00
0,50
0.00

233

1820,6702
1824,1794
1827,6382
1831,0739
1834,4720
1854,1636
1857,3063
1860,4573
1863,5501
1866,6047
1869,6253
1872,6106
1875,5649
1878,4693
1881,3466
1884,1852
1886,9869
1889,7524
1892,4833
1895,1834
1897,8304
1900,4495
1903,0334
1905,5724
1908,0801
1910,5469
1912,9780
1915,3715
1917,7274
1920,0435
1922.3288
1924,5620
1926,7715
1931,0602
1933,1533
1935,1993
1939,1749
1663,5706
1673,1964
1677,8582
1682,4009
1686 ,8447
1691,1701
1695,4485
1699.,4708
1703,4600
1707,3133
1711,0583
1718,1864
1708,0992
1711,5478
1715,9443
1717,4929
1718,3249

1820,6666
1824,1667
1827,6340
1831,0683
1834,4692
1854,1639
1857,3259
1860,4530
1863,5449
1866,6014
1869,6223
1872,6075
1875,5568
1878,4699
1881,3468
1684,1872
1886,9909
1889,7579
1892,4879
1895,1809
1897,8367
1Y00,4551
1903,0361
1Y05,5795
1Y08,0853
1910,5533
1912,9835
1915,3759
1917,7303
1920,0467
1922,3252
1924,5656
1926,7680
1931,0588
1933,1472
1935,1978
1939,1856
1063,5802
1673,2099
1677,8654
1682,4420
1686,8477
1691,17190
1695,3800
1699,4733
1703,4497
1707,3080
1711,0471
1718,1648
1708,1137
1711,5688
1715,9599
1717,1982
1718,3276

0,0036
0,0827
06,0042
0,00856
0,0028
90.0003
’0.0196
0,0043
0,0082
0,0033
0,0030
0,0031
0,0081
!030006
=0,0002
=0,0020
»0,0040
00,0055
«0,0046
0,0025
»0,0063
e0,0056
«0,0027
s0,0071
e0,0052
=0,0064
ﬁ0.0055
=0,0044
e0,0029
«0,0032
0,0036
20,0036
0,0035
0,0014
0,0061
0,0045
=0,0107
=0,0096
=0,0135
=0,0072
=0,0111
=0,0030
«0,0009
0,0685
=0,0025
0,0103
0,0053
0,0112
0,0216
20,0145
=0,0210
30.0116
90'0053
#0,0027






158
159
160
161
162
163
164
165
166
167
168
169
170
174
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

PO HS 44 PA FA KA 1A P FA A FA HA 1B A b A FA BB RS RS (A bR 4O 1A FA 18 fB 18 JB LA PR b4 B HA B 1A §3 (S |8 4 B FA 48 1A HA 4 A HA pA Ra

oL
oL
QL
oL
RL
RL

PH
PH
PH
PH
PH
PH
PH
QH
GH
QH
QH
QH
QH
QM
OH
oH
QH
QH
QH
QH
oH
QH
QH
QH
QH
QH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH

15/2
13/2

772

5/2

7/72
27/2
21/2
1972
1572
13/2
1172

9/2

7/2

5/2

3/2

5/2

7/2

9/2
11/2
1372
15/2
17/2
1972
21/2
23/2
25/2
27/2
29/2
31/2
33/2
37/2
39/2
41/2

1/2

7/2

9/2
11/2
13/2
15/2
1772
19/2
21/2
23/2
25/2
27/2
29/2
31/2
33/2
3572
3772

S.D,

2,00
2,00
1.54
2,00
0.50
0.12
0,02
0.02
0,00

 0,0059

234

1719,3415
1720,2422
1722.,2386
1722,6680
1736,6579
1757 ,8669
1931,4675
1934,2000
1939,8185
1942,6763
1945,5907
1948,5692
1951,6154
1954,7006
1962,7679
1962,9055
1963,0996
1963,3476
1963,6441
1963,9958
1964,4011
1964,8510
1965,3521
1965,8982
1966,4860
1967,1174
1967,7831
1968,5015
1969,2411
1970,0260
1971,6784
1972,5484
1973,4387
1967,6108
1977,8723
1981,4000
1984,9774
1988,6050
1992,2837
1996,0100
1999.7806
2003,5978
2007,4539
2011,3507
2015,2872
2019,2551
2023,2536
2027,2882
2031,3528
2035,4363

1719,3425
1720,2414
1722,2305
1722,6545
1736,6089
1757,8816
1931,4602
1934,1894
1939,7941
1942,6722
1945,6023
1948,5852
1951,6218
19Y54,7127
1Y62,7822
1v62,9191
1v63,1101
1963,3546
1963,6518
1964,0008
1964,4004
1964,8493
1965,3461
1965,8893
1966,4771
1967,1077
1967,7791
1968,4893
1969,2362
1970,0174
1971,6737
1972,5441
1Y73,4394
1967,6240
1977,879%
1Y81,4042
1984,9804
1988,6070
1992,2827
1996,0060
1999,7753
2003,5887
2007,4445
2011,3406
2015,2748
2019,2450
2023,2487
2027,2838
2031,3476
2035,4377

=0,0010
0,0008
0,008%¢
0,0135
0,0490
=0,0147
0,0073
0,0106
0,0244
0,0041
=0,0116
=0,03160
=0,0064
~0,0121
90.0143
e0,0136
=0,0105
=0,0070
50,0077
=0,0050
0,0007
0,0017
0,0060
0,0089
0,0089
0,0097
0,0040
0,0122
0,0049
0,0086
0,0047
0,0043
=0,0007
=0,0132
=0,0072
=0,0042
-0,0030
=0,0020
0,0010
0,0040
0,0053
0,009y
0,0094
0,0101
0,0124
0,0101
0,0049
0,0044
0,0052
»0,0014
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P1
P1
P1
Pl
P1
P1
P1
P1
P1
P1
Pl
P1
Pl
P1
P1
P1
P1
P1
Pl
P1
P1
Pl
P1
P1
P1
Pl
P1
Pl
P1
P1
P1
Pl
P1
Pl
P1
Pl

3/2

5/2

7/2

9/2
11/2
1372
15/2
1772
19/2
21/2
23/2
25/2
27/2
29/2
31/2
33/2
3572
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
53/2
55/2
57/2
59/2
61/2
63/2
67/2
6972
71/2
73/2
7572

APPENDIX IX=4A

FREQUENCY FIT FOR 14N160

WGT,

2.00
2,00
2,00
2.00
2,00
2.00
2.00
2,00
2,00
2,00
2,00
2.00
2,00
2.00
2.00
2.00
2,00
2,00
3.00
2.00
0.00
0.00
1.00
1.25
1.25
1.25
1.06
1,00
1.00
1.00
0,31
0.00
0,25
0.31
0.80
0.50

OBSERVED

1871,0621
1867,6678
1864,2372
1860,7738
1857,27514
1853,7426
1850,1777
1846,5784
1842,9420
1839.2729
1835,5705
1831,8345
1828,0622
1824,2581
1820,4175
1816,5447
1812.6403
1808,6959
1804,7237
1800,7203
1796,6884
1792,6158
1788,4977
1784,3583
1780.1857
1775,9811
1771.7412
1767,4719
1763,1680
1758,8344
1754,4648
1745,6376
1741,1611
1736,6771
1732,1552
1727,5964

235

PREDICTED

1671,0603
1867 ,6650
1864,2355
1860,7719
1857,2742
1853,7423
1850,1763
1846,5762
1842,9420
1839,2736
1835,5712
1831,8346
1828,0640
1824,2593
1820,4206
16816,5479
1812,6412
1808,7007
1804,7264
1800,7183
1796,6767
1792,6016
1/88,4931
1784,3515
1780'1769
1775,9695
1771,7296
1767 ,4575
1763,1535
1758,8479
1754,4511
1745,6256
1741,1678
1736,6808
1732,1651
1727,6214

(0=P)

0,0018
0,0028
0,0017
0,0019
0,0009
0,0003
0,0014
0,0022
0,0000

-090007

=0,0007

=0,0001

«0,0018

=0,0012

-0,003¢

~0,0032

=0,0009
=0,0048

-0,0027
0,0020
0,0117
0,0142
0,0046
0.0068
0,0088
0,0116
0,0116
0,0144
0,0145
0,0165
0,0137
0,0120

=0,0067

»0,0037

n0.0099

~0,0250






37
38
39
40
41
42

44
45
46
47
48
49
50
51

53
54
55
56
57
58
59
60

61

62
63
64
65
66
67
68

70
71
72
73
74
75
76
77
78
79
8n
81
82
83
84
85
86
87
88

90
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pe
P2
P2
P2
P2
P2
P2
p2
P2
p2
P2
P2
P2
p2
P2
P2
P2
P2
P2
P2
P2
P2

P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1

5/2

7/2

9/2
11/2
13/2
15/2
1772
19/2
21/2
23/2
25/2
27/2
29/2
31/2
33/2
3572
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
53/2
55/2
57/2
5972
63/2
65/2
67/2
69/2
71/2
7372

1/2

3/2

5/2

7/2

9/2
11/2
1372
1572
17/2
19/2
21/2
23/2
25/2
27/2
29/2
3172
3372
3572
37/2
39/2

1.25
2,00
2,00
2,00
2000
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2,00
2,00
2.00
0.00
2,00
4,00
2.00
2,00
1.25
2.00
0.50
1.25
1.06
1.00
1-'00
1.00
0.00
0,25
0.25
0.25
0.00
0.87
2.00
0.12
2.00
2,00
2.00
2,00
2,00
2,00
4,00
3.00
3,00
3,00
2,00
2,00
2,00
2.00
2,00
2,00
2.00
2,00

236

1867,2154
1863,6850
1860,1206
1856,5204
1852,8884
1849,2157
1845,5164
1841,7786
1838,0078
1834,2044
1830,3675
1826,4956
1822,5922
1818,6562
1814,6895
1810,6848
1806,6560
1802,5904
1798,4906
1794,3653
1790,2101
1786,0183
1781,7936
1777,5433
1773,2571
1768,9423
1764,5973
1760,2179
1751,3985
1746,9073
1742,4046
1737,8741
1733,3576
1728,7216
1881,0430
1884,3080
1887.5249
1890,7149
1893,8708
1896,9927
1900,0795
1903,1310
1906,1482
1909,1314
1912,0785
1914,9911
1917,.8670
1920,7128
1923,5204
1926,2911
1929,0276
19341,7289
1934,3935
1937,0224

1867,2148
1863,6853
1860,1206
1856,5209
1852,8864
1849,2175
1845,5143
1841,7772
1838,0064
1834,2021
1830,3645
1826,4940
1822,5907
1818 ,6549
1814,6868
1510'6866
1806,6544
1602,5905
1798,4950
1794,3681
1790,2098
1786,0202
1781,7996
1777,5478
1773,2649
1768,9510
1/64,6060
1760,2298
1751,3834
1746,9129
1/42,4106
1/37,8762
1/33,3094
1728,7099
1881,0413
1884,2999
1887,5242
1890,7142
1893,8698
1896,9911
1900,0778
1903,1301
1906,1476
1909,1305
1912,0785
1914,9916
1917,8697
1920,7126
1923,5202
1926,2923
1929,0288
1931,7296
1934 ,3944
1937,0232

0,0006
=0,0003
0,0000
=0,0005
0,0020
30.0018
0,0021%
0,0014
0,0014
0,0023
0,0030
0,0016
0,0015
0,0013
0,0027
=0,0018
0,0016
=0,0001
e0,0044
=0,0028
0,0003
=0,0019
=0,0060
=0,0045
~0,0078
=0,0087
-0,0087
-0,0119
0,0151
~0,0056
=~0,0060
=0,0021
0,0482
0,0117
0,0017
0,0081
0,0007
0,0007
0,0010
0,0016
0,0017
0,0009
0,0006
0,0009
=0,0000
30,0005
-0,0027
0,0002
0,0002
=0,0012
=0,0012
=0,0007
»0,0009
=0,0008






91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
129
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
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R1
R1

R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

41/2
43/2
45/2
47/2
49/2
51/2
53/2
55/2
5772
59/2
63/2
65/2
67/2
69/2
71/2
73/2
77/2
79/2
8172
83/2

5/2

7/2

9/2
1172
1372
15/2
1772
19/2
21/¢
23/2
25/2
27/2¢
29/2
31/2
3372
35/2
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
5372
55/2
57/2
59/2
61/2
63/2
67/2
69/2
71/2
7372

2,00
2.00
2.00
2.00
1,00
2.00
2.00
2,00
2,00
2.00
2.00
3,00
2,00
0.00
4,25
4,06
3.27
1.02
0.25
0.03
0.50
2.00
2.00
2,00
2.00
2.00
4,00
3,00
3,00
2,00
2.00
2,00
2,00
2.00
2,00
2,00
2.00
2.00
2.00
2,00
2.00
1.00
1.00
2.00
2.00
2,00
2,00
2.00
2.00
3,00
5.00
4,25
4,06
4,06

237

1939,6158
1942,1686
1944,6914
1947,1705
1949,6218
1952,0242
1954,3920
1956,7264
1959,0258
1961,2817
1965,6779
1967,8200
1969,9236
1971,9874
1974,0119
1975,9970
1979,8486
1981,7183
1983,5390
1985,3251
1887,6334
1890,9134
1894,1523
1897,3539
1900,5179
1903,6422
1906,7335
1909,7827
1912,7972
1915,7691
1918,7034
1921.5985
1924,4551
1927.2751
1930,0551
1932.7929
1935,4916
1938,1563
1940,7772
1943,.3607
1945.9001
1948,4071
1950,8699
1953,2875
1955,6704
1958,0141
1960,3188
1962,5791
1964,8004
1966,9819
1971,2184
1973,2801
1975,2977
1977,2728

1939,6156
1942,1716
1944,6910
1Y47,1734
1949,6189
1952,0270
1954,3977
1956,7306
1959,0257
1961,2827
1965,6815
1967,8228
1969,9253
1971,9886
1974,0125
1975,9970
1979,8467
1981,7147
1983,5365
1985,3211
1887,6378
1890,9138
1894,1526
1897,3541
1v00,5180
1903,6442
1906,7325
1909,7827
1912,7946
1915,7680
1918,7029
1921,5990
1924,4563
1927,2745
1930,0536
1932,7935
1935,49490
1938,1550
1940,7765
1943,3583
1945,9004
1948,4027
1950,8651
1953,2875
1955,6698
1958,0121
1Y60,3141
1962,5759
1964,7974
1966,9784
1971,2190
1973,2783
1975,2968
1977,2745

0,0002
-0,0030
0,0004
=0,0029
0,0029
»0,0028
=0,0057
=0,0042
0,0001
=0,0010
-0,0036
-0,0028
-0,0017
=0,0012
=0,0006
~0,0000
0,0019
0,0066
0,0025
0,0040
20,0044
-0,0004
=0,0003
=0,0002
«0,0001
«=0,0020
0,0010
0,0000
0,0026
0,0011
0,0005
=0,0005
=0,0012
0,0006
0,0015
-0,0006
=0,0024
0,0013
0,0007
0,0024
~0,0003
0,0044
0,0048
0,0000
0,0006
0,0020
0,0047
0,0032
0,0030
0,0035
-0,0006
0,0018
0,0009
=0,0017






145
146
147
148
149
150
154
152
153
154
155
156
157
158
159
160
164
162
163
164
165
166
167
168
169
170
1714
172
173
174
175
176
177
178
179
180
184
182
183
184
185
186
187
188
189
190
194
192
193
194
195
196
197
198

A S FR b A LA B A FA bA pB D pA BB bR BB RS (bbb [A A 1B fA 1D 14 1A A |D (A (4 A 8 1A 1B 1A 16 (A 18 F8 |3 A bA fA 1A fA (A RS FA 1S MR A bA 18 pa

R2
R2
R2
PH
PH
PH
PH
PH
PH
PH
PH
PH
QH
QH
QH
QH
QH
QH

QH
QH
QH
OH
OH
OH
OH
QH
on
QH
QH
QH
OH

QH
QH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH

RH
RH

RH
RH
RH
RH

75/2
7972
81/2

5/2

7/2
13/2
19/2
21/2
23/2
27/2
29/2
31/2

3/2

5/2

7/2

9/2
11/2
13/2
1572
1772
19/2
21/2
23/2
25/2
27/2
29/2
31/2
33/2
35/2
37/¢
39/2
41/2
43/2
45/2
47/2

1/2

3/2

5/2

7/2

9/2
1172
1372
15/2
1772
1972
21/2
23/2
25/2
27/2
29/2
31/2
3372
35/2
37/2

2.52
0.25
0.03
3,50
4,25
0.81
0.59
0.00
0.83
0.22
0,50
0.19
3,44
3.44
5.75
5.75
6.50
4,25
6.25
7.25
7.25
5.25
7.25
6.71
5.71
6.25
6.25
6.52
0'06
5.47
2,02
0.75
0.37
0.12
0.02
6,25
4,06
5025
6,25
3.25
2.25
2.25
2,25
2.25
2,25
2.25
2.25
1.25
2,06
2.02
2,02
0.50
0.31
0.12

238

1979,2082
1982,95514
1984,7701
1987,3424
1984,1496
1974,9266
1966,2034
1963,3488
1960,6465
1955,2907
1952,6705
1950,0931
1995,7093
1995,8561
1996.0692
1996,3367
1996,6594
1997,0403
1997,4819
1997,9706
1998,5101
1999,1019
1999,7395
2000,4216
2001.1481
2001,9131
2002,7202
2003.,5586
2004,4293
2005,3351
2n06,2678
2007,2268
2008.,2061
2009,2108
2010.2235
2000,7202
2004,2184
2007,7710
2011,3816
2015,0516
2n18,7790
2022,5563
2026,3944
2030,2763
2034,2086
2038,1911
2042,2159
2046,2841
2050,3927
2054,5361
2058,7180
2062,9301
2067,1735
2071,4369

1v79,2112
1982,9610
1984,7739
1987,3497
1984,1554
1974,9249
1966,2010
1963,3990
1960,6472
1955,2855
1952,6714
1950,0986
1995,7098
1995,8596
1996,0685
1996,3358
1996,6605
1997,0414
1997,4773
1997,9666
1998,5074
1999,0981
1999,7364
2000,4202
2001,1471
2001,9148
2002,7207
2003,5621
2004,4364
2005,3409
2006,2728
2007,2293
2008,2077
2009,2055
2U10,2198
2000,7259
2004,2197
2007,7726
2011,3838
2U15,0524
2018,7770
2022,5565
2026,3890
2030,2730
2034,2065
2038,1873
2042,2132
2046,2818
2050,3905
2054,5369
2058,7181
2062,9314
2067,1740
2071 ,4429

=0,0030
=0,0059
-0,0038
=0,0073
=0,0058
0,0017
0,0024
=0,0502
=0,0007
0,0052
-0,0055
-0,0005
-000035
0,0007
0,0009
=0,0011
=0,0011
0,0046
0,0040
0,0027
0,0038
0,0031
0,0014
0,0010
-0,0017
=0,0005
«0,0035
=0,0071
=0,0058
-0,0050
-0,0025
-0,0016
0,0053
0,0037
=0,0057
-0,0013
»0,0016
=0,0022
-0,0008
0,0020
-0,0002
0,0054
0,0033
0,0021
0,0038
0,0027
0,0023
0,0022
=0,0008
=0,0001
=0,0013
»0,0005
~0,0060



199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227

R T O T N T T T PV (T W Py

RH
RH
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
oL
oL
QL
oL
oL
oL
oL
oL
RL
RL

RL
RL

39/2
41/2

7/2

9/2
1172
1372
1572
1772
1972
21/2
23/2
2572
29/2
3172
3372
3572

372

7/2

9/2
1372
1572
17/2
21/2
2372

7/2
1772
21/2
27/2
29/2

S.D.

0.12
0.00
0.02
0,00
0,33
0.14
0.45
0,00
0.00
0.89
2035
0,41
0.31
0006
0.31
0.06
0000
0.37
0,00
0.16
0,00
0,00
0.00
0.00
0.00
2.08
0918
0.04
0.04

= 0,0035

239

2075,7358
2n80,0497
1743,7736
1739.8602
1735,8506
1731.7099
1727,4296
1723,0406
1718,5314
1713,8731
1709.1216
1704,2579
1694.1797
1688,9736
1683,6705
1678,2606
1756,1344
1755,3554
1754,7463
1753,2180
1752,2486
1751,1800
1748,6199
1747,1732
1770,25514
1782,6006
1786,6781
1791,9257
1793,4459

2075,7353
2080,0483
1743,7655
1739,8721
1/35,6512
1/31,7039
1727 ,4315
1/723,0357
1718,5182
1/13,8810
1/09,1261
1704,2558
1694,1787
1688,9770
1683,6701
1678,2608
1/56,1304
1/55,3499
1754,7663
1753,2170
1/52,2539
1751,1670
1748,6294
1747 ,1825
1770,2441
1782,6071
1786,6858
1791,9211
1/93,4395

0,0005
0,0014
0,0081
~0.0119
~0,0006
0,0060
-0,0019
0.0049
0,0132
~0,0079
=0,0045
0,0021
0.0010
-0,0034
0,0004
«0,0002
0,0040
0,0055
=0,0200
0,0010
'0.0053
0,0130
-0,0095
=0,0093
0,0110
-0,0065
-0,0077
0,0046
0,0064
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LINE

P1
P1
Pl
P1
Pl
P1
Pl
Pi
P1
P1
P1
P1
Pl
Pl
Pl
P1
P1
P1
P1
P1
Pl
Pl
P1
Pl
Pl
P1
Pl
Pl
P1
P1
P1
Pl
Pl
P1
Pl
P1

7772
75/2
73/2
7172
67/2
65/2
63/2
61/2
5972
57/2
55/2
53/2
51/2
49/2
47/2
45/°2
43/2
41/°2
3972
3772
35/2
3372
31/2
29/2
2772
25/2
23/2
21/2
19/2
17/2
1572
13/2
11/2

9/2

7/2

5/2

APPENDIX IX=B

FREQUENCY FIT FOR 15N16U

WGT,

0.50
0,12
0.00
4,00
0,00
0,00
1.00
0.00
0.00
1,06
1.06
1.06
0.31
0.50
0.00
1.00
1.06
1.25
2,00
2.00
2.00
2,00
2.00
2,00
2.00
2,00
2.00
2.00
2,00
2.00
2.00
2,00
2.00
2.00
2.00
2.00

ORSERVED

1695,7322
1700,1321
1704,4740
1708,8576
1717.,4356
1721,7132
1725,9500
1730,1360
1734,3142
1738,4392
1742,5464
1746,6172
1750,6611
1754,6751
1758,6554
1762,6093
1766,5163
1770,4089
1774,2697
1778,0889
1781,8808
1785,6504
1789,3694
1793,0696
1796,7309
1800.3657
1803,9610
1807,5305
1811,0696
1814,5759
1818,0386
1821,4766
1824,8814
1828,2559
1831,5973
1834,9074

240

PREDICTED

1695,7387
1700,1400
1/04,5128
1708,8568
1717,4576
1721,7138
1/25,9403
1730,1367
1/34,3029
1738,4388
1742,5440
1746,6185
1750,6621
1754,6747
1758,6560
1/62,6061
1766,5247
1770,4118
1774,2672
1778,0909
1/81,8829
1785,6429
1789,3710
17/93,0671
1/96,7311
1800,3631
1803,9628
1807,5304
1811,0657
1614,5688
1818,0396
16821,47890
1824,8841
1828,2578
1831,5991
1834,9080

(O=P)

=0,0065
-0,0079
»0,0388
0,0008
=-0,0220
=0,0006
0,0097
«0,0007
0,0113
0,0004
0,0024
«0,0013
»0,0010
0,0004
-0,0006
0,0032
-0,0084
=0,0029
0,0025
«0,0020
-0,0021
0,0075
«0,0016
0,0025
<0,0002
0,0026
=0,0018
0,0001
0,0039
0,0071
»0,0010
”0'0014
=0,0027
«0,0019
~0,0018
=0,0006






37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
74
72
73
74
75
76

78
79
80

82
83
84
8%
86
87
88
89
90

S A 3D A R LR PR b S R 48 D HB RS 1A b A 1A (B A fb fh bA (B RS A fB MDA 1A A 1A 1A [ b PSR 1B 4D [ 1A | fA D F3 b [A BB bA 1A (A 3 A p3 A

P1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2
P2

3/2

172

5/2

7/2

9/2
11/2
1372
1572
17/2
19/2
21/2
23/2
25/2
27/2
29/2
31/2
33/2
35/2
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
5372
5572
57/2
5972
61/2
63/2
65/2
67/2
69/2
71/2
75/2
7572
73/2
71/2
67/2
65/2
63/2
61/2
59/2
57/2
5572
53/2
51/2
49/2
477/2
45/2
43/2
41/2

2.00
2'00
0.50
2.00
0.50
2.00
2,00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
3,00
1,00
0.50
2.00
2,00
2.00
2.00
2.00
2.00
2.00
2,00
1.00
2,00
2.00
1,00
2.00
2.00
2,00
2.00
1.25
1.25
0.50
0.00
0.12
0.50
0.50
0.00
0.00
0.19
1.37
1,06
0,31
0.00
1.06
0.31
0.50
1.06
0.25
1,00
1.25
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1838,1834
1847,8135
1854,0782
1857,1583
1860,2025
1863,2221
1866,2067
1869,1583
1872,0747
1874,9630
1877.8083
1880,6324
1883,4177
1886,1654
1888,8816
1891.5711
1894,2169
1896,8374
1899,4234
1901,9697
1904.4862
1906,9634
1909,4106
1911.8191
1914,1965
1916,5342
1918,8406
1921,1077
1923,3434
1925,5398
1927.,7002
1929,8260
1931,9140
1933,9656
1935,9802
1937,9557
1941,8065
1696,8332
1701,2654
1705,6775
1714,4074
1718,7343
1723.,0202
1727,2815
1731,5179
1735,7232
1739,8789
1744,0501
1748,1706
1752,2571
1756,3202
1760.3483
1764 ,3489
1768,3187

1838,1844
1847,8187
1854,0787
1857,1598
1860,2082
1863,2238
1866,2068
1869,1568
1872,0740
1874 ,9588
1877,8095
1880,6276
1883,4125
1886,1641
1888,8823
1891 ,5670
1694,2181
1896,8354
1899,4187
1701,9681
1904,4831
1906,9638
1Y09,4098
1911,8211
1914,1972
1916,5382
1918,8436
1v21,11382
1923,3468
1925,544)
1927,7045
1¥29,8280
1931,9142
1933,9627
1935,9731
1937,9450
1941,7716
1096,8213
1/01,2611
1705,6716
1/14,4051
1718,7282
1723,0221
1727 ,2869
1731,5226
1/35,7290
1739,9062
1744,0541
1748,1726
1752,2617
1756,3212
1760,3510
1764,3510
1/68,3210

-0,0010
=0,0052
=0,0005
=0,0015
-0,0057
»0,0017
=0,0001
0,0015
0,0007
0,0047
=0,0012
0,0048
0,0052
0,0013
«0,0007
0,0041
-0,0012
0,0020
0,0047
0,0016
0,0031
-0,0004
0,0008
'0.0020
=0,0007
=0,0040
~0,0030
=0,0055
=0,0034
»0,0042
«0,0043
=0,0020
=0,0002
0,0029
0,0071
0,0107
0,0349
0,0119
0,0043
0,0059
0,0023
0,0061
=0,0019
=0,0054
=0,0047
=0,0058
=0,0273
»0,0040
=0,0020
=0,0046
«0,0010
P0.0027
=0,0021
»0,0023



91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
1114
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
13¢
132
133
134
135
136
137
138
139
140
1414
142
143
144

PO R RB FA A 1A (8 48 R R B b3 B RS 1D RA p3 b3 1A (8 B3 P fA BB A P 13 pA b 13 D L8 14 1A 1B b8 | 4B FA 1A 14 (A BS 4 (A J3 HA J3 |8 A 1A 43 pa A

pe
p2
P2
P2
pe
p2
P2
P2
P2
P2
P2
(4
4
P2
P2
P2
P2
P2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
PL
PL
PL
PL

3972
37/2
35/2
3372
3172
29/2
27/2
25/2
23/2
21/2
1972
1772
15/2
1372
11/2

972

7/2

5/2

5/2

7/2

9/2
11/2
1372
15/2
1772
1972
21/2
23/2
25/2
27/2
29/2
3172
33/2
35/2
37/2
39/2
41/2
43/2
45/2
47/2
49/2
51/2
53/2
55/2
57/2
59/2
63/2
65/2
67/2
71/2
29/2
25/2
23/2
21/2

1.25
2,00
2,00
2,00
2,00
2.00
2.00
2.00
0.50
2.00
2.00
2,00
2,00
2.00
0000
2,00
2.00
2.00
0.00
0.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2,00
2.00
4.00
3,00
1.00
2.00
2,00
0.31
0.50
2.00
2.00
2,00
2.00
2,00
2,00
2.00
2.00
0.50
1.00
2.00
1.25
1.25
0.12
0.06
0.25
0.33
0.31
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1772,2598
1776.1782
1780,0440
1783,8990
1787,7169
1791.5102
1795,2653
1798,9888
1802,6814
1806,3468
1809.9735
1813,5698
1817,1362
182n,6702
1824,1794
1827,6382
1831.0739
1834,4720
1854,1636
1857,3063
1860,4573
1863,5501
1866,6047
1869,.6253
1872,6106
1875,5649
1878,4693
1881.3466
1884,1852
1886,9869
1889,7524
1892,4833
1895,1834
1897,8304
1900,4495
1903,0334
1905,5724
1908.,0801
1910,5469
1912,9780
1915,3715
1917.7274
1920,0435
1922,3288
1924,5620
1926,7715
1931.0602
1933.1533
1935,1993
1939.1749
1663,5706
1673,1964
1677,8582
1682,4009

1772,2610
1776,1708
1/80,0503
1783,8992
1/87,7174
1791,5047
1795,2640
1798,9860
1802,6796
1606,3415
1809,9716
1813,5697
1817,1355
1820,6688
1624,1694
1827,6372
1831,0718
1834,4731
1854 ,1687
1857,3306
1860,4575
1863,5491
1866,6053
1869,6258
1872,6105
1875,5592
1878,4718
1881,3480
1884,1876
1886,9907
1889,7569
1892,4862
1895,1784
1897 ,8334
1900,4511
1903,0314
1905,5743
1908,0796
1910,5473
1912,9773
1915,3697
1917,7243
1920,0412
1922,3204
1924,5619
1926,7657
1931,0607
1933,1520
1935,2060
1939,2024
1663,5676
1673,2011
1677,8589
1682,4079

-0,0012
0,0074
"0|0063
=0,0002
=0,0005
0,0055
0,0043
0,0028
0,0018
0,0053
0,0019
0,0001
0,0007
0,0014
0,0100
0,0010
0,0021
-0,0011
»0,0051
~0,0243
~0,0002
0,0010
~0,0006
=0,0005
0,0001
0,0057
-0,0025
=0,0014
=0,0024
«0,0038
=0,0045
-0'0029
0,0050
'0.0030
=0,0016
0,0020
=0,0019
0,0005
=0,0004
0,0007
0,0018
0,0031
0,0023
0.0084
0,0001
0,0058
=0,0005
0,0013
=0,0067
=0,0275
0,0030
«0,0047
=0,0007
=0,0070






145
146
147
148
149
150
1514
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
178
176
177
178
179
180
1814
ig2
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198

e el e e e A e e e a al al al l l  T RT W PP P P O P P PV P Py

PL
PL
PL
PL
PL
PL
PL
PL
oL
oL
oL
oL
oL
oL
oL
o]
oL
RL
RL
PH
PH
PH
PH
PH
PH
PH
PH
oH
OH
oH
oH
oH
OH
oH
oH
oOH
oH
QH
QH
QH
OH
OH
OH
QH
oH
QH
RH
RH

RH
RH
RH
RH
RH

1972
1772
15/2
13/2
11/2

9/2

7/2

3/2
31/2
27/2
21/2
1972
17/2
15/2
1372

7/2

5/2

7/2
2772
21/2
19/2
1572
13/2
11/2

9/2

7/2

5/2

3/2

5/2

7/2

9/2
11/2
1372
1572
17/2
1972
21/2
23/2
25/2
27/°¢
29/2
31/2
33/2
37/2
39/2
41/2

1/2

7/2

9/2
11/2
13/2
1572
17/2
19/2

0,50
0.25
0,00
0000
2.00
0.00
2.00
0.00
0.50
0.00
2.00
0,50
0.00
2.00
2.00
2.00
2.00
0.00
0.06
G.04
0.00
0.00
0.50
0.00
0.52
1,50
0.52
1,00
4,00
4,00
4,00
4.00
5.00
3.06
1.19
3.00
4,00
4.00
1.60
0.47
4,00
4,00
2.00
0.50
0.12
0.03
1.00
2,00
2,00
2.00
2,00
2.00
2,00
2.00
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1686,8447
1691.1701
1695,4485
1699.,4708
1703,4600
1707,3133
1711,0583
1718,1864
1708.0992
1711.5478
1715,9443
1717.1929
1718,3249
1719,3415
1720,2422
1722,2386
1722,6680
1736,6579
1757.8669
1931,4675
1934,2000
1939,8185
1942,6763
1945.5907
1948,5692
1951,6154
1954,7006
1962,7679
1962,9055
1963,0996
1963,3476
1963,6441
1963,9958
1964,4011
1964,8510
1965,3521
1965,8982
1966,4860
1967,1174
1967,7831
1968,5015
1969.2411
1970.0260
1971,6784
1972,5484
1973,4387
1967,6108
1977.8723
1981,4000
1984,9774
1988,6050
1992,2837
1996,0100
1999,7806

1686,8461
1691,1747
1695,3830
1699,4785
1703,4569
1707,3169
1/11,0574
1718,177¢
1/08,0993
1711,5574
1715,9509
1717,1956
1718,3274
1719,3446
1720,2457
1/22,2403
1/22,6655
17/36,6161
1757,8696
1931,4640
1934,1913
1939,7920
1942,6683
1945,5967
1948,5781
1951,6135
1954,7034
1962,7726
1962,9102
1963,1023
1963,3481
1963,6469
1965,9977
1964,3991
1964,8501
1965,3489
1965,8941
1966,4837
1v67,1161
1967,7890
1968,5004
1969,2481
1v70,0298
1971,6858
1972,5553
1973,4492
1967,6141
1v77,8728
1981,3984
1984,9763
1988,6047
1992,2824
1996,0077
1999,7789

=0,0014
-0,0016
0,0655
0,0031
-0,0036
0,0009
0,0094
=0,0001%
-0,0096
»0,0066
=0,0027
=0,0025
=0,0031
90,0035
-0,0017
0,0025
0,0398
«0,0027
0,0035
0,0087
0,0265
0,0080
=0,0060
-0,0089
0,0019
=0,0028
=0,0047
-0,0047
=0,0027
=0,0005
»0,0028
=0,0019
0,0020
0,0009
0,0032
0,0041
0,0023
0,0013
'0.0059
0,0011
=0,0070
-0,0038
«0,0074
»0,0069
=0,0105
~0,0033
~0,0000
0,0016
0,0011
0,0003
0,0013
0,0023
60,0017






199
200
201
202
203
204
205
206
207

S FA A A e 1A 4 pa b

RH
RH
RH
RH
RH
RH
RH
RH
RH

21/2
23/2
25/2
27/°2
29/2
31/2
3372
35/2
37/2

S.D,

2'00

10035

244

2003,5978
2007,4539
2011.,3507
2015,2872
2019,2551
2023,2536
2027,2882
2031.3528
2035,4363

2003,5943
2U07,4519
2011,3496
2015,2852
2019 ,2564
2023,2609
2027,2962
2031,3599
2035,4494

0,0035
0,0020
0,0011
0,0020
=0,0013
=0,0073
«0,0080
*0,0071
=0,0131






APPENDIX X=A

FIT UF THFE | AMBDA DNUaLE!l SPLITTINGS FOR 14N140

M LINF wWwGT. URS, PRED, (0=P)
1. PL 8577 0D.N6 -0.1655 -0.15990 -0.0065
2 PL 3z/2 0.31 -0.1639 -0.1555% -0.0083
X PL 31/7 L.N6 -0.1200 -0.1512 0.0312
4 PL 29/° n,31 -0.1316 -0.1460 0.0144
5 PL 25/°2 N.41 -0.1204 “0.,1330 0.0126
[} Pl 2%/72 2.35 -0.1151 -001255 0.0104
7 Pl 21/7 C.R9 -0.1031 -0.1172 0.0141
&k PL. 19/7 N.00 -Ne¢1299 -0.1084 -0.0175
9 PL 17/7 .00 -0.0771 -0.0991 0.0220
1" PL 1572 n,33 -0.0677 -0,0893 0.0216
11 QL 23/72 2,00 ~0.1545 -0.1403 -0,0142
12 QL 21/7 N.00 -0+.1101 -0.1285% 0.0185
13 QL 13/7 .08 -0.0692 ~0.0817 0.0125
14  RL 7/¢ .00 ~-0.0596 -0.0458 -0.0138
1% RL 17/7 0.00 -0.1045 -0,0968 -0.0077
146 Rl 24/7? .18 -041323 -0,1139 -0.0184
17 RL 27/7% N.04 -0+¢1365 -0.,1345 -0.0020
18 RL 29/72 0.04 -0.1424 -0.1397 -0.0027
19 PH  31/2 .19 01619 0.1514 N.0105
20 PH 29/727 Ne50 01543 0.1461 0.0082
21 PWw 2777 0.22 0¢1523 0.1400 0.0123
22 PH 2377 0.3 0.1282 0.1255 0.0027
23 PH 19772 Ne59 041042 0.1085 -0.0043
24 QH 15/2 0100 -0'0771 -000933 000162
25 QW 1772 N.00 ~0.0947 -0.1050 0,0103
26 QX 19/7 1.00 01123 -0.1167 0.0044
27 QW 21/° 3.84 -0.1260 -0.1284 0.0024
28 QW 23/7 6,10 -0.1385 “0.1401 0.0016
2% QW 25/7 6.71 -0.1530 -0.1518 -0.0012
3N QX  27/72 .71 ~0.1626 -0.1636 0.0010
31 QN  29/2 6,25 -0.1765 -0.1753 -0,0012
I2 QW 312 .25 -0.1886 “0.1871 -0,0015
I3 QW 33/? 6,52 -0.1995 -0.1988 -0.0007
34 QH 35/° D.06 -0.2154 »0.2106 -0,0048
I8 QW 37772 5,47 -0.2229 -0.2224 -0.0005
34 QH 39/72 2,02 -0.2350 -0.,2342 -0.0008
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37

38
39
4n
41
42
43
44
45
46
47
4R
49
50
51
52
53
54
55
54
57
58
59
6N
61
62
63
64
65
6h
67
[Xal
69
71
71
72
73
74
75
74
77
78
79
81
81
82
8%
84
85
8%
87
84
89
9n

QH
QH
Q-
QH
R+
R
RH
R
R
R
RH
RH
RH
R
RH
RH
RH
P4
P
P4
P1
P1
P1
P1
P1
P1
P
P
P2
P2
P2
po
P2
P2
P2
P
P2
P>
P2
R1.
R1
R1
R1.
R1
R
R1
R1
R1
R1
R1
R2
R?
R?2
R2

44 /2

4372
45/72
47/2
1572
1777
19/°2
21/72
23/72
27/7
29/7
$1/72
33/°2
35/°2
3777
3q/2
41/7
1/7
372
5/7
77?2
9/°?2
11/7
13772
15772
1777
1977
21/7
1/72
/2
577
777
9/72
1177
11772
15772
1772
19/2
21/7
1/2
X/7
577
772
9/7?
1172
1377
15/72
17/2
19/2
21/2
1/72
3/2
5/2
1/72

0.75

0,37
Cel12
0.02
N.00
0.00
0'00
0.25
.50
2,06
2.02
2.02
0.50
031
f.12
0.12
.00
0.00
0.00
0.00
0.00
0.00
.00
1.00
.00
0.00
.00
6.00
0.00
0.00
0000
0.00
.00
9.00
0.00
0000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
N.00
0000
0.00
N.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
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-0.2520
‘002658
’002726
'002701
0.0651
0.0764
01016
0.1059
0.1170
0.1349
0.1383
0.1476
0.1479
0.1544
0.1542
0.1595
0.1789
'000000
'000000
'0.0000
-0.0000
-0.0000
-0.0000
-0.2000
-0.0000
-0.0000
-0.0000
-0.0000
'000000
’0-0000
-0.0000
~0.0000
-0.0000
‘0-0000
'000000
-0.0000
-0.0000
'0-0000
‘0'0000
0.0000
0.0000
0.0000
C.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

-0.2460

-0.,2579
-0.2698
-0.2816
0.0874
0.0968
0.1056
0.1138
0.1214
0.1343
0.1396
0.1440
0.1474
0.1499
0.,1513
0.1516
0.1507
0.0117
0.0117
0.0118
0.0120
0.0125
0.0132
0.0142
0.015%
0.0173
0.0196
0.0224
0.0000
0.0000
0.0001
0.0002
0.0003
0.0004
0.0004
0.0008
0.0011
0.0014
0.0017
-0.,0116
-0.0115%
-0.0115
-0.0114
-0.0112
-0.0111
-0.,0109
-0.0107
-0.0105
-0.0102
=0,0099
-0.0000
=0.0001
=0,0002
-0.0003

-0.0060

-0.0059
-0.,0028
0.,0115
-0.0223
-0.0204
’000040
-0.0079
-0.0044
0.0006
-0.0013
0.0036
0.0005
0.0045
0.0029
0.0079
0.0282
-0.0117
-0.0117
-0.0118
-0.0120
-0.0125
-0.,0132
-0.0142
-0.0156
-0.0173
-0.0196
-0.0224
-0.0000
'0»0000
-0.0001
-0.0002
-0.0003
-0.0004
-0.0004
-0.0008
-0.0011
‘090014
-0.0017
0.0116
0.0116
0.0115
0.0114
0.,0112
0.0111
0.0109
0.0107
0.0105
0,0102
0,0099
0.0000
0,0001
0.,0002
0.0003






91

92

93

94

95

9A

97

9R

99
10n
101
102
109
104
105
104
107
10%
109
11n
111
117
113
114
115
116
117
118
119
121
121
122
12%
124
125
126
127
128

R?
R?2
R?
R?
R?2
R?2
R2
(OR ]
Q1
Q1
W1
(FR ]
W1
31
01
Q1
(AR
Q@1
(\R]
@1
Q1
"R}
Q1
02
>
W2
g
Q?
Q2
Q2
Q2
Q2
(N
Q?
62
a2
w2
Q@2

6/2
11/2
1377
15/7
1777
19/
21/72

1/7

3/2

5/2

772

9/2
11/2
13/
15772
17/2
19/7
21/7
23/2
25/7
2772
29/7
3177

3/2

577

7/2

9/
1177
13/2
15/7
17/7
1977
21/7
23/7?
25772
27472
2977
31/2

S.b,

0.00

95.00
0.00
N.,00
.00
.00
0,00
O'UU
.00
7.00
n.00
9,00
7.00
0.00
N.00
N.00
0.00
3,00
.00
0.00
C.OO
.00
.00
0,00
0.00
0.00
”’000
.00
nIOO
0.00
0.00
n.00
0.00
0.00
.00
.00
.00
.00

5.0043

24/

0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000C
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.c000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
6.0000
0.0000
0.0000
0.0000
0.0000
0.000¢C
0.0000
0.0000

-0,0004
-0.0006
-0.,0008
-0.,0010
-0.,0013
-0.0015
-0.0018
-0.0233
~0.0466
~0,0697
-0.,0927
-0.1154
-0.1379
=0.1601
-0.1618
-0.2031
=0.2442
-0,2638
-0.,2828
=0.3011
-0.3186
-0.,3352
-0.0001
-0,0002
=0,0006
-0.0012
=0.0020
-0.0032
-0.0049
-0.0070
~0.,009%6
-0.0127
“0.01656
-0.0211
~0.0264
-0.,0324
~0.,0394

0.0004

0.0006
0.0008
0.0010
0.0013
0.0015
0.0018
0.0233
0,0466
0,0697
0.0927
0,1154
0.1379
0.1601
0.1818
0,2031
0.2240
0.2442
0.2638
0.2828
0.3011
0.3186
0.3352
0.0001
0.0002
0.0006
0.0012
0.0020
0,0032
0.0049
0.0070
0.0096
0.0127
0.0166
0.0211
0.0264
0.0324
0.0394
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36

APPENDIX X=R

FIT OF THE LAMBDA DOURLET SPLITTINGS FOR 15N140

LINF WGT. 03s, PRED,
P'\ 29/7 0.06 '0'1422 -001440
PL 25/2 €.25 -0.1197 -0.1307
PL 2%/7 N.33 -0.1182 -0.1231
wl.  31/°72 0.50 -0+1785 ~0.1825
QL 29/72 0.00 -0.2541 -0.1710
QL 27772 2.00 -0+.14565 -0.1595
QL 25/72 0.00 -0.1227 -0,1480
QL 21772 2,00 -0.1296 -0.1251
QL 16772 .50 -0.1147 -0.1137
QL 1772 0,00 -0.1042 -0.,1023
(FI 15/72 .50 -0.0879 -0.0909
RL 27/72 0.06 =0.1350 ~0.1328
P 2172 D.04 0.1177 0,1149
P+ 19/7 0,00 0.1099 0.1061
P 15/72 0,00 0.1438 0.0872
P+ 1%/2 0.00 0.0737 0.0771
QW 1372 t.00 -0.0671 -0.0795
Q<4 165/72 0,00 -0.0829 -0.0908
G 1777 0.00 -0.0968 -0.,1022
A+ 1977 0.75 -0.1111 -0.1136
Q4 21/2 4,00 -0+.1229 -0.1250
Q4 23/? 4,00 -0.1335 ~0.,1364
Q4 2577 1.60 -0.1517 -0.1478
Q4 27772 0.47 =0+1556 -0.1592
WH 20/2 4000 '0'1713 -001706
Q4 8172 4,00 -0.1827 -0.,1820
Q4 3377 2,00 -0+1963 =0.1935
Q- 3572 .00 ~0.2335 -0.,2049
Q4 3772 0.50 -0+2160 -0.,2164
Q4 39/2 0.12 -0.2273 -0.2279
G 44/7 0,03 ~0.2425 =0,2394
R4 17/72 0,00 0.0909 0.0948
R4 19/°2 0.50 0.1028 0,1035
RA 21/7 2,00 0.1117 0.1117
RH 2372 2,00 0.1178 0.1194
R4 25/2 1.54 01225 0.1264

248

(0=P)

0.0018
0,0110
0,0049
0.0040
-0.0831
0.0130
0.0253
-0.0045
~0.0010
-0.0019
0.0030
-0.0022
0.,0028
0.0038
0.0566
'000034
0.0124
0.0085
0.0054
0,0025
0.0021
0.,0029
-0.0039
0.0036
-0,0007
-0.,0007
-0.0028
-0,0286
0.0004
0.0006
-0,0031
-0.0039
-0.0007
-0,0000
-0.0016
-0.0039






37
38
I
40
41
4?2
43
44
45
46
47
4R
49
5n
51
5?7
53
54
5%
54
57
58
59
[
61
6?
63
[ X
65
6hA
67
69
69
70
71
70
73
74
75
74
77
7 &
79
8N
81
82
83
84
8%
86
87
88
89
on

R«
RH
R
R
RH
R+
P
P1
P1,
P
P4
P
P1
P1
P1
P1
P1
P2
P2
P2
P2
P2
P2
P2
P>
P?
P2
P2
R1
R1
R1
R1
K1
R
R1
R1
R1
R
R1
R2
R2
R?
R?
R?
R?
R2
R?
R2
R?
R?
a1
01
Q4
Q1.

27/72

29/?
31/2
33/2
35/2
3772
1/2
32
5/2
7/2
9/?
11/%
1372
15/2
17/2
19/2
21/2
177
/2
577
777
9/7?
11/72
1172
1872
1777
1979
21/%
1/2
3/
Yz
772
9/2
11772
1372
1577
17/2
19/7
21/72
177
3/2
5/7
772
5/%
11/2
1372
15772
17/2
19/72
21/7
1/2
3/2
5/7
777

2.00

00‘50
.12
0.02
.02
.00
0.00
N.00
0.00
n,00
0.00
0,00
t.00
0.00
0.00
O‘OO
COOO
N.00
2.00
.00
7.00
.00
0.00
n,00
.00
0,00
0.00
.00
0.00
C.oo
0.00
0.00
N.00
0,00
N.,00
.00
.00
G.OO
0.00
.00
0,00
.00
0.00
0.00
N.00
.00
0,00
0.00
0.00
.00
0.00
0.00
0,00
0.00

2

49

0.1357
0+1413
0.1477
0.1583
0.1604
01723
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
N.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.000G0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000
6.0000
0,0000
0.0000

0.1327

0.1382
0.1430
0,1469
0.1499
0.1519
0.0113
0.0114
0.0115
0.0117
0.012%
0.0127
0.0136
0.0149
0.0165
0.0185
0.02114
0.0000
0.0000
0.0001
0.0002
0.0003
0.,0004
0.0004
0.0008
0.0010
0,0012
0.0015
-0.0113
-0.0113
-0.0112
-0.0111
-0,0110
-0.0108
-0.0107
-0,0105
-0.0103
-0.0100
-0.0098
-0.0000
-0.,0001
-0,0002
-0.0003
-0.,0004
-0.0005
-0.0007
-0,0009
-0.0011
-0.0014
-0.0017
-0.0227
=0.,0453
~0.0679
-0,0903

0.0030

0,0031
0.0047
0.0114
0.0105
0.0204
-0.0113
-0.0114
-0.0115
-0.0117
-0.0121
-0.0127
-0.0136
-0.0149
-0.0165
-0.0185
-0.0211
-0.0000
-0.0000
-0.0001
-0.,0002
-0.0003
-0.,0004
-0.0004
-0.0008
-0,0010
~0.0012
-0.0015
0.,0113
0.0113
0.0112
0.0111
0.0110
0,0108
0.0107
0.,0105
0.0103
0,0100
0.0098
0.0000
0.0001
06,0002
0.0003
0.0004
0,0005
0.0007
0.0009
0.0011
0.0014
0.0017
0.0227
0.0453
0.,0679
0.0903






91
9?2
93
94
95
95
97
9A
99
10"
101
107
103
104
105
1064
107
10R
109
110
111
112
113
114
115
116
117

Q1
Q1
Q1
Q1
Q1
Q1
01
Q1
@1
@1
Q1
G
(A
Q?
Q?
Q@2
w2
w?
Q7
02z
Q7
W2
W2
Q2
@2
Q2
w2

ay?
11/2
1372
1577
1772
19/2
21/7
23%/7?
25/7?
2777
29/7
3172

3/7

5/7

7/2

Q/?
11772
13/2
15/7
17/72
1977
21/7?
23/7?
2n/7?
27/7
29/7
31772

S.U,

DD OO DD
e e e o o

DD OO0 O
[ B «n I o I con I o B o ]

oo )
o
o

0,00
2.00
(.00
0.00
N.00
n.00
.00
£.00
0.00
0.00
2.00
0.00
.00
.00
n.00
9.00
n,00
7.,00
6,00
D.00

0.0028

250

0.0000
0.0000
0.0000
0.0000
0.00060
0.0000
0.0000
0.0000
D.0000C
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00CU
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

-0.1124
-0.1344
=0.1560
-0,1773
-0.1982
-0.2186
-0.2385
-0.2579
=0.2766
-0.2947
-0.3121
-0.3288
=0.0001
-0.0002
-0.,0005
-0.0011
-0.0018
-0.0029
~0.0044
=0.0063
-0.0087
~0.0115%
-0.0150
-0,0191
-0.0239
-0.0294
-0.0357

0.1124

0.1344
0.1560
0.1773
0.1982
0.2186
0.2385
0.2579
0.2766
0,2947
0.3121
0.3288
0.0001
0.0002
0.0005
0.0011
0.0018
0.0029
0.0044
0.0063
0.0087
0.0116
0.0150
0.0191
0,0239
0,0294
0.0357












