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ABSTRACT

This code is a companion code for.PUBCO—I, which computes the ideal
thermodynamic functions of polyatomic gas molecules and which is described
in LA-2278,

The PUBCO-II code is arranged to handle the ground electronic state
plus as many as five excited electronic states with their associated vibra-
tion and rotation terms. The code normally computes the nonrigid rotator-
anharmonic oscillator thermodynamic functions but drops out the correction
factors t; give the rigid rotator-harmonic oscillator thermodynamic functions
if the operator so desires.

The PUBCO-II code is distinguished from other codes which compute
thermodynamic functions for diatomic molecules by its treatment of the
rotational energy contribution to the partition function. Three different
methods of computing this contribution are used, depending on whether the
molecule is in a Z electronic state, a doublet non-Z electronic-state, or a
triplet non-Z electronic state. .

Sample calculations which illustrate certain features of the code are

given for OH (2H) and 02 (3H).
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1. INTRODUCTION

This report, which describes an IBM 704 code to compute the ideal
thermodynamic functions of diatomic gas molecules, is intended as a com-
plement to LA-2278, which describes a similar IBM code for calculating the
ideal thermodynamic functions of polyatomic gas molecules, and to LA-2110,
which describes a code to compute these functions for monatomic gas mole-
cules. The availability of PUBCO-II now makes it possible to compute ther-
modynamic functions for any type of gas molecule (for which spectral data
exist) up to temperatures at which thermal ionization begins to be of im-
portance for that molecule,

By depressing sense switch No. 2, the operator can obtain the thermo-
dynamic functions divided by the gas constant, R, rather than the actual ther-
modynamic functions.

The equations which are used in the computation of the thermodynamic
functions by means of the PUBCO-II code are discussed in Section 2; a gen~
eral description of the code is given in Section 3; the IBM lisfing for the
code is reproduced in Appendix A; and sample machine printouts for OH (2H)

and Cz (3H) are given in Appendix B and Appendix C, respectively.

2. THERMODYNAMIC FUNCTIONS OF DIATOMIC MOLECULES

2.1 Partition Functions

The thermodynamic functions of any gaseous molecule can be computed

>

by means of the partition function 2 defined as

L4 - 7 -




Q= Z g © , (1)
i
where
gi = degeneracy of the ith energy level,
€ = energy of the ith energy level,
k = Boltzmann constant,
T = absolute temperature in degrees Kelvin.

It is possible to factor the total partition function, Q, into an internal

and a translational partition function such that

Q=Q, " Q (@)

tr’

Moreover, if the various possible interactions are neglected, the internal
partition function is separable into an electronic component, a vibrational

component, and a rotational component with the result that

Q= Qtr Qel ) QVib ’ Qro’c' 3)
It can be shown that the translational partition function, Qtr’ can be
expressed as
3/2
2rmkT
Q.= V=% )
h
where
V = molar volume of gas being considered,
m = absolute mass of the molecule,
h = Planck constant.
The electronic partition function, Qel’ is defined as
- /KT
Q =g e o )
el el ’




where

g 1= degeneracy of the electronic state,

e
A €, = energy of the electronic state. )
The ground electronic state has zero energy so that for the ground state
= . 6
Q= 8y (6)

Each of the excited electronic states will have an electronic partition function
as defined by equation (5).

The vibrational partition function for a harmonic oscillator can be ex-

pressed as
> hevw /KT
~hevw
Q= 2, & © , (M)
v=0 .
where v
gv = degeneracy of vibrational level (= 1 for diatomic molecules),
¢ = velocity of light,
v = vibrational quantum number =0, 1, 2, . .., .,
w = fundamental vibrational frequency (cm_l).

The vibrational partition function can be simplified to give

. -1
Q. = (1 _ e—hcw/kT) . ®)

vib

Normally, in molecular spectra nomenclature, the fundamental frequency, w,
is replaced by the wave number, v, of the fundamental vibrational band.

The rotational partition function, Q

-€ J/kT

Q= X @ +1e : @
J

rot’ takes the general form



where

J

rotational quantum number,

€3

A detailed description of the rotational partition function will be given in

energy of Jth rotational level,

Sections 2.2 through 2.4 since different treatments are used to handle the
three following cascs:

a. X states of any multiplicity,

b. Doublet states (non-Z),

c. Triplet states (non-Z).

The nonrigid rotator-anharmonic oscillator molecules are treated as
rigid rotator-harmonic oscillator molecules with three correction.terms3 to
take care of the stretching, anhafmonicity, and vibration-rotation interaction
of the molecules. If some of the spectral data which are required to com-
pute these correction terms are missing, the operator can depress sense
switch No. 1 on the 704 console, thereby forcing the code to treat the mole~
cule as a rigid rotator-harmonic oscillator,

The partition function for stretching is expressed as

InQ, =»T, (10)

where

p = 2kD/hcB> . (11)

In equation (11)," D is the centrifugal distortion constant of the molecule.

The anharmonicity partition function is

_ [2xewe - (13/4) yewe] (he/KT) Y
(pone_)F .

In Qannh
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where

anharmonicity constants (cm-l),

X w w
%o T

e e
v = fundamental vibrational band wave number.
Here
13
V=, -~ 2xewe + 4 yewe . (13)

It is convenient to make the replacement
u = hev/kT . . (14)
Equation (12) then simplifies to
- k
[erwe (13/4) yewe] (he/KT)

In Q'cmh =( (eu ~ 1)2

(15)

The vibration-rotation interaction partition function can be expressed as

nQ =—2_ | (16)

vor (eu-—l)’

where 0 is a dimensionless vibration-rotation interaction constant and is de-

fined as

6 = ae/Bo . QaT7)
Here

a, = small rotation constant used to correct B for various

vibration levels (cm"l),

B0 = rotation constant of molecule (cm_l),

B, = Be - ae/z , (18)
where

Be = value of rotational constant at the equilibrium separation of

the two atoms.

- 11 -




2.2 Rotational Partition Function for Molecules in the X State

The generalized equation (9) for the rotational partition function takes

the following form for molecules in the Z state:

[+ <]
Q.= 2 @I+1 ¢~ DU BeB/KT) (19)
J=0
This equation can be expanded asymptotically to give
2 3
1 |/ kT 11 (BB 4 (BB 1 (B
Q = — =+ — + + +eeals
rot o* (th0> 3 15\ kT 315 \ kT 315 \ kT
(20)

where o* is the symmetry number of the molecule. .

To be rigorous in the treatment of molecules in the £ state, molecules
whose multiplicity is greater than unity should be handled somewhat differently.
The rigorous treatment of 22 and 3)3 state molecules is discussed by
Herzberg'.4 Fortunately, the simplified treatment used in the PUBCO-II code
gives only slightly inaccurate results at low temperatures and gives the cor-
rect results at high temperatures.

One can, of course, treat molecules which are not in the Z state as if
they were in that state by changing A to zero and multiplying the electronic
degeneracy by 2. -

2.3 Rotational Partition Function for Doublet Molecules with A-type Doubling

The development of the partition function for doublet molecules with
A-type doubling is an extension of the method of Haar and Friedman5 for
2H molecules to cover 2A and 2I‘ molecules.

Hill and Van Vleck6 have derived expressions for the rotational energies

of doublet molecules. For any 2A state

- 12 -




2 2 1/2
} Ny _ 2 1 1V, AlA L) ,2
Fl(J)—B0 <J+2>—A—2 4<I+2>+B<B >A
oO\N0
—DJ4, (21)
2 . 2 1/2
_ 1 2 1 1 A[A 2
0 0
4
-D @+, (22)
v
where

Fl(J )y F 2(J ) = energy levels of the lower and upper doublet states,

respectively,

A = orbital angular momentum quantum number = 1,
2, 3, v,
A = spin coupling constant (cm_l),

Dv = previously defined D,

1
J = rotational quantum number = Y

| eo
oo

’

In order to refer the rotational energy to the lowest molecular energy
as the zero of energy, the lowest molecular energy B must be subtracted
from FI(J) and F 2(J ) For normal 2II and inverted 2II molecules, 8 equals
F1(1/2) and F 1(3/2),' respectively; for normal ZA and 21‘ molecules, B equals
F1(3/2) and F1(5/2), respectively. If 0 < A/B0 < 2, the lowest rotational

level belongs to F_ even though all the other rotational levels of the same

2
doublet component belong to F 1; in such a case, 8 would be -F2(1/2) for a
2II state,

If one follows the Haar and Friedman development, he arrives at the

following expression for the rotational partition function:

- 13 -




) k )
_ 2 exp{(hcp/kT) + [(2A + 1)/4] o} S g 4 1S @+ o3I+

Q
rot o* 0 dok J=l§
2’2
heD d2 d -oJ (J+1) ~yG
e = S @t 1e -7, (23)
kT 2
" T3
2’2
where
th0
o= kT -(24)
o* = symmetry number,
P i S @il )" (25)
Tk kI < @n+2lal ’

2
A A 2 1
a=|(2) -2 A%+, (26)
|:<2B0) BO] 4

2 1/2
7=(2A+1) 1 [4B2(J+L> _ 4AB A2+A2A2] . (@7)
0

4 " 2B 0 2 0

The g, all converge. In the PUBCO-II code, n is allowed to run only
from 0 to 12 and k from 0 to 7 since these limits are sufficiently large to
guarantee convergence of the gk.

The term e " in equation (23) must be included to account for the fact
that some of the rotational levels are missing. Thus, for a 2H molecule,
only one level with J = 1/2 is present, but in a ZA molecule both the J = 1/2
levels are missing, as well as one level with J = 3/2. Consequently, the co-
efficient of e-'yo for a 21‘[ molecule will be unity and J will equal 1/2; for the
case of a 2A molecule there will be two sets of e 7’ terms, one set corres-
ponding to J = 1/2 with a coefficient of 2 and the second corresponding to
J = 8/2 with a coefficient of 2. If a molecule is encountered with A > 3(21‘),

- 14 -




the code will treat the molecule as one in the 2I‘ state as far as missing
rotational levels are concerned.

Equation (23) differs slightly in form from equation (8) in the Haar and
Friedman paper because certain simplifications have not been used in the
PUBCO-II code.

The evaluation of the sum

o0

z @J + 1) e

1
J _2’

-0 (J+1)

N 100

is performed as discussed in the original paper but the summation has been
extended to yield additional terms. The following result is obtained:

~0J(J+1)

o0

1 - -2
> @7 + 1) e = =+ 8.33333 X 10 2 _ (2.70834 x 10 )a
1

3
J 2

2’
—(1.07391 X 10’2)02 ~ (3.1731 X 10’3) o

- (1.1649 x 10'3)04 —(8.863 x 10'4)05 .

(28)
If the power series in ¢ in equation (28) is represented as X*(o),
equation (23) then becomes
7 k
q . = 2exp{(ep/kT) + [@2A + 1)/41} S g 3
rot o* = k dok
heD d2 ~yo
X (E*(a) + — — E*(o)) —e 7%, (29)
kT doz

Equation (29) is multiplied by 2 rather than by 4 as in equation (11) of the

original Haar and Friedman paper because the other factor of 2 is considered

- 15 -



to be the electronic degeneracy in the PUBCO-II code,
It should be pointed out that the correction term due to the anharmonicity
of the molecule has been derived incorrectly in the Haar and Friedman paper

although the error resulting from the incorrect expression is not too large.

2.4 Rotational Partition Function for Triplet Molecules with A-type Doubling

7
Budo has derived expressions for the rotational term values for any
degree of spin uncoupling for triplet states on the basis of Hill and Van Vleck's
general equations. These expressions are given in Herzberg (Ref, 4, p. 235)

in the following form:

_ 1 "
F @) = B, [J(J + 1) = VI - 222] - Dv( —E> : (30)
B 1
F,@) = B, [J(J r 1)+ 4z2] - DV<J N E) , 31)
o
F @) = B, [J(J + 1)+ VT - 2z2]— DV(J‘ + -2—) , (32)
where
A2 Al A 4
ZI_AB<BO 4)+3+4J(J+1), (33)
1 .2 AA N\ _4_ '
z, = 7 [A Bo(Bo 1) C - 20 + 1)] , (34)

and where B0 has been substituted for BV in the Herzberg expressions.

As in the case of molecules in the doublet state, it is necessary to
subtract the lowest molecular energy B from F (J ), F (J), and F (J) For
normal 3 I and inverted H molecules, § equals F (0) and F (2), respectively,
for normal 3A or 3I‘ molecules, 8 equals Fl(l) and F1(2), respectively.

The rotational levels of each of the triplet components can be expressed

- 16 -



by the rigid rotator equation (20) if the spin uncoupling is slight (A > BO).
However, the effective rotafional constant, Be £ for the two rotational levels

for which Z = %1 is given by

( 2Bo )
Beff=Bolﬂ:TA—+... , (35)

3 3
0( Hl, Az, - )

Even when the spin uncoupling becomes larger, the mean of the three rota-

instead of by BO’ as is the case for the level where Z

tional levels for each J still behaves like the rigid rotator equation (20) with
the true B 0

The rotational partition function for a non-Z triplet state thus becomes

2 3
I < 1 S WP i PO ) B N i\
rot o* 120 he B1 15 \ kT 315 kT 315 \ kT
—thi(J)/kT
—(2J + 1) e s (36)

where

B, = effective B for each of the three triplet components as
defined by equation (35).
Thus equation (36) differs from equation (20) only because equation (36) is
summed over the three-component rotational levels of the triplet state and
because the contributions of any missing rotational levels are subtracted from
the rotational partition function. It is obvious that hcF/kT here is equivalent
to yo in the case of the doublet states.

2.5 Rigid Rotator-Harmonic Oscillator Thermodynamic Functions

The four thermodynamié functions are derivable from the partition

function by means of the following expressions:

- 17 -




Free energy function
—(F° - H3)/T =R In Q _ (37)

Enthalpy function

@-H/T =-5 & (38)
Entropy
§8° = (H° — H3)/T — (F° — HY)/T (39)

Heat capacity

2
o . R [Q" (Q
;-4 [Q (Q)} )

In equations (37) through (40), Q' and Q" are defined as follows:

t = [_9Q

=54 /T)] : (@
L p
[ 42 ‘ ’ ’

Q" = —a-—Q—z. . (42)
_8(1/T) b

Since the entropy is merely the sum of the free energy function and the
enthalpy function, it is left to the reader to obtain the actual expression for
the entropy contributions of various modes of freedom; only the expressions
for the free energy function, the enthalpy function, and heat capacity will be
given,

Expressions (37), (38), and (40) take the following forms when the total
partition function Q is separated into its translational component and its re-

maining internal components:

—(F° — HY)/T = R(% In T+ —g-ln M+ 20.1976 — In P + In Qint) , 43)

- 18 -



H® — H3)/T = R Z - %‘ <Qint> , (44)

C=Riz*Zla——\a—) | (45)

2 2 | Qe \ Ount

5 1 |nt Qint>2

If only the ground electronic state is being considered for a given
molecule, it is permissible to separate the internal partition function into
its vibrational, rotational," and electronic components and to compute the con-
tribution of each of the components to thé thermodynamic functions. However,
if additional excited electronic states are being considered, one must compute
the total Qint’ Q{ ot’ and Qi'nt for each electronic state and then sum these '
quantities over all the electronic states under consideration before calculating
the thermodynamic functions by means of expressions (43), (44), and (45).
The PUBCO-II code treats all problems as if more than one electronic level
were being considered.

The vibrational, electronic, and rotational partition functions and their

first and second derivatives with respect to 1/T are listed below:

-1 .

Qib = (1 - ), 46)
-2
ap © (D@D (1—e™) )
2 -u -3 -u\ -u
QU = @T) (1-e™) (1+e™)e™, (48)
-thi/kT
Qe T Bep © ’ ' (49)
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thi

el ="( K )Qel ’ (50)
thi 2

o =( K ) Yol - o

In expressions (49), (50), and (51), T1 is the energy of the ith electronic
state.

For molecules in the Z state,

111 1 4 2 1 3
= = —_— — —— 4+ ——
Qot = o [o 371573157 Y315 UJ ’ ©2)
r
™l 1 1 8 2 3 3
1= |-+ = 0+ +
Uot | o " 357"355° ¥ 315 o] ’ (53)
2
2 8 2 6 3
1 = —— | —— — + —
Uot “o*| o 3157 T35 G} ' (54

For molecules in the 2A state,

k

7
_ 2 exp{(heB/KT) + [(2A + 1)/4] 0} { [E gkd—k
o* k=0 do

2
x <>:*(a) + lllfTD d—z 2*(09] —e } (55)

do
hcB
,  _|heB 20 + 1 0
Qrot [k +< 4 ) k ](Qrot>
! K

, 2 exp{(hB/KT) + [2A + 1)/4] o}[z g9 (z*((,) LheD & z*@)

rot

o k=0 X gg* kT g6®

7 k+1

2
(2*«:) ¥ ED 5 E*(o)>+ (voT) e'“’} , (58)

+
ok 1 do

k=0 d
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hcB
. _|heg (2A +1 0|4,
Yot [k +( 4 ) k:|(Qrot)
k
2exp{(th/kT)+ [(2A + 1) /4] c}{z k y k<2 © )+th d 2*( )>

k=0 kT do

heB 7 k
heg <2A + 1) o] [Z a* < heD d” )
+ + g! Z¥(g) + —-—E()
‘:k 4 k|| &, Bk K KT 2

7 k+1

d heD d -

+ ) g 0T k+1<E (@) +LkT—2 E"‘(¢7)>+ (yoT) e
k=0 do do

7 k1
+2 Y gloT S <>:*(>+—15‘2—d—2*< ))

g
k=0 k dak+1 kT dor2
k+2
heD d 2 -
+ Z g o1 < (E*( )+ z*(o)> ~ T e L. 6T
K k+2 kT
k=0 do da
In equations (56) and (57), g and gl'{' are the first and second derivations of
g with respect to 1/T.
For molecules in the 3A state,
rot o* = U 15 i 315 i 315 i
—thi(J)/kT y
- (23 + 1) e »  (58)
Q' -MQ +£hiB/k_TTi l.*.i +_£. 2+_3_ 3
rot  k “rot o* L\ 15 % " 315 %1 T 315 Ui
~ i=0 i
hCFi(J) -thi(J)/kT
+ (2d + 1) KT e s (59)
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Qn =2I£BQ' +M Tz 2 3.*__8_.0-2..*.__@_0-3
rot k Trot o* <o 315 i 315 i
i=0 i
2 :
PR hCFi(J) e-thi(J)/kT _ (bop 2 Q 50)
kT k rot’ (
where
heB,
i
o‘ =

i kT ° - (61)

2.6 Nonrigid Rotator-Anharmonic Oscillator Thermodynamic Functions

The partition functions for the stretching, anharmonicity, and vibration-

rotation interactions are

In Q = pT , (62)
2
P Qs ©)
- 3 . — 2 .
QY = 2pT Qst PT Qy > (64)
(erwe - 13/4) y w_ (hc/kT))
In uh = (eu - 1)2 ) (65)
_ 13 he\| u u] fu -3
anh Qanh(zxewe Iy yewe) (Y){e — 11— 2ue } (e - 1) i (66)
_ 13 he u u u u -4
= 2Qanh(2xewe -3 yewe)(?)(uT) e {2 +u-—2e + 2ue } (e - 1)
13 h, 3
+ (2xewe vy yewe)(f>{eu -1 2ueu}(eu - 1)— TR h (67)
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In Q =, (68)

u
o sum e | 69)
Uy (eu B 1)2 Q-r (
on = <5e“(uT)2 (e" + 1), Q - M- Q' . (70)
V-1 (eu _ )3 vV~T (eu _ 1)2 V~-T

3. THE PUBCO-I CODE

3.1 General Features

The IBM cards used at the Los Alamos Scientific Laboratory are
punched in columns 1 to 36 and 38 to 72. All discussion will be based upon
this punching convention.

The code uses decimal floating point numbers for numerical input and
Hollerith alphameric characters as binary coded decimal (BCD) data for
molecular identification. The output is printed by the SHARE-2 board as
floating point numbers for all molecular input data and as fixed point num-
bers for all computational data, i.e., temperature and thermodynamic functions,
The molecular formula is printed as Hollerith characters.

Five Los Alamos subroutines and one Los Alamos auxiliary program
are used in the course of the program. They will be identified below and
discussed in detail in the following section. The identification and function

of each subroutine is as follows:

LAS-011 Floating decimal input
LAS-117 General on-line or off-line print
LAS-800 Square root

- 23 -




LAS-816 Floating exponential

LAS-820 Floating natural logarithm-

LAA-027 Binary correction card loader

The computation of the thermodynamic functions is performed in two
parts. The rigid rotator-harmonic oscillator functions are. calculated for all
molecules, If the more exact nonrigid rotator-anharmonic oscillator functions
are desired, sense switch No. 1 on the 704 console is left up; depression
of this switch causes the 704 to transfer to the print routine as soon as the
rigid rotator—harmom‘c_ oscillator functions have been computed.

If sense switch No, 2 on the console is depressed, all the thermodynamic

functions are divided by the gas constant, R, before the results are printed.

3.2 Subroutines

Since the write-ups for some of the subroutines used in the PUBCO-II
code are rather lengthy, only those portions of the write-ups which are neces-
sary for the proper utilization of these subroutines will be covered in this
report. Only one error stop can occur in the noncomputing subroutines and
it is covered in the discussion of LAS-011.

LAS-011. Blocks of eight digit, floating decimal constants (up to seven
per card) are loaded by m‘eans of this subroutine, It is identified in the
code as region 701 and is used to load all molecular data for the problem.

It is entered by means of a transition card. This transition card is punched
in columns 1 and 2 in the "9" row. The binary location to which the transi-
tion is to be made is punched in the "9" row in the appropriate columns from
column 22 to coiumn 36. LAS-011 requires a transition to (2760)8 for the
first problem of a series and is enterd by means of a basic linkage-calling
routine in region 110.31(5076)8 for all problems except the first of a series.
Each group of molecular data requires a control card and one or more data

cards.
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The control card must be punched as follows:

Card Columns ~Punch Significance
1 8 Control card
2-6 FWA Initial loading address

The data cards must be punched as follows:

Card Columns Punch Significance
1 Blank Data card
2-9 N 1 1st number
10-11 E 1 1st exponent
12-19 N2 2nd number
20-21 E 9 2nd exponent
22-29 N 3 3rd number
30-31 E3 3rd exponent
32-36 N 4 First five digits of 4th number
37 Blank
38-40 N 4 Last three digits of 4th number
41-42 E 4 4th exponent
43-50 N5 5th number
51-52 E5 5th exponent
53-60 N6 6th number
61-62 E 6 6th exponent
63-70 N7 7th number
71-72 E7 Tth exponent

All zeros must be punched, If fewer than seven numbers are on a
card, the unused field must be left blank. Numbers must be punched con-
secutively, starting at the left of the card. The signs of the numbers and

exponents are punched over the first digit of the number and of the exponent,
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respectively. An 11 punch is used for minus but no additional punch is used
to designate a positive number. To avoid the necessity of punching several
sets of zeros for unused electronic states, it is most convenient to use a
confrol card for each typé of molecular input data. In this case the follow-
ing initial loading addresses are required:

(01950) 10 Electronic degeneracy
(01956) 10 Rotational B

(01962) 10 Fundamental frequency
(01968)10 xewe

(01974) 10 Rotational «

(01980) 10 Electronic energy
(01986) 10 Molecular weight and symmetry number
(01988)10 A

(01994) 10 Rotational D

(02000)10 Yo

(02006) 10 Rotational coupling, A
(02012)10 Rotational 8

The data card for each type of data must follow immediately behind its
control card.

An error stop can occur at (1747)10 or (3323)8 if a data card is punched
incorrectly. .

LAS-117. This program prints fixed and/or floating decimal numbers
either on-line or off-line. It is used to print on-line in PUBCO-II but it can
be modified by 027 correction cards to print off-line. These changes will be
discussed later in this section. This subroutine is entered in region 100 at
100.0(4146)8 to print molecular data in floating point for both rigid rotator-
harmonic oscillator molecules and nonrigid rotator-anharmonic oscillator

molecules.
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For all molecules, the molecular data are printed consecutively (six
words per line). This means that each type of input data, i.e., electronic
degeneracy, rotational constants, fundamental frequencies, etc., will occupy
one line of print. The temperature, the free energy function, enthalpy func~
tion, entropy, and heat capacity are printed in this order on one line as
fixed point numbers after the computation of the thermodynamic functions
has been performed. at each desired temperature. The thermodynamic func-
tions are printed with five significant figures following the decimal point;
since most spectroscopic data are not sufficiently accurate to permit this
degree of precision, it will be desirable in most cases for the user to round
off the thermodynamic functions to the appropriate number of figures for a
given molecule, The molecular formula is printed at the head of the molec-
ular data and at the head of the thermodynamic functions.

The following changes in the pfogram are required to print off-line
with the same format as the on-line printing. The octal designation for the

operation PTW is +200000.

Location Operation Address Tag Decrement

(4150), PTW 0 0 @),
@161) PTW 0 0 8)
(4166), PTW 0 0 48),
@177, PTW 0 0 48)
(4203), PTW 0 0 (48)
(4206) PTW 0 0 (D)

LAS-800. This program, which is entered at o by a basic linkage,
takes the square root of a normalized number, x, in the accumulator and
returns to the main program at « + 2 with vx in the accumulator, If the

X = 0, the return is to o + 1 with v |x| in the accumulator. The PUBCO
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code is set up to give a program stop at all o« + 1 positions in the square
root subroutine since there is no situation where x should be a negative
number. The square root subroutine is identified in the code as region 704.
LAS-816. This subroutine evaluates the exponential of a floating point
number, x, in the accumulator. The 704 requires that |x| < 87.3. The entry
is at o with x in the accumulator and the normal exit is at @ + 2 with e
in the accumulator, Since exponent overflows are possible in the program,
the exit for this condition at @ + 1 is set up to store 1030 in the accumulator
if x > 87.3 and 0 if x < —87.3. This subroutine is region 703 of the code.
LAS-820. This program evaluates the natural logarithm of a normalized
floating point number, x > 0. Entry to the program is at o« with x in the
accumulator and the normal exit is at @ + 2 with ln x in the accumulator.
If x =0, the exit is at o« + 1. Some of the o + 1 exits are programmed as
*halts", while others are '"halc and proceed"; the instruction used in a par-
ticular calling sequence depends upon whether x can phyéically be zero in
that particular situation. LAS-820 is identified as region 702 in the code.
LAA-027, This self-loading auxiliary routine for binary correction
cards is used to load the molecular formula into the IBM 704. The card
bearing the molecular identification for a given problem is loaded into |
802.63(3735) 8 by LAA-027 after the corresponding decimal data for that
problem have been loaded. The BCD punched alphameric characters are
punched in columns 38 to 72. Binary punched correction cards also can be
loaded by LAA-027 if it becomes necessary to change some of the instruc-
tions of the code itself,

3.3 Regions within the Code

The code is composed of 90 regions. Thirty-five of these regions are

used as operational regions and can be identified by the fact that their region
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numbers are between 100 and 402; 45 regions are used for the temporary
storage of computational results and have region numbers between 500 and
645; five regions are the previously discussed subroutines and are numbered
from 700 through 704; and five regions, numbered 800 through 804, contain
input data for the problem. Region 1 is used for subroutine erasable storage.

The following list gives the functions of the operational regions.

Region , Function
100 Print input data
101 Calculate translational contribution to the thermodynamic
functions
102 Calculate vibrational contribution
103 Calculate rotational contribution for molecules in the Z state
105 Calculate electronic contribution
106 Calculate stretching contribution
107 Calculate vibration-rotation interaction contribution
108 Calculate anharmonicity contribution
109 Print output of computations
110 Increment temperature
200-213 Calculate rotational contribution for 2A molecules
300-307 Calculate rotational contribution for 3A molecules
400 Gather all Q, Q', and Q" terms
401 Form tfotal Q, Q', and Q" for each electronic level
402 Compute thermodynamic functions

3.4 Input Data

Because the possibility exists that an individual may desire to change

one or more pieces of input data, some discussion of the data now stored
in the code will be given.
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The 800 block contains the values of the physical constants needed in
the computation. The constants are those of Cohen, et al., 8 with the ex-
ception of data pertaining to the gas constant, R, and the Boltzmann constant,
k, which are based upon constants used by the National Bureau of Standards,

The order of the physical constants in region 800 is as follows:

Region Function

800.0 Gas constant, R

800.1 s

800.2 Boltzmann constant, k
800.3 Planck constant, h
800.4 Velocity of light, ¢
800.5 Avogadro number, N
800.6 Pressure in dynes/cm2
800.7 Sackur-Tetrode constant
800.8 5/2 R

800.9 RInP

800,10 3/2 R

800.11 he/k

The 801 block contains numbers needed in the calculations and will not

be discussed. The 802 region contains the molecular data in the following

order:
Region Function
802,0-802.5 Electronic degeneracy, 8a1
802.6-802.11 Rotational constant, B
802.12-802,17 Wave number of fundamental frequency, we
802.18-802,23 Anharmonicity constant, Xewe
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Region ' Function

802.24-802.29 Rotational constant, «

802,30~802,35 Electronic energy, Ti

802.36 Molecular weight

802.37 Symmetry number

802,38-802.43 Orbital angular momentum quantum number, A

802.44-802.49 Rotational constant, D ’

802.50-802.55 Anharmonicity constant, Y ¥,

802,56-802.61 Rotational spin coupling constant, A

802.62 Rotational constant, 3, to correct D for different vibra-
tional levels

802.63 Molecular identification

The data in blocks of six are for the ground electronic state and for
as many as five excited electronic states, the order of these states being in
the order of increasing values of T. There must be a one-to-one corres-
pondence for all data which occupy blocks of six, i.e., as many gel"s as B's
as we's, ete.

Region 803 has various temperatures and temperature increments stored
in it so that the code will compute the thermodynamic functions at 50°K in-
tervals from 50°K to 250°K, at 298.16°K, and at 100°K intervals from 300°K
through 5000°K. The initial temperature is stored at 803.0; the initial AT is
at 803.1; the second AT is stored at 803.4; and the final test temperature is
stored at 803.6, .New temperatures can be stored in this region by means
of LAS-011 if one wishes to change the temperature scanning routine.

Region 804 contains constants needed in the computations.

3.5 The PUBCO-II Deck

The PUBCO-II deck is formed by the following cards:

- 381 -




LAA-020 self-loading binary card
PUBCO-II binary cards
TNX to (2760)8 transition card (to LAS 011.10)
LAS-011 control cards and decimal data cards for 802 block
LAA-027 self-loading correction card
Binary card with molecular formula in (3735)8
TNX to (4146)8 transition card (to start of problem)
Two blank cards

If several molecules are being computed at the same time, the blank
cards should be removed and placed at the end of the cards for the last
molecule being computed. Each of the molecules after the first requires
the LAS-011 control and data cards, the LAA-027 self-loading correction
card and binary card with molecular formula, and a transition card to
(4146) g

ADDENDUM

Regién 646 has been added to the operational regions as a catch-all
region for corrections made after the report was originally written.

The PUBCO-II code has been checked out on an IBM 709 using IBM 704
Compatibility Package #2.
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024000
-060000
056000
Q26000
030000
030000
076500
026000
024000
~060000
002000

11113
020042
DERBRAI
(LR R REY
003572
0111193
o1111 2
003572
QDISTT
at111s
00357«
011115
Qi1
003572
Jt1113
g11112
00.,03
prin

g1

80357 %
11112
011122
g11112
ag3sv2
003577
0000432
a03sTo
011123
011122
11122
J11t1e
003572
00360q
C1112«
antrzz
Q00043
002Q0%
033703
011120
q02570
[*SERARI
Vit122
ati124
ag3s7o
011123
811122
000042
g1111e
003703
011121
004456

PR

CODOOOLOUOOODIODOOCDO L

S R R N R I T A Y Y N W RN I9Y

DoOOoOOo
[

o
1
a0z,
002z,
00«3,
0024,
02¢.
0026,
no27.
0023,
0029,
2030,
J031.,
2032.
3033,
003-.
0Qz:-.
0036.
0048.
Q1.
0042,
Q043.
0044,
0045,
0046.
0Qa7.
00ag,
0049.
00sa.
00<1,
n052.
00s2z.
00Ss,
0uss.
pOShK.
00s7.
0058,
00S8. 1
0059.
0060,
oDE1 .
0062.
0063,
0064 .
bhes.
0066.
0067.
[a]afc3=38
0062.1
0069.
0070,

DS
-

1
L&
FM
ST
Fo
SR
cA
FO
Fit
FR
FA
ST

Le

£
Fa
FH
£D
58
L@
FM
Fs
ST
CA

FD

M
LR

603,

801,
agt,
603.
603,

0.

802.
603,
801.
60Z.
603,
603.
801,
603.
603,

€03,
£02.
£03.
105,

0092,
023s,
oo,
20134,
0004,
J00s.,
0202,
Q004.,
000,
000s.
000%.
0ao~.
0001,
0005.
0oas.,
ano2.
0337,
0007,
0001 .
000s.
po02.
og10.
0qges.
0004,
0009,
0035.
0002,
oo11,
0c1a.
qota.
0004,
0004,
0010,
ag12,
g0sd.
0035.
0029,
ap3T.
0aos.
0002,
0001,
ap10.
0012,
0no2,
aDti1,
0010,
08354
0006,
0027,
0009,
£000C.

[spluix
09,
o00J,
B00d.
c009.
Qo0a3.
ango.
00ao.
0000.
00300,
00433,
0-00.
0900,
0900,

- Qgng,

0300.
0000,
plshixy
caoan.
0000.
0009,
G6900.
6004,
0800.
0000.
0000,
Q204a.
acaa.
aoba.
0800.
0000.
00ga.
0000.
ao00.
aooa.
0800.
gogo.
a0og.
ogooa.
000a.
opoco.
oooa.
0000.
ooog.
0000.
0080.
04c00.
0g000.
aooao.
a000.
0880.

.

HCE VT S&

CUBEDR
39

4

1s3

1715

KT 7HCB
SYMMETRY NUMBER
Q

1418
1/ S1GMA

SIGMA SQ.
315 '

SIGMA CUBED
315

2

T

SYMMETRY NUMBER

@ PRIME, ROTATION
2

SIGMA

T 5§.

SYMMETRY NUMBER

Q@ DUBL PRIME,ROTATIGON
CALC., ELECTRONIC FNS,

.

2287
2283
2289
2290
2291

2292
2293
2294
2295
2296
2297
2298
2299
2300
2301

2302
2302
2204
2305
2306
2307
2308
2309
2210
2311

2312
2313
2314
2318
2316
2317
2218
2219
2320
2321

2322
2323
2324
2325
2326
2327
2328
2329
2330
2231

2332
2333
2334
2335
2336
2337

04357
04360
04361
04362
04363
04264
Qa 363
04366
04267
04370
04371
Qe 372
Na273
04374
04275
04376
04377
04400
Q4401
04402
04403
Q4404
Q4405
04406
04407
04410
beatl
04412
04413
04414
04415
Q4416
04417
04420
Qqe421
04422
04423
0a424
04425
04426
04427
04430
04431
04432
04433
04434
04435
04436
04437
04440
(4441



-2y~

14451
DT
04450
Daa4ny
34962
ETT K
V44454
Jas6S
Q3466
ean7
Qeq7id
sl
14472
Naa73
04474
0478
Dau?in
Nea?7
34500
0=+301
Q4502
0-+533
Qulils
NuSRE
04304
Ja527
ESSRRY]
04511
04512
04513
04514
04515
JeH1 i

843521

04522
Qe3523
04524
04525
04526
04327
84530
04531

043322
04533
0«53
14535
0a534
04337,
$4540
04541

B4542
04542
04544
04545
NuSeb

e ] 250000
FQ 024003
FH 025000
ST 560100
C= 050200
T5X 337400

ST 060100
ST 06010p
La 056000
FM 026000
ST 060100
L2 Q56000
FM- 025000
THS 076000
37T 360100
LR 076500
Fie  0zeogod
ST 063100
LR 076500
Fm 026204
ST okgigo
L -073000
T 002001
€A 0NS0000
T 030120
TL  -1376000
T nn20a0
ca 150000
FO  02400p
SQ  ~060000
SE 076000
T 092000
T Jo2000
CA 050000
FD 024000
Fm 026000
FO 324000
Fm 026000
F3 024000
Sd  -060000
CS 050200
LR 076500
FM 026000
ST, Q60104
CHS 076000
LR 076500
Fit 026000
LR 076500
FM 026000,
3T 060100
A 050000
FS . 030200
TP 012000
CA 050000
FO 024000

Vi702
J32333
003371
o111z7
013127
403431C
01t130
c1i11230
102caq
a3
011131
Or1127
002005
02600
or1127
3030a %
011131
011132
000043
Q11127
arifas
3001t
004567
G03H00
103644
80014z
0Qa%14
102644
0p3sTo
10366~
U]
0452
m:i3ic

011141
a0udes
802008
a111e
000002
000043
002005
0000843
Oﬂngd
011143
0a3?76

014073

004557
003567
011972

198,
193,
1085,
103,
105,
105.
135,
173,

106.
136.
1936,
136.
106.
106,
136.
106.
1136.
106.
106,
106.
106.
106,
106.
186.
1365,
106.
106.
1065,
136,
176,

4000,
0001,
2002,
0003,
0009,
0005,
0006,
G010,
oot.
0012,
0or3.
0131
0314,
001S.
0016,
oMM,
0015,
0013.1
0018.2
0718.2
0019.
6022,

A
FO
Fn
Fp
i
FD
$0
cs
LR
i

CHS
LP
FM
LR
Fit
T
CHh
Fg
T8
LR
Fd

290z,

1.
£01.
a04,
334,

8Q1.

GOE.
605.
c.
1.
305.
‘0.
L 0.

605,
304.
501,

P
24q1.
601,

M3 3,
hh]
20032,
2000,
0000,
0000.
0001 .
0001.
0006.
0co1 .,
0002,
00aa.
0029,
0000.
0000,
0035.
0002,
0803,
003s,
0000.
000a,
0097.
oazs.
a010.
Q006
oa9s,
0030,
0605
002,
0006.
0113,
00032,
Jga.

0Qas0.
0001.
0002,
8001,
0003.
9029,
2000,
0000.
0035,
0029.
BoQe:.
0000,
003s.
0923,
003s.
0002,
0032,
0016,
0002,
0024,
0001 .
0002.

(g

oo,
3003,
G0an.
6000,
500,
5000,
3000,
gono.
000g.
0000.
0000.
a0Dg.
ocon.
aoovo.
0000.
DGOO.
8aoo.
000G
naoa.
2Qqo0.
000a.
0090.
ogdo.
00oo,
6090.
0000.
0900.
onao.
0000.
oo,
nosa.
40QQ.
Ceou.

0000,
aonaq.
0008,
aoog.
aooa.
ooga.
0000.
ggoa,
ocog'
0000.
0000,
ano0.
0000,
00ao.
0060,
000a.
024d0.
acaa.
0000,
0006,
0000,
0000.

T Sut EVYE
TEMP
HZ/K

EXPON
STORE ZEROD

G ZUB EYE, ELECTROHIC
2, ELECT .
T

Q
Q PRIME,ELECTRONIC

? DuBL PRIME,ELECTFR.
TEST LIGHT NO. 1t

3
RESTORE ORIGIMNAL G-EL
TEST LIGRT N3. 2

G, ELECTRONIC

2

RESTORE ORIGIMAL G,EL
TEST SENSE SWITCH 1
CALC CORRECTINN TERMS
STORL 1. Fus J0&R. o

)

sSIGMA .
2

SIGHA
HC/K

:

RHO T
RHO T

T !
@ PRIME,STRETOH, .

. . " 4

| DUBL PRIME, STRETCH

0
2 TIMES 10 To - 9
ETR -4 N

. .
ETO - U

2350
2351
2352
2383
2254
2355
2356
2387
2358
23259
2360
2367
2362
2363
2364
2365
2366
2367
2268
2369
2370
237
2372
2372
2374
2375
2376
2377
z7e
2379
27
22€1
REFS

238%
2286
2387
2383
2389
2290
2391

2392
2393
PES
2395
2396
2397
2398
2399,
2600
2401

2402
2403
2404
2408
2406

445,
04457
04460
04461
04462
044C3
04464
04465
04466
04467
04470
04471
04a72
040732
Qed74
04475
04476
04477
04500
54350
34502
04503
DaS0w
04505
04506
04507
04510
04511
[RE35% Brg
04513
04514
04515
[P

Q4521

04522
04523
04524
D4525
Q452¢
04527
04530
04521

04532
D4533
0a534
04535
D4526
04837
04540
0a5at

(4542
D4543
04544
04545
04546



-gh-

04547
04550
04551
04552
04553
04554
04555
D4955¢6
Nasse

Qasan

04561

045064
04565
04565
04567
04570
D457 1
04572
04573
04579
04575
04576
0aS77
04600,
B4601
04602
04503
04604
04605
D« 606
04607
04610
Q4611
04612
04613
0ae14
BaB15
04616
Qab617
04620
B+621
Da622

04641
J45632
04643
Qat44
04645
04646
04647
04650
04651

sQ

Fi

~060000 011102
050000 011102
030200 003S67
060100 g11103
076500 000043
026000 011103
060100 011104
002000 012226
050000 003564
N60100 011102
002000 004550

D50000 102674
024000 Gf1110
-D60000 011153
050000 011153
Q24000 011103
-DGO00O 011154
050200 011153
024000 011103
026000 011072
024000 011103
026000 011102
076500 000042
026000 002005
060100 011155
056000 011155
026000 011072
076500 000pP43
026008 002005
060100 011156
056000 Q11155
026000 003570
024000 011102
026000 011072
076500 000043
026000 002005
076500 000D43
026000 01110z
076000 000002
030000 011156
060100 011156
Q02000 012246

056000 103726
026000 003615
Q7500 000002
&3000Q 103666
030000 103666
024000 002005
026000 003571
060100 O0t1161
050000 Q11161

b

106,
106.
106,
106.
106,
106.
106.
106.
106.
106.
106.

107.
107,
107.
107,
107.
107.
107.
107,
197.
107.
107,
107.
1Q7.
107.
107,
107.
107.
107,
107,
107,
107.
107,
107,
107,
107.
107,
107.
107,
107.
137.
107.

108.
108.
108.
108.
108.
108,
108.
108.
108.

no21.

0022.
002z,
0024,
0024.1
0024.2
0024.3
nn2s.
onzs.
nn27.
nnza.

0000.
0001.
0002.
0002. 1
0003.
0004.
0005,
0009.
ooto.,
Dott.
00, 2.
o012, 1
0012.2
D013,
Do14.
0015.
DO15. 1
0015.2
a016.
0017,
0018.
0319.
0020.
0020.1
0020.2
0021,
0022.
0022. 1
0023.
0024.
7025,

0000.
0601,
0002.
0003.
0004.
0005.
Novs.
0007,
000s.

sQ
cR
FS
ST
LR
FM
ST

cA
FD
se
CR
FD
SR
Ccs
FD
Ft
FD
FM
LR
Fn
ST
L@
Fi
LR
Fi
ST
LR
FM
FD
FM
LR

LR
F it
CHS
FA
ST

LQ
FM
CHS
FR
FA
FD
Fm
ST
CR

601,
601,
801,
601,

G01.
G601,
G46.
200.
601,

202.
603,
606G,

802.
301.

0.
eaz2.
802.

1.
801.
607.
607.

0009.
0009.
ocot.
0010,
0035,
0g10.
0011,
0Boo0.
8013,
9009,
0022,

0030.
0o0o.
Q000.
goo0o.
ab10.
0po1.
gode.
og10,
gcoafr.
0010.
0cog.
003S.
0029.
0002.
0002.
G001..
0035.
0029,
0003.
0Do2.
0302.
0c10.
0001,
003S.
0029.
0a3s.
0009,
[ sjuls)
000z,
0003.
ootz

0056,
D023,
0040,
0024.
0024.
0029,
0003.
voot,
0001.

0000,
0000.
0000.
0000.
o0ooa.
0000.
0000.
0000,
0000.
0004.
pode.

G6900.
0000.
6000.
o0oaco.
00060.
0ooo.
0000.
0000.
0oac.
[50]5]s 18
0G00.
0000.
00ca.
8000,
0000.
goog0.
0000.
0000.
0000.
Goe0.
ooeo.
gooa.
Q0ag.
aong.
0009.
0000.
0000.
0000,
a0on.
0000.
0ogo.

0000,
0000.
o0pa.
oono.
0000.
ooao.
0000.
aoaa.
0000,

1
E T0 U MINUS 1

E TO U MINUS 1 sQ.
CALC. EXTRA TERMS
10 TO MINTH POWER

CONTINUE CRLC.

ALPHA

8 ZERO
BELTA
ETOU -1
BELTAR

U

ETOU #
1

@ PRIME,VY-R

u N

T
1ST TERM,Q DUBL PRIME

2
E TO U 1
U

T
E TO U

@ DuBl PRIME,VY-R
CRLC. EXTRA TERMS

¥ OMEGR E
1374

X OMEGR E

T .

HC/K.

ANHARMONICITY CORR.

2407
2408
2409
2410
2411
2412
2413
2414
2415
2416
2417

2420
2421
2422
2423
2424
2425
2426
2427
2428
2429
2430
2431
2432
2433
2434
243S
2436
2437
2438
2439
2440
2441
2442
2443
2444
2445
2446
2447
2448
2439

2450

24155
245¢C
2467
2458
2469
2470
2471
2472
2473

04547
04550
Q4551
04552
04553
04554
04555
J455¢
04557
04560
04561

04564
04565
04566
04567
04570
04571
04572
04573
04574
04575
04576
04577
04600
04601
04602
04603
04604
0460S
04606
04607
04610
04611
04612
04612
04614
04615
04616
04617
04620
04621
04622

04641
04642
04643
Qe 644
84645
08646
04647
046S0
04651
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N4GS2 FN 024000 611104 2085, FD &0t 2311, 0. ana, CE TG UM-1 SGUARELD 2474 04652
04653 36 -J50000 O111¢2 2Z.09010, SQ@ 337, Jo02. S. 0905, 2473 24653
04654 LO 056000 G116t Q2. 28131 LR £07. 1001, J. 9320, ANHARMONICITY COKR. 2876 04654
04655 FM 026000 002005 138, 2313.2 FM 1. 9023, 0. 000N, T 2477 04655
04656 ST DEOTO0 J11163 102, JQ1a, ST 627. 01203, 0. 0090, B FRIME 2478 04656
04557 25 060000 011164 105, 015, 25 6G0T. J0da. G. G200, E DUBL PRIME 2479 D46ST
N4660 LG 056000 003571 192, 7016, LG 891, 2003. ¢. 90900, HC /K 2480 DaGGO
Da6G61 FM 026000 002570 108, 0017, FM S01. 0002, J. 0810, z 2481 04661
04662 LR 076500 0000s3 108, 9013, LR 0. 202s. 0. 00de, ) 2482 04662
N4663 FM 026000 01107%  108. J019. FM G631, 3004. 0. 0800, NU 2483 04663
04664 LR 076500 000043  108. 0020, LR 0. 0035. 0. 00D, ‘ 2334 04664
N4665 FM 026000 011102  108. 0321. FM 601. 0002. ¢. 3000. £ 10U 2485 D46ES
04666 LR N76500 000043 108, 7022, LR 0. QO3s. 2, 2200. ) 2485 Ba666
N4667 FM 026000 011102 108, CD2%. FM 6&O1. G01Q. 2. 3000, CE TO Ud-1 2487 04667
04670 ST 080100 Q11165 108, 2024. 5T 6Q7. 0009, a. B0on. fi PRINE 2488 04670
N4671 CA  GS0000 G31103 123, 0025. r£R 421, GO1q, c. unon, : 2489 04671
04672 FR 030000 011102 102, 5025, FA 601, 0009, 0. 0000. ETOU 24990 04c72
Q4673 LR 076500 0000s3  108. 0327, LR 0. BQOIS. 0. 0009. ' 2491 04673
04674 FM 026000 011102 1038, 028, FM 601, GOO9. 0. 0o02o. : 2492 04674
0467S LR 078500 000043 106, 0029. LR 0. DO3S. o. 000, 2492 0467S
04676 FM 026000 011072 108. 0030, FM 501. 0001. 0. 000p. d . ‘ 2394 04676
04677 LR 0765pQ 000042 108, 8030.1 LR D. Q03s. a. ga . I . 26495 0ag77
04700 FM  N26000 002005 108, 3031, FM 1. 0929, g. dano. T 2494 04700
0a7N1 LR 076500 000842  108. 0OF1.1 LR 0. 003S. 0. 0800. 2497 04701
N«702 FM 026000 011072 108. 0032, FM 631. 0001. 0. do3a. 2498 04702
04703 LR 076500 NO0043 108, 0832.1 LK 0. 0035, 0. 0200, 2499 04703
04704 FM 026000 QG2005  108. 0032, FM 1. 0029. 0. 0090, T 2500 04704
04705 LP 076500 00D0e3 108, 00337.1 LR 0. 0035. a. 060o. - 2501 04705
fa7N6 FM 026000 003570 108. HNO34. FM  30¥. 0002. 3. 0090, 2 2302 04706
04707 ST 060100 011166 108, 0035. ST 607. QOOG. C. 000D, A DUBL FRIME 2503 04707
04710 LQ 056000 011104 108, BO3S.1 L@ 6O, 0011, J. 0000. A 2504 04710
04711 FM 026000 01110+  108. 003S.2 FM 601, 0011, 0. 0009. A 2505 04711
D4712 5T 060100 01110% 108, 0035.3 ST 6O0Y. 0012, 0. 0000. A SQUARE 2506 04712
047132 L@ 056000 011161 108. 0034, L@ 607. 0001. ga. 0600, e 2507 04713
04714 FM  026D00 011165  10B. 0437, FM GO7. 0QO0S. 4. 0000. A PRIME 2508 Ue71a
0a715 ST 050160 011167 108, 0032. ST 607. 0007. a. 0goq. i 2509 04718
04716 LG 056000 011163  108. 703%. LG 607. 0003. 0. 0900a0. B PRIME 251p Da716
04717 FM 026000 01110+ 106, 0040, FM €01. GO11. 0. 0g6no. A 2511 04717
04720 FS 030200 011167 108. 0Q04t. FS 6O07. 0007. d. 0g0s. 2512 pe7z0
04721 FD 024000 011105  108. 0042. FO 60!, Cat2, Q. Qooa, A SGUARE 2513 04721
04722 S@ -06000d Q11167 108, Q044. S@ 6O07. 0007. 0. 0000, @ PRIME, ANHARM. 2514 04722
04723 LR 056000 011166  108. 004%., L& 607. 0d06. 0. aoos. R DUBL PRIME 2515 047233
04724 FM 026000 Qi1161 108, D0+, FM CO07. 0007, 0. 0o000. B 2516 pa724
04725 LR 076500 000043 108, 005¢. LR 6. 003s. 0. 0000. 2517 0a725
04726 FM 026000 011104 10B. DOS1. FM 601. GO11. g. 0000. A . 2518 04726
04727 ST 0601008 Q11170 108. 0052. ST GO7. 0008, 0. 0oon. ‘ 2519 Da727
047320 L@ 056004 011165 t0B. 0053, LR 407. 000S. g. Gooa. B-PRIME ! 252D 730
04731 FM 026000 011165 108, 00S54. FM G07. 000S. 0. 0000, 2521 a7 31
04732 LR 076500 000042 108, @0SS. LR 0. 003s. 0. acoa. 2522, 04732
04733 FM 026000 01116t 108. 00S6. FM G60O7. 0001. 0. 0000, B 2523 04733
04734, ST 060130 ornr? 10g. D097, © 9T 6807, DRO9. a. 0pog. Sy o 2524 04734
04735 L® 056000 011163 108, 00S&. L3 6O7. 0003. 0. 0000. B PRINE , ‘ 2525 04735
04736 FM 026000 011165 102, 0058.1 FM 607, Q00S. 0. 0000, A PRIME 2826 04736
04737 LR 076500 000043 108, (053.2 LR 0. 0035. 0. 00090, 2527 Da737
04740 FM 026000 011104  108. D0S®.3 FM  gD1. 0041, 0. Gpoa. R ) 2528 04740
D741 CH53 076000 006002 108. 00S2.4 CH3 0., 000G. 0. Qoond. 2529 04741
De742 FA 030000 011171 108. 005%.5 FA 607. 0009. 0. 0004. 2530 04742
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04743
04744
04745
04746
04747
84750
04751
04752
047532

04766
0a767
04770
04771
048772
Ra7T7

04774
84775
04776
04777
05000
2S00t
0s0a2
03083
050104
05005
05006
a5007
gspIn

‘0501t

95Mm'2
05013
p5014
05015
0s016
NS017
ns020
05021

0580%2
nsn2s
NS02«
05025
0SN26
05027
05030
85031

as0an
asn3-
050w
ns5041

LR
Fm
FS
FD
sQ
[>]
FO
se
T

cAa
T
ca
ST
€A
ST
cA
ST
SE
7

T
TSX
SIX
SI%
SIxX
SIX
SIX
PON

1
CR

F3
Tt
Ch

076500
026000
030200
024000

-060000
050000
024000

-060000
002000

050000
060100
050000
Q50100
050000
060100
0000
Q60100
076000
602000
n02000
007400

-203744

-211650

-211704

~211730,

-2117354
100060
002000
000060
000N00
000000
000003
056000
021000

-060000
qQsoons
n24n00

-060000
050000
h24000

-060000
0S0080
62400Q

-060000

302000 0

1
,

QSN
070200
=N17030
350000

000043
003570
011170
011105
011170
011170
011104
011170
012266

002006
Q05011
022007
Q%501 2
002010
005013
0dzp11
005014
Q000162
oasapt
Q05015
«02114
11052
003011
00sS012
005013
onsSAt«
00000
005036
004000
[Ealshaleh}
00008

Q00000

005011
Q03547
005011
005012
002547
fosoy 2
s
00 :5%+7
0os013
005314
033547
00501 %
gsom

arigez

3278
onsake
n1ifss

108,
108,
103,
108,
108,
108.
108,
108,
108.

109,
109,
109.
199,

109.

109.
139,
109.
109.
109.
109.
109,
109.
109.
109.
109.
109.
109.
109,
109.
109,
109.
109,
109,
109.
109,
109,
1N09.
109.
109.
169,
19,
109.
N9,
109,
tno.,

113,
110,
117,
110.

00S53.6
0058.7
0053.8
04as9.
0060,
0061,
0062.
D063.
0064.

003,
oupI .
0002.
0002,
0noa.
aoos.
0006,
ooar.
0007.1
0007.2
0007, 3
000F .
poo9.
boto.
oQtt.
oot 2.
00712,
as1a.
0015,
n016.
no17.
0018.
Q019
0020,
0021,
0022.
0023.
0024,
no2e,
0026
0027,
n02% .
aD2%
nge,
0oat.
@2z,

nopn,
oo,

‘.

nons .,

LR
Fm
FS
FD
sQ
ca
FD
sQ

cA

™
CR

0.
801,
697,
631,
607.
607.
601,
607.
646,

507,

003S.
0002,
0008.
o012,
0900s.
000s8.
0011,
0008,
0024.

ogzu.
0a16.
0031 .
0817,
0a32.
oate.
go3a3.
0019,
ot1e,
a6gs.
Qo20.
dpog.
0003.
0016.
0a17.
oa1s.
0019,
0403,
0400,
0000,
0000,
0000.
0000,
0316,
0000.
n016,
3017,
Q0v7,
0017,
a012.
o0,
o318,
5012,
000,
et e,
0008,

.
1005,
ame,
oo,

0.

0.
0.
0.
Q.
0.
0.
.

0000.
000.
0000,
0000.
0000.
DOOC.
0000,
obing.
0p0a.

agoun,
Gopg.
4050,
a060d0.
300d.
0009,
0000.

goa.
3000.
0006-
0009,
0003,
2020.
S0440.
S060.
saen.
3100.
co0s.
0000.
0000,
0000.
00040.
Jooo.
z00C.
Q0n0.
g00a.

030g.

2
A sQ

A
Q OUBL PRIME,ANHARM.
CALC. EXTRA TERMS

FFEE ENERGY
ENTHRLPY
ENTROPY

HERT CAPRCITY
TEST- 5.5. 2

LAS S 117 FXD PY PRIN
TEMPERATURE

INCRERSE TEMP

4 C e

FRINT

T, TEMPOFRRY
250 DEGREES
T LESS 250

2531
2532
2533
2534
2535
2536
2537
2538
2539

23S0
2551

2552
2552
2554
2585
2556
2557
2558
2559
2560
2561

2562
2563
2564
2565
2566
2567
2568
2569
2570
2571

2572
2573
2574
2575
2576
257%
2578
2579
2590
2581

2582
2S83
2584
25B5S

259y
2591
2692
593

Q4743
04744
04745
04746
04747
04750
04751
04752
04753

04766
04767
04770
0771
04772
34773
04774
04775
04776
0a777
05000
0sS001
05002
pSC03
05004
05005
0s006
0sp07
0sQ10
05011
0s012
DpS01 3
05014
0s01%
05016
psai1?
05020
05021
05022
05023
D5024
05025
05026
05027
ns030
bso3
|

0506
0S037
oS00
asca

'




05042
05043
05044
135045
05046
05047
05050
05051

05052
05053
05054
85055
05056
05057
05060
nS061

05062
05063
05064
05065
05064
05067
0070
25071

05072
05073
85074
05075
05076
05077

0sto

05102
05103
05104
05105
05106
05107
05110
st
05112
0S1132
Q5114
05115
05116
05117
05120
05121

05122
0%123
05124
05125
05126

FS 030200
™ -012000
cA 050000
FS 030200
Tz 010000
CA 050000
FA 030000
ST 060100
F5 030200
TP 012000
CR 050000
T 002000
ca 050000
FA 030000
ST 0E0100
T 002000
cA 0550000
ST 060100
T 0020040
cA 05000
ST 056010
T 002000
RO 076200
SE 076000
SDX -053400
2s 060000
TX 200001
SE 076000
T 002000
000100
L9 056000
FM 026000
ST 060100
L 056000
FM 026000
FA 030000
3T 060100
L3 056000
FM 026000
$T 060100
Lk 056000
FM 028000
LR 076500
Fii 026000
ST 060100
Ld  DSEG60
FM 026000
5T 060100
FS 030200
LR 078500
FM 026000
ST 060100

003746
005062
011052
003746
005065
011052
003750
002005
003752
005070
002005
004216
011052
J03745
002005
004216
003746
002005
Q04216

03747

02005
004216
000361
000361
405077
403736
405072
000140
002760
0a0ase

103712
103712
Q11172
103712
0p3s?0
003567
1173
011110
011110
0t1174
pr1110
143734
Bgoo43
003577
Q11175
10a734
103734
011176
0f117S
0000« 2
ott172
ot1177

110,
110.
11a.
110.
110.
110,
10,
110.
ti0.
110,
110.
110.
110,
110.
110.
110,
110,
110,
114Q.
110,
110.
110.
110,
110.
110,
110.
110,
113,
t10.
110.

200.
200.
200.
20Q.
200.
200.
200.
200.
20a.
200,
200.
228.
203.
200.
200.
20p.
200.
200.
200.
200.
200.
200.

004,
0005.
2006,
2007.
2008.
o089,
n010.
o011,
od12.
0013.
0314,
no1s.
0016.
0017.
o018.
0019,
0929,
0021,
0022.
0023.
on24.
0025.
0026.
00eT.
0028.
0029.
0no30.
002G.1
003%.
0032.

00490,
0001.
0002.
003,
0004,
0005S.
0096,
0007.
Qo0%.
0909,
0018,
DGt .
0a12,
0013.
0014,
0g1s.
0016.
0017.
odte.
0019,
00z3.
an2t.

Fs
™
cAa
Fs
TZ
cA
FA
ST
Fs
TP
CcR

CA
FA
ST

ch
sT

ca
ST

RD
SE

s0A

25
TA
SE

La
FM
ST
L
Fn
FH
ST
La
FM
ST
LQ
F¥
LR
Fr

sT

La .

Fn
sT
FS
LR
Fn
5T

”

an3.

507,
813,

Lo
507,
80z,

803,

802.
8g2.
608.
802.
aqt.
ast.
608.
603.
6p3.
608.
603.
gae.

‘o.

801,
603.
a02.
802.
609.
608.

6o8.
608.

o0no2.
01020,
090,
0002,
o023,
0000.
0004,
0029.
0096.
0026.
0029.
0002.
0000.
Qo01.
0029.
0092.
ove2.
0029.
0002.
0003,
0029.
odnz.
0261.
0241.
po32.
0064,
00z9.
0096.
0010.
004a.

anés,
0044,
£oao.
0044,
pooz.
0001..
0oot.
0000.
Qoos.
0002.

Qo0C. -

qos2.
doas.
0009.
0003.

Q6.

062.
0004.
0003,
go3s.
0000,
090s.

[ uie]

5D

0000,
guage.
0060,
0900,
9000,
0000.
600y,
2000,
000,
080d.
0000,
0000,
6ooa.
00060.
0600.
0000.
acoa.
000d.
Qoon.
0000.
0000,
800g.
0600,
0000,
800d.
ogod.
0001.
2000,
0ooa.
0064,

008p.
6000.
@o0o0.
0000,
anpn.
000D,
§oao.
0000.
0000.
0000.
oaos.
o00ad.
00do.
ango.
a6a0.
aoaa.
ao0o.
0000.
0Qon.
00a0.
0goo.
0n00.

293.16
T EQURL 250
T

T .
INC T BY 100
S010 DEG
RECYCLE

T

INC T By SO

RECYCLE
2938.16

RECYCLE
Joe
RECYCLE
SKIP PAGE
62

STORE ZEROS

TURN OFF ALL
DECIMAL LORD

f

LAMBOAR
SQ. .

2
i

B

Sa.

LAMBOR S5Q.

(A 5Q.-4AB> LAMBLA SQ

LIGHTS

2594
2595
2596
2597
2598
2599
2600
2601
2602
2603
2604
2605
2606
2607
2604
2609
2610
2611
261

261
2611
2615
2616
2617
2618
2619
2620
2621
2622
2623

262S
2626
2627
2628
2629
2630
2621
2632
2633
2634
2§35
2836
2627
26138
2639
zGaQ
2641
2642
2643
2644
2645
2696

05042
05043
05044
05045
05046
05047
05050
asos!

05052
05053
05054
05055
gsQs6
05057
05060
05061

05062
05063
05064
05065
bsdee
05067
05070
05071

05072
05073
05074
05075
05076
05077

05101

05102
05103
05104
09165
05106
05107
05110
0S111

as112
as113
75114
0St1S
05116
05117
05120
0st21

05122
05123
05124
05125
05126




05127 LQ 056000 011110 200, 0dzz, LA 0003, . 00092, e 2647 05127

05130 FM 026000 002570 200, 00z:. FM naoz. O, 0000, 2 2648 0S1390
0S131 57 060100 011200 200, 00z4, ST Q006. 0. 0000, 2B 2649 08131
035132 Lo NS6000 011174 200. 0025. L@ o002, 0. 0000, B SQ. 26350 05122
0S133 FM 026000 003577 200, D025, FM 0009. 0. 0aoa, 4 2651 0S133
05t24 5T 060100 011201 200, 0027. ST 8. 0307, 0. 00037, 2652 09134
05135 CAR 0S0000 011177 200, 0023. CA 603, DQOS. 0. 0890, 2652 DS135
05136 FD 024000 011201 200, 0029. FD o6u8. 0007. 0. 0gRQ. 2654 05136
05137 S@ ~060000 011202 200, 0030. sQ 608. 0008. 0. 0003, 26595 05137
05t40 CR 050000 003607 200. 0331. CR 8U01. 0017, 0. 0000. 1/4 2656 05140
05141 FR 030000 011202 200. 0022, FR 608, 0CO0B. 0. 0000. 2657 05141
05142 ST 060100 011203 200. 0032. ST 608. 0009. . 0000. LITTLE R 2658 05142
bDS143 CA 050000 1032644 200. pO34, CA R02. 0006G. A 0. 0004, G, ELECTRONIT 2659 05143
05144 FS 030200 003570 200. £O035. FS 801. oUL2, 0. 0009, 2 2660 0S144
05145 TNZ -010000 DOG774 200, 0036. TNz 300. 00O0O0. 0. 000aq. TRIPLEY STATE 2661 05145
DSi146 CR 0S0000 103712 200, DO37. CR €02, Q044, A 0. obdoo. LAMBOA 2662 0S146
BS147 FS 0306200 003561 200. 003ie. F5 800. QO1D. 0. Qgooa0. 2,28 ‘ 2663 0%147 |
0S150 TP 012000 005236 200. 0029. TP 201. 0038. 0. 0000, GAMMA STATE 2664 05150 |
05151 CR 050000 103712 200. 0040. CR 802. 0Q44,. A 0. 000Q. 266S 05151
D5152 FS 030200 003547 200. 0041. FS 800. 000D, 0. 000a. 1.98 2666 05152
BS1S3 TP 012000 005213 200. 004z. TP 201. 0019, 6. 0oao. DELTA STATE 2667 05153
05154 T 002000 005170 200. 0043. T 201. 0000, 0. 000C. P1 STATE 2668 05154
. . 1
1 .

bDS170 L@ 0S6000 011174 201. 000, L@ 608. 0002, 0. ©boa. 8 s@. 2690 as170

' 0St171 FM D26000 003577 201, 0001. FM 801, QOGYH. 0. 2000, 4 2681 g3171

o 05172 FR 030000 Q11177 201. 0002. FA €08, 040S. 0. 0000, ot 2682 as)72

' BS173 TSX 007400 403516 201, DOOZ. TSX 704. 0OOQ. c 9. 0000. SG.ROOT 2683 05173
0St74 HP 042000 000003 201, DOO4. HP 0. 0000. 0. 00cd. 2684 05174
0S175 FD 024000 011200 201. DOOS. FO' 608. 0006. 0. 0000. 2B 2585 05175
05176 S@ -060000 011211 201. 0006. S@ 609. 0Q0O0. 0. 0000. . 2686 NS176
035177 CR 050000 011173 201, 0007. CA 608. 0001, 0. 0000, 2 LAMBDA PLUS ONE 2687 05177
05200 FD 024000 003577 201. 0008. FO 801, QQ09. J. 0000. 4 . 2688 05200
‘085201 S@ -060000 011212 201, 0009. $Q €09, 0p01. 0. 000Q. 2689 RS201
05202 CA N50000 011212 201. 0010. CR 609, Qo1. C. 0003, 2690 05202
05203 FS 020200 011211 201. 0011. FS £09. 00Q0. 0. ¢oaa. - 269 05203
05204 ST 060100 011213 201. 0012, ST 609, 0002. 0. 0000, GRAMMA ONE : 2692 05204
05205 L@ 056000 011213 201. 0013. L@ 609. 0002. 0. 0000. 2693 Q%5205
05206 FM 026000 Q11111 201. 0014, FM 603, 00O01. -0. 0g00. SIGMR 2694 05206
05207 CHS 076000 000002 203, 00D15. CHS .. 0000. 6. 0ooo. 2695 05207
05210 ST 060100 0112156 201, 0016. ST 609 0040S5. 0. 0600, 2696 p5210
.05211 ST 060100 011213 201, 0017. ST 609. 0002. 0. 0000. - GRMMR SIGMA ONE 2697 0S211t
0S2t2 T . 002000 005276 201, 0018. T 202, ©0ga. 0. gloo. cAaLC. G.S5. sum 2698 05212
05213 L@ 056000 011174 201. 0019. L@ 608. 0002. 0. 0000. B S@. 2699 05213
05214 FNM 026000 003610 201. 0020. FM 801. 0018, o. 0000, 16 2700 05214
05215 FRA 030000 011177 201. 002!. FA 608. 000S. . 0boo. 2701 05215
0S5216. TSK 007400 403516 201. DD22. TSX 704%. 0006Q. [ 0. oopo0. SR.ROOT 2702 05216
035217 HP 042000 000000 201. 0023. HP. . Q. 0000. 0. 0000. ' 2703 BS217
05220 FD 024000 011200 201. 0024. FD 608. 0pO6. 0. 0000, 28 2704 DS220
05221 5Q -060000 011211 201, 0025. sS@ 609, 0000. 0. 0000. ., 270S 05221
05222 CAR" 0S000P 011173 201. 0026. CR 608. 0001. 0. Doog. 2 LAMBOA PLUS ONE 27056 035222
05223 FD 024000 003577 201, 0027. FD 801. QDOY. Q. cana. 4 ' 2707 05223
05224 su  -060000 011212 20%. 0028. SQ@ G609, 0001, 0. 0000. ) 2708 05224

'

05225 CA 050000 011212 201. 0029. CR 609. GPO¥, G. gooo. 2709 035225




-gp-

05226
05227
05230
05231

05232
05233
05234
05235
05236
05237
05240
05241

05242
05243
05244
05245
05246
05247
05250
85251

05252
05253
05254
05255
05256
05257
05260

05276
05277
05300
05301
05302
05303
05304

05305

05306
053Q7
85310
053t
a5312
05313
0s5314
05315
053%6
05317
05320

FS 030200
ST 060100
LR 076500
FM 026000
CHS 076000
ST 060100
ST 060100
T 002000
L@ 036000
FM 026000
FR 030000
TSX 007400
HP 042000
FO 024000
S@ -060000
A 050000
FB.  p24000D
5@ -060000
CR 050000
FS 030200
ST 060100
LR 076500
FM 026000
CHS 076000
sT 060100
ST 060100
T 002000
CA 050000
FS 020200
TP 012000
CA 050000
FS 030200
TP 012000
SOX -053400
T Q02000
SDX -053400
T 002000
SOX -0534Q0
T 0062000
CR  G5p00a
ST 060100
25 060000
T 002000

00000t

000002

000003

811211

011214
000043
011111

000002
011214
011217
005170
011174
002611

011177
403516
000000
011200
ot1211

011173
003577
011212
011212
ar1211

011215
000043
011111

008002
011215
011220
005212

103712
003561

005310
103712
003547
045306
205316
805312
205317
005342
205320
005327
011216
011220
o217
005327
0003000
000000
000000

201.
201,
201,
201.
201.
201.
201,
201.
201,
201.
201,
201.
201.
201.
201.
201,
201.
201.
201.
201.
201,
201.
20a1.
201.
20t.
201.
201.

202.
202.
202.
202.
202.
202.
202.
202.
202.
202.
202.
202.
202.
202.
202.
202.
202.
202.
202.

0030.
0031.
0032.
0033.
0034.
603s.
0034,
0037.
1038.
0039.
0040,
0041,
0042.
0043.
0044.
0045,
0046.
op4v.
gdas.
0049,
noso.
0g8sS1.
0052.
0053.
0054.
0055.
Q0S6.

0000.
0ooo1.,
0002.
gog02.
0004.
0003,
a00s.
7007,
0aos.
0go9.
Qd1e.
oQrt.
a2,
ag13.
0at4,
Q0a1s.
0016.
0G17.
oo1e.

802,
800.

2.
aaz2.
800.

2.
2.
2.
203,
2,
203,
G092,
609.
609,
203,
0.

Q.

000G,
0003.
003s.
000t .
0000.
0003,
0006.
0000.
0002,
0019.
0005.
0000.
0ooo.
0006.
0000.
0601..
0009.
ngat.
poot.
0000,
0004.
0035,
0001.
06900,
0004.
0o07.
0019,

0044,
0010.
0010,
0044.
aceo.
8aos.
Q016.
6o12.
0017.
aq1i.
dois.
gooa.
5.
a7.
2606,
0000,
00ao.
0000,
ocoa.

0000.
0800.
0000.
0000.
0000.
£000.
0000.
0006,
0000.
o0,
0Q00.
0000.
0Q00.
0000.
0000.
poea.
0000.
0000,
onao.
0000,
0000,
0000.
04900.
0000.
0000.
0000.
0000.

0000.
0000,
oooa.
ooaq.
Qooa.
000G.
oo4daq.
oooa.
0000.
aooda.
£00d.
0000.
geqo.
000aq.
oooo.
0000.
0001,
0002.
0003,

GAMMA TWG

SIGMA

GAMMA SIGMA- TWO
CALC. G.S. ONE
8 SQ.

36

s@. ROOT

2e

2 LAMBDAR PLUS OME
4 . .

GAMMA THREE
SIGMA
GRMMA SIGMA THREE

CALC G.S. Tuwo

LAMBOA
2.98

2710
2711

2712
2712
2714
2718
2716
217
2718
2719
2720
272t
2722
2723
2724
2725
2726
2727
2728
2729
2730
2731

2732
2733
2734
2735
2736

2750
2751

2752
2753
2754
2795
2756
2757
2758
2759
2760
2761

2762
2763
2764
2765
2766
2767
2768

05226
05227
05230
05231

05232
05233
05234
05235
05236
05237
05240
05241
05242
05243
05244
pS245
05246
05247
05250
05251

05252
05253
05254
05255
05256
05257
05260

05276
0s277
05200
05301
05302
05303
05304
05305
05206
0S307
05210
05311
05312
05213
05314
05315
05216
05317
05320




-6%-

05327
05330
05331
05332
05333
053234
05335
25336
05337
05240
05341
05342
05343
05344
Q5345
05346
053247
05350
0S5 351

05377
05400
05401
05402
05403
05404
05405
05406
05407
05410
05411
05412
05413
05414
05415
05416
05417
05420
05421
05422
105423
05424
05425
05426
05427
05430

05442
05443
05444
05445
05446
05447
05450
054351
*05452

CA  0S9000
TEX 007400
HP 042000
sT 060100
LR 076500
FM 026000
ST 060100
LR 076500
FH 026000
ST 060100
TX 20000t
CA 050000
ST 064100
CR 050000
5T 060100
25 060G00
CA 050030
Tz 010000
T 102000
SDX -053400
CA" 050000
ST 060100
LQ 056000
FM 026000
ST 060100
TX 200001
L@ 056000
FM 026000
FD 024000
s@ -060000
SD¥ -053400
CA 050000
ST 060100
CR 050000
ST 060100
LR 056000
FM 026000
TF 014000
ST 060100
TX 200001
T 002000

000015

000031
Zs 060000
T 002000
CA 050000
FR 039000
ST 060100
LD 056000
FM 026000
FA 030000
ST 060100
LQ 056000
FM

02?000
;

011220
403410
000000
211231
Q00043
011220
211412
0oQos3
ar1224a
211420
205342
1217
Q11220
0r1216
o11217
art216
011220
005377
005327

405425
011203
a11235
011203
411252
411253
405402
103720
003571

002005
011253
405426
003567
011261

011111

011262
ot1111

411313
005427
411314
405417
005442
000000
000000
411314
005423

011112
003756
011603
ot1111
003757
a11603
011603
011263
003760

203,
203,
203,
203.
203,
203.
203.
203.
2Q3.
2@3.
203,
202.
203,
20z,
203.
203,
203.
202.
203.

204.
204.
204,
2q4.
204.
204.
204.
204.
204.
204,
204.
204.
206,
204.
204,
204.
204,
204.
204.
204,
204.
204,
204.
204.
204.
204.

20S.
20S.
205.
20%.
208S.
205.
205.
205,
20S.

goRs.
0a00t.,
0002,
Joo0s.
000s.
800S.
adsé.
aso7.
qeos.
0009.
0o10.
gott.
o012,
og13.
001a.
s,
0014,
aptv.
note.

0000.
oaos.
0002,

0003,
0004.
000S.
0006.
0007.
0008,
0009.
0010.
0011,
0012.
on13.

0014.
0015.
0a16.

‘0017,

0017.
0018.
0019.

'0020,
0021,
0022.
0023,
0024.

[s 175w
0001,
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Q5720
05721

05722
05723
05724
05725
05726
05727
05730
85731
05732
05733
05734
05735
05736
05737
05740
05741
05742
05743
05744
05745




05746
05747
05750
05751
05752
05753
05754
05755
05756
05757
05760
05761
05762
05763
05764
05765
05766
05767
05770
05771
85772
05773
05774
05775
05776
05777
06000
06001
06002
06003
06004
06005
06006
06007
06010
06611
06012
06013
06014
06015
06016
06017
06020
06021
06022
06023
06024
06025
06026
06027
06030
06031
06032
06022
06034
06035
06036
06037
06040
D041
06042

TX 200001
TX 200002
SDX -053400
SDX -053400
ca 050000
FA 020000
TX 200001
ST 060100
25 060000
CR 050000
S 040200
ST 060100
CA, 050000
s ' 040200
ST 060100
TX 200001
%SD ~063400
TXG 300001
SDX ~053400
CA 050000
ST 060100
T 002000

000027

000030

000014

000013

000001

000002

000030

600030

600000

000015

000015
25 060000
T 002000
25 060000
T 002000
2s 060000
T 002000
CA 0850000
ST 060100
ST 060100
CR 050000
ST 060100
SOX ~053400
SDX -053400
CA~ 050000
FD 024000
FM 026000
TF 014000
ST 060100
T® 200002
T® 200001
SDx -053400
SDX -053400
CA 050000
FO' 024000
FM 026000
TF 014000
ST 060100

200002

T®

105747
205736
405777
106005
411770
411771

405753
112173
111772
005775
006000
005775
006002
006001

006002
105766
106005
105661

106004
006006
006005
006015
000000
000000
060000
000000
000000
000000
000000
000000
000000
000000
060000
411711

005673
411747
005720
412005
005745
006003
006002
005775
003567
012012
406045
206046
411637
211654
211313
006121

412027
206032
406024
406045
206046
411637
211653
211313
006123
4120532
206042

206.
206.
206.
206.
206.
206.
206.
206.
206.
206.
206.
206.
206.
206,
206.
206.
206.
206,
206.
206.
206.
206.
206.
206.
206.
206.
206.
206.
206.
206.
206.
206.
206.
206.
206.
206.
206,
206.
206.
207.
207.
207.
207.
207.
207.
207.
207.
207.
207.
207.
207,
207.
207.
207.
207.
207.
207,
207.
207.
207.
207.

28
Z2s
Zs

CR,
ST

ST
0

A

ST~
SOX
SD¥

0064,
0056.
0086.
0092.
0012,
0013,
0068.
0013,
0014,
0084,
0087.
0084,
0089.
0088.
0089.
0079.
0092.
0013,
0091,
0093.
0092.
po0g,
0000.
0000,
0000,
0000.
0000.
0000,
0000.
0000.
0000.
0000.
0000,
0025.
0022,
0025.
0042,
0025,
0062.
0090.
0089.
0Qg4.
0001.
0000,
0022.
0023.
bo13.
po26.
0026.
006S.
00132,
0n12.
0007.
0022.
0022,
DUl 3.
0025.
0026.
0067.
DO1z,
0020.

DDOOODOWD

DODD

DDOWOODO TITODO

[N}

G SUB K,DOUBLE PRIME

C INDEX
1

B INDEX
2

SAVE A INDEX

RESTORE A INDEX
RESTORE ORIGINAL A

FINISH CRLCN. OF G

24

RESTORE B INDEX
RESTORE C INDEX
1

12

24

CN+KHD> FACTORIAL
C2NH+2K> FACTORIAL
SIGMa TI 2K

CONSTANT TERM IN G

12
26 o

N FPCTORIAL :
(2N+2K-1)> FRACTORIAL
SIGMA Ta@ 2K ‘

rST TERM IN G PRIME

3046
2047
2048
3049
3050
3051

3052
3053
3054
3055
3056
3057
3058
3059
3060
3061

3062
3063
3064
3065
3066
3067
3068
3069
3070
3071

3072
3073
3074
2075
3076
3077
3078
3079
3080
3081

3082
3083
3084
3085
3086
3087
3088
3089
3090
3091

3092
3093
3094
3095
2096
2097
3093
2099
2100
2101

2102
21p3
3104
2105
3106

05746
05747
05750
05751
05752
05753
05754
05755
05756
05757
05760
05761
05762
05763
05764
05765
05766
05767
05770
05771
05772
05773
05774
05775
05776
05777
06000
06001
06002
06003
06004
06005
06006
06007
06010
06011
06012
06013
06014
06015
06015
06017
06020
06021
06022
06023
06024
6025
€026
06027
06030
06031
06032
g603232
06034
L6035
06036
06037
06Q40
08041,
06042




-pg-

06043 TX
06044 T
06045
06046
06047 SDX
06050 CR
06051 FAR
06052 FO
06053 SQ
06054 TX
06055 SDX
06056 CS
06057 ST
06060 TX
06061 SDX
46062 SDX
06063 CR
06064 FD
QagesS FM
06066 TF
06067 ST
06070 TX
06071 Tx
06072 SO¥
06073 LA
06074 FA
0607S FD
06676 SQ
06077 TX
06100 SOX
Q6101 &S
o6ro2 ST-
06103 TX
06104 SDX
06105 CA
06106 FA
*06107 FD
06110 5¢
06111 TX -
06112 SOX
06113 €S.
06114 ST
nslls.fx
ae1td T r
QG117
06120
06121 2S
og122 T
06123 2S°
06124 T
06125 2S5
06126 T

200001
002000
000014
000030

-053400
050000
030000
024000

-060000
200001

-053400
056200
060100
200002

~-053400

-053400
Q50000
Q24000
d26000
Q14000
060100
200002
200001

-053400
050000
030000
024000

-060000
200001

~-053400
050200
060100
200002

-053400
050000
030000
024000

-060000
200001

-053400
059200
060100
200002
002000
000015
000013
060000
002000
060000
002000
0600010
002000

4060375
006047
000000
000000
406117
412123
412027
411637
412123
406050
406120
412122
412122
406056
406045
206046
411637
211652
211313
006125
412077
206071

406063
406117
412147
412053
411637
412147
406073
406120
412146
4121468
406101

406117
412173
412077
411637
412173
406105
406120
412172
412172
406113
006130
010000
000Qoo
412027
006431
%12053
006042
412077
n0e07o

207,

207.
207.
207.
207,
2q7.
297.
207,
207,
207,
207.
207.
207.
207.
207,

0020.
0021,
noz2.
Q023.
0024.
002S.
0026.
a027.
0028.
0029.
Q030.
an3t.,
go32.
0033.
Q034.
n03s.
0036.
0037.
0038.
0023.1
0039.
0040,
0041.
0042,
N0a3.
0044.
daas.
0046.
0047,
D048,
0049.
0o0s0.
00s1.
Q052.
noss.
N0Sa.
00ss.
0056.
00953,
0058,
0059.
c06Q.
Q441 .
oomd.
N063.
006e.
8065.
0066,
0067.
006&.
0069.
00?3.

<¥
CR
FA
FO
sa
T
SO%
s
aT
T
SDX
SDX
ch
Fo'
F
i
ST
T
™
SDX
cA
FR
FO
sQ
T
So%

~p
(D]

643,
2.
2.

Gé4.

637.

631.

Gad.
2

2.

‘644,

Baa,

(%]

015,
0024.
€000.
0000.
00632,
0013.
0013,
Qg a,
0013,
0025.
0064.
og12.
po12.
0031.
0022.
0023.
0013.
0024,
0026.
0069.
Q013.
0041,
0036.
Q063.
0013,
0013,
0013.
o013,

‘0043,

0054,
0012.
oo12.

0049.

0063.
0013.
0013.
0013,
0013,
£053.
00GA4.
po12.
0012.
0059.

-0Qog.

0000,
0000,
0013,
a0t,.
0013.
0019.

. 00132,
D040,

mMODOMOOOOOOO0O0O0ON

TTMIOAAO0OTO00000000000TO0 DO

{

P

-

CONTINUE CRLCULSTION

13

G SUR K
CONSTANT TERM

K FACTORIAL
CORRECT G SUE K

11

12

24

N FACTORIAL

(2N+2K~-2> FACTORIAL
SIGMA TO 2K !

1ST TERM,G DUBL PRIME
13 .

G SUB K, PRIME

K FRCTORIAL
CORR. G SUB K,PRRIME

IR

+3

G SUB K,DOUBLE PRIME

K FACTORIAL
CORR.G SUE K,DUB PRIM

i1

CALG. ROTATION TERMS

3107
3108
3109
2110
2111
2112
2113
2114
2115
3116
k30 ird
3118
2119
2120
3121
3122
3123
3124
3125
2126
3127
2128
3129
3130
13
3132
3133
3134
3135
3136
3137
3138
3139
3140
2141
2142
3143
3144
3145
3146
2147
2148
3149
3150
3151
3152
3153
3154
2195
3156
2157
2138

06043
06044
06045
06046
06047
06050
06051
06052
16053
06054
0G60SS
0GR0S6G
0p0S7
06060
06061
06062
06063
06064
06065
06066
06067
06070
06071
06072
06073
06074
06075
06076
Q6077
06100
Q61,01
06“02
06103
06104
06505
D6106
06107
06110
06111
06112
061132
06114
06115
ast16
06117
06120
06121
Q6122
06123
06124
06125
0D6126




~Gg-

06130
86131
06132
06133
06124
06125
06136
06137
06140
06141
06142
06142
06144
06145
06146
06147
061350
06151
06152
06152
06154
06155
06156
06157
86160
06181
06162
06163
06164
06165
06166
06167
06170
06171
06172
a6173
06174
06178
06176
p6177
66200
06201
06202
06203
06204
06205
06206
06207
06210
06211
D6 12
06213
06214
06215
06216
06217

cA
FB
s@
zs

SOX

La
Fn
Fa
sT
Le
Fn
LR
FH
Fa
LR
Fn
FR
ST
cq
FA
ST
™
ca
5T
zs
ca
ST

S0X%

La
F
FA
ST
La
FM
LR
Fn
Fa
LR
Fi
LR
Fi
ST

L&

FM
FR
ST
2s
L&
Fn
LR
Fio
FA
LR
Fit
FR
FR

a5009C
024000
-06000C
06000C
-05349C
05600C
p25000
B20000
D6O10G
05S600C
2600C
7650C
02600[
DZp0RC
BD7650C
02600C
03009
p6o10C
gs5000cC
Gzoo0cC
Deo10C
200001
3s5000C
06019C
060306
05000¢
0601006
-053490
056000
026090
030000
06010C
096000
02600C
076500
0z600C0
030006
B76350C
02600C
07650C
025000
0601006
nsS601C
026013C
02000¢C
060106
D60OO0L
35600C
02600C
D07650C
02600¢
J300°C
07650C
02600¢
03000C
030000C

c11252
611111

12207
C11331

40633€
411614
11252
411612
12204
411612
€12207
G6CO004Z
11331

C12204
CCCoa2
412118
(12202
61220z
c1123

L3567
11321

406129
12202
C11317
01220z
cc3s67
G1133%
406336
411618
1128z
411613
12204
c12z07
411614
CLoo42
G113:2
12204
CLuo4s
Gitirt

(0043
412118
C122C4
411614

C11282

411612
12202
c11321
C11331
411612
60042
C12267
C1220%
ccoo4s
412141
C12204
612202

208,
208,
208.
208,
208.
208.

238.

611,
603.
645,
614,

2.
630.
611,
633,
645.
630.
645,

. 614,

645.

642,

801,

0014.
0001.
0005.
0000,
0153.
0009.
0014,
0pa7.
0002.
0008,
D0GS.
p03S.
0000.
0002.
003s.
0007.
00Qo.
oooo.
0000.
0aQo!..
0qoo.
0a04.
0000.
0o0a.
0000.
0041,
0001,
D152,
0010.
0014,
0008,
0002.
0085.
0009.
0035.
o001,
0002.
003s.
0001,
003s.
0007,
npo2.
0009.
0014,
0on7.,
00Qa3.
0ogo.
0000.
0oos.
003s.
caos.
0003,
007;,
0007.
0002,
000",

W0

<

s

0ecee.
peos.
occc.
0CCo.
0000,
0060.
0cue.
0000.
a000.
booc.
20Ga.
0000.

6006a.

2000.
Qobo.
po00.
0pGG.
006a.
000G.
0000.
Joaa.
0601 .
0600.
0006.
0000.
oaoa.
0G00.
0606,
0660,
00ag.
0600.
acoe.
0a00.
poda.
0000.
0030,
0G0a.
0000,
0odqa.
oogo.
0000.
0000.
0600.
0c0G,
0000.
0cGa.
ooar.
orago.
0caG.
000G,
0006.
0000.
Jous.
ooor,
0000.
0r.og.

ko

HCOD/KT
HCB KT
o8
2NO DER1V. OF Sum
HCO-KT
RBTRTIANAL 5GK

i
18T DERIV. 3F St
o8,

N-1

G suB K v

@ INTERNAL, RGT.
! I

1

N

7

3RO DERIV. OF suM
HCD/KT

1ST BERIV. 3F SUM

n/g -
2ND OERIY, GF SKM

N v

SIGMA
G SUB K ,

2ND DERIV. OF suM
HCD/KT
ROTATIONAL 5UN
N \
N- 1
1ST DERIV. OF SUM

orB

G SUT K;PRIME
I

3150
3161

3162
3163
3164
3163
3166
3167
31653
3169
3170
2171

3172
3173
3174

3175,
3176

77

3178
2179

3180

3181

2182
3183
3184
3195
3186
3187
3188
31R9
3190
2191

3192
3193
3194

2195
3196
3197
3198
3199
3200
3201

3202
3203
3204
3240s
3206
2207
3208
3209
3210
211

3212
3213
321e

3215

UG130
BG131
06132
VE133
06134
G139
D61 36
06137
86140
Ue14v
06142
06143
06144
Be145
06146
86167
B0G1S0
86131
86152
U633
VG154

%2155
158
06157
UE160
06161
QG162
06163
06164
43165
06166
Ue167
861570
06171
BE1T2
06173
U174
u617s
06176
BE1TT
06200
U520t
oeR02
06203
ur.204
16205
06206
06207
pn210
w6211
Q6212
06213
136214
06215
06218
062 7



06220 ST 063191 €122C3 202. 005S. ST 64S. 0001, - 0. 0G00. 3215 06220

06221 CR 850000 C11321 208. 0056. €A 614, 0000. 0. 006G, N-1 32'7 06221
06222 FR 03009C CC35¢7 208. 005%, FA 801. 0001, 0. UGOC. 1 3218 622
06223 ST 860106 C113X 208. 00Ss. ST ¢G'4. 0000. 0. 0GQ0. 2219 135223
06224 CR 05003C C€11332 208. 005¢. CA 614. 0001, 0. 0Qoo. N 3220 0s224
06223 FHR 030006 CC3567 208. 0060. FA 801. 00DI. . 0ogo. 1 3221 06229
06226 ST 06010C €11332 208. 0061, ST 6t4. 000). 0. 000C. w222 Q4226
06227 TX 2000901 4CG1e4 208, 0062. TX 2. 0027. c 0. 060!, 3223 06227
06270 L@ 05603C 012202 20¢. 00¢3. .@ 645. 0001, 6. 000G. 3224 06230
06231 FM 026006 62008 2Le. 0064, FM 1. 0029. 0. 000GC. T 3225 36231
06232 ST 062110 C1132C 208, 0065. ST 613. Q0CH. 0. 0co0. @ PPIMF INTERNAL,ROT. 3226 d6232
062:3 25 05090C C1220: 20R. 0066. <S5 645. 0001, 0. 0000. 2227 06233
p6234 CR gsonoc CC3570 208. 0067. [CR 80t. goo2. 0. 0oco00. 2 3228 BE234
06235 ST 060100 011332 208. 0068. ST G614, 0GO2. 6. 000q. N+1 3229 u623*
06236 CR asoBoc GL3567 208. 0069, CR 801. 0001, 0. GOooo. 1 . 3270 06236
06237 ST 06010C 011332 208. 0070. ST 614, 0001, 0. 0000. N 323 36237
06240 ZS 00000 011321 208. 0070.1 25 614, 0000, 0. 0ooaq. 3232 06240
06241 SOX -053400 4C€6336 208. 0071, SDX 2. 0153, c G. Qooa. 7 3233 06241
06242 L%1 056Q0C 411616 208. 0072, LQ 630. ©O11, c 0. 1000. 4TH DERIY. ~F SUM 7234 0e242
06243 F 026000 011253 208. 0Q73. FM 611, 0014, 0. Qo0a. HCO/KT | 3235 €243
06244 FR| 030000 411414 208. 0074. FA B30. 0009, c 9. gaod. 2ND DERIY. GF‘S%M 3236 J62: 4
062458 ST 060106 G1220S 208. 3075. ST G4S. 0003. a. 3000. 3237 06245
06246 L@' 056000 411815 2n8. 0076.. LR 630. 0010, c 0. dogo. 3RO DERIY. @F Sum 3238 06246
06247 FM N26030 G12207 208. DO77. FM 64S. 00GS. 0. dooc. bD/B 3239 0eza 7
06250 LR 076500 0CO043 208. 007e. LR 0. 003S. 0. 0000. 3240 U6250
06251 FM 026000 G11333 208. 0079, FM 614, 0002. G. 08Qo. N+1 3241 06251
06252 FA 03000C¢ G1220S 208. 0080, FA 645. 0003, D. 00GO. ' 3242 06252
88253 LR 076500 L0047 208. 0081, LR 0. NO3s, 0. 0o0gag. 2243 o 252
06254 FM 026000 011263 208. 00€z2. FM 6'2, 0002, 0. 00CG. SIGMA SQURREC Z244 06354
06255 LR 076500 GLCO04Z 208. 0089. LR 0. 0035, 0. 0Goa. ' 3245 06255
06254 FM 0260080 412115 203, 0090. FM G42. 0007, c p. 0rco. G SuUp K 3246 Q6254
06257 5T 060100 01220¢ 208, 0091, ST 645. 0002. 0. 0C0G. . : 2267 E257
06260 LQ 036600 411615 208. 0092. LQ 630. 0Q10. [ 0. acot. 3RD BERIV. OF SUM 3243 06260
0G 51 F» 026000 0411253 208. 0p93. FM - 611, 0014, 2. COOO. HCD-KT . - . 3243 062131
86262 Fa 030000 411613 208. 04Q94. FA 630. 0008. < 0. 0000Q. 13T DERIV. 0OF SuUM 2250 06262
06263 ST 0601006 122066 208, 0095. ST 645, 0004, 0. 0G0o. ) 3231 86263
06264 LG 03600G 411614 208. 0096. L@ 630. 0009. c a. 0aao. 2NB DERIV. OF sSuM 3252 D6264
06265 FM 026000 12207 298. 0097. FM @45. 000S. 0. 0000, D«B ‘ 3253 B626E
06266 LR 07650C ©CLQ0AZ 208. 0098, LR 0. 003S. 0. Goo0o0. 3254 06266
06267 FM Q2600C C11332 208. 0099. FM G614, 0001, d. 0aqo. N 3258 06267
0627Q FR, 030000 612206 208. 0100. FA 643. 000s. d. oooo. 3256 06270
0627t LR' 076500 CCOQ4Z 208. 0101, LR 0. 003S. a. oooo. : 3257 BA&2T1
06272 Fi 026006 G11111 208. Qtp2. FmM 603. 0001, Q. 0c00. « SIGMA ' 3258 D6272
06273 LR Q76500 CC0Q43 208. R103. LR 0. 003S. . odoo. 3289 06273
06274 FM 026000 412141 208. Qt106. Fm 643. 0DOT, o . 0goo. G SUB K, PRINE 3269 06274
0627% LR 076506 CLOO#S 208, OMWI7. R 6. 0035. . a. O%OO. : I ' ~ 32671 V8275
06276 F™ 026006 GL357C 208, 010s. FM 801. 0002, . 0gaoa. 2 3262 86276
062/7 FAR 030000 0122095 208, 0109. FR 645. 0003, Q. uGoo. 3263 06277
06300 ST 06Q100 ©1220S8 208, 0110, ST 6435. 0003, d. Goodo. 3254 06300
Q6301 La 0560086 411614 208. 0111, L@ 630. 0009. c 3. aoo0ag. 260 QERIV. QF suM 3265 86301
06302 FM 026000 C112S: 203, D112. FM 611, 0014, . DoO0C. HCO/KT 3266 08202
056303 FR 0300800 411612 208. 0113. FA  630. 0007, C G. 0GGC. ROTATIONAL SUN 3267 05303
06304 ST 0601006 61220« 208. 0114, ST 645, 0004, 0. 0cca. - 3268 06304
D630S L@ a5600C 411613 208, 0115. L@ 630. 00G8. c a. 0Goo. 1ST DERIY. OF SUM 3269 04305



-.G-

Or 3
06 307
05210
06111
06312
03313
06314
06315
06316
06217
06320
08 321
0632z
06323
06324
06325
06326
05327
16330
06331
06332
05333
052.3%
06328
06326

06402
06403
06404
06405
06406
06407
06410
06411
06412
06413
0G414
06415

06416,
06417.

06420
06421
06422
06423

Fiy
Li
Fr
Fa
Lk
Fr
FR
FR
ST
o]
FA
sT
[}
Fa
ST
cR
FR
ST
X
La
Fnm
ST,
zs
T

222000 L1007
Q7¢530 (lLud:
326323C C1rrEy
0300nC C1220¢

07¢£50¢C
82609C
033000
3303036
05010C
(Sl
3:000C
06210C
050006
030820
06010C
gsagnc
03000C
0p0tac
200001

0564QC
026830
05010c
as0048C
00203C
poooNn?

058000
030200
012000
950000
030200
012000
050200
030000
060100
002000
056000
026000
060100
058000
026000
30000
876000
030000

CLeG4s
“121¢%
C1220¢
12210
Crzz1e
11331

CC2567
C11331

611232
Le3ser
G11232
11333
(L3567
11233
405242

C12210
Cri11e

11221

tizzte
LL640%
cccooe

103712
003561
006426
103712
003547
BOG414
Q11230
011317
011331

006750
011230
003570
011230
011227
603570
o1'122b
030002

011317

zyE,
23,
202,
218,
278,
238.
218,
208,
238.
208,
233.
203,
20€.
208.
208.

208..

208.
208.
208.
208.
ane.
208.
208.
209.
208.

!

209,
209.
209,
209,
209.
209.
209.
209.
209.
209,
209.
2n9.
209.
209,
209.
209.
209,
209,

o,
0117,
D115,
0119.
0120,
o121,
o122,
012z,
0124,
0125,
012¢.
a1 27,
0128,
8129,
g130,
a1,
0132,
0133,
0]34,
oi3s.
0149.
g15C.
o151.
0152.
a1s3.

0000.
0001,
0002,
0003.
2004,
0005.
0006.
0007.
00Bs.
0009,
001D,
0031,
0012,
0012,
o014,
0015,
0D16.
aof7.

M
'R
n
FR
LR
FM
FA
FH
ST
CR
FA
ST
cAa
FA

o=

-1
CR
A
5T
%
Lo
Fh
T
2s
T

S
o

614,
6435,

(r,
G44,

6435,
6485.

802.
800.

2.
202,
800,
610,
613,
614,
213,
610.
eol.
610,
610.
801,

4073,
003S.
G0UT,
Go04.
0035,
0007.
op03,
0006.
agac.,
G000,
6001.
oo,
004t
ago.
aoo1.
ooz,
0001,
0a02,
0072
0006,
0006,
Doz,
0ogs.
5000.
qodo.

0044,
0010.
0621
0044,
8oaa.
0g1a.
000S.
ooqa.
aoba.
00090,
000s.
0002,
000S.
0004,
0002,
0005,
0000.
Qaoo.

LCCC.
acoc,
JCCC.
acee.
0CoC.
ac0E.
0oce.
0GoG.
06GCe.
00GC.
oceC.
ococ.
acoc.
0CGG.
060G,
occo.
060D,
BLGG.
0GoY.
9666,
Jeec.
G,
aolc.
LCee.
ace?.

1
0000.
0000,
00g0,
0000,
G000,
aoog.
Q0Go.
pQon,
0000,
Qo00.
oooa.
aooo,
0o00a.
0000,
0000.
0000.
0000.
0000,

N-1

G Sile t,LVEL FRIME

N+1

T SGIrasec
¥ DLEL FRING Ui, k2T

CALC TCTAL O RIZTAT,

LAMBOR
2.98
GAMMA STATE

1.98

DELTR STATE

E TO - GAMMA SIGMA 1
INTERMNAL ROT. A

TOTRL SUM FOR PI STRT
SET UP JCJ+1) + 1/4
E«T0 - G.S5. 1

2 .

E TR - G.5. 2
2

IHTERHFL ROT. @

I279
127

3272
3273
3274
3275
3275
2277
1273
3273
1250
3231

3292
3283
3294
2285
3296
3237
3283
3289
3290
3291
3292
3293
3294

3330
3331

3332
2323
3334
3335
3326
3337
3338
3339
3340
3341

3342
2343
3344
3345
3346

3347

2430

307
053193
VL2
BhIt e
6315
MR
as315
06215
w6317
0632n
06321
06322
N6323
DE324
06323
06326
pa327T
06330
06331
06332
06333
86334
0633Yy
uG33€

Q6402
06403
06404,
06408
o406
0Ga0?
06410
05411,
OEat2
06413
pPer14
06415
G6a16.
06417
06420
06421
06422
G423
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06424
06425
06426
D427
06430
06431
06432
06433
06434
06435
06436
06437
06440
06441
06442
06443
06444
06445
Q6446
06447
06450
06451
06452
06453
06454
06455
06456
06457
06460
06461
06462
06463
6464
6465
d6466
06467
06470
dea71
36472
06473
aGa74
06475
06476
06477
6500
06501
06502
06503
P65Aa
aesds
06506
06507
06510
26511
06512

ST 060100
T 002000
L@ 056000
FM 026000
ST 060100
L@ 056000
FM 026000
ST 060100
L9 056000
FM 026000
CHS 076080
FS 020200
Fs 030200
FA 030000
ST 060100
T $02000
CA 050000
M -012000
CA 050000
FS 030200
ST 060100
CA 050000
FR 030000
TSX 007400
HP 042000
CHS 076000
FA 030000
LR 076500
FM 026000
ST 060100
CA  DS0000
FS 020200
ST 060109,
LR 076500
FM 026060
LR 076500
FM 026000
CHS 076000
FA 030000
ST 060100
T 002000
CA 050000
FS Q30200
5T 60100
cA 50000
FA 030000
TSX Q07400
HP 042000
CHs Q76000
FA 030000
LR 076500
FM 026000
ST 060100
cA  0sgao

FS 03020

811331

006755
811230
003570
011230
011227
003577
011227
011226
083600
000002
0k1227
011230
011317
a11331

006762
103734
Q0G47S
D11432
011172
011,332
011432
Q11202
403516
000000
000002
011332
000043
011110
011332
011432
003607
011333
000043
011223
000043
103720
000002
011332
011332
06523
011433
C11172
011332
Q11433
011202
403516
000000
000002
a11332
000043
V11110
011332
011433
003607

209.
209.
209.
209.
209.
209.
209,
209.
209.
209,
209,
209.
209.
209,
209.
209,
209.
209.
209.
209.
209.
209,
209.
209.
209,
209.
209,
209.
209.
209.
209.
209.
209.
209.°
209,
209.
209.
209.
209,
209.
209.
209.
209.

.209..
209. -bo

209,
209,
209.

o018,
0019,
0020,
0021.
0022,
0023.
dozs.
2025.
0026.
0027,
0028.
0029.
0030.
0a3ft.
0032.
0032.1
0033.
0034.
0036.
0037,
‘0038,
0039.
0040.
0041,
0042,
0043,
10044,
0045,
0046.
0047,
0048,
0049,
8050.
0051,
a0s2.
0053,
054,
0055.
0056.
00S7.
0gse.
0059.
0960.
0061 .
5062,

0064,
006S.
0066,

209, 0057,

209,
209.
209.
209.
209,

00682.
0069.
0070,
0071,
0072,

CA
FS
ST
CA
Fa
TSX
HP
CHS

614,
213,
610,
801t.
610.
610.
301,
610,
610.
a0t.
0.
G10.
610,
61a3.
614,
213,
302.
2.
617.
608.
G4,
517,
608,
704,
o.
Lo,
614,
0.
603,
614,
617.
801,
G14,
. 0.
G614,
ag.
802,
c.
G614,
a14.,
2.
617,
608,
614,
617,
| as.
704,
0.
.

0000.
0005.
000S.
0002.
000S.
0004.
0009.
0004.
0003.
8010,
0000.
a00a.
000S.
0900,
0000.
0010,
0062.
0059.
0Q00.
0000.
0001 .
onag.
0008,
600D,
0009,
0030,
0001 .
0035.
00D0.
0001,
0000,
0017.
0doz.
0035,
0002.
n03s,
6054,
0000,
0oat .
0001.
0079,
0oai.
0000.
0041 .
poaY .
|boos.
0000.
0000.
0000.

FA 1614.10001.

LR
Fm
ST
CcA
FS

a.
603,
G614,
617,
801,

00385,
0000.
-0001.
0Qo1.
[a]v} Br oM

0900.
0000.
po0oa.
0004,
0000.
0opa.
0000,
0000,
ooao.
00043,
ooog.
cboa.
0co9.
0000,
0000.
0000.
0nag.
0000.
odoa.
0100,
ogon.
odoa.
0080.
0000.
onoo.
£0006.
0000.
0oD0.
0000,
0000.
0ago.
00600,
0000.
opoa.
000c.
aoco,
00093,
0000,
goog.
oooa.
£8000.
0voea.
0000.
oooo.
6000,
0000.

0000,

c00g.
0Qco0.

» 0.,0004.

Dooo
0000,
Booo.

gogo.

TOTAL SuM FOR DELTR
SET UP JU+1D + 1/4
E 70 - G.S. 1

2

E 70 - G.S5. 2
4

E TO - G.S. 3
3

INTERNAL ROT. @

TOTAL GRAMMA STATE SUM
SEY UP JCUJ+1D + 1/4
SPIN COUPLING A
INVERTED STATE,J=3/2
JCI+1D + /4

LAMBDA SQ.

JCI+1D + 174

SQ. ROOT

JIH1D> + 174
B EFFECTIVE

JI+1D + 14
174

ROTATIONAL O

BETH, NORNMAL

JU+1d + 174
LAMBDA Sq.

JCI+1d + 1s4
| 1 .

$a. ROQT

B EFFECTIVE

JCI+1D + 174
174

334¢
3249
3350
3351

3352
3353
2354
3355
3356
3357
3358
3359
3360
3361

3362
3363
3364
3365
3366
3367
2368
2369
3370
3371

3372
3373
3374
3375
3376
3377
3378
3379
33eq
3381

3382
2383
2384
3385
3386
3387
3388
3389
3399
3391

£ 3392

3393
3394
3395
3396
3397
3398
3399
3400
3a01
3402

06424
06425
06426
06427
86430
06431
06432
06433
06434
06435
06436
06437
06440
06441
06442
06443
06444
06445
06446
6447
6450
06451
06452
06453
06454
06455
06456
06457
06460
06461
06462
06463
06464
06465
06466
06467
06470
06471
06a72
06473
06474
06475
06476
06477
06506
gesor
6502
06502
06504

86505
‘06306

06507
06510
USSR
063512
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05513
06¢S14
86515
06516
06517
Q6520
Qes21

06522
06523
06524
06525
n6S2e
06527
86530
06521

0es32
06533
06534
86535
06536
06527
Q€S540
06541

0a542
0654;

06560
06561
06562
06563
06564
06565
06566
06567
86570
06571
06572
06573
06574
06575
06576
06577
06600
06601
06602
06603
06604
06605
06606
06607
N6610
06611
06612
06613

ST
LR
FM
LR
M
CHS
FA
ST
cA
FO
F
3T
cR
FO
F
FA
TS%
HP
ST
LR
F
LR
F
5T

cA
FS
P
cA
Fs
P
o
ST
ch
ST

cA
FR
LP
Fr
ST
CR
FRr
LKk
Fr
ST

La
Fm
ST
L

FR

250100
076500
026000
076500
026000
076000
Q30000
060100
asoqoa
0240200
d26000
Q60160
050000
024000

026000 p

030000
007400
042000
060100
0763500
026000
Q76500
026000
Q60100
002000

os0R00
030200
01200

05600

030200
012000
0s00Q0
060100
050000
060100
002000
050000
030000
076500
126000
060100
050000
030000
076500
025000
060100
002000
056000
026000
060100
056000
026000
030000

011323
000043
0113232
000042
103720
000002
Br12:2
011332
011332
ob2cns
003571
011232
011172

403410
000000
011332
000043
011331

000043
003570
011117
006560

103712
203561
006606
103712
003547
006572
011411
Ni11412
ati1417
Nt1a13
00620
011411
011410
000043
003570
01141%
011417
T1141¢
000043
ga3s7y

011413
00é630
0i1407
002c00
011407
ot1410
0Q3sTy
0114067

209.

209,
209,
209.
209,
209.
209.

209.
239,
209.
209.
209.
209.
209,
209.
209.
209.
209.
209,
209.
209.
209.
209.

210.
210.
210.
210.
Z1o.
210.
210.
210.
210.
210.
210.
210.
210,
210,
210.
210.
210.
210.
213,
210.
210.
210,
218.
2110.
210.
210.
214,
210.

2072,
J074,
074.1
0074,2
0075.
0075,
J077.
107s.
0079,
Qo80.
0081,
0ous2.
ggzz.
0084,
0085.
008%.
0087,
0pa3.
ag89.
G6090.
6091,
0092.
0093.
0094,
ag9s.

agog.
paur.
gop2.
Qooz,
aJ0Qe« .,
ngos.,
duos.
Q007.
goos.
0009,
ooto.
nott.
0012,
Qo13.
go14.
ao15s.
aots,
0017,
0o01&.
0019,
00210,
0021.
no2z.
np27.
noze.
9025,
0026.
0027.

ST
LR
Flt
LR
FM
CHS
FR
ST
ca
FO
Fi
ST
CA
FD
FM
FR
TSH
HP
ST
LR
FM
LR
Fm
ST

o
Fs
i
cA
F3
P
cA
ST
ca
ST

cA
FR
LR
FH
sT
cA
Fa
LK
Fi

ST

L3
Fn
3T
L2
FM
FR

8a1.
613,
Q15.
619,

0.
8o .
G613,

G1%,
301.

noC2.
0035,
0002.
003s.
0050.
0000.
0001 .
0001,
0001,
0b293.
0003,
goot.
0001,
0009,
0001,
oB01 .
0000.
a000.
0002.
0035,
oboa.
0035,
0002.
0007.
cocs,

0Q44,
o010,
oo22.
00a4.
anon.
0011,
00383.
0039.
004s,
004a.
0038.
0038.
0037.
gbzs.
0oG2.
gn29.
JB4as,
0043,
ngas,
ooc2.
paéaq.
0433,
aové.
ao10.
0024,
0037,
0009,
0026,

A

.

0200,
o000,
3000,
uoonQ.
0000.
0300,
0300.

ROTATIONAL D

BETA> INVERTED

T
HC/7K

2 LAMBDA + 1
4

SIGMA
CHE/KTOBETH
EXPONENTIAL

E To EETA

TOTAL SUM.ROTATION

2

R, ROTATION, TOTAL
CALC. @ PRIME,ROT.

LAMBDA
2,92
GAMMA STATE

1098
DELTR STATE

T G.S. 5UM
T 3. G.S. SUM

[N

T G.5. 5UM

-

sSQR. G.5. SuM

LGl

3403
3404
3405
3406
2407
3408
3409
2410
3al

3412
2813
3414
3418
3416
3417
3418
3419
3420
2421

Ja22
3423
3424
3425
2426
3427

3440
3441
2442
3443
3444
3445
3446
3497
2448
3449
2450
2451
3452
2453
3454
2455
3456
3457
3458
3459
2450
2461
3462
2463
3464
2465
3466
2a67

06513
06514
06515
06516
06517
06520
06521

06522
06523
06524
06525
06526
06527
06530
06531t
06532
06333
06534
06535
06536
06537
06540
06541

Q6542
06543

05560
06561

06552
06563
06564
6565
06566
06567
06570
06571

06572
06573
06574
06575
06576
06577
06600
05601

06602
06603
66604
06605
06606
06607
06610
06611

06612
06613




06614 FA 030000 01141t 210, 0023, FR 415, 233, 0. 3003, 2468 NGc14
06615 FA 030000 G11411 210, 202%.1 Fa 415, 2033, 0. Ce00. 3463 05615
06616 ST 050100 01141z 210, 002%, ST £15, 2039, 0. ©ooa. 3470 08616
06617 LG 0S5060 011a1S  zi10, 9030, L2 €1S. 9042, 0. 0003, 3471 06617
06620 FM 026000 003650  210. GJ31. Fd -801, 0013, 0. ndon. z 3472 06620
06621 ST 060190 011415  21Q. 303z, ST &I5. 0042, 0. go00. ) 2473 86621
06622 LO 054000 D11416 210, 0032, LY 6!'5. 0043, 0. §oo. 3474 06622
03623 FM 026000 003577  21d. 0G34. FM 201, 0009, 0. ©noo. 4 2475 06623
06624 FAR  D30000 011415 FA 51%. 0042, 0. Q0Do. 247¢ 06624
05625 FA 030000 011417 . FA €1S5. 0044, 0. 0000. 3477 06625
06626 FA 030000 011417  210. 0036.1 FA €15, QUas. 0. 0000. 3478 06626
06627 ST 060100 611413  210. 9037. ST 615. 004G, c. oago. 3479 06a27
06630 LA 056000 011412 210. 0038. LQ 61S. 0039. 0. 0080. 3480 06630
06631 FM 026000 002005  210. 0033, FH 1. 0029, ¢. 0ooo. T 3481 06G31
Q6632 ST 0601D0 011412  210. O40. 5T 615. 0039. 0. 0000, T G.S. TOTAL SUM 3482 06432
06633 L@ 056000 011413  210Q. goar. L? 61S. G040. d. 0000. 3483 06633
06634 FM 026000 002005 2108. d0e2. FM 1. 8029. 0. 0000. T 2484 06634
06635 LR 076500 000043  210. 0043. LR 0. 003s. a. 0000. 3485 06635
06636 FM 0256000 002005 210, 0C44. FFN 1. 0029. 0. 0000. T : 3486 046636
06637 ST 060100 041413 210. 0045. ST 615. 0040. Q. 00B0. T S@. G.S. TOTAL SuM 3487 46637
06640 T 002000 04665+  210. DOsG. T 211, 0000. 9. 0000. COMPUTE @ PRIME.RCT. 3488 06640
: . ! i i | I

06654 CA 050008 011173  211. 0030. CA 608. 00Ci. 0. 00p0. 2 LANEDA + 1 3500 06654
06655 FO 024000 003577  211. 0001. FO 80t. 0009. 0. 000G. 4 3501 06655
06656 FM 026000 011111 211. 92002. FM GO3. Q001. 0. ©oen. SIGMA 3502 06656
06657 FA 030000 011332  211. 0023. FR 614, 000, 0. 0000. EETA 3503 06657
06660 LR 076500 000043  211. 0004. LR 0. 0035. a. 0qoo. 3504 06660
06661 FM 026000 002005  211. 800S. FM 1. 0029. 0. 900D. T 2505 06661
06662 ST 060100 011243 211, 0006. ST 615. 000Q. a. 000, CHC,KIBETR, SIGMA TERM 3506 06662
06663 LR 076500 000043  211. 0007. LR 0. 0035. 0. 0000. 3507 06663
06664 FM 026000 011331 211. 0009. FM G14. 0000. g. 06001 TOTAL INT. ROT. sum 3508 06664
p6665 5T 060100 04,1344 211, Q009. ST 61S. 2001, 0. 0000. 2509 26665
06666 LR 076500 040043 211, 0Ootg. LR . 0. 003S. a. oaog. : 3510 06666
66667 FM  026acd 0f1343  211. gofit. FM 615, 0Q0D. o. ogod. 3s11 06867
Q6670 ST 060100 011345 211, 00(2. §T 615. 0002, Q. oooa. : 3512 06670
06671 CA 050000 011323 211. D013, én 613. 0001, 0. qoud. @ PRIME,ROT., INTERNAL 3513 06671
06672 FS 030200 011412 211, G0t4. FS 615. VOFI. a. aouod. E_T) - G.S.,PRINE 3S1a 06672
86673 ST 060100 011346 211, 001S. ST 61S. Q0Q3. &. 0000. INTERNAL SUM, PRIME 3518 06673
06674 FA 030000 011344 211, 0Ok%. FA 61S. 0001, 0. 0000. 3516 06674
06675 LR 076500 000043  211. 0017. LR 0. 003S. 0. ogoodg. 3517 06675
06676 FM 028000 011333  211. 0018. FW Gl4. 0002. 0. 0000. E To BETA,SIGMA 318 Us676
06677 LR 076500 000043 211. 8019. LR 0. 003s. 0. 0000. 3519 06677
06700 FM 026000 003570  211. 0020. F¥ 801, 0002. 0. 0000. 2 3520 06700
06701 ST 060100 011120  211. 00z1. ST -'603. DOQS. a. 00sd. W PRIME,ROT. 3521 06701
06702 T 002008 006712  211. 0022. T ,212. pdggd. 0. oood. CALC OUBL PRINE TERMS 3522 ap702

R |
05712 CA  0SpQGP Q11321 212, 080, cA 613, 0042, 0. 00040. @.DUBL PRIME,ROT, INT. 3530 06712
b6712 FS 030200 O¥1413 212, gOCGK. F% '61'S. 004Q. p. odao. E 7O -G.S.,0UBL PRIME 3531 06713
06714 ST  06D1D0 011425 212, 0002. ST 615. 0000, b. vdoo. TOTAL INT.Q OUB PRIME 3532 06714
06715 L@ 056000 011343 212. 0003. L@ 615. 000Q. o. 0006, BETA,SIGMA, PRIME 2533 66715
06716 FM 026000 083570  212. P004. FM  801. 0002. 0. pooo. 2 3534 © 06716
06717 LR 076500 000043 212, p005. LR Q. 003s. . 00oD. S 3538 06717
06720 FM 026000 011346  212. 0G06. FM 615, 0003. 0. 0000. @ PRIME,ROT, INTERNAL 3526 06720

‘06721 FR 030000 Q11345 212. 000?. FR 61S5. 0002, Q. 00go. CBETA, PRIMEDSR(SIGMAD 3537 06721
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06722
06723
86724
06725
06726
06727
DB730
06731
06732
06732
06734
06735
06736
06737

06750
06751

06752,

06752
06754
0367355
06756
06757
06760
0676t
06762
06763
067464
06765
06766

06774
06775
06776
06777
G7000
07001

07002
g7d02
07004
07005
07006
37007

Q7010

07011

07012
07013
p7014
07015
07916
07017

07020

07N21

FR
LR
Fn
LR
M
ST
SDX
25
%
cA
FD
sQ
T

cA
ST
R

57

CR
ST
CA
ST
T

CR
ST
CA
ST
T

cAa
Fs
THZ
CR
FB
SQ
CR
FOo
SR
€n
FD
SR
CA
FS
LR
Fi
T
CA

FR .,

LR
FM
ST

030000
076590
0260Q0
076500
026000
060100
-053400
860000
200001
Q506000
024000
~D60000
002000
001022

0500090
060100
050000
060100
002000
050000
060100
050000
058100
002000
050000
DG010D
050000
060100
382000

050000
030200
-010000
050000
024000
-060030
050000
024000
-050000
050000
024000
-060000
056000
030200
076500
026000
060100
050000
020000
a76500
026000
068400

011425
000043
011333
00n0a3
003570
011121
406737
412214
4067 3
011117
Q03703
AN ird
00445c
300000

003567
011432
0Q3s7?
011433
00G444
003577
011422
083630
011432
006484
003630
011432
J03610
011433
006ases

103cas
Q02600
007047
102734
PERRERIY
011637
003570
114327
Ql14al
01 1440
103712
0t 144D
803567
1311440
0000a2
11111
011441
203567
D11440
00GJ43
ofrin
Q11443

212, 0008.
212, 0009%.
212, 0010,
212, 0011,
212, 0012,
212. QB13.
212. QB14.
212. 001S.
212. 0016.
212. 0016.1
212, 0016.2
212. 0016.3
212. 0017,
212. o018,
213, 0gno.
213. aaaf.
213, 0gm2.
213, 00d3.
213, 0004,
212, 0905,
213, 0006,
213. Q007.
217, Qoos.
212, 0009,
212, 0olo.
213. 0011,
213, 0pi2.
212, 0013,
213. 001s.
300. 4003,
209, 9001,
20p0. 0002.
30D, 0003.
302, 0004,
203, 000S.
300, 0006.
300. 2007,
200, 000€.
300, 0009.
300. 0010,
300. 9011,
203. 001z,
300, Qo17,
30Q. 0074,
500. 201S.
200, 0014,
300, 37,
290, 001%.
0. IS,
360. 0025,

FA
LR
FM
LR
FH
ST
SpX
25
™
CR
FD
sQ

CR
ST
CA
ST

cA
ST
ot}
=T

CR
ST
CA
ST

CR
Fs
TS
cRA
FD
s@
Ccs
FD
sw
cA
Fo
5@
cR
FS
LR
Fm
ST
€A
FAa
LR
Fi

ST

301.
617.
801.
617.
209,
801,
617.
an1.
617,
2a9.
a01.
517,
901~
a17.
209.

8Q2.
301,

2.
802,
603,
GlE,
301.
618.
513,
3132,
g0z.
413,
321,
S13.
o 0.
R03.
S13,
301,
513,

J.
N>,

fld.

00ong.
0033.
00202,
Qo3s.
Qon2.
3009,
0013.
ao10.
015,
2007.
0as?.
QooT,
0c00.
ogoa,

ouot .
0000.
0009,
pooi .
0033.
0009.
0000.
0034,
2001,
20332,
N03a.,
0000,
0018.
a001.
0933,

eoge6.
0Q10,
080%].
ogr2,
ahoo.
0000.
0002.
qaoo.
2001,
agdaa .,
0044,
0001,
a001 .,
3001,
J03S.
a00t1.,
JjoRe.
3001,
uoQlt .
3035,
2001,
yade,

000

co0o000 O

[=

g.

000,
0090,
0000,
cono.
00oo.
0300,
0000.
00a0.
ongt.
0000.
6000,
ooto.
ogig.
0530.

EAPOMENTIAL

2
Q@ DUBL PRIME ROT.

CLEAR 'TEMPORARY STOR
3, ROTATION
SYMHMETRY NUMBER

CORR. @, ROTRTION
CALC. ELECTRONIC FNS

CALC. BETRA

CSALC. BETA

CALC. BETA

\

MULTIPLICITY
3 .
NON-TRIPLET STATE

sue v

NSO

LAMBOR
ZB-A LAMBDR
1

31GMA FOR F) '

SIGMR FOR F3
SIGMA FOR F SiJB

L)

3538
3529
3540
2341

3542
3542
3544
3549
3546
3547
3548
2549
3550
2551

3560
3561

3562
2563
3564
3565
3566
3567
3568
2569
33570
3571

3572
2573
3574

3580
2581

35b2
3583
2584
3588
2586
3587
588
2589
3590
3591

3592

2593

3594
3595
3596
3597
239¢&
2999
3600
3601

06722
06723
06724
06725
06726
06727
D6730
06731
06732
06733
06734
D6735
DGT36
06737

Q6750
76751
06752
6753
06754
06755
a67s56
06757
06760
06761
6762
06762
06764
06765
06766

as774
06775
6776
p6777
07600
07001
a7502
Q7003
Q7004
a7005
7606 °
07007
010
07011
07012
07012
d7o14
07019
07016
gvo17
Q702u
ovp2n




~29-

07050 FM
97051 ST
07052 SE
07053 T
g7022 CA
07023 ST
07024 CR
07025 FS
07026 LR
07027 FM
07030 57
07031 LR
070322 FN
07033 FS
07034 ST
07035 ©A
07036 FS
07037 LR
47040 FH
Q7041 ST
37042 L
47042 F
7044 FA
7045 5T
07046 T
07047 L@

07070 CA
p7a7t FS
07072 TR
Q7073 CA
Q7074 F5
d7g7s TP
87076 CR
0777 TH
07100 CR
Q7101 TSX
07102 H
p71032 CHS
B7106 ST
Q7105 €S
Q7106 FD
Q7107 Fn
.Q7110.FD
tg7r11sa
07112 Lo
071132 FM
‘07114 LR
.0%11S FH4
07116 ST
07117 CA
07120 FR
07121 LR
07122 Fn

026000 00357C
NERIVD 103644
075000 000tel
002000 Q0435S
050000 G1111

060100 $11442
050000 011437
030200 003567
376500 000043
026000 011437
NER100 011444
076500 000043
026000 011172
030200 0Q3617
050100 0T1445
050000 011437
030200 003577
076500 0080043
026000 Q131437
060100 G1144C
076500 0p0043
026000 011172
030000 DOZEIC
050100 011447
002000 007070
056000 103644

0S0000 103712
030200 003561
012000 007260
050000 103712
330200 003547
012000 007162
050000 10373«
-01'2000 007126
050000 011447
007400 403516
000000 000030
076000 Q00802
060100 0114732
050200 011445
024000 Ottea?
026000 003570
03400 13600
-60B0d 'B11453
05¢000 003607
026000 003607
07465017 0000432
lo2 bgé 103720
Ne0100 01145
050000 0114532
030000 011452
076300 000GCe3
026000 811441

300.
300,
200.
300.
300.
300.
300.
300.
300.
300.
340.

3064-

300,
300,
300.
200,

301.
301.
301.
01,
301,
30%.
331,
201.
301.
301,
301.
201.
201,
301,
301,
301.
3a1.
an1.
301,
i01.
z01.
E
301,
301,
301.
301,
201,

D04z, FM
oDa3, ST
a4, SE
20a5. T
0021.1 CR
0021.2 ST
0022. CAp
0022, FS
0024. LR
0025, Fi
@026, 5T
0027. LR
0022, FM
0029. FS
o023, 5T
0031. Ch
0032. FS
0032. LR
0034, FM
0o3s. ST
0436. LR
0027, Fn
0d23. FA
0039, ST
0040, T
0041, L@
0003, CR
goat. F=
0oN2., «TF
0003, CH
Qug4. FS
00as. ‘TP
0006. ICH
o0U7. Tm
0005. CR
ong9.  TsSH
oo, H
.0011. CHE
pot2. ST
0013, (8
BDt4. FO
0015, F¥
006, RO
a0t7.  SG
0018. LG
o019. FM
0020, LEK
go21. IFM
0021.1 ST
0n2z. CA
00z:. FA
0024. LR

002%. Fn

con2.,
0005,
no92.
0017.
0go1.
0003.
0000.
6001,
0035,
0009.
000S.
003s.
0000,
op2s.
0006,
0000,
0009,
0033,
0000.
gear.
o83s.
ogog.
0024.
0008.
006G0.
0906.

0044,
ng1o.
D113,
nnes.
ooao.
0054,
0062,
0027,
000s.
goog,
000d.
0000,
0001,
0006,
oaoe,
0goz.
qaia.
0002,
ao17.
0017,

A

o.
C.
Q.
0.

G000,
0000,
00Uo.
0000.
0000.
goao.
Qaogs.
0008,
0000.
0000,
3000.
0000.
0000.
0000.
Q000.
0000,
0000.
0000.
anag.

30G.

c0q.
Gd0o.
odpgo.
0000.
0000,
0000.

aQoQ.
9000,
ageo0.
13000,
0200.
0Q00.
0009.

'gooa.

00au.
onoa.
0000.
0G00.

,p0B0.

0000.

Qgco.
EDOD.

ao00.
0008.
0000.
co0oa.
001a.

. 10000,

'0000.
0000,
0000,

0000,

lonad.

2

TURH ON LIGRT HC.
chaLC KQTRTIGH PART.FH

SI1GMA FGR F SUB .

1

V-1 -

v

VY-t
LAMBDA 50
4/9

€z21>22 FOR J=d
¥

4

Yv-4d

4,3

2 1 FOR J=0
CALC BETA

MULTIPLICITY

LAMEDR

2.

a8

GRAMMA STATE

1.

‘LAMBOA

98 '

OELTH STRTE

A

INVERTED

2

ONE

S@ ROOT

wn

B

KA

174

EFFECTIVE

STRTE

Q7050
47051

07052
07053
070622
07023
07024
87025
07026
07027
27030
Q7031

07032
07023
07034
07035
07036
07037
07040
g7Q41t

07042
07043
07044
7045
Q7046
a7047

07070
07071
0va7z
07073
07074
07a7s
Q7076
07077

" 07100

07101
07102
07103
0104
07103
07106
07107
o7t
07101,
07112
D713
prite
g71.15
g6
07117
07120
L0712
07122




-£9-

AT1Z3
07124
07v12s
07124
07127
p7i130
Q7131
07132
97122
Q7134
27138
T136
07137
07140
D714l
Q7ta2
BT143
07144
07145
av146
07147
87150
07151
07152
07153
Q7154
07155
avise
87157
07160
07161
07162
07162
87164
07165
07166
B7167
07170
07171
oT172
g7173
07174
0717S
07176
07177
07200
07201
07202
a7203
Q7204
072pS
07206
07207
07210
a7211

FS 030200
ST DE010N0
T, 002070
Le 054000
FM 026000
5T 053100
CR 053000
FS 030200
LR 076500
FM 026000
ST 960100
CR 050000
FA 030000
LR 076500
FM 026000
ST 060100
TS 050200
FD 024000
S@  -060000.
CA  05300Q
FA 030000
T5% 007400
H Qqonoso
cHS d76000
FA 0630000
FA  d30000
LR 076500
FM 026000
FS 020200
ST 060100
T 002000
CA  0SQ000
™ ~012000
L@ 056000
FM 026000
LR  DB76500
Fit 025000
ST 060100
cA 050000
F5 030200
LR 076500
FM 026000
ST 060100
CR 050000
FA 020000
LR 076500
FM 026000
ST 060100
CS 050200
FO 024000
s@  -060000
CRA 050000
FR 020000
TSX 007400
H 000000

114%4
11451
00735«
0n36t2
10372
01152
011445
003605
000043
00357
Q11453
011447
003606
000043
003600
011454
011453
D11a%54
011452
011447
003606
403516
[s{u]u]e]xle]
000002
Ot1ae52
003602
0003042
ati14a1
0f1a52
011431
Q7284
10373«
gov22zc
003607
003637
000043
103720
01452
011445
003577
000043
003570
011453
Gti14a7
003620
000042
[aleRictn ]
G11454
Q11452
011454
011453
011447
003620
403516
[alvpalalshs]

2a1.

oIzS .
26,
00251
3027,
o023,
2029.
n03o.

Jnze.
2039,
D040,
0041,
Qo42.
0n4z,
P44,
0045.
03wi.
a7,
0048,
n049. "
00SG.
03s1.
0952,
00s3.
0053 .1
00s4,
0uss.,
00545,
Qos @,
0as8.
0us9.
o0éa.
0061,
0062.
0062.1
0063,
0064,
006S.
DQEA.
0057,
0063,
D069,
0070.
Qo7e.
007z.
0372,
0074,
oa7s.
0o07e.

Fi
ST
T

La
Fm
ST
cR
F3
LR
Fnl
5T
CH
FA
LR
Fi
ST
cs
FQ
E
cA
FA

TES 7

H
CHS
FH
FA
L
FM
F5
ST
7
cR
™
L@
FM
LR
Fil
ST
CcR
F5
LR
FM
ST
cA’
FA
LK
FM
ST
cs
FO
S%,
cA
FA
TSX
H

801,

aqz.
619.
618,
801.

Q.
801,
619,
G138,
do1.

Q.
301.
619,
619.
619,
619,
618,
841,
704,
0.

00z,
g9,
atrvz.
0029,
a5,
a0ot.
0206,
a%15,
2035,
3002.
noG2.
qJ03.
on16.
Qois.,
go10.
apaQ3,
no02.
0003,
Qooz2.
oaoe.
0016.
oaco.
0000.
0000.
0oo2.
0012.
0036.
oovz.
0001,
3000,
D172,
0062,
0086,
a017.
0017,
0803S.
00sa.
8001,
0006.
0009,
0035,
poaz,
goo2.
0003.
Dp26.
0035.
onta.
aon3.
0002.
Qaoas.
0002.
poos,
0026.
Qa000.
4goo.,

nona,
Gono,
€03,
ga0d,
5000,
pono.,
6000,
0n00.
¢00a.
000¢.
G0eo,
Gnoo.
ouoo,
00vi0,
cQoo.
0900,
Gooo.
0000.
0000,
$000.
0000,
0000.
0000,
0000.
anan.
0000,
0000,
00013,
0000.
0000.
01300,
0000.
0009,
0J00.
3000.
0000.
0000.
0009,
0000,
0000.
gogo.
0000,
0oon.
0000,
gooo,
0000.
gooo,
Quog.
0009,
0000.
000Q.
0000,
Qooo.
£000.
0000,

EETR-HCRMAL <=0
CALC. E TO BETR

gls1e
o]

12

z

23

(O]

sQ. ROOT

6

i

B EFFECTIVE

BETA. INVERTED (J=2)
CALC. E TO BETA

A
INVERTED
174

g
SQ@. ROOT

STARTE

07123
17124
07125
2T126
07127
07130
07131
07132
oT1332
a7i3e
07133
a7126
Q71237
07140
Q7141
07142
Q7142
07144
07145
7146
7147
07150
a7151
07152
07153
07154
07158
07?156
07157
g7160
7161
07162
07163
07164
07165
07166
07167
07174
QM7
67172
07173
Q7174
oT173
Q7176
o177
07200
a7201
07202
07203
‘q7204
07205
07206
07207
o721
07211




-$0-

07212
07213
07214
07219
07216
07217
07229
07221
Q7222
07223
07224
07225
07226
Q7227
072320
07231
07232
p7233
p7234
07235
07236
07237
07240
07241
07242
417243
0724
07245
07246
07247
57250
07251
07252
07253
07254
‘07259
07256
07257
07260
47261
07262
47263
47264
07265
07286
07267
07270
07271
Q7272
87273
07274
07275
pI276
Bv277
07300

076000
030000
030000
076500
026000
020200
DE0100
102000
056000
026000
076500
026000
060100
asgooa
030200
076500
p26000
360100
450000
030000
476
26000
060100
050060
024000
-060Q00
050000
030000
Ne7400
ngogoa
076000
020200
030000
076500
026000
030200
060100
002000
050030
-012000
050000
030200
076500
026800
Ds0100
050000
0300008
076500
32600
06810
050200
024000
-060000
056000
226000

000002
011453
003570
000D43
011441
0116452
011451
007354
003624
002624
000043
103720
Q11452
U11445
803606
00043
803570
11452
011447
do3s21
030043
003600
011454
011453
Q11aSe
011652
011447
03521
403516
annooe
o2
011453
002605
Q000Gaz
011441
011452
031451
7354
103734
007317
011445

.002605

Qannes
093570
ge1452
dt1as7
003600
006043

,003600

011453
011452
011652

‘011452

003612
103720

201,
301.
301.
201,
301,
301,
301,
201,
301,
301.
301,
301,
201,
331,
301,
301,
nt.
301,
301.
301.
201.

0077. ©LHS  0Q.
no7e. FA 619,
ap79. FR 801,
nogo. LR .
ogaet. FHM 618,
0gs2. FS 619,
0082, ST 619,
noz4é. T 2.
0onss. LB 801,
0037. FM 801,
0083, LR 0.
0089, FM  e02.
0090. ST 619.
D091, CA 614,
bog2. Fs e80t.
0093. LR, .
0094, FM 8131,
099s. ST 619,
049s. cA a18.
0g97. FA 80t.
0094, LR a.
n0g99. FW 801,
0099.1 5T 619,
4100, CR 619.
n1103.1 FD 619,
arat. SR 619.
0102. CR 613,
0103. FA 801,
N104. TS¥ 704.
0105, H 0.
0105. CHS Q.
107, FS 615,
n10%, FA 01,
0t0$. LR 0.
0119. FM G1&.
o11t. FS 619,
g112. 57 619.
otttz 1T 2.
9113, CR 802,
011y, TM 2.
D115. CA 618,
0115, F3 801.
ot17. LR 0.
o118, F#M 891,
(0149, 5T 619,
0123, €A G1E.
0121. FA 801,
012z, LR c.
,3 23, FM 8pt.

24, © 8T 619,
ND12%. €S 619,
012z, FOD 61¢%.
D127. 5@ 612,
nize. L@ 'eot.
012%. FM €0Z.

8ON0,
0002.
0002.
0035.
0002.
£001.
0oo0.
a172.
0030,
0030,
0035,
ooso.
o001,
0006,
Qote.
003s.
0002,
0002.
ogoe.

027.

03S.
oo1o.
0093,
0002.
pooz,
0002.
0003.
0027,
0000,
0003,
0000.
0002.
0ots.
0025.
aso2.
opot .
2000.
o172,
oBs2.
a143.
0006.
0Q15.
: 0035,
0002.
0001 .
10008.
0015,
0035,
0010,
d0o2.
0031,
‘300z,
0001.
0020.
pase.

=]

c

A

2]

©ooo,
0000.
€000,
0000,
0000,
4o0Q.
acod.
0000.
0000,
Qaca.
g0oa.
0ans.
00aga.
00ao.
0000.
000a.
oogao.
1004q.
£00o.
apon.
pbhag.
obod.
Gnoo.
0009.
0000,
0040,
0000,
aona.
Da0g.
03300.
0090.
0000,
0000.
0doo.
0000.
0001.
0090.
0000,
Q000.
0000.
ooago.
0000.
DQooo.
aooe.
qona.
guoa.
oooe.
0000,
0000.
*p00s.
0000,

. gouvo.

.0000.
0aaa.
a000.

2

B EFFECTIVE
BETR, NORMAL
caLC. E T BETR
6.2%

0

24

(23]

48
5@ ROOT

i2
B EFFECTIVE

BETA, INVERTED
CRLC. E TO BETH

A
INYERTED STATE

3722
3723
3724
3725
3726
3727
3728
3729
273d
3731
3732
3733
3734
3735
3736
3737
3738
3739
3740
3741
3742
3743
27a4
3745
3746
3747
3748
3749
37S0
3751
3752
3753
3754
3735
3756
3757
375¢
3789
3750
3761
3762
3763
3764
3765
3766
3767
3768
3769
3770
3771
2772
3773
2774
775
2776

07212
07213
07214
07215
07216
07217
07220
07221
07222
07223
07224
07225
07226
07227
67230
07231
07232
07233
07234
Q7235
D?§36
Q7237
07240
07241
07242
07243
07244
07245
07246
07247
07250
07251
07252
07253
07254
07255
07256
07257
07260
07261
67262
07263
07264
07265
07266

.Q72a7

07270
07271

.07272

07272
07274
0727S
07276
07277
Q7300




-6p-

0730t
07302
07303
07304
07305
07306
07307
07310
8721
07312
07313
07314
0731S
07316
07317
07320
07321
07322
07323
07324

‘07228

07326
07327
07330
07331
07332
07333
07334
07335
87336
07337
07340
07341
07342
07343
B7344
B7 245
07346
pD7347
07350
07351
07352
pT353
07354
07355
07356
07357
07360
07361
07352
07363
07364
D736S
07366

CHS 076000
ST 060100
CA 050000
FA 030000
TSX 007400
H 000060
CHS 076000
FR 030000
FR 030000
LR 076500
FM 026000
FAR 030000
ST 060100
T 002000
L@ 056000
FM 026000
LR 076500
FM 026000
ST 060100
CR 050000
FS 030200
LR 076500
FM 026000
ST 060100
cR  0soobo
FA 030000
LR 076500
FM 026000
3T 060100
CA  DS0D0O
FO 024000
sa  -060000
CA 050000
FA 030000
TSX 007400
H 000000
CHS 076000
FS 030200
FR 020000
LR 076500
FM 026000
g& 030200

060100
cA 050000
TSX 007400
HP 042000
ST 0601nQ
Lo 056000
FM 026000
ST 060100
LR 076500
FM 026000
ST 060100
T 002000

000002
011454
011447
003606
403516
800000
000002
011452
003602
000043
011441
011454
Q11451
007354
005625
003629
000042
103720
011452
011445
0032622
0ooos e
0B3570
011453
011447
003622
000043
Q03600
011454
011453
011454
011453
011447
003¢23
403516
000000
000002
011453
003626
000043
011441
011452
011451
011451
403410
000000
011452
a11451
002005
011453
000043
011452
011454
007412

301.
301.
I01.
201.
301.
301,
301.
301.
30f.
301,
301.
301,
301.
301.
301,
301,
301,
301,
301.
301,
301,
2ar.
301.
301.
z01.
301,
201.

301,
301.
301,
301,

30t.

0130,
0131.
0133,
0134,
0135,
0126.
0127.
0138.
0139.
0140,
0141,
b141.1
0142,
0142.1
D143,
D144,
0145,
D146,
B147.
014e.
0149,
0150.
0151,
0152.
0153,
0154.
0155,
0156,
D156, 1
0157,
D157.1
0158.
0159,
greg.
0161.
0162.
D163,
0164.
0165.
2166.
0167,
ateh.
0171,
o172,
plTS.:
Q174.
arvs.
d176.
0177.
017€.
0179.
0180.
g181.
0132.

CHS
ST
CR
FA
TSX
H
CHS
FA
FA
LR
FH
FA
ST
H
La
Fi
LR
FM
ST
cA
FS
LR
Fi
ST
ch
FA
LR
FM
ST
cA
FD
sA
cA
FA
TSX
H
CHS
Fs
FA
LR
F
Fs
ST
CR
TSX
HP
ST
LG
FM
ST
LR
]
ST
7

0.
619.
618,
801,
704.

0.

0.
619,
g01.

o.
618,
619,
619,

2.
801.
Bo1.

a.
802.
619,

. 618.

90T,

sQi.
619,
618,
s01.

801,
619,
619,
619.
619,
618.
801,
a4,

0.

‘0.
619,
go1,

618.
619,
619,
619,
703,

19,
619,

1.
619,

€19,
619,
202,

0000.
0003.
0008,
0016.
0060,
0000,
0o00.
0001,
0012,
0035.
0002.
0003.
0003,
0172.
0031.
0031,
0035.
0050,
0001,
0006.
no28.
0035,
0002,
0002,
0008.
0029.
a03s.
0010,
0002,
0002,
0003,
0002,
coo8.
0029,
6000.
8OO0,
0000.
0002,
0022.
[03S.
Qpo2.
obot.
0004.
8000,

0000.
0D01,.
6goao0.
0029,
0002.
0035.
0002.
[alafak
[e]e]r8

0000,
coco.
00gcac.
0000.
[s]e]efs
o(9o0.
0000,
0000.
0000.
0000.
0000.
0000,
Q000.
0000.
o0oaco.
Q000.
0004.
0000.
©ooo.
opoao.
gooo.
000Go.
0000,
0000.
0000,
00003.
G000,
0000.
Dooo.
0000.
0000.
Qg000.
00006.
0000.
0000.
guaac.
00060.
0000.
Q00D.
0000.
a0oga.
aogo.
0000,
noaGa.
0000,
gooo.
Q000.
gooo0.
0000.
0000.
0800,

24

6
B EFF
BETR, NORMAL

CALC. E TO BETA
12.25

40

20

ea
S@. RQOT

20

B EFFECTIVE
BETA, INVERTED
BETA
EXPONENTIAL
BETA

T

T BETR

SQUARED

3777
2778
3779
3780
2781

3782
3783
3784
3785
3786
3787
3788
3789
279D
3791

3792
3793
3794
3795
3796
2797
3798
3799
3800
3801

2802
3803
3804
3805
3806
3807
3808
3809
3810
3811

3812
3813
3814
3815
2816
2817
2818
3819
2820
3821

3822
2822
3824
3825
3826
3827
2828
2829
2830

07301
07302
07303
Q7204
DT30S
87206
g7307
97310
07311
07312
07313
07314
D731S
07316
07217
07220
07321
07322
07323

07224
Q7322s
07326
Q7227
a7330Q
07331
07332
Q7333
07334
07335
07326
Q73z7
07340
07341
07342
07343
07344
07345
07346
07247
a?3s0
073571
07352
07353
07254
07355
07356
D7357
07360
07361
07362
07363
07364
07365
07366




-99-

97312
7413
N7414
Jd7419
07416
07417
07420,
87421
07422
07423
07424
07425
07426
07427
07430
07431
07432
07433
07434
D74325
p7436
Q7437
07440
07441
07442
0744232
07444
07445
DT 4an
Q7aa7

_B7ae50

N7451

07452
07453
07454
07455
07456
Q7457
07460
07461

n7462
07463
07464
07465
07466
07467
n7470
N7471

07472
07473
0747a
Q7475
Q7476
076477
07300

LQ
Fn
CHS
ST
Cr
TEX
H
ST
ca
™
[of}
FB
Fit
FO
1)
cR
Fs
LR
Fr
FA
5T
L2
FM
LR
FH
ST
LQ
FM
LR
Fi
5T
cR
FsS
ST
FA
ST
CHS
TSH
HP
CHS
ST
CR
FR
TSX
H»
g
CA
™
cAa
Fs
FB
Fu
ST
cA
FAR

256050
225000
Q73000
2601010
05000qG
0N7T400
000600
360100
050000

-012000
0s000d
024000
026000
024000

-060008
Q50000
0320200
076500
026004
03booa
0601 0d
056000
026000
076500
Q26000
060100
056000
126000
175500
026000
060100
0sadoo
030200
060100
03000q
060100
076000
007400
042000
076000
060100
050000
030000
007400
00a00Y
060100
050000

-012000
gs500us
a302o0n
024000
02¢000
06p100
250000
0320000

00361z
12370
000002
011463
011447
403516
30003
011464
103734
QU7547
Q1140%
011447
002570
033600
011455
011464
011465
000043
O114a>
011463
011463
011465
003570
000043
011462
011465
003607
0083607
000643
103720
0114¢a
011465
011464
011507
011463
011463
00000z
403410
0170000
000002
011475
011467
023620
403516
0Q0U0C
a11466
103734
007%:0
011445
od3sr?
003600
0ozs7
1467
011447
003620

LDV
30z,
30z,
302,
02,
302,
392,
02.
302.
302.
302,
02,
202,
302.
302,
302,
302,
302,
302,
302,

3 .
302.
332.
302,
302,
302.
302.
02,
202.
302,
702.
02,
02,
02.
302.
302.
Q2.
302.
302,
gz,
202.
3g2.
302,
102,
302,
302,
02,
202,
302.
202,
302.
302,
302.
202.

Q00T,
G001,
502,
2033,
Gods.
3005,
aoga.
20067,
0007.1
30907.2
neoz,
0130%.
a010.
aoit.
3012,
uot3.
3014,
0o1s.
0815,
Qasv.
Hoiz.
ger9.
0p20.
0021,
2022,
0027,
0024,
0023,
Q02%.
a027.
0022,
0029,
J0320.
0030.1
ngst.
0032,
anz3.,
0034.
goas.
203%.1
g03s,
00227,
[als ks o8
ancy.
004,
Q0«1.
0041 .1
Q041.2
0042,
LIiTER
N0-+4.
004<.,
0044,
N047.
CR«3.

3
Fit
CHS

sT
TSX

ST
Ch
™
CAh

FM
FQ
56°
CcR
FS
LR
FH
FA
ST
L
FM
LR
Fi
ST
La
FM
LR
Fif
ST
cA
Fs
ST
Fa .
ST
CHE
T3X
HP
CHS
5T
cA
FA
Tax

ST
cA
™
c

£
FD
Fi
ST
cR
FA

30z,

613,
BO1.
801,
801,
G20,
614,
£01.

0az0,
0350,
2900.
2900,
508,
0pna.
0oan.
0301,
0062.
ass.
Q306.
aooe.
0q6z.
Qa10.
00o2.
goal,
0002.
nq3s.
04Qa .,
000c.
0000.
Qooz.
0002.
0azs.
2003.
goc2.
Q017.
ao17.
0835,
0050.
ooar.
olg2.
aoot.
obo9.
0000.
noop.
0o00g.
gooo.
0908,
acoa.
Doco.
0008,
0026.
ogo0a.
7000,
bon3,
noGz.
0a87.
nogea.
godo.
0010.
0002.
003s.
aoo%.
0026.

BTN

000,
onon,
000D,
00ga,
3930,
0o,
04300,
00006,
0000,
0000,
5002,
0900,
0000.
a000.
ooan,
0600.
000a.
0380,
onga.
0004,
uoaq.
ggoa.
0nog,
oooe.
00049,
00300,
9000,
1000.
0000,
3000,
0004,
4000.
gaooga.
a00g.
020d.
0004q.
0909.
oonag.
00dd.
ocoo.
anoo.
0090,
010g.
0000.
0003,
oong.
0ngn,
anns.
Qang.,
coag.
oooa.
0000,
aaoa.
0noa.
0Goa.

€116
o
SQ. ROOT

A, RKOTARTIONARL COUFLING
INVERTED STRTE

SIGMA 3

F2d3>

F2C0>+F3<00

EXPONENTIAL

GAMMA <0ds FI1 STATE

8
56, ROOT
|

R>ROTATIONRL COUFLING
INVERTED STATE

(S

07412
07413
07414
07915
07416
0Ta17
Q7420
07421
7422
Q7423
07424
D7425
D7426
bB7427
07430
07431
07432
07433
07434
b7az
G743
07437
07440
07441
07442
Q7443
07444
07445
07446
07447
07450
07451
07452
07452
07454
07455
07456
07457
a74460
07461
7462
07463
DT484
07465
07466
Q7467
07470
g7a71
074??
B7473
pD7a74
07475
07476
07477
a7soo




19~

07501 3T
07532 CS
07503 FD
07504 S@
0705 CR
07306 FR
Q7307 FA
07313 LR
Q7s1t Fi
n7512 57
07513 LB
37514 FM
07515 tR
Q7516 Fi
37517 CHS
07520 FR
Q7521 ST
07522 CHS
07523 TSX
07524 HP
07525 LR
07526 FH
075927 CHS
07530 ST
07531 CR
07532 F5
07533 TNZ
07534 0R
07535 FAR
075326 5T
N7537 ZS
07540 T
Q7541 LA
Q7342 FN
N7543 LR
07544 FM
07549 3T
07546 T
07547 C3
Q7550 ST
07351 CA
07552 ST
07553 CR
075954 ST
p755S CR
07396 ST
a7ss7T T
D7560 CS
0735A1 ST
07562 T

011470
011467
011470
Q11467
Q03570
11466
Qi1467
000043
011443
011467
00zcze
00362«
nann4z
103720
gaan02
011467
011465
000302
403410
000000
00age3
002600
000002
011476
103712
003567
007?541
011473
0f1a76
011301
011467
010174
033607
002607
000043
103720
0114i5e
oa7e0z
Q11464
011464
011443
011437
011441
011442
a1:1 637
011441
Q07424
Q11466
011466
Q07472

T
cs
FO
52
cA
FA
FR
LR
FM
ST
LG
Fi
LR
FM
CH3
FA
ST
CH3
TSA
HP
LR
Fr
CHS
ST
CcAR
FS
TNZ
CR
FR
ST

~
Ay

L@
FM
LR
FM
sT
T
Ccs
ST
CR
5T
cR
ST
CR
ST
T
cs
sT
T

J.

13900,
000,
0300,
000,
0ang,
000,
0000,
0000.
0000.
0000,
000a.
0003,
00n0a.
0040,
0003,
0000.
ogaa.
000,
0g0a.
0000,
0000,
60000.
G000,
0ona.
cnoo.
09004,
0080,

© 0900,

paoe.
0000.
0noa.
0000.
0040.
0gaa.
Qoa0.
nooo.
0000.
0000.
anga.
Q000.
0000.
odoo.
anog.
0000,
0000.
00g0.
0000,
gooq.
0noa.
0gna.

cIoMe 3

¢.295

Fid1d

EAPONENTIRL

K3

GAMMA C1>, PI STRTE
LAMBDR
1

TOTAL GAMMA, Pl STATE

174

¢
”

PUT IN F1COOFQR FZLDD

FUT IN F1CI>FOR FIC13

07501
0750%
n7503
p7s0s
07s0S
07506
07507
a7si0
07311
07512
07313
ais1e
avs1s
07516
avsy 7
087520
07521
qvs2z
07522
Q7524
Q7528
07526
07527
p7330
07521
07532
07533
07534
07338
07526
07937
07540
avset
07542
D7543
p7544
07549
07Tu6
07547
07550
a7s51
07552
07553
07554
07555
0755¢
Q7557
o7sern
a7s61
av9¢e2



-89~

07502
07603
07604
07609
07606
07607
g7éi10
87611
07612
07613
075614
07615
p7616
07§17
07620
07621
07622
07623
‘07624
07625
07626
07627
Q7630
07631
07632
07633
07634
07635
07636
07637
07640
07841
07642
07643
07634
07645
07646
p7647
07650
07651
g7652
07653
07654
076595
Q7656
07657
07660
07661
07662
07663
07664
07665
07666
07667
‘07670

ca 050000
154 007460
H 000000
CHS 076000
ST 060190
CR 050000
M -012000
£5 050200
FO 024000
FM 026000
FO 024000
sa  -060000
CA 050000
FR 030000
LR 076500
F 026000
FS 030200
ST 060100
FA 030000
3T 060100
CHSs 076000
T5% 007400
HP 042000
CHS 076000
3T 060100
CA 050000
FR 030000
LR 078500
FM 026000
ST 060100
CA  0S0N000
FS 030200
FD 024000
Fit 026000
FA 030000
LR 076500
FM 026000
3T 060100
LR 056000
FM 026000
GHS 076000
FA 030000
ST p6o1no
FA 030000
ST 060100
CHS 076000
TSX 007400
HP 042000
ST 060100
CHS -07600Q
LR 076500
FM 026000
sT 060100
CA 050000
FR 030000

011447
403516
000000
000002
011466
103734
007747
011448
011447
003570
003600
011467
011466
p11467
000042
011441
011464
011464
011463
11463
04qono2
402410
oacade
Q90002
Q11475
011447
003620
000043
003600
011466
011445
003577
011466
02577
003570
0Q0n4e3
011442
0tr1466
003612
103720
aooo002
811466
0t1466
011465
P11465
D000382
403410
0003800
011477
D0GQ02
000043
0036010
011476
011447
003606

333,
302,
303,
302,
303.
302,
303.
303.
303.
203,
303,
303.
303.
303.
303,
303.
303.
303.
3Q3.
303,
a3,
303.
303.
303.

302.-

203.

303.
302,
303.
301,
203.
303.
303,
j303.
302.
303.
203.
303.
303.
302,
303.
303,
303.
303.
203.
303.
603.
303.
303.
303.
303.
303.

0008,
o001 .
2002,
0003,
0004.
D004, 1
0N04. 2
0005.
B006 .
0007,
0008,
0009.
0010,
ooit.
012,
no13.
ao14.
0o1s.
0016,
no17.
Qa18.
noi9.
0a20.
0020.1
0021 .
0022.
0023.
0024,
0025.
0026.

L0027,

0028.
0029,
ooao.
0030.1
003t.
Q03z.
0033,
0Q34.
0035.
0036.
0037.
gose.
0039,
0Q40.
o041,
0042,
0043,

0044,

0045,
0046.
0047,
pg4e.
0049,
0050.

A
TSX
H
CHS
ST
cA
™
cs
FD
Fi
FD
sQ
cA
FA
LR
Fi
FS
ST
FA
st
CHS
TSX
HP
CHS
ST
cA
FR
LR
Fi
ST
cA
FS
FD
FN
FA
LR
Fu
ST
La
FM
CHS
FA
ST
FR
ST
CHs
TSX
HP
ST
CHS
LR
FH
ST
cA
FA

618,
704.
0.
0.
620.
g02.
C 2,
818.
618,
o1,
o1,
420,
420.
20.
0.
618.
620.
620.
620,
620.
a.
703.
a.
0.
621.
618.
801.
0.
801,
620.
618.
801,
620.
80f.
801,
W
618,
620Q.
801.
802.
0.
620.
620.
620.
620.
0.
703.
c.
621.
| 0.
0.
801,
621,
618,
801,

c

c

0000,
sjuix]eN
0000,
¢000.
@000,
Goac.
0000.
0000,
0000.
0Q00.
0000.
0000.
0003a.
0a0a.
0600,
Qeooa.
agoo.
a800.
aaoa.

ena.

60d.

100,
cao0.
o0Qo0.
g600.
0080.
Jooo.
ooao.
goco.
0aaco.
0400.
068a0.
0000.
00ago.
ogoa.
0g0a.
agoa.
6000.
0000.
aaooo.
o00da.
Qaqaa.
0000.
paoe.
000q.
uaﬁa.
g000.
a000.
G000.

-0000.

0doo.
0000.
poogs.
gaco.
£o0o.

3Q. ROQT

A, ROTATIONAL COUPLING
INVERTED 3TATE

[N 5

SIGMA 1

F1C0D
F1C0>+F2<0>+F3C0D

N .
EXPONENTIAL
GAMMA (0D, QELTA STATE

&
z
4
4
2
SIGMA 2
81,16
o
F2¢1)
£3¢15
‘ .

EXPONENTIAL

3
GAMMA C1D,DELTA STATE

24

S KNEC
PRy
=~} =)

N -2

97
3972
3974
297
3976
3977
3978
3979
980
3981
3982
2983
3984
2985
2986
2987
2988
3989
3990
2991
3992
3993
3994
3995
3996
3997
3998
3999
4004
4001
4002
4003
4004
4005
4006
403?
4D0s
4009
4010
4011
4012
4013
4014
401S
4016
4017
4018
4019
4020
4021
4022
4023
4024

Q7402
07ecu3
07604
074035
07606
07607
a7610
07611
Q7612
07613
07614
07615
07616
07617
07620
07621

07622
07623
Q7624
07625
a7p24
47627
07630
07631

07632
07633
07634
07635
07636
07637
07640
07641

07642
07643
07644
07645
07646
07647
07650
07651

07652
07652
07654
07655
Q7656

-g7657

07660
07661
07662
07663
07664
07665
07666
07667
07670




-69-

07671

07672
07673
07674
B767S
07676
07677
57700
07701

07702
07763
07704
07705
07706
07707
07710
07711

07712
07713
07714
07715
07716
07717
07720
87721

07722
07723
07724
07725

07726

07727
07730
0TI
07732
07733
07734
Q73S
07736
07737
07740
07741
07742
07743
Q7744

07745 3

R7746
Q7747
877s0
g7 7S
07752
07753
07754

‘

5%
HP
ST
cA
™
FA
ST
CA
Fs
FD
Fi
3T
CR
FR
ST
cs
D
sQ
cR
Fa
LR
FM
ST
Lo
FM
LR
FM
CHS
FA
ST
CHS
TSX
HP
ST
CHS

I
Cs
ST
T

cs
a7
T

007400
242000
060100
050000
-0120p0
030a3Dp0
060100
050000
030200
024000
026000
pso100
850000
p30000
060100
050200
024000
-060000
050000
D30000
076500
026000
neotea
056000
026000
076500
026000
076000
020000
060100
076000
0074049
042000
060100
p75000
076500
026000
060100
050000
020200

Z -010000

350000
030000
030000
060100
002000
Q50200
060100
002000
050200
060100
002000

403516
009000
011467
103734
007752
003602
011467
011445
003605
003600
003570
011470
011447
003606
011471
011470
011471
011470
011470
011467
000043
011443
011467
002625
003625
000042
103720
000002
D11467
011467
00po02
403410
000000
011470
00000R2
000043
003601
011477
Q712
003570
007772
011477
011476
011475
011501
010174
011466
011466
007611
011467
011467
B07676

00S1.
0052.
0053,
00531
0053.2
0054,
005S.
0asé.
0057.
00583,
0059,
0060,
0061,
0052,
0062,
0064,
po6s.
0065,
opeT.
0063,
0069,
J070.
0071 .
o072,
0673,
0074,
0075.
0076,
0077,
oo7a.
go79.
00en.
Dos1.
onB2.
00ez.
pog24,
008s,
0086.
00B7.
0083.
0089.
0096.
0091,
0092,
00332,
00%4.
po9s.
0096.
qo9e7.
ou9s.
0099.
8100,

TSX%
HP
ST
CA
TH
FR
ST
CA
F

F
FM
ST
CR
FA
ST
Ccs
FOD
sQ
cA
FR
LR
F1
ST
LG
FM
LR
Fi
CH5
FR
ST
CHS
TSK
KP
ST
CHE
LR
Fi4
ST
CcR
FS
TNZ
CR
FA
FR
ST
T
cs
ST
T
c5
ST
T

704,

0.
620.
202,

2.
go1,
620.
618,
801,
801.
gD1.
620.
G18.
eol.
620,
620,
620.

0000.
0000.
8004,
0062.
0098,
0012.
0004,
0006.
0015,
co1o.
0gD2.
0005.
Qo003
DO6.
00as.
0oos.
2006.
0005.
000S.
0004,
0025.
0004,
0004,
0031,
ooat,
0035,
0050.
Qo04.
0004.
0004,
aoag.
oooa.
Q000.

(g

0000,
9900,
0000,
0000.
0000.
00po.
oabo.
oooo.
0000.
0000,
aoog.
booo.
0000,
0000.
00ao.
o00a.
0000.
a000.
0000.
0000,
ooaa.
oono.
0000,
0000.
00a0.
oban,
4400.
0000.
2000,
0000.
p0oo,
0000.
onoga,
0000.
00600.
0600,
000Q.
0000.
£0a0.
00003,
agog,
0000,
oooa,
8060,
0000.
oo,
oooe.
anoo.
Q00g.
0000,
0000,
0000,

SQ.ROQT

A, ROTRTIONAL COURLING
INVERTED STATE

SIGMA 3

12.25
12.25

o

F3¢23
EXPONENTIAL

5 .
GRMpMS €2) !
LLAMBDR

2

GAMMR STRTE

TATAL GAMMA,DELTA ST
PUT IN F2CODFOR F1C0D

PUT IM FIC2DFOR FIC23

07671
07672
Q7673
Q7674
07675
07676
Q7677
07700
07701
07702
07703
07704
07705
07706
07707
07710
07711
07712
o773
97714
Q7715
07716
jUrar s ird
07720
o7721
97722
07722
07724
07725
07726
07727
07730
773
B7732
07733
Q7734
07735
D7736
07737
Q7740
07741
07742
Q7743
07744
07748
D77ac
07747
g7750
g77s1
0v752
07753
07754




07772 Ch 050000 G1ted47 24, Q0O2, CA  &1%5, 009%, 0. 02060, 4093
07773 FAa 030000 003520 30a. 0001, FA 201, 00zé. 0. 000J. 2 4091
07774 TSX 037400 403516 334, QO02. T3H 704, 2903. e 0. 0000, §6. FOOT 4092
07775 HP 042000 B00G05 e, 002, HP 0. 0000. 0. nGIa. 4093
07776 CHS 076000 00000z  3Js. 3034, CH5 0. 0030. 0. 0000. 4094
07777 FA 030000 003573  304. 000S. FA 301, 0302. 9. 0000, 2 4095
10000 ST 040102 011470 33s. 0U06. ST $2¢. 0005, J, 0000. 4096
10NG1 CR 050000 103734 304, ONJA.1 CA  &02. 0362. A 0. 0000, A,ROTATIONAL COUPLING 4097
10002 TM -012020 010152 304, 0006.Z TH 2. 0107. 0. 0000, INVERTED STRTE 409e
18003 CA 050000 Qtf1e47 304, 007, CA 618, 0d09. G. 0000, | 4099
10004 FA 030000 003620 304, 00N, FA 801. 0026. 0. 0000. 2 4100
10005 LR 076520 000043  3n4. 0009. LR 0. 00325, 0. 09000. 4101
10006 FM 028000 0G360D s, AGHO. FM 801, 0010, g. Gooa. z 4102
10007 FO 24000 003570  304. 011, FO &01. Q002. 0. 00p0. 2 4103
10219 S ~-060300 011471 304. 0012, S8 520. 0006. J. 0000, ‘ 4104
10011 CA 050030 0114aS 204, 0013, CR 612, J005. 0. 0000. 4105
10012 F5 030200 NO3S77 04, A014, FS  201. 00G9. 0. 0603, 4 4106
i0013 FO 024003 011471 ig4. NOS. FO 62d. (OCG. 0. 0g0Q. ‘ 4107
10014 SR -060000 GI1471 N4, NOTS. 56 £20. fonNs, . 0000. : 4108
10015 €5 0502940 011471 Wa. DOI7. CS  529. GDO6. o. 0pge. ‘ 4109
100t5 FA 030000 01«70 30e. NOKE. FA . ¢20. OfOS. g. apoo. I . 4118
16017 LR Q76500 0M0043d 04, NOY9. LF 3. 083s, 0. 0000, ‘ oo 4111
10020 FM 926035 0flaes1 304, 902G, FM 613, 0002. 0. 0000. SIGMA 1 4112
10821 ST 060109 11470 e, nd21, ST 620, 00US. 0. 000Q. : 4112
10022 LA 056000 DOICQ? 304, 0022, L@ 801. 0017. 9, 1000. 174 4114

. 10023 FM 026000 003607 334, 0Q23. FM €01, 0017, 0. 0800, 411S

' 10024 LR 07500 O000G4Z 304, 00”4, LR Q. 003s. 2. 06go. 4116
3 10025 FM 026000 103720 304, 9025, FK 802, 00S0. A 0. 9900. D 4147
' 10026 CHS 076000 000002 04, 0026, CH53 Q. 0000, 0. 2000, 4118
10027 FR Q30030 011470 304, 0027, FA 623, 000S. 0. 0non, : 4119
10070 ST 060100 O11-7G 30, 0028, ST 62p. 00QS. 0. J009. F1¢)> 4120
13031 FQ 030000 ©11465 304, N029. F& G20. 0D0O2. 0. ©000. ‘ 4121
10032 4 NE0100 01146%  3Je. NO30. ST 620, 0002, 0. 0000. FI1CId+FZC13+F2C1) 4122
10033 CHS 076000 0000Dz  304. NO3. CHS © 0. 0003, . qond. ‘ 41232
10034 TSX Q07400 40F«if  3IC4. 0032, TS 703. Q0B0. £ Q. 00GO. EYPONENTIAL 4124
iAN2S HP 042000 Q0UNOC 3¢, 9033, HP a. 1oone. 0. GO0u, 4125
10026 ST Qe0109 011476 304, 003a. ST &21. 080!. 0. 1000. 4126
10037 CHS 076003 00000z 304, GO07S. CHS O, 000O. 0. 300G, 4127
10040 P 074500 00QO<3  30s. 1035, LR 0. o0b3s. a. 0004, 4128
10041 FM 926000 00ZG00 4, ANIT. FM A0t, 0010, Q. 00o04. 3 4129
1NNa2 KT 060130 D11476 N4, NOa. ST d™1, anoy, 3. 0700, GREME (1) 4130
1N0«3 CR 050800 Ofles?  30e. QN39, Ca &18. NOG2, 0. 900, . 121
10044 F& 130000 0004 706, 0061, FH  3Ut. 0315, Q. 0539, 24 132
12043 L% 976500 0BGU<3  30¢. 0041, L& . ' 0. 902S. c. ¢Ing. 4133
100«@ FM 0260070 003ucO 334, 0Dsz. FH 401, 0010, g. 9900. 2 ‘ 4134
10047 9T, 080109 Ofis71  “pa. QHey. ST 420, 2006. 0. 0899, b «13S
13050 CA 0SB030 O1iesd 704, N0ss. Ok 218, 2035, d. 0000, At
10951 F3 3202002 08036¢0S  [ls. 03T, F3 801, nQiIs. .09, 12 4137
10032 FO 024009 011-T1 336, 0«3, FD 520, 2004, 0. ©BI2, 132
10053 Fmo 02¢0D0 QOASTT 34, NOaF.  FM 801, 300;. 4. qnno. 4 \ 139
103%4 FH 930000 CI32622 s, dGax, FE° 30, 0012, 0. 1o, é 4141
10955 L7 P76530 00VG=2 Wa. 4335, LK (3, BYIN. TR B wtutl
10056 F4 02300 0fiews 3w, £53.  FX G618, Qui, 0. anan, QIGMS I aia
100S7 8T 830130 Otte7t s, 20S1. 5T G20, Wb, N, N - 41a2
10060 LR JIS600J B0I4Z4 e, 32T, L9 201, GI3 3. 30 z.0¢ PEPYS
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Q77?72
Q7773
07774
07775
Q7?7776
Q7777
10000
10001
10002
10003
10004
1Q00S
10006
10007
10010
10041
10012
10013
10614
10018
1061 &
10017
10020
10021
10022
10023
10024
1002%
10026
10027
10030
1001
10832
10832
10024
10039
100826
100372
10040
10041
10062
10043
18144
100«5
18346
100a?
10051
106%1
10052
1Qa53
10054
10055
10056
10057
10060
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10061 FM
10062 LR
10063 FM
10064 CH5
10065 FA
10066 ST
10867 FAR
10070 ST
10071 CHS
18072 TSX
100732 HP
10074 CHS
1007S LR
10076 Fm
10077 ST
10108 CA
1010Y FA
10102 TS%
10103 HP
10104 ST
10105 CR
10106 TM
10107 CR
10110 FA
10111 FD
10112 Fn
10113 ST
10114 CA
10115 FS
10116 FD
10117 s@
18120 CA
10121 FR
18122 FS
10123 LR
10124 FM
10125 ST’
10126 L@
10127 FM
10130 LR
10131, Fp
10132 CHS
10133 FA
10134 ST
10135 CH5
10136 T3SX
10137 HP
10140 CHS
10141 ST
10142 LR
18143 FM
10144 ST
10145 FA
10146 FR
10147 FR

326000
076500
026000
076000
620000
060100
030000
060100
076000
007400
042000
876000
076500
626000
860100
050000
030000
007400
042000
060100
nS0000
-012000
050000
030000
024000
026000
060100
050000
030200
4000
-060000
050000
030000
0630200
076500
026000
060100
056000
026000
076500
026000
676000
030000
060100
075000
007400
042000
076000
060100
076500
026000
0601D0
030000
030000
030000

002624
00060432
102720
0anooz2
011471

011471

011467
011467
000002
403410
0a0000
000002
000043
002601

011477
Q11447
002621

40351¢
0830000
011472
103734
18155
011447
ob3e21

002570
003600
011473
011445
003606
011473
011473
R03606
011472
011473
800043
011443
011472
003625
003625
000043
103720
0u0002

011472

011472
000082
402440
000000
000002
011500
000043
002627
011500
011477
011476
11475

34,
304,
304,
304,
304,
304.
304,
204,
304,
304.
04,
204,
304.
304.
304,
304.
304,
i04.
304.
34,
304.
204a.
304.
304.
304,
304,
304,
304,
304,
204,
304,
304,
304,
304.
304,
304,
304.
304.
304,
304,
304,
304.
304,
304.
304,
304,
304,
304.
304.
2p4.
204,
304.
304,
304.
304,

0053.
00S54.
onss,
0056.
0057.
0058.
0059.
0060.
np6o. 1
0061,
U062,
0063.
0064 .
0065.
0065 .
8087,
0068,
0D69.
0070.
ao71.
0071.1
0071.2
0072.
007a.
0074,
007s.
0a76.
Da77.
0073.

FH

4030,
n03s.
3059,
0D00.
0006.
0006,
a004.
0004,
@obao.
poog.
0000.
0000,
003s.
0o 14,
0002,
0008.
0027,
000s.
oadn,
6007.
0062,
0110,
0008,
0027.
0002,
og10.
0008,
000%6.
0016.
0008.
0008.
ag1s.
09007,
0gos.
0035.
0004,
Qaco7,
0az1.
0031,
0032s.
0050,
0000.
0007.
0o07.
0000.
0000.
oooao.
0g0gp.
0003,
0035,
an3a.
0003,

0052,

cao1.
0000,

3009,
6000.
03000,
00013,
01300.
oona.
€ooa.
0000,
ogac.
6000.
08000.
anog.
0000.
0fao.
00092,
0000,
0004g.
0000,
0aoa.
0004a.
aooa.
2000,
noosa.
odna.
gedo.
0go0.
9000.
8000,
6000,
oooe.
000s8.
0000.
00pa.
6anoa.
oDo0.
0800.
apogs.
0800,
a00o0.
0000,
0000,
@oaco.
a000.
0000.
0000.
0oi30.
0a00.
0000.
goao.
on0a.
0400.
9000,
0000,
oooo.
0000,

Fz{2>
F2¢2s

EXPONENT LAL

S
GAMMA (2>, GAMMA STATE

48
Sq. ROGT

AsROTATIONAL COUPLING
INVERTED STATE

48

2

24

SIGMA 3

12.25

F3¢3'

EXPONENTIRL

2
GAMMR (3D

4145
4145
4147
4146
4149
4150
4151

4152
4153
4154
415S
4156
4157
4158
4159
4160
4161
4162
4163
4164
41645
4166
4167
4168
4169
4170
4171

4172
4173
4174

4175,

4176
4177
4178
4179
4180
4181
4182
4183
4184
4185
4186
4187
4188
4139
4190
4191
4192
4193

4194 .

4195
4196
4197
4198
4199

10061
10952
10063
10064
10065
10066
10067
10a7o
10071
1407z
10073
10074
10075
10076
10077
10100
18401
10102
10103
10104
1M 05
10106
10107
10110
10111
18112
10112
10114
fons
1a116.
10117
10120
10121
10122
18123
10124
10125
10126
10127
10130
10131
10132
10133
10134
10135
18136
10137
10140
10141
10142
10143
10144
10145
10146
10147
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123150
18151
10152
10153
10154
10155
10156
10157

10174
10175
10176
10177
10200
10201

10202
10203
10204
10205
10206
10287
10210
10211

10212
10213
10214
10215
10216
10217
10220
10221

10222
10223
10224
10225
10226
10227
10230
10221

10232
10233
10234
10235
19238
10237
10240
10241

10242
10243
10244
10245
10245
10267

ST

cs
ST
T
cs
3T
T

CR

sQ
CA
FO
5Q
cA
FD
50
ca
FR
FA
ST
CR
FA
FA
LR
Fm
ST
La
FM
ST
Lo
Fi
5T
L
FM
ST
e
Fm
5T
LQ
Fn
sT
e
M
ST
FA
FR
ST
FD
5a
CR
FR

050100
002000
256zL0
053100
302000
0S0z00
060100
002000

050000
024000
-060060
050000
024000
-060060
059000
024000
-060000
850000
039000
020000
060100
850000
020800
020000
075500
026000
060100
056000
026000
060100
056000
026004
060100
056000
026000
060100
056000
026000
060100
056000
026000
06010
05600
026000
060100
p20000
030000
060103
024000
-060008
050000
030000

011501
017174
Q11470
011470
010003
011472
011472
910107

002567
01 1ad
011207
0012567
011442
011510
013567
011442
N115t1
Q11597
011510
011511
011512
D11a41
D11442
011443
1300043
003573
011512
Dl14at
D11441
011514
311442
D114a2
011515
011443
011443
J11516
g+1514
Q11441
1Sy
011515
D11442
011520
811516
011442
011521
N11520
011517
011517
803572
011520
011516
011515

303.
20S.
20S.
303.
309.
308.
325,

303.
303,
305,
309.
309,
309,
09,
3G9,
305,
30%.
305,
209,
303.
305.
20S.°7
309.
305.
305,
305..
305.
305,
30%.
205.
205.

309,

305. .
30S.
30S.
308S.
305.
305.
305.
309,

0n0o.
0co1 .
oaaz.
3002,
0004,

0005.
a006.
nea7.
0goa.
00309,
2019,
o1t
n01z,
g3,
J0t4.
no15.
Qate.
po17T.
oo1s.
o019,
nG20.
oc21.
1022,
0023,
0gz4.
0025.
0026.
0027.
o082¢e.
06029,
0030,
0031,

032.

o)

pgs3.
o
0035S.
Na36.
[shE N
po3e.
0039.
0040,
0041,
0042,
0043,

cA
FO
&34
CR
FO
S
CH
FO
sQ
CH
FR
FA
ST
[o2:]
Fi&
FRA
LR
Fn
5T
LR
FM
ST
La
M
ST
La
Fi
ST
La
Fi
ST
Le
Fi
ST
La
FM
ST
FAR
FA
ST
FO
sQ
cA
FR

201,
618,
522,
301,
£13.
8§22,
801,
s1@.
522,
622,
622,
622,
522,
613.
613,
G182,

201.
622.
G183,
613,
G22.
618,
618.
622,
6189,
618,
622.
622,
618,
622.
622,
613,
§22.
622,
612,
622.
622.
622,
622.
BO1.
622,
622.
622.

2025,
237,
uGa7.
A0a7.
2037

a7z,

0ad1,
Q032.
6030,
7901,
0003,
0001,
0aot.
0004,
0002.
aaog.
0001,
1002,
0003,
0002,
0003.
0004,
003S.
000S,
0004,
0002,
0002,
0005,
0003,
0003.
0006,
004,
0004,
0G07.
000S.
0002,
0008.
0306.
0003,
apg9.
00o7.
0004,
0010.
0009,
doas.
0008,
0004,
0009,
0007.
0006.

a.

[ N )

G.

[ml =N

QOO0 COO0

QOOCNOCDCOoOOo

00,
3230,
G200,
2302,
32300.
ogon.
3200,
0909,

anon,
000D,
000p.
aooa.
09G0.
0000,
anoo.
0000,
0009,
0000.
0300,
3900,
0900,
2009,
0000,
0000,
agoa.
6000,
a00gs!
0000.
0000,
Q000.
0000,
0000.
aooq.
0000.
goon.
0000,
0000.
£ogo.
00n0,
0000.
0000.
oooa.
0Qo9.
0000.
0000.
0goo.
0qoq.
£000.
6000.
000G.
000Q.
0000,

FUT IN

PUT IM FYCIMFOR F2C30

1
SIGMA
SIGMA

SIGRA
i

t

[N

3

FIZCIDFOKR

suUM OF {/SIGMAS

1715

SIGMA 1 <
SIGHA 2 SQ
SIGMR 3 SQ
SIGMA 1 CUBED
EIGMA 2 CUBED
SIGMA I CUBED
315

SUM SIGMA

CUBED~ 219

42100
<201

+202
4203
4204
4205
4205
4207

4220
4221

4222
4223
4224
4225
4226
4227
%228
4229
4230
4231

4232
4233
4234
4235
4236
4237
4228
4239
4240
4261

4242
%243
4244
4245
4246
4247
4248
4249
4250
4231
4252
42353
4254
4255
4256
4257
4258
4259
4260
4261
4262
4263

12150
10151
10152
10153
1n154
10155
10156
10157

10174
10175
10176
10177
10200
10201
10202
10203

1 Zq
dacd

10207
10210
10211
10212
10213
10214
10215
10216
10217
10220
10221
10242
10223
10224
10225
10226
10227
10230
10231
10232
10233
10234
10235
14236
10237
10240
10261
10242
10243
10244
10245
10246
10247
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10250
10251

10252
10253
10254
10255
10256
10257
10260
10261

10262
10263
10264
10265
10266
10267

D302
10303
10304
10305
10306

10307

10310
10311
10312
10313
10314
10315
10316
10317
10320
10321
10322
103232
10324
10325
10326
10327
18320
10331

10332

10333
10334
10335
180336
10337
10340
10341
10342
10343
10344
18345

FR
FB
Fp
ST
FA
FR
FR
FR
ST
FA
sT
LR
FM
FD
5Q
T

L2
™
LR
Fi
ST
LR
FM
LR
Fn
31
La
Fiu
LR
FM
ST
LR
Fit
LR
Fil
ST
Le
M
LR
M
ST
LR
FM
LR
Fit
ST
La
FM
LR
Fi
ST
LR

230000
024000
026000
060100
120000
g30000
030000
030000
060100
030000
060100
076500
026000
024000
-060000
002000

ascdob
026000
076500
026000
060100
076500
026000
076500
026000
060100
056000
026000
076500
026000
060100
076500
026000
076500
026000
060100
056000
026000
076500
026000
p60100
076500
026000
0%6500
026000
nep1on
056000
026000
076500
026000
N60100
076500

011514
003572
003577
011514
002567
011512
811520
211513
011521

011501

qQri1t7?
000042
011462
007Nz
Q1117
010232

a11475
002005
Q000043
0114663
Q1532
0gon42
do200s
000043
011463
011537
011476
002005
0000432
011465
011534
000043
002005
0pn04s
D11465
011540
D11477
pDa200S
DO004z
011467
011535
000043
002005
000042
011467
B11561
211500
Q02005
D004 2
V11472
011536
000043

5.
NS,
30S5.
30S.
205.
305S.
30S.
309.
305,
305.
305.
305.
305.
30%.
30S.
30S.

0044,
NJas,
0046.
nnN4v,
DQo4s3.
0049.
8050.
00s1.
00s2.
0ps3.
aose.
00sS.
00s56.
0US6.1
00s7.
00se.

obag.
0po1.
000z.
0003.
0004,
[s]a]5- 18
0006.
0007.
000s.
0009.
p010.
o011,
o012,
0013,

‘0014,

0015.
00t6.
o017,
0018.
0019,

. 0020.

0021 .
0022.
po23.
0024.
0025,
0025.
0027,
00z3.
0629,
0030.
0031,
0032,
0033,
p0z4.
D035,

ER
FO
FM
ST
FA
FR
FA
Fh
ST
Fa
sT
LR
Fi
FO
50

T

La
FM
LR
Fn
ST
LR
£
LR
FHM
ST
La
FM
LR
Fn
ST
LR
Frf

‘LR

FM
ST
Le
Fi
LR
Fi
<7
LR
i
LR
FH
ST
Lo
FM
LR
Fin
ST
LR

622,
201,
801,
622,
BO1.
622.
622.
622.
522,
621,
607,

619,
eqz,
613,
206.

621,
1

620,
623,
0.
1.

620,
623,
G621,

0.
620.

622,

ocos.
ond4,
3009,
Q00s.
qooi .,
0n03.
0009.
0004.
ao1a.
oco4.
0ao”r.
003s.
0001 .,
NO37.
3007,
3000,

aoog.
0029,
003s.
0000,
0000.
0035,
0029,
0035,
0doo.
0604 .
ooo1.
0029.
0035.
oooz.
Qoo1.
0035.
0029.
0035,
coo2.
000S.
0002.
0029.
0025.
0004,
0002,
003s,
po23,
003s,
0oN4.
000G,
0053,
p029.
§o3s,
oau7.
0002Z.
0035.

[alela
0ong.
0003,
0000.
oR0no.
00Q0.
0090.
o004,
gQan.
0Qoo0.
ooo0.
ancQ.
0g0no.
0000.
0000.
Goog.

0000,
a0o0.
0000.
0Q00.
0000.
000a.
0008,
0000.
0000,
acpo.
0000.
agon.
0000,
0p00.
opeo,
onod.
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Ll IR 3}

QF1+QF2+QF 3
@,ROT.

E Td BETA
SYMMETRY NUMBER

Q. ROTATION
CALC. Q PRIME,ROT.

GRAMMA (2D

T
F OF 0>

GANMA CO> PRINE
T

Fea>

GAMMA C0> DUBL PRIME
GAMMA €1

FCid
GAKMMA 1> PRIME

T o
1 ) N
GAMMA (13 DUBL PRIME

GAMMA €22
T

F¢25 .
GRMMR (2D PRIPE

T

GAMMA C2)> DUBL PRIME
GRMMA (2D
T

FC3d
GAMMA (3D PRIME

)

4264
4265
4266
4267
4263
4269
4270
4271
4272
4273
4274
4275
4276
4277
4278
4279

4290
4291
4292
4293
4294
4295
4296
4297
4293
4299
4300
4301

T 43p2

4302
4304
+305
4306
4307
4208
4309
4310
4311

4312
4313
ait4
4215
431¢
4217
431€
4319
43220
4321

43222
a223
324

L4225

102350
10251

10252
10253
10254
10255
10256,
10257
10260
10261

10262
10263
10264

10265
108266
10287

14302
10303
10304
10205
10306
10307
10310
10311
10312
10213
10314
10215
10216
10317
10320
10321
10322
10223
10224
10325
10226
10227
10230
10331
10232
103323
103324
10235
10336
10237
10340
10341
10342
10243
10344
10345
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10346
10347
10350
10351
10352

10364
10365
10366
10367
10370
10371
10372
1037
10374
\pav
10376
10377
104&0
104
10402
10403
10404
10405
10402
10407
10at0
10419
10412
10412
10414
10415
10416
10417
10420
10421
10422
10423
10424
10425
10426
10427
10439
10431
10432
10433
{10434
10435
10436
10427

La
Fi
ST
LR
Fiu
ST
Le
Fn
ST
FR

Fs
LR
Fu

CA
FA
FR
FR
LR
Fr
ST

FA
FA
Fa
FD
sq
cAa
FA
FR

FR
FO
FM

19
M
sT
LR

ST
CA
Fa

026000
273500
425009
060130
002000

056000
026000
DGQt00
n765b0
626400
060100
0S6000
026000
060100
030000
OSEQOU
n3g2oq
nr@soa
026000
060100
050000
0320000
030000
030000
Qréesca
p26000
060100
030000
030000
030000
030000
024000
-060000
0s0600
a30000
030000
030000
8300q0
024000
026000
0601q0
056000
026000
060103
0?6500
026000
060100
Qs0000
‘030000

00200¢%
009042
D11472
1J11562
o103c4

011%20
003600
011343
Q00043
303570
{15aes
011514
00ss7n
01155
0t1542
0113513
ar1512
q0c043
J4o200s
311120
011544
011545
011512
011512
Qo0Q«3
11116
011121
Q1337
011540
011541
Q11542
a3703
111214
Q11120
311533
011534
d1153s
011536
003703
011652
11557

11117

011453
011560
000042
11452
011561
011557
011560

30,
206,
306,
306,
306.

307.
307.
307.
307.
307.
3n07.

307.
307.
307.

LIV
0037,
g03c.
02339,
a0ac,

00Q0.
0001 .
0002.
OOOi.
00d4.
000S.
0046.
0007.
aopa.
0oa9.
68040,
qo11.,
0012,
0013,
0014,
0015.
2016,
0017,
0ota.
agt13a.
13026.
00214,
0022,
0022,
0024.
0025.
0025. 1
0026,
0027.
0028.
0029.
0033,
0az21.,
[o]n X3 S
0074,
0035.
0e36.
po37.
0038.
00329.
go40.
0041,
0042,
0043.

Fi
LR
£
ST

Lo
FH
3¢
LR
Fn
ST
LR
FM
ST
FA
FA
F5
LR
FM
31
cA
FA
FA
FA
LR
FM
ST
FA
FA
FA
FA
FO
sq
cA
FA
FA
FA
FR
FD
FM
a7
La
Fr
ST
LR
FM
ST
cA
FR

n2Q.
523,
z07.

624,
624.
624,

0022,
a07z7s,
QGo7.
0397.
3000,

0009.
oo10.
0008.
0ass.
0ao2.
0009.
0005.
oogoa.
0010,
00as.
00g4.

. aods.

gn3s.
0029.
000S.
0009.
0010.
Q043.
qQU03.
0035.
0006,
QQ03.
0004.
0c0S.
0006.
goo7.
0037.
0009,
ogos.
0000,
ooot.
0oa2.
0003.
0a3?.
oqat.
oqoa.
0gov.
0002.
gowi .
0035.
go2.
a002.
0000.
0001.

a.

DI,
3090,
o000,
Jen.
3090,

0100.
0600,
gdon.
0200.
00049.
po00.
0204.
0003,
0000.
0000.
0phos.
ppoa.
gcho.
38000,
Qooo.
0000.
0000.
0000.
0008.
0000.
0000.
£00oQ.
0000,
gnoa.
00ao0.
0000.
0400,

- 0009,

0oo0.
0800,
000C.
Qogo.
wnag,
oaoo.
00a0.
0oao.
00og.
0000.
oado.
0oo0.
0oaa.
0009.
pooo.
0000.

GRMitA <> DU'BL FFINE
CalLi. G FRIME SUE F

3
SIGMA CUBED FRIME

2 i
SIGMA CUBED DUBL FRIM

2 .
SIGMR SG. PRIME

Q PRIME F

T sQ

@ -DUBL PRIME F

GAMMA (0> DUBL FRIME
GAMMA (1> DUBL PRIME
GAMMA (2> DUBL FRIME
GAMMA (3> OUBL PRINE

SYMMETRY NUMBER |

@ DUBL PRIME,ROTATION
@ PRINME, F

GAMMA €03 PRIME

GAMMA 1> PRIME

GAMMA €2 PRIME

GAMMA (3> PRIME
SYMMETRY NUMBER

£ TO BETA

@, ROTATION
BETR PRIME

43220
4327
4322
4329
4330

4240
4341
4242
43432
4344
43245
4346
4347
4248
4349
435
a353
435
4353
4254
4255
4256
4357
435¢
4359
4360
4361
4362
4363
4364
4365
4366
4367
4368
4369
4370
4371
4372
4373
4374
4375
4376
4377
4378
@372
4380
4391
+382
4383

1034¢
10347
10250
103251

10352

10364
10365
10366
10367
10370
10371
1037
10273
10374
10375
19276
133?7
1de00
10401
10402
10403
10404
10405
10406
10407
10410
10411
10472
10413
10614
10615
10416
1017
10420
10421
10422
10423
10424
10428
10926
10427
10430
10431
10432
10433
1G4i34
10435
10436
10437




~QlL-

1Qw40
10441
10442
10443
10444
10445
1D446
10447
10450
10451
10452
10453
10454
13«55
10«56
10457
10450
10ani1

10462

10472
1da73
10474
10475
10476
10477
10500
19501

10502
10503
10504
10505
10906
10507
10510
10511

10512
10513
10514
10515
10516
10517
10520
10521

10522
10523
10524
10525
10526
10527
10530
10531

10532

ST 0:0100
L9 955000
FM 025000
LP 075500
FM 023000

FR 039002
ST 020100
LQ  0963u0
FM 026000
FR 030000
ST . 060100
CA 050000
ST 160100
S0X -053400
25 060000
TX 200001
SE 076000
T 002000
080125
CA 050000
ST 060109
CR  05000Q
ST 860100
CR 050000
ST 060100
CA 050000
ST 060100
CA  050Q00
ST 060100
cA 050000
ST 060100
CA 050000
ST 060100
CR 050000
ST 060100
CR 050000
ST 060100
CA 050000
ST 060100
cA 050000
ST 060100
cA 05000
ST 0601
cA 050000
ST 060100
CR 050000
ST 060100
CA 050000
ST 060100
CA 050000
ST 060100
CA 050000

011120
013957
011453

011882
011121
01i+52
011%¢2
011121
Qo357
102644
4104802
411564
413456
il 41
004456
oogoon

011144

010747
011157
010750
011164
010751
011077
010744
o11117
010745
Q11131
010746
011100
01075€
011120
010757
011132
010760
011142
010761
011155
010762
011167
010763
011101
010770
Q11121
010779
011133
010772
011143
010773
011156

400.
400.

400.
400.
400.
400.
400.
400.
aob.
400,
400.
400.
400.
400.
400.
400.
400.

400.
400.
400.

04+,
Mas,
104z,
1247,
)4z,

© 047,

3052,
3031,
WS,
pss.
0054.
3055,
205:.
J087.
0053,
2159,
0082.1
3159,
2061 .

0000.
Qoot.
g002.
Qoo3.
Qao04.
000S.
0006.
a0o7v.

-0008.

0d09.
0010.
o011,
0012,
0013,
op14.
001Ss.
0016.
0017.
0018.
0013,
0020.
0021,
0022.
0023.
0024,
0025,
0026,
0027.
0n028.
on29.
0030.
0031,
n032.

ST
Lw
FM
LR
Fu
FA

57

La
Fn
Fq

CR
ST

SO

25
X
SE
T

601,
S01.
GD3.
S01.
604,
Sat.
605.
S01.
606,
501.
607.
501,
601,
S02.
603,
S0z2.
604,
502,
60S.
502.
606.

CAng.
noag,
QABZ.
U32s,
0Id2,
0gn2.
0no3s.
0009,
0901 .
000z,
0009.
ao0z.
03p5.
0a61.,
0085.
0058.
nodT.
0030,
0000,

0003,
0003.
0004.
0004,
0004.
000S.
0006.
cooa.
0007.
0001,
0002.
0002.
0007.
0000,
0006.
0001.
0003,
0002.
0001,
0003,
0002.
0004,
0007.
0005,
0008.
0000.
0009.
poot.
Q004.
0002.
0002.
0003,
0003.

e Xl al O

DDOCOCOCOODIOD O w S S0

Gnao.
3300,
0900,
13030,
1000,
a9793.
Qi529,
J000.
0030.
oo0n.
0320,
04308,
2000,
3000,
0009,
qgor.
ogoa.
oaao.
o085,

[
:

0004,
gvoo.
0000.
0000.
0000.
0Gda.
0000,
0Q00.
0000.
0060.
0000.
0000.
0000.
0pao.
0000.
0000.
0009.
0008.
0000.
0000.
0000.
onoo.
pooc.
00Q0.
0000.
0000,
0000,
0000.
0D00.
aboo.
0000.
0000.
0000.

i PRIME. ROTATICH
BETH FRIME

4

Q DUBL FRIME, F.
E TG BETH

@ OuBL PRIME~RO*QTION
2

G, ELECZTRONIC

85

CLEAR TEMPORRRY STOR.

TURN O LIGHT MO, 1
CALC. ELECTRONIC FN.

e éTRETca
@ M1B ROT INTER
@ ANHARMON |
@ vus2n ‘
@ ROTATION
@ ELECTRIC
@ PRIME, VIB.
@ PRIME, ROT.
R PRIME, ELECT.
STRETCH CONTRIBUTION
VI1B-ROT
ANHARMONICITY
W DUEL PRIME. VIB.
@ DUBL PRIME, ROT.
@ DUBL PRIME, ELECT.
STRETCH CONTRIBUTION

VIR-ROT

4394
43298
4391
4397
439e
3399
4400
4401

+402

4410
4411
4412
4413
4414
4415
4416
4417
4418
4419
4420
4421

4422
4423
4424
4425
4426
4427
4428
4429
4430
4431

4432
4433
4434
4435
4436
4437
4438
4439
4440
4441

4442

100440
104941

10ea62
10442
10444
10443
10466
10447
10450
1p4S51

10452
10452
10454
10655
1045&
10357
10460
10461

10462

10472
10473
10474
10475
10476
10477
10500
10501

10502
10503
10504
10505
1D506
10507
10510
10511

10512
10513
10514
10515
10516
10517
10520
10521

10522
10523
10524
10525
10526
10527
10530
10531

10532

.




~94~

10533
10524
10535
10536

10554
10555
10556
10857
10560
10561

10562
10563
10564
10565
10566
10567
10570
19571

10572
10573
10574
10575
10576
10577
10600
10601

10602
106083
10604
10605
18606
18607
10610
10611

10612
10613
10614
10615
10G16
10617
10620
10621

10622
10623
10624
10625
10626
10627

ST
ca
ST
T

=
XS0
TXG
La

060100
050000
060100
002000

-053400
256000
026000
076500
200001
026000
060100
030000
060100

-053400
050000
024100

-060000
200001

-0S53400

050000
030000
200001
060100
076500
026000
03dooo
060100

-053400
050000
024100

~-060000
200001

-053400
450000
030000
206001
060100

-053400

-053400
056000
026000
030000
060100
200001
200001

-063400
300001
056000

010774
ot1170
010775
010554

‘410647

410781
410752
000043
410556
003567
010764

010752

010752
410651

410764
210752
411010
410566
410647
411007
411010
410S74
011010
000043
010764
0190753
010753
410651

410776
410752
411022
410604
410647
411021

411022
410612
011020
210647
410650
211007
411010
011026
011026
410617
210625
210650
210616
011006

400.
400,
400.
400.

401.
401,
401.
401.
401,
401.
401,
401,
401 .
401.
401.
«G1.
%01,
401,
401.
401,
401.
401.
401,
401.
401.
401,
401.
401,
ap1.
401.
401 .
401.
401.
401.
401,
401.
401,
401,
Q1.
«01.
40t.,
apt.
a0f.
401,
401.
401,
401.

401.

0033.
0034,
003S.
0036.

0000.
0001,
0002.
0003.
0004,
0Q0s.
0006.
0007.

j003.

009.
do10.

011,

0t12.
0013.
Qo14.
g015s.
0016.
0017,
0013,
0019.
0020.
0021.
0022.
0023.
Q02a.
0025,
0026.
0027.
0028.
0029.
0031.
0031
0032.
0033,
0034.
0035,
0036.
0037.
0033.
0039.
0040.
0041,
0042.
0043.

ST
cA

5T

SDX
Le

LR

CTX

Fi
ST
FR
ST

FDB
sQ
TH
SD¥X
[ol]
FR
>
ST
LR
FM
FR
ST
SDX
ch’
FDB
SG
S
S0X
CA
FA
™= .
ST
SDX
SO%

FM
FA
ST
T®
TX
AS0
TXG
Le

S02.
607.
S02.
401.

2.
S00.
500.

0.

2.
801.
S01.
500.
50Q.

2.
50t.
S00.
S03.

2.

2.
Sa3.
503.

2.
303,

0.
So1.
S00.
S00.

2.
502,
50Q0.
S04,

2.

2,
S04.
S04,

2.
504.

2.

2.

- 503.

503.
50S.
S0S.
2.
2.
2.
2.
Sa3.

0004.
0oocs.
000S.
0000.

0059.
0005,
0006,
0035,
0o00z.
0001,
0006.
0006.
Qa06.
o461,
goo6.
0006.
0006.
0010.
0059.
0003,
0006,

-0016.

0006.
003s.
0006.
0007.
0007.
0061.
0006.
0006.
0006.
0024.
0059.

00S.

006.
0030.
Qo0s.
0059.

10060

400s.
0£006.
aaoo.
0goa.
0039.
0041.
0060.
0034.
0004,

OO0

OO0OO000000

OPO® OODOHOOO0OO0

NDODDHO

0.
0.
G.
0.

0000.
0000.
0000.
0000.

0000.
0000.
ogoa.
0000.
0001.
0000.
0000.
000d.
000Q.
000g.
ooaqg.
0000.
0000.
0001.
0000.
000Q0.
0000.
0001.
ocoe.
oooa.
0000.
0000.
0000.
0000.
0000Q.
000od.
0000.
0001,
oooq.
000a.
0000.
0001.
0000.
0000.
oooa.
0000.
0000.
0000.
0000.
0001,
0001,
0000.
0001.
0000.

ANHARMONICITY

CALC. TOTAL PART. FH,

S

G

1

Q

@, T3TAL
6

@ PRIME
@

Q PRIME/
S

Q .
& PRIME,
6

@ DOUBLE
Q

Q COUBLE
S

SUM OF @
S

S ~

TOTAL
PRIME

PRIMEZ @

DUBL PRIME~/Q

46443
4444
4445
4446

4460
4461
4462
4463
4464
4465
4466
4367
4468
4469
4470
4471

4472
4473
4474
4475
4476
4477
4478
4479
4420
4481

4482
4483
4484
4485
4486
4487
%488
4489
4490
4491

4492
4493
4994
4495
4496
4497
4498
4499
4500
4501

4502
4503

10533
10534
10535
10536

10554
10555
10556
10557
10560
10561

10562
10563
10564
10565
10566
10567
10570
10571

10572
10573
10574
10575
10576
10577
10600
10601

10602
10603
10604
10605
10606
10607
10610
10611

10612
10613
10614
10615
10616
10617
10620
10621

10622
10623
10624
10625
10626
16627




=L~

10630
10631

10632
10633
10634
10635
10636
10637
10640
10641

10642
10643
10644
10645
10646
10647
10650
10651

10662
10663
10664
10665
10666
10667
10670
10671

10672
10673
10674
10675
10676
10677
10700
10701

18702
10703
10704

10705

10706
10707
16710
10711
10712
107213
10714
10715
10716
10717
10720
10721
10722

FM 026000
FR 030000
ST 060100
L@ 056000
FM 026000
FA 020000
LR 076500
FM (26000
FA 030000
ST 060100
2s 060000
CR 050080
ST 060100
TX 200001
T 002000

000005

000005

000006
CA  G50000
T3¥ 007400
HP 042000
LR 076500
FM 026000
FR 030000
ST 060100
CR  0S0030
FD 024000
FM 026000
CHS 076000
FO 024000
se - -060000
CA 050000
FA 030000
ST 060100
FA 030000
ST 060100
CA 050000
FD 024000
S&  ~060000
CA 050000
FD 024000
SG -060000
LG 056000
FM 026000
CH5 076000
FA 030000
FO 324000
FM 026000
FR 030000
ST 060100
oA 0S0000

?

011007
011026
011026
011026
003570
011020
000043
010764
010754
010754
011026
010647
010650
104243
010662
000000
000000
00000D

010752
403340
800003
000043
0Q3547
002006
002006
010753
010752
003547
000002
002005

011040:

011040
062007
002007
002006
062010
010754
10752
D110SS
010753
010752
011056
011056
011056
0800062
011055
a11116
gozs47
002011
002011
002005

401,
401.
401.
401.
401,
401.
401,
401,
401,
401.
401.
401,
401,
401.
401,
401,
401,
401,

+02.
402,
$02.

402.

402.
402,
a0,
402,
+02.
402,
402,
402,
402.
4Q2.
402.
402.
402.
402,
402.
402,
402.
402,
402,
«02.
402,
402.
402.
403,
402.
402
402.
402.
402,

0044,
0045.
0p46.,
0047,
0048.
0049,
0050,
0nst.
0052.
00S3.
0054,
00S5S.
0056.
0057,
0053.
0059.
0060.
0061,

0003,
0001 .
a002.
0002, 1
0002.2
a0z,
0004.
0005.
anos.
aoaqz.
000=,
0002, 1
0008. 2
00083, 2
0009,
0610.
oo,
oot
oprs.
0D14.
0Q1%,
ao46.
01%7.
18,
3019,
0029.
0021,
0022,
0022,
0Q24.
0025.
0025.
0027.

50S5.

500.
702,

8da.

507.
500,
500.
S07.
507,
507.

507.
603,
800.
1.
1.
t.

000s.
0000.
0000.
00600.
6002.
0004,
0035,
0006.
000s.
00vs.
0000.
00359.
0060.
0001.
0ooo0.
0000.
0000.
0000.

6000,
0000.
0000.
ooo00.
0000.
0000.
0000.
0000.
6000.
0c00.
oooo.
0oao0.
0000.
o0ot.
0ooao.
000S.
000sS.
0006,

6000,
0oa0.
00G0.
0000.
0oao.
poos.
0000.
0000.
ooaa.
odoo.
0000,
0000.
00oQ.
poaa.
0000.
0600,
oqoa.
aoog.
0ao0.
0008,
0090.
oana.
06000.
oono.
coco.
boao.
poou.
00do.
0000.
0000.
ogoa.
0000.
0000,

2
SuM OF Q@ DUBL PRIME/Q

Q

@ DOUBLE PRIME,TOTAL
RESTORE INDEX

INC

GO T8 NEXT ELECT.LEVL
CALC. THERMO. FNS.

@+ INTERNRL
LN.

R

-F/T, TRANS.

-FT, TOTAL

@ PRIME, INTERNAL
R

T

H/T, TRANS.

H/T, TOTAL

S5 TOTAHL.

sq.

SUE F, TRANS. '
SUB P, TOTAL

000+

4504
4505
4506
4507
4508
4509
4510
4511

4512
4513
4514
4515
4516
4517
4518
4519
4520
4521

4530
4531

4532
4533
4534
a53S
4S3¢
4527
4538
4529
4540
4541

4542
4543
4544
4545
4546
4547
3548
4547
4550
4551

4552
45532
4554
4555
4556
4557
455¢
4559
4560
4561

4562

10630
10631

10632
10633
10634
10635
10636
10637
10640
10641

10642
10643
10644
10645
10646
10647
10650
10651

10662
10663
10664
10665
10666
10667
10670
10671

10672
10673
10674
1067S
10676
to677
10700
12701

1b702
10702
107P4
10705
10706
10707
10710
10711

10712
10713
10714
10715
10716
10717
10720
10721

10722




-8L-

10723
10724
10725
14726
10727
10730
10731
10732
10733
10734
10735

12226
12227
12230
12231

12232
12233
12234
12235
12236
12237
12240
12241

12242
12243
12244
12245
12246
12247
12250
12251

12252
12253
12254
12255
12256
12257
12260
12261
12262
12263
12264
12265
12266
12267
12270
12271

12272
12273
12274
12275
12276
12277
12300
12301

12302
12303
12304
12305
12306
12307
12310
12311

12312
12313
12314

ST
Sbx
s
25
25
235
25
25
™
T

CA
TSX
HP
ST
LR
FM
ST
cR
F0B
FM
ST
Le
FM
FA
ST
T
o]
TSX
HP
ST
LR
Fi
ST
Le
FM
ST
cA
FDB
Fr
FA
ST
T
CR
T5¥%
HP
ST
LR
FM
ST
LQ
Fi
ST
La
FM
FOB
sQ
CA
FA
ST
T
CR
ST
ST
ST
T

860106
-053%400
060000
060000
060000
Q60000
060000
060000
200001
0602008
00001t

050000
£07400
042000
060100
076500
026000
060100
650000
024100
026000
060100
056000
026000
830000
060100
002000
650000
007400
042000
060100
076500
026000
060100
056000
026005
060100
050000
024100
026000
030000
060100
002000
osoocd
007400
042000
060100
076500
026000
060100
056000
026000
060100
056000
026000
024100
-060000
050000
030000
060100
002008
050000
060100
060100
060100
002000

011052
410735
410755
410767
411001
411013
411029
411223
410725
004766
000000

011141
403410
000000
n11144
000043
Q11142
11142
011142
011144
011142
011145
Q1144
Qt1143
d11145
011143
0N4S564
011154
403410
000000
011157
000043
011155
011155
011156
011157
011156
011155
011157
011155
011156
011156
004641
011162
403410
000000
011164
000043
o1 v167
011167
011170
011164
011170
011167
011167
011164
Q11171
011171
011170
011170
010472
003567
010747
010750
010751
010500

402.
402.
402.
402.
402.
402,
402.
«02.
402.
402,
402,

646.
646.
646.
646.
646.
646.
646,
646,
646.
646.
646.
G46.
646.
646,
646.
646.
646.
646.
646.
646.
646.
646.
646,
646,
646.
646.
646.
646.
646,
646.
6G46.
646.
646. -
646,
646,
646.
646,
Ga6,
G46.
646,
G46.
B4G.
646,
646.
646,
646.
646.
646,
646.
646,
646.
646.
646.
646G,
64G.,

0025.
0029.
0030.
0031,
0032.
0833,
0034.
0035.
0036.
0037.
£038.

0000.
0001,
0002.
0003.
0004.
000S.
0006.
0007.
0007, 1
0007.2
0007.3
0007. 4
oooe.
'0009.
0010.
0011,
0012.
0013.
0014,
0015.
0016.

0017.

0018.
0019,
0020.
002Q.1
0020.2
0020.3
0020.4

0021.

0022.
0023.
0024.
Qo2s.
0026.
0027.
0q2s.
0029,
0030.
0031,
0032.
Q033.
0034,
0035.
0036.
0037.
0038,
0039.
0040.
0041,
0042,
0043,
0044.
0045,
Q046.

ST
SDX
2s
z2s
25
25
258
zs
TX

CA
TSX
HP
ST
LR
Fi
ST
ch
FDB
Fi
ST
L@

FM

S07.
500.
So1.
S02.
S03.

504.
60%.

1.09.

000U,
003e.
0009.
0009.
8009,
0009.
00093.
a010.
0030.
0000.
0000.

0000.
gooa.
0000.
0003.
0035.
aoot.
[+]nle} BN
0001.
0003.
0001 .
0004,
0003.
0002,
0004,
0002.
o00a.
0001.
0000.
0009.
0004.
0035.
Qoo2.
0002.
0903.
0004.
Qpo03.
cgoz.
0004.
go02.
nan3.
0003,
0000.
0002.
0000.
0Qao.
0004.
0a3S.
0007.
0007.
QQ08.
0004.
ogos.

' goo7.

0007,
0004.
0009,
0009,
0008,
0008.
0000.
0001,
0003.
0004.
0005,

00086,

OOOOOO0O0O0

0. 0000,
6. GQoo.
0. 0000.
4. 0000.
6. 0000.
0. 0Q00.
G. 00040.
Gc. 0DQ00.
a. goo1.
G. 0000.
¢g. 0a09.

0. 0000.
0. .0000.
0. 0000.

2. Qoo0o.

0. 000Q0.
0. 0QoQ.
0. '000q.
0. 0oco.
0. 0000.
0. 0000.
0. 0000.
Q. o0aaa.
U.Lodoo.
o. 'odeo.
a. -0go0.
0. co0og.
0. 'o000.
0. 0000.
0. 0000.
0. 6000.
0. 0000.
0. 0000.
0. 0009.
0. 0000.
0. 0000,
0.;0000.
0. 0D000.
Q. 0000.
0. 0004,
0. Qoo0.
0. 000Q.
0.. 0000,
0. 0000.
0. 0000.
0. 0000,
0. DOOO.

. 0. 0000.
L 0..0000.

0. 09000,
0. 004Q0.
0. 0000.

. 0. Gooq.

0. 000Q.
0. 0ooa.
0. 0000.
0. Qo0oa.
0. 000Q.
9. 0000.
0. 0000.
a. 0000.
0. o0000.
0. 0000.
0. 0000,
G. 000Q.
0. 0004.

N

T, TEMPORARY
9

PRINT

LN @» STRETCH
EXPONENTIRAL

@, STRETCH

& PRIME
CORR. @ PRIME

8]
Q PRIME

o]
@ DOUBLE PRIME

CORR. 2 DOUBLE PRIME
CALC. VIB-RAT INTER.
LN @, MIB-ROT.
EXPONENTIAL

@» VIB-ROT.

Q PRIME

CORR. @ PRIME
Q@ DOUELE PRIME
@, VIB-ROT.

Q PRIME
@, VIB-ROT.

CORR. O DOUBLE PRIME
CALC. ANHARM, Q

LN Q, 'ANHARM,
EXPONENTIAL

Q> ANHARMONICITY
o IARINE :
CORR. Q PRIME
Q DOUBLE PRINME
Q> ANHARM.

|
Q PRIME, RNHARM.

Q

CORR. @ DUBL PRIME, R
GATHER PARTITION FNS,
1

CAl.C RIG RBT FNS

4563
4564
4565
4566
4567
4568
4569
4570
4571t
4572
4573

5270
5271
5272
5273
5274
5275
5276
5277
5278
5279
5280
5281
5282
5283
5284
5285
5286
5287
5288
5289
5290
5291
5292
5293
5294
5295
5296
5297
5298
5299
5300
5301

5302
5303
5304
5305
5306
5307
5308
5309
5310
5311

5312
5313
5314
5315
5216
5317
5318
5319
5320
5321

5322
5323
5324

10723
10724
10725
10726
10727
10730
10731
10732
10733
10734
10735

12226
12227
12230
12231
12232
12233
12234
12235
12236
12237
12240
12241

12242
12243
12244
12245
12246
12247
12250
12251

12252
12253
12254
12255
12256
12257
12260
12261

12262
12263
12264
12265
12266
12267
12270
12271

12272
12273
12274
12275
12276
12277
12300
12301

12302
12303
12304
12305
12306
12307
12310
12311

12312
12313
12314




_GL-

2.,0000000 00
1,8871000 01
347352099 03
842810000 01
74139999901
0,0000000 00

1.0000000 00
14R800000=-013
040000000 00

=143969999 02

1

5Ne N0
10N N0
150400
200400
280400
298416
300400
400600
500,400
600400
700,00
800400

00000000
040000000
040000000
040000000
040000000
040000000

06 000UGUO
040000000

7+20000Q0
040000000

\

anNN400 .

1000600

1100600
1200,00
1300400
1400400
1500400
1600,00
1700400
18NN4 N0
1900400
2000400
210n400
2200400

25402448
29428919
32401961

346401746
35.58557
36092962
36487311

38490950

40448977
41478045
42487156
43481728
44465271
45440186
46408182
46470512
47428118
47481727
48431909
48479116
49423715
49466009
50406246
50044637
50481359
51416565

'

0es0000QUO
C.0000000
0,0000000
U QuLOULD
Q,C000000
0.Q000000
I1.7008000
Ve ltUUOULU
0,0000000
04 00000UO
Le0QLOOON

Appendix B
THERMODYNAMIC FUNCTIONS OF OH MOLECULE 8H)

0.0000000C

OH
5.71473
6455990
6087685

16499896

7404953
" 7407044

7407094
7408188

© 708012

7407759
7407889
7408620
7410032
Te12107
Tel4774
7417933
7421480
7425316

7429357

7433531
7437778
7¢42052
Te46317
7450545
Te54716
74588113

040000000
0.3000000
0,0000000
040000000
0,0000000
0+0000000Q
1400000Q0
Uev000000
04 U00VOOU
040000000
06 0000000
0u .

00
00
Qo
00

0Q
00
[M§)
ou

00

30473871 .

35484908
38489647
41601642
42463509
43490007
43494405
. 45499139
47656990
‘48485804
49495045
. 50090348
51475303
1 52652294
53422956
53488444
54449598
55407044
55461266
56412646
56661693
57408061
57452563
5795182
.58436075
58475379

0eVOUOVCO
040000000
04000C000
040000000
040000000
0.0000000

UeUO0O000U
LeV0000UVU
040000000
00000000

0o

00
00

00

ao
gv

00

6496183
7656445
7443863
. Te¢30199
7421072
7415380
7415206
7408869
706526
7407206

7410865

7617287
7425927
7436094
Te47129
Te58494
7469795
7480769
7491252
8401157
84104647
8419122
8427199
8434711
8441696
8448195

Qe 0000000
00000000
00000000
0+0000QuLO
040000000
040000000

00000000
040000000
040000000
040000000
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2300,00
2400400
2800600
2600400
2700600
2800,00
2900400
20004 N0
2100,00
3200400
2200400
3400600
24500400
3600400
3700400
AR0N,N0
3900400
4000400
4100400
4200400
4300400
4400400
4500,00
4600400
4700400
4800600
4900400
5000.09

51450387
51482937
52414317
5244614
52473907
53402264
53429749
51456416
53482317
54407497
54431998
54455858
54479112
55401791
55423925
55445540
55066663
55487317
56407522
56727299
56046667
56465644
S6eB84244
57402485
57420380
57437943
57455187
567672124

7662827
Te66751
770578
Te74308
7677939
Te8l471
Te84906
7488246
7491492
Te94647
7697715
8400699
8403600
8406424
8409171
8411847
8014453
8416993
8419468
8e421883
8024239
8626540
8428786
8430982
8433128
835227
8037280
8439291

59413214
59449688
59484895
60418922
60651846
60483736
61416655
61644662
61473809
62402145
62429714
62456557
62482712
63408214
63433096
63457387
63481116
64404309
64426991
64449182
64470907
64092183
65413031
65433467
65453508
65473170
65092467
66411414

8454249
8459896
8465175
8470119
8074760
Be79126
8483244
8487137
8490825
8494329
Be97664
9400846
9.03889
9406805
9409605
9412298
9414894
9417402
9419827
9422177
924458
9026674
9428832
9430935
9432987
9634992
9436954
9438875




-‘[8_

340000000 00
146325999 00
146413499 03
141669999 01
146829999-02
040000000 00

1,0000000 00
7¢0199999=06
0,0000000 00
-146399999 01

50400
100,00
150400
200400
250400
298,16
300,00
400,00
500400
600400
700400
800,00
9Q0,00

1000400
1100400
1200400
1300,00
1400,00
1&00.80
1600400
1700,00
1800,00
1900400

2000400

2100400
2200400
2300,00
2400,00

© 2500,00

04000000C
00000000
0+0000000
040009000
00000000
0+0000000

040000000
040000000
040000000
040000000

00

00
(o]0]
0Q
00

na
Q0
Go

Qo

28493181
34429680
37428193
39436323
406496313
42421978
42626357
‘44030918
45489833
, 47620532
484732088
49429770
50416893
50695675
51467677
52424043
52495640
53453139
54407076
54457883
55405917
55451475
55494807
56436126
.56e75616
57613436
57449724
‘57.&Q602
58418178

Appendix C
THERMODYNAMIC FUNCTIONS OF C2 MOLECULE (3H)

0+ 00U0000
0,0000000
0.C000000
04C0CO0QV
0.00500UC
be0QUOOUQ
244020000
U6 LORUOVU
0, COVUOVU
0.0000000Q
0,0000Q00

040000000

C2
7483394
7440783
7425869
7418394
7614049
7411624
7411559
7410667
7413973
7420017

0+0000000C
040000000
Qe000CO0OW
0, U0D0000
U+ V0000V
040000000
240000000
Vs L000000
04 L0000V
040000000
060000000
00 :

727531

7¢35633
7443786

751691

7459199
Te66245
Te72816
7478925
7484597
7489863
7694757
7499311
8403556
8407521
8411231
8414709
8417976
8621052

' 8423953

8676575
41470463
L4054062
46456717
48410362
49433602
49,37916
51441585
53403806
54440548
55459619
56465403
57460679
58447366
59426875
60.00288
60468456
61432064
61e91672
62447746
63.00674
63450786
63498363
Ghet3647
64486847
6542814t
65467700
66.05654
66642132

CeLOLOVOU
0e0LO0OOBVO
Ve LOLCOOL
0ev0O0LOULO
0eLCUOVUV
GeuLO0000

QeU0O00LOO
0+0000000
Uev00LUO0
040000000

LN

7416576

700034

6097586

‘6497064
6098103

7.01391

7401869

7416685
7438686
7461869

7483062

8401235
8416402
Be28947

‘8439329
. Be&796%
. 8e55205

8461329

" Be66557

8471063
8474983
8478423
8481467
8484184
8486628
Be88841

‘8490860

8492713

_8-9#424

0s0COLLOU
040000400
De GOVOLUY
Qe Q00000
040000000
04003C0CO

040006000
046000000
0+U0GLOVY
0s 0000000
’ ]

"

'

[
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2600400
2700,00
2800,0C
2900,C0
3000400
31004C0
3200,00
3340400
3400400
3500,C0
3600,00
3700,00
3800400
3900400
4000400
4100,00
4200400
4300,60
4400400
4500400
4600400
4700,00
4800,00
4900600
5000400

58450548
58481797
59412001
59441229
59469544
59497001
60423653
60649545
60474720
60499219
61423C76
61¢66325
61468997
61491120
62412720
62433823
62654451
62676625
62494365
63413690
63432616
63451161
63469340
63487167
64406656

8426695
8429290
8431751
8434089
8436314
Be38434
8440458
Bes42393
8e44245
8446020
Bet7724
8449361
8450937
84524564
8453917
8455330
8456695
8458016
8459294
8460533
8461735
8462902
8464036
8465138
8466211

66477043
67411087
67443752
67475319
68405858
68435436
68464111
68491938
69418965
69445239
69470739
69495686
70419933
70643574
70466638
70489153
7le11146
71432641
71453659
71674223
71494351
72414063
72433376
72452305
7270867

8496013
Be9 7498
8.98890

'9.00203

9¢01446
9402628
9.,03755
9404834
9405870
9406868
9.07832
9408766
9409672
9410553
9e11411
9612249
9413069
9413872
914659
9415433
9416194
Fe 16942
9417660
9418408
919127




