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ROTATIONAL PERTURBATIONS AND LOW-LYING ELECTRONIC STATEC OF Cal
Helen Johansen
.Department of Chemistry, University of California,
, and
- Inorganic Materials Research Division,

Lawrence Radiation Laboratory,
Berkeley, California 94720

ABSTRACT
Sixteen bands of thé'AlZ - X% transition of Ca0 were
aﬁalygéd. They are the_(6,3),‘(5,2), (5,3), (4,1), (k,2), (3,0),
(3,1), (3,2), (2,0), (2,1), (2,3), (1,0), (1,1),"(1,2), (0,0), and

(O;l)'bands.‘ The spectroscopic constants found are:

X'z | A

W, = 702.18 o : W, = ~686.5
wox ' = h.29 o Cwx, = <15
B, = .k093 - ; .~ B, = .37133

a, = ,003_ , o o = .0009

D, = 5.24x107 R 4.58x107
B, = -5.9x10™0

"VO,o = 11548.6

Thirty-seven perturbations were found in the upper state.
They aré due to' six electronic sﬁates or substates. A compariéon

of* these perturbations with those found in CaO*6>(Hultin and
Lagerqgvist, 1950) indicates that four of these perturbing states .

‘1ie below the XlZ, one is at ~8080 cm_l and one is the’XlZ state.
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I. INTRODUCTION

Prévidusly analyzed spectra have shown four'électroﬁic states of

ca0: X'(0.0), ATS(~ 11500 em™), BMI(~ 25900 cm™t) and ¢'=(~ 28800 cm™h)

(Lagerqvist, 195k4; Hultin and Lagerqvist,.1950) However, a comparison
of the electronic sfates of the eight-electron'isoeleétronic moiecules
and their trends in energy (Brewer, 1962), indiéaﬁes low-lying 3H, 35

1 1, - S '
II anda A states. There are also experimental indications that un-

analyzed low~-lying electronic statés exist.- First, the spectra of CaO

contains several regions (5555,A, 6100 &) of very dense, complex struc-
ture whichihave'SO far'resisted a complete analysis. (Gaydon, 1955;
Kobajiehok and Sokolow, 1968) It is possible that they are due to trip-

let states of CaO. Other possibilities include Cay0,, CaOH and Ca,.

Second, the Birge-Sponer extrapolation of the XlZ state gives 37 kecal

for the'dissociation energyyb This value is at leést 45 kcal lower than
those dgfaihéd bonther methods (Gaydon, 1968).whiéh suggests that either
XlZ isrnot the ground state or thaﬁ the extrapdlétipn is aﬁomalous;
Third,.éﬁme 30 rotational pertﬁrbations have been found in’ the A%S state
of CaO. (Hﬁltin and Lagerqvist, 1950). They have been explained as
interactions between AlZ; and six other states or substates. The-absolute 
vibrationai numbering of these perfurbing states,ﬂahd hence their or- |

- : S 1
1gins, were not obtained since the v' = 0 level of A2 was perturbed.

TAlL that can be deduced from the CaO16 data is that at least 6relectronic\

states or substates lie below>11500 em™t,
It would be helpful to know the relative energies of these per-

turbing states especially since some of them are predicted to be triplets.
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No triplef state has been'directly anglyzed in Ca0 and there is some
controversy. on whether the ground state is a singlet or a triplet.v The
statistical weight of the ground and low-lying electronic states is
importanf in thermochemical calculations. For eiample in calculating
ﬁhe dissociation energy by a third law method‘(T‘= 2000°K); a difference
of T kcal/ﬁole is obtained depending on.whether the ground stafe of
ca0 is L or SN (Gaydon, 1968).
| Before we consider a way of determining these‘relative energies,

a word is in order cdhcerning rotationalvperturbations. A rotational
perturbation.is an intéractidn between rotational energy levels; The-
ofétically,vit is a mixing of wavefunctions, thevHamilfonian being
cross—terms not conéidered ih tﬁe Born-Oppenheimer approximatibn,'
Experimentally it is seen as a shift of rotational energy levels away
from their otherwisé regular spacing. The following selection rules
should hold in order for a rotational perturbation to occur:

(1) Both states.musﬁ'have the samé total éngulaf mdmentum, J, at
'appr;ximately the same energy; AJ=0, AE™O.

(2) Both states must have the multiplicity; As=0.

vThis rule holds only approximately (Ballik and Ramsey, 1962)

(3) AA = 0,1 for Hund's coupling cases (a) and (b)

AR

0,+1 for Hund's case (c)
(4) Both states must be'positive, or both must be negative; + > -
(5) For identical nuclei, both states must have the same
symmetry in the nuclei; s <#> a |
(6) There must be sufficient overlap of the vibrational eigen-

- functions.
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More thorough discussions of rotational pertﬁrbatioﬁs can be found in

Herzberg,.Spectra of Diatomic Molecules, 1965, and Kovacs, Rotational

Structure in the Specﬁra of Diatomic Mblecules,'l969,»
A étandard method of assigning vibrational;nuﬁbers, v, is to obsér#e

the isotopic shift of the vibrational levels according to formula (1):

s (e Ly 102 e Ly o2 o, L2
SHIFT —.we(v + 2)‘— wexe(v + 2) - pwe(v + =)+ p wg*e(v + 2) (1)

2

~ where p_=‘{ﬁ/pi, and U is the reduced mass. The higher the v-number,

the greater'the shift, until the we X, terms become domihant.' A similar

method can be used with the six states perturbing the AlZ state. A

perturbatigh can occur when two (or’more) vibrational levels (from
different electronic states) have approximately‘thé same energy at the

same rotational quantum number, J(AE~0, AJ=0). Therefore on a plot of

energy vs J(J+1), a perturbation is possible where the lines representing

the two vibrational levels cross (see Fig. 1). When a heavier isotope is
used these’lévelé shift downward in energy as indicated by formula (1)
and intersect one another at a new energy and J value. (The isotopic-
effect on the rotational constants is ignored in this example for'simpli—:
city. It would change the slope of the lines slightly.) The amount of
the shift,-and hence the position of the perturbation, is dependent upon
which vibrétional levels are involved. Thus a comparison of the perturba-
. . leo 16 .18 .

tions in the A™X state of CaQ and Ca0 should help clarify the
relative énergies of the six perturbing states. With this end in mind

o 8 . . . o , o , 1. .1 i
the spectrum of Ca0” in the region of 7200 A to 9400 A (A"X-X"I system)

was taken and analyzed.
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vibrational kvel of
sl | ’ ~ hghter i1sotope

~ — —— Vibratwonal level of
heavier 1sotvpe
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J(+1)—>
X 3 l 3 _ 4 1 Y A
2000 6000 10000 14000

XBL»706-1191

Fig. 1. Plot of energy vs J(J+1) showing how a rotational

perturbation shifts with a change of isotope.



II. EXPERIMENTAL

The 1ight source nsed was a.reduced pressurevarc operated by a
500 volt d.c. power supply at a current of 1 amp (Hauge 1965) (Figs.
2 and 3). _ The electrode-holders were water—cooled and held calcium
rods one-fourth inch in diameter. The arc was initiated with a Tesla
coil and run at a pressure of'l torr of He gas‘end ~ 0.3 torr of Oé .
Oxygen was added to the system es it was used upvat‘regular intervals.
AP O5 trap was used to absorb water vapor. Before new electrodes:were
used, thelr tips were first scraped clear of CaO;__

The‘spectrogramS»Were taken in the first erder of a 1.5 meter,
Jarell Ash grating spectrograph(1180 grooves/mm) .
Exposure times ran from 15 min to 1 hr. Eastman:quak IN and IM plates
Were used; the iM plates'were hypersensitized first with ammonia.* .A

Kodak Wratten gelatin filter No. 89B was also used. The dispersion was

AWM-A/hm; resolution approximately 0.1 em™t. A thorium electrodeless

discharge tube generated the standard lines. (A neenvOsram lamp was

‘used in the 9000 A 9400 A region to identify the Th lines.)

* h :

The hypersensitizing procedure was obtained from Dr. Sumner Davis and
is as follows: '

- (1) Four minutes in a solutlon of 6% ammonlum.hydrox1de at LO°F

(2) One minute in a solution of one part 1sopropy1 aleohol, two
parts distilled water, and one cc of glac1al acetic a01d
per one hundred cc of solution.

(3) Four minutes in a solution of two parts 1sopropy1 alcohol
and one part distilled water by volume.

(&) .Dry the plate before storage or use. The plate should be stored
_in the freezer and used within two weeks.



XBB T06-2T709

Fig. 2. Photograph of arc.
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Fig. 3.. Schematic of vacuum. system.
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ITI. RESULTS
A. Analysis
Five'red—degraded sequences appeared in the‘CaO spectrum at apprdxi-
mately 7300, 7700, 8150, 8650, and 9200 1. Analysis has shown them to be o
respecfively the (3,0), (2,0), (1,0), (0,0), aﬁd_(o,l) sequences of the

Alz-x'T transition of Ca018. There was no problem with contamination by

16
O2 .

However strong atomic lines blotted out part.of the (2,0) and (0,0)
sequences. Weak exposures were taken in these regions to pick up as
many Ca,O18 lines as possible (see Figs. 4, 5, 6, 7).

Sixteen bands were analyzed: (0,0), (0,1), (1,0), (1,1), (1,2), (2,0),
(2,1), (2,3), (3,0), (3,1), (3,2), (4,1), (4,2), (5,2), (5,3), and (6,3).
Perturbations have been fbund in the‘uéper level of each of these bands.
See Table 2 for a listing of the éssigned lines. Two eblumns are given
for both the R- and P- branches. A shift from one column to the other
indicates a perturbation. M's stand for missing lines, A's for lines
that have been obscured by an atomic line, and H's for lines obscured
‘byvband heads. |

The analysis itself was accomplished by calculating the combination
differences, AEF"(J); of the XZ vibrational levels using p and the

6

spectroscopic constants of CaOl (Hultin and Lagerqvist, 1950). The -

spectrum was then scanned by computer for sets of lines which satisfied

. ) N
these combination differences and the results were plotted out (Kopp,
et al. 1965). ’
BF"(T) = R(J-1) - P(3+1) = F " (3+1) - F_"(J3-1) (2)

R(J) and P(J) refer to the indicated J lines in the R and P branches

and Fv"(J) is the energy of the J-rotational level of the lower
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vibrational state. A more detailed explanatidn_and a listing of the
computef program is found in Appendix B.

" B. Determihation of Rotational Constants

The rotational constants of the ﬁnperturbed XlZ vibrational levels

were'determinedkby plotting AQF"(J)/M(J+%) Vs CJ+%)2 where

AQF"'(J): _ R(J-1)P(541) = hp,"(545) - 8Dy"(34%) | )

A sampie plot is found in Appendix B and the rbtational constants,

B. " and D" in Table 3. -
A v

The corresponding plbt for the upper-state levels (i;e.
AQF"(;I) =R(J) - P(J) ) fiuctuéted greatly due_t‘o_'th_e' perturbations and .
could only give.ver&‘appfoximate L?—Valueé. vawéver,.for such strongly
péftufbed levels it is meaningless'to speak of a fixed-By-valge since
everj rotafional level has a_By~valué which is a mixture of fhe B§~values
of the pérturbed and perturbing sﬁates. One can hoﬁevér obtain a good

approximation to the "unperturbed" Bv values by plotting T/LJ vstg

where ;
4? = _R(J"@'R(g}lblb(J)‘P<J+l) = YB"-B'v‘+V'6D.” -2J2(D_"-D') (&)

This gives (Bvﬁ—B;) as the intercept at J=0. Using the Ev” values found
with Eq. (3), the vi values are,eaéily calculatéd. The va constants
ﬁére obtained from the’unperturbed sections of a plot of
AQFJ(J)/M(J+%)2¢ Their average is found in Table L.

The calculated B-values in Table 3 are'from'the equations:

il

0.4093 - 0.003(V+%)

e v
(5)

‘B ' = 0.3733 - 0.0009(V+3)
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C. Determination of Vibrational Constants

The - band origins, Voo Were determined in two ways. The first was

the usual'plot of [LR(J51)+ P(J))/2 ] vs P

R(J-1) + P(J) =t2vo + 2(B'-B")J2 | (6)

The second method was to plot the left-hand side of Eq. (7) vs J.

B" - £ (I P(I)+R(I-2)]~ (J-1)[P(J+1)+R(J-1)]} = Vo (7)
Both of these methods however could only give approximate values of Yo
eince the upper state is highly perturbed. For example, the V' = 1
level is shifted ~ 8 em™t.
In order to calculate the vibrational constants of the unperturbed
lower state, the influence of the upper state was subtracted out as

follows (Hultin and Lagerqvist, 1950). Equation (6) was written for

the two bands with the same upper level but with different lower levels

a and Db.
[R(o-1) + (DI 0 n=2v(vi,v, ") + 2(B'-B;)J2 (8)
[R(7-1) + P(D],0 v =2vo(v',W) ) +2cw-qp<f | 9)

b

The difference between Egqs. (8) and (9), A, is

A

; ’ 1 " t. 1t " "
la[vogv ’Va) - vo(v vb) + 2(Bb-Ba)J2

(10)

2le"(v)) - 6"(v))]1 + 2(B) - B;)Jg

-

where G"(v;) is the energy of the v vibrational level of the lower
state at J=0. The quantity A/2 is plotted ve & £6 dBtain"[G"ﬁ?g)—G"(v;)]

as intercept and [Bg - B;] as slope. The values obtained were very
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-close to those calculated for Ca018 from the Ca0;6 spectroscopic constants

given by Hultinband'Lagerqvist (1950). The W, and mexe constants calcu-
lated from the [G"(vg) G"(v"\]-values are found'in.TaBle L,

Ueihgbthese EG"(Yg)._‘G"(VgQ] differences,.a consistent set
of band erigins were picked out of the results of Egs. (6) and (7).
They are given in the Deslandrés‘Table of Table’l;l-Theserrigins and
the calculated intercepts at J=0 of the lower etatefvibrational level
were ueed te calculate the energies of the upper‘state vibrational levels
and the average values of these energies were in turn used to obtain

the upper state vibrational constants (Table 3).
18.

D. Perturbations in CaO

The 37 perturbations found in the A state of CaOl8 are listed

in Table 5. They can be assigned to six perturbihg states: 218, Q

.Yl8, Wl8, Xl8, and B18. On the plot of energy vs J(J+1) in Fig. 1k,

the solid lines represent the firet seveh vibrational levels of the A;Z
state and the squares show the perturbations. The circles

indicate the end of the analysis for that paftlcular le&el and iﬁ all
probability another perturbation. The dashed liﬁes connecf perturbations
arising from the same perturbing state. In Table 5 the relative Vibr?‘,ﬁ
tional numbering for the perturblng states 1is glven in column Vps with
the lowest levels of each state called X Y, Z, Q, W, and B respectlvely{

'In order to determine the B, values of the perturblng levels, plots

(Figsa 8 1%) were made of T/4J vs.J (see Eq. (M)) for all the analyzed

bands. {Gerd, . 19353 Kovaes,’ 1937; Hultin and :Lagerqvist, 1950)  For the
unperturbed regions an almost horizontal line 1s obtained, whlle at a

perturbation, two T/LJ curves, Fl and Fg, rise to a peak. Equations
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(11) and (lz)are applicablel for these:plots:
L mo_ [
B P = 2B} - B, 2s o (11)
* 4‘ . .

where 8 is the value of T/4J at which the curves Fy and F, cross and

J* is the J value at‘this point, J. is the J value at which the perturba-

0
P
tion culminates, Bv is the B value of the perturbing state, B& the
B values of the A;Z state, and Bg the B value of the XlZ state. A
P
proof of these equations is found in Kovacs (1937). The B, values are

listed in.Table 5. They compare quite well with the expected values

calculated from Eq. (13)

B: = ¢ B, | (13)
where
52 = 0.9204
Bvi = BV for CaOl8
BV_ = BV for CaO16
Lagergvist éﬁd Hultin obtained Bv ~ 0,33 for the Xl6, Yl6, Zl6 and Ql6
states of CaOl6 and ~ 0.38 for the Bl6 state. Tor CaOlB, B, ~ 0.308
for the X18,:Y18, Q18 and Zl8 states and ~ 0.35 for Bl8. |

The error in the BVP values found by the above method depends on
the number of comparison lines found at each perturbation, the quality
of these lines (i.e. overlapped, well-defined), the number of bands in
which the perturbation is found, whether or not there are nearby
perturbations to distort the B; values of the perturbed level, ete.

Because of the difficulty in estimating this error, the G(v) values

s
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(where G(v) is the enéfgy bf the v—vibrational-le&el at JEO) were ob-
rtained‘by dvsimplé'éfaphical'procedure. .Consider the (Y#l) level of
Y18 as an example. As shown in Table 5, the (i#l)-level of Yl8 interacts
with Alz'at two points, lVA\"z: =0, 'JO = 95.50" aﬁ.d VA'Z =1, J, = 27.0.
- If Dv'ié assumed to be small (dr,_since'both‘isotopic étates afé'freafed.
in the ;ame way, the effegt of D_ sho’v.ulcvi’ cancel), the (Y+1) vibrational.
level can be represénted as a straighf line”on asgfaph of energy vs
J(F+1) (Fig. 14). That étraigh_t line is determined by the two poi_ﬁts'of
pérturbation mentioned above. Thé‘lePe of the liﬁe is equal to the B,
value fbf‘that lefel and is listed in'Iable 5»dpder B&?(slope); In both
CaOlé and CaOl8 the ng(slope) values are.~ OQCQ‘iower than the BVP
values. | - B ‘ | o

Since the BV values éf the ofher vibratiohal levels of Yl8 would
be expeétéd to be Similaf.to'thaﬁ of the (Y+l).lével, the Yl8 state
can be shown és a éeries of lines’parallel to (Y+1) énd cutting through
the other Y18 pefturbations. The dashed lines iﬁ Fig; 14 represent
the Yl8 sﬁate; the solid lines the A'Z state. Thig was done for all
the perturbing states of 05018 and Ca016. The perturbations of CaOl6
were first replotted using the bottom of the potential curvé of the
X'z state as the zero of eherg:y;° Tbis was doﬁe s0- that thevCaO16 and
CaOl8 1évels would have the same reference point and could be compared.
The G(v) results are given in Table 6‘and the vibrational levels are

18 and le'states, the dashed lines

graphed in Figs. 1T to 20, For the Z
in Fig. 1k connecting the perturbations cbming from the same state were

extended and the points of probable perturbatim found used in graphing.
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XBB T06-2706

Fig. 4. Spectrograms of the (0,0), (0,1), (1,0), (2,0), and (3,0)

sequences of the A'Z - X'L transition of CaOl6.
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(23)
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(0,1

(0,0)

XBB T06-2T705

Reproduction of the (0,0) and (0,1) sequences.

Ds

Fig.
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XBB 706-2708

Fig. 6. Reproduction of the (2,0) sequence.
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J 1ot

(52)7 (4,1) (3,0

J ]

2,07 (1,0)

XBB T06-2707

Fig. 7. Reproductions of the (1,0) and (3,0) sequences.



Table 1. Deslandres Tables - Band Origins: CaO
6 13548.6
666.9
5 13558.8 677.1 12881.7
672.6
n 13571.7 685.5 12886.2
673.7 674.9
3 13589.7 691.7 12898. 685.7 12212.3
676.9 678.4
2 12912.8 693.2 12219.6 10858.6
674.8 679.2
1 12238.5 689.1 11540,k 682.8 10857.6
689.9 687.6
+ 0 11548.6 695.8 10852.8
V'
v 0 1 2 3
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Table 2, Listing of assigned lines in Ca018.
tyrit ) .
v'v 0. 0. 0. 1.0
5 )
P(J) R(J) P(J) R(J)

. F

2 . 10850.5%

3 108643.6%

4 10843457

5 1G847.67

6 10345.03 -

7. 10845,49

8 1084%.28

9 : 10842.42

10 : 10841.52

11 i 10840.07

12 ; 10838,6C

13° : 10837.05

14 10835.39

15 10833, 74

16 ! 10832, 04

17 i 10830.14 L10856.34

13 i 10328.3C 10355.95

19 T 11547.90 10826.33 T 16855450

20 . T 11547.23 10824.39 10855,.91

21 11514.52 "11546.58 10822.31 Ti0Ab4.45

22 11512.25 11545.87 16820.24 10653.78

23 11509.95 T11545,00 10818.1¢0 L10853,13

24 115G 74560 11544, 10 108154 7¢ 16352,27

25 11505.11 T 11543,06° 16813.53 10851.52

26 11502.65 A . 10811.16 1085G.59

27 11499.93 A 10808.09 T13849.63

28 11497.26 11533.78 10806421 108448.62

29  11494.54 T115338.41 10803.62 10847 .43

30 11491.72 11536.94 10800.97 10846420

31 11483.79 11535.51 10798.2% T10844.92

32 11485,7¢ 11533.86 10795.36 10843 .49

33 11482.64 T 11532.C 10792.47 T10841.86

34 11479.40 S 1153%.36 10789.44 10840.07

35 11475.99 11527479 107386.20 1U837.93

36 11472.39 11524.93 10782.36 10835,39

37 11468.50 T 11521 .45 11534.41 10777457 T10432.56 10847.26
38 11464.06 11516,73 11532.62 10774, 8¢ . 10842.14
39 1145%.94 11475.98 - 11528492 16770.58% 10788.1% 10440.07 7
40 11452.75 11463.52 11525482 : ' 12773,52 17837.05
41 11463.26 11523.10 10774.34 10834.59
42 1145R.47 11520.63 1NTT0,.30 10832.17
43 11454.08 ° 11517,96 10766219 1083C.14
44 11449,468 11515.50" 13752.24 10827.77
45, 11445483 7 11512.99 16753337 7 7 1082505477
46 lle4l.72 11510.43 IN754.64 . 10823,25
47 L1437.61 ° . 11507.62 13750475 10820,79
48 11433447 11555.52 10T44.65 10818.96

49 11429.08 7 11502.606 1L742.76 15810.34

50 11425.33 11499 .95 10737.38 10813.93

51 11420.94 ) “11496.97 [ T1¢735.29 T1CB11.16 T
52 11416.52 11493,84 10731.17 - 1GEC8.50
53 T 1l4ll.36 T11490.43 10726091 T10805.437 -
54 114067.30 11460.43 10722.5C 10801.79
‘55 11404.29 T11481.14 11493,01 T10717.92 10796. T8 10838.5077
56 - 1133672 11473.88 11436.42 1CT12.6% 0 - 16352.13
5777711389.67 11471475 ©114381.387 10709, 00710717 H9TTT TTOISTLeT T
58 11331.10 11393.43 11477.16 IE71n.67 10793, 74
59 11386499 : 11472.92 T 17392 T A
60 11381.1¢ "11458.52 10698441 10785, 94
‘61 11375.2%8 11463.437 - TN0692.95 7 10781.12
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Table 2, continued.
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LAR ARSI o.

o. 1.0
J $6)) R() J) R(J)
62 C1136%.21_11473.31 11457.53 N 10687.23 10775, 44
63 11362.65  11467.78 11450.57 L0431 04 10785,58 10769.02
6% 11379,93_11355.25 11461.68 11441.72 | ) C10673.99 _10732.03 10760445
65 11362.65 11346.65 11457.66 19683241 10606403 1¢T78.30
66 11356.40 11335,26  11452.75 . 10677442 10656.29 1C773.56
67  1135C.4% 11445,33 11458.47 10672.13 - - 110767085 10774034
68 11344,09 . . o l1452.03 .. 10066493 - : ©10772.93
11335041 11348.32 - 11447.64 10658.20C 10568.76 10766.47
- 11340072 Alass,le 8] 1.91 @ 13764,42
A ; 11434 91’ 10760.45
11323.24 ) - 11434,58 - 19652.33 10756462
11322.35 ) "11430.31 T 10544, 85 ° 10752.76
11316.52 ‘ 11426.04 1239.45 ! 10748495
1131¢. 7074 11421.75 ) 1053406 ! 13745418
Lde o 11304.87 o 11417043 L0628, T4 10741.23
' 11299.02 T 711412094 106234732 10737.39
1129311 ¢ " 11408.51 10617.85 - i0733.23
L2877 11403,92 - T 10612440 1 10725, 21
11281.15 | T 113949.30 10725.03
- THI275.08 7 T TTTTIN394. 52 - 1C072C.75
11268484 - 11389.67 10716429
11262755 11384.43 - T T10711.61
11256405 11378.94 10583474 19706.05
T T11249.33 TT11372.89 TS TT.548 1a701.06
) . 11242.33 1 113282.64 11365.44 16571.07 10693, 73
R Y S CTAN236775 TIT387427 I1355.40 77 T T 10863,96 10585.73
88 11243.,06 11226,03 . 11357.95 10556,21
g9 T T1I226.03 11215029 113465657 L T I8565.859g 77 o
9n 11215,29 11239.90 11356440 ) :
917 T TI1202036 1123 ey T TNY3%8 32T T T T T
92 11210465 11355.98 11339.41
3T T CUTEOYV0A IR 69T T 3273 T
94 11207.18 [115C0.66 11336.97
TS T TTIIT93 .84 TTTTTLO3 T NI329.4T T T e T
96 11185,22 11327.34
9T TTITINE TS . R B U S 720 P A R
98 : 11172.54 11314.41
SR - RS U I Y5 B 1o 49 VA B
100 : 11156.58 11317.54 11297.71
7101 ITaT 8 TTI30T T2 TIZ8T. 1S S

102 11156458 11136,92

11298.58

103 T ITT44LTY LIL18 407 T 112914737 -
104 11134.83 11285429 :
TUTEOS T 26039 TN A9 Ny T T T D h T
1%6 11118.46 11272.32
—IO0T7T T ITITO.71™ T125656. T4 - -
108 11103.14 1126062
TTTT09T TTIT095.53 T T L TIZ5%.38 LT e -
110 11037.8C 111248 .03
XY OTTIOBOLITT T FITZ4T. 74 EEE
112 11072.37 111234.75
113 1136%.39
114 11056.26 .
TTITS T TI0%T T
116 : ) :
TIIT i e
118 )
T + -
120 ;
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VA ATER 0. 1.0 1.0 1,0 2.0

J B(J) R(J) »(3) R(J) B(J) “R(J)

14 11523.92 : : S

i 11525450 :

ré 1152416 11548.43 i 10864445

17 11521.92 11547.28 F 10R64.13

18 : 11519.68 11546411 19336.86 10863429

19 : 11517.18° T 11545.01 10834459 110862446

22 ! 11514.7% _11544.11 10832.04 { 10861.66

21 11512.25 T11543.69 10829.37 1G86C. 96

22 11569. 36 A 10827403 0859406

23 ! 11507.03 A 10824439 T 10858.47

24 f 11504.37 11539.78 16321.68 1085714

2% 11501.50 11538.41 10818, 96 S 16855.95

26 11498.62 11536.72 10310.41 10854.,45

21 11495.71 ' 11533.82 10813.53 o 10856433
28 ; 11492.17 11537, 42 10810. %% 10855.01
29 : 11492.569 11536, 03 10810.43 10853.78
30 1148 11534029 10807.51 10852.27
31 1148 11532.62 16804.87 15851.09
32 11463436 L1530.77 10301.93 10849.68
33 11430411 11523.32 16793.85 108647.69
36 11475.738 11526495 A ©1J346.20
35 i - 11473.51 °F 11525.82 10792.47 19844,92
36 H 114669,92 11523.568 A - 10343.14
37 11966430 11520.63 10786.56 19840290
38 12213,31 11462.78 : 115244106 11516416 10743.18 10844.28 10336465
39 . 112210443 11458.47. 11520.47 10779452 10441425 s
40 12149.5C 12207.33 11463.643 11452.63  11518.77 10781.12 10773.24 10839.52

41 12144.4C 12204.83 | 11455.31 11515.50 10776.72 : © 1CA36.R6 “
42 12140.50 12199.38 12207.66 11451.51 1151042 1152¢.47 10773.24 1¢832.17 1€340.49
43 12135.95 L 12189.35 12204.83 11446.86 11560.52 11517.96 13759402 10823.04 10337.93
44 12129.82 12137.11 - . 12201.88 11440475 11450.57 11515.50 10752.74 10770.55 10535, 39
45 12117.83 12122.68 12198,90 11426.98 11445443 11512.25 10751, 95 1076604 10933.00
46 121280027 12195.82 11641.72 11599.95 12702.74 10330.48
47 12123.45 12192.87 11437.61 11507.03 10758.71 10%28,30
48 .12118.99 12190415 | 11433.47 11535415 13754.04 13825.64
49 12114.29 12166.89 | 11429,08 ° 11502.01 10752.75 168213.25
50 - 121C9.68° T 12183.70 | 11425.348 11499.32 10745.76 10820, 79
51 1216¢5.09 ¢ 1218¢.62 | 11420.% 11495.25 10742,.76 12317,10
52 12100.39 .. 12177433 11615.52 11693.10 10738,57 10415.67
53 12095.6% ", 12174.06 11%11.96 11490.43 10734.,58 10812.47
54 12390.33 12170463 11437,.32 11487.40 10730.33 LOR1{ . 0%
55 12085.88° 12166.66 11422.95 11433.93 1N726.03 [REICE]
56 12040.76 . 12168,47 11368.3% 12721460 1C313.62
57 . 1227%.30° 12163.78 11393,43 12716,35 ) 19792, 79
58 . 12075.51 o 121%9.06 1 ) ! [2711.32° 10851.93

59 . 12069.43 P 12156006 | 19706,92 127593, 5%

60, 12063.77 i 12151.95 | 12707.4% - A

61 1295330 | 1214831 ' 10702.73 10792452

62 12052.68 i 12144.40 10694.00 ) A

63 12047.49 1 12140.50 10693.37 1N 736,20

64  12042.01 I 12136.36 10634.5¢ 10743014

65 12036.45 ;12132412 10683, 85 18779052

66 12030.77 i 12127.70 10619.97 LOTT5 .64

67 12024.99 v 12122.98 10673, 1277152

68  12018,97 ' 12117.83 10669.09 13761.05

69 12012.67 10663, 177252.74

70 12005.99 . 1Ce53.20

71 IN651.07
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XBL 706-1158

1"
V'V' 50 0. 3.1 3.0 2.0
MJ P(7) R(J) B(5) . R(J) B(g) _R(J)
17 " 13590.88
18 1 13590.23 ;

- 19 13561.09 13589.54 1 12213.91

- 20 13558.38 '13588.72 . 1 12212.98

© 217 13556443 | 13588.04 12181.92. 112212067,
22 13553,.61 i 13586.96 12178.59 L1221 .06
23 13551.22 i 13585.96 121 76,42 T1221n.91
264 13548.73 1 13584.91 . 121 74.06 T 12207.87
25 13546.32 1 13583.%6 12852415 12171 .60 F12229.97
26 13543.49 | 13582.62 12891.05 12169.24 12207.66
Z7 13550086 1 13581.01 12849.44 T 12439,838 12165.56 T 12206.396
28 13538,01 | 13579.59 12846.84 12838.78 12163.33 S 12205.28
297 13534.81 i 13578.18 12843.6% 1 12887.19 12161.08 112204.59
30 13531,46 i 13576446 12841.05 12885.80 12158.26 112203.33
31 13528.47 13574.80 12838.10 T 12884.35 T 12155.40 12261 .88
32 13572.67 12835.06 12842.39 M . 12200.08
337 13522.1¢ - 1357936 . Y'12831.687 ’ ’ 12149.82 t12198.31
34 13518.18 13567.40 13571.95 12828.34 12146,54 112195.66 122¢1.20
35 13514.32. 13558448 12142.95 : 12198.31
36 13509.27 13514.32 13566.25 12138.84 12144,640 12196.37
3ir 13509.27 13563. 8% 12139.39 , 12194.27
38 13505.44 13561.53 12136436 | 12192424
397 TTTIE%01.,28 7 13556433 12132,08 12189.85
40 © 1349743, 13550603 12125.96 12138.02~
41 T 13493,20 1 13559.70 13551.22 12124.99 12182.76
42 : 13489.11 | 13555.49 12121.27 '12167.52
43 13490,09 13482.32 } 13553.04 h 12114.29 '12185.31
44 13484,.98 13550,03 1211R.27 112193.53
[ 13%430.76 T 13547416 - : 12114.2% "12181.02
46 13476,28 13543.89 12119,91 11217859
FTTTINGTIEY T 13540.86 - 1210680 12176409
48 -13466.78 i 13537.21 . 12102.76 112170.63 i
89 T13%62.12° 113532.23 13540.86 N - ) 12098.9¢ 112169.04 12177.38
50  '13456,98 13535.14 12094.45 12172.16
51 134%0,53 13459,087] 7 T 13831046 TJTTTT T T - 12087.85 12097,07 ° 12169.68
52 . 13452.03 13527.84 12843.3C 1209C .04 12166.12
53 TTTTTII4%%.58 13524,6 "7 77 T o 1284C.10 12035.88 12163.73
54 . 13441.29 13523.93 12757.25 12836.99 129581.30 12161.00
85 T 13%36.42 13513.18 |~ TTIY%2 53 12333.76 12677.600 12158.26
56 13431.46 13514.57 12747.91 12830.57 12072.64 12155.34
3 S XUy TIC T i 1351C.99 777777 12743413 123827.39 i2a03.21 M :
58 13421485 | 13507.27 . 12738.44. 12424406 12303.77 1214934 .
B9 T13416.50 13503.33 "1 12733050 12820.67° 12759,37 | 1214654
60° . I3411.23 | 135C0.04 12728.74 - 12817.45 12054, 84 M.
D o 1340609 T 13495.839 TV TUTTTTTT 12723,83 12313.80 T [2050.31 1214C.68
62 : 13400,68 - 13432,11 12713.83 1231C.47 12945.53 1213711
63 13395,.20 f 13438.30 12713076 12806435 12)41.02 12133.33
&4 § 13387.80 ' 13484426 | . 127C8.70 | 12402.98 12335.45 1213C.62
65 13384.19 13479,93 12703,57 12799.37 12031.57 12127.10
66 _13318.62 _ 125986.31 12795.47 12226470 12123, 19
KX 13372.98 12693.74 12791.67 12021 .84 12120.33
68, 12687.63 12786436 12616.6C 12115.99
69 ” j 12532.20 12011 .44 12111.31
70 o Ao C12675.346 12365.99 12105.09
71 1 11998,07
72 ! 11492,03
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‘Table 2, continued.

vy 4.0 1.0 ) . 4,0 . 2.0

J . P(J) R P(J) : R(J)

15 . 13551.36 13574.30 ) o ' o :

1o 13550,03 13574.34

17 1354797 ’ "13573.91

18 135645.99 . 13573,29

19 13543.89 . 13572.67

20 13541.%5¢6 13571.95

21 13539,584 " 13571.16

22 13537.21 . 13570.36

23 13534,51 13569.50 :

24 13532.23 13568.48 . 12849.4%

25 13529.91 1 13567.40 ©12847.29 . 7 12684,59

26 13527.19 13566425 7 . 12844,76 o 12r83,.85

27 13524456 T 13565405 E ] 12842.25 T 12882,.31 -

28 13522,10 C 13563,306 12839,63 .+ 12831.56

29 12519.3% 13562.47 T 12836.99 - 12RB0.33

30 13516.16 13561.09 . 12834.41 .. 12379.2¢

31 13513,137 " 13559,70 To12831,72 ) . 12877.37

32 13510.,3¢ 13558,22 12828.86 . 123876.63

33 135017.27 113556443 T 12825.97 T T 12875.14

34 13513,93 113554, 175 12822.86 e 12873.7a

35 135004066 P 13553.04 ©12819.9¢ Lo ©12872.41

35 13497.48- 113551,22 : S 12816.33 1287G.31

37 13494.18 T 13549,22 1 12813.380 o T 12868.66

38 13490.05 13547.156 S : 12310.47 12367.14

39 13487.26 1 13545,25 o 12807.09 L. A

40 13433.61 13543.25 ) 12803.94 : A

41 13479.93 "13540.36 . 12830.59 o ' A

42 13476.28 13538.76 ) . - 12197.04 A

43 13472,.53 113536432 ) 12793.57 . A

44 - 13468,67 13533.00 13540.86 12789.92 . 12854.33

45 13464, 70 T113225.97 13533.00 JTUUT27860.29 0 T l2848.56

45 13459.72 13467.62 ’ 13529.01 12781.49 . 12850, 86
47 13452.03 13458.29 13526449 CTI2174. 70 ' ' 12348.556
48 13452467 13523. 76 12775.07 12846,12
49 ) 13448.36 ° L 13520493 CF T OT12771.14 ’ 12843.64
50 . 1346421 13518.18 ) 1276713 12841.05
51 B 13439484 7 7 77 13515, 197 T T T 203 YT T 77128384587
52 ] Lo 13435.52  13514.57 13508.43 ©12759.05  12838.11 12831.61
53 i 1343C.97 T 13509.27° T 12756,92 712833,40 7 ’
54 13428.5% 13422.60 13506.15 12752.9C 127406.49 12830.36

55 13421.35 "13503.21 ’ TT12746.49 T12627.45

56 13417.13 13500, 04 12742.04 B 12825.07

57 13412.47 T T T 13496,55 - 0T R V-2 5 % A & B T12821.79°

53  13407.37 13493420 12733.50 K 12618.30

59 134C2.34 T 13489,.02 b TTr2728.078 TT12814.99

60 13397.47 . 13484.54 12724.0% - . 1281C 49 o
61 13392,.87 " 13477.55 713484, 26 TTTIR2718.83 T T12603.94 12811.56
62 | 13386.03 o . 13478.98 _12712.63 0 . 12800425
63 13377.63 1233b4.19 13475.15 12704,05 '12712.01 12802.93
o4 13aTyee3 ) 12705.57 - 12799.37
65 13467.98 12720.63 12796415
66 . 13367.01 o0 13463484 1 12695,44 12792.46
67 13361 .40 13459,72 : : 12690.66 12739.C5
63 123505401 | o 13455.77 ) 12695430 12784,31
69 . 13350.14 13452.03 T 26480061 12732.58
JO . LB3kels) o s .. : o 12675,53

71 13339, 40 TTTTTTTIze T 68T

7w : .
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vy

5.0 2.0 5.0 3.0 6.0 3.0
_J P(J) | R(J) : - B(J) R(J) R1C) R(J) -
t
25 ! ) V13547067 T
26 ; B 113546432
27 i T O T T T T T 13504.887 13545725
28 . . . 13502.49 113543,89
29 _ T - T T T L3S G0, 04 ) Ci13s43 28T T T T
39 : - 13497.438 {13542.27
31 : . 13547.97 - TTUTTT12875.14 T 13494086 TOT13s4n 86T T T
32 . 13546, 32 12873.78 13492.11 i13539,58
3377 13495.38 7 T13544.867 77T T T 2825.36 7T T T T2 72061 TI3%89 T LT N -
34 13492.86 13543.25 12820.5C 12871.44 13430.24 ©13536.32
35 13489.62 T 13541.66 T 12317.41 T 12859461 o 13433412 - {13534.09
36 - 13436.41 13539,58 12814.5C 12867.86 13479.93 113533,00
37 13483.12° ©13833,010 C 77 T 12811.564 7 7 12866,.31 - 13476,28 113531.46" T
33 13479,93 13536.32 12808.51 . A 13473,52 113529,91
T39T T13aT6,28 7T TTTTTT1353400977 12805.19 A TTTTTTTTTTTTIUI3470,16 T13527.48
40 13472,86 13532,10 12801.86 A 13467.25 113525,43
41 13469.41 ©13529,91 TUUTTTYT 127198459 A 7T 13463.8¢ 713523.26 13540, 86
42 13465.80 °13527.88 12795.43 A 13459.72 ) 113520.93 13532,23
43 .'13462,.12 T 13525.62 R B V- £°F.29) B 712855.35 713645577 1347352 777 T TTI3526091
4% 13458.29 13523.26 12788.45 12853.13 13452.03 13463.31 13524.66
TeSTT 13454,447 T T TTTUS520709Y 12784.,738 (2851, 1% T T3456.4C 7 - 13522.56
4“6  13450.53 - 13518.18 12730.92 12848.56 ) 13452,67 13520.38
47 7T 13446.58 7 TT13514.32 o TTH2T1T.4C R 2 TN - e S 7Y% 1Y 13518.18
48 13442.22 - 13515.89 12773.00 12840,23 12345,84 ) 13445.24 13515.89
Ta9TTIEE36597 T T13512.247 7 TTT12768,21 S 2 3 - S W VY7 . R T1351303 T
50 13436,92 13509.27 12761.88 12768.64 12341.81 13437.51 1351C. 99
RS U & T3 ) B - S -1 € : 12763.6% TN2838IST T IT¥333.53 Y3509743
52 : 13626, 13503.33 12759.39 12335.95 13%29.37 13505.44
TEY T TR Gz2 60 T T T T13500068 T 1275529 TTIZINIIT T TR ISR TTIS120T3 350 L. 28
54 13413.11 13497.48 12751.09 12830,54 - 13420486 13506415 13494,18
T8 T T T TTI3%13061 T T TI3AQALAS T T T T T G 9T T T T M T T 13426, 61 134050257 VIS L9T T T
56 13409.19 13491,.48 12742.90 12825.03 134138.57 13408.28 13449.14
Y A T 2 T 134887307 12738.%% 1282264 TI3WT2.627 Y3498y T
58 13399,79 . 13484,98 12734.27 : M 13408,23 ) 13492.36
BCL A - & T L9 R B 170 -3 e 2730025 7 T T I8 6 85T T I3403066T 7T T T 13488,30 0 T
60 13390,39 13478.51 12725.83 12813.76 13399,14 :
) O 13385754 TOTTIATS. TS| 2 3 FANEON P D S PXV) St IS B £ 17 2 ¥ (O o
62 13380.72 - - 13471.63 "} . L2717.47 . _12308.51 e
63 13375075 13467.98 12712.68 12805.00
64 13370,72 13464. 30 12708.18 12801.92 =
65 13365.67 - 13460,82 12703.57 12793.62
L) Jisseo.52 o o 13456,98 1 12698,33 L12795.47
TeT T T 13355.3% 13453.40 12594.41 12792.46
68 4 12589.42 12789,05
59 12634.82 M
70 ) 13339.46 " 13441, 76 12679.97 12732.59 o e
71 13334.08 : 12574.94
72 13328.56 ° B } = 12670.15
73 :

‘XBL 706-1155

€ CE

panUTZUOD * 2. STqB]

.



&

# €
Table 2, continued,
B ]
v'v 2.0 oo, 2.0 1.0 2,0 3.0
SR G R(9) () R(J) ) R(7)
; - - - ———— - _
40 1290952
5 12908.32
6 12997.21
T 12906.76
3 129094.5¢4
a 12903.1
12 1292163
11 H
12 12493.26 12235.28
13 12203.63
1% 1261030 122014 38
15 L L2915.93 12293, 0¥
e 12915.45 172198.31
17 12914091 121 935,37
13 3 12914.31 12194.27 12221.382 10830455 1D854.13
19 12894.59 12913450 12192.24 T12221.15 10834.5% T 11863.62
20 12332.49 12912.35 12195.15 12227.506 10332.5% 10662, 95
21 - 12879.96 12912.64 12188.02 112219.79 10830045 T13862.46
22 12317078 12911.48 12135.72 L 12219.51 16328430 15861 .06
23 12475.14 12910411 12133453 221d.13 108264 33 13860, 34
24 12909.715 12181.02 i2211.24 S 16824423 1U567.39
25 12907499 12178.69 "12210.23% 10822.05 T 10859, 566
25 12176.09 12214.95 10819,74 - 18d58.95
27 12173.44 T12213.91 13317,48 ’
23 12172.03 12212.9% 12815.17
.29 12167.9¢ 12211.¢% 10612.37
35 7 12356,25 12165.35 12215.42 14317.43
3l 12863.1% 1216246 12229.°7 16877.45 . 13954,45
32 1285 14797.99 12159.56 1.6% 17335.43 10953,33
33 12866, 34 12596420 12156457 ne23 10802431 14452.27
34 12343.60 L2834.03 12153.53 12264,59 13800417 13651.09
35 12440.2¢ 12892,35% 12150,48 .30 10797.43 15849,383
36 12330.99 2890, 50 12147.31 i22:1.20 A 15843462
37 12833.7¢ 1214400 12199.33 10731.95 C10BeT.26
33 . 12329.94 12147050 12197054 ' A LOB4S .07
39 12326.¢5 12137.32 T121v3.66 10735.20 T 10R44.238
47 12322.6% 12133.458 12193.65 10733,15 175462.82
41 12813.83 12379095 12139.43 1215141 1078, 02 105440,92
42 : 1eATh. 07 12125474 12180454 10770.397 “1Cb348.97
+3 T2 51 121272 494 12184.39 12201.33 10773,724 10835.21 19352,04
44" 12d60.29 12118239 . T12173059 12192.47 10713032 10830 .14 1N843,14
45 . : 12013017 12132.35 . o 12134.89 1TT€64.42 16781242 .- 10837.82
46 12105437 L2019.59 12143.72 - 12758447 17770.6¢€ 10835,21
41 12112404 12131.02 : 10764 .10 "19823,0¢C
49 12177, 28 L217R.0C 117604 €3 . 13B70,R9
49 12173.01  12184.27 12174.57 19756.16  1783R.60 13828,.¢61
50 12€98445 12173.022 121696 10752.62 10832.54  °
51 121u2.2% 12493055 12173.48 12174.50 1E758. 71 12748, 7¢C  19820,0¢ 10334.5y
2 12095.38 12086.97 12169.68 12173.19 18751.19 11825, 64 15835 4
53 12086,27 12C93.71 121£5.55 12169.68 10745.947 1075179 10822,05 15827.77
3% 12282, 76 12097, 35 172165.66 10741.91 12745,64 10825.18
55 12444.57, 12078,19 12082.28 12163.32 1773A.73 15741.91 1782304
55 12344, 70 12C77.52 12162.30 11737,65 17820.79
57 12157.25% 1234 12072, €4 12157.¢5 13733, R¢ 13818.1¢
58 12752.71 12537.91 12368,21 12153.52 1T, 10e15.17
59 18746442 12533,04 12¢62.09 12149.82 17726.C8 10812.37
5% 12741005 12326.32 12357.65 12145.1¢€ 17721, €% 178C8.69
51 12735035 12827435 12052.68 12145.6€ 17717.11 10879, 70
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Table 2,- continued.

LARAER

0. 2.0 1.0 2.0 3.0
J . P(J3). CR(T) CP(J) R(J) P(J) . R(J)
12723.27 12321.5%. N 12C46. 88 ' 12140.62 o 149711.82 1 1D80S5.43
12725.42 12316.33 12745.62 f12126.36 . 10T11.22 ) L 19801.63
1271944 123135447 12523.36 12¢35.10 12129,92 12141,75 10755.52 19796 .38 1°8C9.7G
12712463 12799.75 12816.85 1203330 .. 12120.23 12135.95 1(703.42 . P L0787.64 1680437
12705.23% 12717412 12811.54 12024.99 12037,1) : 12131.23 L10693.32 10706465 ! : 12812.56
1269265 127739.75 | 12806405 12014.05 12€2%.68 17126.18 19693,.10 10700442 I3
12702.79 127994737 12623, 24 12120, 33 10694, 43 16761.13
12695.3656 1 12309,.13 12016.60  12131.23 12113,17 1r688.58 1C785.45
ColzeBT.p% | 12799,75 12099.42 12120.33 1210606 13681,.95 ! 12773.72
12695485 . S 12792,42 12018.47 12031.47 . 12113.66 12093.71 106744 82
126864.32 - 12786430 12006.43 11992.03 12168.24 10666.51
12675, 9¢ S 12787, 92 11698.%52 11978215  12153.23 ‘
12643423 S 12773.50 11991.24 12398, 45
12651410 T12TT0.37 11984.51 12793,71
12636.23 P 127e65.22 11978415 1 12089.27 p
12647.67 12760.2% 11971.91 12084,48 :
12641.02 1275532 11965. 74 12979.8?
12034434 C12752.00 11959,57 - 12474.68
12623.03 12744475 11953.71 - 12770,43 i
12621.07 12739.42 11647.22 12965 .45 n
12014429 12734.27 1154C.97 12260, 94 , - O\
12607 .44 T 12728.74 11934.58 12155 .92
126104 34 12723.15 11928.3% 1 12°50.89
12593.62° T12717.72 11921.74 12745463
12546445 12711.41 11915.22 12740.27
12579.77 127175.53 116C8.48 12734, 34
12571454 - 11901.30 12.28,32 12044,831
. 1256%. 38 11894.,25 ) 12536.,0€
) .11886.78 1197:3.C4: 12€25.68
s 11892, 8¢ 12023.24
11884,92 12016.81
11877.2¢ 12€11:27, -
11869.64 - .
11862.17 .
' XBL 707 - 1402
% L
< -



Table 3. Rotational Contants for the X'L and A'L States: CaOl

8

v | BUbs. B'calc. = | ~ B'obs. B'ealc'.
o | st .3728 L0T8 kor8
1 .3725 .3720 .Lokg Lok8
2 3706 .3710 4017 4018
3 . .3698 .3702 .3988 3988
oo L3603 .3692

s | 3681 368k

1 6 3678 367k

4;L8-.
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Table 4. _Speétroscépic Constants: CaO18
COﬁstant_s for xlz | . COﬁétgnt'g for ATE
fouhd"‘>Cél from CaOl found-.’;v Cal from 05016’
v(0,0) 0.0 0.0 ,11548._6; 11548.80
we | 702.18 70240 ~686.5 686.9
wexe 429 bb3 ~1.5 o1t
| Be | 4093 k091 3733  ;37}+0
ae .003 00296 .0009 ,0012
De ~s.2bao”T| susex107T | <hssao s kspao
Be ~5. 9‘><1o‘8. | _2.hxio‘8 | B
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Table 5. Smnmary of the Perturbations: Ca0'C
o P P
VAlz .; B~ B (Slope)
0 38.70 .30k .
0 48.50 '
0 56.20 .3088"
0 63.20 .328 .
& 0 67.80
Z+1 0 87.80 .3018
Q+1 0 89.90 2938
Y + 1 0 93.50 .306 , .284
W+ 1 0 96.50 , .281
X + 1 0 - 101.10 311 :
Z+ 2 0 ~11%.00 .280
Y+ 1 1 27.00 .28l
W+ 1 1 38.80 .281
X+ 1 1 42.40 (.295)
_ 1 57.90 (.35)
7+ 2 1 ~70.70 . .280
Z+ 3 2 Lk, 80 .269
B+ 1 2 53. .35
Q+ 3 2 51.ko°
Y+ 3 2 61.40
W+ 3 2 64.90 .31k
X+ 3 - 2 71.00 .3025
Z + k 2 ~89.75
Y+ 4 3 35.00
W+ L | 3. 42,00
X+ k 3 50.00




Table S,A_Summafy‘of thefPerturbations: 'Caola (continued)

- -30-

B V alz J?’- v 5y (Sope)

745 3 ~70.60

7+ 6 L 45.70

Q+6 - -4 - .52.70

Y+6(?2) | b 61.70

X+6 . b  .70.50

Yo+7(2) 5 ~31.50

X+ 7 5 48.50 -

Z+8 5 ~T1.T5

7 +9 6 43.10 B
Y 6 54.60 .3012

6 ~60,60 .




Term Values of the Perturbing States at J=0 fof Cal

18

Z 12010 Q12100 Y 12170 W 12270 X 12300
zi+'1'l'“12h80' v Q4+ 1 12565 +1 , 12650. W+l 12720 | X +1 _.l?73q.'
z+2 120k | g ‘2 13035 | 3 r2 13120 W2 (13190) | X+ 2 (13210)
Z+3 13405 Q+3 13485 +3 13595 | W+ 3 13645 + 3 13705
7+ U4 (13880) Q+ 1L 13940 + L - 1k060 W+ 4 1h105 '; L 1h160
zZ+5 14300 - ’ + 5 (14605)
Z + 6 '.14755 + 6v(?) 14940 +6 15010
Z+ 7 (15200) B 12650 + 7 (2) - 15370 + 6 15480
Z+ 8 156ho B+ 1 13322 o+ 8 (7) 16235 ,

Z+9 16070

-TE-
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6, continued; ‘Term Values of the Perturbing States a,f J=0 for Ca0

Table

'z 12165 .'szk | 12735 oy :ff i2325' xﬁ 7.' 12h3o€
Z+1 12660 | Q+1 13235 Y+1 12820 | x +1 12885
242 . 13155 etz  "13710 Y+ 2 (13295)‘, X+2 - 13345 -
7+ 3 13680 | Q'+ 3 wero | v+ 3 13780 | X + 3 13850
Z+ L4 14155 - - v 14250 | X+ 4 1b3ko
z+5  (wso)f o X+ 5 14800
7+ 6 15125 | B 12113 S X+ 6 (15280)
Z+7  15635| B+ 1 12690 . - X+ 7 15765

X+ 8 16220

&

~zg-
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Fig. 8.  T/W = [R(J-2) - R(J-1) + P(J) - P(J+1)]/hJ blotted vs J

~ for the (0,0) and )0,1) bands.
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‘Fig. 9. T/UJ plotted against J for the (1,0), (1,1), and (1,2)

‘bands .
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Fig. 10. T/LJ plotted against J for the (2,0), (2,1), and (2,3)

XBL 706-1174

‘bands. The blank spot in the (2,0) plot is due to

‘atomic lines which blotted out the CaO spectra.
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Fig. 12. T/4J plotted against J for the (4,1) and (4,2) bands.
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J(J+1)

A A
2000 §o00 10000 14000

XBL 706-1162

Fig. 1k.

3

Plot of energy vs J(J+1). The solid lines represent
the first seven vibrational levéls of the A'S state of
CaO18 and the squares show the positions'of the perturba-
tions. The dashed lines indicate some vibrational levels

of the Y18 perturbing state.
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Y

2000 ' 6000 : . 10006 . - 14000

XBL 706-1164

Fig. 15. Plot of energy vs J(J+1). The*sqlid.lines represent
the vibrationalblevels of the A'l state of Caolé, the |
squares indicate pertﬁrbations, and the dashed lines
cdnnect'pérturbétions arising from the same perturbing M
state. The zero of energy hasfﬁéen taken as the.

bottom of the X'L potential curve.



h1-

J(J+1)

L 2 i P

2000 - 6000 : v10000 . 14000

XBL 706-1167

Fig. 16. Plot of energy vs J(J+1). The'$6lid lines show the
vibrationalAievels of the A'X sﬁate of CaOlB, the
équares indicate perturbations, and the dashed iines
connect perturbations arising from the same perturbing -
‘state. :The circles indicate théfendrof the analysis.
The zero of energy is the. bottom of the X'L potential

curve.
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'_:Fig. 1T. Plot of energy Vs J(J+l) show1ng the vibrational
- levels of the Yl6 and Y18 perturblng states.
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f_Fig; 18. ’Plot’bf ehergy'vs J(Jfl) showing the vibrational

levels of the Ql6 and Ql8 perturbing states.
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Plot of energy vs J(J+l) show1ng the v1bratlonal
"~ levels of the Xl6 and Xl perturblng states.
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10000 ' 14000

XBL 706-1168

Fig. 20.  Plot of energy’'vs J(J+1) showing the vibrational-

levels of the Z

16

ana 238

perturbing states.
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IV.' CORRELATION OF THE PERTURBING STATES OF CaO 16 AND Ca 018

Hultln and Lagerqv1st found six perturblng states in CaOl6 four
ealled X, Y, Q and Z, hav1ng B ~ 0. 33 and w ~ 500 and two, called
A and B with B, ~ 0.38 and @ ~'6OO ~ In Ca0 8:s1x'perturb1ng states

have also'been found. waever flve of them have B values of 0.30

_(comparable to O. 33 in Ca0® ) and only one has a B value of .35 (comparable_

to 0.38 1n-CaO. ). The A16 state is 1ndlcated}by'only one overlapped

perturbation near a reéion where a Q perturbation is expected but not

observed. - It is possible then that the B, valnevestimated for A is

incorreet end that the set of Zl6.perturbations'are ieally due to two

pertnrbing states with Bv ~ 0.53. It is even bossible that the A16

perturbatibn is really due to the missing (Q-1) ievel.since other states_

predlcted in this region could shift it without 1nteract1ng,w1th A z
(i.e. nine p01nts of perturbation are poss1ble between sn and 52.

eomponents-ln case (a), l is probably present.but invisible to a 2

state, etc. See Kovacs (1969) for a listing of possible interactions.).

| In this:ease the Xl6vor Yl6vstateimay_be due to'two'sets.of perturbing

‘levels.

First'the two B-states, B16 and Bl8, are correlated on the basis

- of theiervFvalues. Using the X;Z constants given in Hultin and

Lagerqvist (1950), the first thirty levels of5thet state were calculated
for CeO16 and CaO 18 and compared to the B state.  The results were
encouraglng and so the constants found in Brewer and Hauge (1968) (whlch
are based on higher experimental values and therefore should be better .
in the iegion of interest) were also tried. The eomparison is shown

in Table 7. Tnere is good agreement between the experimental and -
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“and calculateufvalues of B found at the same enefgy. Since B is the ohly
perturblng state W1th B and AG values in this’ range, it is probably thev.
XlZ state. Slnce the four vibrational levels found correlate to V = 18, 19
in CaOl6 and V = 20, 21 in CaOlB, the isotopic shift cannot be directly
' dalculated._ Extrapolated values for V18 =v18, l9 and,V16 = 21 give
isotopic shifts guite close to the calculated onesland a vibrational
numberinéywhich is only off by'one quantum number.-:The V18= éO level
appears to'be perturbed. | “ |
The Xl&, Y18, Zl8, Ql8,'W18, and_Xl6, Yl6, 216; Ql6 states will now
be considered. The energy levels of CaO18 will bevlower in‘energy than
the cofresponding levels'in CaOl6. See Flg; 17 fof exsmple. If one

16 16

compares the Y and Yl8 electronic states, it is poss1ble for (Y
18 18

+3)

to have the same vibrational quantum number as (Y

18

), (YO + 1), or

(Y +2). In the following discuSsion, only the first two sets of
+1) > (Y

(6 19,
16

+2), etc.'and (Y™ +1) > (

levels lower in energy will be considered (i.e.}

16 . 2) (Y 1); (Y16 18

18 (Yl6

Y18

(v +3) > (¥

: (Y18‘

+1),
16

+ 3), etc){' The sets at lower
16 18

+ é), T+ 3)
16 2) » (Y18

energies (i.e. (Y +

(Y77 +2) > (v

) cses or (Y10 +73) > (Y70) ¢+ ete.) can
also form posslble comblnatlons, however (since'thé isotopic shifts |
would he lafger in thiS'case) they’would put the’ofigins of the perturbing
states atlleast BOOQ cm-l below XlZ state, Itbis more important to

check if these states are above or near XlZ'in ofder to determine the
ground state of CaOl. Also the larger the shlfts, the harder it is to.
extrapolate to a meaningful v—value. It is- 1mportant although to

remember that lower origins are possible.

Since we have five CaOlB-states, four CaOl6 states, and two
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possibilities for each cdmbindtion, there are forty ways to correlate

the nine Stafés, The cémparison of Yl6 with the next lowest set of Y18
levels will be called (v 0y8)

set (Yl6yl§d). The shifts calculated for all fOrﬁy combinations are

; the comparison with_the sécondllowest

listed in Table A-1.
| EQuatidp (1) shows the.relationship betwaen‘y, wexe"we and the

energy.shifts. If the shifts are ﬁlottéd_vs.?,.thé-gurve should inter-
sect the X-axis at v = - 2. At low v the slope is ~ (w_/(1-p)): at
higher v,‘ghg slope'decréasgs in'?esponse té fhé Qexe.terﬁs. The
vibrational guantum numbers for ény of the foffy combinétions.mentioned
can be éﬁtéined by pidtting the shifts:vsvé relative ‘v anq éxtrapoléting
to zero.v_Figuré 2h shows‘sample plots of the shift vs v fof various |
values of'wexe and:we. vSimilér plots‘were uéedVés:éids in extrapoiating,;
thé expefiﬁental leués. The plots for all>thé flsvcombinatioﬁs are |
shown'in'ﬁig. 21, |

Of'fhé ﬁb.coﬁbiﬁatiohé.plbtted, 28 werefrejecfed; Table A-2 shows °
the comparisohs, One of’threeifeasoné is giVen f;?.réjécting.é:éorre—
iation::' |

(l).'vp»too high. .Same'discussiqn as abovéiapplies Here. Theée
combinatipns are possible; but correlations givihgvstates above XlZ
Tshould Be considered first, |

(2)  Scattered. Trends in energy avay frdﬁ;thé_calcuiated'éhape'of
the curvé (Fig. éh) were'usedbas criteria, rather fhan one or two points . -
‘being dﬁt of line. For example, an increase in élépe at higher.v—values
(concave)lwéuld not.be acceptable. |

(3) .wexe (a—b); W, and WX, values can be éﬁfgined from the ;hift:

vs v—plot'and alsd from.the energy sepapationSZOf the vibratibnal
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levels_and'the v-quantum numbers. If the values.from these two methods

do not agree, that correlation is rejected.

An example can best clarify this method. Censider the (Q16 Yl8)

correlatlon° Various combinations of me and vwéxe can fit the points.

The lowest possible we(wéxe.= 0) value from the shift vs v plot can

be obtained from the slope divided by (1-p) (A hlgher @, is possible

since wx, can decrease the slope, however a lower one is not for the

same reason. wexe would enly decrease the.slope further.) In this

case ® = 675.

The highest 'wvexe‘which could be used is under ten.

The quantum number for the Ql6 level is v = 2. The difference between

the v =2 and v = 3 levels of Ql6 is calculated frqm these constants
as follows: | B .
6(5.2) = @ (3.5) - 0, (5.5 wg(z_.isi)’ +ox (2.5)°
- @, - 6, = 615 - 6(10) = 6_15
The difference between the'(Q ) a +l) levels is 500 so thls |

correlation is wrong. mexe would have to be 29 1nstead of 10 in order

for we to equal 675.

A higher wé value would make G(3-2) still larger

without substantially increasing the needed wexe‘value. The comment

for this correlation in Table A-2 is wexe(lO-é9) where 10 and 29 are

the wexe values needed for the two methods.

Table §(a) shows the 12 possible correlations left. If it is

assumed that all the CaOl8 states are used just.once;, thenfthe](Xl§Xl8d)

correlation is cerrect._ The Ql6.state has a small“matrix element in

comparisoﬁ to the_XlG,'Yl6,"and Z;6 states. It is unlikely to be

correlated to more than one CaO18 state. Yl8 can be combined'wlth

elther Yl or Q

16

The Yl8 perturbations aré much stronger than
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thdée'of Q;6 s0 the'(Yl8Yl6) correlation appears tb be the correct one.

The Q16

.ahd Zl6 states Both gb to~Q18 and Zlak -This is reasonable
sincé“the_Q and Z perturbatidns are‘very cldse.td:eéch other in‘both.
isotqpeSQ The Z perturbafioné are much strongef'ih both cases, which
indicatés combinations of (Q16Q18d) and (216218d); At this point all -
the Ca0l6.states and all %ﬁe CaO18 states except Wl8 have been used.
The three possible combinations using Wl8 are éden in Table 8(b) by
,daéhed 1ines. Either (X16W18d) orv(Y16Wl8d) wéuld put Wl8 below X'
along wifh Q18, Z18 and Xlg. _The (Y16W) correiafion woﬁld putswl8.at :
~ 11080 em™l. The two possibilities for Wl8 are shown as dashed lines
in Fig;,22, Among the states predicted to be in £hiS région: BH, 327,4
’ ;H, %A; the followingvstateé or substates cdntperturbva Ist, 5ﬂi, 3HO,
lﬂ, S5- ‘  523_1. Assuming Hund's éase (a) théifive states s hould be
grouped as two, two, ong, since four of theﬁ»are:predicted to ge suﬁ-v
states of triplet electronic states. If W andﬁY%are_components of a
triplét; the splitting would be on the order ?f 5000 cm—l? This seems °
too léfge.v (The doublet splittiﬁg>in AsO, a.mﬁéﬁ-heavier molecuie,:is_
i025 cm_l; The splitting here would nét be_expécted»to Eeviarger.) If 
_(Y16W8) is not trﬁe, then W would be found ét‘approximafely =2500'cm’l;:'
v.relati§e.to_xlzf A summa?y of the:perturbiﬁg statesjandvtheir constants
is fbﬁﬁdiin'Table 9 for.the best correlations;;;

'If.any of the above assumptibns are wrong; other sets of correla-
tions becéme possible. The assﬁmptions are: |
| (1) There is a bne to one correlation betwéen'the étates perturbing
Az in'caol6 and Ca0'C. R

(2) - The perturbing states are XlZ, 1ﬁ, 1 ’ 1 , 0L
_ tate » oy s Ty,
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Z'J—l
the isoelectronic C, states (Brewer, 1962), and are able to perturb a

1

and . These states are predicted to be low~lying by analogy to
+ . o ‘v I .." .
L' (Kovacs, 1969). 'A recent paper (Carlson, et.al., 1970) suggests a
low-lying 3Z state. The predicted lA also would . not perturb a lZ.
C ok 3+ 1.+ .'»:‘.

Perturbations between a "2 and a "L state are predicted to be very
weak (Kovacs, 1969) and so it would be difficult to find an indication

+ . ' ’
of 32 in this study. Also six perturbing states and sgbstates are

. 37 3, 1 1.0 " o
predicted considering just , %, I, and XL perturbing states and six

. + . o

are found. If the 32 state is included, one of the above states must
be discredited, which would make it difficult to account for all of the
sets of perturbations found. Two sets of perturbations are expected
from both the 3H and the 3Zstates, the XlZ state is well assigned to
the B—pertﬁrbing state, and the lH,state has lbﬁ—lYing counterpafﬁs.in
02,

BeO,'and MgO as well as coming from. the samévmoiecular orbital con-
figuration as the 3H state. So it would be hard‘toffe—assign Jjust one

of the perturbing sets of perturbations to a 32-;_ The two weak sets,

B and Q,‘aré‘easily correlated with XlZ and 3H1; .The péfturbation ét

18

v = 1, J = 57.9, which is assigned to the B staﬁe, is out of line

S ' o +
however from the other B perturbations and might be due to a low 32

state. _
(3): The origin of the perfurbing states iszﬁpf below 8000 cm-l;
.It is possible that this assumpﬁion is falée and that.lower origins
exist. ‘However since there are too mahy correlafioﬁs_giving lower
values tq be able to pick‘oﬁt a cqhsistent set and because of the dif-

ficulty in extrapolating larger shifts, it is not possible to come to

any definite conclusions.
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(L) The W%, and the scatterlng criteria are assumed to be correct.
There are at least three perturbing states below XlZ 1f they are true.

3H is less than lOOO cm -1

(5).-The splitting between 3HO and Il

This is based‘onva comparison of splittings foundlln_other molecules
(i.e. AsO, PO). | |

(6) _The size of a perturbation will not ehaﬁgerdrsstloallf'vith a
' ohahge ofTisotope, i.e. Ql6 +'Ql8. | |

Allfthe’assumptions apﬁear to.he reasonable; Also a supporting
piece of, ev1dence for the ass1gnment ln Table 9 ‘is found in a low-
temperature'matrlx'lsolatlon study of Ca0 (Wang,11969)7 Bands were
found stertlng at 20,367 cn~t and identified as Caofty their isotope
shift (Can8_CaOl6); The transitioh does not oorreSQOnd to‘any knowh
singlet transition'ahd therefore indicates the‘possihility of a low-
lying triolet state., It has been included in Fig{'23.

Also the splittings between states coming fromvthe same molecular
orbital4oohfiguration can be compared.’ For the’ten—electron molecules

(v AlC1, etc. ) the splittings between the 3n and H states from the
’

2’
L -1
Xowll VI conflguratlon are between 6000 ~ 16000 em © for a wide range

of molecular weights (Brewer, 1962), For the elght electron molecules

3 3

“the splitting between the lH and ~II states of the.yd?Xcmn configuration

is 12000 cm ' for Cad and 7600 cm T for C,. This fits in quite well with

our expectations from the ten-electron molecule case.



Table 7. Comparison of the B state and XlZ

‘B State .

X% ealculated
v 6(v), AG BY v oa(v), 4c By
cm cm o
Cao™® B 12113 .381 18 © 12039 382
: 581 , 580
B+1 12694 19 - 12619
18 .
Ca0 B 12650 ~.35 20 12716 . 348
. 672 5T5
B+ 1 13322 ~.35 21 13268 .346

fESj
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Table 8. Cofrelations Between the Perturbing States of Cal and Ca0

18 16 184 - 18 16 184

X  Xe—————X
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Table 9. Summary of Constants

State Te we wexe Be ae 'D(x1o’,)' 'rexlb8 -
Atz 11554.8 716 1.6 © 4063 001k | o .5k 1.906
L | - | |
'Qit) 8080 oo 1.5 _—
b 0 732.1 k.81 RN .0033 658 | 1.822
X - | __
3 ~=3000 | < 730
Z X ‘ : '
Q
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Table 10. 'Predicted and Observed Transitions in Ca0, 3500 - 12,000 A

Transi%idn ; " cmfl R ' "Réferencé o

A12§-7X%$‘ 11554.8 8660 Hultin ana L;éérqvist, 1950
' - n | 17909 | 5580 I
BlHi¥ }Ai‘,4é2ooo | ~8300
B - 'z | oMhsy | b100
Blnﬂfvx z | 25089 |oaus | Lagequis£;9i95h
crx-n | 20776 | 810 | -
CI —lez 28855  3%65» 1 Lagerq#ist;iiQSh: .

32 30 or ~21000 4760 | Wang, 1969
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Fig, 21. Plot of the shift vs a relative vibrational numbering '

for all the correlatidns involving YlB.
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'Fig~ 22. Relativé energy scalevfor thevpértﬁrbea and perturbing .

_states.
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V. CONCLUSION
o o 16 A8 o

The. above comparison of Cal and Ca0 perturbations gives a good
qualitativefdescription of some of the low-lying eleotronic states of
Ca0 and shows that the XlZ'is not the ground state. It is hard to deter-
mine exact orlglns for X Q, Z, and W because of the long extrapolatlons
involved. The value given for all four 1s.—3OOO cm -1 + 2000 cm l. The
Y state has a much shorter extrapolation and‘isifound to be at 8080 +

500 cm~l. Since the lowest lZ state in C,_ BeO,  and MgO has the largest

PR
w, value, the w_ value for the X, Q, Z, Y, and W states 1is expected to
be below: T30. | « h

The B.state has been assigned to XlZ. However 1t is dlfflcult to
assign'W,ix? Q, Z and Y to specific states.‘ Y should be a H since it
stands by;itself and the other possible singlet,lA3LCannot perturb a Zf
Hultin and Lagerqvist (l950) indicate that X mev;be'the‘3ﬂo‘substate since
its matrix element is independent of J. The Q‘pefturbations are small and
' 1ot '

could be due to a 3Hl - 1nteract10n which has a small matrix element.
3.

That leaves W and Z to be ass1gned to 3ZJ+1, and %

J—l'

It Would be useful to determine the.spectrosoopic constants and
origins of-theSe states morebaccurately since the low-1lying states of a
molecule are needed for thefmoéhemical calculathns.v Further experiments
might include.seerching for caleulated transitionse(Table 10).  For ex- i
ample, the B H - Y tran51tlon is predicted to be at ~'5580 A, qulte
close to & strong, unanalyzed system at 5555 A » Another possibility,

.the molecular beam electric resonance technlque‘used_to measure the ro-
tational constants of the ground statevof BeO (Wharton and Klemperer,

1963), is probably not practical.for Ca0 because of the difficulty of .
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obtéining.#)CaO beam. _Matrix fiuorescence exbefiﬁéﬁfs couid give the .
fvibratiohélléonsfants of ‘the lower étaté of the:ﬁfahSition found by :
Wang (1969}) Eléctfon'spin resonance mighf 5150 5§:done in a ﬁétrix to
détefminé'ﬁhich.ié the'lowést‘staté; 3 or 35 (Kaéai, 1968). Also thé
pgrturbgﬁidﬁs-of énothér isotopic-moleéulej suchqaé Caéh016, could be

analyzed to confirm'the porrelations'made in this paper.
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APPENDIX A

COMPARISON OF CaO16

AND Caot

8
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Table A-1l. Shifts Between the Perturbing Vibrational Levels of CaO18 and»CaOl
=5 490 360 | 855 65 1560 390 - | 885 155 | - 650
10 - 205 k25 950 95 590 435 960 | 180 675 -
716 35 560 470 9Ls 120 | 645 | koo 965. - 210 { 735
85 560 450 885. 195 | 670 510 940 275 | 750
.90 530 430 965 215 650 485 | 1020 | 215 | T10
A S 520. | - -4 1 . 605.| 1115 | 290 [ 825"
625 690 370" | 880 -
16 85 565 5 435 170 635 15| 465 | 255 | 725
Q 115 585 25 505 200 670 45 - 515 290 - 755
115 - 590 5 500 225 | 675 65 520 305 765
150 615 50 505 270 | 725 - 105 565 1 330 805
- 155 650 25 520 225 | T20 55 550 - 315 .| 810
Y16 170 6L45 90 565 255 |. 730 100 575 . . 340 - 815 .
175. | 660 85 570 260 Ths 105 | 590 - { 350 | 835
185 655 - 75 545 295 765 135 605 375 | . 845
. 190 - 90 310 145 370
260 715 130 58 330 | 785 160 615 - 420 875
, 235 - 695 155 615 320 780 165 625 Lo5 865
. ¢ | 25 |.T730. } 135 . 6ho 1310 815 155 | 660 Loo 905
! ks | 7h5° | 1h5 1 635 - f 365 .| 855 [ . 205:] 695 ‘Lhs 935
N 740 | 180 . 64O | koo ‘| 860 | =235 | 695 | 46O | -
‘ 195 | 675 B B 280 . |- 778 | 500-
270 755 340 o
285 ThO _
Y18 Y18d ‘X18 X;S Q18 Q18 5 W;S w18d Z18 Zle

“h9-
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Table A-2,. Comparison'of Perturbing States: - Ca0" ", Ca018
- . . S
: Xl6 Y16 '.Q16: 'Z16
Yl8tﬂiscét£ered : maybe - wexe (10%29)‘ “wexe {3-17T)
18 4. . U . .
Y "d} Vp too high Vp too high maybe scattering
X187"§cattered scattered scattered;\:, scattered
{concave) : - ‘
X18df maybe ‘scattered ,scattered 5' Vp too high
18 | N P '
- Q" } scattered maybe ‘wexe (29-5) wexe (1-100)
18 . ) | ' -
Q@ d{ Vp too high scattered maybe maybe
(concave)
18 o L L
: - scattered maybe wexe (10-125) wexe(2-29)
.'Wlad' maybe maybe wexe(1,15) - Vp £00 high
=1 : | | — f,'. _
Z77 | scattered maybe wexe(6,30) wexe (2-50)
8.0 | T B |
Z"df .Vp too high -Vp too high | maybe maybe
- e
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| APPENDIX B
Thié'éppendix.contaiﬁs the listings for £hév¢omputer programs used
to analyié'the data. They'verevwritten for opefation on theICDC cOmputers
at the Lawréhce Radiation ﬁaborétory ap Berkelé&,,'fhe program language_ 
is‘ch's chippewa Fortran which is nearly idenfiééifto Fortran IV.
1. STAND. |
Program STAND uses thé measured épeétral éﬁéndérd lineé to calculatg
fhe wavgleégth énd energy (cm_l) for all the-méaéﬁééd iiﬁes.- Both the
standayd Th5iineé and the Céd molecular lines Vére measured and recordedvzf
‘oné to'; card by a semi—ﬁutomatic comparator'(leﬁfAby Dr. John.Phillipssb
Universify of California‘at Berkeley, Astronomy De§$rtment). Each card
contained thé relétivevpﬁsiﬁion ofvthe line, ité.feiative intensity, and' ’
a code number indicating the tyﬁe of linej(staﬁdayd; atomic,'moiecular,f_
etc.) o ‘ |
: The data deck consists.of:
(d):_ TOY (I) indicates whether the measuredtline'lies betwéen
0-100 mm,. 100-200 mm;_or 2do;3oo mm on the measugiﬁé scale. The first
- data card7réads -J1 with a 3Ai format. o |
(bS- VN,VNLAST, and NU (format 3I5) where": :

- N

= order of fit +1
NU = number of standard lihesv
NLAST = the final value of N

(¢) ETOL (format 8F10.5) is the tolerableVérror in calculating
standard lines,
(d) SHIFT (format F10.2) relates the stéhdard lines to the

unknown.lines. It is usually zero.
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(e) Assigned stani%ard line v@lues YY(I) ‘('férinaf F101.3).

(f) .’Deck of measu?éd»lihes, with éll.theﬁéﬁéndard lines first in
the Sa,me'ofder as their ass'ignved values in (é‘)’.‘.

(é)i ‘Blank card. ':. . | C i

When.N equals NLAST, one card is puncﬁed'férséaéh measured line
with its wavélength, energy (cmfl), relative inteﬁsity.

This program wés Writteh by David Green and Joel Tellinghuisen.



800
801

non

41

855
89
235

40

803

42

804

856
1030
200

53
103
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PROGRA4 STAND (INPUTs»OUTPUT s PUNCH)

STAND TAKES MEASURED SPECTRAL STANDARD.LINE% AND (ALCULATES

WAVELENGTH AND ENERGY (CM(=1))

DIMENSION INCA(1000)
DIMENSION COM(200)y VW(1000)
DIMENSION XW(200)sYYW(200)

READ BOf,TOY(l)’TOY(Z),TOY(B)
FORMAT (3A1)

READ1s NsNLASTsNU

FORMAT (315)

"PUN=0.0

NSUB=N-NLAST

IF (NSUBRLEQe0) PUN=1,0
IF (NULEQeO) GO TO 850

“NUYl =2 NU '+ 1

. MEASURED LINES
DIMENSTION TOY(3),BOY(1000)’X(loOO),Y(lOOO),STR

DIMENSITON AAl10510)5YINV(1000)s YY(2GO0)s 5(10)sPE(200)

N=ORDER OF FIT +1sNU=NO, OF STANDARD LINES,NTOT TOTAL NO. OF LINES

NLAST IS THE FINAL VALUE OF N

ETOL /1S THE TOLERABLE ERROR IN CALCULATION OF STANDARD- LINES

RFEAD 41y ETOL
FORMAT(8F10,5)

READ 855s SHIFT
FORMAT (F1ve2)
FORMAT (F10elsF5.0)
FORMAT (40F240)
FORMAT (F1U41)

YY ARE ‘THE STANDARD WAVE=-LENGTHS

READ 40y (YY(I)sI=1sNU)

‘FORMAT (F1043)

“1=1 '
READ 425 INCA(I)sBOY(I1)sX(I1)eSTR(I)

FORMAT(1695XsA19F6e39F6el)
PET =X(1)
I=1+1
- IF(PETeNE+O.0) GO TO 803
~NTIOT=1-2

IF(BOY(1).EQ, TOY(B’) BET=2004
IF(BOY(1)eFQeTOY(2)) RET=10C40
IF (BOY(1) «EQeTOY{(1l)) BET=0.0
. DO 804 I=1sNTOT
CIF (BOY(1) JEQ.TOY(1)) ADD= Oo
IF(BOY(I1)sEQeTOY(2)) ADD=100.0
IF(BOY(1)eEQeTOY(3)) ADD=200.
X(1)= X{(I)+ADD
DET=X(1)~BET ) K
IF(DET«GT+1004) X(I)'X(I)-lOO.
BET=aX (1)
CONTINUE
D0O..856 I = 1» NU. .-
X(I)=X(I)+SHIFT
S NW-= NU
NERR=0

DO 53 I=1sNU

XW(I) = X(I}) ,
YYW(I) = YY(I)
N1l = N+1

XBL 707-1390
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71

19
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.. N2 = 2#¥N
DO 5 NF = 2sN2

Fl~ = SU"/'XN(NIQ(NF ?)yXUsYY)LZ)
DO & I=1sN
PO 7 J=1sN _

IF ((I+J).FQ NF) 1747

AA(T ) 'F10 -
CONTINUE
CONTINUE
CONTINUE
PO 11 T = 1N

odE 1-1 ,

COAAC(TIN1) = SUMXN(NWsJes XWseYYWsl) o
CALL SOLVE(N»AA»R) ’ ) L o \
FORMAT(8E1546) . :

PRINT 83

FORMAT (1H193X*¥COEFFICIENTS OF pOLYNOVIAL*//)
PRINT 3 (B(I}sI=1sN)

NM=N=1

PRINT 71sNM

FORMAT . ( //3X¥POLYNOMIAL ORDER IS#13//3X#STANDARD LINES*//)
PRINT 19
FORMAT (//2X*MEASURFED*4X*¥LAMARDA*4X#LAMBDA¥ 2X¥ERROR [N*6X*WAVE*/2X

© 1#POSTTION*#6X#TRUE#5X#CALC *4X*LAMRDA*3X*NUMHFPS*//)

12

aOn

13

AV

700
2u

101

1v2

DO 12 J = 1eNTOT
_ Y(J) = YFUN(NsBsX(J))
YINV(J)?I E4/Y(J) .
WAVE CONVERTS ANGSTROMS IN AIR TO WAVE NOS. IN VACUUM
CALL WAVE(INTOTsYINVsVW) ‘
DO. 13 J=1leNW

“TY(J) = YFUN(NsBaXW(J))

YINVIJ) = 1eE4/Y(J)

CALL WAVE(NWoYINVpVW)
DO 70 I=1sNW ’
CODE(T) = YYW(TDY) - Y(I)
PRINT 20» (X (T)eYYW (I)’Y(I)’DF(I)sVW(I)p T=19N¥)
FORMAT (F1l0e393F10e39F10s 2)
Go To 791

OMEGA = 040

SN = NW
C=N '
OMEGA TELLS THE GOODNESS OF FITeesTHE SMALLER THE BETTER
DO 101 L=1sNW
Q = (Y(L)} = YYW(L))*#2/{SN=C)
OMEGA=0OMEGA+Q '
CONTINUE
PRINT 1uU2s0OMEGA
FORMAT (//3X*¥OMEGA =%*F10e5//)
THIS NEXT SECTION ELIMINATES ALL STANDARD. LINE% WHICH HAVE A
DIFFERENCE BETWEEN THE TRUE AND CALCULATED VALUES OF MORE THAN:

ETOL- ANGSTROMS

L=l

ERROR=ARS{(DE(1} Y}

DO 72  1=2sNW

IF (ERRORGE.ABS(DE(I))) GO TO 72
ERROR=ABS(DE(I})
L=1

XBL 707-1391



72

73

74

555
556
525
526
.701
85

86

871
88U
566

850

~T0-

CONTINUE . - :
IF. (ERROR.GELETOL) . 60 TO 73
GO TO 791 '
L1=L+1

NERR=NERR+1 R

IF  (NERR,EQ.5) GO TO 555
DO 74  J=L1sNW -

JisJ-1
TEMPO = YYW(J)
YYW(J1Y = TEMPO

CTEMPO = XW(J)
"XW(J1)= TEMPO
CONTINUE . '
NW = Nw=-1
NS = NW=2 | _
IF (NLAST.EQeNS} GO TO 525
GO To 193 -
PRINT 556
FORMAT (]HloBX*THFRF ARE MORF THAN 5 FRRORS*//)
GO TO 701
PRINT 526
FORMAT (//3X*THERE ARE TOO FEw '600D LINES*//)
PRINT 85
EORMAT ( //BX*OBSFRVATIONS*//2X*MEASURED*4X*LAWRDA*6X*WAVE*3X
1% COMMENT #/2X#POSTTION#5X*¥CALC o ¥ 3XNUMBERS®/ /Y ..
PRINT 86> (X(I),Y(I)9VJ(I),INCA(I);STR(I)’ I NU1oNTOT)
FORMAT(2F1Us39F10425110sF641) ' P
IF{PUNSEQsUeT) GO TO 880 :
PUNCH: 871 (VW(I),Y(I)oSTR(I)sINCA(I),X(I)s [=1sNTOT)
FORMAT(10X»3F1042s110910XsF1043) , o
CONTINUE
N=N+1
IF (NeLFoNLAST) GO T0 .1030
GO .TO. 801 ‘
CONTINUE .
END :
CFUNCTION. SUMXNINTsNeXsY s JJ)

-DIMENSION X(1000)sY(1000)

O W N

S=U,U
IF (JJ.EQel) 193
DO .2 I=1sNT
T8 = S 4+ YUIYyRX({T)¥%N
GO TO 20
DO 4 1=1,NT
S '= 5 + X(I)**N
SUMXN S
RETURN
END
SUBRROUTINE SOLVF(NvoR)
DIMENSION A(10s10)sR(10)
Nl = N+1
DO 3 I=1sN
- ATEM = A(TsD)
DO &4 ~J=1sN1
CA(TIsd) = A(ISY)/ZATEM
DO 5 -K=1»sN
“IF (K=1) 5195951

. XBL 707-1392
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1

w

9

151

152
150

3

. "Tl— »

BTEM = A(KsI)

DO 6  J=1»N1 o
CA(KsJ) = A(KsT) = BTEM*A(IsJ)
CONTINUE ' ‘
CONTINUVE
DO 93  I=1sN
CB(I) = AUIsN1)
RETURN -

END
FUNCTION YFUN(NsRsZ)
DIMENSIQN B(10)

- T-= B(1)
DG 1 - I=2sN

T = T + B(I)*Z%¥%(1=1)
CONTINUE '
YFUN = T
RETURN
END
SUBROUTINE WAVE(NTOTsYINVsVW)
DIMENSION V4 (1000) 5 YINV(1000)
DO 150 K=1sNTOT
TE=0,
T=YINV(K)
P IS THE REFRACTIVE INDEX OF WFT AIR AT THIS WAVE -LENGTH
P=((6437248+29439810 /(346.‘T*T)+?5540 /LG4 e=T*TY)*1, F 9)+1.
T=YINV(K)/P - |
IF ((ABS(TE=~ T))oLT.loF-é) GO TO 152 -
TE=T '
GO To 151
VWIK)=T*1.E4
CONTINUE
RETURN
END

XBL 707-1393



-T2~

2. STNPLOT uses the cards'punchéd by progiam?SiANﬁvfo plot_the measﬁred-
lines on a graph of energy (cﬁ_l) vs relativé'intéﬁSity. The end of the -
: deék is'éignaled by avcarg with’88 in columné RQx%péZSO; The~disp¢rsion
in em T pef.. inch is given on ﬁhe ne;;t card (form_a"_.'"‘c‘__ZBvFlO. 5). vSé‘e

Figure (B-;) for a sémple piot. |

' The' program was written by Joel Tellinghuiséh;;

TNy
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Sampié'pldﬁ.of ehergy.(cm"lj Vs relatiﬁé inténsityifiom:the
program STN PLOT. Lines with bars slanting to the left ( )
indicate overlapped lines, bars slénting to thé right ()
réd—degraded heads, and crosses ( ) two lines too close to.

be fesolved.



NONNNNN

501

50U

11

" PROGRAY STNPLOT(INPUTsOUTPUT»TAPESRsPLOT s TAPE99=PLOT)

. DIMENSION

THE FOLLOWING CODE HAS BEEN USED FOR INCA.V

"0 AND 17 o o e« ATOMIC LINES
2 o o »
. 3 . o o
T4 ’ ¢ o o
INTEGERS -5 THRU O

1. FORMAT({8F10.5) . .
2 FORMAT(IOXgBFlO.ZoIlO)
3 FORMAT(////7/720Xs*INPUT DATA*///)
4 FORMAT(///#PLOT DISPERSION
CONTINUE |

DO 11 1=1.100C
"READ 2» VW(I)sY(1)sSTR(I) s INCA(T)
- IF (INCA(I).EQ.88) GO TO 12
" CONTINUE C
‘ NTOT
PRINT 3
PRINT 2
RFAD 1s 'DISP

PRINT 4s DISP’

CALL GRAPHX(VW,STR5INCA» NTOT,DISP)

_READ ‘500, ISTOP
. FORMAT (I5)
IF (ISTOP.NE.O) GO TO 501

CALL CCEND
END
. SUBROUTINE .

-1

(VW(I):Y(I)oSTR(I)’INCA(

GRAPHX(X.Y:INDyNT,DISP

*’FS.Q,*

RED~DEGRADED BAND HEAD

"VIOLET-DEGRADED . BAND- HEAD
SPIKE. MEASURED ON CENTER
RESULT IN NO SYMBOLS. ON PLOTTED LINES. B

I)oI 19NTOT)

)

' COMMON/CCPOOL /XL sXHsYLsYHs CXL sCXHaCYL s CYH:

DIMENSION X(500)sY(500)sIND(500)sXP(3)3YP(3)
XMIN = FMIN(NTsX) & XMAX = FMAX(NT»X)
IA = XMIN/100s = 1 : S
I8 = XMAX/100, + 1
XL = 100,%IA $ XH =. 1004%*I8
DELTX = (XH-XL)/DISP#100,
XL = 1004 -3 CXH = DELTX + 100,
YA = FMIN(NTsY)
; YL= 040 $ YH= 120+ -YA.
CYL = 300.. % CYH = 900,
GL = DELTX/100e¢ + ol
‘NXL = GL '
CALL CCGRID(1sNXLs6HNOLBLS»146) -
CALL CCLBLUONXLs1) "
DO 11 " I=1sNT
CXP(1) = X(I) $ . XP(2) = X(I) e
YP(1)= 105, =Y(I) s YP(2)=0.,0
- NSYM = 0 : h E
1F (IND(I)eEQel) NSYM = 8
IF (IND(I).EQe2) NSYM =4
IF (IND(1)eEQae3)  NSYM = 5
IF (IND(I)eEQe4) NSYM = 2
“CALL CCPLOT(XPsYPs254HJOINSNSYMs5)
11 CONTINUE.
~.CALL CCNEXT
RETURN

END

CM-l pEP INC

VWI1000)sY(1000) sSTR(1000) s INCAL1NCN)

H*///)

XBL 707-1388
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10

11

*

“,75-, -

DO 10 ~I=1sN ,
CIF (X{I)eLTeA) - A = XII)
CONTINUE :
FMIN = A = L.
RETURN ' - :
END L
FUNCTION - FMAX(NsX)
DIMENSION X(100)
B = X(1) L
DO 11 "I=1sN
IF (X{1)+GT4B) B = X{I)
CONTINUE ’
FMAX = B
RETURN
END
SUBROUTINE CCLBLI(NX1sNY1)
COMMON/CCPOOL/XMINS XMAXs YMIN» YMAX9CCXMIN,CCXMAX9C(YMIN’FCYMAX

COMMON/CCFACT/FACTOR

1SZERO=0

XD=XMAX~=XMIN $YD=YMAX~YMIN
' CCXD=CCXMAX~CCXMIN $CCYD=CCYMAX~-CCYMIN

X1=XD/FLOAT{NX1) $YI=YD/FLOAT(NY1)

KSIZE=1 = . SKORIENT=1

LABEL FROM RIGHT TO LEFT ALONG THE X=AXIS+e

PO 2° NX=1SZEROsNX1

CCXaCCXMAX=CCXD*FLOAT (NX) /FLOAT (NX1)

Xa (CCX=CCXMIN) *#XDACCXD+XMIN , : S
SET X. TO A TRUE ZERO IF X=0. T0 WITHIN’MACHINE ACCURACY.
IF(ABS (X/XI1)alTa1e0E=61X£04 R ‘
WRITE(98928)X

CALL CCLTR(CCX+6.*FLOAT(KSIZF)/FACTORo

CCYMIN- 7J.*FLOAT(KSIZE)/FACTORoKORIFNT’KSIZE)

KSIZE=1 . $KORIENT=0

LABEL UPWARD ALONG THE Y-AXIS.

DO 3 NY=I5ZEROsNY1

CCY=CCYMIN+CCYD*FLOAT(NY) /FLOAT(NY1)

Y= (CCY=CCYMIN)#YD/CCYD+YMIN . ,

SET Y TO A TRUE ZERO IF Ya0. TO WITHIN MACHINE ACCURACY.
TF(ABS (Y/YI) el TeleDE=6)Y=0, ' i
WRITE(98+2T)Y

CALL- CCLTR(CCXMIN- 70.*FLOAT(KSIZE)/FACTOR’CCY,KOQIENT:KSIZE)
FORMAT(E1Y.2)

28 FORMATI(FT7.,0)

RETURN
END .

XBL 707-
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- :_v'_-. " . v .
3. NOSORT calculates the combination differences}dAgF (3), for CaO18

- from thefspectrcscopic constants of CaOl6 and plddAs;illustrated .in
Figure B-2 | o

. " - R ) 1" e 1"

AF (J) = R(J-1) - P(J41) ='F_ (J+1‘)}_+-*"F‘v (J-1)

‘where FVW(J);is the euergy of the J—rotaticnal'le;elcof the lower
vibraticnal‘state. Thus the energy difference Between one'line in the -
R—brauch and one - llne in the P-branch is known The energy of R(J—l)
is calculated and every llne in the region [SCAN!+ R(J l)] to [R(J 1) - SCAN]
s assumed to ‘be a possible candidate for R(J- l) The combination |
dlfference A F (J) (IERR) is added to the poss1ble R(J l) lines and the:”a
ﬁrogram searches for P(J+l). If a palr of llnes w1th the proper energy
» dlfference is found, a relatlve energy for the F (J) level (called EAVE)
is calculated using the energies of P(J+1) and R(J 1) plus the
spectroscoplc constants of the lower v1bratlonal state. All the'EAVE‘s
found for - all the J values considered (JSTR<J<JEND) are plotted on a
scale of.relatlve energy vs J(J+l).(see F1gure B—3); The quantity SL*J*(J+1)
was substracted from EAVE so that the plot would be horizontal and -
graph paper‘not wasted. ' The numbers plotted in each case represent the
relative iutensities of the P-line, the A's indlcate the calculated
aenergy df P(J+l); and the circled numbers indiéate combinatiOnSFWhiCh
‘have been_aSSigned to the (0,0) band. Notice the éerturbation at J 38:

‘A similar program is described in_Kopp,:et'al.g_l965.
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Fig. B-2. Plot illustrating the equations =
A"F(9) = R(I-1) - P(I#1) =F " (3+1) = Fy(I-1)

r(J-1)

B A21F(J)=R(J) _P(J) = }‘?‘V".‘(vJ.‘.lﬂ)"-_. FV
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The coordinates are energy vs J(J+1).

Samplé plot of the program NOSORT..

Fig;vB—3.

“Each number-fepresents a possible_assighment of P(J+1) and R(J-1), the A's

indicate the'calculated energy~of’thé J rotational level and the circled

" numbers show the combinations which have been assigned to the (0,0) band.
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PROGRA“ NOSORT(INPUT»OUTPUT’TAPE98’°LOI,TAPF99 PLOT)
DIMENSION Q(SUJ)QDFN(BUU)9X(25ub),\(25d')9‘YW(25UJ)$
1 FV1(175) oFV2(125)sDIFF(125)sR{125) . .
INTEGER. SYM. - =
SL= .3659
NPISP=200, -
I=1.
3 READ 12~,5(1)¢DFN(I)
12v FORMAT (12X3F1242913XsF542)
" OIF (S{I)eEQelev) GO TO 10
I=1+1
60 TO 3

13 ISPECT=1~-1

READ 14,TF1.OF190FXF1yOFY¢]98“],AFlnyl,Pfrl,HflpuFl’GrF]

READ 14’7t2sOEz,OEXEz,OEYE?,BE?’AED,Dt79bt 7,HE7’GE7,C Lo
14 FORMAT (8F1ll.2)

RHO = 959415

QE1l= RHO*OFl .

OEXE1=RHO**2¥0EXE»

OFYE1=0EYE1#RHO* %3

BE1=RE1#RHO*#*2

AE1=AE1*¥RHO% %3

DE1=DE1#RHO* %4

RFE1=REC1#RHO*%5

HE1=HE1#*RHO*#6

GE1=GE1#RHO**7

OE2=RHO#QE2 -

OEXE2=RHO*%*2*OEXE 2

OFEYE2=0FYE2%RHO*#*3

RE2=RE2%RHO®*D : R -

AF2=AE2#RHO®®T ) . '

DE2=NE2HRHOR*4 : '

BEE2=RFEF2#¥RHO**5

HE2=HE2#RHO®*6

GE2=GE2¥*RHO**7 :

PRINT 9099TL19Tt2v0E1aoc2soEXE1,oCXrDsOLYcl’o_YL7.PL19Pr7a

1AE19AE?9DL1,DL29HEE1,*Ef?,HLl,HFZ’G lgaL?;G[r19rLE?

999  FORMAT (//3X%5TATE 1%28X%*5TATE 2%/ //aX#TE=sp 10,291 7X%Tr=%F15,3//3%
1#OE=#F 12,29 1 7TX%0OF=#F 1242/ /2X*0CEXE=#F10 441 7X#0FXE=*F10,4/ /13X
2HOEYE=#F1Uat o 17TXHOEYF=#F 1044/ /2X#RE=HF 124 T 1 7TXXRE=HF12 47/ /32X
3*AE=*F12.8’17X*AE=*F1?.8//3X*DF=*FI2.4’17X*DF=*F1?.4//?X*REF=*
4E11 a4 7XHPBEESREL L a4/ /AXKHE=HELD b9 1 TARAE=¥E1 D g4/ /AXRGE=X¥E1 20t s

: B17X#GE=#E12,4//3X%GEE=%F11, 4’17A*FF’ ®¥E11. 4//)

179 READ 149ERR ) .
IF(ERR«FNLDe0) GO TO 10C0
READ "14s GCAN

29 READ 2y V1sV2
2 FARMAT  (3F1v.5) .
31 READ 79l sJSTRsJEND

701 FORMAT (2110) - ' : o : :
PRINT 41,V2sV1 o

41 FORMAT (IH1%DATA FOR VIsV!t# 2F5,1) ' ' E
- PRINT 787s SL -
787 FORMAT (2X%SL=#F1045)
: C=V1+s5
ND=V2+e5

VOU=TE2-TE14+0F 2% =¥ ¥ 2% (FTXEP~D*¥DFYE2 ) =UF R4 CH X% (OF Y=o GEYET )

XBL 707-1396 .
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1 +742525 -

Ryl= BE1=-AEl%C
DVI=DNEL+REELH*C
HV1=HE1=GE1¥C
RV2= BE2-AE2%D
PV2= DE2-3EE2#D
HV2=HE2=GE2#%D -

DO 2C  J = JSTR s JEND

F=A+1.U . .
FVI(J)=RVI*ARF-DVI*(A*F)¥#)D
FV2(J)=RV2#ARE- DV9*(A*F)**2
CONTINUE
- JAZZ = JEND -1
DO 35 J = JSTRsJAZZ
R(J)= VOG+FV2(J+1) =FV1(J)
CONTINUE
JSTOP=JEND=2
NO 5 I =JSTR»JSTOP
Jl=14+1 :
S J2=1+2
NIFFIJYI)=FV1(J2)=FVI1(I)
PRINT 6

FORMAT (2H1 *J#*TX¥NTFF*9X#TRUF#9X%P LINF*7X*[NT P #7X*R LINF*7A*

1INT RUTXHENERGY#BX#E=DIFF*)
‘NO=0

Jo= JSTR+1
NO 7 I=J0sJSTOP
NO=NO+1

IF(NO«GT42500) GO TO 29
SYM(NO) =1HA
CXINOYSTI#(I+1)
Y{NQ)=FV2(1)-SL#X(NO)
PRINTL14sIsDIFF(I)sFV2(I)
FORMAT (2X91593XsF10e2s3%XsF10 2)
PRINT 19sX(NO)sY(NO)
/SC1=R(1-1)+5CAN
§C2=R(I1~1)=SCAN
PO 8 IN=1sISPECT
IF (S{IN)4LE.SC1) GO TO 11
-CONTINUE
. JSCAN1= IN
DO 9 IT=INsISPECT
S IF (S(ITYeLFeSC2) GO TO 13
CONTINUF
JSCANZ= IT
DO 12 J= JSCAN1sJSCAN2
F1=S(J)=DIFF(I)+ERR
F2=E1-~2,.#FRR '
PO 15 M = JsISPECT
IF{S(N)LTeF1) GO TO 101
GO TO 15
TTIF(SIMN) WLTeF2) GO TO 12
NO=NO+1
IFE (NOJGTL250L0) GO TO. 29
EP=SIN)=VUJ+FVI(I+1)
FRES{J) -V Iu+FV1(I=-1)
X(NOY=I%(1+1)
FAVE=(FR+EP) /2,0

XBL 707-1397
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TEDIFF=EAVE-= FV2(1) -

Y{NO)=FAVE=SL*¥X(NO)

CNDEN={(DEN{N)+5,0) %41

"SYM(NO)=10-NDEN

SYM(INO)Y=SYM(NO)+33B

CSYMINOY=LEFT(SYMINOY»54) L

PRINT 19 9a(N)’DFN(N)9b(J),DFN(J)oEAVF,EDIFF;Y(NO)
FORMAT (33Xs7(3XsF10, 2))

" CONTINUE

CONTINUE

CONTINUF
60 TO 490

no=No-1 - | . :
"CALL GRAPH(XyY’SYM)NQ’DISP)‘

GO TO 1wo

CONTINUF
CALL chNn

END

SUBROUTINE GRAPH( X’ s SYMo NT’DIDP)
cnwAON/CLPOOL/XL9XH,YL.YHscXL,cxH,cYLsCYH
HI4ENSIO\ X(3750)sY(3750)»5YM(3750)

XMIN = FMIN(NT»X) 3 XMAX = F4 AX(NT9X)

IA = XMIN/100, - 1
I8 = XMAX/1U0, + 1
XL = 1vUg*IA § XH = 10N,#1IR

DELTX = (XH-XL)/DISP*100,
CXL o= 1v0, $ CXH = DELTX + 100,
YMIN=FMININTsY) §  YMAX=FMAX(NTsY)
TASYMIN=24Y :
I1B=YMAX+2au
YL=1A
YH=1B :
CYL=20u,4 $CYH= 900, -
GL = DELTX/100s + o1
NXL = GL
NYL=10
_CALL CCGRID (NXLs6HLABELSINYL)
PO 11 I=1» NT -
YPs (Y(T)=YL)#{CYH=-CYL)/( YH=-YL)%CYL
XP=(X{I)=XL)#{CXH=CXL)/Z (XH=XL)+CXL :
CALL CCLTRIXPsYP3Ds1sS5YM(TI) 1)
CONTINUF

CALL CCNEXT

RETURN

END .

FUNCTION . FMIN(NsX)

DIMENSION. X(100)

A = X(1)

DO 10 I=1,N ,
IF (X(I)elLToA) A

CONTINUF :

FMIN = A

RETURN

END Sl :

FUNCTION FMAX(N»X)

DIMENSION X(100)
8 = X{(1) :

PO 11 I=1sN L
IF (X{I146T4R) A

CONTINUE -

FMax = 8

RETURN

END

X(1)

X1

 XBL 707-1398
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L. §éi§;ie bgsicaily the'eamevpregram aSANOSdﬁTLQniy after an R(J;l)
and.f(J+l)'ie found to satisfy the lower‘state eogbination difference,
a P(Jei)imﬁst.dlso be found to satisfy the uppef'eﬁefe combinafion
differeﬁeevfer (J-1). Thevﬁpper state differenees;(DI) afe.reed in’

by statement 38.
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PROGRAM 80TH (INPUT’OUTPUT’TAPF989PLﬁTaTAPE99 PLOT) '
DIMENYTON S5(8UJ)sDENIBOD) s X(250U0) 9 Y {2500) sSYM(250C)
1 FV1(125)sFV2(125)9sDIFF(125)sR{125)
DIMENSION DIF(125) -
INTEGER SYM

L 5L=43655
')ISP"ZU.}.
1=1

“READ 124 ,J(I),DFM(I)
FORMAT (12X9F1Ue2913XsF542)
“IF (S(I)eEQeTeU) . GO TO 10
“I=I+l .
60 TO 3
ISPECT=1-1
READ 145TE1s0E1s0EXEL1»OEYE LB [loAFlohcl’Bcrl9HCI’JF1!GFEI
READ 14’lt?;oLz9OEXE7’OEYL2yHtZ’AE?99E79BLC?,HE7’GE?’GEE?
FORMAT (8F1lu,e?2)
RHO = 4959415
OF 1=RHO*OE1
DEXE1=RHO*%#2%0FEXEK
 OFYE1=OEYE1#RHO#*%3.

“RE1=8E1%#RHO*%D -

AE1=AC]*RHO% %3
DETI=DE1#*RHO**4 .
REF1=REF1¥RHO**5

L HE1=HE1%#RHO*%6

GE1=GEL1*RHO#*%*7

“ OE2=RHO*0E2

OFXE2=RHO**2%¥OEXF 2
OFYE2=0F YE2¥RHO* %3
BE2=RE2*RHO** 2

. AF2=AE2*RHO**3

999

1J0

337

31
7u1

752

787 °

NF2=DE2¥RHO** 4

BEE2=BEE2#RHO%*¥%5

HFE2=HE2#RHO** 6

GE2=GFE2#RHO** 7

PRINT 9993Ttl’TF7’OF1’OE7’OEXC1’OFXE?’OFYF19OEYt?’BE1’dE7’
1AF19AE2sDFIsNE2sAFFEIsPFEF29HE1 s HE D9 GF 19 GE 2 GEF]1 s GEFD

FORMAT (//3X#STATE 1#285X#STATE 2#///2X%TE=xF 124321 TX#TF=%F12,3//3X
1#0OE=#F 12391 TA¥OE=#F 1763/ /3X#NEXE=%#F 10491 TX*OEXE=%#F 10,4/ /13X

C2HOEYE=#F1Ue 49 1 TXRNEYE=#F 1044/ /3X#BE=#F 12731 7TX*RE=%F12,7//3X

BUAC=%#F 12,89 1 TXHAE=%#F 1248/ /3X%NE=#F5172, 4’17X*DF *¥E12e4//3XXBEE=H
4E11et4 s 1TX¥BEE=#*FE1144//3X#HE=%#E1244 9 1 7TX*HE=#E] 74 4//3X#GF=HE12 4 b
517X*GE=#E12.4//3X¥GEE= *Fl].4’17X*FFC #2771, 4//) ’
READ 142.ERR
IF(ERRW.EQ.U4D) GO TD 1000
RFAD 14»FRR2 i
"READ 14»s SCAN
READ 29 V1sV2
_FORMAT  (3F10.5) :
READ 701 sJSTRsJEND
FORMAT (211v) .
PRINT 41sV2sV1
JFORMAT (1HI#DATA FOR VgVt 7F‘o1)
PRINT 752+ERRsERR?
FORMAT (1X92F1043)
PRINT 7875 SL
FORMAT (2X%#S|. =#F10,5)
C=V1+e5 '

© D=V2+e5

- XBL 707-1399
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VOO TF2 TF1+OF7*D D**z*(OFXF? n*o:ch)—051*c+r**7*(opx51 c*opycly
1 +742525 .

BV1= BF1-AEL%*C
DV1=DE1+BEE1*C
HV1=HEI1=GE1#*C
Bv2= BE2-AE2#D -

DV2= DE2-8EE2#D
HV2=2HE2=-GF2#%D _
DO 20 J = JSTR » JEND
A=J ’
FaA+led : , :
FVI(J)=RVI*A#F=DV1*(A%F)*#2
O FV2{J)=BV2¥AXF-DV2# (A%F )% %2
2 CONTINUE '
JAZZ = JEND -1
DO. 35 J = JUSTRsUAZZ ‘
ReJ)=, VOO+FV2(J+1) =FV1(J).
35 CONTINUE ~ .
JSTOP=JEND=2 -

DO 5 I=JSTRs»JSTOP

J1=I+1
S J2=1+2

5 . DIFF(Jl)—FVl(JZ)—FVl(I)
NO=0

42 NA=O
JAP=0

. 38 READ37sJAsDI

37 “ FORMAT (155F1045)
TOP=JA+D1 _
IF(TOP.EQ.040) GO TO 39
NA=NA+L o
IF(NACEQ.1) JO=JA+1
DIFtJAY=DI
JAP=JA
. GO TO 38
39 JSTOP=JAP+1
s " IF(JAP.EQev) GO TO 1000
~PRINT 6 N
6 FORMAT (1X*J*25X*P(J+1)*7X*INT P*7X*R(J 1)* TX#*INT R*7X*FT EC¥*
1 7X#DIF LOWRTX®DIF UP*TX*P(J-1)%)
NO. 7 1=J0»JSTOP ;
 NOSNO+1 _
_ IFANO.GT,2500) GO TO 29
" SYM(NO)=1HA :
TX(NOY=I#(1I+1)
. YUNO)=FV2(1)=-SL*¥X{NO) T
PRINT 114sIsDIFFII)sFV2(I)sDIF( I=1)
114 - FORMAT (2Xs1593(3XsF1062))
“ PRINT “199X{NO)sY{NOY
SC1l=R(I-1)+SCAN
©$C2=R(I=1)=~SCAN
. DO 8 IN=1,ISPECT- _
. 1IF (S(IN).LE.SCI) GO- TO--11
8 © . CONTINUE ‘
‘11 . JSCANl= IN .j
: DO 9 IT=IN»ISPECT ‘
IF (SUIT)eLELSC2) GO TO 13

o B , R XBL 707-1400
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9 . CONTINUE
13 . “JSCAN2= IT.

: < DO 12 J= JSCANlpJSCANZ
E1=S(J)=DIFF(I)+ERR '
E2=F1=-2,U*ERR
PO 15 N = JsISPECT
IF(S(V).LT F1) GO TO 101
0 TO 15 .

101 IF(S(N).LT.EZ) 60 7O 12

© E3=S(J)=DIF{1=1)4+ERR?2
E4=E3=24U%ERR2
DO 16 NU=JsISPECT
IF (SINU)LTLE3) GO TO 102
Gn To 16 o
122 IF (S(NUYGLT.F4) GO TO 15
: UP=S{Jy=5(NU) -
ROT=S(J)=S(N)
NO=NO+1 -
CIF (NDWGT.250u) GO TO 29
FP SIN)=VUO+FV1(I+1)
FR=S(J)=VUJ+FV1(I~1)
XINO)=T#(I+1)
FAVE=(FR+EP) /240
FDIFF=FAVE= FV2.(1)
Y(NO)=FAVE=SL¥X(ND)
NDEN=(DENIN) +540)%41
SYM{NO) =1U=«NDEN
SYMINO)=SYMINO)+33R
SYMINO) =LEFT (SYM(NO)»54)
PRINT’ 1990(N)9DEN(M)’b(J),DFN(J)oFDIFF9HOT’ UpP .S (N

19 FORMAT (20X98(3XsF1Ue2))
16 CONTINUFE
15 . CONTINUE
12 CONTINUE
7. CONTINUE
. GO TO 42

10069 CONTINUE

GO TO 47
29 i MO=NO=~1
49 CALL GRAPH{XsYsSYMsNOsNISP)

CALL CCFEND

END

SUBROUI INE . GRAP/1{ Ks¥sSYMsNTsDISP)

COMMON/CCPOOL/ XL s KHs YL s YH s CXL » CXH» CYL s CYH
NIHENSTUN X(3750)5Y (37500 55YM(3750)

XHIN = FMININTsX)  §° XMAX = FYAX(NT»X)

IA = XMIN/1Uve = 1
18 = XVAX/10%. + 1
XL = 100e%IA 5 XH = 100.%IR

DELTX = (X-=<L)/DISP*100,

CXL = 100e $ CXH = DELTX + 100,
YMINSFMIMINTsY) & YMAX=FMAX(NTsY)'
TASYMIN= : ' ‘
TR=YMAX+240
YL=TA
YH=IR
CYL=200s $CYH= 900,

GL = NDELTX/109e¢ + o1

NXL = GL - -

“ XBL 707-1401
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NYL=1C
CALL CCGRID (NXL 64L“””L9 NYL)

PO 11 I=19 NT o
YP= (Y(I)=YL)#(CYH- CYL)/( YH‘YL)+CYL
XP={(X(T1)=XL)#*{CXH=CXL)/ [ XH=XL)+CXL
CALL CCLTR({XP, Yp,n,1,>YM(I),1) ' '
CONTINUE.
CALL CCNEXT
RETURN '

CEND

FUNCTION FMIN(NsX)

'_DIMFN%ION X(1w0)

11

A = X{1)
DO 10 I=]1sN S
X{I):

CIF (X(I)elLT, A) A =
COVTINUE
CFMIN = A
'RETURNv
END :
. FUNCTION ~FMAX(NsX)
DIMENSION  X(10U) .
' R = X(1)
DO 11 I=1sN -
IF (X(I)eGTWB) B = X(I)
CONTINUF : S
FMAX = R
RFTURN
END

XBL 707-1442
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5. ‘I'EL]Z'-‘.:.l‘:f'calcul:ates and plofs A2F(J)/h(J+—]2'—) v’s“..“-‘(J%)e (see Eq. 3)

for both ﬁﬁe.upper éhdvlower state levels. Sampie'piots for the.(0,0) 

| Band are ‘'shown in Figures B-4 and B-5. A sampl¢ daﬁa deck for ﬁhe (h,2) 
band isbaisQ given. The fifsf card hgs,the vibrétiohal numbering

(k.o, 2.0),che next has the lowest and_highest'J;ﬁﬁibers for the R-

aqd P—brapéhes up to the first pérturbation, théﬁ;phé assigned R and.P
lines are listed in order, thé hext set of J—numbérsigiven, ete. Thé
deck is endéd by a blank cardf' Sevéral;data deéks for different bands 
can be prQCessed at.once. A card with 100. in.£h¢ fifst four columns

‘signals'the end of the input data.
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Fig. B-k. Plot of 4," F(J)/M(J*%) vs '(J%)g.for the (0,0) band
' from program TELL 1. See Eq. 3. 0 ‘
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155

-BVH(IH)=HDIFF (IH)}

.—90—

-PROGRAM TELL1 (INPUTvOUTPUT’TAP=98,PLOToTAPE99 PLOT)

DIMENSION XL(150)sXH(150)

DIMENSION JH(150)’HDIFF(IBO)’JL(lSO)oBDIFF(ISO)9P(150)9R(150)

DIMENSION BVH(ISO)vBVL(lSO)902L(150);DZH(150)

G- 00 157

~ CONTINUE

PRINT 3785 VHsVL

FORMAT (1H1#VHsViL= #2F541)
IH=0 -

IL=0 2

READ 1 JRLsJRHsAPL s JPH
"FORMAT (415)

‘DsJRL=URH _
"TF (DeEQ.V4U) GO TO 155
DO .4001=1,150
P(I1)=0eV
R{1)=0s0

- CONT.INUE

CREAD. 25 (R(1)»TaJRL> JRH)
'READ 2y (P(I)sI=JPLeJPH)"
FORMAT (12X9F10o2)

..JS®JRL
IF (JPLoLToJRL) JS=JPL

JE=JRH
IF(JPHeGT o JRH} JE=JPH
PRINT 35 (JsP(J)sR(J)9J=JSsJE)

FORMAT (1Xs1595XsF104295X9F1042)
-JO=JPL=~2

IF{JOsLESL) GO TO 403
IFIR(JO)Y4EQeO, 0) GO TO 402
IL=1L+1
BDIFF(IL)=R(JO)?P(JPL!
JL‘IL)'JPL 1
XL(IL)B(JL(IL)+Q5)**Z
BVL(IL)=BDIFF(IL)/(400*(JL(1L)+.5))
IF(IL.EQe1)D2L(1)=040

- 1F (ILeEQel ) GO TO 402

D2L(1L)a0,0

CIR=EJLUIL)-JL(IL=1)

IF(JBsNELL1) GO TO 402
DZL(IL)=BDIFF(IL)-BDIFF(IL 1)_

IFCR(OJPL) «EQe040) GO TO 403

TH=IH+1

7HDIFF(IH)=R(JPL)—P(JPL)
CJHUIH)=JPL

XH(IH)ﬂ(JH(IH)+75)**2

IF(IH4EQel) D2H(1)=0,0

. IF(1HeEQ41)GO TO 403
- D2H{IH)=0,0 A
JIB2JH{IH)=JH({ IH-1)
"IF({JBeNE¢l) GO TO 403
.DZH(IH)uHDIFF(IH)-HDIFF(IH-I)
T JPLBJPL+1

IF (JPLeLE&JPH) GO TO 401
6o To 100
. CONTINUE

(4.0*(JH(IH)+.5)Y
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181

l9

18

17

20

157

o1

- PRINT 181 sVHsVL

FORMAT({1H1*LOWER T TATE OF *ZFS 1/1X*J*4X*C DIFF*AX*?ND DIFF*

1 2X*BV#)
PRINT 17a(JL(I)yBDIFF(I)tDZL(I)’BVL(I)!I =1 IL)
JIN=0
PO 19 J= 1sIL
S IN=IN+1
, BVL(IN):BVL(J)
XLOIN)Y=XL(J) S
IF(BVL(J}eGT«0s840R, BVL(J).LT Oel) IN=IN-1
IL=IN . o
CALL GRAPH ( XLoBVL IL)
CALL LINE XLoBVLoIL)
PRINT 18 s VHs VL

FORMAT (1H1*UPPER STATE OF *2F5.1/1X*J*4X*C DIFF*AX*ZND DIFF#*

1 2x#BVit)

- PRINT 179(JH(I)’HDIFF(I)oDZH(I)'BVH(X)oI 1sIH)
" FORMAT (1Xs1553(5X9F1045))

IN=0

DO 20 J =1sIH

IN=IN+1 _

RVH(IN)=BVH(J)

XHEINY=XH(J) L
IF(BVH(J) eGTe0e8eO0ReBVH(J) oL To00l) IN=IN=]
TH=IN

" CALL GRAPH .{ XH»BVHsIH)
CALL LINE (XHsRVHe TH)

. READ S5seVHsVL ' -

FORMAT(2F10,2)

IF (VHeLTo99.0) GO TO 156

'END
SUBROUTINE GRAPH (X»sYsNT)
COMMON/CCPOOL/ XL s XHs YL s YH » CXL s CXHs CYL» CYH
DIMENSION ROUND (4).
DIMENSION X(150)sY(150)
XMIN=FMIN(NTsX) $ XMAX=FMAX(NT»X)
IR&2XMAX+440

1A=0 .

XL=1A $ XH=18

NXL=12

NYL=7

' CXL=100. $CXH=1300,
CYL=20U, $ CYH =900,
NROUND=4
ROUND( 1) =140

“ROUND(2)=240

ROUND(3)=245
ROUND(4) =560
CCALL LINEUP (YoNT» ROUND’NROUNDiNYL’YLsYH)
CALL CCGRID (NXLs6HLARELSsNYL)
caLL CCPLOT (XsYsNTs6HNOJOINS8s1)
CALL CCNEXT
RETURN
END :
FUNCTION FMIN(N»sX)
DIMENSION - X(100)
A= X(1)
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DO 10 I=1sN

IF (X(I)eLTeA) A = X(I)
CONTINUE .

FMIN = A

RETURN

END

FUNCTION FMAX(N»sX)

"DIMENSION X(100)

B = X(1)

. DO.11 I=1sN

11

IIEND

CUIF (X(I)eGTeB) ‘B2 X(I)

CONTINUE

FMAX = B
RETURN -

 SUBROUTINE LINE (X»sYsM)
'DIMENSION X(150)sY(150)
"TA=0 :
“CONTINUE
. $X=0.0 : T o :
"8Y=040 o _ . A S o . '
SXY=0 4 . - . - ) ) . (.,

'."SX2=U.0

DO 1J =1sM
SX=SX+X(J)
SY=SY+Y(J) -
SXY=SXY+X(J)*Y (™)

ISX2=8X24+X Sy uR2
"CONTINUE

- R=M .
DER#SX2=-SX*%#2

L Cl= (R*SXY=SX*SY)/D

€22 (SX2%SY~SX*SXY)/D

PRINT 7,c1.c2

FORMAT (1X*LEAST SQUARES FIT OF LINE. c1 x+c2 Y%/10X%C 1=
E1245/10X¥C2=%E1245) , .

IF(1A.GTav) GO TO 7

T TEST=.015

Jeo

"TA=1+1A

DO 4I=1M
YT=C1l#X(I)+C2

Dl= ABSUYT=Y(I)) )
TF(DI«GTe TFST) GO TO 5
Jsd+l N
X(J)=X(1)

oYt =YD

GO TO 4 . o
PRINT 6sX{I)sY{(I)sDI.
FORMAT (7//40X93F1565)
CONTINUE

M=J

GO 7O 3

~ . CONTINUE

'RETURN
END
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40
25

46

45

52

2.0
2y
12884,
- 12883,
12882,
12880,
12879,
12877,
. 12876,
- 12875.
12873,
12872,
L 12870,
. 12868,
12867,

blank

A7
59
85
81
56
43
20

B7 .
63

14
78
41
31
6O

14

blenk .

blank
‘blank
blank

12854,
12848,
12849,
12847,
12844,
12842,
12839,
12836,
12834,
12831,
..12828.
12825.
12822.
12819,
12816,
012813,
12810,
12803,
12800.
12797,
12793,
12789,
- 12786,
12781,
12774,

48

12850,
12848,
12846,
12843,
12841,

‘12838,
12831,
12775,
12771,

33
56

45

29
16
25
63
99
41
T2
84
97
86
96
83
80

47

09
o4

59 -
oy -

57
92
29
49

71,

54
86
56
12
64
05
58
61

o7

14

93—

52 61
61 .69
blank

Sample Data Deck for the (4,2) Band -

127674132

S 1276317
12759.05
-12754,%2

“12746449

54 63
12832.11

0 12833,40
S 19830,35
©12827.45

126825,07

12821479
.12818.80
12814499
12810449

12803,94
12752.90
12746449

1 12762,04
T12737.72
©12733,50
12728,79
- 12724,05
' 12718.83

12712,68

12704, 65

63 .. 71

- 12811,.56
12806409 -
12802.93

12799.,37

12796415

12792.46

12789,05

12784,81

12782,58

12712,01
12705457

12700463

12695.44 -
12690,65
12685,36

12680,61

12675458
12670,68

XBL 707-1378
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6. TELL 2 calculates and plots T/4J vs J (see Eq. 4). The same data o

deck setup"used for TELL 1 can be used here.‘ Samplé plots are shown

in Figs. 8—13.



156
378
100

155
157
25

10

;95i

"PROGRAM TELLZ(INPUTOOUTPUT’TAPE98’PLOT9TAPE99EPLOT)

DIMENSION R(150)0P(150)nX(150)’T(ISO)

GO TO 157
'CONT INUE-
PRINT 378s VHsVL

" FORMAT (1H1*VH»VL= *2F541) -
Iy=0. v

READ lyJRL’JRHoJPL’JPH

FORMAT (415)

D=JRL=JRH : .
IF (DeEQeVov) - GO;TO 155

DO 31=15150

R{I)=0,0

P(I1=0,0

CONTINUE -

READ 2» (R(I)sI=JRLsJRH)
READ 29 (P (1) s I=JPLsJPH)

"FORMAT (12X3sF1042)

JTEST=JRH+1

. JaJRL+2

TF{JeGTLJTEST) GO TO 100

A=J

IF(P(J+1)eEQe0s0sOReP(J)eEQeOs O OR R{J- 1).EQ Oo
GO TO 5 - :

1TalT+1
T(IT)=(R(J=- 2)—R(J 1)+P(J)=- P(J+1))/(4 O*A)v

X(IT)y=A

PRINT 6sX(IT)»TUIT)

FORMAT(1Xs2F1045) : ' I
IF(T(IT)eGTa0e1eOReT(IT) oL Te0e02) IT=1T=~1.

J=J+l

GO TO 4
CONTINUE
CALL GRAPH(XsTs1T)

READ 25sVHsVL

FORMAT (2F1042)

IF (VHeLT499.0) GO TO 156
caLL CCEND :

"END

SUBROUTINE GRAPH (X’Y,NT)
COMMON/CCPOOL/XL’XH9YL’YH’CXLQCXHQCYL’CYH=

DIMENSION X(150)sY(150)

CXMIN=FMIN(NT»X) $ XMAX=FMAX (NT»X)

IF(XMAXsLT¢1004)GO TO 9
JAZXMAX/4e0+140 '
A=JA
NXL=JA
XHa JA*Y4 o
CXH=100,+100,%A
GO TO 1u
CXH=26U0.
XH=IOO.
NXL=25
" XL=U 60
NYL=8
Y0l=402
YH=01‘

.OR.R(J-Z).Eo.o.i.
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CXL=1UUd

~ CYH=900,

CALL CCGRID
CALL CCPLOT

" CALL CCNEXT
; “RETURN
END

FUNCTION  F

".DIMENSION

A = X(1

DO 10 I=1,

IF (X(I),
CONTINUE
FMIN = A

_RETURN

" END

FUNCTION. F

DIMENSION

B = X{1

. 'DO 11 I=1»

11

IF (X(I)e
CONT INUE.

FMAX = R

© RETURN

S END

-96-

(NXL s6HLARELSsNYL)

(XsYsNT s 6HNOJOINS8y1) -

MIN(NsX)
X{100)
).

N .
LTeA) A

X(1)

MAX(NsX) -
X(100)

)

N

GT«B) B

X(1)

XBL 707-1395 -
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7.  ORIGIN calculates and plots [(R(J-1) + P(J))/2] vs 32 (see Eq. 6)
" and the left-hand side of Eq. T vs J. It uses the same data decks as

"

TELL 1 inyvfhe second data card for each band has B, (format 10X, F10.2).

Sample plots are given in Figs. B-6 and B-7..



| -98-

e | R Ly
Fig. B-6. - Plot of [(R(J-1) + P(J))/2] vs J~ for the
. band from program ORIGIN. 1See'Eq.b6.
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Fig. B-T.
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Plot of [BV"-%{J(J+1)[P(J)+R(J_2)] ; (3-1)[P(3+1) + R(3-1)])
vs J for the (0,0) band from prég_x‘a.m ORIGIN. See Eq. T. .

W




156

378

lve

155

157
25

-100-

PROGRAV OQIGIN(INPUT’OUTPUT,TAPF98aPLOT’TAPF99=PLOT)_

D IMENSION R(150)’P(157);X(150)sT(150)
DIMENSION V1(150)sV2(150)
DIMENSION X1(150)

"GO. TO 157
" C6NTINUE
“PRINT 378sVHsVL :
'FORMAT (1H1%VHsVL=#2F541)
READ 79RV19BV2 .
FORMAT(2F1045) .

17T=0 . C

READ 1sJRLsJRH» JPL s JPH

FORMAT (415)

D2JRL~JRH

IF (DsEQ.040) GO TO 155

DO 31=19150 - o

R{I)=040

CP(I11=0,.0

CONTINUE o

READ. 2s (R(I)sI=JRL»JRH).

READ 29 (P(1) 9.1=JPLyJPH)

FORMAT (12XsF104.2)

JTEST=JRH+1

J=JRL+2 '

IF{eGTeJTEST) GO T0 100’

IFtP(J+1) +EQe040.0Rs P(J).FO O. O OR ., R(J 1).FO O 0 ORJRI(J= 231eEQe00)

1 .60 TO 5
AsJ -
IT=1T+1

'Vl(IT)‘BV2+.25*((P(J)+R(J 2))¥(A+1. O)-(P(J+l)+R(J 1))*(A 1 0))

:vz(IT)-(R(J—1)+P(J))/2.
CX(IT)=A*A

X1(1T)=A

“PRINT BQAOVI(IT)QVZ(IT)’X(IT)
FORMAT (1Xs4(3XsF1042))

IF(V2(IT)eGTe1500040s0ReV2(IT)IeLTe IOOOO O)
IF (V1(IT)4GTa15000,040RV1(1T),LT,10000, Y.

J=J+1-
GO TO 4.
CONTINUE

" CALL LINE(XsV2,1IT)

CALL GRAPH(XsV2sIT)
© CALL GRAPH (X15V1sIT)

"READ - 25sVHsVL

"FORMAT (2F10.2 )

“IF (VHeLT499.0) GO TO 156
CALL CCEND
END . R
SUBROUTINE GRAPH (XsYsNT)
COMMON/ CCPOOL/ XLaXHs YL s YHs.CXL o CXHsCYL sCYH
DIMENSION ROUND(4)
DIMENSION X(150)sY(150)
XMIN=FMIN(NTsX) $ XMAXSFMAX(NTsX)
IA=XMIN=4,0 :
I1B=XMAX+4,0

XH=18 -

‘XL=0.0

1T=17-1
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1
2
.10
11
3

—_101—‘ :

CXL=100, $CXH=13004
NXL=12 .
NYL=T :

CYL=200.. $ . CYH =900,

NO=NT+1 S

CYUNO)=FMAX(NT»Y) +25,

NROUND=4 '

ROUND (1) =140

ROUND(21=240

ROUND(3)=245

ROUND (4) =540

CALL LINEUP (YsNOsROUND s NROUNDsNYL'sYL3sYH)

PRINT 1s YLsYH

~ FORMAT (20X*YLsYH=3% 2F1545)

YWHY=(YH=YL) /740
PRINT 23 YWHY
' FORMAT (20X*DIVIZION=# F15.5)
CALL CCGRID (NXLs6HLABELSsNYL)
CALL CCPLOT (XsYsNT»6HNOJOIN»851)
CALL CCNEXT ' g
RETURN
END
FUNCTION =~ FMIN(NsX)
DIMENSION X(100)
A = X{1)
DO 10 I=1sN
IF (X(I)eLTeA) A
CONTINUE
FMIN = A
RETURN
END ‘ :
FUNCTION FMAX(NsX)
DIMENSION X (1U0)
8 = X(1)
DO 11 I=1sN
IF (X{1)eGTeB) B
CONTINUE
FMAX = B
RETURN
END
SUBROUTINE LINE (XsYsM)
DIMENSION X(150)sY(150)
1A=0
CONTINUE
SX=0eU
SY=0.0 »
SXY=0,40
5X2=0,0
DO 1J" =19M
SX=SX+X(J)
SY=SY+Y(J)
SXY=SXY+X(J)*Y ()
SX2=SX2+X(J)y##2:
CONTINUE
R=M :
D=R*SX2-SX## '
Cl= (R*¥SXY=SX*SY)/D :

X(1)

Xtn)
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~END

- -102-

C2- (SXZ*SY SX*OXY)/D

PRINT 2sC19eC2

-CORNAT (1X*¥LEAST SQUARES FIT .CF LINF c1 X+C2 Y*/IOX*CI *

“F10e5/10X*¥C2=%F1545)
TF(IAGT.0) GO TO 7 -
TEST=25, ' ’

T J=U
CIA=1+1A

DO 4I=1eM
YT=C1#X(1)+C2
DIS . ABS(YT=Y(I1))

IF{DI«GT,TEST) GO TO 5

J=J+1

CXAJ)N=X(T)

Y(JY=Y (D)
60 ‘TO &

__PRINT 69X(I)9Y(I)oDI ,
-~ FORMAT (///40X93F15 5)
CONTINUE
oo M=do
- GO 'TO 3

CONTINUE
RETURN

XBL 707-1384
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8.  VIBDIF calculates.and plots.A/Z,véfJQ(see Eq..lO). The input data
is two;TELL,l—data decks of two bands having thevsaﬁe upper'vibrationai

lével.fvbv



14
20
10

11

100

12

- FORMAT: (1H1'20X*(R(J-1)-P(J))/2 -V0+(B'-B")J 2 sT*)
DO 14131»150

-1oh5'

PROGRAM VIBDIF (HNPUT9OUTPUT’TAPE98:PLOTaTAPE99=PLOT)
DIMENSION R(ISO)OP(ISO)’V(ZQZ)S X(150)’T(2,150)9A(150)
PRINT 1:

ST(1s1)=20.0

1029102040 -

CONTINUE

1=1

IF(1.GTa2) GO TO 21
READ 105V(Is1)sV(I52)
FORMAT (8F10,2)

« ”f— ’

S PRINT 11sVU(Isl)s VII2)
- FORMAT(//%#V1,s = Vit= # 2F1042)
“READ 12 ’JRLQJRH’YD‘PLQVJPHY-V i

FORMAT (4I5)
D=JRL=-JRH :
IF({D.EQe0e0) GO TO 155
DO 13 1K=15150
R(IK)=0,40

P(IK)=0,40 _
- . CONTINUE
" 'READ 2 (R(TK)» IKaJRL s JRH) -

READ 29 (P(IK)sIK=JPLsJIPH)
FORMAT (12XsF1042) '
J=JPL -

" IF (JeGTeJPH) GO TO 100

"IF(R(J=1) eEQe0s040RP(J)LEQ, 040) GO TO 5

CT(1, J)=(R(J-1)+P(J))/2 0

PRINT 159sJsT(1sJ)

' FORMAT (3XsI5sF1565)
SJ=J+l '

G0 TO 6

155

21

17

ls

=141
GO TO 20
1T=0

D016 J=19150

CIF(T(13J)«EQe0e0.0ReT(27J)+EQe040) - GO TO 16
ITe1T+1 o

CIF (V(192)eGT .V(z,za YACITY=T(29J)=T(1sJ)
IF(V(152)1eLlTaVI(252)) AlLIT)=T(1sJ)=T(25J)

. X(IT)-H*H

CPRINT 17’J’X(IT)0A(IT)
FORMAT (3XsI592F15.5)

.SIF( ALIT)eGTe8000.04,0R, A(IT).LT-‘IO.) ITQIT—I

CONTINUE

CALL LINE (XsAsITsC19C2)

CALLGRAPH (XsAxIT) T S oy

CALL CCEND _ - S v . S -
END : g :

".SUBROUTINE GRAPH (X’YoNT) . o : : : :
MCOMMON/CCPOOL/XL,XH’YL’YH’CXL’CXH’CYL’CYH ' . R
DIMENSION. ROUND(4) ) . :

DIMENSION X(150)sY(150)
XMIN=FMIN(NT»X). § XMAX:FMAX(NT-X)
" 1A=0
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3

IBEXMAX+4¢0
“XL®TA

"_105_ -

S XHsIB .
CXL=100. $CXH=1300,
UNXL®12. » -
CNYL=T

 CYL=200,° $ CYH =900

" NROUND=4
ROUND(1)®140

ROUND(2)=22,0
ROUND(3)=245

. ROUND!(4)=5,4v

10

CALL LINEUP (Y,NTsROUND»NROUND sNYL »YL>YH).

YH=YH+25,

.. CALL CCGRID (NXLs6HLABELS»NYL)
CALL CCPLOT (XsYsNTs6HNOJOIN5851)

CALL CCNEXT

"RETURN

END
FUNCTION FMIN(NsX)

" DIMENSION X(100)

A = X(1)

‘DO 10 I=1sN
CUIF (X(1)eLTeA) A = X(I)

CONTINUE

FMIN = A
RETURN

END

FUNCTION FMAX(NsX)

" DIMENSION X(100)

B = X(1}

DO 11 IalsN_

11

IF (X(1)eGTeB) B = X(I)
CONTINUE
FMAX = B
RETURN

“END

SUBROUTINE LINE (XsYsMsC1sC2)
DIMENSION X{(150)»Y(150)
1A=0
CONTINUF
SX=U40
SY=0,0
SXY=040
" 8X2=060
DO 1J =1sM
SX=SX+X(J)
SY=SY+Y(J) ~
SXY=SXY+X(J)¥Y ()
SX2=SX2+X (J)##2
. CONTINUE
- RaM

. D=R*SX2- sx**z

- Cl= (R*S5XY~SX*5Y)/D
.C2= (SX2¥SY=SX#SXY)/D
PRINT 2sC1sC2

. FORMAT (1X*LEAST SQUARES FIT OF LINE C1 X+C2=Y*/10X*Cl=%

1

F10.5/1UX*C2=%F1545)
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IF(1A«GT+0) GO TO 7
TEST=10, o

J=0

TA=1+IA

DO 41I=1,M _
YT=C1l®¥X(I)+C2

DI= ABS(YT=Y{(I)) _
IF(DIGT.TEST) GO TO 5
J=J+1 , T
X(J)y=X{(1)

Y(J)=Y(1)

GO -TO 4

PRINT 6sX(1)sY(I)sDI -

FORMAT (///40X33F154¢5)

CONTINUE -

M=d

6o TO 3
CONTINUE.
RETURN
END
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, 'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor. '




I m—e

TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
- UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





