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Measurements of R and Q branch a-type pure rotational transitions in the frequency range from 
8 GHz to 220 GHz are reported for ketene-d! and ketene-d2 . The microwave and millimeter wave 
transitions were analysed in terms of Watson's reduced Hamiltonian, including the sextic terms 
HKJ and HJK • The values of the inertial defect and the r defect obtained from the centrifugal 
distortion analysis are in accord with the planar model for the ketene molecule. 

I. Introduction 

The importance of ketene for synthetic work, 
coupled with the fact that it has a relatively simple 
and symmetric molecular structure, initiated spec-
troscopic investigations comparatively early. It was 
the subject of some of the earliest microwave 
studies 1 - 3 . 

The analysis of the infrared vibrational spectra 4 

and the microwave studies of pure rotational transi-
t ions1 - 3 , 5 have given us information about the mo-
lecular geometry and confirmed the Cov symmetry. 
Thus, relatively dependable rotational constants 
have been obtained for the H2 , HD and D2 sub-
stituted species 1 _ 4 . It has also been concluded on 
the basis of the vibrational and rotational spectra 
that the ketene molecule is planar. This conclusion 
came mostly from the symmetry properties of ro-
tational and rotational-vibrational transitions. There 
has been only one paper, by Johns, Stone and Win-
newisser 6, in which an inertial defect value for H2 

ketene could be derived from the combined analysis 
of infrared and microwave data. 

In the present paper we attempt to fill some gaps 
in the knowledge about the deuterium substituted 
species. We have measured sufficient millimeter 
wave transitions to perform the centrifugal distor-
tion analysis for both ketene-dj and ketene-d2. 
These analyses have yielded, in addition to refined 
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rotational constants, the quartic and sextic centrifu-
gal distortion constants, values of the inertial defect 
and the r defect. Comparison of these inertial defect 
values with values calculated from a normal co-
ordinate analysis supports strongly the planar model 
for the ketene molecular structure. 

The frequency predictions of pure rotational tran-
sitions together with their calculated standard de-
viations provide a basis for a possible search for 
interstellar deuterated ketene molecules. 

II. Experimental Procedures 

Both deuterated ketenes were prepared using a 
modified Hurd-lamp7 by pyrolysing hexadeutero-
acetone and partially deuterated acetone. In the 
process of producing ketene-di, following the meth-
od reported by Moore and Pimentel 4, both normal 
ketene and ketene-d2 are also synthetized. We have 
not attempted to separate these species since in the 
vibrational ground state studies their presence has 
caused no problems. The pyrolysis of acetone gives 
a number of by-products apart from methane, prin-
cipally C0 2 and ethylene. These molecules are, how-
ever, nonpolar and therefore their presence in the 
sample does not lead to disturbing lines in the ro-
tational spectrum of the ketenes. However, in order 
to avoid pressure broadening of the ketene absorp-
tion lines a distillation procedure was applied to 
remove all of the heavy methane and C 0 2 , and most 
of the heavy ethylene. 

The measurements of centimeter wave lines be-
tween 8 and 18 GHz, and between 24 and 36 GHz 
were carried out using a Hewlet-Packard 8460A 
Molecular Rotational Resonance spectrometer. A 
Stark modulation of frequency 33.33 kHz and a 
two meter X-band Stark cell were employed. 

The millimeter wave range rotational transitions 
were measured by means of a spectrometer having 

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



L. Nemes and M. Winnewisser • Rotational Spectra of Deuterated Ketenes 273 

a 2.5 meter free space absorption cell. The sources 
of radiation were different OKI klystrons in the 
frequency range 28 — 45 GHz. By means of har-
monic multiplication the whole range between 50 
and 250 GHz could be covered. In order to increase 
the precision of the measurements and the detect-
ability of weak lines data acquisition utilizing a 
PDP-8/I computer was applied, as described by 
Winnewisser8. This system provides an enhanced 
signal-to-noise ratio by means of signal averaging 
and smoothing. Frequency determination is per-
formed by the computer using a line-center calcula-
tion program 9. The accuracy of these measurements 
is believed to be better than ± 20 kHz for the stron-
ger lines. 

Sample pressure in the room temperature cell was 
in the range 10 — 50 • 1 0 - 3 Torr. 

III. General Features of the Pure Rotational 
Spectra 

The microwave and millimeter wave rotational 
spectra of the deuterated ketene molecules show the 

structure expected for a-type transitions of slightly 
asymmetric prolate top molecules. Although deute-
ration introduces more asymmetry than is the case 
for normal ketene, the asymmetry parameters do 
not change significantly. The value of x. is — 0.99722, 
- 0 . 9 9 4 8 9 and - 0 . 9 9 1 4 4 for ketene-h2, ketene-dj 
and ketene-do respectively. 

The appearance of the pure rotational spectra is 
governed by the small asymmetry and the sizeable 
centrifugal distortion effects. The intensities basi-
cally follow a prolate symmetric top intensity dis-
tribution, which is further regulated by nuclear spin 
statistics. For ketene-d2 the statistical weight of the 
anti-symmetric levels is half that of the symmetric 
levels, so that transitions originating from levels of 
even K a have half the weight of those originating 
from odd K.A levels. 

Figure 1 compares the Ka pattern obtained for 
the three isotopically substituted ketenes for the 
transition 7 = 9^—8 (the data for ketene-h2 were 
taken from the work of Johns, Stone and Winnewis-
ser 6 ) . Deviations from the rigid-rotor pattern are 

Fig. 1. The Ka patterns of typical a-type qRbranch pure rotational transitions for the ketene species. 
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Fig. 2. Ground-state and excited state a-type qR branch rotational transitions of CD2CO. Both upper scale, giving the fre-
quency of ground state lines, and lower scale giving ß 'eff = v/ (2 / + 2 ) for excited state lines refer to the observed spectrum 

at the top of the Figure. 

indicated. Thus it is seen that band heads are 
formed by the slight asymmetry, enhanced further 
by the centrifugal distortion effects. This enhance-
ment is the smallest for ketene-d2 since it is the 
heaviest and least symmetric of the three species. 
The regularity of the pattern proved to be a 
great help in the spectral assignments. 

On-line signal averaging and smoothing made it 
possible to observe weak vibrational satellites be-
longing to the three lowest frequency vibrational 
states. Figure 2 depicts a typical R-branch transition 
and indicates a few lines originating from excited 
vibrational states. It was possible to observe the 
very small Ka = 3 asymmetry doubling in the ground 
vibrational state and also in the excited vibrational 
states. The inserts of Fig. 2 show a magnified view 
of these doublets as they actually appear on the 
screen of the oscilloscope. The analysis of these 
excited states will be published separately. 

IV. Assignment of Rotational Transitions 

The approximate assignment of the rotational 
spectra presented no difficulties since rigid rotor 

predictions were available 1' 2' 5 ' 1 0 . The number of 
a-type R branch transitions was 87, while there 
were 18 a-type Q branch transitions measured for 
ketene-d2. For ketene-dj 49 R branch transitions 
and 12 Q branch transitions have been measured 
and used in the least-squares calculations. 

Approximate centrifugal distortion parameters 
were at our disposal as preliminary results of recent 
normal-coordinate calculations n . These we used in 
a simplified centrifugal distortion program utilizing 
Polo's expansion formulas 12, written for the PDP-
8/1 computer. 

Further refinement was done through a boot-
strap procedure using an asymmetric rotor 
fitting program described by Johns and Olson13. 
The bootstrap method consisted in the first stage 
of fitting the observed lines to quartic distortion 
constants only. Later it was found necessary to in-
clude two higher-order, sextic distortion constants, 
HJK and H^J , to remove most of the residual er-
rors. A discussion of the trends in the residual er-
rors is given in Section VI. 
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V. Treatment of Centrifugal Distortion Effects 

The centrifugal distortion analysis of the rota-
tional spectra has been performed using Watson's 
reduced Hamiltonian operator formalism in the 7r-

axis representation, constraining R6 to zero. The 
form of the operator below indicates that, of the 
sextic distortion coefficients, only HRJ and HJ^ 
have been determined in our calculations [ for the 
complete form, see Eq. (37) in R e f . 1 4 ] : 

# r e d = [ 1 / 2 (B + C) J2 + { A - 1 / 2 ( ß + C ) } J2 - AJ (J2)2 - AJK J2 J2 - A K JA* +HJK(J2)2JA2 + HKJ J2 7 a 4 ] 

+ [ (Jb2 - Jc2) { 1 / 4 ( B - C ) - DJ J2 - DK J 2 } + { 1 / 4 ( B - C ) - DJ ]2 - DK J2} (]B2 - J2) ] 

where J, JA, J/J and JC are the operators for the 
total angular momentum and its components, and 
the square brackets indicate that the first group of 
operators is diagonal in K, while those in the 
oecond bracket are off-diagonal in K by two units. 
The form of the second bracket also indicates that 
JA2 does not commute with (JB2 — JC2). The reduced 
rotational constants are given in Tables I and II for 
the two deuterated species of ketene. 

Table I. Spectroscopic constants of CD2CO for Watson's 
reduced Hamiltonian in the / r axis representation a . 

A 141503.7 (3.4) MHz 
B 9121.2370 (37) MHz 
C 8552.2946 (37) MHz 

AJ 2.7085 (30) kHz 
AJK 0.321389(38) MHz 
AK 4.3228 (fixed) MHz 
<5 J 0.21972 (50) kHz 

0.2030 (19) MHz 

HJK 2.97 (15) Hz 
- 0 . 1 4 1 8 8 (49) kHz 

A =lc—la—h 0.114457(83) amu • Ä 2 b 

£ = - 0 . 9 9 1 4 4 1 

a The standard deviation of the fit is 19.7 kHz. Numbers in 
parentheses are standard errors, 

b The value of the conversion constant; 
c o n s t = I b (amu-A2) - ß ( M H z ) used in this work is 505379 ; 
as calculated from the latest values of h = 6.626176 (36) • 
1 0 ~ 2 7 erg-sec and the Avogadro constant: 6 .022045(31) -
1023 m o l - 1 (Ref . 2 4 ) . 

Since the difference (A — AK) can be determined 
f rom c-type rotational transitions alone, but the two 
constants A and A^ separately cannot, we have ap-
plied the following procedure. The value of A # was 
first fixed at an estimate provided by normal-co-
ordinate analysis utilizing the normal frequencies 
of all three isotopically substituted ketene species, 
their available centrifugal distortion constants and 
some a-type Coriolis zeta coefficients. The transi-
tions were then fitted to the given Hamiltonian and 
a first approximation was obtained for the quartic 

Table II. Spectroscopic constants of CHDCO for Watson's 
reduced Hamiltonian in the / r axis representation a . 

A 194352.2 (22.9) MHz 
£ 9647.543 (15) MHz 
C 9174.166 (15) MHz 

AJ 3.1637 (67) kHz 
AJK 0.326970(77) MHz 
AK 13.6709 (fixed) MHz 
SJ 0.22525 (92) kHz 

0.2392 (74) MHz 

HJK 2.79 (40) Hz 
HKJ_ - 0 . 2 7 7 9 (14) kHz 
A—LC — FA — LB 0.10264 (30) amu-A 2 b 

- 0 . 9 9 4 8 8 9 
a The standard deviation of the fit is 23 kHz. Numbers in 

parentheses are standard errors, 
b see footnote to Table I. 

distortion constants. On the basis of these improved 
centrifugal distortion data another normal-coordi-
nate analysis was made yielding now a modified 
zlft-value. In the end two of the sextic distortion 
coefficients were also used in the refinement calcu-
lations. A comparison of our final, converged set of 
distortion constants to the normal-coordinate results 
is given in Tables III and IV. 

In this way we have obtained better determined 
values for the A rotational constant and for the 

Table III. Comparison of least-squares values of quartic 
distortion coefficients of CD2CO to the results of normal-

coordinate calculations a . 

L. S. N.C. 

AJ 2.7085 (30) 2.652 kHz 
AJK 0.321389(38) 0.33218 MHz 
AK 4.3228 (fixed) 4.6103 MHz 
<5 J 0.21972 (50) 0.2194 kHz 
<5 K 0.2030 (19) 0.202 MHz 

a Although here the comparison is made between two sets 
corresponding to different values of A K , the differences 
of N. C. calcd. values corresponding to slightly different 
A K are within the standard errors for the L. S. values. 
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Table IV. Comparison of least-squares values of quartic 
distortion coefficients of CHDCO to the results of normal-

coordinate calculations a . 

L. S. N. C. 

AJ 3.1637 (67) 3.160 kHz 
AJK 0 .326970(77) 0.33138 MHz 
A k 13.6709 (fixed) 14.4657 MHz 
S j 0.22525 (92) 0.2283 kHz 
SK 0.2392 (74) 0.238 MHz 

a See footnote as for Table III. 

Table V . Watsons's determinable spectroscopic constants 
for CD2CO [ M H Z ] , r2* = r2/(2T+23+CE). 

Norm. Coord, 
calc. values 
(Ref. 11) 

21 141503.7 (3.4) 
23 9121.1574 (37) 
(£ 8553.0279 (37) 
r'aaaa - 1 8 . 5 8 7 5 9 (16) - 1 9 . 7 8 0 6 9 
r'bbbb - 0 . 0 1 2 5 9 2 (16) - 0 . 0 1 2 3 6 5 
T'CCCC - 0 . 0 0 9 0 7 6 2 ( 7 9 ) - 0 . 0 0 8 8 5 4 
r , - 1 . 3 1 8 0 6 (19) 
t 2 * - 0 . 0 7 9 3 0 2 7 ( 7 7 ) 
AT - 0 . 0 0 0 1 1 4 (25) 

inertia defect than would have been possible from 
just the a-type rotational transitions. A better meth-
od for solving this problem would, of course, be a 
simultaneous fit to some perpendicular ro-vibrational 
infrared transitions together with the a-type rota-
tional transitions. No higher-resolution ro-vibra-
tional data is, however, available to date on the 
deuterated ketene species. 

Table VI. Watson's determinable spectroscopic constants 
for CHDCO [MHz], t 2 * = t 2 / (2I + 23 + G) . 

Norm. Coord, 
calc. values 
(Ref. 11) 

21 194352.2 (22.9) 
23 9647.398 (15) 
e 9174.978 (15) 
T aaaa - 5 6 . 0 0 4 1 4 (34) - 5 9 . 2 0 1 1 4 
r'bbbb - 0 . 0 1 4 4 5 7 (34) - 0 . 0 1 4 4 6 4 
T CCCC - 0 . 0 1 0 8 5 3 ( 1 9 ) - 0 . 0 1 0 8 1 1 
Tl - 1 . 3 4 5 8 5 (39) 
T»* - 0 . 0 6 8 2 7 3 (31) 
AT - 0 . 0 0 0 0 4 0 ( 6 3 ) [undefined!] 

VI. Discussion 

a) Discussion of the Results of Centrifugal 
Distortion Analysis 

It is possible to transform the spectroscopic con-
stants obtained as Watson's determinable combina-
tions of the Kivelson-Wilson quartic coefficients to 
calculate the so-called derived spectroscopic con-
stants: A, B, C, r'aabb, k4rabab, x'bbcc and i ' c c a a 14. 
This transformation involves the use of planarity 
conditions, rigorously valid only for equilibrium 
values of the quartic distortion coefficients. These 
planarity conditions were originally given by Dow-
ling 15, and by Oka and Morino 1 6 , 1 7 . We shall use 
these and similar planarity constraints following 
Kirchhoff 18 and Cook et al.19- 20 to provide several 
alternative sets of derived parameters. The following 
treatment is outlined in a paper by Yamada and 
Winnewisser 21 and the present results are contained 
in Tables VII and VIII. The equations following 

Table VII. Spectroscopic constants derived from determinable parameters via different planarity conditions for CD2CO a . 

Version 1 2 3 4 5 Norm. Coord. 
calc. (Ref. 11) 

A 141503.7(3.4) 141503.7(3.4) 141503.7(3.4) 141503.7(3.4) 141503.7(3.4) MHz 
B 9121.1855 (37) 9121.1855(38) 9121.2045 (37) 9121.1855(37) 9121.1951(37) MHz 
C 8552.3460(37) 8552.3473 (38) 8552.3270(37) 8552.3459(37) 8552.3364 (37) MHz 
IA 3.571489(85) 3.571489(85) 3 .571489(85) 3 .571489(85) 3.571489(85) amu-A2 

IB 55.407162 (25) 55.407162(26) 55.407046(24) 55.407161(25) 55.407103 (25) amu - A2 

la 59.092441(25) 59.092432(26) 59.092572(24) 59.092441 (25) 59.092507(25) amu-A2 

A 0.113790(38) 0.113781(37) 0 .114036(82) 0.113790 (38) 0.113915(60) amu-A2 

T aabb - 1 . 3 6 3 8 0 ( 7 8 ) - 1 . 3 6 1 2 8 ( 3 4 ) - 1 . 4 0 1 7 ( 7 5 ) - 1 . 3 6 3 9 6 ( 8 1 ) - 1 . 3 8 3 1 ( 4 3 ) MHz 
r bbcc - 0 . 0 1 0 5 5 6 ( 1 1 ) - 0 . 0 1 0 5 5 6 ( 1 1 ) - 0 . 0 1 0 5 5 6 ( 1 1 ) - 0 . 0 1 0 3 9 4 ( 1 7 ) - 0 . 0 1 0 4 7 6 0 ( 2 6 ) - 0 . 0 1 0 3 1 7 MHz 
T ccaa 0.05630(61) 0.05630(60) 0 .0942(73) 0.05630(60) 0.0755 (40) 0.0649 MHz 
fc4 Taabb 0.14125(69) 0.14125(68) 0.14125(68) 0.14125(69) 0.1631(45) 0.1572 MHz 
ft4 Tabab - 0 . 7 5 2 5 3 (73) - 0 . 7 5 1 2 7 ( 5 1 ) - 0 . 7 7 1 5 ( 4 1 ) - 0 . 7 5 2 6 1 ( 7 5 ) - 0 . 7 7 3 1 ( 4 4 ) - 0 . 7 8 6 1 MHz 

R6 x 10« - 8 . 6 9 - 8 . 6 9 - 8 . 6 9 - 1 3 . 8 - 1 1 . 2 MHz 
S m x 108 6.12 6.12 6.12 9.7 7.9 

a see footnote to Table I. 
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Table VIII. Spectroscopic constants derived from determinable parameters via different planarity conditions for CHDCO a . 

Version 1 2 3 4 5 Norm. Coord. 
calc. (Ref. 11) 

^ 194352.2(22.9) 194352.2 (22.9) 194352.2 (22.9) 194352.2(22.9) 194352.2(22.9) MHz 
B 9647.476(14) 9647.476(15) 9647.490(15) 9647.476(15) 9647.483(15) MHz 
C 9174.233(14) 9174.234(15) 9174.219(15) 9174.233(15) 9174.226(15) MHz 
IA 2.60033(31) 2.60033(31) 2.60033 (31) 2 .60033(31) 2.60033 (31) amu • A 2 

1B 52.384582 (88) 52.384582 (91) 52.384504(85) 52.384582 (88) 52.384542(86) amu-A 2 

Ic 55.086785 (88) 55.086780(91) 55.086871(85) 55.086785(88) 55.086829(86) amu-A 2 

A 0.10188(14) 0.10187(14) 0.10204(30) 0.10188(14) 0.10196(22) amu-A 2 

X aabb - 1 . 4 8 9 5 (24) - 1 . 4 8 8 0 0 ( 9 6 ) - 1 . 5 1 8 ( 3 0 ) - 1 . 4 8 9 6 ( 2 4 ) - 1 . 5 0 4 ( 1 6 ) MHz 
T tfecc - 0 . 0 1 2 3 8 4 (26) - 0 . 0 1 2 3 8 4 (26) - 0 . 0 1 2 3 8 4 (26) - 0 . 0 1 2 3 1 0 ( 4 4 ) - 0 . 0 1 2 3 4 7 7 ( 8 0 ) - 0 . 0 1 2 3 5 0 MHz 
T ccaa 0.1560 (20) 0.1560(20) 0.185(29) 0.1560 (20) 0 .171(16) 0.1711 MHz 
ft-4 0.3105 (22) 0.3105(22) 0.3105(22) 0.3105 (22) 0 .327(18) 0.3372 MHz 
ft4 Tabnb - 0 . 9 0 0 0 ( 2 3 ) - 0 . 8 9 9 2 ( 1 6 ) - 0 . 9 1 4 ( 1 6 ) - 0 . 9 0 0 0 ( 2 3 ) - 0 . 9 1 5 ( 1 7 ) - 0 . 9 2 9 7 MHz 

fl6X 10« - 8 . 4 7 - 8 . 4 7 - 8 . 4 7 - 1 0 . 8 - 9 . 6 MHz 
S U 1 x 108 7.18 7.18 7.18 9.1 8.1 

a see footnote to Table I. 

from the planarity conditions are summarized here 
for the different versions 1 through 5 (see also 
Yamada and Winnewisser 2 1 ) . 

Version 1 

These planarity equations are obtainable from 
those of Dowling 15 and have the following form: 

fo4 raabb = l/^ 

bbcc =1/2 

T aacc = 1 / 2 

_ ß 2 , 
^ aaaa 

A2 , A2B2 

B2 T bbbb + £.4 

B2C2 , C2 , B2 , 
aaaa ß2 T bbbb + q2 T cccc 

C2 
4- ' 

A2 ^ aaaa 

A2C2 , A2 , 
ß4 T bbbb Q2 T cccc 

In terms of these quantities the rest of the derived 
constants are calculated from: 

fo4 rabab = [Tl — Taabb + T bbcc + T aacc) ]/2 , 
T aaM = (^aabb + 2 Xabab) ? 

and the r defect, as derived from Eq. (67) in Wat-
son's paper 14 is: 

Ax = r'cccc - (r2 - C Ti) / (A + B) . 

The t defect is a rather sensitive function of r2 . 
xt and x2 were calculated according to 

r r r Xx — X aabb "h 7 bbcc "I" ^ aacc 
and 

To = - 2{2A-B-C)AJ+^{B-C) {ÖJ + dK) 

-2 (B + C) (Ajk + 3AJ), 

which is identical to the equation for r2 in Cook, 
De Lucia and Helminger 22 (see Table VI there). 

V e r s i o n 2 

The quantities h4 xaabb , xbbcc and xaacc are as in 
Version 1, but: 

fr4 rabab = {r2 ~ X bbcc. + B X aacc+ C Taabb) } / 2 C . 

V e r s i o n 3 

The quantities h4xaabb, x'bbcc and h4xabab are as 
in Version 1 and 2, while x'aacc is given by 

*'aacc = Wcccc ~ dx - X' bbcc (A - C) / (A + • 

V e r s i o n 4 

The quantities h4 xaabb and x'ccaa and h4 xabab are 
as in Version 1, but: 

, _ J , , (B-C\) A + B 
^ bbcc — 1 T cccc t aacc' A + BJI A-C 

V e r s i o n 5 
Here h4 xabab is calculated as in Version 1, while 

the rest of the quartic constants are obtained from: 

xaabb = 

— (ta — X2/C)/C— T bbbb~ T aaaa 

A-C B-C 

/ 
A2 B2 

' _ T2 [ raabb , T'bbbb ] 
T ö&cc ~L \ ^2 ß2 | ' 

J_aaaa , ^aabb 1 
i2~ ~ ~ B2 J ' 
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T R A N S I T I O N 0 8 S E R V E 0 
U P P E R L O W E R F R E Q U E N C Y 
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E N E R G Y L E V E L S I N C * - L R E M A R K S 
U P P E R L O M E ' 
S T A T E S T A T E 

' A T Y P E R B R A N C H 

0 , l ) - 0 ( 0 • 0 ) 1 7 6 7 3 5 7 2 J ( l . 0 ) 1 7 6 7 3 . 5 2 0 3 ( 0 . 0 3 3 9 ) 0 . 0 5 1 2 3 5 9 0 0 . 0 0 0 

0 - 1 ( o » 1 ) 3 5 3 i t 5 1 6 2 3 ( 1 3 ) 3 5 3 * 5 . 1 5 6 9 ( 3 0 3 1 7 ) 3 0 3 5 1 1 . 7 6 9 0 . 5 9 0 
1 1 ) - 1 ( I t 3 ) 3 5 9 1 3 3 1 9 3 ( 1 0 ) 3 5 9 1 3 . 8 1 3 9 ( 3 0 0 1 7 ) 3 3 3 5 1 6 . 2 2 2 5 . 0 2 * 
1 2 ) 1 ( 1 , 1 ) 3 1 . 7 7 7 5 7 1 3 ( 1 3 ) 3 * 7 7 7 . 5 5 7 3 ( 3 0 3 1 7 ) 3 0 0 3 7 6 . 1 6 5 5 . 0 3 5 

0 3 ) ? ( G< 2 ) 5 3 0 1 3 0 3 6 3 ( 1 C ) 5 3 0 1 3 . 0 2 3 7 ( 0 0 3 2 5 ) 0 0 1 2 3 3 . 5 3 7 1 7 6 9 1 
1 2 ) - 2 t 1 , 1 ) 5 3 8 6 9 * 1 * 3 <1 0 ) 5 3 3 6 9 . * 1 5 3 ( 3 0 3 2 * ) - 0 0 0 1 8 8 . 0 1 9 5 2 2 2 
1 3 ) - 7 < 1 . 2 ) 5 2 1 6 5 3 5 0 0 ( 1 3 ) 5 2 1 6 5 . 0 7 5 3 ( 0 0 3 2 * ) - 3 0 2 5 3 7 . 9 0 5 6 . 1 6 5 
2 1 ) - Z ( 2 t 0> 5 3 0 1 9 3 " t 6 3 ( l 0 ) 5 3 0 1 9 8 5 5 6 ( 0 0 3 2 1 ) - 3 Oü 9 6 2 1 . 2 3 6 1 9 . * 6 7 
2 2 ) 2 ( Z, 1 ) 5 3 C 1 2 5 8 3 3 ( 1 c> 5 3 C 1 2 . 5 7 6 3 ( 0 Q 3 2 1 ) G 0 0 6 2 2 1 2 3 5 1 9 . * 6 7 J 
3 i t ) 3 ( 0 . 3 ) 7 0 6 7 5 2 * 5 3 ( 1 3 ) 7 3 6 7 5 2 3 7 ! » ( 3 0 3 3 1 ) G 0 0 7 9 5 . 3 9 * 3 5 3 7 
1 3 ) - 3 ( 1 . 2 ) 7 1 8 2 3 * 5 9 2 ( 1 0 ) 7 1 8 2 3 * * 6 * ( 3 0 0 3 0 ) 3 0 1 2 8 1 0 . * 1 5 8 . 3 1 9 
1 * ) - 3 ( 1 , 3 ) 6 Q 5 5 1 0 6 * 3 ( 1 0 ) 6 9 5 5 1 C 5 9 3 ( 0 0 3 3 0 ) G 0 0 5 5 1 3 2 2 5 7 9 3 5 
2 2 ) - 3 ( 2 . 1 ) 7 £ 6 9 9 9 3 * 2 ( 1 3 ) 7 0 6 9 9 9 * 5 3 ( 0 0 3 2 6 ) - 3 0 1 1 6 2 3 5 9 * 2 1 . 2 3 6 
Z 3 ) - 3 ( 2 , 2 ) 7 C 6 8 1 7 5 2 * ( 1 3 ) 7 0 6 3 1 7 * 9 9 ( 0 0 0 2 6 ) 0 0 0 2 5 2 3 5 9 3 2 1 2 3 5 
3 1 ) - 3 ( 3 , 0 » 7 0 6 7 3 8 2 8 1 ( 0 0 3 2 5 ) * 5 7 0 9 * 3 3 5 2 
3 2 ) - 3 ( 3 , 1 ) 7 ^ 6 7 3 8 1 7 3 ( 1 3 ) 7 3 6 7 3 8 0 6 3 ( 0 0 3 2 5 ) c 3 1 1 0 * 5 7 0 9 * 3 3 5 2 

0 5 ) - It ( 0 , i t ) 6 8 3 2 9 9 3 6 6 ( 1 0 ) 3 8 3 2 9 9 1 6 1 ( 0 0 3 3 6 ) 0 0 2 0 5 8 8 * 1 5 8 9 * 
1 <t) - it ( I t 3 ) 8 9 7 7 5 3 8 7 5 ( 1 ; ) 8 9 7 7 5 3 7 3 7 ( 3 0 3 3 * 1 0 0 1 3 8 1 3 * 0 9 1 0 * 1 5 
1 5 ) - it ( I t i t ) 8 6 9 3 5 , 1 5 3 ( 1 0) 8 6 9 3 5 0 1 7 3 ( 0 0 3 3 * ) - 3 0 0 2 0 1 3 1 2 5 1 3 2 2 5 
2 3 ) - It ( 2 , 2 ) 8 8 3 8 5 3 6 0 3 ( 1 3 ) 8 8 3 8 5 8 6 6 3 ( 0 0 3 3 0 ) - 3 0 0 5 7 2 6 5 * 2 2 3 5 9 * 
z <t) - It ( 2 , 3 ) 8 8 3 it 9 * 6 5 5 ( 1 0 ) 8 3 3 * 9 * 7 ? 1 ( G 0 0 3 0 ) - 3 0 1 2 6 2 6 5 * C 2 3 5 9 3 
3 2 ) - It ( 3 , 1 ) 8 8 3 * 3 5 0 7 2 ( 0 0 ) 8 3 3 * 3 •5 7 5 1 ( 0 0 3 2 8 ) - G 0 6 7 9 * 3 6 5 6 * 5 7 0 9 
3 3 ) - It ( 3 , 2 ) 3 8 3 * 3 5 3 7 2 ( 1 3 ) 8 8 3 * 3 * 9 9 3 ( 0 0 0 2 8 ) 3 0 3 8 2 * 3 6 5 6 * 5 7 3 9 
<« 1 ) - it ( it t 0 ) 8 8 3 1 8 * 8 3 * ( 1 3 ) 8 8 3 1 8 * 9 6 3 ( 0 0 3 3 6 ) - 3 0 1 2 9 7 9 6 0 6 7 6 5 5 0 
* 2 > It < i t t 1 ) 8 8 3 1 8 * 9 6 3 ( 0 0 3 3 6 ) 7 9 6 0 6 7 6 6 6 3 

0 6 ) 5 ( a . 5 ) 1C 5 9 7 5 1 7 6 9 ( 1 3 ) 1 0 5 9 7 5 1 8 2 * ( 0 0 3 3 9 ) - 3 0 0 5 5 1 2 3 7 6 3 8 * 1 
1 5 ) - 5 ( i t i t ) 1 0 7 7 2 1 » 6 6 1 3 ( 1 3 ) 1 0 7 7 2 * 6 5 8 1 ( 0 3 3 3 6 ) 0 0 0 3 7 1 7 0 0 3 1 3 * 3 9 
1 6 ) - 5 < l , 5 > l w i t 3 1 6 * 5 6 7 ( 1 3 ) 1 0 * 3 1 6 * 5 8 7 ( 0 3 3 3 6 ) - 3 0 0 2 0 1 6 6 0 5 1 3 1 2 5 
z i t ) - 5 ( 2 . 3 ) 1 0 6 C 7 9 1 7 3 5 ( 1 3 ) 1 3 6 0 7 9 0 6 7 * ( 3 0 U 3 2 ) 0 0 0 6 1 3 0 0 8 1 2 5 5 * 2 
z 5 ) - 5 ( 2 , <t> 1 0 6 0 1 5 * 1 0 6 ( 1 3 ) 1 3 6 0 1 5 * 0 0 1 ( 3 0 0 3 2 ) 0 0 1 0 5 3 0 0 7 6 2 5 . 5 * 0 
3 3 ) - 5 ( 3 , 2 ) 1 0 6 0 1 it 1 1 2 3 ( C 3 ) 1 0 6 0 1 * 2 3 2 3 ( 3 G 3 3 0 ) - 3 0 3 9 7 5 2 1 9 2 * 3 6 5 6 
3 <t) - 5 ( 3 , 3 ) 1 Ü 6 0 1 I » 1 1 2 3 ( 0 0 ) 1 0 6 0 1 3 9 9 9 1 ( 3 0 3 3 0 ) 0 . 1 1 3 2 5 2 . 1 9 2 * 8 6 5 6 
* 2 ) - 5 < i t . 1 ) 1 0 5 9 3 2 8 3 5 5 ( 3 0 3 3 8 ) 3 3 1 * 1 7 9 6 3 6 
* 3 ) - 5 ( i t , 2 ) 1 0 5 9 8 2 8 7 3 * ( 1 3 ) 1 3 5 9 8 2 8 8 5 * ( 0 . 0 3 3 8 ) - 0 . 0 1 2 0 8 3 . 1 * 1 7 9 . 6 3 6 
5 1 ) - 5 ( 5 , 0 ) l u 5 9 * 5 7 8 3 6 ( 1 0) 1 3 5 9 " t 5 7 9 3 3 ( 0 0 3 5 * ) - 3 0 1 0 2 1 2 2 9 1 1 1 1 9 . 3 7 7 
5 2 ) 5 ( 5 , 1 ) 1 0 5 9 * 5 7 9 3 3 ( 0 0 3 5 * ) 1 2 2 . 9 1 1 1 1 9 . 3 7 7 

,1 7 ) - 6 ( 0 . 6 ) 1 2 3 6 0 9 1 5 8 9 ( 1 3 ) 1 2 3 6 0 9 1 6 7 * ( 0 0 0 * 3 ) - C GO 8 5 1 6 * 9 9 1 2 3 7 6 
1 6 ) - 6 ( 1 , 5 ) 1 2 5 6 7 0 7 6 6 * ( 1 3 ) 1 2 5 6 7 0 7 5 1 3 ( 3 0 0 3 7 ) 0 . 0 1 5 1 2 1 . 1 9 5 1 7 . 0 0 3 
1 7 ) - 6 ( 1 1 6 ) 1 2 1 6 9 * 9 3 * 9 ( 1 0) 1 2 1 6 9 * 8 9 8 3 ( G 0 0 3 7 ) 0 . 0 0 6 6 2 3 . 5 6 * 1 5 . 6 3 5 
Z 5 ) - 6 ( 2 , I t ) 1 2 3 7 8 1 , 0 5 3 ( 1 3 ) 1 2 3 7 8 0 9 9 2 * ( 0 . 0 3 3 3 ) G . 0 1 3 * 3 * . 2 1 0 3 0 . 3 8 1 
z 6 ) - 6 ( ?, 5 ) 1 2 3 6 7 9 1 5 8 3 ( 1 0 ) 1 2 3 6 7 9 1 5 * 9 ( 3 • 0 J 3 * ) 0 . 0 0 3 1 3 * . 2 0 2 3 3 . 0 7 6 
3 i t ) - 6 ( 3 , 3 ) 1 2 3 6 8 5 6 7 8 2 I P 0) 1 2 3 6 8 5 9 3 5 0 ( 0 0 3 3 0 ) -0 . 2 2 6 8 5 6 . 3 1 8 5 2 . 1 9 2 
3 5 ) - 6 ( 3 , i t ) 1 2 3 6 8 5 * 3 9 7 ( l 0) 1 2 3 6 3 5 * * 8 5 ( 0 . 0 3 3 0 ) - 0 0 0 8 8 5 6 . 3 1 8 5 2 . 1 9 2 
* 3 ) - 6 ( i t , 2 ) 1 2 3 6 * 7 6 5 1 3 ( 3 . 0 3 * 3 ) 3 7 . 2 6 5 8 3 . 1 * 1 

i t ) - 6 ( i t , 3 ) 1 2 3 6 * 7 6 * * 3 ( 1 3 ) 1 2 3 6 * 7 6 5 0 5 ( 3 . 0 3 * 0 ) - 3 . 0 0 6 2 3 7 . 2 6 5 8 3 . 1 * 1 
5 2 ) - •n ( 5 , 1 ) 1 2 3 6 0 3 6 9 3 3 ( 3 . 0 3 5 5 ) 1 2 7 . 0 3 * 1 2 2 . 9 1 1 
5 3 ) - 6 t 5 , 2 ) 1 2 3 6 0 3 7 0 1 1 ( 1 . 3 ) 1 2 3 6 3 3 . 6 9 3 3 ( 3 . 0 3 5 5 ) 0 0 0 7 3 1 2 7 0 3 * 1 2 2 9 1 1 
6 1 ) - 6 ( 6 , 0 ) 1 2 7 5 5 1 . 3 5 7 2 ( 0 0 3 7 2 ) 1 7 5 6 0 8 1 7 1 * 8 7 
6 2 ) 6 ( 6 , 1 ) 1 2 3 5 5 1 . 3 5 7 2 ( 3 0 3 7 2 ) 1 7 5 . 6 0 8 1 7 1 . * 3 7 

3 8 ) - 7 ( G t 7 ) 1 * 1 2 3 0 . j 2 9 9 (1 . 3> 1 * 1 2 3 0 . 0 1 6 5 ( 3 0 3 * 9 ) 0 0 1 3 3 2 1 2 1 0 1 5 * 9 9 
1 7 ) - 7 ( 1 , 6 ) 1 * 3 6 1 3 . 3 9 9 3 ( 1 . 3 ) 1 * 3 6 1 3 . 0 9 3 5 ( 0 3 3 3 7 ) 0 0 0 6 2 2 5 . 9 8 5 21. 1 9 5 
1 8 ) - 7 ( 1 , 7 ) 1 3 9 0 6 9 3 5 0 31 1 . G) 1 3 9 0 6 9 . 8 6 3 9 ( 0 3 3 3 7 ) -0. 0 1 3 6 2 5 3 0 3 2 3 6 6 * 
Z 6 ) - 7 ( 2 , 5 ) 1 * 1 * 9 3 . 6 2 1 ( 1 . 3 ) 1 * 1 * 9 3 . 0 6 9 5 ( 0 0 3 3 * ) - 0 . 0 G 7 * 3 8 . 9 2 9 3 * 2 1 0 
Z 7 ) - 7 ( 2 , 6 ) 1 * 1 3 * 0 3 8 7 2 ( 1 . 3 ) 1 * 1 3 * 0 . 3 3 1 6 ( 0 0 0 3 5 ) C 0 0 5 6 3 8 9 1 7 3 * 2 0 2 
3 5 ) - 7 ( 3 , i t ) 1 * 1 3 5 8 3 7 6 2 ( 1 . 3 ) 1 * 1 3 5 8 . 3 9 C 9 ( G 0 3 2 9 ) - 3 3 1 * 7 5 1 0 3 3 5 5 . 3 1 3 
3 6 ) - 7 ( 3 , 5 ) 1 * 1 3 5 7 9 5 7 5 ( 1 . C> 1 * 1 3 5 7 . 9 7 7 9 ( G 0 3 3 0 ) -0 0 2 3 * 6 1 0 3 3 5 5 3 1 8 
U i t ) - 7 ( I t , 3 ) 1 * 1 3 1 2 . 3 3 7 3 ( 1 . 3 ) 1 * 1 3 1 2 . 3 5 5 3 ( 0 0 3 3 « ) -0 G l 9 3 9 1 . 9 7 9 3 7 . 2 6 5 
* 5 ) - 7 ( i t , i t ) 1 * 1 3 1 2 3 3 7 1 ( 1 . ti) 1 * 1 3 1 2 . 8 5 * * ( 0 0 0 3 9 ) - 0 0 1 7 1 9 1 9 7 9 8 7 2 6 5 
5 3 ) - 7 ( 5 , 2) 1 * 1 2 6 1 . 7 1 1 5 ( 1 . 3 ) 1 it 1 2 6 1 , 7 1 7 3 ( 3 0 3 5 3 ) -0 0 0 5 8 1 3 1 7 * 6 1 2 7 0 3 * 
5 i t ) - 7 ( 5 , 3 ) 1 * 1 2 5 1 . 7 1 7 3 ( 3 0 3 5 3 ) 1 3 1 7 * 6 1 2 7 0 3 * 
6 2) - 7 ( 6 , 1 ) 1 * 1 2 3 1 * * 9 6 ( 1 . 3 ) 1 * 1 2 0 1 . * 3 9 6 ( 0 0 3 6 6 ) 0. 0 1 0 0 1 3 3 3 1 3 1 7 5 6 3 8 
6 3 ) - 7 ( 6 , 2 ) 1 * 1 2 0 1 . * 3 9 6 ( 3 0 3 6 6 ) 1 3 3 3 1 8 1 7 5 6 0 3 
7 1 ) - 7 { 7 , 0) 1 * 1 1 3 0 30 5 * ( 3 . ü ) I i t l l 3 0 . 7 0 6 2 ( 0 0 0 8 6 ) 0 0 9 9 2 2 3 7 6 7 7 2 3 2 9 7 3 
7 2) 7 ( 7 , 1 ) 1 * 1 1 3 0 . 7 0 6 2 1 0 0 3 3 6 ) 2 3 7 6 7 7 2 3 2 9 7 0 

0 9 ) - 8 ( £ v 8 ) 1 5 8 8 3 5 . 3 9 0 T ( l . 3 ) 1 5 3 3 3 5 . 8 9 7 5 ( 0 0 3 5 0 ) - 3 0 3 6 9 2 6 5 0 8 2 1 2 1 0 
1 8 ) - 8 ( 1 . 7 ) 1 6 1 5 5 1 1 1 0 3 ( 1 . C ) 1 6 1 5 5 1 . 1 1 2 3 ( 0 0 0 3 8 ) - 3 0 0 2 8 3 1 3 7 * 2 5 9 3 5 
1 9 ) - 8 ( 1 , 8 ) 1 5 6 * * 0 8 9 3 * ( 1 . 3 ) 1 5 6 * I » G 8 9 * 9 ( 0 3 3 3 9 ) - 3 . 0 0 1 5 3 3 5 2 1 2 5 . 3 3 3 
z 7 ) - 8 ( 2, 6 ) 1 5 9 2 1 6 . 7 1 7 J ( 1 0 ) 1 5 9 2 1 6 . 7 0 * 1 ( 0 0 3 3 8 ) G 0 1 2 9 * * 2 * 0 3 3 9 2 9 
z 8 ) - 8 ( 2, 7 ) 1 5 8 9 9 8 7 1 * 1 ( 1 . 0) 1 5 3 9 9 8 . 7 1 9 * ( 0 0 3 3 9 ) -0. 0 0 5 3 2 2 0 3 3 9 1 7 
3 6 ) - 8 ( 3 , 5 ) 1 5 9 0 3 3 3 6 2 5 ( 1 . 0) 1 5 9 0 3 3 . 3 7 9 5 ( 0 0 0 2 9 ) - 3 0 1 7 0 6 5 3 3 8 6 1 0 3 3 
3 7 ) - 8 ( 3 t 6 ) 1 5 9 0 3 1 7 0 1 7 ( 1 . 3 ) 1 5 9 0 3 1 . 7 3 5 9 ( 0 . 0 3 3 0 ) - 3 . 00*2 5 6 3 3 3 6 1 . 0 3 3 
* 5 ) - 8 ( i t t i t ) 1 5 8 9 7 8 . 5 * 8 5 ( 1 3 ) 1 5 3 9 7 8 . 5 6 3 8 ( 0 0 3 3 9 ) - 0 0 1 5 3 9 7 2 8 2 9 1 9 7 9 
it 6 ) - 8 ( i t , 5 ) 1 5 8 9 7 8 . 5 5 9 1 ( Ü 0 3 3 9 ) 9 7 2 8 2 9 1 9 7 9 
5 i t ) - 8 ( 5 , 3 ) I S ' 9 1 9 3 7 7 5 ( 1 0) 1 5 3 9 1 9 8 8 1 9 ( 0 0 3 5 2 ) - 3 0 0 * * 1 3 7 0 * 7 1 3 1 7 * 6 

5 ) - a < 5 , i t ) 1 5 3 9 1 9 . 8 8 1 9 ( 0 0 3 5 2 ) 1 3 7 0 * 7 1 3 1 7 * 6 
6 3 ) - 8 ( 6 , 2) 1 5 8 8 5 1 5 0 3 9 ( 1 0) 1 5 8 8 5 1 . * 7 7 * ( 3 0 3 5 9 ) 2 0 2 6 5 1 3 5 6 1 7 1 3 3 3 1 8 

i t ) - <1 ( 6, 3 ) 1 5 8 8 5 1 . * 7 7 * ( 0 0 3 5 9 ) 1 3 5 5 1 7 1 8 3 3 1 3 
7 2 ) - 8 ( 7 , 1 ) 1 5 8 7 7 1 5 9 9 9 ( 1 0) 1 5 3 7 7 1 5 6 2 6 ( 0 0 3 7 1 ) 0 0 3 7 3 2 * 2 9 7 3 2 3 7 6 7 7 
7 3 ) - » ( 7 , 2 ) 1 5 8 7 7 1 . 5 6 2 5 ( 3 G 3 7 1 ) 2*2 9 7 3 2 3 7 6 7 7 
8 1 ) - 8 ( 8 , 0) 1 5 8 6 7 9 1 * 2 2 ( 1 3 ) 1 5 3 6 7 9 1 7 1 1 ( c 0 1 2 8 ) - 3 0 2 8 9 3 0 9 0 9 3 3 C 3 3 0 0 
8 2) 8 ( 8 , 1 ) 1 5 8 6 7 9 . 1 7 1 1 ( 3 0 1 2 8 ) 3 3 9 0 9 3 3 0 3 3 3 0 

3 1 0 ) - 9 ( 0 , 9 ) 1 7 6 * 2 5 j 3 5 3 ( 1 3 > 1 7 5 * 2 5 0 1 1 * ( 3 3 0 7 9 ) - 0 0 0 5 6 3 2 3 9 3 2 5 5 0 8 
1 9 ) - 9 ( I t 8 ) 1 7 9 * 8 * 2 3 9 5 ( 1 3 ) 1 7 9 * 3 * . 2 2 1 3 ( 0 0 3 * 3 ) 0 0 1 7 7 3 7 3 6 1 3 1 3 7 * 
1 1 0 ) - 9 ( I t 9 ) 1 7 3 3 0 7 5 * 5 3 ( 3 0 3 * 8 ) 3 6 3 1 9 3 0 5 2 1 
? 8 ) - 9 ( 2 , 7 ) 1 7 6 9 5 3 ' 6 7 3 ( 1 . 3 ) 1 7 6 9 5 3 2 5 8 9 ( 0 3 3 * 7 ) - 3 3 0 1 1 5 3 1 * 3 * * 2 * 3 2 9 ) - 9 ( 2 , 8 ) 1 7 6 6 5 3 3 2 2 5 ( 1 0 ) 1 7 6 6 5 3 . e 0 7 3 < 0 3 3 < t 9 > 0 0 1 * 7 5 3 1 1 3 * * 2 2 0 
3 7 ) - 9 ( 3 , 6 ) 1 7 6 7 u 9 5 9 2 5 ( 1 0) 1 7 6 7 0 9 6 0 5 7 ( 0 G 3 3 3 ) -0 0 1 3 2 7 2 2 3 3 6 5 3 3 3 
3 8 ) - 9 ( 3 , 7 ) 1 7 6 7 0 6 7 2 6 3 ( 1 3 ) 1 7 6 7 0 6 7 3 6 9 ( 0 0 0 3 * ) - 3 0 1 0 9 7 2 2 3 2 6 6 3 3 8 
* 6 ) - 9 ( Itt 5 ) 1 7 6 6 * * 3 1 3 3 ( 1 3 ) 1 7 6 6 * * 8 3 7 1 ( 3 0 3 * 2 ) - 3 3 2 * 1 1 3 3 1 7 * 9 7 2 3 2 
it 7 ) - 9 ( i t , 6 ) 1 7 6 6 * * 8 2 6 9 ( 0 3 0 * 2 ) 1 3 3 1 7 * 9 7 2 3 2 
5 5 ) - Q ( 5 , i t ) 1 7 6 5 7 3 23 8 2 ( 1 3 ) 1 7 5 5 7 8 2 3 5 3 ( 3 3 3 5 * ) 3 0 0 2 9 1 * 2 9 3 7 1 3 7 0 * 7 
5 6 ) - 9 ( 5 , 5 ) 1 7 6 5 7 8 2 0 5 3 ( 3 0 3 5 * ) 1*2 9 3 7 1 3 7 0 * 7 
6 i t ) - 9 ( 6 , 3 ) 1 7 6 5 k. 1 5 0 2 7 ( 1 3 ) 1 7 5 5 0 1 I t 6 5 0 ( 0 0 3 5 9 ) 0 0 3 7 7 1 9 1 5 0 * 1 8 5 6 1 7 
6 5 ) - 9 ( 6 t It) 1 7 6 5 0 1 * 6 5 3 ( 0 0 0 5 9 ) 1 9 1 5 0 * 1 8 5 6 1 7 
7 3 ) - Q ( 7 , 2 ) 1 7 6 * 1 2 2 9 5 2 ( 1 0) 1 7 6 * 1 2 2 * 8 9 ( 0 0 3 6 5 ) 3 0 * 6 3 2<t8 8 5 8 2 * 2 9 7 3 
7 it) -

Q ( 7 , 3 ) 1 7 6 * 1 2 2 * 8 9 ( 3 G 3 6 5 ) 2 * 8 8 5 8 2 1 . 2 9 7 3 
a 2) - 9 ( 8 , 1 ) 1 7 6 3 j 9 33 0 6 ( 1 0 ) 1 7 6 3 0 9 3 3 * 2 ( G G 1 2 6 ) - 3 0 3 3 6 311» 9 7 * 3G 9 0 9 3 
* 3 ) - 9 ( 8 , 2) 1 7 5 3 3 9 3 3 * 2 ( 3 0 1 2 6 ) 3 1 * 9 7 * 3 C 9 0 9 3 
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T A B L E I X . O S S E P ^ O «N3 C A L C U L A T E D F P R Q J R N C I E S OF 3 0 : C 0 IN MHZ (continue-)) 

T R A N S I T I O N 
UPPER L O W E ' 
S T A T R S T A T E 

O B S E R V E D 
F R E Q U E N C Y 
( W E K . H T ) 

CALCULATED FR-3uENtY 
( S T A N D A P D D E V I A T I O N ) 

3 3 3 . - C A L C . E N E R G Y L E V E L S I N C 1 - 1 
U P ° E P L O N E R 

S T A T E STA TC 

1 0 ( 9 1 ) - 9 ( 9 0 ) 1 7 6 1 9 1 3 5 3 3 ( 0 . 0 2 6 7 1 3 3 9 . 3 2 7 3 8 3 9 5 0 
1 0 ( 9 2 ) 9 ( 9 1 ) 1 7 6 1 9 1 8 5 3 3 ( G 0 2 6 7 ) 3 3 9 . 8 2 7 3 8 3 9 5 0 

I I I 0 1 1 ) - 1 0 ( 0 1 0 ) 1 9 3 9 9 5 6 0 4 9 ( 0 0 1 0 7 ) 3 8 . 8 6 4 3 2 3 9 3 
1 1 ( 1 1 0 ) - IC ( 1 9 ) 1 9 7 4 1 1 8 1 6 9 ( 3 . 0 3 5 7 ) 4 3 9 4 6 3 7 3 6 1 
1 1 ( 1 1 1 ) - 1 0 ( 1 1 0 ) 1 9 1 1 6 9 3 3 3 3 ( 0 0 0 6 5 ) 4 2 .696 3 6 3 1 9 
1 1 ( 2 9 ) - 10 ( 2 8 ) 1 9 4 7 0 4 0 3 9 6 ( 0 0 0 6 4 ) 5 6 . 6 3 7 5 0 1 4 3 
1 1 ( 2 I G ) - 1 0 ( 2 9 ) 1 9 4 3 0 5 2 3 6 5 ( 0 0 0 6 5 ) 5 6 5 9 4 5 0 1 1 3 
1 1 ( 3 'S) - 10 ( 3 7 ) 1 9 4 3 8 7 8 2 0 5 ( 0 G 0 4 4 ) 7 8 . 7 1 7 7 2 2 3 3 
1 1 ( 3 9 ) - I C ( 3 81 1 9 4 3 8 3 1 5 9 5 ( 0 0 0 4 5 ) 7 3 7 1 6 7 2 2 3 2 
1 1 ( 4 7 ) - 10 ( i» 6 ) 1 9 4 3 1 1 7 3 9 9 ( 0 0 0 5 1 ) 1 3 9 6 5 6 1 ü 3 1 7 1 , 
1 1 ( u 1 ) - IC ( 4 71 1 9 4 3 1 1 7 1 9 6 ( 0 0 0 5 1 ) 1 0 9 . 6 5 6 1 0 3 1 7 4 
1 1 1 5 6 1 - 1 0 ( 5 , 5 ) 1 9 4 2 3 6 7 3 5 3 ( 3 0 0 5 7 1 1 4 9 4 1 6 1 4 2 9 3 7 
1 1 ( 5 7 ) - 1 G ( 5 6) 1 9 4 2 3 6 7 0 5 0 ( c 0 3 6 7 1 1 4 9 . 4 1 6 1 4 2 9 3 7 
1 1 ( 6 5 ) - 1 0 ( 6 , 4 ) 1 9 4 1 5 1 3 9 6 3 ( 0 0 0 7 9 1 1 9 7 9 8 1 1 9 1 5 3 4 
1 1 ( 6 6 ) - 10 ( 6, 5 ) 1 9 4 1 5 1 3 9 6 8 ( 0 0 0 7 8 1 1 9 7 . 9 8 1 1 9 1 5 0 4 
1 1 ( 7 41 - I C ( 7 , 3 ) 1 9 4 0 5 2 7 4 6 1 ( 0 0 0 9 4 1 2 5 5 3 3 1 2 4 3 3 5 8 
1 1 7 5 ) - l ü ( 7 , 41 1 9 4 : 5 2 7 4 6 1 ( 3 0 0 9 4 1 2 5 5 3 3 1 2 4 8 8 5 8 
1 1 ( 8 3 ) - 10 ( « i 2 ) 1 9 3 9 3 9 2 2 6 9 ( G 0 1 5 7 ) 3 2 1 . 4 4 3 3 1 4 9 7 4 
1 1 ( a 4 1 - 10 ( 8 , 3 ) 1 9 3 9 3 9 2 2 6 9 ( 0 0 1 5 7 ) 3 2 1 4 4 3 3 1 4 9 7 4 
1 1 ( 9 2 ) - 1 0 ( 9 , 1 ) 1 9 3 8 0 9 8 0 1 0 ( G 0 3 0 6 1 3 9 6 . 2 9 2 3 8 9 8 2 7 
u < 9 3 ) - 10 ( 9 , 2 ) 1 9 3 3 0 9 8 0 1 0 ( 3 0 3 0 6 1 3 9 6 . 2 9 2 3 8 9 8 2 7 
1 1 ( 1 1 1 ) - 1 0 ( 1 0 , 0 ) 1 9 3 6 6 3 5 9 3 2 ( 0 0 5 5 5 1 4 7 9 3 4 7 4 7 3 3 8 7 
1 1 ( 1 0 2 ) 1 0 ( 1 0 , 1 ) 1 9 3 6 6 3 5 9 0 2 ( G 0 5 5 5 1 4 79 . 8 4 7 4 7 3 3 8 7 

1 2 ( 0 , 1 2 ) - 1 1 ( 0 , 1 1 ) 2 1 1 5 4 5 9 9 1 3 ( 1 0 ) 2 1 1 5 4 5 9 3 7 5 ( 3 0 1 4 4 1 3 0 0 4 3 4 5 9 2 0 3 3 8 6 4 
1 2 ( 1 1 1 ) - 1 1 ( 1 1 0 ) 2 1 5 3 3 3 2 7 3 2 ( 1 0 ) 2 1 5 3 * 3 2 7 5 8 ( 0 0 0 7 9 1 0 G 0 2 4 5 1 1 2 8 4 3 9 4 6 
1 2 ( 1 , 1 2 ) - 11 ( 1 , 1 1 ) 2 0 3 5 2 5 9 9 8 1 ( 0 0 0 9 2 1 4 9 6 5 1 4 2 6 9 6 
1 2 ( 2 , 1 0 ) - l i t 2 , 9 ) 2 1 2 4 7 0 4 4 7 3 ( 1 0 ) 2 1 2 4 7 0 4 2 9 3 ( 0 0 0 3 8 1 G 0 1 8 0 5 3 7 2 5 5 6 6 3 7 
1 2 ( 2 , 1 1 ) - 1 1 ( 2 , 1 0 ) 2 1 1 9 5 2 3 3 3 6 ( 1 0 ) 2 1 1 9 5 2 7 9 6 1 ( 0 0 3 8 9 1 0 0 3 7 5 6 3 6 6 4 5 6 5 9 4 
1 2 ( T 9 ) - 1 1 ( 3 , 8 ) 2 1 2 0 6 9 2 7 6 5 ( 1 0 ) 2 1 2 0 6 8 2 9 4 3 ( 3 G 3 5 3 1 - 3 0 1 7 5 3 5 7 9 1 7 3 7 1 7 
1 2 3 1 0 ) - l l ( 3 , 9 ) 2 1 2 0 6 1 3 4 0 3 ( 1 0 ) 2 1 2 0 6 1 C 4 5 1 ( 0 0 3 6 4 1 - 0 0 0 4 8 8 5 . 7 9 0 7 8 7 1 6 
1 2 4 , 3 ) - 1 1 ( 4 , 7 ) 2 1 1 9 7 9 2 8 6 7 ( 1 3 ) 2 1 1 9 7 9 3 3 6 5 ( 3 0 0 7 0 1 - 0 0 4 9 9 1 1 6 7 2 7 1 G 9 6 5 6 
1 2 ( 4 9 ) - 1 1 ( 4 , 8 ) 2 1 1 9 7 9 2 9 8 4 ( 0 0 0 7 0 1 1 1 6 7 2 6 1 0 9 6 5 6 
1 2 ( 5 7 ) - 1 1 ( 5 , 6) 2 1 1 8 9 5 4 0 7 9 ( 1 0 ) 2 1 1 8 9 5 3 9 8 8 ( 0 0 0 9 3 ) 3 0 0 9 1 1 5 6 4 8 4 1 4 9 4 1 6 
1 2 ( 5 , 1 ) - 1 1 ( 5 , 7 ) 2 1 1 8 9 5 3 9 8 7 ( 0 0 3 9 3 1 1 5 6 4 8 4 1 4 9 4 1 6 
1 2 6 6) - 1 1 { 6, 5 ) 2 1 1 8 0 1 7 9 1 7 ( 0 3 ) 2 1 1 8 0 1 2 6 7 1 ( 0 0 1 1 9 1 0 5 2 4 6 2 0 5 0 4 6 1 9 7 9 8 1 
1 2 ( 6 , 7 ) - 1 1 ( 6, 6) 2 1 1 8 C 1 2 6 7 1 ( 0 0 1 1 9 1 2 3 5 0 4 6 1 9 7 9 8 1 
1 2 ( 7 , 5 ) - 1 1 ( 7 , <*) 2 1 1 6 9 3 C 3 6 3 ( 1 0 ) 2 1 1 6 9 3 G 3 5 4 ( 0 0 1 5 5 1 0 00 0 9 262 3 9 2 2 5 5 3 3 1 
1 2 7 , 6) - 1 1 ( 7 , 5 ) 2 1 1 6 9 3 . C 3 5 4 ( 0 0 1 5 5 1 262 3 9 2 2 5 5 3 3 1 
1 2 ( 8 , 41 - 1 1 1 8 3 ) 2 1 1 5 6 8 74 3 ? ( 0 3 ) 2 1 1 5 6 8 8 2 2 1 ( 0 0 2 3 0 ) - o 0 7 8 9 3 2 8 5 0 0 3 2 1 4 4 3 
1 2 ( 3 5 ) - 1 1 ( 8 , 4 ) 2 1 1 5 6 8 8 2 2 1 ( 0 0 2 3 0 ) 3 2 8 5 0 0 3 2 1 4 4 3 
1 2 ( 9 3 ) - 1 1 ( 9 , 2 ) 2 1 1 4 2 7 3 9 5 1 ( 0 0 3 3 4 ) 4 0 3 3 4 4 3 9 5 2 9 2 
1 2 ( 9 , V ) - 1 1 ( 9 , 3 ) 2 1 1 4 2 7 3 9 5 1 ( 0 0 3 3 4 ) 4 0 3 . 3 4 4 3 9 6 2 9 2 
1 2 ( 1 0 , 2 ) - 1 1 ( 1 3 , 1 ) 2 1 1 2 6 7 7 4 4 5 ( 0 . 0 6 4 7 ) 4 9 6 8 9 4 4 7 9 8 4 7 
1 2 ( 1 0 , 3> - 1 1 ( 1 0 , 2 ) 2 1 1 2 6 7 7 4 4 5 ( 0 0 6 4 7 ) 4 8 6 8 9 4 4 7 9 8 4 7 
1 2 ( 1 1 , 1> - 1 1 ( 1 1 , 0 ) 2 1 1 0 8 3 9 2 1 9 ( 0 1 3 4 4 1 5 7 9 1 1 7 5 7 2 0 7 6 
1 2 ( 1 1 2 ) 1 1 ( 1 1 , 1 ) 2 1 1 0 8 8 9 2 1 9 ( 0 1 0 4 4 1 5 7 9 . 1 1 7 5 7 2 3 7 6 

• - TYPE Q TPANCH * * 

1 ( 1 , 0 ) 1 ( 1 , 1 ) 5 6 8 . 1 2 6 6 ( 3 . 0 0 0 3 1 5 . 0 2 4 5 . 0 0 5 
2 ( 1 1 ) - 2 ( 1 , 2 ) 1 7 C 4 , 3 7 5 2 ( G 00 0 3 ) 6. 2 2 2 6 . 1 6 5 
3 ( 1 , 2 ) - 3 ( 1 , 3 ) 3 4 0 9 . 7 5 0 0 ( 1 0 ) * 4 0 8 • 7 1 5 1 ( 0 . 0 0 1 5 1 0 0 3 4 9 3 0 1 9 7 . 9 3 5 1 
i* ( 1 , 3 ) - <» ( 1 , 4 » 5 6 3 1 1 2 0 0 ( 1 0 ) 5 6 8 1 . 1 0 2 2 ( 0 . 0 0 2 5 1 0 G 1 7 8 1 0 4 1 5 10 2 2 5 I 
5 ( 1 , 4 ) 5 ( 1 , 5 ) 8 5 2 1 . 4 7 0 0 ( 1 0 ) 9 5 2 1 . 4 5 8 1 ( G . 0 0 3 5 1 0 0 1 1 9 1 3 . 4 0 9 1 3 . 1 2 5 J 

6 ( 1 , 5 ) - 6 ( 1 , 6 ) 1 1 9 2 9 6 7 3 0 ( 1 0 ) 1 1 9 2 9 . 6 5 7 6 ( 0 . 0 0 4 6 1 ü 0 1 5 4 1 7 0 0 3 1 6 6 0 5 
7 ( 1 , 6 ) _ 7 1 1 , 7 ) 1 5 9 0 5 . 5 4 6 0 ( 1 0 ) 1 5 9 0 5 5 1 0 5 ( 3 . 0 3 5 6 1 0 0 3 5 5 2 1 1 9 5 2 0 . 6 6 4 , 
3 ( 1 , 7 ) - 8 ( 1 , fi) 2 0 4 4 8 7 1 0 3 ( 1 0 ) 2 0 4 4 8 . 7 4 0 2 ( 0 . 0 3 6 8 1 - c 0 3 0 2 2 5 9 8 5 2 5 3 0 3 1 
9 ( 1 , 3 ) • 9 ( 1 , 9 ) 2 5 5 5 8 9 3 0 0 ( 1 Gl 2 5 5 5 8 . 9 5 8 2 ( 3 . 0 0 3 0 1 - 3 0 2 3 2 3 1 3 7 4 3 0 5 2 1 J 

1 0 ( 1 , 9 ) - 10 ( 1 , 1 0 ) 3 1 2 3 5 6 0 3 1 ( 1 01 3 1 2 3 5 6 3 5 0 ( 0 . 0 0 9 7 1 - 0 0 3 2 0 3 7 3 6 1 3 6 3 1 9 J 

1 1 ( 1 , 1 0 ) - 1 1 ( 1 , 1 1 ) 3 7 4 7 9 1 9 7 3 ( 1 31 3 7 1 , 7 8 . G 6 8 1 ( 0 . 0 1 2 3 1 0 0 2 8 9 4 3 9 4 6 4 2 . 6 9 6 
1 2 ( 1 1 1 ) - 1 2 ( 1 , 1 2 ) 4 4 2 8 5 . 3 4 5 8 ( 3 . 0 1 6 3 1 5 1 1 2 8 4 9 6 5 1 
1 3 ( 1 , 1 2 ) _ 1 3 ( 1 1 3 ) 5 1 6 5 6 . 3 0 8 0 ( 0 . 0 2 2 1 1 5 8 9 0 9 5 7 1 3 5 
1«. ( 1 1 3 ) - 1 4 ( 1 , i m 5 9 5 8 9 5 0 3 6 ( 0 0 3 0 3 ) 6 7 2 8 6 6 5 2 9 9 
1 5 C 1 141 _ 1 5 ( 1 , 1 5 ) 5 3 C 3 3 . 1 4 4 5 ( 0 . 0 4 1 2 ) 7 6 2 6 1 7 3 . 9 9 0 
1 6 1 1 5 ) 1 6 ( 1 , 1 6 ) 7 7 1 3 5 0 5 6 9 ( 0 0 5 5 2 1 8 5 8 3 2 8 3 2 6 0 

n ( 2 , 8 ) _ IC ( 2 , 9 ) 8 9 9 3 2 0 7 ( 0 0 0 1 7 1 5 0 1 4 3 5 0 1 1 3 
I I ( 2 , 9 ) - 1 1 ( 2 , 1 0 ) 1 2 9 3 1 2 3 3 ( 0 0 0 2 3 1 5 6 6 3 7 5 6 5 9 4 
1 2 ( 2 , 10 ) - 1 2 2 , 1 1 ) 1 9 1 5 7 5 7 0 ( 0 0 0 3 0 1 6 3 7 2 5 6 3 6 6 4 
1 3 ( 2 , 1 1 ) - 1 3 2 , 1 2 ) 2 4 7 3 2 4 8 4 ( 0 00 3 8 1 7 1 4 0 5 7 1 3 2 3 
I M 2 , 1 2 ) - 14 ( 2, 1 3 ) 3 2 9 3 0 6 1 2 ( c 0 0 4 6 1 7 9 6 7 9 7 9 5 6 9 
1 5 ( 2 , 1 3 ) 1 5 ( 2 , 1 4 ) 4 2 9 8 9 6 4 5 ( 0 0 0 5 5 1 3 8 5 4 3 8 3 4 0 4 
1 6 ( 2 1 4 1 - 1 6 ( 2 , 1 5 ) 5 5 1 5 8 7 8 2 ( 0 0 0 6 4 ) 9 3 0 1 1 9 7 8 2 8 
1 7 ( 2 1 5 ) - 1 7 2 , 1 6 ) 6 9 6 9 6 3 9 9 ( 3 0 3 7 2 1 1 3 8 0 7 1 1 0 7 8 3 8 
1 9 ( 2 , 1 6 ) - 1 8 2 , 1 7 ) 8 6 8 7 3 5 5 5 ( 1 Ol 8 6 3 7 0 4 6 3 ( 0 0 3 7 9 1 0 0 0 9 2 1 1 8 7 2 7 1 1 8 4 3 7 
1 9 ( 2 1 7 ) - 1 0 ( 2 , 1 3 ) 1 0 6 9 5 1 2 9 0 ( 1 01 1 0 6 9 5 1 1 8 1 ( 0 0 0 8 4 1 0 0 1 0 9 1 2 9 9 7 9 1 2 9 6 2 3 
2 0 2 , 1 8 ) - 2C ( 2 , 1 9 ) 1 3 0 2 1 3 5 9 3 ( 1 31 1 3 C 2 1 3 4 3 0 ( 3 30 3 7 1 0 0 1 6 0 1 4 1 8 3 0 1 4 1 3 9 6 
2 1 ( 2, 1 9 ) - 2 1 ( 2, 2 0 ) 1 5 6 9 3 1 7 2 3 ( 1 01 1 5 6 9 3 1 5 0 3 ( 0 0 3 8 7 1 0 0 2 1 7 1 5 4 2 7 9 1 5 3 7 5 6 
? 2 ( 2 2 0 ) - 2 2 2 , 2 1 ) 1 8 7 3 7 6 2 3 3 ( 1 Ol 1 3 7 3 7 6 7 4 2 ( 0 0 3 8 5 1 - 3 0 5 4 2 1 6 7 3 2 7 1 6 5 7 3 2 -1 
2 3 ( 2 2 1 ) - 2 3 ( 2, 2 2 ) 2 2 1 3 1 36 0 0 ( 0 0 ) 2 2 1 8 1 4 6 1 8 ( 0 0 0 8 5 1 - 0 1 0 1 8 1 3 0 9 7 5 1 8 0 2 3 5 
2 " . ( 2 2 2 ) - 2 4 ( 2 , 2 3 ) 2 6 0 5 0 1 7 0 0 ( 1 0 ) 2 6 0 5 0 1 9 5 4 ( 0 0 0 8 4 1 - 1 . 0 1 5 4 1 9 5 . 2 2 4 1 9 4 3 5 5 J 
2 5 ( 2 , 2 3 ) - 2 5 ( 2 , 2 4 1 3 0 3 6 8 3 3 5 0 ( 1 0 ) 3 0 3 6 3 3 6 5 9 ( 0 0 1 0 5 1 0 0 1 9 1 2 1 0 . 3 7 3 2 0 9 G 6 0 
2 6 2 21. ) - 2 6 ( 2 , 2 5 ) 3 5 1 5 9 1 2 1 0 ( 1 0 ) 3 5 1 5 9 1 1 8 2 ( 0 0 1 5 3 1 0 . 0 0 2 8 2 2 5 5 2 3 2 2 4 3 5 0 



O ^ r s ^ r n J f n r a L C ' J L 4 T f 7 r l r ' c r TU c "Nr ;T [ : t ; O c u n r - o T n 

T 9 S N S I T I 0 N 
U P P F P L O M C ? 
S T A T E S T A T F 

0 9 S E ° V F 9 
F P E O ' J F N I V 
(WrTGHT) 

CAuCULATrn Fprr)t|-KjrY 
( S T A N O A " 0 D E V I A T I O N ) 

O O S . - c a i c . L F V F L S I N P M - 1 P C H J S F S 
I j r p r p L n u c o 
S T A T R S T S T R 

* * A T V ° C P 0 9 A N C H » » 

1 ( 0 » 1 ) 0 t 0 , 01 1 8 3 2 1 6 * 0 1 ( 1 . 0 ) 1 3 * 2 1 . 6 9 6 5 1 P 0 1 1 6 ) - 0 0 1 6 5 0 6 2 * 0 T O 

2 t 0 2 ) - 1 t 0 , 1 1 7 7 6 1 * 2 . H O K l . 0 ) 7 7 6 * 2 . * 1 5 1 » t P . P 3 7 0 ) PP 5 * 1 8 3 7 0 . 6 2 * 
2 ( 1 1 ) - 1 1 1 . 0 1 3 8 1 1 ' « . * 0 0 1 ( 1 . 0 ) 3 8 1 1 * . * 2 2 1 ( 0 0 1 2 ° ) - 3 " 2 2 1 8 0 7 6 6 . 3 3 * 
2 t 1 2 ) 1 ( 1 , 11 7 7 1 6 9 . 7 5 0 3 ( 0 . 0 1 7 7 1 6 9 . 5 9 * 2 ( 0 . 0 1 2 9 ) p 1 ^ 5 3 8 . C 2 * 6 . 

7 « « 
? ( 0 3 ) - ? t 0 , 2 ) 5 6 * 6 1 . 1 7 9 1 ( n 0 1 <t 7 ) 3 . 7 6 7 1 . 3 8 7 
3 ( 1 2 ) - •? ( 1 , 1 ) 5 7 1 7 0 8 7 2 5 t 0 0 3 * 1 ) o 9 * 3 8 0 7 6 
3 t 1 3 » - 2 t 1 , 2 1 5 5 7 5 3 . 6 5 8 » ( 0 . 0 3 1 . 1 ) 9 . 8 8 8 8 . 3 2 * 
3 ( 2 1 » - 2 ( 2 , 01 5 6 * 6 0 5 1 0 6 ( 0 . 0 1 3 6 ) 2 8 . * ? 5 2 6 . 5 5 ? 
3 t 2 2 ) 2 ( ?, 1 ) 5 6 * 5 6 . 9 1 7 0 t 0 . 0 3 3 6 ) 2 3 * 3 5 2 6 . 5 5 ? 

* < 0 * ) _ 3 ( 0 » 7 ) 7 5 2 7 7 . 0 0 8 9 ( 1 . 0 ) 7 5 2 7 7 . 0 1 0 5 t n " 1 5 ' ) - 1 0 0 1 5 6 2 7 » ? 7 6 7 
i » t 1 3 ) - 7 ( 1 , 2 ) 7 6 2 2 6 . 7 9 * 7 ( 1 . 0 ) 7 6 2 2 6 . * 0 3 6 t 0 0 3 * 9 ) - 1 . P 1 0 7 1 2 . 5 2 5 9 . Of lT 
* t 1 t* - T ( 1 , • * ) 7 * 3 7 6 . » 5 1 2 ( 1 . 0 ) 7 * 3 3 6 . 8 * 5 3 ( 0 . 0 3 5 0 ) 0 CC 5 * 1 2 3 6 » Q 3 3 * 
* t 2 2 ) - 7 ( 2 , 1 ) 7 5 2 8 3 . 8 * 2 * ( 1 . 01 7 F 2 8 7 « 8 6 7 6 t 0 0 ) * * ) - P 0 2 5 ' 3 0 0 * 6 2 3 * 7 5 

2 3> - 7 t 2 , 2 ) 7 5 2 7 * 8 * 2 5 ( 1 . 01 7 5 2 7 * . 8 5 1 * ( 0 0 3 * * ) - 0 . 0 0 * 9 3 0 9 1 . 6 2 3 * 3 5 
«» 3 1 ) - 7 ( 3 , 01 7 5 2 6 " . 0 9 6 5 ( 0 . O l * * ) 6 1 7 6 0 5 9 . 2 5 1 
M 3 2 ) - 3 ( 7 , 1 ) 7 5 2 6 * 0 7 7 3 ( 1 . 0 1 7 5 2 6 * . 0 9 0 2 ( 0 P 3 * * l C 1 2 9 6 1 7 6 0 1 5 9 2 5 0 

5 t n 5 ) - * t 0 , U) 9 * 0 3 3 ° 7 6 2 f 1 • 01 9 * 0 3 3 . 0 3 2 5 t 3 0 3 5 9 ) p 0 0 3 6 9 * 1 6 6 2 7 * 
5 ( l it) - * ( 1 , 7 ) 9 5 2 * 0 . 7 7 6 6 ( 1 . 0 ) 9 5 2 3 0 7 2 3 3 f 0 . 0 3 5 5 ) 0 0 1 3 7 1 5 7 0 ? 1 2 5 2 5 
5 < l 5 ) - It t 1 » 1») 9 2 9 1 3 » 7 1 2 ( 1 , 0 ) 9 2 9 1 8 8 6 5 * ( 0 0 3 5 5 ) 0 0 0 5 3 1 5 * 6 7 1 2 3 6 » 
5 ( 2 3 ) - lt( 2 , 21 9 * 1 0 9 9 1 3 6 ( 1 . Ol 9 * 1 0 9 . 9 3 6 0 t 0 0 1 * 8 ) - 0 0 1 7 * 7 * 0 8 6 3 0 9 * 6 
5 t 2 1») - lt ( 2 t 7 ) 9 * 0 9 1 3 9 6 1 ( 1 . Ol 9 * 0 9 1 . 9 0 1 . 3 t p 0 0 * 8 ) - 0 0 0 8 7 • « * 0 3 * 3 3 9 * 6 
5 ( 3 2) - lt ( 3 , 1 ) o * 0 8 0 * 1 2 1 ' 1 . 0 ) 9 * 0 8 0 * 3 7 7 ( r O l * » ) - 1 0 2 5 2 6 * 8 9 3 6 1 7 6 0 
5 ( 3 3 1 - * { 3 , 2 ) 9 * 0 8 0 * 1 2 1 1 1 0 ) 9 * 0 8 0 . * 1 * 9 ( 0 0 0 * 8 ) - 0 0 0 ' 8 6 * 3 9 8 6 1 7 6 0 
5 t * 1 ) - lt ( * , 0 ) 9 * 0 5 5 » 9 * 6 ( 1 0 ) 9 * 0 5 5 9 0 1 0 t 0 0 3 6 7 ) - 0 0 0 6 * 1 n 7 9 9 Q 1 0 * 8 6 2 
5 t lt 2 ) M l t , 1 ) 9 * 0 5 5 . 9 0 1 0 t 0 . 0 0 6 7 ) 1 3 7 9 9 9 I E * 3 6 2 

6 ( 0 6 ) - c , 0 . 5 ) 1 1 2 8 9 5 9 3 1 7 ( 1 01 1 1 2 8 9 5 9 6 9 7 t 0 . 0 0 6 5 ) 1 0 1 1 6 1 7 1 » 2 9 * 1 6 
6 < 1 5 ) - 5 < 1 , * ) 1 1 * 3 3 7 5 1 8 1 ( 1 . 0 ) 1 1 * 3 7 3 . 5 0 7 * t 3 . 0 3 5 6 1 n 0 1 0 6 1 9 5 1 7 1 5 7 0 3 
6 t 1 6 ) - 5 ( 1 , 5 ) 1 1 1 * 9 9 * * 7 * ( 1 1 ) f l l * 9 9 * ? 9 5 t 0 0 1 5 7 ) 3 0 1 7 8 l o 1 3 6 1 5 * 6 7 
6 t 2 <«) - 5 ( 2 , 7 ) 1 1 2 9 3 9 * 1 8 7 ( 1 . 0 ) 1 1 2 9 3 9 . * 0 7 5 ( 0 . 0 3 5 1 ) 0 0 1 * 7 7 7 8 5 3 3 * 0 3 6 
6 t ? - 5 < 2 , lt) 1 1 2 9 1 7 8 * 5 7 ( 1 0 ) 1 1 2 9 0 7 . 8 5 2 0 ( 0 0 1 ^ 1 ) - 3 0 0 6 2 3 7 » 5 1 3 * 0 » * 
6 ( 3 3 ) - 5 ( 3 , 2 ) 1 1 2 8 9 6 9 6 7 7 ( 1 0 ) 1 1 2 * 9 6 ° 9 * 9 ( 0 0 1 5 0 ) - 0 0 7 1 2 6 * 6 6 * 6W 3 9 3 
6 ( 7 * ) - 5 t 7 , " » ) 1 1 2 8 9 6 . Q 6 7 7 ( l 0 ) 1 1 2 3 9 6 9 7 5 1 ( 0 0 3 5 0 ) 3 0 2 * 6 6 8 5 6 * 6 * » 9 8 
6 ( 2 ) - 5 ( 1 ) 1 1 2 8 6 6 9 5 8 5 t c 0 3 7 0 ) 1 1 1 7 6 * 1 0 7 9 9 9 
6 ( * 3 ) - 5 ( *, 2 ) 1 1 2 8 6 6 9 3 1 3 1 1 01 1 1 2 * 5 6 9 5 8 5 t 0 0 1 7 0 ) - s 0 2 6 7 1 1 1 7 6 * i r 7 9 9 9 
6 ( 5 1 ) - 5 ( 5 , 01 1 1 2 8 2 9 5 5 5 7 1 1 0 1 1 1 2 8 2 9 5 7 f t 2 t 0 0 1 9 9 ) 3 0 2 5 0 1 5 7 1 1 2 1 6 3 3 * 3 
6 ( 2 ) 5 ( 5 , 1 ) 1 1 2 3 2 9 5 3 0 2 ( 0 0 3 9 9 ) 1 * 7 . 1 1 2 1 6 3 3 * 3 

7 < 0 7 ) - 6 ( 0 , 6 ) 1 3 1 6 9 7 . 1 * 7 7 ( n 0 3 7 * ) 1 7 5 7 5 1 3 1 3 ? 
7 ( 1 6 ) - 6 t 1 . 5 ) 1 3 3 3 3 * * * 3 9 ( 0 0 3 5 6 ) 2 3 9 6 6 1 0 5 1 7 
7 { 1 7 ) - 6 ( 1 , 6 ) 1 3 0 0 7 « 2 5 3 6 ( 0 3 3 5 6 ) 2 7 1 9 1 8 6 
7 t 2 5 ) - 6 t 2 , lt) 1 7 1 7 7 ? 9 * 7 * ( 0 3 5 * ) * 2 . 2 * 8 7 7 8 5 7 
7 ( 2 6 ) - 6 t 2 , 5 ) 1 3 1 7 2 2 * 7 1 9 ( 0 0 3 5 5 ) * ? . 2 * * 3 7 8 5 1 
7 ( 3 lt) - 6 t 3 , 3 ) 1 7 1 7 1 3 3 1 8 5 t 0 0 3 * 9 ) 7 3 0 5 8 6 3 . 6 6 * 
7 ( 3 5 1 - 6 ( 3 , * ) 1 3 1 7 1 3 6 8 * 0 t 0 0 01» 0 ) 7 3 . 0 5 » 6 3 . 6 6 * 
7 t * 3 ) - 6 ( 1». 2 ) 1 3 1 6 7 7 0 * 9 1 t 0 0 3 7 0 ) 1 1 5 . 1 5 6 1 1 1 . 7 6 * 
7 ( * * ) - 6 t l t , 3 ) 1 3 1 6 7 7 9 * 9 0 t p 0 3 7 0 ) 1 1 6 1 5 6 1 1 1 7 P»* 

7 < 5 2 ) - 6 ( 5 , 1 ) 1 7 1 6 7 7 o * 7 7 t 0 0 3 9 5 ) 1 7 1 . 5 0 ? 1 6 7 . 1 1 2 
7 t 3 ) - 6 t 5 , 2 ) 1 3 1 6 7 3 . 9 * 7 3 ( 0 . 0 3 9 5 1 1 7 1 5 0 7 1 6 7 1 1 2 
7 t 6 1 ) - 6 ( 6 , 0 ) 1 7 1 5 3 0 2 1 9 ? ( n 0 1 2 8 ) ? 7 9 0 * » 2 7 * 6 5 0 

7 ( 2) 6 t 6 , 1 ) 1 3 1 5 8 0 . 2 1 0 2 ( 0 0 1 2 8 ) ? 7 9 c * » 2 3 * 6 5 9 

8 ! 0 8 ) _ 7 ( 0 . 7 ) 1 5 0 l » 9 l . 1 .93 3 ( 1 . Ol 1 5 0 * 9 1 . * 9 5 * ( ij 3 1 9 * ) - P 0 3 1 6 2 2 1 7 . 5 7 5 
8 < 1 7 ) - 7 t 1 . 6 ) 1 5 2 * 7 7 2 7 9 2 ( 1 . O) 1 5 2 * 3 7 . 2 3 2 3 ( 0 0 0 6 0 ) n 0 0 6 * 2 9 0 5 1 2 3 9 6 6 
8 t 1 8 ) - 7 ( 1 , 7 ) 1 * 8 6 5 5 . 0 3 2 7 ( 1 , 0> 1 * 8 6 5 5 0 5 5 * ( 0 3 3 5 9 ) 0 0 2 7 7 2 » * 8 * 2 3 5 2 5 
8 t 2 6 ) - 7 t 2 , 5 ) 1 5 0 6 1 1 ' * 7 1 ( 1 0 ) 1 5 0 6 1 1 2 * 1 5 ( 0 0 3 6 3 1 P 0 0 5 5 * 7 2 ? ' * 2 2 * 8 

8 t 2 7 ) - 7 ( 2, 6 ) 1 5 0 5 3 5 5 6 2 1 ( 1 . 0 ) 1 5 0 5 3 5 . 5 * 3 * ( 0 0 0 6 * 1 0 0 1 9 5 * 7 2 6 6 * ? ? * * 
3 t 3 5 ) - 7 ( 3 , lt) 1 5 0 5 3 0 3 2 1 3 t n 0 ) 1 5 0 5 3 0 . 9 6 0 6 ( 0 0 0 5 0 ) - 0 1 T 8 8 7 3 0 7 o 7 ' - 6 » 

8 t 7 6 ) - 7 t 3 . 5 ) 1 5 0 5 3 0 3 2 1 3 t 0 0 ) 1 5 0 5 3 0 . 6 9 1 5 ( 0 0 3 5 0 1 0 1 7 0 3 7 3 0 7 9 7 3 0 5 3 
8 ( * * ) - 7 < lt, 3 ) 1 5 0 * 8 8 8 5 9 9 ( 1 0 ) 1 5 0 * 8 8 » 6 1 6 ( 0 0 1 7 0 ) - 0 0 0 1 7 1 2 1 1 7 6 1 1 6 1 5 6 
8 t 1» 5 ) - 7 { lt, lt) 1 5 0 * 8 8 8 6 1 3 t 0 . 0 3 7 0 1 1 2 1 1 7 6 1 1 6 1 5 6 
8 t 5 7 ) - 7 ( 5 , 2 ) 1 5 0 * "*3 1 5 2 6 1 1 01 1 5 0 * " * 3 1 3 1 6 < 0 0 3 8 8 ) 3 0 ? 1 0 1 7 6 5 2 1 1 7 1 5 1 * 

8 t 5 * 1 - 7 ( 5 , 3 ) 1 5 0 * 7 8 . 1 7 1 6 ( 0 0 3 8 8 ) 1 7 6 5 2 1 1 7 1 5 0 7 
3 t 6 2 ) - 7 t 6, 1 1 1 5 0 3 T 6 5 1 9 7 1 1 0 ) 1 5 0 3 7 6 5 0 3 6 ( 0 0 1 0 * 1 0 P 1 5 7 2 * * 0 6 * 2 7 9 0 * 3 
8 t 6 3 ) - 7 t 6 , 21 1 5 0 7 7 6 5 0 3 5 ( p . 0 1 0 * 1 2 * * 0 6 * 2 3 9 0 * » 
8 t 7 1 ) - 7 t 7 , 0 1 15 0 3 0 2 3 7 2 2 1 1 0 ) 1 5 0 7 0 2 8 8 7 7 ( 0 0 1 8 5 ) - 0 0 1 5 5 7 2 3 . 7 * 6 3 1 8 7 7 7 

8 t 7 2) 7 t 7 , 11 1 5 0 3 0 2 8 3 7 7 ( 0 0 1 8 5 ) 7 2 7 7 * 6 7 1 8 7 7 3 

9 t 0 9 ) _ 8 ( 0 , 81 1 6 9 2 7 8 01+57 ( fl 0 1 2 9 ) 2 8 2 * 1 2 2 5 9 5 
9 t 1 8 ) - 8 ( 1 , 7 1 1 7 1 * 7 9 5 * 0 * ( 0 0 3 7 5 ) 3 * 7 7 1 2 9 0 5 1 
9 t 1 9 ) - 8 t 1 , 81 1 6 7 2 2 9 5 5 7 1 ( 0 0 3 7 5 ) 3 * 0 6 2 2 3 * » * 

9 t ? 7 ) - 8 ( 2 » 61 1 6 9 * 5 1 . 9 5 5 8 ( 0 0 3 3 5 ) 5 2 . 9 2 5 * 7 2 7 2 
9 t 2 8 ) - 8 < 2, 7 1 1 6 9 3 * 6 8 * 5 5 ( 0 0 3 8 6 ) 5 2 9 1 5 * 7 2 6 6 

9 t 6 ) - 8 ( 3 , 5 ) 1 6 9 3 * 8 * 7 7 1 l 0 0 3 5 9 1 8 3 . 7 2 * 7 3 . 0 7 9 
9 ( 3 7 1 - 8 ( 3 , 6 ) 1 6 9 3 * 7 9 8 * 0 t 0 0 3 6 0 1 3 3 7 2 » 7 3 0 7 9 
9 t * 5 1 - * ( l » , lt) 1 6 9 2 9 9 6 8 * 8 t c Q 3 7 7 1 1 2 6 3 2 7 1 2 1 1 7 6 
9 t u 6 ) - 8 ( I » , 5 ) 1 6 9 2 9 9 6 8 * 0 t 0 0 3 7 7 ) 1 2 6 . 8 2 " « 1 2 1 . 1 ? 6 

9 t 5 *»> - » ( 5 , 3 ) 1 6 9 2 * 2 0 * 9 6 ( p 0 3 9 ? ) 1 3 ? 1 6 6 1 7 6 5 ? 1 
9 t I») - 8 ( 5 , 3 ) 1 6 9 2 * 2 0 * 9 6 ( 0 0 1 9 ' ) 1 * 2 . 1 6 6 1 7 6 » 5 ? 1 

9 t 6 3 ) - 8 ( 6 , 2 ) 1 6 9 1 7 2 * 3 2 0 ( 0 0 1 9 0 ) 2 * 9 . 7 0 7 2 * 1 » 0 6 * 
9 t 6 lt) - 8 ( 6 , 3 ) 1 6 9 1 7 2 * 3 2 0 ( 0 0 3 9 0 ) 2 * 9 . 7 0 7 2 * * n 6 * 

9 t 7 2) - 8 ( 7 , 1> 1 6 9 0 8 9 * 5 * 5 ( 0 0 1 5 8 ) 3 2 9 . 3 8 6 7 2 3 , 7 * 6 

9 t 7 3 ) - 8 t 7 , ? ) 1 6 9 0 3 9 * 5 * 5 ( 0 0 1 5 « 1 3 2 9 . 3 » 6 7 2 3 7 * 6 
9 ! 8 11 - 8 ( 8 , 0 ) 1 6 8 9 9 2 0 5 7 3 ( 0 0 7 9 3 1 * 2 1 . 1 3 ? * 1 5 

9 t 8 2 ) * 3 ( 8 . 1 ) 1 6 8 9 9 2 0 5 7 3 t 0 0 3 9 3 1 * ? 1 1 3 2 * 1 5 * 9 5 

1 0 t a 1 0 ) - 9 t 0 , 9 ) 1 8 8 0 5 5 8 1 1 9 ( 1 0 1 1 * * 0 5 5 8 3 8 1 t 0 0 1 8 1 1 - 3 P 2 6 2 3 * . 5 1 1 . 2 3 . 2 * 1 
1 0 l 9 1 - 9 ( 1 , 8 ) 1 9 0 5 2 3 0 1 . 8 9 t 0 0 1 0 6 1 * 1 . 1 2 6 7 * . 7 7 1 
1 0 t l 1 0 ) - ° t 1 . 9 ) 1 8 5 8 0 1 u g t t ^ t 1 01 1 8 5 8 0 1 * 8 5 0 t 0 0 1 0 9 1 0 0 0 9 9 . 2 6 0 3 * 0 6 ' 

1 0 t 2 3 ) - 9 t 2, 7 ) 1 3 8 3 0 * 7 7 5 6 1 1 0 ) 1 8 3 " * 0 * 7 5 * 0 t c . 3 1 2 1 1 0 0 2 1 6 CO . 2 0 6 5 2 . q 2 5 
1 0 1 2 9 ) - 9 t 2 , 8 ) 1 * 8 1 5 6 . l 7 * l t l 0 ) 1 8 8 1 5 6 1 5 7 5 t 0 0 1 2 3 ) 0 . 0 1 6 6 5 9 . 1 9 1 5 2 . 9 1 5 
1 0 t 3 7 ) - 9 [ 7 , 6 ) 1 3 « 1 6 6 * 0 6 7 ( 1 0 ) 1 8 3 1 6 6 * 2 3 6 t 0 0 3 3 3 ) - 0 . 0 2 2 3 9 3 . 0 " * » 3 7 ? 8 
1 0 t 3 8 ) - 9 t 3 , 7 ) 1 3 8 1 6 5 . 5 * 1 6 ( 1 . 0 ) 1 8 3 1 6 5 . 5 8 3 3 t 0 . 0 3 » * ) - p . 0 * 1 7 0 3 . 0 0 * * 7 . 7 ? » 

1 0 t * 6 ) - 9 ( lt. 5 ) 1 8 8 1 1 0 . 7 7 5 9 ( 1 . 0 ) 1 3 3 1 1 0 * 1 7 5 ( n . O l ^ O ) - 3 . 0 3 1 6 1 3 3 . C 9 » 1 2 6 . 8 2 7 
1 0 t it 7 ) - 9 « *, 6 ) 1 8 8 1 1 0 * 0 5 7 t 0 . 0 1 0 0 ) 1 3 3 . 0 9 8 1 2 6 . 8 2 ? 
1 0 t 5 5 ) - 9 t 5 , <»> 1 * 3 0 * 5 . 6 9 * 9 ( 1 0 ) 1 8 3 0 * 5 . 6 6 8 0 ( p . 0 1 2 7 ) 0 . 0 2 6 9 1 * 3 , * ? o 1 8 2 . 1 6 6 

1 0 5 6 1 - q ( 5 , 5 ) 1 8 8 0 * 5 , * 6 » 3 ( 0 0 1 2 ? ) 1 » 3 , * 3 Q 1 8 2 . 1 6 6 

1 0 1 6 * ) - 9 t 6 . 7 ) 1 « 7 9 6 7 . 9 7 7 0 ( 1 0 ) 1 3 7 9 6 7 0 5 9 » ( 3 . 0 1 3 1 ) 0 • 0 1 7 2 2 5 5 . 9 7 7 2 * 9 . 7 3 7 

1 0 ! 5 1 - 9 ( 6 , 1») 1 8 7 9 6 7 0 5 9 3 ( 0 . 0 1 3 1 ) ' 5 5 . 9 7 7 2 * 9 . 7 V 

1 0 t 7 3 ) - 9 t 7 , ? ) 1 8 7 8 7 5 5 5 7 3 11 . 0 ) 1 8 7 * 7 5 . 5 6 * 5 t 3 . 0 1 9 0 ) - 1 . 0 1 0 7 7 7 5 . 6 5 3 7 2 9 . 3 3 6 

1 0 t 7 lt) - 9 t 7 , 3 ) 1 * 7 » 7 " ; 5 6 * 5 ( P . 0 1 9 0 ) 7 3 5 . 6 5 3 7 2 9 . 7 3 6 

1 0 ( 8 2 1 - 9 t 8 » 1 ) 1 8 7 7 6 6 7 8 * 3 t 0 0 ) 1 8 7 7 6 7 . 2 3 0 * t 0 0 * 2 3 ) - 0 * * 5 6 * 2 7 . 3 9 5 * 2 1 . 1 7 2 
1 0 t 8 3 ) - Q ( 3 » 7 ) 1 8 7 7 6 7 . 2 7 0 * ( p O * ? 7 ) 1+27 . 7 q c < . ? 1 . 1 7 2 
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r ä x . nisrovcn anh calculated fredufmct-s of Mac**) tn mh? (Cdnttni if - i) 

t r a n s i t i o n 
IIPOFO LOWER 
S T A T F STATE 

OBSERVE" FREQUENCY 
(weicht) 

CALCULATED CDFOMENCY - j « ? < ? . L C . 
(STANDAoq d f l / i a t i o " ) 

FNFRGY LFV/FLS IN C M - 1 urocp L 0WC"5 
STAT̂  ST̂ Tr 

10 ( 
10( 

1) -2) - 9 ( 9 , 9 ( q, 
» * A T Y ° E Q 9 ° A N C H 

1 3 7 6 4 1 . 7 s ? 6 ( 0 . 1 9 6 * ) 
1 3 7 6 1 . 1 . 7 9 2 6 ( 0 . 0 3 6 7 ) 

571.121 
5 3 1 . 1 2 1 

^24. "6? 524.'62 

1 ( I t , 0 ) - 1 ( 1 , , 1 ) 
2 ( l i , 1 ) - 2 ( l i , 2 ) 
3 ( 1 , , 2 ) - 3 ( l i , 3 ) 
4 ( 1 , r 3 ) - 4 ( 1 . , 4 ) 
5 ( 1< , 4 ) - 5 ( 1 . . 5 ) 
6 f 1 , 1 5 ) - 6 ( 1 , , 6 ) 
7 ( 1 , 1 6 ) - 7 ( 1 , , 7 ) 
8 ( 1 . . 7 ) - 8 ( 1 , , 3 ) 
9 ( 1 , , 3 ) - 9 ( l i , 9 ) 

1 0 ( 1 , r 9 ) - 1 0 ( 1 , , 1 0 ) 
1 1 ( 1 , , 1 0 ) - 1 1 ( 1 , , 1 1 ) 
1 2 ( 1 , , 1 1 ) - 1 2 ( 1 , , 1 2 ) 
1 3 ( l i , 1 2 ) - 1 3 ( 1 , , 1 3 ) 
1 4 ( 1 , , 1 3 ) - 1 4 ( 1 , . 1 4 ) 
1 5 ( 1 , > 1 4 ) - 1 5 ( 1 , , 1 5 ) 
1 6 ( 1 < , 1 5 ) - 16 ( 1 , , 1 6 ) 

1 0 ( 2 , 1 8> - 10 ( , *9> 
1 1 ( 2 , , 9 ) - 1 1 ( 2 , , 1 0 ) 
1 2 ( 2 , , 1 0 ) - 1 2 ( 2 , , 1 1 ) 
1 3 ( 2 , , 1 1 » - 1 3 ( 2 i , 1 2 ) 
1 4 ( 2 , , 1 2 ) - 1 4 ( 2 , , 1 3 ) 
1 5 ( 2 , , 1 3 ) - 1 5 ( 2 , , 1 4 ) 
1 6 ( 2 , , 1 4 ) - 1 6 ( 2 , , 1 5 ) 
1 7 ( 2 , , 1 5 ) - 1 7 ( 2 , , 1 6 ) 
1 M 2 , , 1 6 ) - 1 8 ( 2 , , 1 7 ) 
1 9 ( 2 , , 1 7 ) - 1 9 ( 2 , , 1 8 ) 
2 0 ( 2 i , 1 8 ) - 20 ( 2 i , 1 9 ) 
2 1 ( 21 , 1 9 ) - ' 1 ( 2 , , 2 0 ) 
2 2 ( 2 , , 2 0 ) - 2 2 ( ?, , 2 1 ) 
2 3 ( 2 , , 2 1 ) - 2 3 ( 2 , , 2 ' ) 
2 4 ( 2 , , 2 2 ) - 2 4 ( 2 i , 2 3 ) 
2 5 ( 2 , , 2 3 ) - 2 5 ( 2 , , 2 4 ) 
2 6 « 2 , , 2 4 ) - 2 6 ( 2 , , 2 5 ) 
2 7 ( 2 , , ? 5 ) - 2 7 < 2 , , 2 6 ) 
2 8 ( 2 . , 2 6 ) - 2 8 ( 2 , , 2 7 ) 
2 9 ( 2 , , 2 7 ) - ? 9 ( 2 , , 2 9 ) 

0919.9951(1. 0) 
1 3 2 2 6 . 2 1 5 ) ( 1 . 0 ) 
1 7 0 " 4 . 3 6 5 1 ( 1 . 0 ) 
2 1 2 5 1 , . 3 1 0 H 1 . 0 ) 
2 5 9 7 5 . 9 3 0 1 ( 1 . 0 ) 

7 9 1 1 . 0 3 0 1 ( 1 . 0 ) 
9 4 6 2 . 3 1 4 1 ( 1 . 0 ) 

1 1 2 4 0 . 2 9 2 1 ( 1 . 0 ) 
1 3 2 5 0 . 3 6 4 H 1 . G ) 
1 5 5 1 2 . 0 0 9 K 1 . 0 ) 
1 8 0 4 1 . 2 3 3 1 ( 1 . 0 ) 
2 0 8 5 5 . 9 * 0 1 ( 0 . 0 ) 

4 7 ? 
1 4 1 7 
2 8 3 4 
4 7 2 4 
7 0 » 5 
9 9 1 9 

1 3 2 2 6 
1 7 0 0 4 
2 1 2 5 4 
2 5 0 7 5 
3 1 1 6 9 
3 6 8 3 2 
4 2 0 6 6 
4 9 5 7 1 
5 6 6 4 4 
6 4 1 8 7 , 

U 4 5 
641, 
9 0 1 1228 

1 6 3 7 , 
2 1 3 9 
2 7 4 8 , 
3 4 7 9 
4 3 4 2 , 
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Tables VII and VIII show the variation of the 
derived parameters due to the different planarity 
conditions. These tables contain also the values of 
the quartic distortion constants h 4 r a a b b , r ' b b c c , 
t c c a a and ft4 xabab as calculated from normal-coor-
dinate analysis u . 

The errors of the determinable and derived rota-
tional parameters were estimated on the basis of 
standard errors of the spectroscopic constants ob-
tained from the least-squares process and are given 
in Tables I and II. The calculation of these errors 
was done via numerical propagation of errors, and 
was also checked by variance propagation formulae 
using zero co-variance assumptions. 

b) Discussion of Errors 

The problem whether there are systematic errors 
present in the results of our calculations was ex-
amined using residual analysis. The residual errors 
of the least-squares calculations were first reduced 
to "unit normal deviate" form (see Draper-Smith23) 
by dividing the residuals by their estimated error: 

n 

•s2= 2er/(n-p) 

where n is the number of residual error data, while 
(n — p) is the excess degrees of freedom of transi-
tions fitted over the number of parameters in the 
Hamiltonian. The statistics of such a distribution 
should approach those of a normal distribution with 
zero average and unit standard deviation, provided 
there are no systematic errors present. The results of 
such an analysis are more or less in accord with the 
assumption of normality in the error distribution. 
The values of the standard deviation and the mean 
of the "unit normal deviate" residuals of ketene-cL 
and ketene-dj are 0.9168 and - 0 . 0 9 5 , and 0.9554 
and 0.0292, respectively. 

Another test of residual correlations was made 
by examining the correlation among the residuals 
and the Ka values. This test yielded coefficients of 
determination r2 = 0.134 and 0.012 for ketene-di 
and ketene-d2. A similar test of correlation among 
the residuals and their / values yielded coefficients 
of determination: r2 =-- 0.042 and 0.003 for ketene-
d! and ketene-d2, respectively. These correlations 
are therefore insignificant. 

As to the correlations found among constants ob-
tained from the least-squares calculations, i. e. be-
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tween the spectroscopic constants in Watson's re-
duced representation the following were noted. The 
strongest correlations exist between the members of 
the following groups (A, B, C), (A, dK), (B, <5A), 
(C, 3k) and (<5k, while no significant correla-
tions were found for the two sextic constants. The 
correlations among the rotational constants A, B and 
C are due to the fact that these three constants were 
refined separately. The correlations between B and 
dK, furthermore between C and dK are analogous 
to the correlations found by Johns, Stone and Win-
newisser6 for ketene-h2 between (B — C) and SK. 
This correlation was also pointed out by Sheridan10. 

The results of the fitting procedure, the calculated 
and measured transitions, including some predicted 
transitions for ketene-d2 and ketene-di are found in 
Tables IX and X, respectively. As can be seen from 
the latter tables the standard error of prediction for 
both deuterated species is somewhat greater than for 
ketene-h2 6. This is a consequence of the lade of high 
resolution infrared data on these molecular species. 

Table XI. Comparison of inertial defect values in [amu-A 2 ] 
from different representations of spectroscopic constants 

with values from normal-coordinate analysis (Ref. " ) . 

Reduced repr. Average of Normal-coord. 
value derived const. value 

CD.,CO 0.114457(83) 0.11386(10) 0.11522 
CHDCO 0.10265(30) 0.101993 (35) 0.10117 
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327a [1952], 
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2 0 , 6 8 7 [1952]. 

4 C. B. Moore and G. C. Pimentel, J. Chem. Phys. 38, 2816 
[1963]. 

5 A . P. Cox, L. F. Thomas, and J. Sheridan, Spectrochimica 
Acta 15. 542 [1959]. 
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The results obtained in this paper may be used 
to support the planar model of ketene, as the inertial 
defect values calculated from normal-coordinate 
analysis compare favourably with the various ex-
perimental inertial defect values. Table XI contains 
such a comparison which yields a satisfactory agree-
ment. A similar conclusion may be derived from the 
value of the r defect for ketene-d2, although this 
quantity is more difficult to assess than the inertial 
defect values, and its relative error is greater in this 
work. The value of the r defect was found to be un-
determined by the present data for ketene-d!. The 
origin of the r defect is also the reason for the dif-
ferences among the derived constants in Tables VII 
and VIII ; they contain vibrational contributions 
due to zero-point vibrations. 
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