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good for this nucleus (Be'+H). It seems very
unlikely that 8' should be even more stable than
is indicated by the one-body model; however, in
view of the comparative importance' of 8' for
astrophysics, direct experimental evidence would
be desirable, e.g. from the reaction Be'+H =B'

3 Bethe, "Energy Production in Stars, " to appear
shortly in the Phys. Rev.

+n which shouM occur with protons of 2 Mev
energy.

8' and N" are very doubtful. 8' is just on the
limit of stability, being slightly stable according
to "Calc. II;" slightly unstable according to I.
The stability of N" depends mostly on the exact
binding energy of 8" which is not known at
present.
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New measurements make possible a much more complete analysis of the band systems ending
on 2p'll. The constants of this state can be obtained with great accuracy and the irregularities
in the A-doubling and perturbations traced to the interaction with the higher vibrational levels
of 2p Z. New information is obtained about some of the states which have both electrons excited.

HE strongest and most extensive band
systems in the visible H2 spectrum are the

transitions from a number of three quantum.
electronic levels to the 2p'Z state. ' The data of
these band systems can be found in Richardson's
book' or in the original papers listed there. All
the upper levels of these systems should also
combine with the 2p'll state. The resulting band
systems lie chiefly in the near infra-red around
7600A. Important fragments of these bands have
been given by Richardson and Chalk, ' ' but the
measurements of Gale, Monk, and Lee on which
they based their analysis contain only the
strongest lines in this region. Therefore it seems
desirable to publish the data on these band
systems as they were obtained from a more
recent analysis based on our own measurements.
This re-analysis was undertaken as a preliminary
study for the analysis of the corresponding bands
of HD and D2 on which I hope to report in a

' Whenever only one electron is excited it is sufficient to
specify the state of this electron, and it is understood that
the other electron is in the normal state 1sa. The full
notation of the 2p'Z state would be 1s02po'Z. Only when
both electrons are excited is it necessary to specify the
state of both.

'O. W. Richardson, 3IIolecular Hydrogen and Its Spec-
trlm (New Haven, 1934).

30. W. Richardson, Proc. Roy. Soc. A126, 487 (1930);
M. L. Chalk, Proc. Roy. Soc. A128, 579 (1930).

future paper. I am giving the results of H2 here
separately because they throw some new light on
the nature of the levels with both electrons
excited about the exact interpretation of which
there is still a great deal of uncertainty.

The wave numbers and intensities of the
transitions from the singlet 3d complex are given
in Table I and those from the other initial states
in Table II. In general it will be found that the
lines which Richardson gives agree with those
listed here, but there is a considerable number
of discrepancies, which must be ascribed to the
scantiness of the data with which Richardson
had to work. A few doubtful lines are included
in the tables. They are designated by a question
mark. In a few bands there are undoubtedly
more lines present than those given in the tables.
That is indicated by the high intensity of the
last listed lines. In such cases there are marked
irregularities in either the initial or the final
state and a prediction of the position of the line
becomes too uncertain. On1y when there are
good combination relations can such lines be
identified with any degree of certainty. In the
present instances such combination relations are
not always available. However there is no doubt
that future reserach will eventually locate these
lines.
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TABLE I. The transitions from the singlet 3d comPlex to 2P'll.

P BRANCH

v I
Q BRANCH

3d~Z~2gPII

8 BRANCH P BRANCH Q BRANCH

v I.

8d~ll -+2p~ll+

8 BRANCH

v I
P BRANCH

v I
Q BRANCH

3d~II+ ~2y~ll

8 BRANCH

v I

12 660.56 0
529.26 00

12 586.99*(3)
455.86

(297.16)
117.03 00

0-+0
12 654.2$

555.35
489.68
312.78
181.69

050.17

210.18
068.34

11 926.43
782.88

0
1
00
0

1-+0
14 880.07

773.98
640.20

380.32

1-+1
12 574.51

474.77
850.22* 4b

12 675.67
61?.24
545.50
467.38
886.28
861.54
810.85

14 854.42
817.85
720.25
615.95

12 588.75
518.68
481.04
341.92
252.90

3
8
4
7
4
1?
0?

0?
8
1
1

14 542.79 8
454.29 6
353.96 8
244.34 8
127.92 00

12 377.33 2
298.04 4
209.87 1
115.89 2
016.83 00d

11 916.15 1

2~0

2~1
14 656.61

622.60
574.80
518.03

14 741.10 6r
752.35 4
751.30 5
789,57 3
718.42 2
688.85 3d?
652.11* 4

2-+2
12 485.68 2

459.08 0
12 569.64

586.99* 3
595.12 5
595.54 1
589.47 3
577.92 0
561.61 1
541.25 00
517.54 00

16 507.80

17 046.58 4

6
5
2
lc

1
2
8

5

12 156.86

11 995.20

18 072.48
050.79
030.09
008.43
985.14

15 264.80
221.95
178.29

8—+8

12 272.01 00
1

8djh=+2y~ll

0-+0

18 250.12 10
10 288.60 10
10v 315.69 10
10 345.84 2
1 368.79 2
8 885 47 2

15 442.42 4
0 454.44* 4
ld 468.96 2
1

12 855.47 1

13 375.10 9
471.21 2
564.94 10
658.85 4
736.48 5
811.78 1
878.65 2?

15 567.88 5
642.48* 7

12 365.12 2
252.81 Od
072.58 1

2~1
14 647.34

576.78
2
Oc

045.19 00

3~2
14 219.42

186.75
020.10

3
00
00

2—+2

12 475.72* 5
411.32 00
314.72 0

639.27
556.34
447.87

3
(5)
2

12 519.68 0
475.72* 5
409.81 1
282.78 4

967.78

14 245.08 0
181.27* (8)

1
2
8

8-+8

12 105.22 00? 12 180.88 0
089.50 2

876.33 1??

3diII+—+2@'ll

510.77

14 836.27
351.38
854.48

12 296.00 2
806.48 2
329.30 3

12 974.98 10
944.50 6
916.81 7
888.51 0

15 059.87~ 1
14 993.14 0

941.40 0

1—+1

18 143.25 10
165.85 9
189.96 10
211.47 9br

18 261.88 10r
842.92 4
428.29 4
500.21 1

2-+2

2-+1
15 380.95 6

15 212 41* 2 891 68 0
448.34 1

1
2
3

1
2.

. 3
4
5

7
8
9
10

12 063.55 00

12 800.50 2
694.18 6
579.87 2
460.79 4
340.94 0
221.54 1

14 899.74 0
799.45* 3c
686.48 1
564.70 3c
436.88 3b
305.67* 4d

3~8
12 179.19

11 994.91

3

ldr

1~0
15 020.09
14 977.10

919.17* 1
850.63 lc

3d'II ~2y~ll+

0-+0
12 920.82

8?1.79
812.87
746.45
677.91~ 1
604.60* 2?

12 185.76

12 996.78
999.72
995.66
986.40
972.82
955.42
934.49
910.17
882.70
852.16

15 102.10 5
106.75 1
099.69.* 4

056.92

10
9
10
9
10
5
9
0
2
00

1
2
8
4
5

6
7

12 859.89
822.81
768.89
702.52

4
8
8
0

0-+0
12 984.86 6
13 009.89 0

017.68 10
011.02 8

12 978.08 lob
958.46 5?
942.39 8?

14 948.16*
898.79
799.88
676.20

12 648.98
604.60*
525.86
418.68

16 957.86 2
889.24 0
792.17 1b?

2~0

2—pl

1—+0

15 078.26 1
2
1
8
12?

l~l
12 767.61 1

6 782.10 00
2 759.28 0

1?

13 130.29 10
195.20 10
248.75 8
268.77* 10r
290.38 10

12 896.18 2
927.54 7
928.49~ 9

1
2
8
4
5
6

1
2
3

12 887.80 (1)
849.04- 2
812.87~ 9'

18 159.41 10
13 048.76 10 226.20 9

066.97 10v? 292.13' 10
049.97 10

18 076.83* 10v
071.93 10
076.88* 10v
060.64 10?

15 261.52 0
221.95* ld

3d~b,+~2y~lI

0-+0

18 264,88 9
321.11 10
385.47* 2
427.16 2

1-+0

15 449.06 2
470.05 2
510.88 6

13 384.68 5
498.77 4
618.21 5

15 569.40 3
647.68 2

3~3
13 066.97* 10v

12 951.38 9
12 809.9

1
2
3
4
5
6
7
8
9

12600.52 1
509.64 5
409.02 1
302.67 8
198.87 0
088.01 00

1—+1

12 714.58 2
677.91 1

576.26 00
516.04* 2

12 796.52
807.54 8
809.69' 7
805.04 3
794,88
780.06
761.10
788.50
712.43

1
2
8
4
5

14 658.88 3c
599.96 8
518.53 6v

12 495.82 2
458.15 1
853.34 2

2~2

12 595.54* 1

504.30 0

14 920.11 Od

906.22 0

12 720.54 0
756.55 1

741.78 1

12 972.25 4
946.87 9

1-+1

13 149.84 8
180.22 10
211.47 9r

13 268.77 10r
348.47 6
432.36 8
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The intensities are eye estimates. Apparent
irregularities in the intensities are not necessarily
real, as the sensitivity of the various photo-
graphic plates may change very rapidly in this
region. Quantitative intensity measurements
carried out by Dr. N. Ginsburg in this laboratory
are partly ready. An asterisk in the tables means
that the line is a known blend.

THE 2p'II STATE

The 6nal level of our bands is also the upper
level of. the so-called C bands in the extreme
ultraviolet of which the most accurate measure-
ments are those of Jeppesen. ' From the analysis
of these ultraviolet bands the constants of the
2p'II state are known. However, the accuracy is

very considerably less than that obtainable from
the visible bands. If one takes this into account
the results of the present paper are found to be

4 C. R. Jeppesen, Phys. Rev. 44, 165 (1933).

in good agreement with Jeppesen's values (see
below) except in one or two cases where there is
a considerable perturbation.

All the rotational levels of the 2p'lI state are
double, and it is well known that this doubling
(A-doubling) is due to the interaction of rotation
and electronic motion. One of the components
PII is uninfluenced whereas the other one pII+
is displaced. The magnitude of the displacement
is very much inHuenced by the nearness of
other levels with the same symmetry and the
same value of J. If such levels are very close we
have a typical perturbation. We know that the
higher vibrational levels of 2p'Z overlap with
the 2P'Il state so that there is ample opportunity
for the production of- irregular h.-doublings and
real perturbations. Therefore it would be mean-
ingless to calculate the constants of the 2p'II+
state.

The 2PII levels cannot be subject to such
interactions as there cannot be any Z or II

TABLE II. The transitions from the doubly excited Levels to 2p'll.

P BRANCH

v I
Q BRANCH

v I
8 BRANCH

v I J
P BRANcH

v I
Q BRANCH

v I
8 BRANCH

v I J
P BRANcH Q BRANCH

v I
R BRANcH

v

iZ 2pin

0-+0

1 12 476.79 00 12 499.43 1
2 374.44 0 421.84 0
8 306.48 1
4 057.16 00 152.55 00
5 11 844.30 ood7

12 541.61 00 1 18 286.62 2b
484.09* 1 2 193.48 1
385.26 00

4 — 874.57 0

iL ~2pgZ

2—+2

18 304.01 2 1 13 805.50 6
18 277.71 2 2 740.91 10

3 674.18 7
4 600.81* 6

'0—+2p'II

0~0
18 865.88 2

861.72 1
850.00 2

18 982.05 0
14 027.60 1

1-+0

14 728.46 8
647.99 0
584.28 8d

1
2 14 608.55 0
8

14 768.83 1
711.71 00

2 11 848.88 1d
3
41~1

1 12 422.99 8 12 462.69 0
2 12 804.46 00 348.67 0 412.55
8 244.49*(9)

2—+2

11 949.87 0

754.45 00

1
2 13 721.96 4

644.86 2
4 568.304 10

iM~2pirr 1.
2 11 441.74 Ob1~1 8

11 962.49 ld ' 12 018.00 00 .4 826.90 00
11 975.88 0

807.11 1 913.81 0
795.87 0

0~1
11 560.25* 0

560.25* 0 .

1-+1
13 840.60 8

822.27 0 13 970.01 0
801.70 8

1
2 14 456.77 00
8 258.14 (6)
4 111.87 00

2 +1

14 575.85 4
475.77 0
845.48 3

13 982.05* 07

2-+2

12 408.79
310.35
189.20
087.52
853.14

1
2 12 298.22 00
8
4 11 946.99 00
5

3 12 418.68* 1
0 350.22 4b
2 255 58 0 1
00 090.79 00
00

5

11471.22 1r
398.32 1

14 589.50 (6)
518.75 2
402.42 00
225.90 4 "

1 18 642.25* 10
2 561.75 5
8 458.16 3
4 888.88 10

1+~2p&11

1
2

1—+2

11 669.02 2
656.89 00

1~1
18 680.89 8 13 749.75 2

635.77 5 ?35.05 4
566.80 8 701.11 2

1~2
11 508.90 1

470.40 8
410.58 7
336.17 1
266.92* 0

11 578.69 00
571.57 1

U'~2p'll

2~2
1 13 668.42 2 18 710.66 7
2 600.29 (10) . 718.34 (10b) 18 851.82 0
8 559.78 0 690.80 9
4 448.62 2 645.15 6
5 620.29 6

1
2 11 702.80 0

1-+1

11 821.27 4
745.04 00
635.07 1

13 452.76~ 8
868.07 5
868.07 5
260.27 3
090.44 5

2~2
13 478.62 8

419.44 0
882.59 3
226.20 (9)
141.82

13 498.60 1
444.49 1
878.91 1

1
2
8 12 816.88 00 12 892.92 1
4 659.58 0 815.86 0
5 754.61

18 061.21
036.28
028.28
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TABLE III. Rotational differences of 2p'll
F(J+1)-F(J- 1)

TABLE IV. Constants used to determine rotational levels.

V=0 UV

2 302.60 302.53 286.90 287.7
3 420.36 420.68 398.49 399.35
4 534.87 536,25 507.01 509.95
4 645.44 611.67
5 751.28 711.87

2 UV

271.60 271.98
377.14 377.96
479.74 481.05
578.71
673.32

256.52 257.46
355.41
453.45

30.532
(30.539)
0.0195
(0.0205)

28.949
(29.113)
0.0186
(0.0198)

27.411
(27.485)

0.0181
(0.0189)

25.895
(25.931)

*As the data are very scarce for V =3 the value for D3 was obtained
by extrapolation from Do to D~ and then the value of B3 calculated
from the single difference given in Table III.

state which might influence it anywhere near.
Therefore the rotational levels of the 2P"II
state should be regular and the constants cal-
culated from them in the usual way have the
theoretical meaning attributed to them in the
elementary theory of band spectra. The average
values of the rotational differences F(J+1)
—F(J—1) are given in Table III. The values in
small print marked UV are those which Jeppesen
derived from the ultraviolet bands. The dis-

crepancy with our values gives an idea of the
accuracy of the ultraviolet data. It is curious to
see that all Jeppesen's values except one are
higher than ours, which cannot be accounted for
by accidental errors of measurement. The cause
is probably in the somewhat roundabout way
which Jeppesen had to use to extract the values
in the tables from the observational data.

As usual we represent the rotational levels by
the formula

F(J) =ByJ(J+1) Dy J'(J+1)—'+ (1)

and calculate the constants BJ and Dv from the
first three differences in each column. For V=3
the data are not quite sufficient to do this. The
use of more differences for the calculation of the
rotational constants would not increase their
accuracy as the expression (1) is a very poor
approximation for all but the lowest values of J.
The values obtained in this way are listed in
Table IV. The values in small print are those
derived by Jeppesen and from them the constants
in the expression

(2)

are found to be

B,=31.340, 0.=. 1.626, p = 0.022.

The vibrational differences between successive
vibrational states with J=i are given in the
second column of Table V.

The rotational part in the energy level for

TABLE V. Uibrational differences of 2p'll.

1 —0
2 —1
3—2

2305.51
2171.54
2040.25

2308.68
2174.62
2043,28

J=1 is 2By 'If w.e therefore add 2(By By+~)—
to the values of the second column of Table V
we get the true vibrational differences which are
given in the third column. From the first two
differences the constants in the formula

a&(U+-,') —x( V+-', )'+
for the vibrational energy are found to be

co = 2442.74, x = 67.03.

(3)

The discrepancy of these values with 2468 and
88.93 which are the values which Jeppesen
derived for these constants from his data is
chiefly due to the different manner in which the
constants were determined. Jeppesen used two
more terms in formula (3). Whereas for most
molecules that would give a much better ap-
proximation, for H2, as I have pointed out before,
usually no increase in accuracy can be expected.
For it is necessary to use terms with higher
vibrational -quantum numbers for the calculation
of the constants in the more extended formula
and for these the convergence of (3) which is

poor even for the lowest values of V becomes so
bad as to render the formula practically useless.
Therefore it cannot be expected that the values
of the constants derived from the more complete

~ In general the energy of a molecule of this type is in
good approximation

A+BPJ(J+1)—2~2+L(L+1)j.
The part B/L(L+1) —A'j which is usually omitted comes
from the interaction of rotation and electronic motion
(see e.g. G. H. Dieke, Phys. Rev. 4'7, 661 (1935)). A is
independent of J and contains the electronic and vibra-
tional energies. For a pII state L = 1 and A. = 1 and therefore
the energy becomes

A+BJ(J+1)
which for J=1 is A+28.
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TABLE VI. A-dou, bIings of the 2P'Il state.

Jxv
1
2
3

5

1.17
3.47
6.51
'9.95

12.90

1.23
3.39
5.93
6.58

0.78
1.42—3.54

+27.53

12.12

formula are more accurate than those derived
from just two differences, although these latter
values may also be considerably different from
the true ones. ~e m m w m m m ~

A-DOUBLING AND PERTURBATIONS

The positions of the 2P"II+ levels will be in-

Huenced by the vicinity of the higher vibrational
levels of 2P'Z. Therefore we must expect irregu-
larities in the rotational levels of 2p'll+. Table
VI gives the A-doubling, i.e. , II+(J) —II (j).
This can be derived directly from the observa-
tions without the help of any formula, except
that the relative position of one ortho and one
para level must be known. We can take for this
e.g. , 2pII (1) and 2PII (2) for U=O. As these
levels are represented well by formula (1) we
can find their relative position with any desired
accuracy, and this in turn will furnish all the
A-doublings within the errors of measurement.

Figure 1 shows the vibrational levels (for
7=2) of the 2P"Z and 2p'II states and explains
the pecularities shown by the A-doublings of
Table VI. The vibrational levels of 2pZ for
V)8 have not been actually observed but are
extrapolated values. U=4 of 2pII was taken
from Jeppesen's data.

It is well known that. two rotational levels of
PZ and PII with the same value of J must repel
each other if they are close together. Further-
more we must remember that the spacing of
successive rotational levels is much closer for
2PZ than for 2PII. Therefore we have to pay
particular attention to a PII-level and the PZ-
level which lies immediately above it. Successive
higher rotational levels of these two states will
come closer and closer together which means that
the pII+ levels will show more and more depres-
sion if the approach of the levels is at all close.

This is further illustrated in Fig. 2 which
shows the distance between the rotational levels
which perturb each other. (U=O means Zs(J)

FIG. 1. Relative positions of the vibrational levels (for
J=2) of 2P'Z (left) and 2P'II (right). The levels of 2P'Z
with V) 8 are extrapolated.

IIo(J) U= 1: &so(J) —IIz(J), U= 2: Zip(J)
—II~(J)). As the PZ levels can be obtained only
by extrapolation, the actual distances might be
somewhat different from those given in the
figures. The good qualitative agreement between
the predicted and observed perturbations shows,
however, that this difference can be only very
slight. For U=O and small J values the 2PII
levels lie practically half way between V=7 and
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600

V-i
400

V=2
200 .

-200 .

FIG. 2. Distance between the rotational levels of 2p'lI and
the closest lev'els of 2p'Z with the same J.

V=8 of 2pZ and therefore the A.-doubling shown

by these levels will be very closely the normal
doubling. For the highest observed J values the
A.-doubling is only slightly less than the normally
expected one (which is proportional to J(1+1))
because the Z8 levels are still sufficiently far o6.
For J=6 the levels would be so close that we
would have a considerable perturbation.

Figures 1 and 2 show further that the V=1
level of 2pll is not very far below the 2pZip level.
For J= 1 and 2 they are not. sufficiently near to
show a significant deviation from the normal
A-doubling. However J=3 begins to show the
influence of the nearness of the Z&0 levels by
being appreciably depressed and J=4 shows this
influence much stronger. J= 5 has not been
found. The extrapolated diRerence is only about
7 crn ' which would produce a very large per-
turbation. It would be quite difficult to find the
lines belonging to this level. J=6 should have
an abnormally /urge A-doubling as the Z» level
lies now below the II~ level.

This crossing over of rotational levels which
gives rise to a true perturbation is actually
observed for 2pllp+. The figure shows that this
crossing over occurs between J= 3 and J=4. For
J= 1 and 2 the approach is close enough so that
the 2PII2+ levels are quite appreciably depressed.
For 7=3 the 2PIIp+ level is so much lowered that
the A-doubling becomes negative, whereas for
J=4 where the 2~2 level lies below the II2 level
the latter is shifted upwards and we obtain the
large positive value 27.53 for the A-doubling.

For the II3-level the situation is slightly dif-
ferent. Here for J=1 the 2~4-level lies slightly

below the II3-level so that the abnormally large
A-doubling 12.12 results. For increasing J-values
the 2~4 and II3-levels grow apart. However their
interaction, which is due to the influence of the
rotation on the electronic motion, becomes larger
with increasing rotation, so that nevertheless the
A-doubling may remain roughly the same al-
though J increases. Our data for V=3 are not
quite sufficient to establish that. It explains
however the fact mentioned by Jeppesen that
for V=3 all the observed rotational levels show
a perturbation of the approximately constant
amount 10 cm —'. There is no need to interpret
this as a vibrational perturbation, as Jeppesen
does. Vibrational perturbations between Z and H
levels should be theoretically impossible.

The perturbations and the character of the
A-doubling are thus completely explained quali-
tatively by the interaction of the 2p'll levels
with the higher vibrational states of 2p'Z. A
further quantitative study would be possible if
also these 2pZ levels would be known empirically.
The visible bands which come down on these
levels are too weak for observation. The bands
belonging to these levels in the ultraviolet
2p'Z —+1s'Z system might be present but they
have not been studied so far.

THE INITIAL STATES

There is no need to say much about the initial
states of the bands discussed here, as they are
well known from their combinations with the
2p'5 level which lie chiefly in the blue part of the
spectrum. A few of the rotational levels of the
initial states are new. In these cases their com-
binations with the 2p'Z states have been looked
for and usually found.

However, a few significant facts about the
states with both electrons excited came to light
which deserve being mentioned. These states
were first discovered by Richardson and given
names 'X 'L, 'M 'X '0, 'Q. Besides th'ere is a
state which gives rise to a single progression
('F4142.8) only (here called U). There was no
place for them in the scheme of the energy levels
(except possibly for '0 which was attributed by
Richardson to 1so 3sa'Z) with only one of the
two electrons excited, and therefore Weizel' and
Richardson' proposed that they must be due to

' W. Weizel, Zeits. f. Physik 65, 456 (1930).
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states for which both the electrons are excited.
This explanation seems the only possible one
also in the light of further knowledge about them.

The properties of all these states are highly
irregular. We know that the interaction with
other states can produce such irregularities, but
if they exist it is often quite difficult to know
whether a given band is genuine or spurious. In
most cases the evidence which Richardson gives
can leave little doubt that the bands are real, but
in view of the great theoretical importance which
these levels have for the knowledge of the
structure of the excited hydrogen molecule, addi-
tional information about them is highly desirable.

Richardson gave also some of the transitions
of X and 0 with 2p'II. Table II shows that now
the transitions of all these states with 2p'II are
known with the exception of Q which was
regarded as very doubtful by Richardson and
not included in his book. Some of the bands are
very weak and consist only of a few lines, but
they are always just the lines which must be
expected to be strongest. We have here thus
additional independent evidence that these
levels must be genuine. A few more interesting
facts appear from a study of the bands in
Table II.

In the transitions of the 3d complex with 2p'II
as well as in the corresponding triplet bands, the
bands for wh&ch the vibrational quantum aumber
does not change are much stronger than any of
the bands off the main diagonal of the vibra-
tional scheme. According to the Franck-Condon
principle such a state of affairs must be expected
when the moment of inertia of the initial and
final states are not much different. This argu-
ment is often reversed to find the vibrational
quantum numbers from the intensity distribution
of a given band system. If the bands of a given
diagonal are much'stronger than all the other
bands it is argued that this diagonal must be the
main diagonal of the system, i.e. correspond to
no change in the vibrational quantum number.
For the L, 3f and N transitions with 2p'II we
find that with Richardson's assignment of vibra-
tional quantum numbers the strong bands would
be 0~1. and 1—+2. Therefore the vibrational
quantum numbers of these three states were
raised by one in order to make the strong bands
1—+1 and 2~2.

This procedure is not free from objections. It
would imply that the moment of inertia of the
I., M and N states is nearly the same as that of
the 2p'II state, which seems highly improbable.
Furthermore if the lowest known vibrational
levels of these states have now V= 1 there should
be lower lying levels with V=O. I have looked
for them but have not been able to find them.
However, Richardson's original assignment of
vibrational quantum numbers for these states
was based on a similar argument regarding the
intensity distribution in the transitions to 2p'Z,
where the state of affairs is more complex. I hope
that an analysis of the corresponding D2 and HD
bands on which Miss M. Lewis is working at
present will clear up the situation.

The U level has the peculiarity that for the
U~2p'Z bands only one branch in every band
is known. It was impossible to decide whether
this branch is a P, Q or R branch. However, the
transitions from the U level to 2P'lI show P, Q
and R branches and it is seen immediately that
the single branches of Richardson's 4142.8
progression must be P branches. Only one band
of the U~2P'lI system is strong enough to be
found, but the existence of this one is beyond,

any doubt. It ends on the V= 1 level and by the
same argument which was used above we con-
clude that the vibrational quantum number of
the U level must be one. The question whether
this level is a 2, II, 6, etc. level cannot be decided
with absolute certainty. Richardson gives the I'3
lines in the strongest bands as the lines with the
lowest rotational quantum numbers, and from
that it would seem likely that U would be a
6-state Howev. er, the Rl and Q2 lines of the
U~2p'lI band are missing, whereas the P3 line
of this band is very weak. It is difficult to know
whether the absence of these lines is.significant
or whether it only means that they are present
but so weak that they do not register on the
photographic. plate. If these lines are really
missing, i.e. if the I'3 lines are spurious, the U
state would have to be a C state.

I shall leave the discussion of possible elec-
tronic configurations for all these states to a
subsequent paper.

I wish to thank Mr. W. Durding for his help
with the measurements.


