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Explicit expressions are given concerning the intensity distribution occurring in the
branches of bands 7II(a) «— X, "II (b)+— "2, The intensity distribution calculated on the
basis of the established formulae is compared with measurements carried out on the 17 — 7%
bands of MnH and relatively good agreemeut is found.

1. §.

The problem of intensity distribution occurring in the rotational
spectra of multiplet bands has already been dealt with by many researchers,
from the theoretical [1] as well as from the experimental point of view [2].
In general the theoretical investigations relate to a wider field than the ex-
perimental data, providing hereby thc experimental researcher with some
guidance in case of an analysis of a new kind [3]. The reverse rarely occurs,
when namely the analysis of the band and the intensity distribution are
known from the experimental side, but the appropriate theoretical formulae
are missing. An example for such a case is NEVIN's work [4], which contains
the analysis of a 7I] — "2 band in the spectrum of MnH as well as the esti-
mation of the intensity of the observed spectrum lines. The purpose of the
present paper is to give the lacking theoretical intensity formulae and to
compare these with the experiment.

2. §
As is known, in case of the thermal equilibrium the intensity of
the lines of emission bands can be given by the following expression :
_E
I=gtic T, (1)
where g’ is constant inside each band, whereas the other symbols have the
usual meaning. The task of the theory is the calculation of the i factors for all
branches occurring in the rotational transitions. For this the corresponding
expressions for the amplitudes

7 (Il "Zor) = [ W5 (o) s ¥, (2o dv @)

are used, the absolute values of which may be found in a paper by Kronie [5].
It is, however, known, that the 2 terms exist only in HUND’s case b ), therefore
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concerning the X term the eigenfunctions of case b) of the following form
are introduced :

Yo (Bk) = N Sox (D), () (3)

2=33
hereby the amplitudes become
Z(7IIQ7ZKI) :j!p; (7H9)qub (721(') dT; (4)

the threefold square of which summed over the magnetic quantum numbers
give the i factors referring to the transitions ?/7(a) «— 72 (b). The transforma-
tion matrix elements S, x(X) occurring in (3) for the "2 terms were already
earlier published by us [6]. Part of the i factors which can be obtained on
the basis of (4) occur in the third column of Table I. According to detailed
calculations in the above case 147 branches can exist, from among which the

i factors of the branches RP64,NP24,SQM,OQ24,TRM,pRM are proportional to 7,

the intensity of the branches NP46, P,, RP42, OQ“, 0, SQ42, PRM, R, TR42
is zero, whereas the i factors of the other not enumerated branches are directly
proportional to J. As regards branches with an intensity differing from zero,
the rule holds that the intensity of the Q branches to good approximation is
twice the intensity of the corresponding P resp. R branches. So as to save
space, however, from among the 147 branches the ¢ factors of those 55 bran-
ches only are given the intensity of which in case of a transition 7JI{b)«—72'(b)
does not differ from zero.

The?I] terms can in general be rendered well by the formulae of Hunp’s
case a) only in the range of the lower rotational quantum numbers. With
increasing rotational quantum numbers namely starts the transition towards
the case b) and the difficulty in describing the conditions consists in that no
expression is known concerning the 7/ energies valid with a satisfactory accu-
racy for any value of the binding constant Y = A/B. Thus we have to content
ourselves with the knowledge of the energies of the relatively simple case &),
respectively with the amplitudes produced by the use of the transformatien
matrix elements calculated with their aid

S (I Z) = [ W3 (TT) s ¥, (i) d (5)
where
W, ()= 3 Sox ()W, (1) (6)
0=73

and the elements of the transformation of 7IT state are the following
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From (5) the i factors relative to the transitions 7/7(b) «—»72(b) can be calculated.
Those differing from zero are to be found in the fourth column of Table I.
Apart from the selection rule 4.J = 0, 4-1 valid for case a} also the condition
AK = 0, 41 is characteristic for the latter. It can be stated in general that if
the ?IT term is belonging to the case b), then the i factors of the main branches
(4J — AK = 0) are proportional to J, among the satellite branches those, for
which 4J — AK = 41, are proportional to 1/J, whereas those, for which
AJ — AK = 42, are proportional to 1/J3. In the main branches the intensity
of the Q branches is here also approximately twice that of the corresponding
P respectively R branches, but in the satellite branches, if there exist corre-
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sponding branches, the situation is just the opposite.
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Table I

Intensity factors for 7II«—72 bands

Branches i-factors
M- (P3N ;) 11(a) I1(b)

ro | moon |GG | U=
wr | ew | Ygaetaaes | u—ag e
Rd) P+ 1D (Js(_2J2 5Ja;zll)(i K(?f i-t)s) ¢ —2‘11)(~2—J3+ &
Fald) | R | i =
o | roan | M | o tarty
Pal) Rl =1 Elfig_f?)(é?_—l#{)g?ﬁ: )12) J— 2)JI(ZSIJ: 51)221— 3)
|y WoMTW s
A | mu—y | USBUENOEL U e
“n | e eS| USBu=
o | oty | PSNENOY RS
N R e MR = (e
() | Ol ey @ S T3 s

|



430

1. KOVACS and O. SCARI

Branches

i-factors

Rl L -t “11(a) 11 (b)
)| (D 5551333‘33‘}1 12))((2J1133)) T=0J f (f;(z_le 3EI—1)
PQ,.(J) 2Quu(J) SU—3P(J—1)J +2) 5(J —2)%2J + 1X2J + 3)
4JTFDERT=3)2T+3) |(J—D)JJ+1)2J—3)2]—1)

) Pl D 4”5_!(_1&_23)2:(%;711)1(.11):232 3) %J—le((zf; 13;)

BO RIS g er b | G el

X)) () W%:_%%ﬁ% g:_S)J%J % )

R
FPold) | RN | o e |
o fwe N | g
i | SN ity
e Fal+D Wﬁi%;{ﬂﬁﬁ JU+ 13)(:(2JJ: 11))(2J+ 1)
20uld) | "0u) oMU DEIEY | Wl B o)
Rould) | PRI+ 1) S =T 49

PyJ) R(J—1) 0 <J—2><JJ2(_—21}<1+12)2<23I;31>52J+3>
Qu(J) 0.D) 0 J— 23;% jjr 31);§2J+1)

N
T D S s | e




INTENSITY FORMULAE FOR *{ - °Z BAND

43}

Branches i-factors
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In Table I the7J7 term was assumed to be normal. In case of inverted
terms {2 = 4 corresponds not to the state K= J + 3, but to K=J—3
and for the transition 7J7(a)—>72(b) the first indices 1,2, ... 7 in the denota-
tion of the branches should be replaced by the denotation 7, 6,...1. (For
7% (b) — "II(a) the second.)

3. §. Comparison with the experiment
Two 7IT—7% bands were analysed by NEVIN in the spectrum of MnH

for wave lenothe 1 — RA77 A and 1 = 62827 A_ which arice fram the transitions
{0,0) and (0,1) [4]. For the comparison of the theoretical values with the ex-
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periment the intensity values which were estimated with the eye and which
are written up beside the spectrum lines of the (0,0) band were used. The
total intensity distribution of the rotational spectrum lines is given by formula
(1), the exponent of which contains the effective arc temperature. This has
been determined from experimental data by means of the method published
by NorAN and JENkiNs [2]. Computing the arc temperature from the branches
belonging to the individual! term components owing to the dispersion of the
measuring data the following values are obtained :

"I7,:3706 K° ; 71T, : 3812 K°; 7IT,: 3733 K°; 1T, : 3869 K°;
"IT,:3863K°; "I1_,:3863K°; "IT_,: 3781 K°.

The exponential factor was computed with their arithmetic mean i. e.
3803 K°, and the intensity values belonging to the individual lines divided
by it. The circles in the Figure give separately for every branch observed by
NEvIN (4] the dependence of the experimental i factors on K. By the con-
tinuous line the values of the theoretical ¢ factors compnted from Table 1 are
given in case “II(b)—7X against the rotational quantum numbers. The pro-
portionality factor given here has been chosen so that the observed and the
computed intensity values of the Q, branch overlap as well as possible.

The dispersion of the experimental values is rather considerable which
can be attributed to the fact that the employed experimental data do not
arise from quantitative intensity measurements, but were estimated by
NevIN during the analysis with the naked eye only and characterized by

whole numbers from 0—50.
It should be noted that there exist also rotational lines the wave length

of which coincides with the wave length of the line of some other branch,
moreover even three and fourfold coincidences might occur. The intensities of
these of course add up and in the experimental data for each term of such
coinciding line pair or group always the joint intensity occurs. If these lines
had always been taken into account with the given intensity values, then in
our Figures numerous line intensities protruding to a high extent would have
appeared and finally would have led to the falsification of the real situation.
In order to avoid this the experimental intensity values for sueh line ensembles
were divided up between the terms of the group in the proportion of the inten-
sities expected from the theorctical calculations. Hereby several projecting
points could be eliminated (101 double, 13 triple, 2 quadruple groups).
Detailed investigation of the course of terms shows that the term I
can be considered from about K = 15—20 to a good approximation as case b),
that means that in case of K > 20 the conditions are correctly described by
the i factors of case b). In case of K > 20 the theoretical and experimental ¢
factors of the main+branches are in good agreement and here — under the

6 Acta Physica IX/4.
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Fig. 2
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Fig. 5
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Fig. 6
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Fig. 7
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usually occurring conditions — theintensity of the satellite branches is accord-
ing to the theory already below the limit of measurability and indeed in this
region observations do not exist. In case of K <20 two effects mix: the
first is the transition towards case @), the consequence of which is the breaking
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down of the selection rule AK = 0, 4-1 and hereby the appearance of further
satellite branches differing from those permitted in case b), whereas the other
effect is the strong perturbation appearing in the 7/ term for low quantum
numbers. The latter results in deviations from the theoretical intensity values
of case a), which can be particularly well observed on the main branches
P, R, as well as on some satellite branches. The exact interpretation of these
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deviations is possible only after detailed investigation of the occurring pertur-
bations, if at the same time quantitative measurement of the intensity values
are available. Considering what has been said above the agreement
of the theoretical and experimental results can be considered as fairly good.
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@®OPMYJIbI UHTEHCHUBHOCTEN CENTETHbIX I10OJIOC
H. KOBAY u O. CKAPHU

Pe3wme

Jlanbl siBHBIE BHIPOKEHHST IJII pacrnpefesieHHsT HHTEHCHBHOCTeH B BeTBSAX HOJIOC
*(a) «—"Z, "II(b) «— "X. PacnpefesieHHs] BLMUCIIEHH N0 (OPMYNam, CPABHEHB C Pe3ynbTa-
TAMH H3MepeHHH Ha nosocax 1T — "X B cnexkrpe MnH, U HalineHO YyZHOBJIeTBOpHTEIHLHOE
corjacHe.



