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INTENSITY FORMULAS FOR TRIPLET BANDS */5]9
A. Budok¥

Expllclt expressions for the intensity distribution in the
branches of 2«3 and 1'Y«—=3l/ bands are glven, which ought to be
valid for all valu~s of the coupling constant Y of the "W terms.
The corresponding formulas can also be derived for the 7 - bands.
The intensity distribution calculated according to the formulas
given 1ls compared wlth measurements of PH, 3M-1r. bands. There
1s quite good gquantitative agreement.

The problem of the intensity distribution in the multiplet
band branches of the two atomlc molecule was treated by Hill and
van Vleck, to the extent that they dealt with terms among the Hund
cases a--b. Thils is almost always the case, and in principle, this
problem was solved. They gave the elements of the amplitude matrix
Ay [1] and of the energy matrix Ha [2], so that based on the equation

SH,8§* = IV (1)
the energy values W and the transformation matrix S can be calculated.
Then according to

0= Sq, * (2)
(98* = 1) *it is possible to calculate the amplitudes Aypet For
doublet bands, it was possible to give explicit expressions for the
intensity distribubtion, and this was compared with experienc: [3].
The difficulty for triplet bands is caused by the fact that we do
not have any simple expression for the 3// energles, which for all
values of the coupling constant Y = A/B are valid with precision
accuracy. The expressions derived by the author [4] are not suitable

for this purpose. Therefore, we select the following energy express-
ion

4

—

“"Numbers in margin indicate pagination of foreign text

* %
Communication from the Physical Institute of the Royal Hungarian
University for Technical and Economic Sciences (recd. March 11,

1937)
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!;‘_ = --1+J(J+1)--[Y(Y—-I)+4J‘] 1 E'- o —-1-J(J-l).‘ 2k

" (3)
B = = VHIG ANV Y —4) +40 0T I

These &are sufflclently accurate and for ¥ = 0 and Y == o
respectively, they turn into the exact formulas in cases b and a
respectively (in the case of W2 in case a, up to an additional
constant 2 which is inconsequential here).

From these values and the known expression for Ha’ based on
Equation (1), i1t is possible to calculate the elements of the trans-
formation matrix S¢//), and in a similar way, the elements of S@JI).
Then according to (2), we can also calculate the elements of

gBE—>3l) , the squares ' of which are decisive (the so-called
i-factors) for the intensity distribution in the 3L«—3//- branches.
The final expressions in all 27 branches are shown in Table 1. Here
and in the following we have
g = [Y (Y =)' 12, g = [V (Y —3) — 4 (J = 1)2)'s ()
and )
C)=Jd @+ )T (Y =) =20 1) =13 W 1), ‘
ColN) =YY =)+ 1J(J +1), - (5)
Cy) =(J =1 (J + nxr~n+2mJ+nJufUu+m]

for normal terms (Y positive). For the reverse térms, on the other
hand, (Y negative), the coefficient of Y(Y-4) in Cl(J) equals (J-1)
(J+2) instead of J(J+1). 1In 03(J), it is equal to J(J+1) instead of
(J—l?(J-Q)*. The formulas are valid for all values of Y and as
special cases, they contain the formulas for

A e 31, A 3, () AT e 3]

Y =0, + o, — oo,

(a), that is, respectively

nor fov

The exact expressions for C (J) Is Cyyesd (4 DY (Y =D 224 +1p1--nlhl—l{
A )Y (Y =) = Y Y — ) 4, ;

but the simplification given in the
text is permissible. A similar statement
applies for C3[J).
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TABLE 1 (continued)
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Y T T T I-Tactors -
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TABLE 2 (continued)
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In order to be able to also calculate the infensity distri-
bution for MI-¥] , we will give the elements of S@/7I) . These
are the following:

VT@ N (¥-2) o o V2 o YD), - (¥-2))
R 1Y X R T/ R 2Y0,() '
V20U _Y-2 o VA1) 4D 6)
"n- VMC,(J) ’ . su""“ﬁ"‘—’a.u)o Sn W—-\C,(J) ' ’ (
_W W) [u-~(y-2) ¢ _Y2Jysn) o VU= 1) 17 +2) [u,+(Y~2))
EETTYY) N T/ 29,0

where the first indices 1,2,3 refer to the states XK = J-1, J, J +1,
and the second 1,2,3 refer to & = 0,1,2. The amplitudes q, can be
taken from Table 2. The phases of all of the*elements of Qg could,
Fon axammla k- kol +o be positive and real . The formulas for
the intensities In the general case can now be glven as

G030 = Sy (1, ¥) 31, ('3 9") Sy (0 17)
c Sy () 1) gags W' 0") Sy (1 1) 1)
+ 8 () Y) g00s 030" S,y 0, 1) ik =1,28),

where J', Y' refer to the initial state and J", Y" refer to the final
state. The formulas for the limiting cases 37 (a) =377 (a), 37 (a) =37 (b}, 37 (b)
317 (b) apg*gontained in Table 2, where the 3] terms are assumed
to be normal

One does not have to give the explicit intensity formulas as
in the general case because experience shows that for most of the
NI 2317 bands, the parameters Y', Y" of the second terms differ

¥
*gee Hill and van Vleck, l.c. pg. 265.

In the case a, the values 9=0,1,2 correspond to K=J-1. J, J-1

for normal terms (l.e., the indices 1,2,3). For reverse terms,

on the other hand, this corresponds to K=J+l, J, J-1 (i.e., the
indices 3,2,1). Thus, for example, the expressions given in Table
2 under RP;; are to be given tle name ¥py, P, RP,, for reverse terms.




only slighﬁly*. Then the conditions are easlily overseen. From
the fact that  q,,,(/ =110 g4y, (= 1:V), Qys (W13 J) are equal
among themselves and that q,,, (J+1id) qgqy (J+1:V), g4y (J-+13J) are almost
equal, and also because 3%¥=1 the expressions

S“ (JI' 1'1) S“ (J"' Y") + S“ (‘J" Yl) s“ (J", Yn)
o+ 8, (0 Y) S, (0, YY)

L 4

for 4 = k are close to 1, and for 1 # k are close to 0 and it fol- /585 8
lows that only the main branches Py, Py, P3 and R;, Ry, Ry are pre- |
sent with measurable intensity. The Q branches are found to be much
weaker than these which immediately follow by comparing gq,«(;J)

and qu1J) .

Table 3 gilves the expressions for the intercombilnation bands
15 w87 . They contain the formulas derived by Schlapp [5] as
special cases., Here A 1s a real constant (XA corresponds to E/D in
the ¢ase of Schlapp).

Comparison with experience. Quantitative intensity measurc~
ments in triplet bands were recently published by Nolan and Jenkins
[6]. They measured intensities of the lines of the 37-3% 0-0
band of PH. From thelr measurements, after having determined the
emission temperature, they plotted the values of the (experimental)
i-factors as a function of the rotation quantum number J. We can /586 }§
calculate the theoretical i-factors according to our Table 1. The
constant Y for the 3/7-Temm term of PH is Y = -14.4 [6]. From Figures
la and 1lb it can be seen, the upper part of which represents the
experimental results and the 1o¥§r part of which contalns the curves
galculated according to Table 1 that the agreement 1s very good.

¥ For example, in the case of the CuI-XWl, 00 band of Ti0, Y!
=180, Y"=188.  For the CMI- I 0—0 of Np, ¥'=21.5, Y"=25.9.
For the BT - A3, 00 band of C, we have Y’ = —84 Y"=—104,
see for example, A. Budo, ZS. for Phys. 98, U437, 1936.

%%

The proportionality constant with the curves was selected so that
the measured and calculated values of Q) agree as well as possible.

7
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”-‘;J) QR —1) s 2 i«’(“n+é"—&'-;>—az(.1--nm

o) o) | A= 3:___5’:)2 @J +1) ‘
1) Uper =) JJ 1) ‘(“.lié":(s ';’.t:%}!{:;_!_)l!_

PY) R —1) 2(J +l)l‘30-2 :'”).(Y—ﬂl' . |

oWy 0w .2?&Jaa?u4y |

R{J) P(J +1) 2J IWD+ f‘-:& ;-(Y—-e))'

0p() ‘ Ry Ji +”““"‘c}k’?‘,;-’)+'-”-({+2)l‘ | :

’.’Q(._I) l RQ(J) | A0Jid g; (‘-3')(2.74- 1) :
ORW) | ¢pW +1) I + 1) (uy— %ﬁ,’“""”””'

This 1s especlally true 1f one conslders the fact that several /5817
lines coincide in the speetrum and that the i-factors are not

directly measured quantities. This also includes the inaccuracy

of the temperature determination.

The present work was carried out at the Physical Institute of
the Royal Hurgarian University for Technical and Economic Science,
and was partly supported by the Natural History Research Fund and
the Tzéchenyl Soclety, and is directed by Prof. B. Pogdny. I would
like to thank the Royal Hungarian Culture Ministry for granting me
é research grant, especially Prof. I. Rybar as well as for the
stimulation by the private docent R. Schmid.
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Figure 1b
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