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We shall consider an isolated three-particle Coulomb
system, two nuclei with the coordinate vectors R ; and R 2 and
an electron with vector f\'j.Let further 7, , 7, and ¢ be
the charges and ¥, , M, , M; the masses of the particles.

The center of mass motion is separated in coordinates
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then the internal motion of the system can be described by an
internal Hamiltonian

I LA “i%e I @
o e TR e
7 7

RS W R , 3)

0 . r' 72 e .
Here we introduced the system of units ¥ -m:-¢c ~ 1 and the
notation
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Then if ¥, is a bound-state solution of the equation

H W, (R.7) = E¥ (R.r) @
we have /1/
<~p,|[(zé’vi+7v?),y,1w,>=o | (5)

which yields the virial theorem of the general type

2<TI>+<V’>=0. (6)

The adiabatic approach to the probiem (4) arises from the
expansion

\P(Rr)_ztr(km(rR) _ @

where adiabatlc set ¢, (53 R)

- is recelved from the solutlon
of the Shrodinger equatlon :

H ¢,(TiR)=E,(R), (TiR). (8)

If the prolate spheroidal coordinates & = (r,+r,)/R n=(r;~r,)/R
and ¢ are used to solve the equation (8), then similarly to
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<¢k‘[(R VE+ TV;’), HO]‘¢k> =,<¢k‘—a——’;—‘¢h>R- (9)

It is straightforward to derive from (9) -the virial theorem
in the form of Slater /2/

dE
2(k|le>+<le“i>+R—;R——=0. (10)

In what follows we construct the second virial theorem
based on the adiabatic expansion (7). The Schrodinger equation
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This follows . from RV + rV¢-R(5F)§n,wh1ch can be

extracted, for example, from a paper /3/.
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(4) can be integrated over 7 if the P4 (7 R) are, known,
becoming /4/., . 7 7 ‘ . x
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where M, S R+ .( )'l{' (‘ )
Q,,(R) =<n |—V-’;\”'> (12)
CoalB) = <n L —vglm >

The system (1) is usual generalization of the Born-Oppenhei-
mer approximation in the quantum theory of molecule. In this
approach the right-hand side of eq. (l1) is considered being
a correction to the potentialenergy W,(R)= E,(R)+Z,Z,/R .
But it happened to be fruitful to do Just the opposne namely,
to form a generalized momentum in the heavy-particle problem
a1
P=-iQ-ivy. ' , (13)

Then the coupled equations (11) can be written in a simple
matrix from /5 :

1 - > -+ -
(P e BRI w(R) = EgcR). a4)

. The virial theorem for the nuclear motion is derived in
a usual manner from the expectation.value of the commutator

<y(R)|[RP,HY|W(R)>=0, (15)

2 o o
<¢|2 'P +R(V-»W)—R|_ 9”?>='0f (1e) .

So three d}i}tfferent virial theorems can be obtained for the
same problem (diatomic molecule). The first is independent

9



of the representation used, the second is of Slater’s form and
the third is believed to be a new one. We Wope that this ’’mole-
cular’’ virial theorem can be employed in mesomolecular
calculations.

We shall finish this note by introducing one more relation
of the virial theorem type. To this end we make use of the fact
that the two-center problem (8) has an additional constant of
motion © which can be represented in the spheroidal coordma—
tes in the form /¢/

Q - o . g an
where
bn+ En-1
Q*° :R(Z, —_— — 7, —) (18)
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kin
and" is independent of R.
Then from
ofd ko
. — k> = - 19)
s ‘ ok ‘ a R (
we receive
Q. po:
"R = <k 9 1k > . . (20)
oR

The off-diagonal cases of (20) and (8) canalso be considered
but they appear to be dependent on-each other.
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