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SUBJECT: GROUP 63 SEMINAR ON MAGNETISM, XXVI

Tos Group 63 Staff
From: Arthur L. Loeb and Norman Menyuk
Dates February L, 1953

In the previous lecture we found (equation XXXV-13)

I
H o
R e o i Xiv-13
K kk[zf: — +
e H Hﬂ? }é Se« _]
wherein the factor 'L/ﬂh' represents the amount of admixture of ?é,a

in‘f&. Hﬁ’k -~ H A

This equation leads to difficulties if two or more diag-
onal terms are equal or differ by less than the off-diagonal terms.
‘This difficulty arises from the summation term, since it will not
converge for the case H =~ H .

Before contimuing with the general discussion of the prob-
lem, a special example will be studied. We will consider the dia-
tomic molecule consisting of two protons and one electron. The po-
tential V of the molecule is shown by the Solid line of Figure 5l.
This curve is approximated by Vo + V' where Vo is essentially the
same as V everywhere except at the center of the molecule. Here,
Vo >V, as indicated by the heavy dashed line of Figure 51. The
difference between the potentials V - Vo = V!, Therefore, V' is
negative and is indicated by the shaded region o Figure 51. Hence
H' will be negative in this problem.
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Figure 51

The levels will be doubly degenerate throughout the
range of energy levels since the energy term due to proton I and
the electron will have its counterpart due to proton II and the
electron. All the energy levels of I will interact with all the
levels of II, but since the amplitude of the interaction term
varies inversely with the energy difference, we will first ignore
all terms but the one between corresponding levels,.

If the electron is associated with proton I we have
TopleEl
t ' 53_
as indicated by dotted line of Figure 5l.

If electror '  -sociated with proton II we have
o o -¢.£f
‘92"}.:% e 'z
as indicated by dashed line of Figure 5l.
These functions correspond to the same energy E°.

In the general case, for perturbed functions, we must
write

F(t)=3 Cut) XXIV-3

Therefore, for our case

F-C ¥, Y’ XXVI-1
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We only consider two terms, since we know that the
admixture of the other states is much smaller.
From XXIV-5,

c‘tg% &M C v Mol

K22 pCe s XXVI-2

Ve have defined

Hy= [4H Y dr
Ho JWHY, d T

o We saw in Figure 51 that the only difference between E?‘
and ¥4 1is that the integrands are displaced with respect to each
other in spaces Theyefore, since we are integrating over all space
to obtain A4, and A,, , we can say

Py = :ﬁ(,‘= e
Similarly XXVI=3
i
Ha = Hy, = H
From (XiVia3), ({iVI=2), and (XXVe3)
(//*G)C;* H'cl = O
”,Cf +* (H".)Cz: 0
Therefore %
i '
(H-¢)t = #
H-e=2H
‘
€ =HMzH XXVI-L
This is completely znalogous to the resultant frequencies we

obtained on solving the two-identicalecoupled=oscillator problem.
(See Lecture 1lL).

In order to solve for ©, and C,, we first consider the
case E = H - Ht,

Then
H'C} + H'Ci = 0

C,=<C,=C,

and
—_Sz:' Cg (%’0 - V:) XXVI=5a
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On the other hand, for E = H + H!,
H'C’ - H'(';:. =0

c,=C, =C,
and g
1]
'TI=C.(V(*’€) XXVI=Sb

In ~cuation XXVI=-5a interchanging the atoms changes
the sign of ¥, « Therefore, ¥, is called an antisymmetric wave
function.

On the other hand, in equation XXVI-S5b, changing the
atoms leaves ¥, unchanged. “¥; is therefore a symmetric wave
function.

From equation XXV-3, we have

C,&)=a,e %t

If we assume that ﬁ", ﬁ.’d, ?A- s and '?,' in equations
XXVI-5 are normalized, we have ‘ ’

/c/; 7%: e"gt

Therefore y ¢ (H-H L.
/
}E; f‘g(ﬁb 2 )G %
/

- H2HIE XXVI=6
Tma(Pry) e %

s YZ
' Both functions correapond to st.ationary states of dif-
ferent energy.ﬂ' is the state of lower energy because H'< 0.

Sinceg and E a+e ratisfactory solutions, their sum
and difference are tooe. _ ‘ft f- . _/J
EJ—Q-/ES-I-E)—G /%}COS—H{-tfgsm—/—fj
wy "3 ¢ / .
.g:é(gs‘“z):e £-{¢JC‘N‘ ‘%f-c/‘é.smh_ ]




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

Memorandum M«1821 Page 5 of 7

On considering tl:}e probabi"ity fun ct. ions *re see

E;* E"-IE cos .gt +/¢ ’.rm"-%""

/

-Q‘,* EA“/V:':I Cos ﬁt +/]L / s/n -;t'

Thus at time ¢=0, the probability distribution of the

?: function is the same as that of 3°. while the‘_?;_ function
was the same probability distribution as ﬁ,_'. However, the func-
tions?‘ and “W¥; are not stationary, ana ai time #a BT/, the
probavilitv Aistribution of the '!F, function is t.e same &= that of

® . anc 'f; leads to tnhe same prébability distribution as ‘W," N
it RARIEE o "/H' t.he proba*ility distribution is the same as at
tine two. lnus )@ )* and'|)@; |* are fluctuating between the
prob:.oility disty.olition of che individual wellse This indicates
that if a particle in one well is approached by another well,
the particle will be in the other well after a while and will os=-
cillate between the wells.

If a particle in a well is approached by many wells (e. g.,
a condensed system), the perticle will initially be in tne Tirst
well and then will migrate amongst all the wells.

The initial, unperturbed wave functions would then form
a set }0 ‘!{___, f‘.,_,, Wl -., each function representing the
particle in one of tne £ welle. Solving the perturbation problem
results in a wave function W which atT > O is very unlikely to
return to its original value. This is analogous to multiple peri-
odic motions (Lissajous figures) in classical mechanics. The larger
the values of X , the smaller the probability of the system's
returning to its original state « When L is very large, the
problem is treated statistically. As more terms 'f. Jecome ad=
mixed in ¥ , the randomness of the system incre«ses, or, in
statisticus language, the entropy increases. The latter result is
well=known.

Physical Relationships

Let us consider the one-dimensional case, with the pro=-
tons located to the left and right of the ordinate axis of Figure 52,
as indicated by the asterisks. The various wave functions will then
appear as showne
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Let us return to the more general degeneracy problem,
where we had a larpe number of degenerate levels. We have the
set of degenerate levels contained in a sub-matrix. Then we can
treat the degenerate unperturbed states by perturbation theory if
we first diagonalize the sube=matrix. This, in effect, removes
the degeneracy.

case cf the system of *he two protons and
2 matrix by deal=-

us in the
one electron we effectively diagonalized the ? x

1'.“'--.'i.ff.-k ne _E; tnatend __?.lo oy T._a’

the off-diaronal terms are zero,
!

Z Hok_ -9 _o
"/frk" h(zlq ~0

[hus the troublesc terms are removed from the sumzation.
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