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To: Group 63
From: Arthur Loeb, Norman Menyuk
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Radiation

In quantum mechanics, the problem of radiation is treated in terms
of time-dependent perturbations. Previcusly we dealt with time-independent
perturbation theory, and we assumed a value of £ close to the value of one
of the diagonal terms. However, if the value of the terms are varying, £
might be close to the value of a particular diagonal term at one time and
not later. Thus this assumpticn is no longer useful in radiation theory and
another approach is needed.

let us consider an impinging monochromatic electric field ° cos wt.
The potential due to the dipole interaction with the radiation is then

ar]’o colm=u]'° cos wt =

wvhere e = electron charge
r = dipole displacement
M = dipole moment

We are interested in a system having a large number of unperturbed
states, However, it should be borne in mind that systems which were formerly
considered perturbed are, when solved, considered unperturbed. For example,

we treated the diatomic molecule by perturbation theory. When this problem
:I.a solved the radiation is considored as the only perturbation. BEach of our
unperturbed states, (‘?Z I: _ _), represents a possible state of
the system. As hoforo, n o;pro The perturbed system as a linear combina-
tion of the unperturbed states. Thus:

2 -§.O S (4] -i? t
'I"n”n "’ =20 Y °e XVII-1

Furthermore, we previously defined our C's such that

.‘I- = § cnvno
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We are interested in determining the manner of variation of the D's
immediately after the radiation impinges upon the system. let us assume t.a?t
at time t = o the system is in a particular unperturbed state; e.g. the k
state. In that case, initially
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since at time t = 0, only the state n = k exlsts.

XXVII - &4
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We have previously defined the perturbed part of our Hamiltonian

H'=ul°coswt

Therefore

B =R ;‘; (e1Wh ~iuty XXVII = 5

where “'nk = I‘{Jmo' u*’no dt

Substituting into XXVII - k4,
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Yor the particular cace m =k

ik a_”g-unr"nkkconm
ot

%ﬂ"‘"‘ﬂ:’o cos wt dt

Integrating,
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At time t = o, Dkk=1

Therefore X = 1 and
k sin wt
Dyye = © AW XXVII - 7
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Substituting into XXVII - 6, we have

-1
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We are interested in integrating the above to determine the value of
Dkm shortly after radiation begins. If the time inwvolved is short, we may make
approximation Dkk = 1. In that case we set the term in parenthesis in equation

XXVII - € equal to unity. This is justified if ”'kk’o'(\(l -3 (small per=
turbation).

Then
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at time t =0, D, =0 (k¥u)

Therefore

= 0 1 1
oamsat = % b E’F"‘W *m-;l

’O_IO o_lo
k “m m+w t
S i), § -1( l
l-e 5 l=-7




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

Memorandum M-1822 Page 5 of 5

If lko- lno = +tu; we have a resonance effect and the response is

large. This 18 the condTtion assumed by Bohr and discussed at our twelfth
meeting. We see from the above that this resonance occurs if the radiation
frequency multiplied by Planck's constant is equal to the difference between
two energy levels of the system.

To find the probability of transiticn between the kth and mth levels,

2 o\2
alghl -t ( HT,],T XXVII-10

Thus the transition probability between any levels is proportional
to the radiation intensity. A transition between states k and L, where |.|]:n = 0,
cannot occur, and this is known a® a forbidden transition.

we find

Spectroscopists have long been aware of the fact that not all con-
ceivable transitions between energy levels do occur. Evaluation of the ex=~
pression U . has provided an explanation for the experimentally eveluated

selection es.
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