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To: Group 63 

Prom: Arthur Loeb, Norman Menyur 

Date: February k, 1953 

Radiation 

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

Let us consider an impinging monochromatic electric field P° cos uut, 
The potential due to the dipole interaction with the radiation is then 

er I cos tut = p. I cos urt = H 

where e • electron charge 
r • dipole displacement 
LI = 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 
is solved the radiation is considered as the only perturbation. Each of our 
unperturbed states, (̂ -,> "3?p\ ^ > _ ) , represents a possible state of 
the system, As before, we express The perturbed system as a linear combina
tion of the unperturbed states. Thus: 

Furthermore, we previously defined our C's such that 

•• n n rn 
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Therefore 
o 

- i X 

C = D e *' XXVII - 2 
n n 

Since 

i ; t £* = * H 0 , 
2t n mn n' 

- i 1 ° - i 1 ° - 1 1 ° 
g_ t j». ^ n | 

- i 0L°- 1B°) t 
n m 

^ ' ' i - D l S S l H I e * 
i m m n mn n 

Recall (equation XX7-2) 

H = 1 ° S + H • 

Therefore 
- i (• ° - 1 °) t 

n m 
* * a D m = - D I ° + D l ° + . H »D e £ 

i • m m m m n mn n 

i* ai. 
-i (V- O * 

• 3 H » D e & m i l - 3 
r r * n mn n 

Vfe are interested in determining the manner of Tariation of the D'Q 
immediately after the radiation impinges upon the system. Let us assume that 
at time t = o the system is in a particular unperturbed state; e.g. the k 
state. In that case, initially 

-ft l v ° - 1 ° 
I m . 

l* ^Dk» = Hmk' Dkk* * rnn-u 

since at time t = o, only the state n = k exists. 
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We hare previously defined the perturbed part of our Hamlltonian 

H« • M- 7° cos urt 

Therefore 

Substituting into XXVII - k, 

XXVII - 5 

4 *Dkm _ Mmk F° Dkk 

For the par t icular case m = k 

- l ( *x"H - <W t -KSLZ^i + ^ t 
+ e 

K 
xxvii-6 

i t ^ k k = M ^ F° D ^ cos u»t 

4 D k k _ 
Dkk 

Integrating, 

l n D k k = 

Dkk = * fl 

- i M ^ F 0 

fc 

- i M ^ F 0 

fc» 

- ^ k k ' ° 

cos uut dt 

s in out + Co; 

s i n cut 

At time t = o, 2 , . = 1 We 

Therefore 1 = 1 and 

^kk * 
s in cut 

XXVII - 7 
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Substituting into XXVII - 6, we have 

- i MkkT 
W_ ( i Tul s in uut 

) 

" 1.-1 1 . . 

+ e 
^ + » ) ] XXVII - 8 

We are interested in integrating the above to determine the value of 
Dfan shortly after radiation begins. If the time involved i s short, we may make 
approximation Dkk • 1« In that case we set the term in parenthesis in equation 
XXVII - 8 equal to unity . This i s j u s t i f i e d i f My c k>0<<^«k - \ (small per
turbation). 

Then: 

Dkm = ~nr 

I , - X BLJ- X 

S°*- X° 
+ i u - itu + Constant 

7L-

D. = Constant - i IAJ1 

at time t = o, D,_ = 0 (k£m) ion 

Therefore 

Constant = 

and 

1 **/ IdJ-1!"-^ + ( V ia + *«J 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



Memorandum M-1822 Page 5 of 5 

If Ejj - Jm = + KfXi, we have a resonance e f fec t and the response Is 
l a r g e . This i s the condi t ion assumed by Bohr and discussed a t our twelf th 
meeting. We see from the above tha t t h i s resonance occurs i f the r a d i a t i o n 
frequency mul t ip l i ed by P lanck ' s constant i s equal to the di f ference between 
two energy l e v e l s of the system. 

To f ind the p r o b a b i l i t y of t r a n s i t i o n between the k and m l e v e l s , 
we f ind 

alDkm!2 
XXVI1-10 

Thus t h e t r a n s i t i o n p r o b a b i l i t y between any l e v e l s i s p ropor t iona l 
to the r a d i a t i o n i n t e n s i t y . A t r a n s i t i o n between s t a t e s k and i , where [L^ = 0 
cannot occur, and t h i s i s known as a forbidden t r a n s i t i o n . ^ 

Spec t roscopis t s have long been aware of the f a c t tha t not a l l con
ce ivable t r a n s i t i o n s between energy l eve l s do occur . Evaluat ion of the ex
p ress ion M- , has provided an explanat ion for the experimental ly evaluated 
s e l e c t i o n ru les . 

~ - ^ L o e b _^ 

8 lgned ^7/hr>ui+<^ y^^ytAJe-
Norman Menyuk f 

Approved f\J U \ U y M^ 
David H. Brown 
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