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Multiply by W q* and integrate. Will recognize “q” as an empty state to fill by a

transition.
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= EXACT result

= a set of totally coupled first order linear differential equations
which, in principle, could be solved; for example, by Laplace
Transform techniques

However, we can decouple the equations by writing each coefficient as a

perturbation expansion:

a,(t)=al”(t)+al” (t)+al? (t)+..

Now substitute and regroup according to order of the perturbation:



[aq AT t+j zj 020040 )+ HO e

.0 o o2

o (0)

f0-<0)

zero order Ak (t) =40
. (1) (EIE0>_EC(10))t
0 1
first order Ak t = ——Z a( ) ( ) i
. (2) (Elﬁo)—Eé‘)))t
second order : - Z a(1) (1) -

etc.

Successive solution: find zerot order solution; substitute into first order
equation; find first-order solution; substitute into second order equation, and

SO On.

h



Note: a,(t=0)=5, = a,(t=0)=0 .. al”(t=0)=const &,

Zeroth order solution

o (0)

a, (t)=0=al”(t)-al”()=0
= al”(t)=al”(0)= 95,

First order solution

(1) i(EQ-E k

-1 S OHgee

(00 )

—— 3, OHE e




. : i(E-EQ@ )

:3aq=——Hm@k h (= j)

(-}

t
= a®(t)-a®(0)= ; [HO@e 7 dt
0

Remember a (V(0)=0 since q # j
¢ (E<0) E(O))t
|
AP [HOEe e
h

0

-t
' O (t e @it gt- _ 0 £

thqj()e dt; hew, =E© -Ef
0

Could continue, but we won’t!!!

Therefore to first order:

.t
a,(t)=al"(t)+al(t) IH O™ 'dt  q=j

0



This allows us to calculate the transition probability, P (t), from state j (with
aj(O)Zl) to any state q (with a q(O)ZO) as:

P, (1) =[a, ) =[a®(t)+a? 1)+ a®(t)+..

(1) ( )
aq t + terms of order 3 or higher

Zl

Have solved the problem in principle and approximately as long as we can:

1. Evaluate H (1)( ) <l//q | H (1)( )| l//J>

2. Evaluate a(l) = j H 1) Iw(“ dt

Note: transition probability = 0 if H () =0.
Thus, the perturbation H(t) must “connect” states.
This yields SELECTION RULES to first order.

H D(t) = 0 implies a forbidden transition , , .
9 (®) P This result works for direct transitions

only: j —n —q not allowed.

H, () # 0 implies an allowed transition
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