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Chapter 11 Time Dependent Perturbation Theory Summary

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Time Dependent Perturbation Theory:

Write the Hamiltonian in this form:

H<t) = Hy + H/(t); H0|¢n> = EN|1/)n>

Expand your wavefunction in a stationary complete basis, while factoring time dependence from H:

U(1)) = Y Cult)e ey

Solve time dependent Schrodinger equation in that basis:

0
tho [U(8)) = H(E)L())

To calculate the probability of transition to a certain state from state n to state k:

Par(t) = [ ()" = |Cr()]”

Ci(t) ~ Culto) = / (sl H' (¢ ) nt G (1)

Now we approximate by taking first order perturbation in H'(¢):

Ci(t) ~ C,()@ + CL (D + CL ()P + - -

P (t) = |Ce(t)V 2

‘ 2

t
— ﬁ / ezwnkt <wk‘Hl<t/)‘wn>dt/
to

In 1-D, write the perturbation Hamiltonian as product of two functions:

(U H'(8)[4hn) = (| F' () f () thn) = f () (x| F(2)[¢n)

Now you need to take care of two components, the integral and the expectation value of F(z):

2

1 o 1
/t e (Y| H/ () o)t | = = (el F @) o)

2

to

Now, we will see different examples of F(z) & f(¢)

t
/ eiwknt’f(t/)dt/
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1 F(x)
The objective in the following examples is to calculate this part of the probability P, (t):

(el F (@) [9n)

1.1 F(z) = x; Harmonic Oscillator

(a' +a)

Tr =

Knowing: af|n) = v/n + 1|n+ 1) and a|n) = /njn — 1):

(el @)ln) =\ o (klat + aln) = /2 [kl — 1) + Vi T(kn + 1]

[ h
- Y [\/ﬁ(sk,n—l +vn+ 15k,n+1:|
2mw

h
(el F @)l = 5 [0k n1 + (0 + 1) 1]

1.2 F(z) = 2*; Harmonic Oscillator

h
(V| F ()| n) = %%]aTaT +aa’ + a'a + aaln)

- % [\/Wn — Lkln — 2) + Vn+ 1vn+ 2(kln + 2) + vVn + Ivn + L{k|n) + \/ﬁ\/ﬁ<k|n>]
= % [\/ﬁv n — 1(3]9771—2 +vn+1vn+ 25]67,14_2 + (Qn + 1)5k,n]

(W F (@) ) > = (ﬁ) [0(n = 1)0kns + (0 + 1)1+ 2)0kniz + (20 + 1)24]

Remark: Square the results of the sum of Kronecker deltas individually, i.e.:
| A + By + COpel” = |Al” 600 + | BI” 05 + |C|? 6

Remark: Notice how when F(x) = x can give you transitions up to state |n 4 1), and when F(z) = 2% can

give you transitions up to state |n + 2).
One can deduce that when F'(z) = 2P one can get transitions up to state |n £ p). This is because p will be the

highest power of the creation and annihilation operators terms. i.e., we will have:
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2 f(t)

The objective in the following examples is to calculate this part of the probability P, (t):

2

t
/ eiwknt’f(t/)dt/

to

2.1 ft)=eV ty=0; t=t

t t t
/ eiwknt’f<t/)dt/ _ / eiwknt/e—t//ﬂ-dt/ _ / e—t’/T(l—ikan)dt/

to 0 0
T [1 _ eft/T (17’L'kan)i|

1— 7w,

t 2
0
2 /.2
2.2 ft)=e/T; tg=—00; t=o0
t 0 .
/ eiwknt’f(t/>dt/ :/ ciwknt’ o—t/7% 1y :/ piwknt' =t /7% 1y
to — _

[e.o] o0

27% 7 (cosh (L) — cosh(itw))
1+ 72w?

Now let’s examine the exponent of the exponential carefully:
- YRR T 2
iwgnt — t°/7° = - [t Wi T t}
T

Now we will complete the square:

Now, we will use u-substitution:

u=1t— i, du=dt

The integral now becomes:

/ eiwknt’ft’2/7'2dt/ _ ewinTz/AL/ 67u2/72du — 67""1%772/47-\/;
Remark: When you have w multiplied by 7, they always have to have the same power in your final result,
otherwise you DID a mistake.

When you have:

wr]" >>1  Adiabatic Transition

wr]" << 1 Abrupt/Sudden Transition
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