Time Independent Perturbation Theory
(Degenerate)

Byungjoon Min
December 5, 2018

Department of Physics, Chungbuk National University



Time Independent Perturbation Theory (Degenerate)

We consider two degenerate states |a") and [b%):
H°|a®%) = E°|a°),
HOIb) = E°|p°),

where (a®[b°) = §,. Then, in general the linear combination of a°
and b° also satisfies the equation,

[¥°) = ala®) + B[b°),
HO[¢°) = E%4°).

Applying the perturbation, H = H° + AH", the degenerate values of
energy are split.



Time Independent Perturbation Theory (Degenerate)

Expanding [4°) and E°, we have

(H° +2HY) ([9°%) +Xgt) + M |92) +---)
= (E°+AE" + NE2+ ) ([0 + A"y + XM [p%) + ).

Then, the first order part will be

H'|[y°) + HO|ph) = B*[4°) + E°[y").



First Order Correction

From the first order equation,
H'9%) + HOl') = B') + 7o),
applying (a|, we have

(@’ H'[9°) + (a®[Hp") = (| B [9°) + (a®|E°[p").
(@’ H'[9°) + B%(a"[y") = B (a’|9°) + E%(a®[y)").
(@’ H[[ala®) + BI6°)] = E' (a°|[a]a®) + BIB%)]-

Finally, we have
a(a®|Ha®) + B{a®|Hp°) = aE*.
Similarly applying (b°|, we have

a(b°|Ha®) + B(°|H %) = BE*.



First Order Correction

Solving these two equations, we have the first order correction E':

ala®|H'|a®) + B{a®|Hb°) = aE* .
a(b’|Ha®) + B(b°|H |p°) = BE™.

Thus, we have to solve the eigenvalue equation:

(a°[H[a®) (a’|HBO)) (o) _ o [«
(O1H a®)  @QO[HD) ) \ B B

Check the example (7.2) in Griffiths.



