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Cynthia Jameson
Note
Plot of the solutions for various energies E1 and E2 of theunperturbed states. When the energy difference is large, the approximate solution approaches the exact solution. When the energy difference is small the approximate solution diverges from the true solution.
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Let ¥ =99+ 09" +)29p®

E =9+ 2E" +2°E® +
Substitute these expansions into #Y¥Y = EY
(0 + 0P e 4029® + y =
(EQEN + 22E@ + YO +09¢ +029P+ )

collecting all the terms in A’ we get
270 @O = £0) O

collecting all the terms in A" we get

_ g @ D 4 p® = £O) ) 3 £ O

| 'collectts;= all the terms in A° we get |
O 4y = EO 9@ 4 ED g 4 £ O

Let us now examine i@ ¢© = E© 0
This states that ¥ are the eigenfunctions of -
7 © with eigenvalues E©. | |
If #%is a non-degenerate system,
then there is only one ¥ for each E; .
Since we already know that #? ¢, = ¢; ¢
Thus,

lim 3450 {T(O)_ o;; E,¥=¢)



Let us now examine |

ar @ @) 4O = EO) @) 4 E(1) @)
make use of what we have found abou
HOYM 4py, = ¢, w M+ EM ¢,
rearrange to

(7 - &)¥ = (EL - h)p,

Here, unknowns are E; Vand vV

t (0)

Let us solve for E ()
Operating with [¢ ;*dt on both S|des |
X (- e)¥Vdr = fp;* E(” h)(l)l dt
using Hermitian property of 3
LHS: (79 - &) * ¥ Ndr=(e, sl)-fq)l v g
- =0 dontneed ¥,
RHS: ENV- fo, % ¢, dr
Thus, EV= o % ¢, dt , call it &;

Note that if we had been carrying around the A
we have A‘El(’]) = J'(I) i* Ah (3)1' d’C,

It is not necessary to include A explicitly except as
a means of keeping track of orders of magnitude.
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Cynthia Jameson
Note
The details of obtaining the following formula are shown on the next page.


To find the second order correction to the
energy, Ei®:

When we collected all the terms in A%, we got
HOP @ hp® = O @), Oy 0y @y O
Let us now make use of what we have found
about © and EY:
7O W@ 1hy O = @ 4w ® + E@y,
Let us solve for E{) by operating on both sides
with [ *dt:
I(I)i*ﬂ(o)‘yi(z)dT + I(I)i*h\{’i(l)d’t = Si,[(l)i*LPi(Z)d’C
+ hiilorPiPdr + E© Jgi*di dr
Ei(Z) :I(I) i*g_[(o)\Pi(Z)dT + -[(I) FhY . (1)d’t & Id)i*LPi(Z)dT
- h; IJ(I).*\If Dy
Since #'? is Hermitian,
J'(I) I*}[(O)LIJI(Z)d — {J'LPI(Z)*]_[(O)(I)i dt}*
= {[9;P*; ¢ idt}*= & o Wi Pdr
Collecting terms:
E. (@) = = (& 8.)f¢.* ¥, @dr + f(l).*h‘P Ddr
- hidoirePdv
E® = [¢rhwiPdt - hyi JowPdr



Let us now make use of our found ¥.*V:

—r R TR
F

) — ar«: ﬁé 4l % Hat #
ED - — - ' oo
. Li €, & ! €5~6° 3

A

This sum does not include ¢; therefore,
Joi*¥;Mdt = 0. Therefore,

Ei(z) — J'(I)i*h\P i(l)d’C

We now substitute the above ¥;") to get E;'*:

Ei? =- [(hw)(hi) + (ha)(hip) + (ha)(hig) +... }
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Cynthia Jameson
Note
The coordinates of the electron are shown in terms of r, theta and phi.
The coordinates of the ith point charge are also shown as r i, theta l, phi i.
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