Disturbances in the Hamiltonian during the Schrodinger
equation :
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Hamiltonian small disturbance

For example when we have one electron that us “ shield”
another electron.

(Ho+AH') |¢pn>=En|¢pn> whenA=0we arein one
undisturbed state.

According to HILBERT:

The perturbative method is based on expressing E, as Taylor

expansions; when at Er(lo), we have only one “eigenvector” :
|c|)£lo) >. Then:
lim E, (D)= EVand lim |9, ()= | ¢©>
E,=E® +2E" + 22EP + -
0,0) >= lo, 5= 6@ > 1 2l6® > 122 [6® >4
Since the components of |<Dn(/1) > are integral members of it,

they comply with the rules of the group: distinct elements
independent of each other.



Its normis 1: < CD,EO) | @, (M) >=1,1=0
IfA#0,suchas < quEO) | qb,gl) >the resultis =0

Let's remember, | repeat, to Taylor and the headquarters
developments of series functions based on derivatives.

(Ho + AH) (|60 > +A | > +22 |§@) > + ) =

= (EO+AERD + LE@ + ) (|99 > + |0 >

+ A2 |¢7(12) >+ )
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Yes now we separate the equations in order 0 from the in order
1 and from those of order 2 and so on... we obtain each of the
terms that make up the E » global.
Regarding the term A%:H, [¢® >= @ |$© >

Regarding theA®: H, P> + # [6©>= E? |6®>+ ED |6©®> expression

that we will call (*)

| respecte a A2: Hy |® > + H' [¢D >= EO |¢pP > +
CORPAE) (2) 1 +(0)
E.7 |, >+ E7 P, >
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If we now take Aland multiply < &.° .

0=< & |Hy- E® |6V >4 < 0@ [ D 6@

Considering that the scalar product of unit vectors is = 1 if
they are linearly dependent and =0 if they are linearly
independent. We solve that:

EM =< ¥ | o' >=h' .

As the terms of E,;and of | @,,(A\)> increase from A°to A™...
they become less and less likely to occur.

Now I will establish the framework to deduce the aspect of
®® >and that of E,(lz); first we represent

o™ 5=, |6@><a® | o>
Knowing that normalization is:
[0 >< 0©@ [=1=<o® [6® >

If we then multiply the order expression Atby < CD,EO) |:
0= <1 (Hy —EM) |2k lo® > <o o >y +

< p® |(H'-E,Sl)) |‘Dr(10) >
And now I expand this as follows:
E¥=H,

0 0 0 1 / 1
0= (E"” — E)< ¥ | & >+ H'1p-6ien. EV

(1)
: (0) D _y Hrn=0knE
Since < @, |<15n >=) (E’IEO)_E”(O)’;
n




If k=n, | retrieve a previous expression to formulate:

’ 1
H kn_skn'E‘Sl )

oM >=7, ol” >,

©__(©
(E, —Ep )

To elucidate Er(lz)we can take “a” and expand it and then isolate
the terms that contain 12 (“b”):

Ho l6©® > 4aH, |6® > +22H, |6@ > a0 [6©@ > +
+ 2H 0@ >+ BH 0@ >= E® |6© > 425 [0 >+
2E® |6® >4 AED [6© 5y 2ED o >
PED (0@ >+ 2EP |0© > 4 BED [0 > 4

And now we will multiply “b” by <¢.” | and we will obtain:

<o® |Hy [6@ > 1< 0@ |p [6® 5=
<o [E® [ 0@ >1< 0@ [ED |o® >+
<@ |[E? | p© >

Only the following terms are plausible: <<D,EO) |H ' CP,(ll) >
<o©@ [ED | 6® 5i< @ [ED | © sifn=k

And we will obtain:E,(lz) =< CD,,(LO) |H’ — E,(ll) | CD,,(Ll) >=

' €8
H kn_akn'En

0 I} 1 0
<o |1 — E ))zkm o{? >,




Now we will focus the study on degenerate states :

When 2°(zero order): Enr=E,gO)

When A! (order u): | o >=3 a, | % > which we will
replace in (¥) and we will obtain Y., a, H' | o>+ H, |
oO>=3 0, EV | @51 f© Fcp“)>

nr

And if we now multiply this expression by < CDIS? | we will see
everythini in the form:

5, <0 o B | 0@>+<a® | Hy | 0V>=
=5, <@ | ED.a, | 0@ >+< @ | E? |o® >

Where «a,. H'= Hj,,and
0 1 0 1

Y <o | EMa, | &\ 9>=5,,EMa,

and< O | Hy | 0> <@ | EO [ o™ 5=

k
ISOI PO PN

Deducing that < CD,S? | Hy=< qb,ﬁfl) |E;ESI)

Enr = B + AESY + R2ED + -
o (1) >= |o, >= |¢,§2) > + A |<1>,§1) > 422 [0 >+..

lo®s=3, <] 6@ >< 0@ | 6D

| ¢£1)>= Xp Ap | Q§T(lzlj)> assuming that p=r




We can express | ¢$)> in terms of | CD,S?> r+ k

<o® | Hy-EQ | 0®> < 0@ | Hy- E® | 5, 0, | 0D>=
<o |- EQ 5,0, | 50 < | 0© >< 0 f¢<1>>

nr
Continuing to remember thatr=p

a,.H'= H;,and Hy= E,E?l)and
Y < B | EWeq, [0© >=5,,EVq,

n

@
To end up obtaining: < qb,gz) | qbrg)>=zr Y (H(E(’ir)l zig%))“r
kn~ ©n
. . | )
If we multiply it by | &, "> :

(1)
(WS — (H'—Ep " 6kn)or
| (pnr >= Zr Zk (E,(C?Z)L—E,(lo))

o>

And now, until tomorrow!

If we have had a good morning, now it's time to isolate E,SZ,):
We multiply "b" by < CD,E?I) | ;

<@ | Hya, | 6P >=< 0@ | EDq, [ 6D >4

+<0© | E®yq, Tcp,?) >

Where I have taken the liberty of deleting < CD,S? | E,SZ) |
CD,EZ) >and
<o | H, lo@ >

[o® 5=%, |0 >< 0@ [p® >
and | CD,El) >= Y Ay | CD,E;,)> r=p #k




5, <o© | H. ar [6Ms=3, < 0@ [EWqg, [ 6D+
+< cb,ﬁf,?nl E? [6© >

I— 511 r
|¢(1)> ZTZR(H E kn)X

(0) _ (®
(0) ) &, >whereH, = E,

From which we w1ll know.

E? =< o@ |w-ED).q, | o>

2 0 1 (Hr— E 5 n)or 0
E( ) =< CD( ) |(H E( ))ar |Zr2k (0) E’(co)) CDk(m) >

To finish insulating

1) 2 2
2) _ (H1—Ep " 8kn)”.(ay)
E,. = Zr Zk (E(o) kE‘r(lO))
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