
n = 2 H0

 2,0,0  2,1,0  2,1,±1 (H0 +H1) = E2  =
P

l,m al,m 2,l,m

E2 al,m
X

l,m

al,m (H0 +H1) | 2,l,mi =
X

l,m

al,m E2 | 2,l,mi

| 2,l0,m0i H0 | 2,l,mi = E
(0)
2 | 2,l,mi

X

(l,m)

al,m h 2,l0,m0 |H1| 2,l,mi = �E al0,m0

�E = E2 � E
(0)
2

H1

 2,0,0  2,1,m

' m = ±1

h 2,1,0|r cos ✓| 2,0,0i =
Z

dr (R2,0R2,1r) r
2

Z
d'

Z
d✓Y0,0Y1,0 cos ✓ sin ✓

= . . .

= �3a0

h 2,0,0|H1| 2,1,0i = h 2,1,0|H1| 2,0,0i = � E
� = �3ea0 al,m

0

BB@

0 �E 0 0
�E 0 0 0
0 0 0 0
0 0 0 0

1

CCA

0

BB@

a0,0

a1,0

a1,1

a1,�1

1

CCA = �E

0

BB@

a0,0

a1,0

a1,1

a1,�1

1

CCA

2⇥ 2
+,�, 3, 4

�E± = ±�E , �E3,4 = 0

E
(0)
2

±

 ± =
1p
2
( 2,0,0 ±  2,1,0)

 ±



E2

H(E) = H0 � ~P · ~E = H0 � PzE

E + E

H(E + E) = H0 � PzE � Pz E = H(E)� Pz E

h 1|H(E + E)| 1i = h 1|H(E)| 1i � h 1|Pz| 1i E

E1(E + E) = E1(E)� h 1|Pz| 1i E ) h 1|Pz| 1i = � E1(E)
E

| 1i = |'1,0,0i+ E
X

n,l,m
n 6=1

h'n,l,m|Pz|'1,0,0i
E

(0)
1 � E

(0)
n

|'n,l,mi

E

h 1|Pz| 1i = � E1(E)
E

h 1|Pz| 1i = h'1,0,o|Pz|'1,0,0i| {z }
=0

+ E
"
P

n,l,m
n 6=1

h'n,l,m|Pz |'1,0,0i
E

(0)
1 �E

(0)
n

h'1,0,0|Pz|'n,l,mi+
#

h 1|Pz| 1i = 2E
P

n,l,m
n 6=1

|h'n,l,m|Pz |'1,0,0i|2
E

(0)
1 �E

(0)
n

↵ = � 2

4⇡"0

X

n,l,m
n 6=1

|h'n,l,m|Pz|'1,0,0i|2

E
(0)
1 � E

(0)
n

E
(0)
n � E

(0)
1 ' 1R ↵

↵ =
2

4⇡"0R
X

n,l,m
n 6=1

|h'n,l,m|Pz|'1,0,0i|2

h'1,0,0|Pz|'1,0,0i = 0

↵ = 2
4⇡"0R

P
n,l,mh'1,0,0|Pz|'n,l,mi h'n,l,m|Pz|'1,0,0i

↵ = 2
4⇡"0R h'1,0,0|P 2

z |'1,0,0i



hP 2
x i = hP 2

y i = hP 2
z i ) h~P 2i = 3hP 2

z i

'1,0,0

↵ = 4a30 ' 6⇥ 10�31 3

↵ = 4.5a30


	Rappels sur les fonctions d'ondes électroniques de l'atome d'Hydrogène
	Perturbation premier ordre
	Perturbation au premier ordre de niveaux dégénérés E2

