
Hartree–Fock and post-Hartree–Fock methods

Size-consistency problem in truncated CI calculations

EX5: Show that, for the dimer,

(i) the CID Hamiltonian matrix equals H
CID(1 + 2)� EHF(1 + 2) =

2

664

0 K K

K 2� 0

K 0 2�

3

775

(ii) the FCI Hamiltonian matrix equals H
FCI(1 + 2)� EHF(1 + 2) =

2

666664

0 K K 0

K 2� 0 K

K 0 2� K

0 K K 4�

3

777775

(iii) CID is not size-consistent since

E
CID(1 + 2) = EHF(1 + 2) +��

p
�2 + 2K2 6= E

CID(1) + E
CID(2)

(iv) FCI is size-consistent and c12 = c
2
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Complements
to the solution

Cl
Simpler way

to show that a
,z=c

?

• we
have KC

,

t Kca =

2 ( A
- Et )

l D

§ K t
2 DC

, tKqz=
2C D

- KEK
'

)
C

,
H

K t 21 Ca t KC
,

2=2 ( I
- VIKI )

Cz C 3
)

J

(2) and (3) can be simplified as follows
:

⇒
.

!:÷÷÷÷÷÷÷÷÷÷÷÷÷÷::
⇒ rich =D

'

t ( I 't KY - 214¥
"

= we t 2B

(
D

- VET )

④

"

KE = Kt 21C ⇐ KI =
K't 25 KC L

•
According to L2 ) we  also have kg ,

= 2 C D - V¥i)C -

K -

2 DC

-

-

(1) ↳ 2 Kc £ (4)
I

=
2 Kc

'

- Ki

= Kc

-

⇒ 92=5

↳ Coupled cluster wave function
:

I FCIC Ith )
= Ittf ) t

C ( Di t
I He > to

'

I
,

HE )

= ( Itc Dita I to Ii )
IHF )

= I Itc Di ) C Itc II ) IHF >

if we introduce the excitation
operators I

,

=
c I

,

and II = CIA

I FCI ( H2 ) ) = (
I

t IT
) ( I

t 't
) IHF ) = e

't et IHF ) since

I
'

= EDT -

- Edita
,

,

'

a'
Ip

, ,

'

a'

ga
,

Egg
, Edith,

'

a'

gp.iaga.io
"

-
°

←
=

-

a

'

a'ii. , a'if
,

,

'

a'go ,
, iii.

'

aint,

'

a'gp ,,Igaiag



similarly Izzo →
EE

=
it 't t

Fz
,
't i÷t

.  -
-

-

( same fire
't

)
,
, , ,

G O

And since CIT
,

't ]=o it
comes

I FCICI +2 ) ) = e

t ¥1 HF ) =/ CCD )


