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Representation of a vector
in a discrete basis set

Let {¢1, ... ¢i, ...} be a discrete basis of a Hilbert space. Any vector

W of the space can be expanded in that basis as e

C1 /j

Ci
The column matrix ¢ represents vector W in the basis ¢.

Examples:
* Any state of a spin-less particle can be expanded in terms of the eigenvectors
of a 3D harmonic oscillator hamiltonian:  _ S‘ > L b

Moy My nmnynz

Nge=0n,=0n,=0

o EXGTClse 1.8: rq)lsi — (wlsa i 1])15[3)/\/2
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Scalar product in matrix notation

<\If’\IJ’> — <ZCZ¢Z ch-qu
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/511

Si1

S1

)35 - > >

o

where c' is the adjoint of matrix c: cl = (Ct)>k

o In particular: [|W[]> = (¥|¥) =c'Se=>» > ¢iSc;

o If {1, ..., ...} is orthonormal then S =1 and

(U|P) =cfld =c'c = (¢}

) =clc = Z ci|?
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Representation of an operator
in a discrete basis set

Any operatorgcan be specified by giving its effect on the basis vectors:

Ay, = YA, i=12, ...

A oo ) =(Agy . [Aw] )

= (1 ... Y ) Aﬂ A]z

Ay =¢yAa
The square matrix A represents the operator A in the basis .

Examples: g:rﬁzhoz 54:04:0 g:a:hﬁ 5:620

Chapter 2
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Representation of an operator
in a discrete basis set

A provides the effect of the operator A on any vector:
- 63 ) Ew s

or, In matrix notation:
X@= \ (A oo Au L [a)
- @A -

Aol PR I P4

Let’s call ¥/ = AW. Then it is clear that

ooac | \ (A A o)

nd (sce this slide) (] AT) — c'S Ac N A VSR L O
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Scalar-product representation

Scalar-product representation (A) of A on the basis y:

TRUE representation

Aji = <1Pj‘A1Pi> |
- |

=Ek<wj‘wk>’qki Sjk5<‘Pj‘1Pk> A =S4

All Ali Sll Slk -All Alz‘
A oo A TS0 o S ] A - Ak

e S is the scalar-product representation of the identity operator:

D)y = <1P1‘T1Pj> = S

e Previous slide: | (| AU) = ¢'S.Ac = cfAc

e If the basis set is orthonormal (S = 1) both representations coincide.
Chapter 2 6
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Matrix representations
of operators

Exercise 2.1
Let {x1,Xx2,Xx3} be a basis set of a 3-dimensional Hilbert space and

1 1/2 1/2
S=| 1/2 1 1/2
1/2 1/2 1

the corresponding overlap matrix. A is an operator acting this way on the
elements of that basis: AXl = X2 + X3, AXQ = X1 Tt X3, AXg = X1 T X2-
Determine the true matrix representation of A in the basis {x1, X2, X3} and its
scalar-product matrix representation.

( 0 1 ) ( 1 3/2 3/2 )
Results: 1 L ); ! 3/2 1 3/2 |.
0 3/2 3/2 1

1

—_ O =

Chapter 2
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Solution of the exercise 2.1

VG X, X5l — o S (a4 oy

;\(Y,,X?,)C-sy = (7, 7(17(7)

i A 1 9x oS\ /o A A A NS
A e S = los 2 o5 |[ 4 94 |zl A A5
0X bs A " 20 NS A5 A

Chapter 2



Juan C. Paniagua - Departament de Ciencia de Materials i Quimica Fisica & Institut de Quimica Teorica i Computacional (IQTC-UB) - Universitat de Barcelona - 2007-2018

Definitions:
Adjoint matrix of A: At = (A = (A"), sothat (Af)=Ay
A is hermitinn < A=A, sothat Aj=A;
A is unitary < AT = A1
A real and hermitian < A symmetric (At= A or A= Aj)

A real and unitary < A orthogonal (At = A-1)

Exercise 2.2 Prove the following statements.

a) If X'« cx yi is the expression of a vector W in a non-orthonormal basis
set ¢, then (Y, |W) = (Sc)y

b) If AB =C , A B = C but, in general, AB = C.

¢) For any 2 matrices A and B such that the number of columns of A
coincides with the number of rows of B, (AB)" = Bt A'.

d) If B = AT , B =ATbut, in general, B = a7

e) The scalar-product representation of an hermitian operator is an
hermitian matrix.

f) The columns of a unitary matrix can be considered “orthonormal” in

the sense that X Ax™ Ay = O
Chapter 2
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Solution of the

exercise 2.2

Chapter 2

o) <l T > = < Z‘_c:¢> 7 s <kl =(S ),
>k

o) Aoy =hyB - GM%B §AB =g € > ¢ (A3-€)e
4

)

C \ﬁ/ \R’ e 1\111‘ L.mvap‘ wa’eﬁ‘WI :‘-> D

‘HOW?W:
’h\dv-ﬁev'e'\-a«’z

c) [(ABY], = (AB)}: = (A'B'); ~7Ajk . -7 "k B =(BR):

VB 5 85I = Al =<l = A =N,
% % < A > B=A

-A - enad \anlc 2wkl
A= (S7AY = N(S7) = AS™ £ STA (=gt 2

e)TiB=R ind) > B=A=A

DAA" s KA > LR A= T A Ah,—?
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Scalar-product matrix
representation of projectors

® The scalar-product matrix representation of |¢;.) (¢, |in any orthonormal
basis set containing ¢ is readily seen to be

rowr ———

(o

0

B

0

1

0

column r

<

o)

0

.

)

L0/

row r

(0

column r

l

1 ... ())

@ More generally, the scalar-product matrix representation of |¢T> <¢S| in

any orthonormal basis set containing ¢, and ¢s is
column s

rowr —-—
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Operator expansion in an
orthonormal basis set

® If {&:} is a denumerable orthonormal basis set then 1= Z D) (D]

and -

:/1\ /1\ ZW"“ ¢T‘AZ|¢S ¢s

—Zm (6] A|s) qbsr—ZAmm (&s]

® If {d.} are cigenvectors of A this reduces to the spectral decomposition:

Egbw = ay¢,; with {¢,1 - ¢rq,.} orthonormal =

A=) >‘arcsrs(s]k\¢m ) (dar| = Zarzwm %‘—Z

rJ
Chapter 2 12
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Changes between discrete basis

Let us consider a change of basis: {... Y. ...} — {...y' ...}
w'r = Ei wi Lir Lll Llf,a
Y =YL

Transformation of vector coordinates: linearly independent vectors

Y =9c=9y'c =¢yLc Pc—-Lec) =0 c = Lc

=0

[f the inverse of matrix L exists (which happens whenever the two basis span
the same space) then: ¢' = L~! ¢

Chapter 2
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Two basis in terms of a 34 basis

Sometimes we are interested in a change between 2 basis sets ¢ and ¢’ —say

2 MO sets— that are, in turn, expressed in a 3rd basis set ¥ —say an AO set.

Let’s name C and C’ the matrices expressing the changes from X to ¢ and ¢”:

»=xC ¢ =xC

Then the matrix transforming ¢ into ¢’ can be readily obtained from C and C’:

¢ =¢L = xC' =xCL = x(C'—-CL) =0

and, since the elements of ) are linearly independent,

- C'-CL=0 = (C=CL = |L=c!Cc

Chapter 2

14
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Changes between discrete basis

Let us consider a change of basis: V' = ¢y L

L

linearly independent vectors 0,0, ...0)
~ ’ll)(ﬂL—Lﬂ') _ O/

=0

AL =LA

IflLlexistss 4 =LaL! 4 = L'laL

Chapter 2
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Changes between discrete basis

Ck

AL =LA

Exercise 2.3

Show that, if ¢’ =L, then

a)S'=LTS L.

A' = LTAL

b) A’ = Lt A L for any operator A.

c¢) If Y and v’ are orthonormal then L is unitary.

4 =L 1lalL

d) The trace of a true matrix representation 1s invariant under any change

of basis set.

e) The trace of an operator 1s the trace of its frue matrix representation in

any basis set.

f) The trace of a scalar-product matrix representation 1s invariant under

any unitary change of basis set.

Hint. Use only matrix algebra for all the questions except for a).

16
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Solution of the

exercise 2.3

Chapter 2

%,:Lﬁ/ﬂ— > 1/,‘{:2\‘/(_1_‘-{
- S,
, <L”'L' [\h'> _ <;'+rl‘ﬁl Z:"\KLSJ> = 2\:‘er L..)) <q’/’q’s> =(E§L>L)

Q)

L) AL=LA >USAL-LU'SLA > LAL=A
'S K}'S A &

A)

) -9'=4 /mmmo@ﬁg%w%) =

-1 -~

(A=Al =L)< » L=l =L
'KDQ | ,ﬂ
d) T (N) =T (ALY =T (ALL" ) = T7(A)
(]
©) A =T (A) —T(A) T (A)

]‘ VV\‘H\( wn L‘w‘ = ‘44”
Lot um,wa P v b

g)_j; (A) =To (LAL) =T+ (H_WU\_‘ ) =T (ALLY) =7 (A)
1 1
Lw"‘“’j 17
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Changes between discrete basis

Exercise 2.4
Let us make the following change of basis in the 3-dimensional Hilbert space
considered in exercise 2.1:

X1 = X1+Xx2+Xs3
X’z = X1 — X3
X’g = X2 — X3

a) Write the matrix of the basis change.

b) Write the matrices representing the vector ¢ = x1 + Y2 in the old and the
new basis.

c) Calculate (x5|x5)-

d) Write the true and the scalar-product matrix representations of the operator

AN

A (defined in exercise 2.1) in the basis {x}, X5, X5 }-

Hint: You can use any matrix calculation tool, such as the one provided in www.bluebit.gr/matrix-
calculator/

Results:

(1 1 0) <1><2/3> (2 0 0)(12 0 0)
a) [ 1 0 1 |:6) 1 ), 1/3 |;¢)05;d)| 0 -1 o |, 0 -1 —1/2 |.
L =1 =1 0 1/3 0 0 -1 0o —-1/2 -1

Chapter 2 18



Juan C. Paniagua - Departament de Ciéencia de Materials i Quimica Fisica & Institut de Quimica Teorica i Computacional (IOTC-UB) - Universitat de Barcelona - 2007-2018

Solution of the exercise 2./ L
| 4 0O
o) (xvxz')c;):(x,%z%g /1 0 14
A A —4
o AR Y3\
-1 2 -/ 0 /3
C o
. " /1 A A0 ‘,c Aze"-&a; rc' Cy = - -
lornadvel . @ < 1l ¢ _ - C ad s
Qsz‘AQm‘/?rw];U_,:u_,d, => (‘4) —(,1 01 (:: =§>4:G-C3 a Q2 aal
‘ I e 4 D 2‘3"51"(3 . C.,': —

. . B 1 4 % \/0 y
C)SL'.A/<,S: <7(LI7C3'>= (7_’3_3‘0:3: (ﬂ O—/u\/éf; ;l{f (4 = 44,

S

I\

_.,3
Yo
. ) - ,,," + . N * /z)
A(“JL?.%.R*]\V ;-(:>L~J&.h, hY —U..ba.. = 523—§L’¢S"5L33=“‘ >

! -4 y 4 4 4
d)SL«&ﬂS‘ AZLAL: -3-2-4-4
+ A A A ,-4%_3/“‘- '/),,o\ 12 © O )
AX’:H__ IL%D_ — 9 -4)(3/2_ 4 3/2)(,, o A ) :(O -/ —ﬁ/z.)
v 32 1/\4 -1 o A —4

A
o 1 -1

"LVV‘ Can dl\fck /M/f-
1 e [ - ) & O O\ /:’, o O“ ‘42 0o © \
Ch Azbﬂ‘;[}_\)U_A:(o 4’VL)(0 4 O)-——(o -4 -”/?.) )
apter 2 , .

o A ) /\o o o =¥z =4,
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Eigenvalues and eigenvectors

Apy = aghy i=1,d

/al .. |0 \
A o [0 = o v )|
AR B

or, in matrix notation:

Ezp = 1pay, with a, diagonal: (ay)ij = a;d;;

= the true representation of an operator in the basis formed by its

eigenvectors is diagonal.

Chapter 2
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Matrix diagonalization

The solution of the operator eigenvalue equation is equivalent to finding the

basis change L that diagonalizes its true representation in any basis ¢:

solve A =pa, <« find L such that |[AgL = Lay,

(Aqbll Agblf,a \ /Lll Lli \ (Lll le’ \ (al 0 \
A o Agpe | L e T 2 L Lo el

The " column of the matrix products:

(Apir - Ape -\ (L (Lu ... Lu .\ [0\ (Lua) (L1;)
Aot o Ase | L | T2 L e | T e | T | L
... o) o ) ) L)

gives the matrix eigenvalue equation:
A(bl@' — aili — (A¢ — az]->|z —0 — ‘Aqﬁ — CLZ].‘ =0

Chapter 2 21
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Matrix diagonalization

By expressing the eigenvector basis in terms of the original basis set:

/Lll Lli \
(V1 oo i ) =(d1 o e ) Lm Lm
USROS Y

we see that the column I; of L contains the coeflicients of an eigenvector ;

with eigenvalue a;
. wz — Z ¢7“L'm'
™

so that the eigenvectors of A¢ represent the eigenvectors of A (as expected).

Chapter 2 22
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Scalar-product matrix
diagonalization

For the scalar-product representation the operator eigenvalue equation
takes a more complicated form:

Tﬂlq)L =TLaw > A¢L=S¢Law

S¢ S¢
Agi1 - Agr o\ [(Lu ... [Lu] ... Sp11 oo Setr -\ [Luar ... |Lyas
Apit oo Agr oL D T Sen e Se | | Bnar o |Lia

Aqblz' = aiS¢Ii — (Aq5 — CLZ'S¢)|Z' =0 — ‘A¢ — CZZ'S¢‘ = 0

T3 = If A is hermitian its eigenvectors can be chosen orthonormal (Sy = 1).
If, moreover, the starting basis {...¢i...} is also orthonormal, then L is unitary (ex. 2.3.c).

Chapter 2 23
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Eigenvalues and eigenvectors
in matrix form

Exercise 2.5
Verity that the new basis vectors introduced in exercise 2.4:

X1 = X1+X2+X3
X’z = X1 — X3
Xé = X2 — X3

AN

are eigenvectors of the operator A defined in exercise 2.1, so that the corres-
ponding true matrix representation of this operator is diagonal. Note that its
scalar-product matrix representation is non-diagonal (see exercise 2.4 d).

Results: A\X,l = 2x'; A\X,z = —Xb; A\Xg = —X3-

Chapter 2

24
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Solution of the exercise 2.5

\ A 2’
. f ' ' V2, o & A4 { . a |
= Ky, X, X, are AN 4 A o -1 ©
N
o

: ! ' O ~4

Chapter 2 25
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Functions of matrices

Let f(g) = 2;{0:0 {1 Kk (slide 1.38): what is the representation of f(A) in an
orthonormal discrete basis {... ¢, ...}?

<¢i‘f(g)‘¢j> = zfzofM(l)i‘;‘ij)
oo fic P oo Do (O A0 (01| Ao ) (| Al D))

= ) o T (AR
= [1(A) Iy,

where we have defined the function f of matrix A as |[f(A) = 210;0 f, Ak

o [f(A)]" = Yk (fk AT = )i fi' (AT)k
= a real function of an hermitian matrix is an hermitian matrix: [f(A)]t = f(A)

e Convergence of the Taylor expansion is sometimes slow
(Python: scipy.linalg — linalg.expm3 to calculate exp(A) — trigonometric, hyperbolic ...)

Chapter 2 26
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Functions of matrices

f(A) can be calculated from A by diagonalizing this matrix and using
A = LalL! (slide 2.11 + orthonormal basis set):

— ikak — ifk(LaL_ (LaL™!) = Lkaa L
k=0 k=0

H/—/
f
) . (a)
(@) =) aua; =) aidua;dy = aidy; = (%) = aldy
[=1 =1

= (f(a);; = (Z fka’f> =) fraldi; = (Z fm?) 8ij = [(a;)dy
k=0 ij k=0 k=0

Procedure: A — a — f(a) — {(A)

(Fortran: LAPACK to diagonalize. Python: scipy.linalg — linalg.expm?2 to calculate exp(A)
Chapter 2 or linalg.expm (uses scaling and a Padé approximation for exp(x))
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Orthonormalization

Given a non-orthonormal basis ¢ we look for L such that ¢’ = yL with S’=1

e Schmidt method:
(asymmetric)  x1 = Nix1 = x1/(alxa
Xo = Na{x2 — (X1Ix2)x1}
X3 = Na{xs — (X1Ix3)x1 — (Xalx3) x4}
etc.

>1/2

* Lowdin method:
L=S12= S'=LISL=(51?)fSS12=812881/2=1
(there has to be no linear dependencies between the basis vectors)

Chapter 2 28
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Canonical othonormalization

o Canonical method: L = Us1/2 with UtSU =s = LT SL =s1/2U'SUs1/2=1
This diagonal matrix can be truncated if necessary: L = U s-1/2

( L11 e L1n—k \ ( U1 e Ut n—k \ Y ;
: . 1 s
Ln—k,l SR Ln—k,n—k — Un—k,l I Un—k,n—k - 1/2
\ Ln,l R Ln,n—k / \ Un,l R Un,n—k ) Tk
/ L1 ... Lin—k \

(V1 o Ynek)=(d1 - On—k .- Pn) Lf;;,.—.k,1 L'n,—.l.c,.'n,—k

3 birds with 1 stone: \ L ce Ly jn—k /
- orthonormal basis

- shorter dimension
- faster convergence of SCF (HF, DFT,...)

Chapter 2 29
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Canonical othonormalization

Exercise 2.6
a) Use the canonical method to ortonormalize a basis of a real 3-dimensional
Hilbert space with the following overlap matrix:

1 05 0.8
S=\| 05 1 0.2
0.8 0.2 1

b) Which vector of the new basis could be omitted with a least lost of “basis
quality”?

Results: a) x7(s = 2.04) = 0.47x1 + 0.31x2 + 0.42x3, x5(s = 0.82) = 0.11x1 — 0.94x2 + 0.563,
Xé(s = 0.14) = 1.99x1 — 0.76x2 — 1.66x3; b) the third.

Chapter 2
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Solution of the

exercise 2.6

Chapter 2

(using www.bluebit.gr/matrix-calculator/)

1.0 0.5 0.8
S= 0.5 1.0 0.2
0.8 0.2 1.0

0.67006 0.7351 0.0996
U= 0.4372 -0.2832 -0.8530
0.5993 -0.6159 0.5113

2.0410 0.0000 ©.0000
.0000 0.1371 0.0000
0.0000 0.0000 0.8219

n
Il
S

0.7000 0.0000 0.0000
s-1/2 = 0.0000 2.7/007 0.0000
0.0000 0.0000 1.1031

0.4094 1.9853 0.1099
L =Us-1/2 = 0.3000 -0.7648 -0.9416
0.4195 -1.0634 0.5040

0.4094 0.1099
Ltrunc = 0.3060 -0.9416
0.4195 0.56040 31
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Truncated “basis” sets

Let = {%1...%nk} an incomplete set or truncated “basis” set and {Yu-k+1...%(n} a basis
of its orthogonal complement, so that y = {1...)(u-...Xs} iS @ complete set.
e The true matrix representation of Ain {y1.. Ynk... ) is:

IZX — (ng“an—k'“an)

/l A oo Ak | - Ain \
— (Xl Xn—k " Xn) An—k,l RN An—k,n—k SR An—k,n
\ Aor o Apmk e A

e and the true matrix representation of the projection of A onto ¥ is:

N AT

pXApxxz(ﬁ;ﬁxl...ﬁ;gxn_k...o)
(A o Aaer | 0\

= (X1 Xn—kXn) [|An-k1 oo Ankmk oo O

Lo .. 0 ... 0

Chapter 2 32
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Truncated “basis” sets

N~ AT

The n-k x n-k submatrix A represents Py AP in the truncated basis ;

e P S

Py APy x = (ﬁ;A\Xl"'ﬁ;A\Xn—k)

-/411 “ e Al n—k

:(Xl'”Xn—k)
-An—k,l e An—k,n—k

and the elements of the corresponding scalar-product n-k x n-k matrix
representation A = S A are

Aji = (X5l PxAPxy xi) = (PxXi| APy xi) = (x5l Axi), 4,5=1,n—k

Chapter 2
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Separation theorem

N AT

Is there any relationship between the eigenvalues of A and those of Py AP, :

e P i J—

121\?70@ — aiwi P)ZAPX ¢z — C_Li 77;@
or, equivalently, between the eigenvalues of A and those of A

ACi — ;C; AEZ' — a;C;
o1, equivalently,

ACi CLiSCf,; A(_:i = C_Lz'g(_ii ?

* T12 (separation or interleaving theorem): if we add an additional vector to the
truncated basis the new n—k lowest eigenvalues are lower or equal than the
corresponding old ones (and the new highest eigenvalue is higher than all the
old ones), which is the basis of the linear variation method. By further adding
vectors one should tend to completeness, so the eigenvalues of A are higher
(or equal) than the corresponding onesof A: a;, >a; Vi=1,...n—k
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Continuous “basis” sets

If we choose a basis set made of eigenvectors of observables with continuous
spectrum the coefficients representing any vector state will be functions of the
corresponding continuous eigenvalues (wave functions).

e £. ¢.: x and p are 2 CSCO for a one-dimensional spin-less particle:

W) = (o |W) = (x| W) W(p) = (g, | W) = (p|W)

According to the third postulate |W(x)|? y |W(p)|? are probability densities

e Scalar products in the (continuous) position representation:

)

<\p\f |x><x|dx\w'>=f P (x) W'(x) dx f ¥ (p) W'(p) dp

o0 o0 oo

e Matrix representation in position repr.: A(X, x') = (Y | Ay ) = (x| A | x')

A dingonal matrix representation: { X ‘ X ‘ X'y = X O(x'-x)
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Position representation

Definition of the Dirac delta (one among many): / 6(x' —x)f(2)dx' = f(x)

#0) (0) = (@lE ) = (o ([ 1)) )

— — 00 S

— /OO rd(z' — x)¥(x")dx' = 2 ¥ (x)

— OO

so the effect of the position operator in the position representation is:
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Position representation of p

The momentum operator in the position representation can be chosen
(among other more complicate choices) as:

d
P (z) = —ih W
Pz ¥ (x) ih—- (z)

This operator is said to be local, because we only need to know W (x) in the
vicinity of x to obtain p,V(x).

Diagonal operators A are local operators for which only its value at x is needed
to obtain AW (x)).

Exercise 2.7

a) Show that the position-representation operator p, = —ifi- satisfies the second postulate.
dx

(b) Show that 1, (z) = (2wh)~/2exp(ipx/h) is an eigenfunction of p, with real eigenvalue for
any real number p.
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Solution of the exercise 2.7

2 T,
(X)) + X S<nd
—_— ‘/v\\-.\‘\

;7]\’ j\ LT Y S
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Non-local or integral operators

In the general case:

/OO

(g\p) (z) = AV(z) = (2 ‘E W =(z|A ([ |2 dx’) )

\J —o0

— /OO Az, 2"\ (z")dz'

X kernel of A

Examples:

1. The position representation of the Coulomb operator: j;(71)d(7) =

fFQ (o1 (7)) —ﬁbl(rz)drz} ¢(r1) is diagonal.

12

J/\
/ N\

2. The position representation of the exchange operator: k; (1) p(7T7) =

(

Vi [61(72)]" 7 Cb(”'?z)dfz} ¢i1(r1) is of integral type.

\

kernel
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Changes between
continuous representations

Position representation of a momentum eigenvector: p(x) ’q)p(x) = pY p(x)

co

Po(x) = (2xh)~12 exp(ipx/h) (plp') = (2uh)! f expli(p'—p)x/h] dx = d(p—p")

—00

N [ o \ o o
1P(p):<pJ X><de)‘l’>=f <p|x><x“l’>dx=v2:1m7hf exp(—ipx/h) W(x) dx

= s N (Fourier transform)
W(x) =f x|p){p|W)dp = 1[ exp(ipx/h) W(p) dp

Direct products of vectors — normal products of functions:

V(1)) ®@[0(2)) — (21 ®@32[Y(1) ®G(2)) = (21| ¥(1)) (22| §(2)) = P(21)P(22)
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Notation

Xj=1 space+spin coordinates of electron i
Yi(x)) = (xi|y;)  spin-orbital Pi(x) = ¢;(17) o)
(I)j(fi) = I | b ) orbital a(wj) = (mg|a) = Oy 12

> (i) = (mg |B) = dm, —112
Xu(r)  “basis” function (atomic orbitaF)

(1) = Y net X Cyi
WXy, ... XN) = (X] ... XN | W) N-electron wave function

[P ... Y| = <;1 XN | (P ---1PN)—>

= W/‘ZA[ (Wl(?_{l) 1PN&N)) Slater determinant
Yix) e PNXD) built from orthogonal
N spin-orbitals
YN! N N
Pr(xn) o PYN(EN)

To avoid a too cumbersome wording we will also use the terms “orbital”, “spin-
Chapter 2 Orbital” and “Slater determinant” to refer to the corresponding state vectors.
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Notation

—

Xi=1 space+spin coordinates of electron i

1/2

ity = Y f T W A [ [Ty ) = f P () () Pi(x) dx
R3

w=—1/2

<¢i|ﬁ¢j> = f 01 (7) (D) oy(X) dr

R

1/2
Wl wew ) =Y f Wi (K1) Wy (K2) £ Wi(x1) Pixo) diy di
K6

r
12 (Dl,U)2=—1/2

12

= f w?(il)w}k(iz)ka(il) Pi(X2) dx; dx; :

1§ )

CTAR f 01 (1) 0(F2) 11 0(F) 0u(F2) dFy dfs = (@i x| 05 1)
K6
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