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SECOND QUAN'l'I;A'I"ION
INTRODUCES NO NEW ‘DH'-.JSK:S!'

IT 15 JUST NEW AND VERY ELEGANT WAY OF
TREATING MANY- PAPTICLE SYSTEMS

AXIOM OF QUANTUM MECHANICS: ANTISYHMETRY PRINCIPLE

SATISFIED By SLATER DETERMINANTS
AND THEIR LINEAR COMNBINATIONS

CAN WE SATISFY THE ANTISYMMETRY PRINCIPLE WITHOUT
USING SLATER DETERMINANTS ¢

FORMALISM IN WHICH THE ANTISYMMETRY PROPERTY
OF THE WAVE FUNCTION HAS REEN TRANSFERRED ONITD

THE ALGEBRAIC PROPERTIES OF CERTAIN OPERATORS
WHY SECOND QUANTIZATION?

X 1iy=hw i -
, FIRST QUANTIZATION " Z liydi=14
=R = 2 ARG Lijr=Ey
L J
=2 Aw; |l
: G b ’T"“—-fQ' : STATE ( |S CREATED
162431 ~ EPASIEDARIP I STATE ; 1S ANNIHILATED

by bj Ity = 1> &jL

K= Fw; bl b: ' SECOND QUANTIZATION
L L L e
L CREATION }
ANNMNIHILATON

OF STATE ‘




I<|
N

+ S
b;” : Xy, i{=nLsmm,

SPIN - ORBITAL
CREATION OF ONE- PARTICLE STATE

ARBITRARY SILATER DETERM|INANT :
X, ... WD

bﬂ%k’... rxL>= lrxlo.;‘)(lﬂ) ?(l>

THE ORDER IN WHICH TWO CREATION OPERATORS ACT
1S IMPORTANT

b bt 1%, Xy = bt 1%, X, . XD = 1%0,% X - XD
b b Wiy KD = 1K) Wiy Koy XUy == | K% XXy
(bt byt + bt o)1 Xy, %> =0
OPERATOR RELATION;
bi* it + bj*6 =0 =40, b

ANTICOMMUTATOR
b b5 == oo

Fi=j b*bi=-bitbi =0 PAUL ExCLUSION PRINCIPLE!
EXAMPLE.:
ba|+ b:lll l X2 (X3>= bf |rx1 {)(29(5>= "X1 ‘X.g?fz")(3>=0
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EXAMPLE:
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WHY b; = (bt ¢
_ +
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N i) = <xjibg N 3 KET® (ACTS TO THE
CREATES STATEL RIGHT)
IN 3 BRA" (ACTS TO THE
LEFT)
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{HKK b = {HIbT = <
bt ACTING ONTHE LEFT ANNIHILATES STATE.L
FLA = b th. Fh ¥ =
AD)OINT (AB)+ = Bt A"' _
{03,5;}= bjo; +b;b; =0
bib;=—bjb, T 15 POSSIBLE TO INTERCHANGETHEN

FL bbby =-b;b; =0 WE CANNOT DESTROY A STAT
TWICE

Oil %y, X)=0 IF € jk,.. 0]
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RELATION BETWEEN CREATION AND ANNIHILATION OPERATORS

ARBITRARY DETERMINANT :

l'X.;,...'X.) WITH (XL NOV OCCUPIED
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(bibl:l.-l. bi:'-bi,) Iyl().., 'XL>= bLbL+ ‘ ’XK)---‘XL> —
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Le{k .-t} X 15 occumeED
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OPERATOR RELATION

b; bit +bi*b; =1 = {by,bi'}

(o bi + bib] )X Xy L4

d¢ {"!----"} A ie{\c,....b}

BUT DUE TO THE ANTISYMMETRY OF DETERMINANT:

OTHERWISE =0

(b; B! +0560) | iy X, XY= = (Db OB | iy Xy XD =
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b; b} = —-bitb;  (#]
by bt =1~ bith, (rorTHE saME SPIN ORBITAL)

ALL THE PROPERTIES OF SLATER DETERMINANTS
ARE REPRESENTED BYTHE ANTICOMMUTATION

RELATIONS OF creATON AND ANNIHILATON OF:.
{b{f‘, bj*j=0
{be,b;§=0

{ b bf} = d1j

ANTICOM MUTATOR

VACUUM STATE = STATE OF A SYSTEM THAT CONTAINS
B NO PARTICLES
IT 1S NORMALIZED <\ > =1

PROPERTIES:
b;l >=0

< It=0
APPLWYING A SEQUENCE OF bt => ANY STATE OF THE S¢STEM
%)= bRl D |
S el SR N

SECOND- OUANTIZED REPRESENTATION
OF A SLATER DETERMINANT
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EXAMPLE : EVALUATE THE OVERLAP BETWEEN THE TwO
DETERMINANTS

XKy = 1%%>=b; b5 | >
1LYy = IXeX D= bt byl >

STANDARD WAY:

{HILY = XX I KKy =

A 'X‘(/")’X'(‘I) \—L A (D)X ()
'Zl WL 5 2 | Xy(2) XL(2)
')(LCZ)(XJ,(Q)

= £ (XK @) - K Xi(®)| KW X () = X)X D> =

P, N e

=3 {{AO% @I X@Dy 5 () G
—LXUDOXGE ] X l) KD §(ik) G
- <Ygr.4)'xi,w LD §(pk) S( LL))
+ <f5f5ca) DHOIE T ’qu)>} & (§L) S(ik)

= §()&(§L) - S(WSw)
SECOND QUANTIZATION:
K> = 1% %D>=bitbitl > «KiI=<L lpito)) =

[&>= 1% %Xep= bl bl > < 1bjb;
_ e W HOW TO EVALUATE SUCH
<KLy =< 1o b; by bt 10 3 S

GENERAL STRATEGY: USING THE. ANTICOMMUTATION
RELATIONS MONE THE ANMIHILP:TIOM' OPERATORS TO THE RIGHT
DIMTIL THEY OPERATE DIRECTLY ONTHE VACUUM STHTE
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A G PROPEENES OF DETERM INANT
Sik S~ dudjx ONLY ALGEBRAIC PROPERTMES OF b AnD bt
ARE USED

SECOND- QUANTIZED OPERATORS AnD THEIR MATRIX ELEMENTS
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L) THE DEFINITION

1S INDEPENDENT
Z..<LJ“<'->b M o- e nuMees

Lkl
J <LJ lqdplkt> OF PARTICLES

THE SUMS RUN OVER THE OSET OF SPIN ORBITALS
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ILLUSTRATION OF EQUIVALENCE OF SECOND
 QUANTIZATION WITH THE PROCEDURE BASED

ON SLATER TETERMINANTS
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