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CHANGE OF QUANTUM STATES
IN TIME

’D'll’ B
H‘q, CHRODINGER WAVE
___// -—-fa:__ ATION

HAHILTONIAN
IF INDEPENDENT OF TINE = ENERGY OPERATOR

ITS FORM S DETERMINED By THE PROPERIES OF THE SYSTEM
IN GENERAL: *

H= T +vV
A% A POTENTRL ENERGY
m

KINETIC ENERGY
W= W(x,t)
\F % ——=( (DOESNOT DEPEND EXPLICITLY ON THE TINE)

THE VARIABLES Are

SEPARATED W(x E)= WG ()

WA of _ (Hw()
£ ot wgww&uﬁ

HW 0)= E YWx) eicenvawse Prozren

STATIONARY STATES
\y STATES WITH WEW-DERNED

. ENERGY
fle)=g

WAVE FUNCTION OF A STATIONARY STATE
W(x,t)= WG e"'&"‘

AVERAGE VALUE OF PHYSICAL QUANTTY F (INDEP.OF TINE)

4 F:> (QPLK'H F-; l‘u’(}ﬂ)> 15 CONSTANT IN A STATIONARY
STATE

{E HAS WELWL-DEFINED VALUE N STATE W \F: £F>Hj= )




b 985,
CHANGE IN TIME. OF AVERAGE VALUES
OF PHYSICAL QUANTITIES

THE AVERAGE. VALUES OF PHYSICAL QUANTITY ACE

INDEPENDENT. OF THE TIME (N STATIONARY STATES 2
HOW SUCH AVERAGE VALUES CHANGE IN ARBITRARY STATES.

LEp= j'w*&wd,x = (W, FW) ={WIF|WS

dce? S{w*’DF Wdx + Ow* F"-‘-lfd..x+’lk‘l=rg:dm}

dt 0t ?&—p i
W _ e o DU A (uwy "o'lv A
d.{F>_

4 ¢E: Hw*%iw" - A (W u)F o + g%-wrp(wm}
=B wan + {5 (CHIRY + wrR()a]

C{rAQ)=(%JA+‘?)! t’
(W, Fw) = (Fw, #)* = (W, HHEy)™ = (o, HiFy)=

e

v Sw* O pgx + j((*u»* FI(HW) - (H*M;I‘Fwﬁ)dx

‘-’iﬁ?ﬂ" Lwax + L w*F, H]wdux}

K Sw OF + L [F)H]) Wax

at ot
TIVE OF OPEEATOR N THE
o=k ‘f;:" S‘V' L Wdx ﬂﬁm TS AVERAGE JALUE
A » SVHHET'RY
dF ’DF [_F OF PHYSICS
dt: OPERATOR. EQUATION
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aF QE L1
. +—=|FH
dtt 01 SN [ ‘% ]Lcannu'rea WITH

R\ and IE: © HAMILTOMLAN))
IF* O (DoES NOT EXPLICITLY DEPEND
THEN - On THE TIME)

df _n SuANTUH MECHANICAL IWTEGRAL
dt OF Honon
DOES NOT CHANGE 1N TIME FOR ANY STATE

INTEGRALS OF MOTION AND SYMHETRY

KINOWING INTEGRALS OF MOTION WE CAN FORHULATE CORRESFOMDING
CONSERVATION LAWS TO UNDERSTAND PHYSICAL PROPEETIES OF
A S¢STEM.

CLOSELY CONNECTED WITH THE
SYMMETRY oF QUATUM MECHANICAL
SYSTEMS (= INVARIANCE OF THE HAMLT.
UNDER CEQTAIN COORDINATE TRANSFORMAT.)

UNITARY TRANSFORMATIONS

W

INTEGRALS Of MOTION
CONSERVATION LAWS

+ = = -
SS - 5+S*ﬂ 15“‘ => s+=sl
G SN
NEW
FUNCTION
SCALAR PRODUCT ( HERHITEAN, INNERT ~) 1S NOT CHANGED

(®, d) = (5W, SW) = (W, STSW)* = (W) = 4, W) Zamon: )

HOW THE OPERATORS ARE CHANGED ONDER St

\LP‘ = RW

.
S¥'= SF,STS W
- p—r
o ¢

r RULE OF
¢'=Fyd IF Fo= SFq, S ' TRANSFORMATION
OF ALL OPERATDRS



I
EACH PHYSICAL QUANTTY MAY BE REPRESENTED BY

MANY (o) OPERATORS THAT DIFFER FROH EACH OTHER

By UNITARY TRANSFORMATION | HOWEVER —
THE PROCEETES OF SUCR PHYSICAL QUANTITY HMUST BE
INDEPEMNDENT OF ANY TRANSFORMATION

THE FOLLOWING PROPERTIES HAVE TO BE CONSERVED:

{. LINEARITY AND HERMICITY
2. COMHUTATION RQELATIONS

E\L& 1 53 =L C /S"‘l
SAS™ 58S - SBSTISAGE L 5CS™
A‘r B‘: — Bll A‘ - ':-Cr : LA‘}%‘J;‘L‘,C.
3.9PECTRUM OF EIGENVALUES 1§ NOT CRANGED
4. ALGERRAIC RELATIONS BETWEEMN OPERATORS ARE NOT CHANGED
5. MATRIX ELEMENTS ARE NOT CHANGED
<ﬂvtr=td>>=5w* FddT = S’LP*S“ SFSSPar=¢ WV IF' 19D

W' N )

THE INVARIANCE OF HAMILTONIAN UNDER CERTAIN
TEANSFORMATION F MEANS

F(HW = H(Fw)

i A

ACTIOn ACTION OF H

OF £ ON on Funcnon Fo

1) REDUCED TO THE conDIMON
FH = HF =% LF}HJZO

— COMMON EIGENFUNCTIONS

— SIMULTANEOUSLY
MEASURARBLE OBSERUABLES
(IF F+= F AND 08VIoUSLY H=H')

SYHHETRY OF QUANTUM
MECHANICAL SYSTEM




LIE'S THEORY OF CONTINUOUS GROUPS T3

(SOME CONCEPTS) ppeapTATION DUETO G. RACAH

L et b o2 e (T e v
C X= LY %S L . %0 e e ~aT)

L=b2)- N esE EQUATIONS CARRY

Xo=(XohXgy -~ Xg") => x=(xyx3..x"), somH POINTS ARE
IN N- DIMENSIONAL SPACE

T 18 POSTULATED THAT THE OSET OF PARAMETERS

(at,a%..aT) =@ DEFINES THE TRANSFORMATION
COMPLETELY AND UNIQUELY

WHEN @, =0 ,THE POINT Xo 15 TRANSFORHED IN ITSELF X=£{(X,0)
THESE TRANSFORMHATIONS FOR VARIOUS Qv
FORM CONTINUOUS GROUP \F:

E RESULT OF PERFORMING IN SUCCESSION TWO
TRANSFORM ATIONS
REPRODUCED
X= £(Xo,) x:={l(x,b) — BY SINGLE TRANSFORHATION
L ._““’--'ﬂ. 3
Xﬁ — .? (?(0] c )
SUCH PARAMETERS T
canee Foonp  CO = ¢ (a,b)

TO EVERY TRANSEORMATION OF THE SET THERE CORRESPONDS
A UNIQUE  INVERSE TRANSFORMATION THAT ALSO BELONGS
TO THE SET

GENERAL TRANSFORMATION
X'-'*-F(XQ;Q) WHEN Q ARE CHANGED BY INFINITESIMAL

AMOUNTS
THE INCREMENTS IN THE COORDINATES ARE DETEMINED BY
THE BDLATION): ‘
" L
dx"= ’a%agﬁ'm&) dal (suM OVER & IMPLIED)
BUT
SINCE PARAMETERS OF INFINITESIMAL

i L € :
x=£(x,0) => dxt = Wg 0. SIZE (R4 (x0)
wieze W6 =\"mag Ja=o

"



THE INFINITESIMAL TRANBFORMATION

w —E S w+dx 'NDUCES IN A FONCTION FOX)
TRANSFORMATION

F(x) — F(X) + dF(x)

1.6

WHERE ‘
aF () =2E dxt
Oxt
T & =
dx“= wgba. AF)= ) §af T,
LL'; . H'e ':[X lu-'.))
SN DYE e THE OPERATOR RESPONSIBLE FOR THIS
INFINITESIMALLY
Sﬂ 4+ SO-GXG CLOSE TO |\DENTITY
X 6— GENERATORS, W ™ 2 INFINITESIHAL
= TORS
THEY SATISFY EQUATION 6= s X ggif‘é .

~ A Ly
[Xe,X1=(Cog% s counmon oermes

STRUCTURE THE STRUCTURE OF THE GROUP
CONSTANTS

WHEN PERFORMING IN SUCCESSION INFINMTE NUMBER OF
INFINITESIHAL TRANSFORHATIONS =5 o\ o0 e
G..'=mé-0,' =" du_*:&l.. M- oo
J J J M
(S'QJ—"!O

U (045 Qay... Qer)= im0 [u. 22y . &—)] =
m= oo
wm (T 2; 2 V= exp(Z anXe
A it

GROLP OF TRANSFORKMATIONS U(uq‘u“...u,,r) DETERMINES THE
—_— REEARE oF B, (SYMHETRICAL GROUPS)

E | [u ) H]: 0
U=U" (UniTay OPERATORS)

IF 1N PARTICULAR OBSERVABLES
VZ=I = V=L~ = L'=U* AND|U=UT| } (THE.SAME PROPEZNES ARE
VAUD FOR GENERATORS )




INTEGRALS OF MOTION CONNECTED L3
WITH THE PROPERMES OF SPACE AND MME

dF ’DF -‘—-LF,ﬁI] PHYSICAL SYSTEM 1S

dat -~ ot L DEFINED IF HAMILTONIAN
1S GIWVEN

L M LE:H'JtO =7 SYMMETRIC GeOuUP
+%E.o (INDEPENDENT OF TIME)

N RN oy [ ]
@ DISPLACEMENT N TIME - UNIFORMITY OF TIME
TIME DISPLACEMENT DPERATOR (CHANGE OF QUANTUM STATE 1N TINE)

S(t-te) = e~ A=t
TRANSFORMATION to -=—» & THROUGH THE INTERVAL ot =t-to

IMFI?ITE:::IHAL TRANSFORMATION OF DISPLACEMENT |N TIME
By ot

U(dt)y= f: =5 .%-5{;@ INFINITESINALLY CLOSE TO UNITY

GENERATOR SipeREI)

SINCE TIME 1S UNIFORHM THE HAMILTONIAN OF ANY CLOSED
SYSTEM ( NO EXTERNAL FORCES OR CONSTANT EXTERNAL Foecss)
DOES NOT DEPEND EXPLICITLY ON THE TIHME

’OH "'0 = @ ..‘L_ [@ H] =0
HAMILTONIAN 1S INVAZIANT

FROM THE DEF.
d<¢ dp d(E DNIFORMITY OF TMHE
Pe (wISE 1wy = asE> 0 )

ot at ENERGY CONSERVATION
LAWS




1.8

@ UNIFORMITY OF SPACE : PROPERTIES OF A CLOSED
—7 aTEM TO NOT CHANGE UNDER ANY PARALLEL
DISPLACEMENT OF THE SYSTEM As A WHOLE
7
HAMILTONIAN OF A svsTEM MUST BE
INVARIANT |
INFINITESIMAL DISPLACEMENT &7
Vit g
R S
DEF)=1I 4 d-q—@ GENERATORS
§F = dxdydz
EXAMPLE: DISPLACEMENT N ONE DIMENSION (DIRECTION)
* D(Sx)= I - "LI:-’; X A« , tSl_.i= dz=0
AS A RESULT OF D, ANY OPERATOR S2 BECOMES:
Sip = DRD ‘(I-—-—d‘xd )JZ(I-I-&-&dx)_
D~'= DY (unmrry)
e (J?.—%cfxdxd?.)(I-P-;-cS'xdx): 8x is ©) wymu:e,summ
= L O N L B T KEEpwe."n-lE FLRST
5 i, J}Sde Froxdall + o e e o
“Q'D: &= ','fgl' [d-rx y JL)dx
FOR A PARTICULAR OPERATOR : = X,(,2 (POSITION OPERATOR)

FROM

X=dx = ><--j;—)<ﬁ T_Eixnx]

2 [dx,x]
. ~ -L X |]=-
= -+ [dy, uldx e
4 'F"~—--y-—fx(;lj- [d'X;-U]:O
ST faby . 21=0
X=Z- & fdx,z|dx n %]
: 5 d,x:-_: Px MOMENTUM

OF A FEEE PRETICU
GENERATOR OF PARALLEL
SPATIAL DISPLACEMENT OF A SYSTEM
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IN GENERAL

D) =T-56rD , PP, Py P2)
FINITE SPATIAL DISPLACEMENT

D)= e TP _ ilixPx ~lhdPy o -t 20

THE COMPONEATS OF MOMENTUM P
COMHMUTE WITH EACK (CTHER

EQUATION OF MOTION

e T s
dp (Q.E-fEELP]H] = %{;Ezo

dt Rt
Il i MOMENTUM OF
0 . 0 A FEREE PARTICLE
IF POTENTRL S
o 15 AN INTEGRAL OF MOTION
HAMILTONLAN (1S AS A RESULT OF UNIFoRMITY
INVARZIRNT OF SPACE

IN THE CASE OF A SYSTEM OF PARTICLES THE GENERATORS
ARE SUM- DPERATOR OF THE HOMENTA OF ALL PARTICLES AND

INVARIANCE WITH RESPECT TO SPATIAL DISPLACEMENTS

=> LAW OF CONSERVATION OF THE TOTAL MOMENTUM
OF A SYSTEM

@ ISOTROPY OF SPACE = THE EQUIVALECE OF ALL DIRECTIONS
LEADS TD THE INVARIANCE. OF THE. PrOPELTIES OF CLOSED
SYSTEMS UNDER ARBITRARY ROTATIONS
VALID ALSO FOR SYSTEMS IN CENTRALLY SYMMETRICAL.
FIELDS (ATOMS)

ROTATION IN SPACE OF A PHWSICAL SYSTEM IN A STATE REPRESENTED
BY KET lo> OF WAVE FUNCTION Wy ()

4"

e’ R R yy=R x
Y Z Rey: = . (BEAL
Eomnnu ® st Q;"“Riﬂ”egz DIZL'I\!HEMDE.HHL (N iﬂwﬁ AND
PERATOR y=RZ2 (UNITARY) COLUMNS)
det|R|= +1

det|Rl=1 : PRoFPER goTANONS



T0
- { Q}— MATRIX REPRESENTATION OF ROTATIONS
FOR ALL ROTATIONS

J BLEHENTS - 6coNDmMONS = 3 PARAMETERS
Rl:j (ORTHONORHAL)

Lie (QROUP
iR} FORM THreE-PARAMETER Geoupr  (O(3) e

THE OERTHOGONAL GrOUP
INn THREE DIMENSIONS
- CONTINUOUS : 115 ELEMENTS CAN BE LABELED B¢ ONE 02 MORE
CONTINUOUSLY VARYING PARAMETERS
— COMPACT : EVERY INFINITE SEQUENCE OF ELEMENTS OF THE GROUP
HAS ALIMIT ELEMENT THAT ALSO 15 IN THE GROUP

INFINNITESIMAL ROTATION
P‘(é‘(‘?)z I' % 5‘9 X GENERATORS OF INFINITES\MAL
ROTATIONS ABOUT THEREE COORDINATE

SPARARHETERS AXES THROUGH THE ANGLES

GENERATORS SATISFY THE SAME COMHMUTATION
RELATIONS AS

ANGULAR MOMENTUM OPERATORS
— - 3 )
R(se)=1- - % Sle, JK l::gcu MGUI.QR
FINITE TRANSFORMATION "m" -

o s OR®ITAL L, T, 5PINS 4
- Y%, "PJ TOTAL 7, INTERMEDIATE ...
Re)=e THE CHOCE DEPENDS

[3¢,dx]=R Qe oON HAMILTOMNNAN
EQUATION OF MOTION:
. - ' ANGULAR MOMENTUM 1S INTEGRAL
a )
E}: 5%"' OF MOTION IF &

[3 yH1=0
AND ROTATIONS RRE SYMMETRY OPERATIONS
= |SOTROPY OF SPACE

GOOD QUANT. NUMBERS

I\

\A'FA=C’~‘FA }Lﬂ-iﬁ-]zﬂ
)
BH'FAEAEE&= d%
Ba= BFA




MULTIPLE CONSECUTIVE APPLICATIONS OF 1
!NFIMIE&H‘IAL TRANSFORMATIONS =>

CONTINUOQUS TRANSFORMATIONS
TRANSLATIONS (SPACE, TIME)

: ROTATIONS -
INVARIANCE OF HAMILTONIAN ='-.>
CONSERVATION LAWS

ANGULAR MOMENTLM
LINEAR MOMENTUM
THESE LAWS CORRESPOND ENERGY
TOTHE CONSERVATION LAWS OF CLASSICAL MECHANICS

SYMMETRY CONDITIONS
(QUANTUN MECHANICS)

CONTINUOUS TRANSFORM.
DISCRETE TRANSFOR.

— CANNOT BE REDUCED TO
INFINITESIMAL TRANSFORMATION
— INVARIARNCE UNDER SUCH TRANSFORMATION

DOES NOT LEAD TO CONSERVATION LAWS 1IN
CLASSICAL MECHANICS

'IN QUANTUM MECHANICS THERE 1S NO DIFFERENCE
BETWEEN cONTINUOUS AND DISCRETE TRANSE.

N/

CONSERVATION LAWS

INVERSION (SPACE,TIME)
PERMUTATION
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®SpéﬂAL INVERSION : SIMULTANEOUS CHANGE IN SIGN OF ALL
SPATIAL COORDINATES

X—2=X, Y=—v—4, T—3L

RIGHT - HANDED SYSTEM =) LEFT-HANDED SVYSTEM

CLASSICAL SENS:
L=axP = L (AXAL VECTOR = PSEUDOVECTOR)

e A

T~ - i:i(ewga)
s e=se

ALL POLAR VECTDRS

CLASSICAL EQUATIONS OF MOTION AND MAXWELL EQUATONS
ARE INVARIANT ; ONLY IN QUANTUM MECHANICS IT 1S SEEN THAT

THIS INVARIANCE LEADS TD A NEW PROPEETY,
A

-0 : F; Wir) = W(-+)
P PERATOR 'T') ( :;;TH T, 2 pLECTROMM

THE HAMILTONIAN OF A CLOSED HSTEMY IS INVARIANT UNDER

AN INERSION (=SYMMETRY BETWEEN LEFT-HANDED AND RIGHT -

HANDED SyeTENS OF COORDINATES)
(THE CASE of WEAK INTERACTIONS

HP=PH THAT DSTERMING - DECAY OF ATDMIC
NUCLE! AND DECAY OF MUDNS,
~ PLONS AND HYPERONES |8 EXCLUDED)

EIGENVALUE B
PROBLEM: Pwd=p W(F)
A

p2=t WEF) = PPW(F) =
Pw(F) = + W(F)
TWO CLASSES OF WAVE FUNCTIONS:
ig”ww-}-- W) => W, (F) EVEN STATES

PW(F)=-W(F) => W_(F) ODD STATES

SINCE  [1,£)=0 THE PARI™Y OF STATE |5 AN
INTEGRAL OF MOTION

LAW: CONSERVATION OF PARITY




NOT THE GENERATORS SUT OPERATORS OF INVERSION
REPRESENT OBSELVARLES
- i‘:
=P  eur p*=p-
p=p*

PARITY - PURELY QUANTUM
MECHANICAL PROPEERTY
OF A STATE

IS IT IMPORTANT PROPERTY ¢ How A2 1S IT FROM NATURE

o ¥

0> O

@ TIME REVERSAL: OPPOSITE SENSE OF PROGRESSION
OF TMME
+t = -t
TWoO CLASSES:

T
e e
m-—=>m

F(=mv ) =>F

— -
-.?-h
s

e

<lo| ¢
101 e.lﬂ'

N
T - SYMMETRY OPERATOR FOR CLOSED ISOLATED PHYSICAL
SYSIEMS

IF Wz !9 AN EIGENSTATE OF HAMILTONIAN (INDEPENDENT OF
TIME) WITH ENERGY EIGENVALLE Eg ,THEN TWg IS ALSO
THE EIGENSTATE wWITH THE SAME EIGENVALWLE

[, R1=0



Iy

-x OV,
b A E"} = HY, SCHRODINGER
'5" EOUATION
w_a_, _L‘,ﬁ%m =HW_o, H 1% INVARIANT
t>-t At )
X l
COMPLEX B, i nray’ // VERY SiHuAR.
UGATE = o
CON] A Dt
ASSUMPTION : . d )
Vg : Ot=0" , OH*=HO  orerAmR
EQUATION
i
*
-h %——-ﬁrbow = On* 'IP;
ot

— ﬁ ’00"?&?= rtl_,"
L ST HOW%a

Wo=TW: Wo=O0W =0KW,
.j‘- - 653(. COMPLEX CONJUGRTION: OPERRTOR

ANTIUNITARY OPERATOR

A ~ DOES NOT REPRESEN
‘jc : KW, =W,  ANTILINEAR OPERATOR {mvcﬁ OBSERVARLE!

R (C W+ C2%)= C* Xy + CF K,
x2=1

HOW TO FIND OPERATDR O ¢ ITS FORM DEPENDS OM
HAMILTONIAN

(5=0)
1. HAMITONIAN FOR PARTICLES WITHOUT SPINY(WITHOUT EXTERNAL
ELECTROMAGNETIC FIELD)

~

H¥*=H (ReAL) :
OH¥*=HO =0H = 0=1



| . R T T T T

a5
2 HAMILTONIAN WITH SPIN- DEPENDENT OPERATORS (sPINf2)
0=0s

.3 L%
OPERATOR — =
EQUATION Ogs 6™ = =6 Oﬁ'

(P THE REPRESENTATION OF & 18 THE FOLLOWING:

= (98) &= (0% @(s?)

THEN _ 5. 3
06= Lénj :'.(_'1 5

A A
T=164K

FOR THE SYSTEM OF N PARTICLES WITH SPN 2 (ELECTRONS)

_ N y
f‘TM = L 643623...6,45%

E?"M 'j"u E‘ﬁf = (=0 N- numesr OF ParTCLES
CONCLUSIONS:
HW = EY
MII=0  FHW=TEW  TEHINeAa serenenr
ED=EED > Tnw=ay , lait=
EIGENVALVUE PROBLEM JJ/
2 \ﬁ"m W= oY

o e W= Tm (W)= TnW = o¥a W = W

Ny ONLY [F N =EVEN

WHAT HAPPENS \F N 1S0DD?¢
e Assunemion (30) 1S NOT CORRECT )

%'L”}WO DIFFECENT | DAMERS DOUBLETS

1§ FUNCTIONS



T.le
PERMUTATIONS — IF ALL PARTICLES IN A SYSTEM ARE
THE SAME (IDENTICALY, THE HAMILTONIAN
IS INVARIANT LUNDER INTERCHANGE OF POSITION OF ANY
TWO PARTICLES
N
© : OPERATOR OF PERMUTATION INTEGRAL OF
Kl oF pazTICLES K. AND L 1:) H HD MOTION
SYMMETRY CBNDFT\OMS
EXAMPLE : TWO PARTICLES
P P2 = 1 pt=-p-
B, W1 2)= AW, 2) N ?‘
) Q’ ‘P" P = P-l P= p+
R| % REAL EIGENVALUE
P W(1,2)= N2 W({,2)
W)= A2 W(4,2) = A =31

N
Pz W, (M2) = Wal(li2)  SYMMETRIC FUNCTION
E"‘.z Wo (L2) == W (1,2) ANTISYMMHETRIC FUNCTION

FOR ARBITRARY NUMBER OF |\DENTCAL PAERTICLES: THE WAVEFUNCTION
HAS TO BE OF THE SAME SYMMETRY WITH RESPECT TO THE INTERCHANGE
OF ANW PAIR OF PARTICLES) THE SYHMETRY OF THE WAJVEFUNCNION
CANNOT BE CHANGED BY AN EXTERNAL PERTURBGATION

NORMALIZED
SYMHETRIC FUNCTION _ANTISYMMETRIC FunNCTION
s 5 s (P
Es ;D W) =W Zc- TP 1wy = lw>
s BOSONS " FERMIONS
(INTEGRAL SPIN) (HALF- ODD - INTEGRAL SPIND
Ovh 2K, ... Aoy T2\ Slh ..
CONCLUSION: ELEcn'raom:, PROTONS,
NEUTEZON

BASIC POSTULATE:
INDISTINGUISHABILITY OF \IDENTICAL PARTICLES



ANTISYMMETRIC FUNCTION (IDENTICAL FERMIONS)

£(8)
W)= A= )%(—0 P wau..n

SINGLE -~ PARTICLE APPROXIMATION (SINGLE -ELECTRON APP.)
WH,-.N) = (D, (2)-.. uv)
2@ ()@ (2 ---en(N) @ (L)~ SINGLE PRRTICLE

_ STATES
2+ Qs @a (1) ... @n(N)
: N! PossigiLines

(Qil ( 1%4 (2..)
{32(“ 2(2)

SLATER DETERMINANT

e N EP)=1
W, 2) ey (D@ (2)-es2)e, cn) 4

IN GENERAL

©(1) V(2)... @(N)

- 1
wAUmM):_ﬂ!:! (?g(l) lerzcz}.,. Le:z(l\.\) ;Ltépﬂg,ﬁl%unes(mf)

0 (1) @ (2)... @ (N)| ACCOUNT

PAUL! PRINCIPLE INCLUDED !





