
|QMIExaTf22.3
.
2021

-

Suggestions for
solutions of the

problem



ftp./Three-eleehrnwauefmetr6n--
Three different steles ,

Ita> = la>
, Hp> ← 1137, Hy ) Els )

⇒ Totally antisymmetric properly normalized sink
for the 3- electron configuration is :

Hap, > - ftp.flx>
" '

Ip>
'"

ID
"'t IPI

'

GI
"
la>

"'

t

Iri"la5" 1135"- Is pitas" -

- Ip n'" Irs
"'
- tails p>

" '

I
=

# liiiiiniiiii ! s

:*.at
.

Ig)
"

ly>121



/#If sinultaneousdiagonettalilityofmauy-6.ly((tpwtiche)obswabh
Calo [ E. . Gi I =

e

O'info: [ eitg ,
entice?
=

( It [ Ej , EutceIt [ Eit , Enticing.

= Eit { Ej , Entice - eat { c' it , ie} Ej

=EtceSjjie filly ,?Igb I

= ¥.no?IoiIe'citie-5ean.#-...Ei.oIjoi::eiteias

i - j

= .¥u[O'
"

*
O'
" 'Iie cite o

→ [ O
' "

,
O
'" • Lie = 0 The commutator

of t- particle matrix elements must vanish .

(b) This is the same for bosons , using
[ a. III - [ e. 57 it Itai ]

The relative sign comes from [
"

bit
,
be] = - 1..



-

IHIOuank.tn/io-.fliwwEplonou/dra#

(a) °~¥
for kik

'

In Zuk ' *

zuk = eat ice
-HIE geometric

series
,

1 - penni Cu -WITH# ) n' a " == ↳
www.s@

Ziti (K- K ' ) - I
=

I= G
@
25 ilk- h

.

IN
- y ,

non - Zero
.

as e2til "
- h ' )

= 1
,
as K - K '

integer .
N

fer k -- K ' E E - I = 1
-

V
.

her

comphhnessmlatien.IE?.ziiznk=foE..e2tiEle- l 't = gun .

( same calculation as above ),

i :÷÷÷:÷:
mwk

K

-
⇒ Int pi = E2f E- In / E.

Z
*

K --r

⇒ Ix=T E ZE
* ( aint In )

= E zu
" (FET aint iT¥ in )

Iii -- Eze (F in - iIEpi)



⇒ [ In.
.

In ] = [ In ,
but , I = 0 it fun ,

-

[ In ,
bit I = zi*z IFE. Eoin , pi . I

+ L F Epi , aint
-
- its nu '

= I (FEI VEII = Sick ' r
S K K '

(b) EEE =÷µ .fm/.h#jIuCzE5r.-zi.*5u )=p /

( zuk
' b'
u . - znk

' * 5¥ )

= ¥÷u÷ Cubittsitu ) - EIFEL Guin t
sit It

To proof : Ii zu" ' zu" = IF 2- i
"
Zi
"
*

= Sui -K
( the other formula by complex conjugal

'

. - t

2-
n
! = wtf, e.

Ziti ten)
= e±2tiI zuk

Ei E loin .. .

- oink FI Ea
. { Bribe (e'

" i

- r )

( e'
''
'%
- 1) z'i'zig + Tori bite ( ItiYu- r ) ( e-

↳ i Yu
- 1 )

z!
'

ZE
*

+ It
.

. By ( e-
Ziti

- r) (etki
kN
- 1) ztjzln



+ It . Iii (e-⇐"
""In ) ( e-

HiYu
- e ) Iii

't

zuk * }÷
= Eu III €2

kN
- r ) (et

"N
- r ) . {¥5 *Itt 5¥ In )
-

t ChinIn tsui

In order for the mixed terms ④ uI - u
,
III ) to

cancel
, we

need
.

|wE=wEu=¥eCt-asK#
-

-

⇒ Lt -- E
.

II t '

I E.
a
coin . .- oil

'

= E the ( bi Ite t button )
-
- E.h-wielbubu.TT#w..=fEsfETl-

'

,(c) it = tho tv
,

f = - E kn E TE. (In znk
+ bit zE* ) = - E ( Fu bint FE bit )
with Fu = En kn T¥ Zuk --¥ E kue⇐°

⇒ it = E { town ( III. + E ) - tub. - Fist }



Diagonal ration by linear shift ( " completion of square
")

Ev
.

= Ik - au
,
Eat = but - ai ⇒ [ Eu ,

Eu
' ] = O

;

[ Ent ,
Ent .? -

- O
,
[ Eu

,
out . I = Sure , ⇒

ti -- E:[ town ( intent E ) - Eu thwu )
- Ent ( Fu'hk ) thwu tank

n

-

ar. Fu. - ai Fi ]
To remove linear terms choose :

'xu=¥¥*#
constant terms : tr Wu l au l

'
- au Fu - a# FE

= - tune tank = - #
u
l Fk 12 .

We set : A E = - I fwy
,

I Ful '
K

= - ¥
.

Fun. Zizi! Kuku ,

= - EE .

'

zizi

-
=, / it = I twu ( Intent E) t AE→

global lowering of
all

energy levels
,

but shape
of spectrum is unchanged .



Mitt lcanonicaleusernb.ee#
-

Pnibwh : Wn -_ Iz exp E-PEI
l E E Wu = Iz E exp E- pen ] ⇒

-|Z=Eexp[-pE ⇒

-

¥hZ= - ¥ # Z = Iz (⇒ Eexpf-PED
"

= Iz E En exp E- PEN] = I Enwn = LE> *

adf.az -
- Ip ( E. adpz ) =

- tz¥zH¥z )
+ Iz dd÷Z = Iz E EE exp E- BEN ] -

( - Iz ftp.Z/2-- LEE> - LET a

-Ttt µCauowicedensembleofharmunicoscillator#
Partition function : Z - II exp E- Btw Cnt E) I

⇐ e-
*Pk E (e- twp)

"

= ejIEp
( geometric series ) .

The zero point energy drops
from the probability distributions

Wu - Iz e- BE" = ( e - e- top ) ekwpk .

exp f- pawn]EYpk
/

= e-
htpu
( e - e-

tpu )



Define a modified partition function without the
1

ground stole energy , Z '→ Z =

#ppEI
The physic, behind

is Kat all energies will be
measured will respect to the new ground smh anergy
Eo = Etw .

⇒ LE) = - ddpenz = # en (e - e-twp ) =efI¥1
This is the Bose distribution -

LEZ) = ddpI, en Z t GE>I - ftp.GE> + LET
C-twlthwletwp

+
then

' etat 1
-

(yz- ftp.z-ltwl#
Limits :

←
high temperature ( classical ) limit
-

Tfa. =y¥¥,+p,yyt- tp -- Kist idgaf.
lim LE) = few e-

+ YKBT Boltzmann

distribution
up→ is

The occupation probability is for up -70 a flat
distribution ( all slates have identical probabilities ) ,
for up → us the occupation probability goes
to zero for all stats except for the

ground state
.



Matt (Tiueevolntie-ofklein-Govdonopemtl.tl
S of the Schori dingo equation i

ifzopoCxla.fdp@I.e
- it"
- Ept et "

" )E±

RHS of the Schrodinger equation (2h 'RE.LqSKf -g) Iq
I

told
,

t ] = fdisfdg Eg ( ftp.agtaII e-
"
P '

+ [ Ept , a- gtag I etipx )
-

Igt t) - C2Eg ) (2*138
> (
f
-

g )

= fdp~fcda.es#e*Eh2Egf-CtuT3S3Cp.q1(afe-igx
- Itf et ist ) Ef f -- q ⇒ po=g° for

mounter on three mass -shell

= SDI Ep tape
- it '
- Ipt et "

" ) . ✓
-



III lsystemoftwuc.in#scaeerf-ely
(a) Equation of motion for f fun of

#
,

*

of f÷.ee#T=ffE* ⇒ got#= - m2 of. -HAE &.

⇒ l⇐tm74iCxI=-x(o&¥)o#
-

The other e. o
-
m
.
is the Hermitian adjoint ,

(b) dit di tie .E dj ⇒

fitted# t 4¥
'

Ii ) ea
= dit t ftp.oa-zi-C-i ) ca ,

as the

Pauli matrices are Henri tian-

⇒ off of e-→ Gidi

tiea.li/Izidj-iealojfiiEzolitOCe4--oli*olitOCe2
) invariant

.

( Dh . applies for the finite [ exponentiald) turns -

form- to- I
§ ,← exp [i eat ]ij dis

di - dnf eep Ei eaEIj :
Because the e

-

are constant
,
also @poli) "

fi )
is invariant

.



Noether current :

=

LECH =gf÷⇒ Jedi lxltoff.iq de 4
.

-

*

CA

=D " t? Lt i Edi ) t@ toil C- ith d ; )
= - iol.ME#57oH
-

le) Orji = - i Op [ to
* I do I

= - i Ot fo " #E lot to
*Edt ol )

= i Lotto t act * E lo -
+ to

- ol
't

E E ol )
e -

i f- miho - retool
+ m2oTNEotd4d*¥*q) )

= O ⇒

Cdl Tt- = %¥, out + f÷¥ ou of - g TL

= @4*1@
"

f) t@ rollout H - g t
'

lose4041
+ g mm

' 41 x x
-

g tuco
* plz



-TM propertiesofgammamehn.us#
-

(a) Transposition of y matrices :
y

E- (E III.ro.ritfg.to/=ff..Eroit/=ftIi-oil---tifri=e.sff.-+E/--gifri--
2

⇒ 89g ' ryan - , y? 83 antisymmetric -

(b) e = ipso . Proof , e-
'
=
- e ⇒

- e2= - EE = ig# C - i ) g2y°=g2y°y2y°

= - 6272@Ik - C- H ) -1=1 I

et=(igzyo ) ta - i got g2t= - i go f- yY= - ig
-

go

= - e v
.

e- ironic:*.'ll :- -

I
'

62
"
O - - q2

⇒ e' to f. ÷t. - e -
(e) T= 1

,
III ⇒ eE= + I

,
CITE +I

-

f egret for p
-
- och

f- yr ⇒ Leyte? - egret for f- us } "
as E commutes with g? gland anticomm -les will go, y

'



I= - greet = -yr . got = Cigojgzjs )t#
= i g

z Tg 2 T g rTf
° T

= f)
2

i y3g
-gig

°

= -g og 't
'

y
'
= - ig°g^g3g2= 85

⇒ It eg5eT=g5eeT= -751, as
E- Ers

, irs ] - Ers, EI
-

5)Tei= e

ys-tyatet-egs-tetegttet.tsr-tx.IT
-
-

e [grisette '
-

= - Eels#RIE
= - E [ egret

, ejteif = - i [girl =-o
Cdl 401

"

(Ko '
'

@9,4=1
- sik f-E" 4=-1

him f
'

Imf -ar. Hi:(-97%1=-1.
{ 898^7 - (⇒÷ . ", 4-

"

31=0 -

crisis -- f %) -
-

- o
.

{ sirs } - it- il ( Estoy g.? ,y )
-
- O

-

{Hr"'t if - big
" 't ) - o . I



P + t P- = I ( t t oil- r ' ) e tf k
,

PIE I ( its42
-

i

= { (Atr' ) = TE K Tf P- = ¥ (t too ) (e - o' I

f Cl - 6214 - O .

I

asinine ut -- ftp..IE/E.iTllI- IE )
-

- f is: I It. I
= (- Pt rip- t P- ri Pt - P+ ri tf - P

-

ri R

P
-

si Re t Ptr : Pt P- ri Pt - Pts:P- )
P± •

2

= ± P±
,
oh P± = ± Pt as Pt r- P± = I P±

Pf EP± = O

P ± 613 = 613 PI = ' P± gib p ± = O .

P± FB p f =
"3

Pf

p. - p-

- " t t '
'
-

= ( go,
-

ro
' )

ti::i÷.÷÷!*::
r: (FIENE ! I Eat iii. His. It. I

= ( 'is!
''"n'III.if - ( E. %)

⇒



For the charge conjugation matrix we need :
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