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For lb) ,

,

the answer is clearly symmetric _
For (c) . copy the solution from (b) - then ,

start
with the first term , change sign if there is one label



switch
, keep the sign if there are

two label switches pog④

② let Ho G) and % (x) be the wavefunctions
corresponding to the ground state Cn=o) and
the firstexcited state Cnn) respectively
C.Energy E-@+%) ttw
Denote the spin eigenstates of the two combined
particles as Ijm)

↓
Note : for s⇒

,
1×01 = 2¥;

metric

←antisymmetric
while for 5-{ , {⑦{ = 1+00/

←symmetric
(a) ✗= %G.)HAD 12m> 5spin states] Lowestor 4--84,1%4,11007 1 spin state state

For the loweststate (bosons)

Degeneracy = 5+1=6 E- h¥+h≈=b-w



For the nest excited state pag④
4-ftp.KDYKD-HK.tk#l2m3Espmstotes)X--fifhoADX,H -41×17%1×21]Hm> 1%7%1
4=+1%1×141×4 -141×1%1×13100> 119Th
For the first excited state (bosons)

Degeneracy -_ 5+3+8=9 E=h¥+3¥w=2trw

b) Spinks fermions now
lowest state

A- Toki)%ke ) too> ltspmstete )

Degeneracy -1 , E=h-w

Nest state

4- tiktok.ME/+4Gd%AdJlooY-s*eX--fittoAdXAd-~hAd%AeDHm>
"Ets



For the 1stexcited state
,
fermions pa④

Degeneracy = 4 E--2kW

③ Remember that for H the energy levels
ok E-

_

-Ena where R= Rydberg = -13.6 eV

life 2- is the charge of the nucleus, we get
E-- - ZnIf _ The ground state energy then
since 2-2-9 is E- 9 ( R-112-1%1=-275eV
Next

,
let me write the individual electron

states os ∅(nm) where A-0,1 and millet

up (E) or down C-E) spin label

this is really the same problem as @b)
obooe

, except
that instead of a,b,c we

heoe (n
,
m ) and one of the n 's is 2 , and



the other two are 1 's
. Then up to PG④

a constant factor of Yog , we get
4--01Gm) 01ama) ∅Gms) - ∅11mi)∅kms)∅Gmy
- ∅ time) 014 ,my&Kms) -144%10/(2%70149)
- ∅ Kms) &time 0111 Mi ) + ∅Kms) $6m ,) 06Me)

Clearly metMz , but Mz can be anything
-Fotherwise 4=0
Possibilities then ore
Mi I Mi- -42 Mz ={ or -Ye

Mi -Yami the Mz = { or -Yz

⇒ Degeneracy =4



④ la)EÉ¥⇔t9% Po⑦
f-N-i-oth.Y-m.ge?-(8--gnems)

↑
6×103 ↑÷q%•5%ms

Plugging numbers in, 9--5.90224*3=5.910%3
using b- =L06Jsee

m-9.tw"kg⇒E±=5•5eV
(b) {mv? # %=÷F¥;=5lo→

not relativistic

41T£ - Egg T-+=64to
(d) P-isw-5.EE#P=2eeWNmz



pag④⑤ the *
° 's have no spin

therefore in order to conserve angular
momentum the orbital angularmomentum
of the too it's must be 1--1 . The relative
motion ofthe two -1T 's in their cell frame is treated
as it was that of a fictitious particle of
coordinates F = ri -Fr - thus

,
under 1 2

interchange F'→ -F
-

the spherical

harmonics for L = 1 are

Yi-_ f-* asA Yi = - f-* sins# Yi! - f-* sina.it
n

,

Under F-I -F
,

all of cost , sins cost , s !nAs in∅ change
sign _ therefore Yin② in changes sign , re ,

the

spatial wavefunction bobick is also to total
wavefunction since there is no spin) is asymmetric
and that cannot be fortwo identical bosons


