PROBLEM 4: Two Particles in a 1D Box

Consider two noninteracting particles of mass m inside a 1D box,

V(x):{O ,O<|w|<a‘

oo, otherwise

Make sure to consider the spin part of the wavefunction in this problem.

a) Let ny and ny be the quantum numbers of particle 1 and 2 respectively. What are the
wavefunctions of the single particle states for the each particle in the box? What are the
single particle energies? (2 Points)

b) If the particles are distinguishable what is the two-particle wavefunction that describes
the state? What is the energy? Write out explicitly the state (or states) and energies for
the ground state and first excited states of the system. (2 Points)

¢) If the two particles are identical spin 0 bosons what are the ground state and first excited
state wavefunctions and energies? (2 Points)

d) If the two particles are identical spin 1/2 fermions what are the ground state and first
excited state wavefunctions and energies? (2 Points)

e) Write down the Hamiltonian for the two particles in the box and show that when the
particles are identical H commutes with the exchange operator. (2 Points)



ﬁr‘lﬁ (cmwg
G} ‘&Quw 0( {) = CYE/E' pfto, Br é{

T o (L P
E & oin ( 7.0 \) N ENED |

P odd

= F;x Qm\;}) &K‘“\\ﬁi@, '%30(““%1(::,?@ .‘ 7%( x3 z

e |
., ozl ST 4 TR
b\) QS‘DU“\M £ @&‘* \Q ‘ﬁ ‘gz.‘_‘j o %t(l&”.} ) ool ?}l}“*“ﬁ ‘ el 31( gvg S5 T AL {/;rg' O i 'f/ig 57 w’;‘f?

[
Prgp@\pc“} (A\ %x@ 1430 6ﬂﬁe i)/)(f‘[ e, fﬁf,dﬁc }Ua Lo SRR fore by on

7/&))& - %i é[‘”?}j% &: . fimb >:w;

&)
q.n Spes, &

/—l\ﬂz 3?{‘»&9& (‘« f G4 TR V)k(’,\(\ \(\ = N, e l

E Wx
7%&32,” 2;%" (Oq 2a> oS “"‘“3”

L—_A . E\ﬁ» G4 T.

The diﬁ exeibed. 6%&&, oreoes When (N =7, ny = 1) or 6“1""/ V\L"Zj

”L/>% - _Lr &in ( YE(}Cl> oS (.‘ ;fi } i:‘: =

S -
of
A ; 5\ LS 6 71 %
x.,7

W2 ITeT Yot E@‘ﬁaﬁf i"g’wﬂé gf\ﬁ)‘ﬂ }qu et Soin ]QL)(\C.JIW)VW
i i

whz}x. e il (ﬁﬂ”%ff?, ' , S)Irxcg our besons ane. fd{” Ouncﬁ W‘f /“"/ :

wowill be o soper p%;‘%ew S osseble ﬁmgﬂ pal fiche states

U

= ,LV\ ‘X\)v\\-@, G g‘mx}?‘-,ej,.i, ‘Ex%r)
03




o 20 Ooortom 4

et

6) Tor oo ren-indeccling poctices in o bor, where

Vi) -4 o oclxl<a

. @0 Henwing,

SRS | —— HY = EY

|

’\\J\.é’\

-t 6

- " ()} -
T EY

7, . Vaee o
- klr%
La 7: ﬂ'&iﬁ (L’\X\} T %UX} <’é§(\‘x \3

#Oue hmwgfa‘\ tonckitinre e Yl(sy = O

/
O = )‘\&m( lka)‘ Weos (- ke
0= Fonlke) v % eos (ke
L Oor Five Curac;t,i\* rons will be O When ke = 7 ol
u =

. TT . ' . T F ’ Ly
s ("TY = 0 il ne even (024 e

Py ; Foowy g
-~} ] i("s, e (:’l\f;{é ‘{ §e i;d 2 @

o> (%\E} } = O rv

rib ne eveny,

| = R lo)r 3(‘0&(““ = B0
= ] e (%) o
a DM o " Jf‘“
= [%‘ Sin UY\}
F\ T L6~ “WMY\J}}‘)) (-a- HMQWZ\BJ
| - ﬁj_ (9.1 = A= T

o



Y (cond §

T ——

¢) = L Ye (\((% exci M&. b“%z«fi"gv S S et

WY *l
Fogp = AL Lo (5 )con (%) + & () Yot (52))

& With two n;i,, Heo opin Yo me g, We- ﬁe‘{?ﬁ?&{;% are Ot supameli spin “ welron,
. , : w |

1!

Aélr\c‘)ugé “2][9?\;&\1 (‘A\()j o ol ii’ |

d

S Tn the goond stade, o= o

wi(l violabe- exelosion ?/’“iﬁﬁ

‘ L i T y
?7[%5 = Ef iR {fixw “’“&3 o ( e j%m{ _“a"éé?\j
= O




