SOLUTIONS TO HOMEWORK 3

1) (@) U =% (o) L [2]
(b)<:5€>:f&3z'°<003232% dx = o [4]
(€) <B>= fp Zdaaz - @I —AMI=dx =0
(note that both lntegrands in (b) and (c) are odd so must = © [4]

2) a) Hamiltonian is just the KE operator

= 2 45 2]

(b) P« =% §% so
EF\)PXJ L//: (Hﬁx’ﬁx H - gm %}I_ _r“,,‘ @xs =0 [4]

(c) We can have simultaneous knowledge of the momentum and the energy.
Further, the momentum is conserved since an observable whose operator commutes

wth the Hamiltonian is conserved. [2]
(d) The eigenfunctions of H are obtained from:
HUu=Eu
—hZ AU =
I Txe = E U
=5 U FFu=0 K2=2IME/p*
DU =T
In fact these are also momentum eigenfunctions since:
’PXQCK}::)F\/C (9 Qt‘kXZ%KQCKx

50 0. F > are eigenfunctions of momentum, with eigenvalues = 1 (< [4]
€)
CARPI @ =(RP-PROY
= ([ % TV % e — B & CBs 5= TVe0) J W
= Hy/. OV ¥ — O W)
- oY
Hence, CH,?J+ o unless V is a constant [2]
(f) If V is a constant, then no forces act on the particle (F= —®3x ) so the momentum
IS conserved, as there is no acceleration. [2]

3 12 =T% + 13 + L%

=>Ck f’)\—z] = EAL;)T- z) + EI’CA )123 sinceCL; LzJ =0
Now, CT\JLCJALZJ = Tx E/LX)T\e] + (1, ,T?] T\x (see notes)
leCT%, 423 =Ch (Ray #1410



Similarly we can show that
Efg)kg =% (’L&’[I +’ZKT3> = — EZQ)T\ >
hence, C17% T;3=0 [6]
(b) Consider T- T4 = (Tx-cTy) (et (1Y)
=73 F T+ ¢ (L —TaT)
=R =15 + 00,143
= T_-T,=T*-1Z +c(hT,)
ST =TTy +nFk: + 1% [6]
3) (@) SO W dx= SET Z Cm D
— % Comy S @: Qﬁm A x
since SpX @, dx s o¢d m¥En (and=1ifm=n)
Z Cn§ Dn Py 0x= Cn [4]
(O) tiscm Cm = lcm 12 [2]

(C) The idea is similar to (a) and (b) except we have angles instead of ‘x” and we
have two quantum numbers {m instead of 1 .

COB>=[25 (61 26 AND = 7= Cym Ve (38D
What we need to calculate are the Cen .
Now if we measure the eigenvalue £(£+/) h* = 2 %* then we know that £ =/ -
fr all terms in the expansion Z Cem Y., .
Hencem ==, 0,1 -
So we can have Y, (©,&) , V/, (8,8, ¥, t9#) in our expansion. We know:
Com= S Y5 (s, 8) Llop) yne de dg
and wewant <y, , Cio, Gy

Cio = § YT Q/U (6, ) Wnododd =

= "SB o fir od 20 4o do TS sim@Fdp = O
since IS 4n g d g =0

Cy = S}{)*QL/(GJ?S)M@C(@ dg

C\\ = “G"ﬁf/f\&) 72 TZSCO’) 1© Ain*e de&:s %ﬁ chaifzf = C\*\
N ~—
Ty /e

Probability =€ )2 + 1C - 12 = 93g9¢ TT2 [6]



