Solutions
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which 4} and its derivative ¢'(x) are continuous
and finite when Viz) is finite and continmoos { Section
6 of Unit. 31). Option T 18 not necessarily troe. |z}
is s even function when vz} iz even or odd, and this
oecanrs necessarily only for bouod stade wavefunctions
in aymmetric wells, Le when Viz) iz symmetric (even
paviiy] aboul =0, Opthen H s e for boond
solubians bat med for unbound solutions,

L E‘ The normalized grownd state wavefune:
tion 4, (2] is given by FT Eq. 3-20 with n = 1. The
probability denzity &[4y [} and =0 the requived
probaliahiy s

A weerptable solution ¢i(r) is one for
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where gin” A4 = (1 — o8 2442 as been nsed.. Tnte-
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Lhs The normalized wasefinction for the
fiest exciled state is yulx} from FT Eogo3=200 The
recpuired probability is
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Q4 |£| The energy of the emitted photon is
£y = By where the E, are the energies of the bound
stales piven by FT BEq. 3-1% The frequencey of Lhe
photon iz obtained from the Planck Einstein relation
=l and the wavelength iz & = ofe Henee
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05 Orptiow [V is false. Every measureinent
of the energy on any stade will vield an encrpy eigen-
valne For the SHO} the energy cigenvnlues are odd
multiples of the ground state energy. Option F i
false. Stationary states of the SHO have even o odd
parity. The probalabity density, ||||'=“I:.i']|'5. 5 theralire
an even function for any stadionary slaie and so the
probability of firding the particle in ¢ = 0 s always
/2.

(81 El Look at Prame % on 11 of Ut 4 and
you will soe that the probability density Jo_[* has
(14 1) local maxima.  |yy]* has therefore 7 loeal
maxima. The energy is (r o+ 4] e = Bl

07 @ The wmvefonetion at any time £ >0 i5
miven by

B, ) = 08 (e~ 0 Gyl () B2

wirere e Le-dependent Tctms aee st ELOLRET Y
the energy cigenvalues B, = (n+ Jhvandn = 1 for
the 1zt excited state and e = 2 for the 2. [See the
Last vapuation of Sec 323 on e 8 of Unit 3 foe the time
dependonee of stationary staces, and B, 10 on p. 7T of
Uit & For the tene dependence of o saperposibon of
twir stationary states. ) Evaluating ®0r, 8) at d = 7/
yields
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Mow ¢ = eo(3x/2) = isin{3x/2} =i and
e o,

Henee option © iz correct.

Q8 [El Referring to FT Tabile 4-1 it 15 seen that
the s-dependent Factor must he o~ = faal (e g =10),
and so the time-dependent factor must Te p~ ™03
Hemoe A = 1/0? and 8 = w. The relationship be-
Lweson e il we [denobed wy in FT) s n= [f.l.l.":lj.gl...r}l"l:"'.
(Ser: botbom of FT Table 41, The matio BSA s

therefore 0% = ——w = fefimy and somfh= A/ 8.
T
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bottom of .25 and Exercise 16 of Unit 5. Hy does
ook commube with o Toosec this, work oot cHg J
andd Howef wheee [ s somie finction,

e aloes oot comminbe with o See
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Taking thiz a few steps further you can easily see
that the two quantities are not equal and =0 Hy and
o ot et e, T4 does cranmute with > becanss
2r = rr®, H does not commute with & becanse of
Lhe Flu term. T dobs commite with * becanse

(T — aE) = J:?:g: - ?‘-;5_{.:_(] = ifif
which = just & mmober thoes £ Note that we have
just slown that I=1i J does not commute with =
because J is a constant tites . Similarly for K.
Finally L does commute with = becpuse L =12 =
¥ = —1; just o onmbaer,

010 |G.D| p. and Mo both commute with

stnee each 15 just o power of BV odoes oot com-
rviate with p. because & oand f, do oot commmbe,
(e answer to (10 H does not commute with e
bz of 1Lhe v L. i Juest s mmbeer and there-
fore commutes with any operator. 1iz just & numbser
I (see 9 answer) times p,. and therefore commutes



