SOLUTIONS TO HOMEWORK 4

1) (a) /)= 4 ; the statistical weight is N* = 16. [5]
(b) 1=0 m=0
I=1 m=-1,0,1
I=2 m=-2,-1,0,1,2
1=3 m=-3,-2,-1,0,1,2,3 [5]

2(a) The probability distribution for the full quantum state, in 3 dimensions is:
|17 AT = Rag () IYem(®9P 7 1% = o An o do @ (note that R is real so
we can write a simple square, while the spherical harmonic is complex, so we have
I"Y2e 12 . Notice that the spherical harmonic does not depend on 2. )

The radial part of the probability is £ (~) = I* Ry, (r) . This has a maximum
i = ZT(-Frie T 42T ) =0
= —Ir+4+4=0s0 F =2 ,since Z= 2 . You can verify with a
sketch that this is a maximum, not a minimum. Note that for hydrogen (%= [ ) we’d have
=4 . The helium atom in this sense is ‘half the size’ of hydrogen. [5]

(b)<k->:°:5 RQ_PW) FRyp (7)) dr

— Z> 5 ,~Fr — S 2"
= 4 S dr=4 (@ o7 Tdr
substituting U= Z ™ |, we get:
Ly 2 = i’cﬁgg w=e™ 22 = 25 atomic units [5]
(check that for hydrogen you would get twice the value, Z=5 au)
(c)
En= _z'z/‘,z\f\';l SO Eh__;&z:?‘):“\/ﬂ QN [5]

3)Initially the extranuclear electron of tritium’s wavefunction equals the ground state
of a hydrogen atom . It is undisturbed by the decay, so initially its
wavefunction is unchanged = @ (~). We have a superposition

of states.

G (P)= ZCowrem i = @i

However if a measurement of the energy is carried out on
the He+ ion, we will find the electron in one of the eigenstates of the He ion.

The probability of finding the i-th state is given by /C¢ /% .

Ce =§ @M D) odr
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The 1s state of an atom of charge Zis =2 Z Y2 pmE" 50 (9, F)

— — 3 T 2
> Cis=097Q > r2drTSdg TSV, | * e do
since the spherical harmonics are normalised, the angular integral=1.
The radial part of the integral S9SR v 2™ "l = §,55 /3> = C 5 .
Hence the probability | Cis [* = 27 /35, [10]

b) C2p = © since the angular integral is zero, ie

C¥am Vio Ainedodp=0. 2]

4)a) L, Vv, co.8) = Fr T B (e 8> =oxY,, [3]

NB note that in this solution we include the normalisation constant Vo = ¥ 429

whereas in the original question we use the unnormalised spherical harmonic

(yde =@ o) Tpe eigenvalues are unaffected.
D)L Vo = [Phr U8 (hing G2 + ko WAPZL=) = (R By
An@ HnG

IY >/|o — C)ﬁ Od)¢ W@'J:ZTT

Hence, ‘—TQ\L,E(/)\\,(-I—(’L\Q] \/,D:—F%V/JXMQ(CM(f + NG )
= %1 Ane 7 3]

Tz Vi = By Ane %/('%(QL°¢):/K%AXM® 0P
= Lz ¥ (e9)= KV, (o,

Hence the eigenvalue is =% -

[5]

(NB remember that Z - Vom = s Yem ) -



