where H ks the hamiltonian of Section 4.3 of Unit 15
andd B = 13616V &5 the BEvdberp enerpy. Use this
result fo omake the best variabiooal estimate of the
enerpy of e lowest state of ortho-helinm, and select
the item from the key that is closest to vour answer.

EEY - for Q51

A —5T.Hel B 50 eV
B =58ZcVW F =588y
O =5RbeY {: —h0.2eV
0O =590V I =6GlGey

Q52 Conzider the hamiltonian operator, H, for the
belinm abom whers the pocleas (located a8 the origin
i e bo have effectively infinite maes and where
the two electrons mberact with the nouckeus and with
each other via the Coulomb potential, Then

H = (kinetic energy operator for the elisctrons) 4+
{Coulemb interastion aperator for each electron with
the nucleus) + (Conlomb interaction operator for the
two electrons with esclh obher), 1

The electrons, ecach of charge —e (where ¢ > 11, bave
poditioms vy and vy, Select, from the key the term rep-
resenting the interaction of the electrons with each
otber,

EEY for (52
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Q53 Suppose the hydrogen-like energy sigenstates
for a single slectron moving under the influence of o
nuclew charge 2 ave denoted by oy (r), (7}, ete.,
where 1 represents the ground state, and 5o forth,
Tt this euestion, you ave asked to choose to zero op-
iber, o triplet state of helinm with one electeon in
the ground stade and the other in the serond exeited
state. {To zero order, one neglects the Conlomb in-
teraction between the clectrons.) The full zero-order
slate 15 represented by aspatial wave function mul-
tiplied by a spin wave function formed from single-
particle spanors o and 3, Choose fromo items A-Tn
the: key the correet spatial part and from ttems E - H
the correcl spin part.,

KEY for Q53

A 1r"'||:f1]1|f"‘:_|':.r“.:":'
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054 Ienoring all inberactions breiween Lhe twe elec-
trons, what is the degeneracy of heliom in the
state with one electron in the hydrogen-like ground
state (n = 1) amd the other eleciron o the third ex-
cited stade (e = 4)7

KEY for 054

A 2 E I8
B & F 36
C 18 oo
i B v H 128

Q55 The results of one particular option in the key,
taken from experiments menbioned in Unit 1 and else-
where, become ndelligible in the light of the last see
tbon of Tt 15, Which one = it?

KEY for (355
A Davison-Germer and G, I, Thomson
ex e inenks
B Compion effect experinent
L Millikan’s photoelectric effect. meagurament.s
[ Moselev's X-ray measuraments
B Stern-Gerdach experiment

Geiger-Marsden experiment
feeman effect experiments
4

L6 Lo Q68 meinly coneern Dl 16,

Ly =

[Hint: it will be helpful if you realize that the factos

2 ] "
b SN O | T Ex _ 1.3
g5 (*iﬂ&um*f-") ” a* By, and that T = 47 B

0156 ta Ol share the same kiyv and comcern the frst-
order contributions of the spin-orbit perturbation,
FH apim-nevie. the relativistic perturbation, §H,.. the
Dharwin term, dH s win, amd their sum

mrﬂ-ﬁl = IﬁE...lﬁﬂlilll'l\.ll'l.lll: + "“:Im-:l + *'-ll-[-il.lnmu

to the energies of the 2°S; 5 and 2*Ps,y states of
the hydrogen atom. o each case vou are to select
from the key the ilem that gives the contrilation in
qupsLion,



