LT be Q45 maindy conecrme Uil 14,

(8 F 5 Thig question concerns a perturbed. hamilto-
nisn H = H'™ 4+ EHY) and two vectors

¢:¢(n>|1_k¢4n+k;r¢.:-.e:l+___
l.l'l'-_‘irlll'.iu] +Mr“'l+j.:2:q!l““ o

that sutisfy Heg = 1b. Given that T g™ = 0
select from the key the twe items that are correct
equathons. [Hint: Equate powers of & in Heh = o]

KEY for )43
A [‘;bl:l-l'rlﬂlllﬁ_lfll:l-l - hﬁ["‘|,¢=”1}+ ["ir?m:.ﬁlll}"

B (@ H0) = (7 ) g (@l 0y
L R e UL
D (@ HING) = (@l gty = (@l iy
B (@l H gl ) = (947 %) 4 (@), gty
Fo (@™ HgM) = () gl 4 (@) 9y
G (" HN@) = (5%, ) - (40, gy
H o (@ HIgH) = (™ ) - (@t gty

Q4 and Q45 concern & hamiltonian H = H'Y + §H,
where the unperturbed hamiltonian, H' has & two-
fold degenerate eigenvalue, E, corresponding to two
srthonormal eigenvectors, @0 and @™, and the
prrturbation s described by an pperator, .ﬁ]:-l, with
mBLTER elammenis

[yl AHG) = (P SR = —p6a
(i dHP) = (@Y ) = 4084
wheve A b8 5 positive namber.

(344 Select from the kev Lhe fwe items that form
a pair of normalized vectors which solves the prob-
lemn of degencracy {in the zense of Section 4.2.5 of
it 14).

KEY for (344

A E 06400 4 08l
i Foo0GD = pagi™
C (i iy G080 + 06yl

D gl —'i.l".r,"',",u"v'"'_—" H U.S-;!:-H,"‘ E! U_u@im

Q45 Beli=t from the key the fwo items that are the
first-order predictions of the energies of the states
whises govn-order slabe yectors are given by yvonr an
gawers i L1

KEY for (45

A E4z4 E E+iE8A
B E-—024 F E={84
CEA40GA G E+ 144
D E=.6A H £—-144

PART E {Unils 15 and 16}

LM bo Q55 madnly coneern DUndd 15

Q46 to (50 share the same key and concern a rigid
three-dimensional Taox, with sdes of length % L, L oandd
L, that can be popualated by two iypes of hypothet-
ical particle: a boson, B, with gpine & = 0 and mass
M, and a fermion P, with spin s = £ and mass M.
The pronnd-state energy of cne B particke in the box
is By = 30 MM LY The ground-state energy of one
F particle in the box s also £y Theee are no inter-
acbions bdtween particles. In each case, Veun e b
select from the key the enorgy of the state in gques-
tiom, [Hint: the energy lovels of 5 single B oor P
particle in el box are

Bt = {n® + P 4 m*) Ey
where n,l,m are positive integers,|

Q46 What is the pround-state energy of a system
consisting of four B particles o the hox?

Q47 What iz the groumd-stale snergy of a system
consisting of four F oparticles i the hox?

Q48  What is the groumd-state energy of & systemn
congisting of two B particles and two Fpasrticles in
the hox?

049 What is the first excited-state energy of a sys-
tem consigting of four B particles in the box?

Q50 What is the first extcited-state energy of a sys-
tom consisting of four Fopacticles i the bhox?

KEY for (46 to Q50

A 4B, B 6
B 2E, FYE,
C 3K & TE,
o UE H 2F,

Q51 This question coneerns e use of & variational
imethed to sstimate the energy of the lowest state of
ortho-helium, using a trial wave finction with spadial
dependence

dlrycra) = (i (radafglrs) = oy {ra) dle ) /v2

where iy and iy ave normalized wave functions of the
15 amul 25 states respectively of the Coubomb hamil-
bonian with central charge 2%, A ealealation gives

(8= [ [ i o, dny ar

= —Epd (32 - 52" - )



