ANSWER  QUESTIONS - (2 pts each

2 What does -he VARIATIONAL PRINCIPLE tell ws?

b) To which states |n ¢ w> can the 14 2 1> state of

atomic kyciroﬁe,m Jech Via o szz\jfe allowed dipok.
"t(ans'n“)".on ?

<) Totk:r\3 wnto account electron 9P1V\, P(‘T‘_”“‘ sP""‘/ and orbikl
Qﬂau(ar MOmcf\“'th, what are the FoSS‘-\ale Valyes ‘{:o'f
total angular momentam jn Lhe n=2, =1 shdbe of

kydra:;em, and how many am(efaended stutes are dhere otk
each of the d“owed Va(wes *fb.r ;:”?

@ For this o]/uesJ[;on) Suppose  we Cam 73nor<_ interact;ons
betueen electrons and all fine sthructuce effects.
a) What is the ground s+ate enerqy of the Li* ion

(:Z-’—B nucleees with 2 ele.c"nms)? (7—|7t5)

b) Tn terms of +the basis (n 2 ms,delw w7 s>

O{ S'}aleeS ‘for The 2 Q|€Q+fon$, LJL\Q{ s the 3/'ouu\d
state @ ( 2¢ls)

C) I—f we wieasare the +o+a(

dicection (T, « Ly 1249049 wiet ave die
values we Misl'\‘l' ob‘!*a{,\? (2\7’{:3)

A) Wl’\dt IES ‘H«e. QVler‘SY an(,( oléﬁeneracy ‘Fof *foc 13"[" cxcj-}c&
leve | ? (2 p‘(/))

aﬂaw(o\r Mo e turm {n the %

Foss?blé

A& For pacts a) and &) you

maey express the energies (v terms of +he
6v~ou:\¢L s“h,{g eAuﬁY E‘u

= ~13%.6eV £ hydfas-e;\ AK




@ Considar a time Aeremien‘f ha m: Hotian
H=Fr+ in (o*+A@®m) x*

where : Asin(t 0o £1 LT
AG) = { (%)

(o] otherw ise

4) The Far4]c|e. besins in the ground shite of the

harmonic oscillator ‘Far‘ it <o, Asmm.‘,\j A s Su‘Fr)ciedl}/
small, calewlate the Pmbab:lﬁy Fhat the Micle will

be in the state [nd> Gor each n>0) after a Hime T,
wsing $irst ocder ‘L‘me—ale?ender\“‘ 'F<r+««rlaa.{;m ‘ﬂ«eory. (‘71,1-5)

For ul'\a‘{'. Vaulue.s o{ A clo yow exPec'(' }/ou( reSuH‘
+ be va[‘.ct? (iV{)

b)




A@_

Consider o 2-dimensional harwmonic oscillator, with

HQW\; l "l"o.r\ ia.h

H = %f%f%fémwl(xi+yl+zi)
0‘) \/\”f\a'k avre the e,lnerﬁies and Aeﬁenerac',es -For the -}wo Iawe_si'
energy leve Is? (Q_V’Ls)
b) Since the ?o“ketx‘ha( IR $'Fl/‘€r;Ca‘.Ly $7Mm€£FiC) T s
pessible o clhoose a basis ot enersy e}ﬁe/\.s‘hcées +uat
are a‘So Q:jet\s'l'a‘(.eS o€ L—Z and Ll. \:;r +he -Cirs"(‘

ex cited (gue|) Jhat ace }he e@“sjr‘f&@s ot Le (in

terms of  siates built witn Crea{hy\ ord  anmnihilation
OPQ(o\‘{:c(5>? (3 p‘ts)

&) What ave the enecgy snifts Lor the $iost excited leve]
it we add a pertbation M=o X pL, P (2pts)

A) (Bonus auesTioN) Bofore adding the fa-]urba, ton, what are dhe
pessible walues for (£, m) in the nth excited level? (1pt)



