
1. (25 points) Answer tlre following queslioos. De concise and lo  the point. 

(a) (5 poi~iis) [>iscuss the pllo~oelecl~.ic eflect nntl its significance. 

(b) (5 points) Explain quaniurn ~ u ~ r n e l i ~ ~ g .  Give Iwo physical examples of this erect.  

(c) (5 poinls) Discuss 111e' Stern-Gerlach experinlent and its significance. 

(d) (5 poinls) Ilcscribe the difTerence between bosons i111d ferrrlio~~s'! Give two examples of each par~icles. 

(e) (5 points) Explain in pair-annjhilnlion processes why we observe r -  + e'. -+ 2 y but no1 e- -1- e' -3 .y. 

2. (1 5 points) Consider il non-relativis~ic elecl~on rnov~ng ill l l ~ e  plane perpendicular lo a conslallt, urlrfor III irlaglrcilc 
field. Use Bollr's quanliza~ion rule lo calculale l l~e  enegy levels or Ihe elecl~on. 

3. (20 points) L,el 1l1e poter~lial of a one-dirnensio~~al polcntial well be given by I 

(a) (10 points) Pinrl l l ~ e  eiger~val~res and eigenfunclions of l l ~ e  lime-independent SchrOdinger equation 

(b) ( 5  poinls) Consider ~ w o  nonin~el-acling eleclrons in Ille potenlial well. Whal are 111e energy i~nd [he lola1 
wave funclion of h e  lowest energy slate if t l~e  Iwo elzclrons are in llle snnic spill slale'? 

(c) ( 5  poiuts) Continue from (b), whal are [he energy a~rd [Ire Iota1 wave function of the lowesl energy slale it' 
l l~e  two eleclror~s are in d1pere11t spill states'? 

4. ('LO poinls) Co~~s ide r  a syslerrr wl~icll is described by l l~e  slate 

1'1') = N [ f i l l ,  1 ) - 1 1 , 0 ) + 2  11,-I)] ,  

where It, 111) ilre normalized eigensti~les of the angular munlentuln operalors L2 (= Lg t- 1; + 1;) and 1,: will1 ~ l l e  
corresponding eigenvalues t'(e .t 1)h2 and mh, respeclively, and N > O is a ~~or~nal iza t ion constan[. 

(a) (5 points) 1:ind the value of N so that /'I1) is normalized. 

(b) (5 points) Find L:,('ll) and L,_J'I1), wl~ere L, = L, k ib. 
(c) (5 poin~s) Calculate the expectat~on values of I,, and 12 in the slate ]'I1). 

(d) (5 ~~o in t s )  lr 1,' is ~neasuretl, whal values will be obtained'? Wilh what probabililies'? 

5. (20 points) LeI us try lo undersli~nd the physics of neutrino oscillarions. Consider a quantunl mecl~ar~ical lwo-slate 
systern whose basis states we shall call Ivr) and (v,,) (cor~,esponding to the eleclrorr-type and muon-type neutrinos 
produced in weak decay processes). At time t = O h e  syslenl is in lhe slate Ivr). Suppose ltle IIarniltonian of the 
syslenr in the (Ivr), Iv,,)) basis can be written as 

(a) (5 points) Find t l~e  eigenvalues E j  and the normalized eigensta~es Ivj) of Il. t1el.e j = 1.2. 

(b) (5 poinls) Iind the state of  he systern at lime r . 0. 

(c) (5 p o i ~ ~ t s )  Calculale the probability that the systenl is in Ihe slate Iv,,) as a funclion of lime. 

(c) (5 points) 'The i~bove a~lirlysis provides a sinlple expln~lalion of (Ire oscillalion v, - t  v,,. Given that neulrino 
oscillations have been observed experi~nentally, wtlal properties of rleutrinos can be drawn') 


