
 Solutions to Practice Questions for the Comprehensive Exam - Day 1 





3. Quantum Mechanics (Fall 2006)

Consider two .flavours of massive neutrinos, denote Ive) the electron neutrino flavour eigenstateand Jvµ)
"---" the muon neutrino flavour eigenstate. These are related to the energy eigenstates lv1) and lv2) by

Ive) cos(O) lv1) - sin(O) lv2) 
Jvµ) - sin(O) lv1) + cos(O) lv2) 

(a) Show that flavour eigenstates and energy eigenstates are related by a unitary transformation.

(b) The energy of the eigenstate !vi) is

°') 

b) 

Assume that an electron neutrino is produced in the sun with momentum p such that IPI » mic. 
Find the probability for the electron neutrino to oscillate into a muon neutrino after travelling a 
distance L.

-'> ( Cos B 

-.s,·.., f,) �.f � S;� 8 {.as e 
..,. 

::: l,( te

11 t 
( ,,., s e .. � ... e )

lA =- -Si°V1 e Cc,S e "> 

1-i'e 

\1+,,) ==' \ Ve) w1Ui Ip\ 
ltV(t)) � �-; Ht/t, I�'> =

--' 

tt) == "+'+ · I �
f
) == tr.f, lvet + 'lf�i 111)')

_.. 
lfel � 4-'e, / u,) + tf<2. Iv.)== lfe ' 

"" "Z. 

(). t U -= ( C "" S' -,SC +CS) -::: ( 1 o) 
-CSt-S'C -(-s1..) +c'l. 0 I � 1 

( -, "", t -� v: t) _ e, 9 e _ e 1 s,11 v c.os 

= ..L
s

' ., "' ( _ ;w,4: -i ""� t.J
2 '" '-"' e - e 

f ,.,e�v .. Jl..) == � s '"' '"l. 2e [ I - e.; (wz-W, }"c' - e- ;(w'--vi,} "t' -t I l -;;.:. { s ,'/ 2.8 [ 2 - 2 CI,S (w,-w) 'c] 

;:= S1v/· 2(J ( t - { CJ:> s (w?. -VJ.) 't-) = s,,./· 2..(3 s ,�,'1- ( t ( we w,) L)

(E't. -E, :: � (·c2. + mz?..C..'i I -J f c:'- -+ r,,,-z. C. 4, -;;= �c [ ( l + Vl17.2.Cl./p'2.) Vz - (I+ wi,'2.c."2./r2.flzl 
� p<- [ \ + 1 rri:c1.lf 1. - 1-±M,1-c.

i.l( i.] = c5 b��)/2f 

:::;: s 1\,,2· 2 � S \ v/ [ C 2. .6 (r,-,'1-) L / L/ h p J


















