FINAL EXAM
PHYSICS 851, FALL 1998

1. (15 pt.s) Consider a spin 1/2 system. The projection operator P, projects the component of
the wave function that has positive spin along the z axis.

(| P:In) = (2,1 Im)|*

(a) Express P, as a matrix in the basis where ( 0 ) denotes a state with positive spin along
the z axis.

(b) Write down the density matrix for a state that is an incoherent mixture of 50% positive
spin along the y axis and 50% negative spin along the y axis.

(c) If the Hamiltonian is defined as:
H=a+ fo,

Calculate the expectation of H for the state described in b.
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(b) Write down the density matrix for a state that is an incoherent mixture of 50% positive
spin along the y axis and 50% negative spin along the y axis.
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(c) If the Hamiltonian is defined as:
H=a+ fo,

Calculate the expectation of H for the state described in b.
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2. (15 pt.s) Consider two flavors of neutrinos, the p neutrino and the 7 neutrino. Suppose that
the Hamiltonian can be written as a free term plus a term that mixes the 4 and 7 neutrinos,
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If a neutrino starts as a p neutrino, what is the probability, as a function of time, of being a

which is proportional to a.

T neutrino?
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2. A spin 1/2 particle has positive spin along the y axis. 2 r Cf«('(/,fb (
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(a) Write down the density matrix p for this state. Use the basis where ( ! ) denotes a 1 1 1 1
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state with positive spin along the z axis, and VAW refers to a particle with a positive 1

spin projection along the y axis. Yyt =

56) =l
1 =\ ) Y= s
(b) Find p?. vass V2

, 1 ) 0
(c) Write down the density matrix for the state that is an incoherent mixture of 50% positive Yzt = ( 0)’ Ve = 1
spin along the y axis and 50% negative spin along the y axis.
(d) What is the square of this density matrix? ((r,« "N U)TL\/,onsv
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(c) Write down the density matrix for the state that is an incoherent mixture of 50% positive
spin along the y axis and 50% negative spin along the y axis.

O v z(.)= 5 A S

,l:—/' N &oét-ef‘d'JL’ m I o6 (Z-O /S—OS

(d) What is the square of this density matrix?
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