
Problem l(15 points) 
.a particle with mass m and encrgy E> 0that expernences a one-«dimensional potential given by V(r) 
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Show all work to receive credit, and circle your final answers. This exam is closed book, but you can use the index card with 
reference information that you have prepared. 



Problem 2 (20 points) 

A quantum state of an electron spin in : bases atl = 0 can be written as: lo) 
(a) Detemine A by nomalizing this state. 
T0) T you measuredS, of this clectron, what possible values could you get, and with what probabilities? 

ne y Component of spin is measured, what is the probability to get the value -h/2? 

(d) What is the expectation value of S, + S,? 

(e) As a part of the quantum circuit, the electron is sent through the phase gates 
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Show all work to receive credit, and circle your final answers. This exam is closed book, but you can use the index card with 
reference information that you have prepared. 
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Problem 3(20 points) 

2pts 

state with quantumn numbers n,l,m. 
state aalom at time t = 0 is found in the state lo) = l1300)-242|121) (here we use the nomenclature (alm) for a quanunm 

(a) Is this a stationary state? Explain your answer. (0) What possible values of E. L' and L. could arise from a measurennent of hS atom Cnal are the expectation values for measurenments of cach of E, L and L? 
(d) Write the time-evolved expression for this state la()). 
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Show all work to receive credit, and circle your final answers. This exam is closed book, but you can use the index card with 

reference information that you have prepared. 
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Problem 4 (20 points) 
The Hamiltonian for: 

(a) What are the possible outcomes if the cnergy of this system is measured? 
(b) What are the stationary states of this system, as represented in this basis?? (c) Docs this Hamiltonain commute with S, matrix S. 
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(d) Based on your answer in (c). do you expect to find the eigenstates of S, to be stationary states? 
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Show all work to receive credit, and circle your final answers. This exam is closed book, but you can use the index card with 
reference information that you have prepared. 

ra spin-1 system in a certain basis is given by the matrix I 



Problem 5 (15 points) A particle of mass m is in the first excited state |1) of a simple harmonic oscillalor with frequcncy w. Calculate average value 

(i) and the uncertainty Ar of the particle position. The uncertainty of an operator is defincd as A4 = 
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Show all work to receive credit, and circle your final answers. This exam is closed book, but you can use the index card with 



Problem 6 (10 points) Two spin-12 particles are prepared in an entangled state: 
(a) ne Component of the total spin $. = ̀.. +`o. is measured, what are the posSible out 

ltt)-|4)). where | 1ha is comespondingly |+2) state for each particle. 
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The two particles are separated, and the state of the first particle is mcasured using a Sterm-Gerlach apparatus tilted by G0" 
with respect to the axis. In a particular measurement. the first particle cmerges (romn the positive output, so that its stale is 

(b) After the first particle mcasurcmcnt is madc, the second particle passes through a Stern-Gerlach apparatus oricntcd in 

direction. What is the probability it emenges from the positive output? 
apparatus for the second particle is oriented along 

(c) If the Stern-Garlach in this case? 
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