For these problems, use the simulation “The expectation value of an operator”.
1) Have a play with the simulation for a few minutes, getting to understand the controls and displays. Note down five things about the controls and displayed quantities that you have found out. 

2) Consider the input state  shown in the simulation. Calculate the probabilities for a particle in this input state to be detected in the upper path and in the lower path after passing through the Stern-Gerlach apparatus.  Describe how you can find these particular probabilities experimentally in the simulation.

3) You measure the -component of spin for a large number of particles all in the same initial spin state. Assume your measurements are as shown below:
Measurement:	   1	   2	   3	   4	   5		
Outcome:						
(a) Explain how you would use these measurement to determine the expectation value of the -component of spin, . Derive a formula for  using  and  as defined in the simulation. Rewrite this formula in terms of  and  as defined in the simulation. Show that you obtain the formula for  shown in the Expectation value panel. 
(b) Will your value for  obtained experimentally exactly agree with the theoretical value? Explain using the simulation.

4) Consider the input state  shown in the simulation. For this input state, calculate the theoretical value of  using: 
(a) the probabilities calculated in problem 2.
(b) (optional) the matrix representation  and vector notation for the input state. 
Compare your results with the simulation. Explain how you are doing this comparison.

5) For the the input state  shown in the simulation, is the theoretical expectation value of  the most likely measurement outcome if we make a measurement of ? Explain your answer.


6) Choose the input state , and find the coefficients  and  using the simulation. Assume  and  are real and positive. Explain your reasoning. Verify your result using the expectation value as shown in the simulation.  

7) Imagine the same scenario as shown in the simulation, but that the input state is one of your choosing (for every experimental run, the input states would still be identical)
(a) Are there input states for which the observed and theoretical values of  will always be exactly equal, even for only small numbers of particles sent through the Stern-Gerlach apparatus? Explain your answer.
(b) Give an example of an input state for which the theoretical value of   is one of the measurement outcomes, and an input state where the theoretical value of  is not one of the measurement outcomes. 
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