SESSI 07/08/ TUTORIAL 5

TUTORIAL 5
Introductory Quantum Mechanics
1. Which of the following wave functions cannot be solutions of Schrodinger's equation for all values of x? Why not? (a)  = A sec x; (b)  = A tan x; (c)  = A
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; (d)  = A
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(Beiser, Ex. 3, pg. 197)
ANS: only (d) could be a solution
2. The wave function of a certain particle is  =A cos2x for /2 <x </2. (a) Find the value of A. (b) Find the proba​bility that the panicle be found between x = 0 and x = /4 (Beiser, Ex. 5, pg. 197) 
ANS: (a) 
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; (b) 0.462
3. The expectation value 
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of a particle trapped in a box a wide is a/2  (0(x(a), which means that its average position is the middle of the box. Find the expectation value
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 in the stationary state n. What is the behaviour of 
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 as n becomes infinity. Is this consistent with classical physics? (Beiser, Ex. 17, pg. 198). ANS: 
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4. Find the probability that a particle in a box L wide can be found between x = 0 and x = L/n when it is in the nth state. (Beiser, Ex. 19, pg. 198)
ANS: 1/n.
5. What is the physical meaning of 
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 dx = 1? (Krane, Q3, pg/ 168)

6. What are the dimensions of
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ANS:
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7. What happens to the probability density in the infinite well when n ( (? Is this consistent with classical physics? (Krane, Q6, pg. 168) 
8. How would the solution to the one-dimensional infinite potential energy well be different if the potential energy were not zero for 0(x(L but instead had a constant value U0. What would be the energies of the excited states?  What would be the wavelengths of the standing de Broglie waves? Sketch the behavior of the lowest two wave functions. (Krane, Q6, pg. 168)
9. A particle in an infinite well is in the ground state with an energy of 1.26 eV. How much energy must be added to the particle to reach the second excited state (n = 3)? The third excited state (n = 4)? (Krane, P4, pg. 170)
10. An electron is trapped in a one-dimensional well of width 0.132 nm. The electron is in the n = 10 state. (a) What is the energy of the electron? (b) What is the uncertainty in its momentum? (c) What is the uncertainty in its position? How do these results change as n ( (? Is this consistent with classical behavior? (Krane, P9, pg. 170)
11. Consider a particle moving in a one-dimensional box with walls at x = -L/2 and x = +L/2. (a) Write the wave functions and probability densities for the states n = 1, n = 2, and n = 3. (b) Sketch the wave function and probability densities. (Hint: Make an analogy to the case of a particle in a box with walls at x = 0 and x = L)  (Serway, M & M, P11, pg. 228)
12. A particle of mass m is placed in a one-dimensional box of length L. The box is so small that the particle’s motion is relativistic, so that E = p2/2m is not valid. (a) Derive an expression for the energy levels of the particle using the relativistic energy- momentum relation and the quantization of momentum that derives from confinement. (b) If the particle is an electron in a box of length L = 1.00(10-12m, find its lowest possible kinetic energy. By what percent is the nonrelativistic formula for the energy in error? (Serway, M & M, P14, pg. 228)
ANS: (a)
[image: image11.wmf](

)

éù

æö

=+-

ç÷

êú

èø

ëû

12

2

2

22

2

n

nhc

Kmcmc

L

; (b) 0.29 MeV, 29% too big
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