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 on the left above shows a potential energy function V(x) versus x, for a limited range of x values. Which of the plots on the right most accurately plot the corresponding  force  function, F(x) versus x, over the same range. 
(a)  I


(b) II


(c) III


(d) IV
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(e) None of them is consistent with being the force function
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2. The plot above shows a function of potential energy versus position (V(x) versus x) for a one-dimensional system. A dashed horizontal line indicates the value of the energy E for a particle moving in this potential well, corresponding to a bound state system. Small regions, each of width dx, are indicated at several locations in the well. Order the time spent in each small position bin (dx), t(I), t(II), t(III), and t(IV), from longest  to shortest as the particle moves back and forth in the well.
(a)  t(III) > t(II) > t(IV) > t(I)


(b) t(I) > t(IV) = t(II) > t(III)


(c) t(III) > t(II) = t(IV) > t(I)


(d) t(I) > t(IV) > t(II) > t(III)
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(e) t(I) = t(II) = t(III) = t(IV) since E is constant.
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3. A particle of energy E moves between the classical turning points, a and b, in a one-dimensional potential well as shown in the figure on the left above. The turning point at a is defined by an impenetrable wall while the one at b is given by the intersection with the parabolic V(x) curve shown. Which of the classical probability distributions, P(x), shown on the right above corresponds to this system. (Recall that the classical probability distribution is defined such that the probability of finding a particle in the small interval (x, x+dx) is given by dProb(x,x+dx) = P(x)dx.)

(a)  I


(b) II


(c) III


(d) IV
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4. The position of four objects with differing types of motion in one-dimension are captured at a large number of random times in the computer generated ‘snap-shots’ shown above. (The vertical spread in the dots is simply added to make the density more visible). Two possible one-dimensional motions are:

A: A mass oscillating at the end of a spring


B: A mas undergoing uniform acceleration to the right, starting from rest

Which motion (A,B) goes with the ‘snap-shot’ (I, II, III, IV)?

(a) A:  IV
B: II

(b) A: IV
B: III


(c) A: I

B: II


(d) A: I

B: III


(e) None of the above

5. The plot above shows a one-dimensional wave function, Ψ(x) versus x. The labels, I, II, and III, indicate regions about which measurements of the position of the particle can be made. Order the probabilities of finding the particle described by  Ψ(x) in a small region of width dx near each labeled point, from biggest to smallest.
(a) P(III) > P(I) > P(II)
(b) P(II) > P(I) > P(III)


(c) P(III) > P(II) > P(I)
(d) P(I) > P(II) > P(III)


(e) P(II) > P(III) > P(I)

6. A plot of a position-space energy eigenstate, Ψ(x) versus x, is shown above. To which classical system would this solution of the time-independent Schrödinger equation most likely correspond?

(a) A free particle, moving at constant velocity to the right.
(b) A free particle, moving at constant velocity to the left.


(c) A particle undergoing uniform acceleration to the right, starting from rest.
(d) A particle undergoing uniform acceleration to the left, starting from rest.


(e) An otherwise free particle, moving to the right, but colliding with an infinite wall.



7. The figure on the left above indicates a particle of energy E near the boundary of a ‘step-up, then down’ or rectangular barrier potential located between x=a and x=b as shown, with 0 < E < V0. If you solve the time-independent Schrödinger equation in the region (a,b) using this potential and this energy, which of the following wavefunction displayed above right could you find?

(a) I and II only.
(b) III only.


(c) I only.
(d) I and III only.


(e) I, II  and III are all possible
8. You are given a computer program which is designed to solve the time-independent Schrödinger equation (TISE):
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for a particle inside the infinite potential well shown above to the left (defined by impenetrable walls at x=0,L and with V(x)=0 in between) for any value E > 0. The program finds solutions to this particular TISE which also satisfy the boundary condition Ψ(0)=0 and outputs wavefunctions in a graphical format.  A convenient reference value of the energy is defined to be 
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. Consider the following statements about the output waveforms I-IV shown above:

A: You could get Fig. I as output for some value of E>>EREF.


B: You could get Fig. II as output for some value of E<EREF.

C: You could get Fig. III as output for E=2EREF.


D: You could get Fig. IV as output for some value of E.

Circle which of these statements is true:

(a) C and D only.

(b) C only.

(c) A and B only.

(d) A and C only.

(e) None of them are true.
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