
Advanced Visual Quantum Mechanics – Energy Diagrams in One Dimension Part 2

1.  Introduction:

In part 1 of this interactive engagement you looked at energy diagrams for magnetic interactions with a toy car.  You also studied the relationships between those diagrams and the motion of the car.  In part 2 you will continue to explore energy diagrams for conservative (frictionless) mechanical systems but you will look at several different systems undergoing several different interactions.  You will also be using a more quantitative approach than you did in part 1.

The goal of this interactive engagement is to have you look at a wide variety of systems and further study how the energy diagrams are related to the possible motions of the system.

2.  A Cart on a Track with Bumpers

The first system we will consider is a cart on a frictionless track with stiff elastic bumpers on the ends.  This system approximates what we call the infinite square well – a system we will study the quantum mechanics of in detail.

2.1  Calculating V(x) and F(x) for a Cart on a Track with Bumpers

Consider a cart moving freely along a track, but confined to stay on the track by springy bumpers at both ends of the track.  The bumpers produce elastic collisions with a (fairly large) spring constant kb (so that the bumpers don’t have very much give).
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Figure 2.1a:  A cart confined on a track by springy bumpers.
Exercise 2.1a:  Write an algebraic expression for the potential energy of the cart as a function of position, V(x).  Let V(0)=0.

Exercise 2.1b:  Sketch a graph of your V(x) from exercise 2.1a.

Exercise 2.1c:  Calculate the force on the cart as a function of position, F(x).

(Hint:  See a classical mechanics textbook if you don’t remember the relationships between F(x) and V(x).)

Exercise 2.1d:  Sketch a graph of your F(x) from exercise 2.1c.

2.2 Measurements on a Cart on a Track with Bumpers

Activity 2.2a:  Using a computerized motion detector and force probe with a setup similar to that shown in figure 2.2a, measure the force on the cart as a function of position, F(x).  (Your setup may differ somewhat from the one shown, but your instructor can tell you how to make this measurement.)
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Figure 2.2a:  Setup for measuring force as a function of position.

Exercise 2.2a:  Sketch a graph of your measured F(x) (or attach a printout of that graph).

Exercise 2.2b:  Export your data from exercise 2.2a into a spreadsheet or other data analysis program and use it to compute the potential energy function, V(x).  Sketch a graph of V(x) below (or attach a printout).

Exercise 2.2c:  Compare these results with your predictions from section 2.1 and resolve any discrepancies.

3.  A Block on a Spring

Another system we will study extensively in quantum mechanics is the harmonic oscillator.  Here we study the forces and potential diagrams for a block hanging on a spring.

3.1  Calculating V(x) and F(x) for a Block on a Spring

Consider a block of mass m hanging from a spring with spring constant k.

Exercise 3.1a:  Write an algebraic expression for the potential energy of the block as a function of position, V(x).  Let V(0)=0.  (Note:  Unlike all previous examples, in this example the x axis is vertical.  This makes absolutely no difference in the analysis.)

Exercise 3.1b:  Sketch a graph of your V(x) from exercise 3.1a.

Exercise 3.1c:  Calculate the force on the cart as a function of position, F(x).

Exercise 3.1d:  Sketch a graph of your F(x) from exercise 3.1c.

3.2  Measurements on a Block on a Spring

Activity 3.2a:  If you hang your spring from a force probe, and suspend your block above a motion detector, you can measure the force on the block as a function of position, F(x).  Set up this experiment and use a computer to take the data for F(x).  Make a sketch of your experimental setup in the space below.

Exercise 3.2a:  Sketch a graph of your measured F(x) (or attach a printout of that graph).

Exercise 3.2b:  Export your data from exercise 3.2a into a spreadsheet or other data analysis program and use it to compute the potential energy function, V(x).  Sketch a graph of V(x) below (or attach a printout).

Exercise 3.2c:  Compare these results with your predictions from section 3.1 and resolve any discrepancies.

4.
Charged particles in Electric Fields

Most of the interactions you will study in quantum mechanics will arise from electric fields.  In this section you will study the potential energy diagrams for a charged particle in various electric fields.

4.1 A Piecewise Linear Potential

Two hollow shells are made with porous metal sheets.  The shell on the left is grounded and the one on the right is set at 5 volt as shown in figure 4.1a.  A small bead (mass = 1g) is positively charged with +e, where -e is the charge on an electron.  In region I, the bead is moving towards the right with a kinetic energy K0 = 6.0 eV. The holes of the metal sheet are large enough so that the bead can freely pass through. 
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Figure 4.1a:  Diagram of the set up for a one-dimensional system with two hollow shells and a charged bead.

Exercise 4.1a:  What is the total energy of the bead at x = 0 and at x = L?  Why?

Exercise 4.1b:  Find an algebraic expression for the potential energy of the bead as a function of x.

Exercise 4.1c:  On the axes provided, sketch a graph of the kinetic energy and a graph of the potential energy of the bead as a function of x.
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Exercise 4.1d:  On your graph of the potential energy indicate the total energy of the bead.  Explain your reasoning.

Exercise 4.1e:  Suppose the initial kinetic energy of the bead is 3.0 eV instead of 6.0 eV.  Sketch a new graph of the potential energy and the total energy of the bead in all three regions.  Explain your reasoning.
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Now suppose the system is changed to the structure shown in figure 4.1b below.  The bead is initially moving left with a K = 6.0 eV. 

Figure 4.1b:  Diagram of the set up for a one-dimensional system with three hollow shells and a charged bead.

Exercise 4.1f:  For this new system, sketch the kinetic energy and the potential energy of the bead as a function of x.  Include the total energy on your potential energy diagram and explain your reasoning.
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4.2  Step Potential Energy Functions
In the above examples, the potential energy function changed gradually from one region to another, like the function shown in figure 4.2a.
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                       Figure 4.2a                                                                    Figure 4.2b

Exercise 4.2a:  Suppose we wanted to make a potential energy curve like the one shown in figure 4.2b.  Sketch a diagram of the setup that would make such a potential.  (Hint:  In real life the one section of the graph couldn’t be exactly vertical, it could just have a very steep slope.)

5.  Summary

The potential energy diagrams that you studied in this section are all very important examples that you will study further in quantum mechanics.  By understanding better the types of classical setups in which these diagrams occur and the motion that results from these diagrams, you will be better prepared to compare and contrast the results of quantum mechanics with the results from classical mechanics.  Hopefully this will give you a better understanding of quantum mechanics.
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