
Modern Physics: PHY-104 Spring Semester 2013

Recitation: Thanks Mr. Planck that your constant is small!

1. A stationary 1 mg grain of sand is found to be at a given location within an uncertainty

of 550 nm.

(a) What is the minimum uncertainty in its velocity?

(b) Were it moving at this speed, how long would it take to travel 1 µm?

(c) Can classical mechanics be applied reliably?

(d) What is a reasonable wavelength of the grain of sand and will it behave as a wave

or as a particle?

(e) What is the minimum uncertainty in its velocity if h = 6.67 × 10−10Js instead of

6.67× 10−34Js.

2. An electron is held in orbit about a proton by electrostatic attraction.

(a) Assume that an “orbiting electron wave” has the same energy an orbiting particle

would have if at radius r and of momentum mv. Write an expression for this energy.

(b) If the electron behaves as a classical particle, it must obey F = ma. Assuming

circular orbit, apply F = ma to eliminate v in favor of r in the energy expression.

(c) Suppose instead that the electron is an orbiting wave, and that the product of the

uncertainties in radius r and momentum p is governed by an uncertainty relation of

the form ∆p∆r ≈ ~. Also assume that a typical radius of this orbiting wave is roughly

equal to the uncertainty ∆r, and that a typical magnitude of the momentum is roughly

equal to the uncertainty ∆p, so that the uncertainty relation becomes pr ≈ ~. Use

this to eliminate v in favor of r in the energy expression.

(d) Sketch on the same graph the expressions from parts (b) and (c).

(e) Find the minimum possible energy for the orbiting electron wave, and the value of

r to which it corresponds.
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