RUC, October 2006

Quantum Chemistry & Spectroscopy.
Problem 10
Consider a circular disk that can rotate like a wheel around an axis through the centre and perpendicular to the disk. If the disk rotates with angular velocity 
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 [radian per second], the angular momentum is equal to 
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, where  I  is the moment of inertia of the disk. The rotational frequency and period are given by 
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In a quantum mechanical description, the angular momentum is quantized: 
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, where m is an integer quantum number.  The energies of the stationary rotational states are
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a. Compute the energies of the two lowest stationary rotational states and the corresponding frequencies and periods for a disk of the size of a benzene molecule. The moment of inertia is I = 2.93(10-45 kg m2. 
b. What is the approximate quantum number m for a gramophone record that is played at 33 rounds per minute? Assume that the mass of the record is M = 150 g and the radius is R = 10 cm. The moment of inertia is given by 
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 (disregard the turntable and other rotating parts of the record player!).
c. With what precision should the frequency   be adjusted, if the gramophone record should be in a stationary rotational state?
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