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Thermal Physics Basic

A steel ball bearing, radius 2 cm, volume 2.5 x 10” m’, initially at 4 °C is dropped into a tank containing
2.5 kg of liquid Nitrogen initially at 73 K. The equilibrium temperature is exactly the boiling point of
liquid Nitrogen ( 77 K ), but none of the liquid Nitrogen boils away. (Latent heat of vaporization of
Nitrogen = 200,000 J/kg; specific heat of liquid nitrogen = 2000 J/kg.K; specific heat of steel = 500 J/kg.K;
specific heat of Nitrogen gas = 750 J/kg.K; 0 °C =273 K ).

In all situations you should assume that no heat is gained or lost from the surroundings.

(a) How many joules of heat are released when the temperature of 1 kg of steel drops by 1 °C ?
)
(b) Determine the mass of the ball bearing. %)
() If the volume coefficient of thermal expansion of steel is 36 x 10° K™, calculate the change in
volume of the ball bearing. @)
(d) Determine the change in the radius of the ball bearing. @)
(e) A second steel ball bearing, mass 5 kg, is dropped into a different tank containing the same mass

of liquid Nitrogen at the same initial temperature (73K). Determine the equilibrium temperature
in this case. (11)



Thermal Physics Intermediate

The statistics of paramagnetism can be studied using a model system of N identical, localized, non-
interacting magnetic dipoles, each with a dipole moment of m, in a uniform applied magnetic field H. We
consider here the case of classical dipoles that can be oriented in any direction relative to the applied field.
In such a case, the total energy of the system can be written as

Assume the applied magnetic field is in the positive z direction, the angle 6; would be the angle between the
magnetic moment of the i-th dipole and the z axis.

(a) Calculate the partition function of the system at a given temperature T. (25)
(b) Calculate the mean magnetic moment of the system. (20)
() Show that in the high temperature limit, % > 1, the mean magnetic moment of the whole

system is approximately CN? (this is the so — called Curie law), and find the constant C.
(20)



