
MATRL 100A: Structure and Properties I

Assignment 7, due December 3rd in class:

Thermal properties

1. The heat capacity at constant pressure Cp values at room temperature for a few elements, are:
Al = 900 J kg−1 K−1, Cu = 386 J kg−1 K−1, Ag = 235 J kg−1 K−1, and Au = 128 J kg−1 K−1.
Convert these values to per mole, and verify that the molar Cp all these elements is close to
3R where R is the gas constant (8.314 J mol−1 K−1).

2. Consider a gas in a piston-cylinder assembly. The pressure of the gas can be held fixed by
allowing the piston to move, or the volume of the gas can be held fixed by ensuring the piston
cannot move. Why would the former case (constant pressure) be associated with a larger heat
capacity. In other words, why is Cp > Cv ?

3. How is the coefficient of linear thermal expansion defined, and what are the units. How
would you similarly define the coefficient of volume thermal expansion ?

4. Explain using a potential energy vs. distance diagram for two atoms in a crystal why heating
up the crystal could result in thermal expansion, in addition to the amplitude of atomic
vibrations increasing.

5. Give an example of a system whose volume shrinks upon heating, at least over a small tem-
perature range. Why does it happen ?

6. A 1 m rod of a metal elongates to 1.005 m on heating from 20◦C to 100◦C. What is the linear
coefficient of thermal expansion of this metal ?

7. To what temperature must a cylindrical rod of tungsten 15.025 mm in diameter be heated
so that it precisely fits a hole 15.000 mm in diameter in a plate of steel, also heated to the
same temperature. The initial temperatures of both are 25◦C and the respective coefficients
of thermal expansion of tungsten and the steel are 4.5×10−6 ◦C−1 and 12.0×10−6 ◦C−1.

8. Why are metals usually better thermal conductors than insulators ? In the case of diamond
and graphite, the roles are reversed, and diamond is the better thermal conductor, despite
being insulating. Suggest reasons.

9. Why does glass usually have low thermal conductivity ?

Magnetic properties

1. How are the magnetic flux density B, the magnetic field strength H and the magnetization
M related. What are the respective SI units ?

2. How are diamagnets, paramagnets, and ferromagnets distinguished. Show this with a sketch
of (a) B vs. H and (b) M vs. H.

3. Distinguish between a soft and a hard ferromagnet based on the hysteresis loop. What does
M vs. H look like for a ferromagnetic material above the Curie temperature ?

4. Distinguish between ferromagnetic and ferrimagnetic materials.


