Please show all work and explain your steps for the solutions.               			 

1. Five moles of nitrogen gas, originally at 20°C, performed 4000 J of work during adiabatic expansion. Find the final temperature of the gas.

In an adiabatic process 
Internal energy of a monatomic ideal gas: 
So:

Solving for the difference in temperature:

Applied numerically:

So, the final temperature of nitrogen is:



2. What is the probability to find N molecules in 99% of the volume of a container leaving 1% of the volume empty for: a) N = 100, b) N = 1000  c) N = 2000 Comment b) and c)      
The law of distribution is the binomial distribution. Expressing the probability to find n particles in the volume v and the remaining (N − n) within (V − v) is:

Applied exclusively to N becomes:

a) N=100

b) N=1000

c) N=2000

With bigger number of molecules, the distribution throughout the volume is bigger as well. The probability of the molecules occupying only 99% of the volume lowers vastly with a bigger number of molecules.
3. Prove that    (4 points)

Taking 

using the continuity of the exponential function and since e0 = 1 so ln(1) = 0 we have that:

So:

Finally:

4. Prove that in the most probable state of two “Einstein” solids A and B with NA and NB oscillators which can exchange energy:   UA/NA = UB/NB.   (You can take the high -T limit, though it’s correct in general) (4 points)
Suppose that we bring two Einstein solids A and B (two sub-systems with (NA, UA) and (NB, UB) into thermal contact, to form a larger isolated system. The combined system:

At high T limit (q<<N):

The combination is:

The distribution is even among the atoms so:

By developing the first part:



Finally:

5. A paramagnetic sample is placed in a 0.5 T magnetic field at room temperature T = 300K.       The component of the electron’s magnetic moment parallel to the magnetic field can take two values ±9.3∙10-24 J/T. If an electron spin resonance (ESR) apparatus can detect a minimum difference N↑–N↓ = 1012, what is the minimum total number N of magnetic moments in a sample necessary to make the detection of ESR possible?          
Note that N↑–N↓ << N, and:   
The distribution of the system is:

The volume can be calculated from the magnetic moment:

the minimal number of detectable spins:


6. Suppose that the multiplicity W (U,N,V) = f(V,N)·U5N/2 where N is the number of particles, V is the volume, and the function f(V,N) does not depend on energy U.
a) Show that U = 5/2 NkT 


The following relation is true for this case:


b) Show that (∂2S/∂U2)N,V  is negative. 

Since all the components are positive this makes the obtained result negative.

7. 
[image: ]
Following the Clausius definition of entropy:
The change in entropy between 1 and 2:
For diatomic gas Cv=5/2R

The change in entropy between 2 and 3:
For diatomic gas Cp=7/2R

The change in entropy between 3 and 1:
For adiabatic process [image: $T_1V_1^{\gamma-1}=T_2V_2^{\gamma-1}$]

So, the total entropy change in this case is

Apparently for this process only the isochoric entropy was taken into account. This wouldn’t be expected since the adiabatic process was considered reversible in this case
8. Calcium carbonite, CaCO3, has two crystalline forms, calcite and aragonite. Using TD data, 
a) Determine which phase is stable at normal conditions, and above what pressure (at room temperature) another phase becomes more stable
At low temperature, the most stable phase is the calcite since it has the least Gibbs coefficient.
At a constant temperature, the gibbs coefficient is:

b) Neglecting changes of S and V with temperature, find the slope of calcite-aragonite phase boundary dP/dT (in bar/K)
Using the same equation of gibbs energy for the all then:




[image: ][image: ]



9. A carbon atom has a 9-fold degenerate ground state and a 5-fold degenerate excited state with the energy of 0.82 eV.  An analysis of the spectrum of star X shows that 10% of carbon atoms are in the excited state. Assuming that the population of other energy levels is negligible find
a) the temperature of this star.
The temperature of the star is.



b) the internal energy and the heat capacity of one mole of carbon; ignore translational motion of the atoms.
The internal energy is:

The heat capacity is:


10. Using the density of states functions g(E) prove the equipartition theorem for     
2-dimentional ideal gas.
First equation:
[image: ]
[image: ]
3-dimentional ideal gas.
[image: ]

11. Consider a system with the density of states   , where a and b are positive constants.
a) Calculate the partition function.   
The partition function is:



b) Find the internal energy and heat capacitance.  

Heat capacitance:

c) Is it possible to heat the system to the temperature (T = a/kB)?  Why?

The system cannot be heated because the heat capacitance will be closed to zero in that case, hence heating the system would be impossible
12. Find the temperature T at which the root mean square thermal speed of hydrogen molecules H2 exceeds its most probable speed by 500 m/s. 
[image: ]
13. Find the standard deviation for the speed of hydrogen molecules at room temperature  


14. Why the earth’s atmosphere contains nitrogen, oxygen and argon, but does not have hydrogen?
[image: ]
Significant amounts of hydrogen are in the tail of maxwell boltzman tail, so most of it escapes earth’s gravitational field
15. Consider a non-relativistic Fermi gas in two dimensions: N electrons confined to an area A.
a) Using the density of states for 2D, ind the Fermi energy EF (in terms of N and A)
[image: ]

b) Find the average energy per electron at T = 0 (in terms of EF).

c) Calculate EF for the electron density N/A = 1·1016 m-2. Is this electron gas degenerate at room temperature?
At room temperature:

This gas will strongly degenerate.
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Thus, for 3D electrons (2s+1=2):
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image3.jpeg
One mole of an ideal diatomic gas goes through a quasistatic
three-stage cycle (1-2-3-1) shown in the P-V diagram.

Process 3-1 is adiabatic.

Calculate the entropy change of the gas for each stage and for
the whole cycle ASgycle, from the Sackur-Tetrode equation or
from Clausius’s definition of entropy. Express all the results in
terms of given V1 and V2. Did you get the expected result for
AScycle ? Explain. (You can start from any state, e.g. 2)





