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Probability of finding the speed of a particle in the range  (v;v+dv )is: 

 

    

     

Gaussian Integrals: 
      

 ΔEint = Q + W  
 pV=nRT 

  

 
Change ΔEint W Q ΔS 

 
P = const 

 

 
nCv ΔT 

 
-p(Vf-Vi) 

 
nCp ΔT  

 
V = const 

 

 
nCv ΔT 

 
0 

 
nCv ΔT  

 
T = const 

 
0    

 
Q = 0 

 
nCv ΔT 

 
 

 
0 

 
0 

     

 

  

 
ΔL = αLΔT    ΔS = βSΔT    ΔV = γVΔT  

P =  e σ A T4; σ =5.67x 10-8W/(K4m2)    

 
Q = mcΔT Q = Lm 
c(water) = 4186 J/(kg C); c(ice) = 2090 J/(kg C); c(steam) = 2010J/(kg C) 
L(melting) = 3.33x105 J/kg    L (vaporization) = 2.26x106  J/kg   
 
density of Cu = 8940kg/m3 ;     a(Cu)=17x10-6K-1;   c(Cu)= 385J/kgC ;   
A(disk)=pR2,  C=pR2,  V=4/3pR3,,  A=4pR2 
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PART 2  In examination booklets solve 4 out of 5 problems below. Each question has the same weight (13p) 
  For full marks you need a neat diagram (when applicable) and all steps to be clearly demonstrated.   
 
1. a) A very powerful octopus uses one sucker of diameter 2.86 cm on each of the two shells of a clam in an 

attempt to pull the shells apart .  Find the minimum force the octopus has to  exert in salt water (32.3 m 
deep) to do this . (Take the salt water density =1kg/liter)       (8p) 

 b) A heat engine operating between 200°C and 80.0°C achieves 20.0% of the maximum possible     (5p) 
efficiency. What energy input will enable the engine to perform 10.0 kJ of work? 

 
2 A 1.00-kg full copper sphere is taken from a forge at 900°C and dropped into  4.00 kg of water at 10.0°C.  

Assuming that no energy is lost by heat to the surroundings, determine 
 a) final temperature of the system.         (8p) 
 b) the change of the volume of the copper sphere as result of its temperature change .    (2p) 

c) the power radiated by the copper sphere  just before it was dropped into the water, and after the final 
temperature was established.          (3p) 
the specific heats and other useful constants for copper and  of water/ice/steam as well as latent heats are 

given on the formula sheet.   
 
3 A  10.00-L sample of a diatomic ideal gas with specific heat ratio g= 5/3,  confined to a cylinder, is carried 

through a closed cycle.  The gas is  initially at 1.00 atm and at 400 K. First, its volume is quadrupoled 
under constant pressure. Then, it expands  isothermally to one fifth of the original pressure.Then  the gas  
is compressed isobarically until its volume  reaches 26.26 liters.   Finally, the gas is compressed 
adiabatically to its original volume. 

   
 a) Determine the volume of the gas at the end of the isothermal expansion.    (2p) 

 b) Find the temperature of the gas at the start of the adiabatic expansion.      (2p) 
 c) Draw a PV diagram of this cycle.(Clearly state the coordinates of all the vertices on PV diagram) (2p) 
 d) Find the temperature at the end of the cycle.         (2p) 
 e) What was the net work done on the gas for this cycle?        (2p) 

 f) Find the  heat  transferred to gas from hot reservuar in one cycle     (2p) 
 g) What would be the efficiency of an engine based on this cycle?      (1p) 
 
4 Given is one mole of O2 gas at 27 C.  (Molar mass of O2 is 32g) 

a) Use Maxwell Boltzmann distribution to write  the case-specific, full expression for  the number of  O2  

molecules  having speeds between 320.5m/s and 321.5m/s.        (3P) 
b) Find the number of molecules with speeds in that interval        (2P) 
c) Find the most probable velocity at this temperature.         (2P) 
c) At what temperature the average velocity of O2 gas molecules would be the same as in part (b)?  (3P) 
d) What is the expected value of γ (gamma) for O2 gas in this temperature?     (2P) 
 

5 a) Present detailed proof of one  of the two below:        (4P) 
i)using the summary of thermodynamic processes table (from your formula sheet) and known 
laws of thermodynamics prove that Cp=Cv+R for ideal gas. 
ii) using the summary of thermodynamic processes table (from your formula sheet) and known 
laws of thermodynamics prove that Cp/Cv=g  for ideal gas. 

 b)  Present  one of the following proofs below:         (9P) 
i) Using first principles, show that pVg=const for adiabatic transformation 
ii) Using the Maxwell-Bolzmann Speed Distribution P(v)dv  obtain Boltzmann Energy 
Distribution P(E) dE 


