Porous Plug Experiment
		The apparatus used for the porous plug experiment consists of a long wooden tube (figure.) at the centre of which there is a plug of cotton wool or compressed silk sandwiched between two perforated discs. The tube is surrounded by an insulating substance such as asbestos. The experiment al gas is compressed to a known pressure, allowed to pass through coils immersed in a bath of known temperature and allowed to enter the tube. It issues into the other side of the tube where the pressure is lower. The temperature of the emerging gas is measured by a sensitive thermometer. The difference in temperature on the two sides may be measured accurately using two platinum wires on either side of the tube by connecting them in opposite arms of a Wheatstone bridge.
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It is found that over the temperature range of 40C to 1000C all gases show a cooling whereas hydrogen and helium show heating after passing through the porous plug.
The fall in temperature is found to be proportional to the difference of pressure on two sides.
	For a given pressure difference, the fall in temperature will be greater if the initial temperature of the gas is lower.
	For every gas there is a certain transition temperature called its inversion temperature such that if the gas is initially below its inversion temperature there will be cooling, and if it is initially above its inversion temperature there will be heating after passing through the porous plug. If the gas is initially at its inversion temperature then there will be no change in temperature.

Theory:
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)	Let us assume that unit mass of the gas is enclosed on the high pressure side of the porous plug, between the plug and a light frictionless piston A (figure). Let the volume of the gas on this side be V1 and let the pressure P1. Let there be another light frictionless piston B on the low pressure side of the plug. Let B be initially in contact with the plug. As the gas in the lower part issues through the plug, it pushes the piston B forward. Let us assume that the piston B is pushed against a constant pressure P2. Let the volume of the gas be V2 when it has been completely expelled through the plug to the low pressure side.
	




	


When a piston A has pushed the gas in the lower part completely through the plug an amount of work P1V1 has been done on the gas. When the gas enters the low pressure side and pushes the piston B back, an amount of work P2V2 has been done by the gas.
Therefore, net work done by the gas is
W=P2V2-P1V1
	No heat energy is supplied to the gas from outside since the entire apparatus is thermally insulated. Also, the piston A is not pushed by any external agency. As the gas in the lower part issues through the plug the piston A merely moves forward to keep the pressure P1 constant. This means that no mechanical energy is supplied to the system from outside. Therefore the energy required for doing the work W is drawn by the gas from its own internal energy content. If the internal energy of the gas below is E1, and that above is E2, we must have E2<E1, so that the decrease (E1-E2) in the internal energy is equal to the energy used up by the gas for doing the work W.
Therefore, 				W= E1-E2
Since, W=P2V2-P2V1, we get
		P2V2-P1V1=E1-E2 	 				……….(1)
From this, we get
		E2+P2V2=E1+P1V1
Therefore,		E+PV=constant (say H)
	The quantity (E+PV) is called the total heat or the enthalpy of unit mass of the gas. In the porous plug experiment the enthalpy H of the gas remains constant, so that the expansion of the gas is an isoenthalpic process.
	Now the internal energy E consists of two parts :
1. The kinetic energy EK, and
2. The potential energy U due to intermolecular forces.
Therefore, 				E=EK=U
EK depends only on the temperature of the gas, and U depends on the separation of the molecules and therefore on the volume of the gas.
	Let the values of EK and U on the high pressure side below the plug be (EK)1 and U1, and those on the low pressure side above the plug be (EK)2 and U2, respectively.
Therefore, internal energy of a gas below is,
			E1= (EK)1=U1
	Internal energy of a gas above is,
			E2= (EK)2=U2.
Substituting these expressions in equation (1), we get
	P2V2-P1V1= [(EK)1+U1]-[(EK)2+U2]
		       = [(EK)1-(EK)2]+(U2-U1)
Or 	(EK)1-(EK)2 = (P2V2-P1V1)=(U2-U1)                                                      ……… (2)
	If (EK)1>(EK)2, then there will be a decrease in kinetic energy and there will be a decrease in temperature of the gas. The decreases in temperature are caused by two factors:
1. (P2V2-P1V1), the increase in the value of PV, and
2. 2. (U2-U1), the increase in the potential energy of the molecules. For a perfect gas, which obeys Boyle’s law,P2V2=P1V1 ;there are no intermolecular forces in a perfect gas so that U1-U2=0; therefore (EK)1-(EK)2=0, and there will be no change of temperature. This is in contrast with the case of adiabatic expansion where there will be cooling even for a perfect gas. For a real gas, in which there are intermolecular attractive forces, the potential energy increases when the molecules are pulled apart to greater distances, that is when the gas expands, so that U2>U1. There is a temperature for every real gas called the Boyle temperature. Below this temperature PV increases as P decreases, so that P2V2>P1V1 (provided P1 is not too high) (figure). From equation (2) we see, therefore, that (EK)1-(EK)2>0, so that there is decrease in kinetic energy and a consequent fall in temperature. Above the Boyle temperature PV decreases as P decreases, so that P2V2<P1V1, (P2V2-P1V1) is therefore negative. We can write equation (2) as
(EK)1-(EK)2=-(P1V1-P2V2)+(U2-U1)
Where (P1V2-P2V2) is positive. The contribution of (U2-U1) is therefore decreased by the amount (P1V1-P2V2), and the cooling becomes less. As the initial temperature of the gas is increased the rate of increase of PV with P becomes greater, and at a particular temperature (P1V1-P2V2) becomes equal to (U2-U1), so that [(EK)1-(EK)2] is negative, or (EK)2>(EK)1 so that there is an increase in the kinetic energy of the gas, and the temperature of the gas increases when it issues through the porous plug.
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Fall in temperature:
	According to Van der walls equation, we have
(P+ (a/V2) (V-b) = RT.
Therefore the pressure due to the intermolecular forces of attraction is (a/V2). The work done against these forces when the volume increases from V1to V2 is
Wi= =[-      limits V1to V2
 = 
This work is stored as extra internal potential energy so that the increase in potential energy is
U2-U1= Wi = 
Substituting this in equation (2), we get
(EK)1-(EK)2 =(P2V2-P1V1) +          …………… (3)
From Van der waals equation, we have
PV+ = RT
Therefore,                                        P1V1+ - bP1 - = RT1
P2V2+ – bP2 - = RT2
Substracting, we get
(P2V2-P1V1) + (  -  )- b(P2- P1) – (  -  ) = R(T2-T1).
Therefore,         P2V2-P1V1 = R(T2-T1)- (  -  ) + b(P2- P1) + (  -  )
From equation (3), we then get
(EK)1-(EK)2 = R(T2-T1) + 2 ( -  ) + b (P2- P1) + (  -  )    …………. (4)
	We shall neglect the terms  and  which are very small compared with the other terms. To calculate the terms  and  we shall assume that the temperature remains approximately constant at T1, and we shall assume that PV  RT
Therefore,         P1V1  RT1,  P1V1  RT2
 -   =  -  =  .
Let,       = ,  T2-T1 = 
Therefore,                              -   = - 
Substituting these in equation (4), we get
(EK)1-(EK)2 = R  + 2a (  ) + b 
       The left-hand side represents the decrease in kinetic energy, which causes a decrease in temperature. Since we have represented the increase in temperature by , and the decrease in kinetic energy, which is equal to the decrease in heat content, is –CV , where CV is the specific heat at constant volume.
Therefore,                        –CV  = R  -  + b 
Or                                     -( R+CV )  = - (  - b ) 
But,                                   CP-CV = R,  R+CV = CP
Where, CP is the specific heat at constant pressure.
Therefore,                      –CP  = - (  - b ) 
Or                                    = (  - b )                                          …………… (5)
This gives the increase in temperature for unit increase of pressure.
       In the porous plug experiment there is a decrease in pressure, so that  is negative. If the initial temperature of the gas is such that  > b then the right-hand side will be positive. For the left-handed side also to be positive we must have a negative value of; this means that a cooling is produced. If  < b, then the right-hand side is negative. For the left-hand side to be negative, we must have a positive value of , so that heating is produced. If  = b, then  = 0, so that the temperature corresponding to this gives the inversion temperature (Ti) of the gas,
Therefore                                       = b                               …………………. (6)
Or                                                Ti =  
       For a given initial temperature T, the right-hand side of equation (6) is constant, so that 
 = constant,  = constant    
Or                                               
       Thus the cooling is proportional to the fall in pressure.
       If the initial temperature (which is less than Ti ) is made lower, the right-hand side becomes larger, so that  becomes larger. Thus for a given pressure difference, the fall in temperature () will be greater if the initial temperature of the gas is made lower by precooling it.
	The quantity (  ) is called the Joule-Thomson “differential cooling coefficient”. Its value for air calculated from equation (5), is 0.280 per pressure difference of 1 atm per mole close to NTP. It agrees well with the value of 0.270 per atm found experimentally.
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