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Chap. 1 First Law of Thermodynamics 

(1) System and surrounding 
   1. System: a portion of space we are interested in. 
   2. Surrounding: the universe outside the system. 
 

(2) Energy transfer between system and surrounding 
   1. Heat Q: energy transferred because of a temperature difference. 
   2. Work W: energy produced through an additional force, such as 

mechanical work, electric work……. 

      Ex:                 

 

 

 

 

 

 

 

 

 

(3) Energy of system 
   1. kinetic energy K.E.: energy possessed by the system because of its 

macroscopic motion. 
   2. potential energy P.E.: the sum of gravitational, centrifugal, 

electrical potential… 
   3. internal energy U: the energy coming from the inherent properties 

of system such as mechanical, chemical, and 
thermal energies. 

 

(4) State change 
   1. The system undergoes a change of its state will result in a change of 

the thermal dynamic quantities such as internal energy. 

       → the difference doesn’t depend on the path. 
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   2. Path matter when we consider the work involved as the system 
undergoes a state change. 

       → the work depend on the path the system takes! 

 

(5) Intensive and extensive properties 
   1. Intensive properties: it doesn’t depend on the extent of the mass of 

the system (ex: P,T) 
   2. Extensive properties: it correlates with the extent of the mass of the 

system  (ex: U,V,H,G) 
 

(6) The first law of thermodynamic 
   1. For a closed system (without mass input and output) 
        dU = δQ + δW 
   2. For a open system flow process (with mass input and output) 

               

 (H+KE+PE)i dmi -(H+KE+PE)’ dm’ + δQ + δW = 
d(U+KE+PE)sys 

   3. At steady-state: system doesn’t change with time 
        (H+KE+PE)i dmi -(H+KE+PE)’ dm’ + δQ + δW = 0 
 

(7) Heat capacity(specific heat) 
   1. Definition: the amount of energy required to change the 

temperature of a material of unit mass. 

       δQ = m*C*dT → δQp = m*Cp*dT (constant pressure) 

                       δQv = m*Cv*dT (constant volume) 
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             ,where Cp: heat capacity at constant P 
Cv: heat capacity at constant V 

   2. Constant-volume process:  

        ∵δW = 0 

        ∴dU= δQv →ΔU=∫ m*Cv*dT 

   3. Constant-pressure process:  
        δQ = dH 

        ΔH=∫ m*Cp*dT 

 

(8) Equation of state 
   1. P-T diagram for pure substance in real world: 

       

   2. P-T diagram for ideal gas: 

  
 

   3. equation of state: 
      ideal gas: PV=RT 

      real gas: (a)PV≠RT → PV=ZRT, Z: compressibility factor 

             (b)van der waal equation of state: 
 [( P + (a/V2)]( V- b ) = RT 
 

(9) Ideal gas behavior: ideal gas in closed system going through 
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a state change 
   1. constant pressure process (isobaric) 

      ΔH = m*Cp*(T2-T1) 

      ΔU = m*Cv*(T2-T1) 

      W = - m*R*(T2-T1) 

      Q =ΔH 

   2. constant volume process (isochors) 

ΔH = m*Cp*(T2-T1) 

      ΔU = m*Cv*(T2-T1) 

      W = 0 

      Q =ΔU-W=ΔU 

   3. constant temperature process (isothermal) 

      ΔH = 0 

      ΔU = 0 

      W = - m*R*T*ln(V2/V1) = - m*R*T*ln(P1/P2) 

      Q =ΔU-W= m*R*T*ln(V2/V1) = m*R*T*ln(P1/P2) 

   4. adiabatic and reversible process 

      γ=Cp / Cv 

      (P1*V1) γ = (P2*V2) γ 

      ΔH = m*Cp*(T2-T1) 

      ΔU = m*Cv*(T2-T1) 

      Q = 0 (∵adiabatic) 

W =ΔU-Q = m*Cv*(T2-T1) = [m*R*(T2-T1)] / (γ-1) 
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   5. polytropic process 

      ΔH = ∫m*Cp*dT 

      ΔU = ∫m*Cv*dT 

      W =∫P*dV 

      Q =ΔU-W = ∫m*Cv*dT + ∫P*dV 

 

(10) John-Thomson expansion 
    Assume a fluid flows through an adiabatic value under the steady 

state: 
1. By 1st-Law of Thermodynamics: 
   Hi dmi – H0 dm0 + δQ + δW = 0 

   ∵adiabatic → δQ = 0 

   ∵system boundary doesn’t move → δW = 0 

   ∵continuing flowing → dmi = dm0 

         → Hi=H0 (isenthalpic process) 

2. A pressure drop will cause an expansion on the flowing fluid 

    Expansion inside the system → no mechanical work 

 

   Definition: ηJT = (dT/dP)H > 0 

 

(11) Heat effect 

    1. the change of enthalpy(ΔH) 

      a. state change 
      b. phase change 
      c. chemical reaction 
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    2. standard state heat of rxn. (ΔH298)rxn 

      a. by absolute value of enthalpy in reactant and product 

         (ΔH298)rxn = H298(P) - H298(R) 

      b. by heat of formation data 

         (ΔH298)rxn = ΣΔHf,928(P) - ΣΔHf,298(R)   (Hess’s law) 

      c. by heat of combustion data 

         (ΔH298)rxn = ΣΔHc,928(R) - ΣΔHc,298(P) 

3. non-standard state heat of rxn 

        ΔHrxn = ΔH1 +ΔH2 +ΔH3 


