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The Ideal-Gas (Equation of State)

❖Any equation that relates the pressure, temperature, and specific volume of a

substance is called an equation of state.

❖ In 1662, Robert Boyle observed during his experiments with a vacuum

chamber that the pressure of gases is inversely proportional to their volume. In

1802, J. Charles and J. Gay-Lussac experimentally determined that at low

pressures the volume of a gas is proportional to its temperature.



Boyle's Law
This law describes the inversely proportional relationship between absolute 
pressure and volume at a constant temperature for a fixed amount of gas.
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Charles's Law
This law describes the directly proportional relationship between the volume and 
temperature at a constant pressure for a fixed amount of gas.
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Gay-Lussac's Law
This law describes the directly proportional relationship between the absolute 
pressure and temperature at a constant volume for a fixed amount of gas.
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Ideal Gas Law
Experimental observations it has been established that an ideal gas behaves 
according to the simple equation:

𝑃𝑉 = 𝑚𝑅𝑇

where:

𝑃: 𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑜𝑓 𝑔𝑎𝑠 𝑝𝑎 (
𝑁

𝑚2)

𝑉: 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑔𝑎𝑠 𝑚3

𝑚:𝑀𝑎𝑠𝑠 𝑜𝑓 𝑔𝑎𝑠 𝑘𝑔

𝑅: 𝐺𝑎𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
𝐽

𝑘𝑔 𝐾

𝑇: 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑜𝑓 𝑔𝑎𝑠 𝐾



Ex (1): If the density of the hydrogen is 0.0897 kg/m3 at 0 °C and pressure of 
1.01325 bar, Calculate the value of the gas constant.



Ex (2): Calculate the volume of 3 kg of gas at a pressure of 1.6 bar and Temperature 
of 40 °C. Suppose the gas is heated under constant volume until its pressure reaches 
2 bar. Calculate the final temperature.
Take the gas constant (R=190 J/kg K) 



Ex (3): A cylinder contains 3.14 kg of Oxygen at 4.9 bar and temperature of 27 °C,
Determine the initial volume of the cylinder and its capacity to contain this mass at
one atmospheric and 20 °C. Take the gas constant (R=259.8 J/kg K)



Ex (4): A tank contains 1.4 m3 of air at a pressure of 10.35 bar and temperature of 24
℃. Air is drawn off until the pressure is 5.5 bar and the temperature drops to 15 ℃.
Determine the mass of the air drawn off. For air take R=0.287 kJ/kg K



Ex (5): A tank contains 1.4 m3 of air at a pressure of 10.35 bar and temperature
of 24℃. Air is added to the tank until the pressure is 13.5 bar and the temperature
reaches to 29 ℃. Determine the mass of air added. For air take (R=0.287 kJ/kg

K)




