
Answer on Question #41254 – Physics - Molecular Physics 

Question. 

Two gases have same initial pressure, volume and temperature. They expand to the same final 

volume, one adiabatically and the other isothermally 

 

(1) The final pressure is greater for isothermal process 

(2) The final temperature is greater for the isothermal process 

(3) The work done by the gas is greater for the isothermal process 

(4) All of these 

 

𝑃1 is an initial pressure 

𝑉1 is an initial volume 

𝑇1 is an initial temperature 

𝑃𝑒𝑛𝑑 is the final pressure 

𝑇𝑒𝑛𝑑 is an initial temperature 

 

Solution. 

By definition work done is: 

𝛿𝐴 = 𝑃𝑑𝑉 

𝐴 = ∫𝛿𝐴 = ∫𝑃𝑑𝑉 

Adiabatic process: 

𝑇𝑉𝛾−1 = 𝑐𝑜𝑛𝑠𝑡 

𝑇1𝑉1
𝛾−1

= 𝑇𝑉𝛾−1 → 𝑇𝑒𝑛𝑑 = 𝑇1 (
𝑉1
𝑉
)
𝛾−1

 

𝑃𝑉𝛾 = 𝑐𝑜𝑛𝑠𝑡 

𝑃1𝑉1
𝛾
= 𝑃𝑉𝛾 → 𝑃𝑒𝑛𝑑 = 𝑃1 (

𝑉1
𝑉
)
𝛾

 

𝐴 = ∫𝛿𝐴 = ∫𝑃𝑑𝑉 = ∫ 𝑃1𝑉1
𝛾 𝑑𝑉

𝑉𝛾

𝑉2

𝑉1

= 𝛾𝑃1𝑉1
𝛾
(

1

𝑉1
𝛾−1 −

1

𝑉2
𝛾−1) = 𝛾𝑃1𝑉1 (1 − (

𝑉1
𝑉2
)
𝛾−1

) 

 

Isothermal process: 

𝑇𝑒𝑛𝑑 = 𝑇1 

𝑃𝑉 = 𝑅𝑇1 



𝑃 =
𝑅𝑇1
𝑉

→ 𝑃𝑒𝑛𝑑 =
𝑃1𝑉1
𝑉

 

𝐴 = ∫𝛿𝐴 = ∫𝑃𝑑𝑉 = ∫ 𝑅𝑇1
𝑑𝑉

𝑉
= 𝑅𝑇1𝑙𝑛 (

𝑉2
𝑉1
) = 𝑃1𝑉1𝑙𝑛 (

𝑉2
𝑉1
)

𝑉2

𝑉1

 

So,  

𝑃𝑒𝑛𝑑
𝑖𝑠𝑜𝑡ℎ𝑒𝑟𝑚 =

𝑃1𝑉1
𝑉

> 𝑃𝑒𝑛𝑑
𝑎𝑑𝑖𝑎𝑏𝑎𝑡𝑖𝑐 = 𝑃1 (

𝑉1
𝑉
)
𝛾

↔ 𝑃𝑒𝑛𝑑
𝑖𝑠𝑜𝑡ℎ𝑒𝑟𝑚 > 𝑃𝑒𝑛𝑑

𝑎𝑑𝑖𝑎𝑏𝑎𝑡𝑖𝑐 

𝑇𝑒𝑛𝑑
𝑖𝑠𝑜𝑡ℎ𝑒𝑟𝑚 = 𝑇1 > 𝑇𝑒𝑛𝑑

𝑎𝑑𝑖𝑎𝑏𝑎𝑡𝑖𝑐 = 𝑇1 (
𝑉1
𝑉
)
𝛾−1

↔ 𝑇𝑒𝑛𝑑
𝑖𝑠𝑜𝑡ℎ𝑒𝑟𝑚 > 𝑇𝑒𝑛𝑑

𝑎𝑑𝑖𝑎𝑏𝑎𝑡𝑖𝑐 

𝐴 = ∫𝑃𝑑𝑉, therefore the work done by the gas is greater for process with greater final 

pressure and temperature → The work done by the gas is greater for the isothermal process. 

You can also see it from: 

𝐴𝑖𝑠𝑜𝑡ℎ𝑒𝑟𝑚 = 𝑃1𝑉1𝑙𝑛 (
𝑉2
𝑉1
) > 𝐴𝑎𝑑𝑖𝑎𝑏𝑎𝑡𝑖𝑐 = 𝛾𝑃1𝑉1 (1 − (

𝑉1
𝑉2
)
𝛾−1

) ↔ 𝐴𝑖𝑠𝑜𝑡ℎ𝑒𝑟𝑚 > 𝐴𝑎𝑑𝑖𝑎𝑏𝑎𝑡𝑖𝑐  

Thus, the final pressure, temperature and work done by the gas are greater for isothermal 

process than for adiabatic process. 

 

Answer. 

(4) All of these 
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