
 

 

Answer on Question #52141-Physics-Molecular Physics | Thermodynamics 

1/A cylinder containing n mol of an ideal gas undergoes an adiabatic process. 

(a) Show that the work done on the gas is  

(b) Starting with the first law of thermodynamics in differential form, prove that the work done on the gas 

is also equal to 𝑛𝐶𝑉(𝑇𝑓– 𝑇𝑖). Show that this result is consistent with the equation in part (a). 

Solution 

(a) The differential work done on the system by the surroundings is 

𝛿𝑤 =  −𝑝𝑑𝑉  

The adiabatic condition for an ideal gas is 𝑝𝑉𝛾 = 𝐾, where K is a constant. Note that this also implies that 

𝑝𝑖𝑛𝑖𝑡𝑖𝑎𝑙(𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙)𝛾  =  𝑝𝑓𝑖𝑛𝑎𝑙(𝑉𝑓𝑖𝑛𝑎𝑙)
𝛾

=  𝐾.  

Rearranging this, we have that 𝑝 = 𝐾 𝑉−𝛾. 

Plugging this into the expression for the work:  

𝛿𝑤 =  −𝐾𝑉−𝛾𝑑𝑉  

Now just integrate both sides of the equation:  

𝛥𝑤 =  − (
𝐾

1 − 𝛾
) [(𝑉𝑓𝑖𝑛𝑎𝑙)

1−𝛾
 −  (𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙)1−𝛾] . 

Remember from above that 𝐾 =  𝑝𝑖𝑛𝑖𝑡𝑖𝑎𝑙(𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙)𝛾 =  𝑝𝑓𝑖𝑛𝑎𝑙(𝑉𝑓𝑖𝑛𝑎𝑙)
𝛾

, so 

𝛥𝑤 =  (
1

𝛾 − 1
) [𝑝𝑓𝑖𝑛𝑎𝑙(𝑉𝑓𝑖𝑛𝑎𝑙)

𝛾
(𝑉𝑓𝑖𝑛𝑎𝑙)

1−𝛾
−  𝑝𝑖𝑛𝑖𝑡𝑖𝑎𝑙(𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙)𝛾(𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙)1−𝛾]  

𝛥𝑤 =  (
1

𝛾 − 1
) [𝑝𝑓𝑖𝑛𝑎𝑙𝑉𝑓𝑖𝑛𝑎𝑙  −  𝑝𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙]. 

This is what we are supposed to show.  

(b) Let’s start with the differential form of the first Law:  

𝑑𝐸 =  𝛿𝑞 +  𝛿𝑤  

For an adiabatic process, 𝛿𝑞 =  0, so:  

𝑑𝐸 =  𝛿𝑤  

𝛥𝐸 =  𝛥𝑤. 

So the change in internal energy is equal to the work done on the system by the surroundings, which is 

what we calculated above.  

The internal energy of an ideal gas depends only on temperature, and from the definition of the constant-

volume molar heat capacity:  
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(
𝜕𝐸

𝜕𝑇
)

𝑉
=  𝑛𝐶𝑣 . 

This implies that:  

𝑑𝐸 =  𝑛𝐶𝑣 𝑑𝑇. 

If we assume 𝐶𝑣 is a constant (which it is for an ideal gas), this is easily integrated to obtain:  

𝛥𝐸 =  𝑛𝐶𝑣𝛥𝑇, 𝑤ℎ𝑒𝑟𝑒 𝛥𝑇 =  𝑇𝑓𝑖𝑛𝑎𝑙  −  𝑇𝑖𝑛𝑖𝑡𝑖𝑎𝑙 . 

Above, we showed that for an adiabatic process, 𝛥𝐸 =  𝛥𝑤, so 

𝛥𝑤 =  𝑛𝐶𝑣𝛥𝑇. 

The state equation for ideal gas is 

𝑝𝑉 = 𝑛𝑅𝑇. 

Thus  

[𝑝𝑓𝑖𝑛𝑎𝑙𝑉𝑓𝑖𝑛𝑎𝑙  −  𝑝𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙] = 𝑛𝑅(𝑇𝑓𝑖𝑛𝑎𝑙  −  𝑇𝑖𝑛𝑖𝑡𝑖𝑎𝑙). 

And  

𝐶𝑉 =
𝑅

𝛾 − 1
. 

Thus, this result is consistent with the equation in part (a). 

 

2/ A vertical cylindrical tank contains 1.80 mol of an ideal gas under a pressure of 1.00 atm at 20.0oC. The 

round part of the tank has a radius of 10.0 cm, and the gas is supporting a piston that can move up and 

down in the cylinder without friction. 

(a) What is the mass of this piston? 

(b) How tall is the column of gas that is supporting the piston? 

Solution 

(a) The pressure is 

𝑝 =
𝐹

𝐴
=

𝑚𝑔

𝐴
. 

the mass of this piston is 

𝑚 =
𝑝𝐴

𝑔
=

1.01 ∙ 105𝑃𝑎 ∙ 𝜋(0.1 𝑚)2

9.8
𝑚
𝑠2

= 324 𝑘𝑔. 

(b) From the state equation of ideal gas 

𝑝𝑉 = 𝑛𝑅𝑇 → 𝑉 =
𝑛𝑅𝑇

𝑝
. 



 

 

The height of the column is 

ℎ =
𝑉

𝐴
=

𝑛𝑅𝑇

𝑝𝐴
=

1.80 𝑚𝑜𝑙 ∙ 8.31
𝐽

𝑚𝑜𝑙𝐾
∙ 293.15𝐾

1.01 ∙ 105𝑃𝑎 ∙ 𝜋(0.1 𝑚)2
= 1.38 𝑚. 

Answer: (a) 𝟑𝟐𝟒 𝒌𝒈; (b) 𝟏. 𝟑𝟖 𝒎. 
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