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ⅆ𝐹 𝑃 ⅆ𝑠 

ⅆ𝑠 

1 Pa = 1 N/m2

 𝐸 
3

2
 𝑘𝐵𝑇

 𝑘𝐵 = 1.38 ∙ 10
−23 J ∙ K−1

https://www.youtube.com/watch?v=Rs7WkNV8nAA
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𝑃𝑉 = 𝑛𝑅𝑇

 𝑃

 𝑉 𝑚3

 𝑇

 𝑛

 𝑅 𝑅 = 8.314 J∙K−1mol−1
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𝑈 = 𝑈(𝑃, 𝑇, 𝑉, 𝑛)

𝑈

𝐶𝑣 ⅆ𝑈

ⅆ𝑇

ⅆ𝑈 = 𝐶𝑣(𝑇) ⅆ𝑇

J ∙ K−1

𝐶𝑣(𝑇)

∆𝑇

∆𝑈 =  𝐶𝑣 ∆𝑇

𝑐𝑣 J ∙ K−1kg−1

𝑢 J ∙ kg−1 𝑚

 
𝐶𝑣 = 𝑚 𝑐𝑣

𝑐𝑣 =  𝑘J ∙ K−1kg−1

 
ⅆ𝑈 =  𝑚 𝑐𝑣ⅆ𝑇 

 ⅆ𝑈 
𝑈𝑓

𝑈𝑖

= 𝑚 𝑐𝑣 ⅆ𝑇 
𝑇𝑓

𝑇𝑖

 

∆𝑈 =  𝑚 𝑐𝑣∆𝑇 = 150 × 4.2 × 50 = 31 500 𝑘J 
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Figure 1 : A reversible thermodynamic process (source: femto-physique.fr) 

𝑚

 

Figure 2 : An irreversible thermodynamic process (source: femto-physique.fr)

𝑡 = 𝑡1: initial state of equilibrium 𝑡 > 𝑡1: intermediate state of equilibrium 𝑡 = 𝑡2: final state of equilibrium 

𝑝𝑒𝑥𝑡(𝑡) 
increases 

slowly 

Initial equilibrium Final equilibrium Out of equilibrium 
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 𝑃

 𝑉

 𝑇

 𝑃𝑒𝑥𝑡

 𝑇𝑒𝑥𝑡

 

𝑊

ⅆ𝑥

ⅆ𝑉 = 𝑆 ⅆ𝑥 𝑆

𝑊 = − 𝑃𝑒𝑥𝑡 ⅆ𝑉
𝑉𝑓

𝑉𝑖

ⅆ𝑉

 

 

 

 

Figure 3 : Work of a force (source: 
femto-physique.fr)

https://www.youtube.com/watch?v=bqMXlgUZCVw&t=1s
https://www.youtube.com/watch?v=8bUNGLlp048
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𝑄

𝑄 = 0

 

∆𝑈 = 𝑄 +𝑊

 ∆𝑈

 𝑊 𝑄

 𝑊 𝑄

∆ 𝑊 𝑄

 ∆𝑈 = 0

 

𝐻 = 𝑈 + 𝑃𝑉 

𝑝

ⅆ𝐻 = 𝑝 ⅆ𝑇 

 J ∙ K−1.

𝑐𝑝 J ∙ K−1kg−1 ℎ

J ∙ kg−1
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ⅆ𝑉

𝑊 = − 𝑃𝑒𝑥𝑡 ⅆ𝑉
𝑉𝑓

𝑉𝑖

= 0

𝑄 = ∆𝑈

𝑚 = 1 g 𝑇1 = 250 K

𝑇2 = 300 K

∆𝐻

 𝑐𝑖𝑐𝑒 𝑘J ∙ K−1kg−1

 𝑐𝑤𝑎𝑡𝑒𝑟 = 𝑘J ∙ K−1kg−1

 ℎ𝑓𝑢𝑠𝑖𝑜𝑛 𝑘J ∙ kg−1

 𝑇1 = 250 K 𝑇𝑓𝑢𝑠𝑖𝑜𝑛 = 273 K (∆𝐻1)

 (∆𝐻2)

 𝑇𝑓𝑢𝑠𝑖𝑜𝑛 = 273 K 𝑇2 = 300 K (∆𝐻3)

∆𝐻1 = 𝑚 c𝑖𝑐𝑒(𝑇𝑓𝑢𝑠𝑖𝑜𝑛 − 𝑇1)  

∆𝐻2 = 𝑚 ℎ𝑓𝑢𝑠𝑖𝑜𝑛 

∆𝐻3 = 𝑚 c𝑤𝑎𝑡𝑒𝑟(𝑇2 − 𝑇𝑓𝑢𝑠𝑖𝑜𝑛) 

∆𝐻 = ∆𝐻1 + ∆𝐻2 + ∆𝐻3 = 496.7 J
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𝑃𝑒𝑥𝑡 = 𝑃0 𝑃0

𝑊 = − 𝑃𝑒𝑥𝑡 ⅆ𝑉
𝑉𝑓

𝑉𝑖

= −𝑃0 ⅆ𝑉
𝑉𝑓

𝑉𝑖

= −𝑃0 (𝑉𝑓 − 𝑉𝑖)

𝑄 = ∆𝐻

 

𝑊 = − 𝑃𝑒𝑥𝑡 ⅆ𝑉
𝑉𝑓

𝑉𝑖

= −   
𝑛𝑅𝑇

𝑉
ⅆ𝑉

𝑉𝑓

𝑉𝑖

= −𝑛𝑅𝑇  
1

𝑉
  ⅆ𝑉

𝑉𝑓

𝑉𝑖

𝑛𝑅𝑇 ln (
𝑓

𝑖
)

 

 

𝑇 𝑃 𝑉𝑚 𝑣

 

 

 

https://www.youtube.com/watch?v=X_e4zG5K1TA
https://www.youtube.com/watch?v=-AXJISFdC2E
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P,T

  Figure 4: (P,T) diagrams for H2O and CO2 (source:  http://planet-terre.ens-lyon.fr). 
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Bubble point curve Dew point curve 

Figure 5: (P,v) diagram  (source : http://planet-terre.ens-lyon.fr )

gas 
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Figure 6: Experiment of Joule-Gay Lussac (source: femto-phyisque.fr)

𝛥𝑆 𝑆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑑 𝑆𝑐𝑟𝑒𝑎𝑡𝑒𝑑

𝑆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒ⅆ
𝑄
𝑇

 

𝑆𝑐𝑟𝑒𝑎𝑡𝑒ⅆ ≥  

Vacuum Gas 

P1, V1, T1 

Gas 

P2, V2, T2 
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𝑆𝑐𝑟

𝑆𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒ⅆ

𝛥𝑆

 

 

 𝑄𝑐 𝑇𝑐

 𝑄ℎ 𝑇ℎ

 𝑊

𝜌 = |
useful energy

energy cost
| 

∆𝑈 = 𝑄𝑐 + 𝑄ℎ +𝑊 = 0       

𝛥𝑆 =
𝑄𝑐
𝑇𝑐
+
𝑄ℎ
𝑇ℎ
 + 𝑆𝑐𝑟𝑒𝑎𝑡𝑒𝑑 = 0

 

𝑊

𝑄ℎ

𝑊 = −(𝑄𝑐 + 𝑄ℎ)

Figure 7: Energy diagram of a dithermal heat 
engine (source: femto-physique.fr)

𝑄𝑐 𝑄ℎ 
𝑇𝑐 𝑇ℎ 
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𝜌 = |
useful energy

energy cost
| = −

𝑊

𝑄ℎ
= 1 +

𝑄𝑐
𝑄ℎ

 

𝑇𝑐
𝑇ℎ
+
𝑄𝑐
𝑄ℎ
+  
𝑇𝑐  𝑆𝑐𝑟𝑒𝑎𝑡𝑒𝑑

𝑄ℎ
= 0 

𝜌 = 1 − 
𝑇𝑐
𝑇ℎ
− 
𝑇𝑐  𝑆𝑐𝑟𝑒𝑎𝑡𝑒𝑑
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𝑆𝑐𝑟
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| =
𝑄𝑐
𝑊

𝑊 = −(𝑄𝑐 + 𝑄ℎ)
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+
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𝑄𝑐 > 0
𝑇ℎ 𝑆𝑐𝑟𝑒𝑎𝑡𝑒𝑑

𝑄𝑐
 ≥
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𝑒 ≤  
1

𝑇ℎ/𝑇𝑐 − 1
=

𝑇𝑐
𝑇ℎ − 𝑇𝑐

 

 

𝑄ℎ

𝑊 𝐶𝑂𝑃)

𝐶𝑂𝑃 = |
useful energy

energy cost
| = − 

𝑄ℎ
𝑊

𝐶𝑂𝑃 ≤  
𝑇ℎ

𝑇ℎ − 𝑇𝑐

 

 𝑇ℎ

 

 𝑇𝑐 𝑃 ∝ 1/𝑉

 

 

𝑇ℎ 

𝑇𝑐 

Figure 8: (P,V) diagram of the Carnot cycle.


