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Work and heat (part2) 

Polytropic Process  

One common example of this second type of functional 

relationship is a process called a polytropic process, one in which  

P𝑉𝑛 constant 

throughout the process. The exponent (n) may possibly be any 

value from -∞ to +∞, depending on the particular process. For 

this type of process, we can integrate Eq. 4.4 as follows: 

𝑃𝑉𝑛 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 𝑷𝟏𝑽𝟏
𝒏 = 𝑷𝟐𝑽𝟐

𝒏 

𝑃 =
𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑉𝑛 =
𝑃1𝑉1

𝑛

𝑉𝑛 =
𝑃2𝑉2

𝑛

𝑉𝑛  

𝑊 = ∫ 𝑃 𝑑𝑉 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 ∫
𝑑𝑉

𝑉𝑛 =
2

1

𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡(
𝑉−𝑛+1

−𝑛 + 1

2

1

)|1
2 

=
𝑷𝟐𝑽𝟐 − 𝑷𝟏𝑽𝟏

𝟏 − 𝒏
(𝑮𝒆𝒏𝒆𝒓𝒂𝒍) 

Note that the resulting Eq. is valid for any exponent n, except n = 

1. Where n = 1, is the isothermal expansion𝑃1𝑉1 = 𝑃2𝑉2 

∫ 𝑷 𝒅𝑽 = 𝑃1𝑉1 ∫
𝑑𝑉

𝑉𝑛 =
𝟐

𝟏

𝑷𝟏𝑽𝟏𝒍𝒏
𝟐

𝟏

𝑽𝟐

𝑽𝟏
 

 

 

Notes: 

1.the work=0 when volume constant 

𝟐. 𝑾 = ∫ 𝑷 𝒅𝑽
𝟐

𝟏

= 𝑷(𝑽𝟐 − 𝑽𝟏)𝑾𝒉𝒆𝒏 𝒑𝒓𝒆𝒔𝒔𝒖𝒓𝒆 𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕 𝒏 = 𝟎 

𝟑. 𝑾 = 𝑷𝟏𝑽𝟏𝒍𝒏
𝑽𝟐

𝑽𝟏
 𝑾𝒉𝒆𝒏 𝒕𝒆𝒎𝒑. 𝒐𝒇 𝒈𝒂𝒔 𝒊𝒔 𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕( 𝒊𝒔𝒐𝒕𝒉𝒆𝒓𝒎𝒂𝒍)𝒏 =  𝟏 
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𝟒. 𝑾 =
𝑷𝟐𝑽𝟐 − 𝑷𝟏𝑽𝟏

𝟏 − 𝒏
 𝑾𝒉𝒆𝒏 𝑷𝑽𝒏 = 𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕(𝑷𝟏𝑽𝟏

𝒏 = 𝑷𝟐𝑽𝟐 
𝒏 ) 

Example: 

 

 

 

 

 
Fig.4.7 

Solution : 

a) 
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b) 

c) 

 
d) 
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4.DEFINITION OF HEAT 
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The 

thermodynamic definition of heat is somewhat different from the 

everyday under-standing of the word. It is essential to understand 

clearly the definition of heat given here, because it plays a part in 

so many thermodynamic problems.                          

If a block of hot copper is placed in a beaker of cold water, we 

know from experi-ence that the block of copper cools down and 

the water warms up until the copper and water reach the same 

temperature. What causes this decrease in the temperature of the 

copper and the increase in the temperature of the water? We say 

that it is the result of the transfer of energy from the copper block 

to the water. It is out of such a transfer of energy that we arrive at 

a definition of heat. 

 

 degrees a change from state I to state 2 depends on the 

path that the system follows during the change of state. Since 

heat is an inexact differential, the differential is written 𝜹𝑸. On 

integrating, we write 

1Q₂ = ∫ 𝜹𝑸
𝟐

𝟏

 

is the heat transferred during the given process  Q₂1In words, 

between states 1 and 2. The rate at which heat is transferred to 

a system is designated by symbol 𝑸∙.                                           

     𝑸∙ =
𝑸

𝒅𝒕

∙
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It is also 

convenient to speak of the heat transfer per unit mass of the 

system, q, often termed specific heat transfer, which is defined 

as n 

𝒒 =
𝑸

𝒎

∙
 

Sign convention: work done by a system is positive, and the 

work done on a system is negative. Heat transfer to the system 

is positive and from a system will be negative. 

 

Fig. Sign convention for heat and work. 


