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Types of expansion work

1- Constant volume (Isochoric process)

ي•  
 
يعنديالعمليةوتتمغازييتحريليالعمليةمنالنوعهذايف يأيثابتحجم 

 
V∆)إن = ي(0 العكسيةللعملية(2-14)المعادلةتصبحوبالتال 

ياللاعكسيةللعملية(2-15)المعادلةوكذلك :كالتال 

𝒘𝒓𝒆𝒗 = − 𝒏𝑹𝑻 (𝐥𝐧
𝑽𝒇

𝑽𝒊
= 𝒁𝒆𝒓𝒐), 𝒃𝒆𝒄𝒂𝒖𝒔𝒆 𝑽𝒊 = 𝑽𝒇 (2-14)

𝒘irrev = − 𝒑𝒆𝒙 (∆𝑽 = 𝒛𝒆𝒓𝒐), then w= 0, so ∆U = q (2-15)

يالشغلقيمةعنالتعويضوعندي•  
 
:التاليةالعلاقةعلىنحصل(6-2)الطاقةلحفظالأولالقانونمعادلةف

∆𝑼 = 𝒒 + 𝟎, then ∆U = q (2-6)

يوحيث•
 
يالعمليةإن  

 
الأويمنالمنتقلةالحرارةأيqvبالرمزللحرارةيرمزيوعندهاي(Isochoric)الحجمبثبوتتسمىالحالةهذهف

.الحجمثبوتعنديالنظام

∆U = 𝒒𝒗 (2-16)



2- Free expansion

Vacuum, pex = 0Gas
Insulator

Surrounding
Figure 2.4: Free expansion of an ideal gas in vacuum and  pex equals to zero, before  and after expansion.

𝒘𝒊𝒓𝒓 = − (𝒑𝒆𝒙= 𝒛𝒆𝒓𝒐) ∆𝑽 = 0 (2-15)

ي(pex)قيمةعنالتعويضوعندي  
 
يتصبحاللاعكسيةللعمليةالشغلحسابمعادلةف  

:كالآت 



Example of free expansion into a vacuum

Example: How much work is required to expand 2 L of an ideal gas at a pressure of 10 atm into a vacuum

until its total volume is 10 L?

Solution: Pex = 0 atm, Vi = 2 L, Vf = 10 L.

𝒘𝒊𝒓𝒓 = − 𝒑𝒆𝒙 (𝑽𝒇 − 𝑽𝒊) (2-15)

𝒘𝒊𝒓𝒓 = − 𝟎 𝒂𝒕𝒎 (𝟏𝟎 − 𝟐) 𝑳

𝒘𝒊𝒓𝒓 = zero



3- Isothermal reversible expansion of a perfect gas

يالتمدديمنالنوعهذاييحصل يللغازيالعكس  ,Isothermal)أيالحراةدرجةبثبوتالمثال  ∆T = المعادلةخلالمنالمنجزيالشغلعلىنحصل(0

:التالية

𝒘𝒓𝒆𝒗 = − 𝒏𝑹𝑻 𝐥𝐧
𝑽𝒇

𝑽𝒊
(2-14)

The equation (2-14) is for calculating of the work done of isothermal reversible expansion for an ideal gas.



Examples of isothermal reversible expansion of a perfect gas

Example 1: Calculate the work done by the system when 6.00 moles of an ideal gas at 25.0 oC are allowed to

expand isothermally and reversibly from an initial volume of 5.00 dm3 to a final volume of 15.00 dm3.

Solution: n = 6.00 mol, Vi = 5.00 dm3, Vf = 15.00 dm3 and T = 25.0 oC + 273 = 298 K.

𝒘𝒓𝒆𝒗 = − 𝒏𝑹𝑻 𝐥𝐧
𝑽𝒇

𝑽𝒊
(2-14)

𝒘𝒓𝒆𝒗 = − 𝟔. 𝟎𝟎 𝒎𝒐𝒍 𝒙 𝟐𝟗𝟖 𝑲 𝒙 𝟖. 𝟑𝟏𝟒 𝑱 𝒎𝒐𝒍−𝟏𝑲−𝟏 𝐥𝐧
𝟏𝟓. 𝟎𝟎 𝒅𝒎𝟑

𝟓. 𝟎𝟎 𝒅𝒎𝟑

𝒘𝒓𝒆𝒗 = − 𝟔. 𝟎𝟎𝒎𝒐𝒍 𝒙 𝟐𝟗𝟖 𝑲 𝒙 𝟖. 𝟑𝟏𝟒 𝑱(𝒍𝒏 𝟑)

𝒘𝒓𝒆𝒗 = − 𝟏𝟔𝟑𝟑𝟏 𝑱 = − 𝟏𝟔. 𝟑 𝒌𝑱



Example 2: How much work is required to compress 7.5 moles of an ideal gas to get 127.0 oC from 5.2 L to 2.1 L?

What is the change in the internal energy of the gas? How much heat will be transferred during this

process?

Solution: n = 7.5 mol, Vi = 5.2 L, Vf = 2.1 L and T = 127.0 oC + 273 = 400 K. Compress means Vf < Vi

𝒘𝒓𝒆𝒗 = − 𝟕. 𝟓 𝒎𝒐𝒍 𝒙 𝟒𝟎𝟎 𝑲 𝒙 𝟖. 𝟑𝟏𝟒 𝑱 𝒎𝒐𝒍−𝟏𝑲−𝟏 𝐥𝐧
𝟐. 𝟏 𝒅𝒎𝟑

𝟓. 𝟐 𝒅𝒎𝟑

𝒘𝒓𝒆𝒗 = − 𝒏𝑹𝑻 𝐥𝐧
𝑽𝒇

𝑽𝒊
(2-14)

𝒘𝒓𝒆𝒗 = − 𝟐𝟒𝟗𝟒𝟐 𝒙 (− 𝟎. 𝟗𝟎𝟕) = 𝟐𝟐𝟔𝟏𝟓 = 𝟐𝟐. 𝟔𝟏𝟓 𝒌𝑱

T)واحدةقيمةلهاالمعطاةالحرارةدرجةأن َّملاحظةيمكنالسؤالخلالومن = 400 K)،أيالعملية،هذهخلالالحرارةدرجةتغيرعدميعنيوهذا

,Isothermal)الحرارةدرجةبثبوتتمتالعمليةأن َّ ∆T = 0).

يوبماي
 
T∆إن = ييحصلليعليه،0 U∆)الداخلية،بالطلقةتغي  = ي(0 يبالشكل(2-6)المعادلةتصبحوبالتال  :التال 

∆𝑼 = 𝒒 + 𝒘, 𝟎 = 𝒒 + 𝒘, 𝒕𝒉𝒆𝒏 𝒒 = −𝑾 = − 𝟐𝟐. 𝟔𝟏𝟓𝒌𝑱 (2-6)



q)سالبةالحرارةقيمةأننلاحظأعلاهالمثالمن =  ̶ 22.615 kJ)يوهذاي  
ييعن 

 
غازيانضغاطعنديالمحيطالالنظاممنإنتقلتقديالحرارةأن

يالنقصانأي)النظام  
 
ي،(الغازحجمف

 
w)للشغلالموجبةالقيمةوإن = + 22.615 kJ)يعلىتدل

 
.المحيطقبلمنأنجزيقديالشغلإن

Homework 1: From the last two examples (1 & 2), how it can be knew that the two processes are reversible?

Homework 2: If the process is compressed, how it can be knew that the heat is transferred into or out of the system? 

Note: The homework have to be sent to our group (google classroom) which is stated above in the 2nd slid 



ي(1-1)المعادلةبويلقانونحسب
 
يوالضغطالحجمبي  يالعلاقةفإن 𝒑)عكسيةعلاقةه  𝜶

𝟏

𝑽
.الحرارةدرجةوبثبوت(

𝒑𝑽 = 𝑻 (𝒑𝒓𝒐𝒑𝒐𝒓𝒕𝒊𝒐𝒏𝒂𝒍𝒊𝒕𝒚 𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕) (1-1)

𝒑𝒊𝑽𝒊 = 𝒑𝒇𝑽𝒇 𝒐𝒓
𝒑𝒊
𝒑𝒇

=
𝑽𝒇

𝑽𝒊

(1-2)

:التاليةالمعادلةعلىنحصل(2-14)بالمعادلة(1-2)المعادلةتعويضوعندي

𝒘𝒓𝒆𝒗 = − 𝒏𝑹𝑻 𝐥𝐧
𝒑𝒊
𝒑𝒇

(2-17)

يتخصمعلوماتلدينايتكونليعندماي(2-17)المعادلةنستخدم يالتغي   
 
يتخصمعلوماتلدينايوبالمقابلالمتقلصاويالمتمدديللغازيالحجمف التغي 

يبالضغط .للغازالداخلى 



Example of isothermal reversible by changing the internal pressure

Example: 3.2 moles of an ideal gas expands from a pressure of 5.0 atm to 1.4 atm at a constant temperature of

127.0 oC. (a) Is the work done by the gas or on the gas (b) How much energy was transferred by work and

heat?

Solution: n = 3.2 mol pi = 5.0 atm, pf = 1.4 L and T = 127.0 oC + 273 = 400 K.

𝒘𝒓𝒆𝒗 = − 𝒏𝑹𝑻 𝐥𝐧
𝒑𝒊
𝒑𝒇

(2-17)

𝒘𝒓𝒆𝒗 = − 𝟑. 𝟐 𝒎𝒐𝒍 𝒙 𝟒𝟎𝟎 𝑲 𝒙 𝟖. 𝟑𝟏𝟒 𝑱 𝒎𝒐𝒍−𝟏𝑲−𝟏 𝐥𝐧
𝟓. 𝟎 𝒂𝒕𝒎

𝟏. 𝟒 𝒂𝒕𝒎

𝒘𝒓𝒆𝒗 = − 13548 𝑱 = −𝟏𝟑. 𝟓𝟒𝟖 𝒌𝑱

Because of the temperature is constant, ∆T = 0, therefore ∆U = 0, then q =  ̶ w, and then q =  ̶ ) ̶ 13.548 kJ( = + 13.548

kJ. So, this means that the work is done by the gas on the surrounding and the heat is transferred from the

surrounding to the system.



Homework

Homework-1: A sample consisting of 2.00 mol He is expanded isothermally at 22°C from 22.8 dm3 to 31.7 dm3

(a) reversibly, (b) against a constant external pressure equal to the final pressure of the gas, and

(c) freely (against zero external pressure). For the three processes calculate q, w, ∆U.

Answer (a) 1.633 kJ (b) 1.38 kJ (c) 0

Homework-2: A sample consisting of 1.00 mol Ar is expanded isothermally at 0°C from 22.4 dm3 to 44.8 dm3

(a) reversibly, (b) against a constant external pressure equal to the final pressure of the gas,

and (c) freely (against zero external pressure). For the three processes calculate q, w and ∆U.


