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One issuein thermodynamicsconcernswhetherthe total differential (eq 1) of a multivariablefunction (
����������
	��

representsany two-variablefunction)is exactor inexact.
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If

 �

is anexact differential, ��� 
 � will be thesamefor all pathsbetweenthe initial (
�  �!	  ) andfinal (

� � �!	 � )
points,andtheintegralwill besimply ��� 
 �"�#� �%$ �  . Thermodynamicstatefunctions,like U andH, shouldhave
exactdifferentials.

If

 �

is an inexact differential, ��� 
 � will dependon which pathis usedbetweenthe initial (
�  �!	  ) andfinal

(
� � �
	 � ) points.Functionswith inexactdifferentialscannotbetreatedasthermodynamicstatefunctions.

Determining Whether a Differential is Exact

Therelationshipshown in eq2 musthold if a differentiallike theonein eq1 is exact. In essence,eq2 statesthat the
sensitivity in the

	
directionof theslopein the

�
directionequalsthesensitivity in the

�
directionof theslopein the

	
direction. �� 	 ��� �� �&� � �� � ��� �� 	�� (2)

Thedifferentialin eq3 is anexampleof anexact differential,asis demonstratedin eq4.
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Thedifferentialin eq5 is anexampleof aninexact differential,asis demonstratedin eq6.
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Check: Integrate ACB and A�D Over Two Paths

Wecancompareactualintegrationsoverdifferentpathsfor thedifferentialsin eqs3 and5. Two stepwisepaths,A and
B, aredefinedbelow. Notethatfor bothpaths,theinital

�����
	��
is
�=E9�!EF�

andthefinal point is
�=G��IH.�

.

PathA step1
�J�0E&KLG 	��0E � 
 	��#EF�

step2
�J�0G � 
 �M�0EF� 	��0E�KNH

PathB step1
�O�?E%KQP 	��#E � 
 	��0EF�

step2
�O�RP � 
 �O�?EF� 	��#E%KSH

step3
�O�RPTKLG 	��UH � 
 	��0EF�
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�JVXW Path A: Sum over two steps, W0YLZ\[^]RY`_�a
1.
�J�#E&KLG9�
	��#E � 
(' � ��bc ��� ) �,Ed� 
 �/�,E%�feb � bhgibc �0j $ E%�0k

2.
�J�#G9�
	/�#E%KSH � 
(' � � ec E��ml(	 
 	/�?Gn	 ) g ec �#G $ E&�0o�pV�W Path B: Sum over three steps, W0Yrq(st [vuxwLsFyt Yz_{a

1.
�J�#E&KQP4�
	��#E � 
(' � �}|c ��� ) �,Ed� 
 �/�,E%�feb � b g |c �v~ |b $ E&�v����

2.
�J�?P4�
	/�#E%KSH � 
(' � � ec E��m�(	 
 	/�RPF	 ) g ec �?P $ E&�#�

3.
�J�?P%KLG9�
	��UH � 
(' � � b| ��� ) �?H�� 
 �M�veb � b �5� g b| �"H.1 $ ��P���~ |b ��� $ �.��� 
(' is path independent

�pV�� Path A: Sum over two steps, �"YQZmw�]RYQ]
1.
�J�#E&KLG9�
	��#E � 
d< � ��bc ��� ) �,Ed� 
 �/�,E%�^eb � b�gibc �#j $ E%�0k

2.
�J�#G9�
	/�#E%KSH � 
d< � � ec E $ l(	 
 	/�0G(	 ) g ec � $ G $ E&� $ o�pV�� Path B: Sum over three steps, �"Y�q(st w�u�wLsnyt Y�u

1.
�J�#E&KQP4�
	��#E � 
d< � �}|c ��� ) �,Ed� 
 �/�,E%� eb � b g |c � ~ |b $ E&� ����

2.
�J�?P4�
	/�#E%KSH � 
d< � � ec E $ �(	 
 	/� $ Pn	 ) g ec � $ P $ E%� $ �

3.
�J�?P%KLG9�
	��UH � 
d< � ��b| ��� ) �?H�� 
 �M�feb � b �5� g b| �UH.1 $ ��P���~ |b ��� $ �.��� 
-< depends on the integration path

Examine A���� for a Perfect Gas

Theperfectgaslaw providesanequation�4� ������ . Thetotaldifferentialin termsof thevariables� and� is therefore,
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Now applythetestto learnwhetherthedifferentialis exactor inexact.
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Sinceeq8 andeq9 give thesameresult,

 �4� is anexactdifferential,and � � 
 �9� � � � $ �  .
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