
1 PARTIAL DERIVATIVES

Inthermodynamicsweareinterestedincontinuousfunctionsofthree
more) variables
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It may O" *how1.that under the continuity conditions thatriif#i:l;,,l;,oitspartiJì;;;;,;i;".rh;'o;J;;;i-ä'Ìr,..,,
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There are therefore,ju¡t six nonequivarent second partial derivativesfuncrion of three iita"p"-"a"i;ïäiì'"r^ (three for a furrction ofvariables, and |n(n + 1) for;fu"l'r'iä.r n variables).

A-2 TAYLOR'S EXPANSION

.The relationship 
.between ,þ(x, y, zyhî" (*,.dy, und. d, denore ;ùilí;y'by Taylor's expansion
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This expansion can be written in a convenient symbolic form
,l(" + dx,y I dy,z * dz): 
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Expansion of the symboric exponentiar according to the usuar series
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then reproduces the Taylor expansion (equation A.4)
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DIFFERENTIALS
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Taylor expansion (equation A'4) can also be written in the form
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These quantities dtl', d'!, " ' ' dnÚ ' " ' afe called the first-' second-' and

iin-or¿1, differentials of' þ'

A-4 COMPOSITEFUNCTIONS

Returning to the frrst-order differential

o*: lH), ,0, *(#) . ,0, 
*l#).,," (411)

an interesting case arises when x, l,-ãîd z are not varied independently

but are themsetves ä;td;;;r ro il t"""iiãns of some variable z' Then
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If x and y are functions of two (or more) variables, say a and u,

0x
0u

0x
). 0u

and

A\þ
0x

0x
0u

aû
0y

u

0y
0u

dtþ : .(#).,(#),1*),
0y
0u

).]
aú
0z

0z
âu

!!.
0z

atþ
0u

)tt y,z \ U
+

x.z

+
tt

+atþ
0x

),),,*(#),,(al)
0x

).),,(H)..(H).,( x,l
0z
âu

or

where

du
u

),u).

0zatþ
0z).

atþ
ôx

atþ
0x + +

I'z 0u
ôx atþ

0y
0y
0u x,!x,z

and similarly for (0{/0u)".
It may happen that a is identical to x itself. Then
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Other special cases can be treated similarly.

A.5 IMPLICIT FUNCTIONS

rl, is held constant, the variations of x, y, and z arenot independent,
the relation

,þ(", y,z) : constant (e.tg)
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Returning t I equation A'20 -we again pu dz : O' but we now divide
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1nd-o¡r coi ,rison with equation A.21, we find the very reasonabrethat

0x
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From equations A.2Z to A.24 we then find

Finally we return to our basic equation, which defines thedrþ, and consider the case in which x, y, and z are themselvesofavariableu(as m equation 4.12)
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Comparison with equation A.22 shows that
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If rp is to be constant, there must be a relation among x, y, and, z,also among dx/du, dy/du, and dz/du. We find 
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If we further require that z shall be a constant independen t of u we find
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Equations A-22, A-27, and A.33 are among the most usefur formarmanipulations in thermodynamic calculations.
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(A.31)

(A32)

(A.33)

wall' '- "'i+Lin the svstem' and if the current 'I is constant'

J'rx,:i*::::"å'üi'YlJiiål"li'i;ru"';;i;;"duciliivotttre

current
M(') : M(r; /) (B'3)

MAGNETIC
SYSTEMS

(B.1)

(8.2)

dW^us: P dX

du:dQ+dwM+dw"+dw^us


