
if &S >O ; if M ME

IT=
=TE=T)

ds= -NE = (MME) dNE
-

* *

=> dNECO = Matter flow fromI to .

=> Matter flows from High e to low 1.

44
.
Chemical Equilibrium .

2H2 + 02 - 2H20

0 -
-2H- O2 +2H20

0-VjAj
↓ > chemical species .

coffecient

ds = 0= (S)NdN

=
Nj = . Vj => S = - MjV

dN
T

=0 T



=> MjVj = 0
j=2

e.g., CO2 + H2 = CO + H20

Mco2MHz = elcotMaro~

20+202 CO2

Mco+EMo =Mc

obj#3 Basic Math Background.

1. Partial Derivatives (P. D.)

2. Expansions of Functions (Mutivariable)

3. CompositeFunctions .

4.Implicit Functions .

1. P. D.

Def. Function : continuous & multivariable.

i.e. y = 4 (X, Y ,z)

* (3y ,
z- depends on X . AND on the

values at which y & E are fixed.

* if (4yz is continuous ,
it could be



differentiated again , to yield and order.

P. D. of N.

(Dez)yz : (ay3yz)xz : (2)yz)x,y -

↓

likewise (24x.z
...

2
=

what about ( y(3yz)xzVS(2x3(z)y .z
!

* symmetry & state Function.

For certain to, the order of Diff . does NOT

affect the outcome. :. e.

(3(4)yx = (x(z)p)y
then , I is a so-called state function .

2. Expansion of Functions

i

*

Ex·



- (x)a = f(a) + + (q)x=a(X-a)

2) (C)v=a(X-a)

:

us (an (x-a(x-a)

For multivariable.

-> ↑ (x ,y ,z) > 4(x+dx , y+dy , z+dz)

= 4(X . y.z) + (3dx+ 2 dy + 2 dz)

1st order .

Now , Let d"4 = (Exx + Bydy +Ezdz)"4(X.B .2)

then, -> 4 (x+dx , y+dy z+dz)

= ↑(x .Y . z) + 1,d4 + 2 4 + - .. + nd"4

3.Composite Functions

f(x> , g(x) . h(x)

h(x) = q(f(X)) -> composite
*

chain rule :

Ch x(g(f(x))) = g= #

dX



if h(x) = f , (fr (fz ( .- (fn (x) . - . )

dh(X)
-> =

dx -dX .

* multivariable. 4= 4 (X. J.E)

d↑ = (34)yzdx + (3y)xzdy + (3)xydz .

(1) if X= X (n) , y=Y(u) · z =z(u)

↑ (X (U) , Y (2) . E (U))

d+ =( + (4)xz(& )+C) du

(2) if X = X ( ,0) , y = Y (4, 0) , z =z(U, 0)

dx = (3) du+ (3)ndv
likewise

, for dy &dz. !
X

at -> = [ Jas

+ [ Jav
o



4. ImplicitFunction

For 4 = 4 (X . Y. E) . if t= const.

* % . Z are Not independent . ↑(x . Y .z) is

↓

implicit function . z = z(x,y)

* Let d = 0 (4 = const)

-> d4 = 0 = (* )yzdX + (zy)xzdy + (3xdZ

Now ,
consider dz= 0

-> 0 = (2) ezdX + (2)xzby
divided by dX

=> 0 = 184)yz + (2)x2(24
,
z

A

· 12(4 =
- (4/Xe.

(24/2y) x. z

↓
relation of X , Y determined by the values

at which ↓ & z hold.

likewise, If we let dy + o

I

· (2)4-y
= -

(24/2x)yz

(24/7z)xy



if dx = 0

(24/2y)x.z

-> (5) 4x = -

(84/0E)X .Y

Now ,
Let dz= 0

· o = (2* ]ezdX + (2)xz by
divided by dy

-> (4)1 . z (EY)4z + (34)xz =0

=> ly) +z
= -NA

①
I

=> (3y)4. z
=

(2
*

=> (3)+z(4x ( * )4,y
= - I

-> "cyclic rule"



obj. 4. Mathmatical Properties of Fundamental

Equations.
2. Euler Equation .

2. Gibbs-Duhem Relation

3. structure of thermodynamic Formulism .

4. E .

O
.

S. (and Fundamental Eg . ) for common sys.


