Some terms that must be understood

Microscopic Variable

Macroscopic Variable

8.044 L5B1



Extensive (< N)
V volume

A area

L length

P polarization
M magnetization

U internal energy

Intensive (# f(NN))

P pressure

S surface tension
F tension

E electric field

H magnetic field

T temperature
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Adiabatic Walls

Equilibrium

Steady State

Diathermic Walls

Complete Specification:
Independent and Dependent Variables
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Equation of State
PV = NkT
V =Vo(1 4+ aT — K7P)
M =cH/(T-Ty) T > 1T,

In Equilibrium with Each Other
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OBSERVATIONAL FACTS

" O th LaW"

2qui|ibrium zquilibrium
it A C and B C

2qui|ibrium
then A B
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"Law 0.5 ? " Many macroscopic states of B can be
in equilibrium with a given state of A

# \;\YB = T(Xg)
I also
Xas YA

X, Xg
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THEOREM A "predictor” of equilibrium h(X, Y, ...) exists

* only in equilibrium h(X,Y)

* state variable
* many states, same h
e different systems,
different functional forms
e value the same if
systems in equilibrium

< — Y
?%Iocus of

X constant h
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CENESD

Xa,Ya Xc, Ye all free [Pa, VA Po, VI
""""""
) e

keep same adjust

XC=f1(YC,XA’YA) [ Pc=PaVa/Vc]
Fi(Xc, Yo Xa,Ya) =0 [ PcVe -PaVaA=0]
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quilibrium
(e

adjust keep same
Xg=9(Ys X, Yc) [ P = Pc Ve /Vi]
Fo(Xc, Yo X5,Yg) =0  PcVe -PgVg=0]

solve for Xc

Xe=f1,(Yc X, Yg) [ Pc=PgVg/V¢]

N

same value as before
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fi(Ye Xa, Ya) = Xo = fo(Yc Xa, Ye) (@)

[ PAVA/Vc=PgVg/V]

qU|I|br|um

due to 0th law

= Fa(Xx. Ya X, Ys) =0 (@)

‘ + ‘ —> F5 factors

Yc drops out
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For this equilibrium condition

h(Xa.Ya) = constant =h(Xs,Ys)

[PAVa=pBVs]
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Isotherm at T,

*
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Empirical Temperature: t

low density gas

PV/N = constant'

PV/N = constant
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we could possible alternative

e Define t = Cq PV/N t' = cg' (PV/N)*

e Use to find isotherms
In other systems

e Then in a simple paramagnet
t = ¢, (M/H)" t'=cy, (M/H)™

— Many possible choices for t
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PV = Nkt —t = PV/Nk

T

oy
PV = constant
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t' = (PV/NKk)2

PV = constant




t" = /PV/NK

TR

oy
PV = constant
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Work

dW = differential of work done on the system

= - (work done by the system)

Hydrostatic system
dW = -PdV

<—dx

—J<F

dW = Fdx = (PA)(-dV/A) = -PdV
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. < >
Wire e I

dW = FdL

P pushes, F pulls
dW = Fdx = (F)(dL) = FdL

Surface

dW = SdA /// . — wire

—> F constraint
fram
film % y

(2 surfaces)

dW = Fdx = (SL)(dA/L) = SdA
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Chemical Cell (battery)
AW = Egyr dZoparce

Electric charges Field in absence of matter

dW = EdP as set up by external
sources. Does not include
energy stored in the field

itself in the absence of
Magnetig’systems the matter.

dW = HdM
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* All differentials are extensive
* Only -PdV has a negative sign

* Good only for quasistatic processes

b
« AW = /dW depends on the path
a

—>W is not a state function
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low density gas

P L isotherm PV= NkT

o

dW = YdX
depends on Y(X)
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(@) Wio=—-P1 (Vo — V1) = P1(V1 — Vo)

(b) Wio=—-Po(Vo— V1) = Pa(V1 — Vo)

(c) Wi_n = —/QP(V) dV = —/QMdV = —NkT/2ﬂ
1—-2 1 1 V 1V

V. 1% V
= —NkTInvf:Nlenvéz P1V1|n7;

8.044 L5B20



MATH

I) 3 variables, only 2 are independent

F(z,y,z) =0

jﬂ?:m(yaz)a y:y(ZE,Z), Z:Z($7y>

()~ ().,
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Given some W = W (z,y, z) where only 2 of the 3 variables
in the argument are independent,

then along a path where W is constrained to be constant
oy () (22) _,
oy ) \9z /)y \O07/ B
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(52).
(%),

II) State function of 2 independent variables

then it follows that (ay>w

S =5(x,y)

oS 0S
dS =|—| d — d

A(x,y) B(z,y)

An exact differential
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04 _ &°5 _ 95 _ (25)
Oy x_ayaa}_f)x@y_ oz / y

= necessary condition, but it is also sufficient

A
Exact differential if and only if 8— — (8—B>
oy ) . ox / y

2 .
Then /1dS = S(x2,y>) — S(x1,y1) is independent of
the path.
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IIT) Integrating an exact differential
dS = A(z,y) dx + B(z,y) dy

1. Integrate a coefficient with respect to one vari-

able
0S
(ax)y = Az, y)
S(z,y) = [ Alz,y) dz +f(y)

y fixed
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2. Differentiate result with respect to other vari-

able

(gj)x:;[/A(fb,y}dw] | dj;;y) = B(z,y)

3. Integrate again to find f(y)

df(y) _ 0
iy {B(:U,y)—ay /A(az,y)daz}
fl) = [{-}dy

done
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