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Suggested solutions

1.

1. Correct: A. At low densities, the pressure would be less than that predicted by the ideal
gas law.

2. Correct: B. The gas in 100 liters

3. To calculate this, consider a reversible isothermal expansion. Since the internal energy
of an ideal gas only depends on its temperaturer 7', it doesn’t change in the expansion.
Thus d@Q = dW = pdV and where the equation of state gives p = nRT/V, hence

T
AS = / @dv = ann(“; RIn(10) = 8,3145 - 2.3026 = 19.145 ~ 19.1 J/K
z (1)

2. From the energy €(j) = 7(j + 1)60 and degeneration g(j) = 2j + 1 we arrive at the partition

function Zz(7) = Y e™/T = 3°2(25 + 1)e79U+DVo/7  The high temperature limit 7 >> ¢
this becomes Zg(7) ~ [;°(2) + 1)6 JG+De/T dj. a change of variables (j(j + 1) = 2% and
dj(2) + 1) = 2z dz), = [° 2ze "0/ dg = [—loe_IQEO/T]SO =T

€0

The speciﬁc heat C,, (high temperature) The Free energy F' = —7In Zg &= —71In =, entropy

o=—9-~In= -+ 1 and C, = 7"9" ~ 1. ie. C, = lkp per molecule in the high temperature
limit.

For low temperatures T << € we get Zp(1) ~ 1+ 3720/ and ' = —7In(1 —|— 3e~2e0/T)
and 0 = —9€ = In(1 + 3e720/7) + Tm - 89e=20/7  This leads to C, = 792 = ... =

185857250/7 7260/ 1 —~ . . . 186 e —2eq/T
(11302077 [1 — 1+3e,250/T} approximate T 11—z as x is small this gives C\, & —2——(1—

3e720/T) (1 — e7260/7(1 — 3e20/7)) & 186(2’67%260” Answer 7 >> € : €, = 1, and Zg(7) = & and

—2eq /T

for 7 <<€ :Cy = %a and Zz(7) = 1 + 3e=200/7

T

. There are five different states of hemoglobin depending on the number of bound oxygen

molecules 0, 1, 2, 3, or 4. For each of these the number of different ways to attach the oxygen
molecules are 1, 4, 6, 4 and 1. The chemical activity of Oy is A = e#/, where € is the energy
of bound Os. The Grand partition sum is Z = 1 + 4Xe™</7 4+ 6A2e2/7 4 4\3e3¢/7 4 \te~4/7.
The probability for one Oy molecule is P(1) = Pe T and to have four O, molecules is

4,—4 z
P(4) = Mt

A graph of P(1) vs A will start at zero and pass a maximum value and approach zero again as
A increases.

A graph of P(4) vs A will start at zero and start to increase after the maxima of P(1), P(2)
and P(3) have passed to the saturation value 1 as A increases.



4. Funktions formen for trycket ar Inp = a — % anvands langre ner.

Vid trippelpunkten galler p, = p; detta ger temperaturen for trippelpunkten till T, =

195.198K~ 195.2K. b: Clausius— Clapeyron d—p = %= dir Av = v, — v, = v, (antagandet
att det dr gasens volymitet som dominerar) = Fg Tunn gas antag pV, = NykpT och darmed
g = kaT‘ L - L »~ T%g = klf% vilket ger 1dT = Linp = L2 vidare sa dr -=Inp = 5

dvs L = bkp, dar b ar lnp:a—%

Latent varme for sublimation b = 3754K. L, = 3754 - 1.3807 10723J= 5.183 1072°J= 0.324eV.
Latent varme for forangning b = 3063K. L, = 3063 - 1.3807 10723J= 4.229 10~2°J= 0.264¢eV.

Skillnaden mellan forangning och sublimation ger smailtviarme (5.183 — 4.229) 10729J=
9.54 10721J= 0.060eV

( Koll mot fysikalia smaltvarme = 332 103J /kg for N Hy vilket blir 9.389 107! J per molekyl.
)

a) Energi titheten ges av (efter en del rdknande enligt KK93-94) & =

7r2,‘7.4
15h3¢3

b+c) do = dU/t ger efter integrering (KK95) o = % sedan 2 = (g—“;)U. Forst maste dock

7 elimineras ur uttrycket for ¢ med hjalp av uttrycket for energitatheten enligt uppgift a.
3/4 3/4 3

= (Y / 15?# " Vilket ger fOr entropin o = 4;,:3203 (U)** (1553 3) a (V)Y Detta

uttryck innehaler inte variablerna U eller V' via variabeln 7.

3/4
Nu ges trycket av £ = (%)U vilket ger 2 = 454;3203 (U)** (71522‘33) / i(V)_g/4 = byt

. . . _ax® (15833\3h 1 (1r33\ T4 5 a2 3 2 _4
tillbaka till 7 igen = =5 ( > ) 175 T = paT - Vilket ger p = 55T

och med utrycket for energitdatheten ger detta: pV =

1
3



