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1. The partition function is Zyoy = 3720(27 + 1)e0ter &~ 1+ 3¢ 17 = 1+ 3¢~® where

xr = % >> 1. Truncation only possible for low 7. For N identical molecules the rotational
part of the partition function is Zé]gg = Zrot
And hence the free energy evaluates to (In(1 4+ z) ~ z for small z) Fyot = —N7InZ.ot +

TlnN' —N7In(1 +3e )+ 7InN! =~ —=3N7e™® + 7Iln N!. For the entropy we get opot =

-5 ~3N(1l+2z)e®+In N! and now we can calculate the specific heat as (Cy)yot = giv ~

K2

3Nxe x:3N(ﬁ) e 17
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2. a) Energi titheten ges av (efter en del riknande enligt KK93-94) ¥ = 5

b+c) do = dU/T ger efter integrering (KK95) o = i@;@g sedan £ = (g—“})U. Forst maste dock

7 elimineras ur uttrycket for o med hjalp av uttrycket for energitatheten enligt uppgift a.
3/4 3 3% 3/4 33\ 3/4

2= (u)Y 15h°¢" M Vilket ger for entropin o = 454;3203 U)** (15’2#) / (V)**. Detta

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

3 3/4
Nu ges trycket av 2 = (%;)U vilket ger 2 = 4;53203 ()4 (152#) / i(v)—3/4 = byt
3/4 —3/4
tillbaka till 7 igen = imy (1) YH 1 (1m0 ) T ps 28 Vilket ger p = T

och med utrycket for energitdatheten ger detta: pV = %U

3. The general relation for the specific heat is C, =7 (g‘; )

a: in case of the conduction electrons we have C, = 77 these two relations combine to give
YT =T (g") leading to —‘T’ = v = constant. and hence integrating to ¢ o 7+'new constant’
where the 'new constant’ is zero as the the entropy is zero at temperature absolute zero. If
the temperature increases from 7 = 300K to 800 K the entropy ¢ will increase by a factor of

8 ~
8 ~2.67.

b: In the case of the electro magnetic field we have that the energy density is u oc 7* (Stefan—
Boltzmann T* law) and hence we have for the specific heat C, o< 73 (Note the similarity to
phonons at low temperature the Debye 7% law). As in a) we arrive at % o 72 and hence
o o 73. If the temperature is raised from 500K to 1200K the entropy ¢ will increase by a factor

of (22)? = 13.824 that is a factor of 13.8.



4. The distribution inside the box is: P(v) = 4m(2L)3/2p2e~Mv*/27 in the exiting beam from the

27T

oven the distribution is o« vP(v) (sid 395 CK). The most probable velocity is given by the
maximum of o< vP(v). %(v3e_M”2/2T — .. = e MP27(302 — v'M/7) = 0. Which gives the
31

most probable velocity v,s = /47. The time for the drum to rotate half a turn is the same

as the it takes for a Sodium (Na) with the v,,s to travel through the drum the distance d,

denote this time as t;/5. The equation to solve is 12 - v;,s = d. For the angular velocity
_ 2r _ w /37t _ w [/3kgT _ w 3-1.3807-10—23.553.1 __ ~ 4 _

W= g, = VA= VIR = o0V Sresosieeiio s = 24333.78 &~ 2.43 - 10 rad/s (=3872,84

revolutions per second)

. DNA, tillstanden ar: 0 brutna energin = Qe antal tillstind =¢° = 1, 1 bruten energin = le
och antal tillstand =g, 2 brutna energin = 2¢ och antal tillstand =¢?, 3 brutna energin =
3¢ och antal tillstind =¢® osv. For N ldnkar blir tillstindsumman en geometrisk summa.
ZWN) =28 o gMe ™7 som kan riiknas ut explicit till ZV) = 1Io(ge= /)L

— For konvergens
av serien (da N — oo krivs att ge™*/™ < 1.

Borja med fallet ge=/™ < 1 och 1t N — oo sannolikheten for ett tillstand med N, brutna

. . . ° Ny ,—Nype/T Npo—Npe/T(1_ge—€/T Npo—Npe/T(1_qe—€/T
_ glbe” /T gTbe (1—ge=¢7) . g be (1—ge™/") _ Ny ,—Npe/T
bindningar blir da f, = 7 = (g R T = gNe=Me/7(1

ge~/™) och detta #r noll for tillstande med stort antal brutna bindningar.

Fallet ge=/" > 1 och lat N vara ett stort tal. sannolikheten for ett tillstand med N, brutna

. . . ° Ny o—Npe/T Ny o—Npe/T 75/7—_1 Ny o—Npe/T 76/7’_1
bindningar blir da f, = £ =2 (ge ) o 9 6(967€/£?§+1 )

A (ge—e/r)N+1_1

Sannolikheten for att N, = N: f, = @& =0 — 1 _1

(g676/7)1 gefe/‘r

. . —e/7_
Sannolikheten for att N, = N —1: f, = (?gee,eh);) = 96}6/7 — (ge,le/r)g

. . Ze/rq
Sannolikheten for att N, = N — 2: f, = (‘(7;6_6/7)3) = (ge_lmy — (96_15/7)3

. . —e/7_
Sannolikheten for att N, = N — 2: f;, = (?gee,eﬁ)i) = (9671/7)3 - (96,16/7)4 oSv.
Bilda nu véntevirdet av antalet andelen brutna bindningar: F, = £(1 — ge_lé =)+ 2 (ge_le = —

1 N-—2 1 1 N-3 1 1 _ 11 11

(9675/7)2) + N ((9676/7)2 - (96—6/7)3) + N ((9676/7)3 - (9676/7)4) + e T 1 - Nge*E/T - N (9676/7)2 -
% (96716/7)3 — % (ge}e/T)g — % (96716/7)4 —..=1- %(konvergerande geometrisk summa) — 1 da N — oo.

Antingen &r andelen brutna bindningar 0 (betyder véldigt fa brutna) eller sa ar andelen 1 dvs
hela DNA molekylen ar 6ppnad.



