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There are 5 questions.

1. Vastaa seuraaviin kysymyksiin, perustele lyhyesti.

(a) (2p) Miksei ideaalikaasun sisäenergia riipu tilavuudesta?

(b) (2p) Miksei mikään lämpövoimakone voi ottaa lämpöä määrän δQ ja tehdä työtä
määrän δW = δQ?

(c) (2p) Anna esimerkki tilanteesta, jossa kaasun tekemä työ δW ei ole −PdV .

(d) (1p) Miksei kappaleen ominaisuutena voi kertoa, että siinä on lämpöä määrä Q,
tai että siinä on työtä määrä W?

(e) (3p) Piirrä kuva entropiasta lämpötilan funktiona Carnot’n syklissä, ja merkitse
kuvaan missä vaiheessa siirtyy lämpöä ja missä tehdään työtä.
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2. (a) (4p) Eristetyssä säiliössä on kaasua läpäisemätön väliseinä, joka erottaa puolet
A ja B. Alussa säiliön toisella puolella on paine PA ja toisella PB. Osoita, että
jos väliseinän annetaan siirtyä, niin suuremman paineen osion tilavuus kasvaa ja
entropia kasvaa.

(b) (5p) Todennäköisyys, että lämpökylvyssä aineen sisäenergia on välillä E ja E+dE
on P (E)dE ∝ g(E)e−βEdE, missä g(E) on tilatiheys. Kirjoita partitiofunktion
lauseke. Jos tilatiheys tunnetaan, niin miten lasketaan jonkin fysikaalisen suureen
A odotusarvo?



3. (9p) Ensimmäisen kappaleen lämpökapasiteetti on CV = 500 J/K ja alkulämpötila on
10 °C, toisen CV = 300 J/K ja alkulämpötila 200 °C, ja kolmannen CV = 200 J/K ja
alkulämpötila 300 °C. Kappaleet tuodaan termiseen kontaktiin.

(a) Mikä on kappaleiden loppulämpötila niiden saavutettua termodynaamisen tasapai-
non?

(b) Paljonko maailmankaikkeuden entropia muuttui?



4. (a) (5p) Kuvaile, miten toimii syklinen prosessi, joka muuttaa työtä lämmöksi. Piirrä
P, V -tason sykli ja kerro miten syklin aikana luovutetun lämmön määrä lasketaan.

(b) (5p) Termodynamiikassa energian lausekkeessa suureet esiintyvät aina konjugaat-
tipareina, kuten paine ja tilavuus (P, V ), lämpötila ja entropia (T, S), jne. Miksei
energian lausekkeessa voi olla painetta ilman tilavuutta? Entä miksei entropiaa
ilman lämpötilaa?



5. (a) (5p) Todista jotenkin, ettei yksiulotteisessa Isingin mallissa ole faasimuutosta.

(b) (2p) Miten Maxwellin konstruktio liittyy vapaan energian minimointiin ja miksi
Maxwellin konstruktiota tarvitaan?

(c) (3p) Perustele, miksi lämpökylvyssä olevan systeemin tilojen todennäköisyys on
Boltzmannin jakauman pi = 1

Z
e−βEi mukainen. Onko pi myös energian Ei to-

dennäköisyys?



QUESTIONS IN ENGLISH

1. Answer the following questions, justify briefly:

(a) (2p) Why doesn’t ideal gas internal energy depend on volume?

(b) (2p) Why can’t any heat engine take heat δQ and do work δW = δQ?

(c) (2p) Give an example of a situation, where the work done by a gas, δW , does not
equal −PdV .

(d) (1p) Why can’t one describe a body by saying that it has heat Q, or that it contains
work W?

(e) (3p) Draw a picture of entropy as a function of temperature in a Carnot cycle, and
indicate where heat is transfered and where work is done.



2. (a) (4p) An isolated container has an impenetrable wall separating sides A and B. In
the beginning the gas on each side has pressures PA and PB. Show, that if the
wall is allowed to move, the volume on the side with higher pressure increases and
entropy increases.

(b) (5p) The probability, that matter in a heat bath has internal energy between E
and E + dE is P (E)dE ∝ g(E)e−βEdE, where g(E) is the density of states. Write
down the partition function. If we know the density of states, how do we calculate
the expectation value of a physical quantity A?



3. (9p) The first body has heat capacity CV = 500 J/K and temperature 10 °C, the second
one has CV = 300 J/K and temperature 200 °C, and the third one has CV = 200 J/K ja
alkulämpötila 300 °C. The three bodies are then brought to thermal contact.

(a) What is the final temperature of the bodies at thermal equilibrium?

(b) How much did the entropy of the universe change?



4. (a) (5p) Describe the details of a cyclic prosess that converts work to heat. Draw the
cycle in a P, V -plane, and tell how the amount of heat released during a single
cycle is calculated.

(b) (5p) In thermodynamical expressions of energy, quantities appear always in con-
jugate pairs, such as pressure and volume (P, V ), temperature and entropy (T, S)
etc.. Why can’t there be pressure without volume? Similarly, why can’t there be
entropy without temperature?

5. (a) (5p) Prove somehow, that there’s no phase transition in the one dimensional Ising
model.

(b) (2p) How is the Maxwell construction related to the minimization of the free ener-
gy? Why does one need a Maxwell construction?

(c) (3p) Give a justification to the fact, that in a heat bath the probability of states
is given by the Boltzmann distribution pi = 1

Z
e−βEi . Is pi also the probability of

energy Ei?



Mahdollisesti hyödyllisiä tietoja / potentially useful information

kB = 1.3805× 10−23 J/K R = kBNA = 8.3143 J/molK NA = 6.022× 1023/mol

kB · 300 K ≈ 1

40
eV 0◦C = 273.15 K 1 atm = 101.3 kPa g = 9.82 m/s2
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