FYSA241, keviat 2013
Koe pe 30.8.2013. Kesto 4 tuntia.
Exam Friday August 30th, 2013. Duration: 4 hours.
Questions in English at the end of the sheet.

. N-atomisen ideaalikaasun sisédenergia on F = (3/2)NkgT ja tilanyhtdlo PV = NkgT.
Osoita, ettd kun kaasua puristetaan kasaan eristetyssé siiliossé, sen paineelle ja tila-
vuudelle péatee PV = vakio. Laske 7.

. Ideaalikaasu laajenee lampoeristetyssd mutta laajenevassa séiliossé tilavuudesta V), pai-
neesta 2P, ja lampotilasta Ty paineeseen Fy. Mikéd on kaasun entropian muutos?

. Tarkastellaan jadkaappia, jonka kuuma ladmposiilio on kuuma ilma jadkaapin takana
lampotilassa 17 =47°C. Kompressorin kayttama sdhkéteho on 100W ja huoneilmasta
siirtyy jadkaappiin lamp6é teholla k(Ty — T'), missd k = 10W /K, Ty = 27°C on huoneil-
man lampotila ja T jadkaapin sisaldmpotila. Mikd on kylmin l&mpotila, jonka téllainen
jadkaappi voi teoriassa saavuttaa?

. Jarjestelméan lampokapasiteetti vakiotilavuudessa on
Cy(T) =T%/e*, (1)
missd € on vakio. Kuinka monta energian F omaavaa mikrotilaa jarjestelmalld on?

. Yksiulotteisen harmoniseen vérdhtelijan energiatilat ovat F, = (n + 1/2)hw, n =
0,1,...,00. Véardhtelija asetetaan lampokylpyyn lampotilassa T. Laske vérdhtelijan
energian odotusarvo (F).

. Erédéan aineen kahden faasin A ja B Gibbsin vapaat energiat moolia kohti paineen F, ja
lampotilan Tj 1dheisyydesséa ovat:

G
o= vap(P — Py) — sap(T —To) + go, (2)

missi Ty = 373K, Py = 10°Pa, v4 = 1,8 x 107°m3/mol, vz = 0,03m3/mol, s4 =
70J/(mol K) ja sp = 188J/(mol K). Kumpi faaseista A ja B on kaasu ja kumpi neste?
Mik&a on hoyrystymislampo moolia kohti? Mikd on aineen kiehumispisteen lampdétila
paineessa Fy+10kPa?

. An ideal gas with N atoms has the internal energy E = (3/2)NkgT and the equation of
state PV = NkgT. Show, that when the gas is compressed while maintained insulated
from the environment, its pressure and volume satisfy the relation PV"? = constant.
Calculate 7.

. A quantity of ideal gas expands in an isolated container from the volume V), pressure
2P, and temperature Ty to the pressure Fy. What is the change in the entropy of the
gas in this process?



. Consider a refrigerator, whose warm heat bath is the hot air behind the machine at the
temperature 17 =47°C. The electrical power cunsumption of the compressor is 100W
and heat is transferred from the outside into the refrigerator with the power k(7 — 7)),
where £ = 10W/K, Ty = 27°C is the room air temperature and 7" the temperature
inside the refrigerator. What is the coldest temperature that this refrigerator can, in
principle, reach?

. A system has the (constant volume) heat capacity
Cv(T) =17/, (3)
where ¢ is a constant. How many microstates of energy E does this system have?

. The energy states of a one dimensional harmonic oscillator are E,, = (n+1/2)hw, n =
0,1,...,00. The oscillator is put in thermal contact with a heat bath at temperature 7.
Calculate the mean energy (E) of the oscillator.

. A certain substance has two phases A and B, whose Gibbs free energies per mole close
to the pressure Py and the temperature Ty are:

G
o= vap(P — Py) — sap(T —To) + go, (4)

where Ty, = 373K, Py = 10°Pa, vy = 1.8 x 107°m?/mol, vg = 0.03m?/mol, s, =
70J/(mol K) and sp = 188J/(mol K). Which one of the phases A and B is a gas and

which one a liquid? What is the latent heat of vaporization per mole? What is the
boiling temperature of this substance at the pressure Fy+10kPa?

Mahdollisesti hy6dyllisii tietoja / potentially useful information

kp =1.3805x 107**J/K R =kpN4 = 8.3143]J/molK N, = 6.022 x 10**/mol  (5)
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k3~300KzEev 0°C = 273.156K  latm = 101.3kPa ¢ = 9.82m/s” (6)
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