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Thetime available is 5 hours for 3 problems.

Use only the pen provided.

Use only théront side of the provided sheets.

In addition to the problemtexts, that containthe spedfic datafor eachproblem, a sheetis
provided containing anumberof generalp hy sicalconstantghat may beusefulfor the problem
solutions.

Each problem should be answered on separate sheets.

In additionto "blank™ sheetswhereyou may writefreely, for eachproblemthereis an Answer
shed whereyou must summarizethe results you have obtained. Numerical results must be
written with as many digts as appropriate to the given data; don't forgehitbe

Please write on the "blank" sheets whatever you deem imp éoratite solutionof the problem,
that you wish to be evaluatedduring the marking process However,you should use mainly
equations, numbers, symbols, figures, anchasieie text as possble.

It's absolutelyimperative thatyou write on top of each sheetthat youll use:your name
(“NAME"), your country (“TEAM”), your studentcode(as shown on the identification tag,
“CODF), and additionally on the "blank" sheets:the problem number (“Probem”), the
progessive number &fachsheet(from 1 to N, “Pagen.”) and the totahumber(N) of "blank"
sheets that you use and wish to be evalufitethatproblem(“ Pagetotal”). It is alsousefulto
write the section you are answering at the beginning of each such skctiosu use someheets
for notes that you don't wish to be evaluatedthg markingeam,just put alarge crossthrough
the whole sheet, and don't number it.

When youVve finished, turnin all sheets in proper order (for each problemratmetirst, then
usedsheetsn order;unusedsheetsand problentext at the bottom)and put thenall inside the
envelope where you found them; then leave everythingon yourdaslare not allowedo take
any sheets out of the room.

This set of prodems consists of 13 pages (induding this one, the anssheetsand the page

with the physical constants)

Theseproblems havebeen prepared byStientific Committeeof the 30th IPhOjncluding professorsat the Universitiesof



Problem 1 Page 1
Problem 1

Absorption of radiation by a gas

A cylindricalvesselwith its axisvertical, containsa moleculargasat thermody namicequilibrium.
The upper base of the cylinder can be displaced freely anddsout of a glassplate; let's assume
that thereis no gasleakageandthat the friction betweenglass plate and cylinder walls is just
sufficient to damp oscilations but doesn't involve any signifitasgof energywith respectto the
other energies involved. Initially the gas temperature is equal to that afrtberslingenvironment.
The gas can beonsidered ap erfectwithin a goodap proximation.Let's assumethat the cylinder
walls (indudingthe bases) have a very low themmal conductivity and capacit thereforéhe heat
transferbetweengasand environmentis very slow, and canbe neglectedin the solution of this
problem.

Throughthe glasylate we sendinto the cylinder the light emitted by a constantpower
laser;this radiationis easiy transmittedby air and glassbut is completelyabsorbedby the gas
inside the vessel. By absorbing this radiation the molecahexcitedstates wherethey quickly
emit infrared radiation returningin stepsto the molecular ground state; this infrared radiation,
however, is furtheabsorbedy othermoleculesand isreflectedby the vesselalls, includingthe
glassplate. The energyabsorbedrom the laseris thereforetransferredn a very short time into
themmal movement (molecular chaos) and thereafter stays in the gasiféiciently longtime.

We observe that the glass plate moves upwards; after a certain oretdrag we switclthe
laser off and we measure this displacement.

1. Usingthe databelow and- if necessary- thoseon the sheetwith physical constants,
compute the temperature and the pressure of the gas after theamadigi2 points]
2. Computethe mechanicalvork carried out by the gas as a consequencef the radiation

absorption. [1 poin]

Compute the radiant energy absorbed during the irradiati¢8.points]

4. Compute the power emitted by the lasetis absorbedby the gasand the corresponding
numberof photons(andthusof elementaryabsorptionprocessesperunit time.  [1.5
points]

5. Computethe efficiency of the conversionprocessof optical energy into a change of
mechanical potential energy of the glass platgl point]

w

Thereafter the cylinder axis is slowly rotated by,d8¥inging it into ahorizontal direction. The heat
exchanges between gas and vessel can stil be neglected.

6. State whether the pressure and/or the temperature of the gas claaogasesjuence such
a rotation, and - if that is the case — what is itstheir new valye.5 points]



Problem 1

Data

Room pressurgy = 101.3 kPa
Room temperaturdy= 20.0C

Inner diameter of the cylinderr 2 100 mm

Mass of the glass platet= 800 g

Quantity of gas within the vessal= 0.100 mol

Molar spedfic heat at constant volume of the gas: 20.8 J/(mdK)
Emission wavelength of the laskr= 514 nm

Irradiation timeAt = 10.0 s

Displacement of the movable plate after irradiatimw 30.0 mm

Page 2



Problem 1

Page n. A

Page total

Answer sheet

In thisproblem you are requested to give your results both as analytical expressons and with numerical
data and units writeexpressionsfirstand then data (e.g. A=bc=1.23m>).

1. Gas temperature after the irradiation ..............oooii i e
Gas pressure after the irradiation ...
2. Mechanical WOrk Carried QUL ......... oot e e e
3. Overall optical energy absorbed by the gas ..........coooiiiiiiiii i,
4. Optical laser power absorbed by the gas ..........c.coo i

Absorption rate of photons (number of absorbed photons per unit time)

5. Efficiency in the conversion of optical energy into changme€hanicapotentialenergyof

the glass plate ......c.o oo

6. Owing to the cylinder rotation, is there a pressure change?1YHE$O 1
If yes, what iS itS NeW ValUB? ...... o e e
Owing to the cylinder rotation, is there a temperature change?1YE® 1

If yes, what iS itS NeW ValUE? ..o e e






Physical constants and general data

In addition to the numerical data given within thetext of theindividual problems, the knowledge of
somegeng al dataand physcal congants may be useful, and you may find them among the following
ones. Thexe are nearly the most accurate data currently available, and they have thus a large
number of digits; you ar eexpected, however, to write your resuts with a number of digits that must
be appropriatefor each problem.

Speed of light in vacuune:= 299792458 1i§*

M agnetic permeability of vacuum; = 4107 Hmv?
Dielectric constant of vacuure; = 8.8541878 pHEn*
Gravitational constan = 6.6725910* m*/(kgs_)
Gas constanRR = 8.314510 J/(mi)

Boltzmann's constank: = 1.38065810%° JK*
Stefan's constanti = 56.703 nW/(m[K*)

Proton chargee = 1.602177330%° C

Electron massn, = 9.109389703 kg

Planck's constant = 6.6260758.0>* J§

Base of centigrade scak; = 273.15 K

Sun massvig = 1.99110°° kg

Earth massMg = 5.97910** kg

M ean radius of Earthrg = 6.373 Mm

M ajor semiaxis of Earth orbiRe = 1.495710" m

Sidereal dayds = 86.16406 ks
Yeary = 31.558150 Ms
Standard value of the gravitational field at the Earth surfpeed.80665 1152

Standard value of the atmaospheric pressure at seglewel 01325 Pa

Refractive index of air for visibile light, at standard pressure ari€18,;, = 1.000277
Solar constantS = 1355 Wi

Jupiter mass¥l = 1.90110*" kg

Equatorial Jupiter radiugs = 69.8 Mm

Average radius of Jupiter's orbiR = 7.78310" m

Jovian dayd; = 35.6 ks
Jovian yeary; = 374.32 Ms
Tt 3.14159265



