Calculation of the parameters necessary to estimate the thermal
conductivity coefficient of air:

e airdensity: p=

e specific heat: ¢y =

o free path: ¢ =

e thermal speed: vt =

air thermal conductivity:

Xair ~ VapevlvT =

Comparison result, conclusion

Electrical resistance of tungsten at high and low temperatures

Results of the necessary measurements and calculation of the
temperature coefficient of resistance for tungsten in the range from
the room temperature to the temperature of melting ice:

the temperature coefficient of resistance:

o=

b)

The necessary measurements, calculations, figures (on the graph
paper) and the conclusion that the linear dependence R(t) is feasible
at the high temperatures ~ T, = 3000 °C:

The necessary measurements, calculations, figures (on the graph
paper) and the conclusion that the linear dependence R(t) is feasible
at the low temperatures ~ Ty = 77 K:
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7. Einstein temperature for steel (iron)

a) the amount of heat Qexp that a steel nut receives when heated
from nitrogen Ty to the temperature of melting ice Ty
(experiment)

e experiment method (1-2 sentences):

e working formula:

Qexp =
e measurement results:

e numerical value:

Qexp =

b) the amount of heat Queor, Which the steel nut receives when
heated from nitrogen Ty to the temperature of melting ice Ty
(theh theoretical calculation according to the Einstein model)

e Derivation of the formula for Qeor:

Qtheor:

Formula for Qiheor:

cheor:

C) The numerical value of the Einstein temperature as a result of a
solution of the equation Qexp = Qtheor-

@EZ
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3. Vaporization heat for liquid nitrogen
A. Experiment
v" Method (2 — 3 sentences), scheme (if | Measurement results:
required)
v Working formula:
'n =
v Numerical value:
'n =
B. Theory;
C. Comparison of theory with experiment
v Theoretical value for evaporation heat Parameters required for

(short conclusion, resulting formula):

ltheor =

calculation rneor:

v" Numerical value:

ltheor =

v Comparison of theory with experiment (p. 3C.):

N/ iheor =
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XXVI Meacoynapoonan onumnuaoa « Tyiimaaoa»

Eswcecoono 6 urone 6 cmonuye Pecnybauxu Caxa (Axymus) — eopode Axymck —
npoxooum MedscOynapoonas oaumnuaoa wkoavHukos «Iyiimaaday no usuxe,
mamemamuxe, ungopmamuxe u xumuu. Onumnuady opeanuzyem Munucmepcmeo
obpazosanusi PC (A), Cesepo-eocmounviii edepanvhuviii ynugepcumem um. M.K.
Ammocosa u Manas axademuu nayk PC (5). B pasuvie 200v1 6 onumnuade npuHumaiu
yuacmue wKkonbHuKu u3 Azepbatioscana, benveuu, boreapuu, I'epmanuu, Kazaxcmana,
Kumas, Kweipevizemana, Mexcuxu, Moneonuu, Pymwinuu, CLIA, Taunanoa, Typyuu,
Dpanyuu, FOxcnoti Kopeu u, koneuno, uz pasuvix pecuonos Poccuu, exmouas Mockey,
Canxm-Ilemepbype, Yensbunck u opyeue 2opoda. Taxoce 6 «Tyimaade» peeynsipno
yuacmeyrom unensl cobopHou Poccuu u npuzéper  3axaoyumenvHoco dmanda
Bcepoccuiickux onumnuao. Coenacro Oelicmeyrowemy NONOHCEHUIO OIUMNUAOA O
Qusuke exmouaem 8 cebs O08e aueu: cmapuwiyro u miaowyr. B cmapwei auee
NPUHUMAIOM YYdcue y4auuecs 8blnyCKHO20 U NPed8blnyCKHO20 KAACCO8, d 8 Madluiel
— 6Ce OCmabHble WKOIbHUKY. 3adauu cmapuell aueu no npocpamme U CLOHCHOCHU
coomeememayiom MedxcOynapoOoHoul gusuieckou onumnuade, a 3a0a4u MAAOwen iuu
— 10 raaccy Bcepoccutickou onumnuaodvl. B kasicoou auee nposoosmces 0éa mypa:
meopemuieckuti U IKCNepUMeHMAanbHblil.

XXVI International olympiad ""Tuymaada"
Every year in July in the capital of the Republic of Sakha (Yakutia), the city Yakutsk,
the International School Physics, Mathematics, Informatics and Chemistry Olympiad
«Tuymaaday takes place. The Olympiad is organized by the Republic Sakha’s
(Yakutia)Department of Education, North-Eastern Federal University n.a. M.K.
Ammosov and Small Academy of Sciences on the base of the physico-mathematical
forum «Lensky Districty. In different years students from Azerbaijan, Belgium,
Bulgaria, China, France, Germany, Kazakhstan, Kyrgyzstan, Mexico, Mongolia,
Romania, South Korea, Thailand, Turkey, the USAand, of course, from different
regions of Russia, including Moscow, Saint-Petersburg,Chelyabinsk and other cities,
took part in the Olympiad. Also members of Russian national team and prizewinners of
final stage of All-Russian Olympiads regularly participate in « Tuymaaday. According
to current regulations, Physics Olympiad includes two leagues: senior league and
junior league. Students of graduation and pre-graduation classes participate in senior
league, all the other school students — in junior one. Senior league problems
correspondin programm and difficulty to those of International Physics Olympiad,
junior league problems — to those of 10th class of All-Russian Olympiad. In each
league two rounds are held: theoretical one and experimental one.
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Muaanmas jqura
3anaua «/laBjieHre MAPOB U TEMJIOTA UCIIAPEHUSD
Oyenka noepewHocmeti 8 0aHHOU pabome He mpeoyemcsi

Ecmu mpoOupky, KoTOpas HaXxOguTCs B
BO3/1yX€, OTKPHITHIM KOHIIOM MOTPY3UTh B
CTaKkaH C JKUJIKOCTbIO (CMOTPH PHUCYHOK), TO
1oCj€  HACTYIUIGHHS  TEPMOJMHAMHYECKOTO
paBHOBecHs, B NpoOupKe OyAeT HaXOAUTHCS
nByx(aszHas cucrtema (Kuakoctb — raz). [lpum
9TOM ra3zoBas ¢aza Oyger oOpa3oBaHa BO3IYyXOM
(cMechl0 Ta30B) W HACBIIICHHBIM  IAPOM
YKUJKOCTH.

B oannoti s3xcnepumenmanvroli 3a0aue
uccnedyemcs sma 08yX@azHas cucmemad.

JlaBlieHHE HACBHIICHHOTO IMapa OYEHb «CHJIBHO» 3aBUCUT OT
TEMIIEpaTypbl U B JIOCTaTOYHO XOPOIIEM MPUOIMKEHUH OIHCHIBACTCS

byHKIHCH
L1 1
= ex -\ - 1
P = Do p(R(TO T)) 1)
3mech Pp — JaBJICHWE HACHIICHHBIX MapoB mpu Temmeparype To, L —
MOJIbHAsl TEIUIOTa WCMApeHus, KOTopas B HEKOTOPOM HHTepBaje
TEMIIEPATyp CUYMTACTCS TMOCTOSHHOW BENWYMHON, R — yHUBepcambHas
ra3oBasi KOHCTaHTa.
3amanmue
1. Tlpu momouM MpensoKeHHOro O00OpyIOBaHUS OIpeNeIuTe

OTHOCHUTEJIbHOE JIaBJICHWE HACBIIIEHHBIX TMApOB KHIKOCTH
(OTHOIIEHWE [aBlIEHWE Tapa JKUIKOCTH K aTMochepHOMY
JIABJICHUIO) B HHTEpBaje BBICOKUX Temmepatyp (60-90°C).
[MoctpotiTe rpaduk OTHOCUTEILHOTO JaBICHHS OT TEMIICPATYPHI.
2. Hcnonp3ys Teopetrueckyto dopmyiy (1) u skcriepuMeHTalIbHbIC
JTAHHBIE 110 JaBJICHHIO HACBHIIICHHOTO Mapa, OIECHUTE 3HAYCHHE
TEIUIOTBHI  MCIAPEHUsT HUCCISAYEMON JKHUIAKOCTH. Pesysibrar
NpeICTaBbTE B BUJIE YACTHHOTO M MOJILHOTO 3HAYCHUH.

ANSWER SHEET

First name, last name (write in block letters)
1. Density of liquid nitrogen

Method (2-3 sentences); scheme Measured parameters:

Result

4. Speed of evaporation of nitrogen, the dependence m(t)

v' Installation diagram,
parameters v" m(t) — table (see below)

v" m(t) - graph (draw on
graph paper)

v" Result:

v Table of dependence m(t)
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where p is the air density, cy is the specific heat capacity of air at a
constant volume, ¢ is the mean free path of air molecules, vy is the speed
of thermal motion of molecules.

Write down the working formulas, the results of calculations, estimates
and conclusions a) and b) in the answer sheet.

6. Electrical resistance of tungsten at high and low temperatures
()

To perform the tasks of this item, you may need some characteristics of
the halogen incandescent lamp in your equipment with G4 base:
v Operating lamp voltage: U =220 V;
v Rated lamp power: W =35 W;
v The filament temperature in the operating mode: T, = 3000 °C.

It is known that the resistance of metals in a fairly wide range of
temperatures varies according to a linear law:

R(t) = Ro(1 + a),

where Ry is the resistance at a temperature of 0 °C, o is the temperature
coefficient of resistance, t is the temperature on the Celsius scale.

a) Estimate the temperature coefficient of resistance o for tungsten
by measuring the resistance R(t) of the lamp coil at room
temperature and at the temperature of melting ice Ro.

b) Extrapolating a linear relationship with the obtained value of a to
a high temperature region, find out whether the linear dependence
R(t) “works” up to the lamp operating temperature ~ T,.

c) Extrapolating a linear relationship with the obtained value of a to
the region of the low temperatures, find out whether the linear
dependence R(t) “works” at the low temperatures (up to the
nitrogen temperature ~ 7y).

The results of the measurements carried out in a), b), ¢) and
corresponding conclusions should be written on the answer sheet.

57

OobopynoBanue

CrexnssHHAsT TPOOHWpKA, CTEKISHHBIA CTakaH, TEPMOMETp, JIMHEHKa,
NEHOIIACTOBAsl IIOJICTaBKAa IOJ CTAaKaH, IEHOIUIACTOBAs KpBIIIKa C
OTBEPCTUSMHU JJIsl IPOOHPKH U TEPMOMETPA, 3 JIMCTAa MUJLTUMETPOBOI
Oymarn (s TOCTpOeHMs TpadUKOB M H3TOTOBJICHUS IIKajdbl Ha
npobupke), cKoT4, HeOobIIre HOXKHUIBL. CandeTku s o IepKaHus
YUCTOTHl Ha paboyeMm Mecre. JKHMIOKOCTh mporperas A0 TEMIIEpaTyphl
90 — 95°C mHanmBaercss B CTakaH IIepe]] HA4yajJOM H3MEpPEHHH IO
TpeOOBaHUIO YYACTHUKA OJMMITHAIBI.

Ba:xnoe 3ameuanue!

Ouenp akKypaTHO oOpamaiTech ¢ 000pPYJOBaHUEM IKCIIEPUMEHTAIBHOM
3a7a4d. BybTe OCTOPOXKHBI C TOPSUEH KUIKOCTBIO M HE IPOOYyiiTe e€ Ha
BKYC.

Pexomenayemblii X0/ BbIINIOJIHEHHS 3aJaHUS
1. Ucnonb3ys mMOJOCKY MWUJUIMMETPOBOM OymMaru U CKOTY,

M3rOTOBbTE HA MOBEPXHOCTU MPOOUPKH «BOJAOHEIPOHUILIAEMYIO)
U3MEpPUTENIbHYIO IIKalny (478 M3MEpeHHs BBICOTHI CTOj0a
MapOBO3AYIITHON CMECH).

2. V3mepbTe «BHYTPEHHIOI» BBICOTY MPOOUPKH.

3. BcraBpTe npoOMPKY 3aKpBITBIM KOHLIOM B  CIEHUAIbHOE
yriyOieHre TMeHOoMmIacToBod Kpeliku. IlpoOupka TpeHneMm
JIOJDKHA TIPOYHO YAEP)KMBAThCS B KpBILIKE. TepMOMETp B 3Ty
KPBILIKY YK€ JOJIKEH OBbITh BCTaBleH. TepMOMETp TpeHHEM
JIOJIKEH yJIep’KHUBaThes B Kpbllike. [IpoBepbTe BOZMOXKHOCTH €r0
nepeMenieHuss (BBepx, BHM3). [Ipu u3MepeHUsIX TepMOMETp
JOJKEH HaXOAWThCS Ha YpPOBHE CEPEeIUHBI MapOBO3AYILIHOIO
cronba. IlpoBepbTe mONOXKEHUE KPBINIKK C MPOOUPKON U
TEpMOMETpOM Ha crakaHe. [IpoOupka He OKHA ymupaThecs B
JTHO CTaKaHa.
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4. Crenyromuil mar COOTBETCTBYET Hadajly ONMCAHMS JaHHON

3amaud. B crakan Oyner HamuTa ropsidas >kMIKOCTh. Kpbliika
3akpoeT cTakaH. [Ipu 3ToM mpoOupka OmycTUTCS B KHJIKOCTb,
OyzeT mporpeBarbCsi M HAChILIATHCSA Mapamu. Uepe3 HEKOTopoe
BpeMsl HACTYIHUT TEPMOAMHAMUYECKOE pPAaBHOBECHE U cCHCTeMa
HauyHET OCTHIBATh. C osroro MomeHTa Bbl 10iKHBI
OJIHOBPEMEHHO U3MEPSTh JIBE BEJIMYUHBL: 1) 1O LIKane npoOupKu
— TIOJIOKEHUE YPOBHS KHJIKOCTH B TPOOWpKe, 2) MO IIKajie
TEPMOMETPA — TEMIIEPATYPY KUAKOCTH, KOTOPYIO C JOCTaTOUYHOU
TOYHOCTbIO MO3KHO

CUHTATh paBHOI TeMIieparype

apOBO3yIIHOM CMECH. Bol JIOJIKHBI HOJIyYUTh
9KCIIEPUMEHTANIbHBIC 3HAYCHUS BEIMUUH MPUMEPHO B JAHAMAa30HE
90 — 30 °C. OcHOBHBIE U3MEPEHHUS JOJKHBI OBITH B HHTEpBaie 90
— 60 °C u obs3atenbHO 1 — 2 u3MepeHHs] MPU TeMIepaType
ONM3KOM K KOMHATHOMW, MPU KOTOPOM NaBIEHHUEM HACBHIIIEHHBIX
apoB MOKHO MpeHeOpeyb.

Ecnun  skcnepuMeHTanbHas ycTaHOBKa © BBl TOTOBBI K
U3MEpPEHUSM, TO T[IONPOCUTE HAIUTh JKUIKOCTb. Y POBEHb
KUAKOCTU TIPU  MOTPYKEHHOW MNpOOMpKEe JOJIKEH OBbITh
MaKCHMaJIbHO BBICOKHM.

[To m3mMepeHHON KOOpAMHATE TMOJOXKEHHUS YPOBHS JKUJIKOCTH B
IPOOMPKE BHIYUCIISAETCS BICOTA MAPOBO3AYIIHON CMECH.
[IpeneOperas naBieHuWeM MapoB NpPU HU3KOW TeMmmepaType U
UCIIOJNIb3YSl YPaBHEHUE COCTOSIHMSI MJEAJIBHOTO Ta3a, IMOJIyYHUTe
«pabouy0» GOpMyITy JUIsl BEIYUCIEHHUS 10 SKCIIEPUMEHTAIBHBIM
JaHHBIM  OTHOCHUTEJIBHOIO JIaBJIEHHUS HACBHIEHHBIX IapoB
HCCIIETyEMOM KHUJKOCTH.
[ToctpoiiTe rpaguk  SKCIEPUMEHTATHHOM  3aBHCHMOCTH
OTHOCHUTEIIbHOTO JaBJICHUS Iapa OT TemIepaTyphl ([0 IIKaie
KenbBuna). JlaliTe 00BsICHEHHE €r0 pacXoXKIeHUs (B HEKOTOPOI

obnactu Temmneparyp) ¢ Teoperudeckoit popmymoit (1).

where Ok is the characteristic Einstein temperature, which is
different for different bodies. Theh Einstein temperature is
usually a few hundred Kelvin. Our work allows us to estimate the
Einstein temperature. For this:

a) Experimentally determine the amount of heat Qey, that
a steel nut receives when heated from nitrogen Ty to a
temperature T, of melting ice;

b) Using the Einstein heat capacity formula, obtain the
theoretical value of Qieor. When calculating, assume
that exp(@e/Tn) >> exp(@e/Ty) > 1,

c) Choose the value of the Einstein temperature O, at
which the equality Qexp = Qineor holds in the best
possible way.

Write down the results of measurements and calculations
obtained in a), b) and ¢) in the answer sheet.

Thermal conductivity coefficient of foam (5)

The heat flux through a flat wall with a thickness ¢ for the

stationary case is determined by the Fourier thermal conductivity law:

j = - @(AT/O),

where j is the power density of the heat flux (the heat flux per

unit of time through a unit perpendicular area), AT is the temperature
difference, @ is the thermal conductivity coefficient of the substance (in
our case, the foam).

a)

b)

Suggest a method and carry out the measurements necessary to
estimate the value of the thermal conductivity coefficient « of the
foam at difference between the room temperature T, = .... and
nitrogen temperature Ty:

|AT| =T, - Tn;

Compare the thermal conductivity coefficient of the foam with
the thermal conductivity coefficient of air under room conditions,
calculated according to the gas-kinetic formula:
Lro3 ~1/3/)C'V€VT:
56
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B. Theory (4)
It is known that the temperature T of the phase transition of the
1st kind (melting and boiling) depends on the external pressure P
(recall, for example, that high in the mountains water boils at a
significantly lower temperature). This dependence is expressed
by the Clapeyron-Clausius formula, which determines the angle
of inclination of the tangent at each point of the equilibrium
curve of the two phases on the phase (T, P)-diagram (see fig.
Phase (T, P)-diagram of nitrogen):
dP/dT = qlle(Vz — yl),
where (12 is the specific heat of the phase transition 1 — 2, vy and
v, are the specific volumes of phases 1 and 2, respectively.
Perform the following theoretical task:
using the Clapeyron-Clausius equation, reference information
and the data of the phase (T, P)-diagram of nitrogen, make a
theoretical estimate of the value of the specific heat of
vaporization reor for the liquid nitrogen, considering it constant
in the temperature range from a triple point to ~ 100 K.
Write down in the answer sheet the working formula for the rineor
and its numerical value.

C. Comparison of theory with experiment (1)
Compare the theoretical value of nitrogen evaporation heat with
the experimental one. Write down the result of the comparison in
the answer sheet in the form of the ratio ry/rineor. Make a
conclusion.

4. Einstein temperature for steel (iron) (6)

If at the room and higher temperatures the heat capacity of a solid
body is practically constant, then at the low temperatures there is
a strong dependence of the heat capacity on temperature, and, at
absolute zero, as is known, the heat capacities of all bodies tend
to zero.
According to the Einstein model, which works well in practice,
the molar heat capacity temperature dependence of the body can
be represented as:

, e
_ O eT
C(T) = 3R (?) -
(eF - 1)
55

9. Ucnons3ys dopmyny (1) momyuure «pabouyio» (opmyny amis
BBIYMCIICHUSI TETUIOTHl HCIAPEHHS] HMCCIEAYEMOUW >KHIKOCTH B
00J1acTH BBICOKUX Temmeparyp (mpumepHo B uHTepBaie 60 — 90
°C) 1O SKCHEPUMEHTAIbHBIM 3HAUYEHUSIM OTHOCHUTEJIBHOIO
JTaBJICHUS T1apa.

10. [IpoBenuTe pacuéT TEIIIOTH HcnapeHus. [IpencTaBpTe pe3ynbTar
B BUJIE YJCJIBHOTO U MOJBHOTO 3HAYCHHA.

IIpumep BO3MOXKHOIO pelieHust

1. XKungkocTplo B 3amave siBisieTcs ciabo IMOIKpAIICHHAs BOJA.
[TlosToMy  3HayeHWEe  TEIUIOTBI  HUCHIAPEHUS  JOJDKHO
COTJIaCOBBIBATHCS C €€ TaOJIMYHBIM 3HAYCHHEM.

['paduk 3aBucuMocTH jorapudma JaBieHHs Hapa BOAbI OT «OOPaTHOW
temneparypsl B uatepBaie 20 — 100 °C (puc.1).

in(o/p)*

Tk
Puc.1

HpﬂMaH JIMHUA  alllIpOKCUMAIMKU  ONpCACIIEICT CPCAHIOKO  TCIUIOTY
ucnapenns L = 2,42-10° Jlx/kr. = 4,36-10* JDx/mouns.
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2. BriBog «paboyeit» GpopMyIibl OTHOCUTEIHHOTO 1aBICHUS.

3anucelBaéM JBa YpPaBHEHHMs JaBJICHUS IAPOBO3AYIIHOH CMECH A
BBICOKOM W HHU3KOW Temmeparyp. llpm Hu3k0M Temmeparype
npeHeOperacM J1aBIeHUEM HACBIIIEHHBIX apOB:

m
mRT+p—pA

m

WS RT,, = py

3n1ech M - Macca BO3/1yXa, |l - MOJIApHasl Macca BO3/1yXa, S - BHYTPEHHSIS
IUIOLIA(b CEYCHUS MPOOUPKHU, h - BBICOTa MapOBO3IYIIHOW CMeCH, P —
JaBleHHe mapa, Pa — arMocdepHoe naBieHue, hn - BbicoTa croida
[ApOBO3JYIIHOW CMECH INpU MHHUMAIBHOM (PKCIEpUMEHTAJIbHOM)

temneparype Tm. M3 3Toil cuctembl ypaBHEHHI MoiydaeM «pabouyro»
(GopMyJly OTHOCUTEIBHOIO AABJICHUS IapOB

Z_q1-L.n @

3. BrBox «paboueii» GpopMyIbl s pacueTa TEIUIOTH HCITApEHUsI.
Jlis uHTepBana BBICOKMX TeMIIepaTyp 3alMchiBaeM JiB€ (OpMYIIbI

JIABJICHUA
_ L ( 1 1)

_ L ( 1 1 )

31ech Pmin — MAaBIEHUE TMapa MPU MHUHUMAIBHON TeMmmeparype T min
uHTepBana. M3 3Tol cuctemMbl ypaBHEHUH MOJTydaeM

p L( 1 1)
Pmin R Tmin T

[Tonmyyennyto Gpopmyiy npeoOpazoBbIBaEM K «IMHEHHOMY» BHILY

8

Tasks

Liquid nitrogen density (1)

Find the density py of liquid nitrogen.

Describe the method; write down the results of measurements
and calculations in the answer sheet.

Nitrogen evaporation speed (4)

a. Pour liquid nitrogen into the thermostat, cover it with a lid
and put it on the scale (there must be enough nitrogen so
that the scale does not “go off the scale”);

b. Explore the dependence m(t) of the mass of the thermostat
with nitrogen on time and according to the graph of
dependence m(t) determine the average evaporation speed
of nitrogen um = Amy/At during the measurement time t ~
3-4 minutes.

The answer sheet should include:

v" An installation diagram;

v' A table of dependence m(t);

v The graph of m(t);

v The numerical value un, of the average speed of evaporation
of nitrogen during the measurement.

Heat of vaporization of liquid nitrogen (9)

. Experiment (4)

Suggest a method and take the necessary measurements to
determine the specific heat of vaporization ry of liquid
nitrogen. From the measurement results, calculate ry.

The answer sheet should include:

v A description of the measurement procedure;

v The measurements, which allow determining ry;

v" A working formula for calculating ry;

v The numerical value ry.

54
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Reference data, constants:

Water density: po = 1 g/cm?;

Specific heat of ice melting: 1o = 334 J/g;

The universal gas constant: R = 8.31 J/mol*K;

Avogadro's number: N = 6.02*10%° mol™;

Molar mass of molecular nitrogen (N2): un = 28 g/mol;

Molar mass of air: u,ir = 29 g/mol;

Molar mass of iron: g = 56 g/mol;

Gas kinetic diameter of air molecules: d ~ 3*10°® cm

The boiling point of liquid nitrogen at normal pressure: Ty = 77.4 K.
Normal atmospheric pressure: Po = 0.1013 MPa;

The triple point of nitrogen: Ty = 63.15 K, Py = 12.53 kPa.

The figure below shows the complete phase (T, P)-diagram of nitrogen:

P, Mlla

3000

Kpucmann

2000

1000 T /

500

~Y
=

ccccccccccc

100 200 T K

Phase (T, P) -diagram of nitrogen

You may also need the value of temperature and atmospheric pressure in
the audience, in which you are conducting the experiment:

+ the atmospheric pressure today P, =..... mm Hg (1 mm Hg = 133
Pa);
« the room temperature t, = .... °C.

53

n (pnziin) - RTf‘nin B % % ®)

Jlorapu¢m OTHOCUTEIHHOTO JAaBJICHHS B MHTEPBaJe JTMHEWHO 3aBHCUT OT
obpatHoii Temmepatypel. KoaddunmeHTt HakioHa Trpaduka paBeH
MOJIBHOM TeII0Te ucnapeHus (B eaunuiax R).

4. TaOmuIpl SKCIIEPUMEHTATLHBIX JTAHHBIX

Tabnuua 1. BeicoTa mapoBO3IyHITHOTO CTOJIOA U TEMIIEPATYP

1 2 3 4 5 6 7 8 9
hoem | 151 | 134 [124 |114 |104 |94 |84 |74 6.9
T,°C | 365.5|363.5|361 |359 |356 |353 |349 |343.5])339.5
10 11 12 13 14 15 |16 |17 18
hem |64 |59 5.4 5.2 5.1 5 49 148 4.75
T,°C | 335 |327.5]319.3|312.5|308.6 306 | 302 |299.7 | 299
I'pacduk 3aBucumoctu h(T) mokasan Ha puc.2.
20
15 #
+
by
h.cmp =
5 4|-+.++-+---+-"'+-“.+.
0
280 300 320 340 360 380

T.C

Puc.2 I'paduk 3aBucumoctu h(T).
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Tabmuma 2

1 2 3 4 5 6 7 8 9

ppA | 0.615 | 0.569 | 0.538 | 0.5 | 0.456 | 0.403 | 0.34 | 0.263 | 0.218

10 11 12 13 14 15 16 17 18

ppA | 0.168 | 0.118 | 0.061 | 0.045 | 0.039 | 0.028 | 0.021 | 0.0081 | O

['paduik 3aBUCUMOCTH OTHOCHUTEIBHOTO JaBICHUS OT TEMIIEPATyphI
MoKaszaH Ha puc.3.

06

04 £

+ nE
ppA

et
At
-
0 o

280 300 320 340 360
T.C

T 1K

Puc. 3 3aBucumMocTts Puc.4 3aBucUMOCTE OaBIECHUSA OT
OTHOCHUTEIBHOI'O JABICHUS OT TEeMITepaTyphl
TEeMIIepaTyphl.

dopmyna BBIYKCICHHS OTHOCHTEIBHOTO JaBieHHs (2) chpaBeUBa
TOJILKO TIPU BBICOKMX TemmepaTypax. [losTomy, momydeHHsli rpaduk He
coryiacoBbiBaercs ¢ (popmyiioif (1) B 061acT MaJIbIX TEMIIEPATYP.

5. Pacuér temnoTsl ncnapeHust NPOBOJAUM B MHTEpBaJle TEMIIEpATyp

(86-66,5)°C. B coorBerctBum ¢ (¢opmynoir (3) crpoum
JTuHEHHBIH Tpaduk (puc.4) B 9TOM HHTEpBAJIE.

Koad¢unuent Hakiona rpaduka, Haiinennsii no metony MHK pasen
(-5266) wm ompenmenser ¢ O0OpaTHBIM 3HAKOM MOJIBHYIO TEIUIOTY

ucrnapeHus B equHunax R.

5266 -8,3145 ¢ AX 4
= W =~ 2,43 -10 E =~ 4,39 -10 Zl}K/MOJ'Ib

OTH 3HAaYCHUS OYCHb Xopomo COorjiacyrrca ¢ TaOJIUYHBIMU
3HAYCHHUAMMU.

10

8. digital stopwatch;

9. multimeter with wires;

10. halogen incandescent lamp with tungsten filament;
11. tripod with holder;

12. jar to drain the used water;
13. plastic spoon;

14. paper towels or napkins;

15. thread;

16. ruler;

17. caliper, scissors (on request);
18. graph paper (2 sheets)

Liquid nitrogen is a cryogenic liquid: at atmospheric pressure, the
boiling temperature of liquid nitrogen is ~ - 196 °C! The nitrogen
poured into the foam cup (thermostat) evaporates due to heat
exchange with the environment through the walls of the thermostat,
and its mass decreases with some speed. If a sample (a nut, a halogen
lamp), the initial temperature of which is significantly higher than the
temperature of liquid nitrogen, is dropped into the nitrogen for the
necessary measurements, a rapid boil will begin, which will continue
until the sample is cooled to the nitrogen boiling point. A sign of the
completion of the sample cooling process may be a short-term release
from the thermostat of some additional portion of gaseous nitrogen.
This is due to the disappearance of a gaseous interlayer between the
cooling sample and the liquid nitrogen. Do not forget that during and
after cooling the sample the nitrogen evaporates also due to the heat
supply through the walls of the thermostat.

Warning
Be especially careful while working with liguid nitrogen!

Avoid getting liquid nitrogen on open body areas and clothing!

52
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Senior league
Problem

Properties of liquid nitrogen. Einstein temperature for steel.
Thermal conductivity coefficient of the foam. Electrical resistance of

tungsten wire at low and high temperatures

The main results of this work are evaluative in nature and therefore you

do not have to estimate the errors.

In this experimental work, you will explore some of the properties of
liquid nitrogen, as well as the behavior of substances at low
temperatures.

To do the tasks you may need the following equipment:

1. two glasses made of foamed polystyrene with a heat insulating lid
(for water, nitrogen);

2. paper cup;

3. thick-walled foam glass with a lid (thermostat) for liquid nitrogen;
4. water, ice (on request);

5. liquid nitrogen (on request);

6. steel nuts of different mass;

7. electronic scales;

51

KpnTeplm OIICHUBAHUA AJIA 3a1a491 ((I[aB.l'leH](le mapa u Temiora

HCcnapeHu s

Ne 3amanue b

I1.1 | Onpenenenre OTHOCUTENHHOTO JABICHUS HACHIIIEHHBIX ITapOB 10
JKUIKOCTH B 00JIACTH BBICOKHX TEMIIEpPaTyp.

1.1 | [Homy4eHBI SKCIIEPUMEHTAILHBIC 3HAYCHHSI BRICOTHI CTOJI0A 4
MapOBO3AYIIHOW CMECH M TEMIIEPATYPBHI.

12 [Monyuena «pabouas» popmyna % =1- Ti . hTm JUIS BBIMUCTEHUS | O

m
M0 DKCIIEPHMEHTANBHBIM JaHHBIM OTHOCHUTENBHOTO JIaBJICHHS
HACBIIIEHHBIX MAPOB MCCIEAYeMON YKHIKOCTH.

1.3 | IloctpoeH rpaduk 3aBUCUMOCTH OTHOCHUTEIIFHOTO IABJICHUS MAapoB | 3
(BBIYMCIIEHHOTO 110 paboueii popmysie) oT TemrepaTtypsl. JJaHo
00BSICHEHHE €r0 PacX0KICHUS B 00JIACTH HU3KUX TEMIIEpaTyp C
TEOPETUIECKOU HOPMYNOil p = pg * exp <% (Tlo - %))

I1.2 | Onpenenenue TEIIOTH HCHAPEHUS KUIKOCTH. 11

2.1 | omyuena «paboyas» GopMmyna onpeneseHns TeIIOTH HCapeHust | 4
IO PKCIIEPUMEHTANBHOM 3aBUCHMOCTH OTHOCUTEIFHOTO JaBICHUS
napoB OT TemmnepaTtypsl. OnpezaencHa 00IacTh TeMIEpaTyp
WCIIOJIL30BaHUS (POPMYJIBI.

L exp £( L _ l)
Pmin R\Tmin T
2.2 ®dopmyina npuBeaeHa K JIMHEHHON opme. ln( £ ) =L+ L. |2
Pmin RTmin R
1
T

2.3 | IlocTtpoen rpaduk (B TMHEHHBIX KOOPJMHATAX) 2

2.4 | Ompenenena TerioTa UcHapeHus (10 JMHEHHOMY TpaduKy). 3
NmeeTcs 3anuch pe3ysibTaTa B MOJIbHOM M YACJIbHOM 3HAUYCHUAX.

11
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Muaanmas jqura
3anaua «/ledopmanus u KonedbaHusD)
Oyenka noepewHocmeti 8 0auHOU pabome He mpeoyemcs.

VYnpyras niaacTuHa, ypaBHOBemeHHas Ha onope (Puc. Nel),
nporubaercs (nehopMupyercs) Mo cOOCTBEHHBIM BecoM. Jledopmarius
npeBpalacT IIACTHHY Ha O1ope B «(HU3NYCCKHIA MAsSTHUKY, KOTOPBIN
MO>KET COBEpIIATh KOJIeOaHusI.

Puc.1 Cxema uzmepenus.

B nannoii pabote Bam Hy>XHO UCClIeZI0BATh 3aBUCUMOCTh
neGopMaly 1 epruoia KojieOaHuil OT JUIMHBI TUIACTHHBI. MOXKHO
HI0Ka3aTh, YTO «CTPEJIKa» Mmporuda (BenuyuHa h mpu HeOOIBIIUX
nedopmanusnx) u nepuoa Konebanuii T (pu HEOOTBIITUX AMILTUTYAaX
KoJieObaHuil) orpeaesieHsl GopMyIamMu BUIa

h(L) =a-L",
T(L) =p-L*

riae N u K — 1ienple yrcia, BeTUYHHBI KOTOPBIX CISIyeT ONPEIeTUTh 10
pe3ysbTaTtaM 3KCIEepUMEHTA.

OobopynoBanue

I'mGkas mnactukoBast miactuHa (auuHa 60 cM), JIe3BHE KaHLEISPCKOTo
HOa (MCHOJIb3YETCsl B KAUeCTBE OIMOPbI MasiTHUKA), OOJbIlas JIMHEHKa
(or 30 cm), aBe wmamble nuHekku (10-15 cm), nBa OGonbmIux
KaHLEISPCKUX 3aXHMa, JBa MOHTAXHBIX 3aXHMa, CEKYHIOMEp,
HOYKHHIIBI, JTUCTBHI MUJUIMMETPOBOM Oymaru Ajisi MOCTPOCHHs TpadUKOB.
Jle3Bue M MOHTaXHbIE 3aKUMbl HCIHOJB3YIOTCS JUISI W3TOTOBJICHHS
«TOYKHU» OTOPBHI.

12

Criteria of estimation for problem “Deformation and oscillations”

Ne | Task points

P.1 | Determination of the value of the power (n) in the | 10
dependence of the deformation value on the plate length
h(L) =a-L"

1.1 | The experimental setup has been assembled to measure | 1
the dependence of the value of the “arrow” of the
deflection on the plate length h(L) = a - L™. Its diagram
has been drawn. The method of the measurement of the
“arrow” of the deflection h has been described.

1.2 | The experimental data of the dependence have been 2
obtained (the table of the values of L and h, at least 5
points).

1.3 | The graph has been plotted in the linear (logarithmic) 2

coordinates. It is possible to select the value of n, with
which the graph becomes linear.

1.4 | The value of n has been determined using the line graph. | 2
Rounding to the integer value has been performed.

1.5 | The theoretical formula of the dependence h (L) has been | 3
obtained (the theoretical value of the power n).

P.2 | The determination of the value of the power (k) in the | 11
dependence on the period of oscillations on the plate
length T(L) = B - L.

2.1 | The measurement method has been described and the 3
experimental dependencies have been obtained (the table
of the values of L and T, at least 5 points).

2.2 | The graph has been plotted in the linear (logarithmic) 2
coordinates. It is possible to select the value of k, with
which the graph becomes linear.

2.3 | The value of k has been determined using the line graph. | 2
The rounding to the integer value has been performed.

2.4 | The theoretical formula of the dependence T (L) has been | 4
obtained (the theoretical value of the power k).

50



НЕП
Пишущая машинка
12

НЕП
Пишущая машинка
50


Oscillations

If energy of small oscillations in the system can be represented in a
"quadratic form"

-2 2
E=a- x? + B x?
then the period of oscillations is determined by the formula

T=2 0(
=211 |—
B

where o and B are the coefficients of inertia and stiffness respectively.
For our oscillatory system (the physical pendulum), the energy equation
looks like

"2 2
E=]-(p7+mgl-%.

Here J is the moment of inertia of the plate relative to the point of
rotation (oscillations), | is a distance from the point of rotation to the
center of mass of the system. Therefore, in our case a =], B = mgl.

The formula of the oscillation period of the plate T = 2n /m%ql

For the plate with the small bend ] ~ 1—1sz2 = %p - 3. Obviously, that

the quantity | is proportional to the value of the deformation h. Using the
previously obtained dependence h(L), it is possible to write [ =y - L*.
Accordingly, for B we obtain the expression

B =pgy - L°~L°.
After substituting in the formula for the period, we obtain

m-L? 1
T=2m [———~-.
12'mg-y-L* L

The period of oscillations is inversely proportional to the plate length.
The value k = -1.

49

BaxxHoe 3ameuanmue!

byzabTe oueHb OCTOPOXKHBI C JIE3BUEM HOKaA. ByJbTe 0OueHb aKKypaTHBI C
IJIACTUKOBOM IUIacTHHOW. Ilepen Hayanom 3kcrnepuMeHTa NpOBEPHTE €€
«kauectBo». [lmactTuHa pgomkHa OBITH POBHOM U 0€3 3aMETHOIO
Ha4yaJIbHOTO U3ruoa.

Xo/1 BbINOJHEHHS] PA0OThI

1. Us PEII0KEHHOTO 0bopyoBaHuUs cobepurte
OKCIIEPUMEHTAIIbHYI0 ~ YCTaHOBKY  JUISI  OJHOBPEMEHHOIO
YICCIIEIOBAHNUS IBYX 3aBucuMocteit: h(L) = a - L™, T(L) = B+ L*
(BO3MOKEH BapUaHT pa3IeIEHHBIX HCCIeNOBaHMi). Bapuant

cOOpKH OTOPHI OKa3aH Ha PUCYHKE 2.

v —

Puc.2

2. IlpomymaiiTe cxeMy HW3MEpEHHUs BEIWYMHBI JieopMaluu
wiactunbl h. [l u3meHeHus (yMEHbBIICHHUS) JUTUHBI MJIaCTHHBI
WCIIONB3YHUTE HOXKHULBL. 3apUCyWTE€ CXEMy YCTaHOBKH U
OIMILUTE Balll AEUCTBUSA 10 U3MEPEHUSIM.

3. IIpoenute HEOOXOMMMBIE M3MEpEeHHs (BeMMYHMHA JedOopMalliH,
nepuosx  KojeOaHW) JUIs  pa3aMuYHBIX JJIUH  IUIACTHHBI.
DKcrnepuMeHTalIbHbIE JaHHbIE TPEJICTaBbTE B BUAE TAOIULI.

13
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4. Tlocroiire rpaduku 3aBucumocteit h(L) u T(L) B koopauHarax,
MO3BOJIAIOIIUX ONIPCACINUTL BECJIMYHNHBI TIAPAMCTPOB nu k

5. Tlomyuure TeopeTnueckue GOpMyIbl UCCIEAYEMbIX
3aBucuMocTei. CpaBHUTE TEOPETHUECKUE 3HAUCHHS HCKOMBIX
K03()(DUIMEHTOB C UX IKCIIEPUMEHTAIBHBIMHA 3HAUCHUSMH.

BapuaHT BO3MOKHOI0 pelieHus

1. ®ororpadus u cxema 3KCIEPUMEHTAIBHON YCTAHOBKHY MTOKa3aHa
Ha PUCYHKeE 3.

Puc.3 ®otorpadus u cxema SKCIEpUMEHTATHPHON YCTAHOBKH.
Kanrensipckue 3aKUMbl ¥ MaJeHbKHE JIMHCWKHA HCIONB3YIOTCS IS
HU3MEPEHHUsT KOOPIUHAT KOHIIOB AehopMuUpoBaHHOM maacTuHbl Ny, hy. g
— KOOpJHMHATa TOYKH OMOphl. BennunmHa aedopmaiiuu OnpeaesseTcs
COOTHOIIEHHUEM

hy + h,

2

h:ho

14

the dependence in the logarithmic coordinates must be linear and the
slope must be equal to the parameter k. The experimental graph is fairly
well approximated by the linear function. The value of the slope found
with the use of the method of least squares is equal to (- 0.936). Which is
close enough to (-1).

Theory
Deformation

A rigorous derivation of the equation of the plate deformation under its
own weight can be based on a variational method. But, it is possible to
prove that h = a - L* (n = 4) from simple physical arguments.
1) The “arrow” of the deflection (the deformation) is proportional
to a deformation “angle” h~¢ - L
2) The deformation angle (in accordance with Hooke's law) is
proportional to a bending moment and inversely proportional to

the coefficient of elasticity (bend) (p~%

3) The bending moment is proportional to the weight and length of
the plate
M~mg - L =pg-L?

4) The coefficient of elasticity of the entire plate is inversely
proportional to its length k~%

5) "Collecting™ all this together, we obtain h~L*. The value n = 4.
The exact bending formula for our case is as follows

h= % - L*. Here p is the linear density of the plate, ko is the
‘Ko

specific coefficient of flexural elasticity of the plate (with a given
Cross section).
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In accordance with the equation h(L) = a - L™

In(h) = In(a) + n-In(L)

the dependence in the logarithmic coordinates must be linear and a slope
must be equal to the parameter n. The experimental graph turned out to
be linear. The value of the slope found with the use of the method of
least squares is equal to 3.946. Which is close enough to 4.

Table of logarithm T

1 2 3

4

5

6

7

8 9

10

11

InT | 1.765 | 1.781 | 1.813

1.846

1.887

1.923

1.962

2.002 | 2.041

2.089

2.135

The graph of the dependence T(L) in the logarithmic coordinates (fig.5).

k2
[

[

(T

1.8

36

3.8

In(L)

4.0

Fig. 4 Graph of dependence T(L) in logarithmic coordinates.

In accordance with the equation T(L) = B - L™

a7

In(T) = In(B) + k - In(L)

JKCnepuMeHTAJIbHbIE TA0IMUBI U TPaUKH

1 1 2 3
11 60 1 27.4 3.6 8.15
> | 58 2 26.7 4.7 7.25
3| 56 3 25.3 51 6.35
2| 54 4 24.1 54 56
N R T R T

6| 50 . . .
71 a8 7 | 2235 795 345
81 46 8 21.7 8.45| 2.875
9| 24 9| 20.85 8.45 245
0l 42 10| 20.6 8.9 2.1
111 40 11 20.5 9.7 1.65

Koopaunara Touku onopsel h0 = 11.5 M.
Tabnuubl rHbl ITaCTHHEI (L) 1 KoopauHaThl KOHIOB IutacTHHE (H)

(cm). Tlocnemuuii cronben Tabmuiel H — BemuauHa qeopMaIiui B CM.

Tabnune! Bpemenu 11 konebanuii u nepruona KoneOaHuM (CEKyHAbI).

1 2 3 1
1| 19.53| 19.52| 19.37 1| 5.842
2| 19.85( 19.67( 19.84 2| 5936
3| 20.44( 20.44| 20.41 3| 6.129
4| 21.15 21.1| 21.09 4| 6334
t10 = 5| 21.99| 22.04| 2196| _ 5| 6.599
6| 22.73 22.8 22.9 6| 6843
7| 23.76| 23.73| 23.65 7| 7.114
8 | 24.72| 24.67| 24.63 8 | 7.402
9| 25.65 25.7 | 25.65 9 7.7
10| 26.99| 26.86| 26.94 10| 8.079
11| 28.23| 28.11| 28.22 11| 8.456

[Tepuon konmebaHuii BEIYUCIISIICA IO TpeM u3MepeHus 11 konebanwmit.
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Ta6nuup! morapudmos Beauuud L u h.

1 1
1 4.094 1 2.098
2 4.06 2 1.981
3 4.025 3 1.848
4 3.989 4 1.723
(L) = 3 3.051 In(h) = 5 1.619
] 3.912 ] 1.393
7 3.871 7 1.238
a 3.829 8 1.056
9 3.784 Q 0.896
10| 3.738 10| 0.742
11| 3.689 11| 0.501

I'paduk 3aBucumoctu h(L) B morapudmuyeckux koopaunarax (puc.3).

[ ]

Lu(h)

36 38 4.0 42
In(L)
Puc.4 I'paduk 3aBucumoctu h(L) B morapupMuveckux KOOpJHHATAX.

16

Tables of logarithms of L and h.

1 1
1 4.094 1 2.098
2 4.06 2 1.981
3 4.025 3 1.848
4 3.989 4 1.723
(L) = 3 3.951 In(h) = 5 1.619
] 3.912 ] 1.303
7 3.871 7 1.238
a 3.829 8 1.056
9 3.784 Q 0.896
10| 3.738 10| 0.742
11| 3.689 11| 0.501

The graph of the dependence h(L) in the logarithmic coordinates (fig.4).

[ ]

Lk

3.6 38 4.0 42

In(L)
Fig.4 Graph of dependence h(L) in logarithmic coordinates.
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Experimental tables and graphs

1 1 P B The coordinate of the

1| 60 1| 274| 36| 815| Supportpoint

hO =11.5 CM.
2| 58 2 26.7 47 7.25

The tables of the
3| 56 3 25.3 5.1 6.35 olate length (L) and
i 54 4 24.1 >4 56 coordinates of the

L5 52] 4|5 23.9 6.3 5.05 plate ends (H) (cm).

6| 50 6 23.1 755| 4.025 The last column of
7| 48 7| 2235 795| 345 the table H is the
8| 46 8 21.7| 845| 2875 deformation value in
9| 44 9| 2085| 845| 245 cm.
10| 42 10| 20.6 8.9 2.1
11| 40 11| 20.5 97 1.65

Tables of time of 10 oscillations and period of oscillations (seconds).

1 2 3 1
1| 19.53| 19.52| 19.37 1| 5.842
2| 19.85| 19.67| 19.84 2| 5936
3| 20.44| 2044 | 20.41 3| 6.129
4| 21.15 21.1| 21.09 4| 6334
t10 = 5| 21.99| 22.04| 21.96 T 5] 6.599
6| 2273 22.8 22.9 6| 6.843
7| 23.76| 23.73| 23.65 7| 7.114
8| 24.72| 24.67| 24.63 8| 7.402
9| 25.65 25.7 | 25.65 9 7.7
10| 26.99| 26.86| 26.94 10| 8.079
11| 28.23| 28.11| 28.22 11| 8.456

The period of oscillations was calculated on the basis of three
measurements of 10 oscillations

45

B cootBercTBHH ¢ ypaBHeHHeM h(L) = a - L™
In(h) = In(a) + n-In(L)

3aBHUCHMOCTh B JIOTapU(MUYECKUX KOOpIMHATaX JOJDKHA OBITh
JMHEWHOW U KOA(P(UIMCHT HAKIIOHA JIOJDKEH OBITh paBeH mapaMmeTpy N.
DKCHepUMEHTAIBHBIN  IpaduK MOTY4YHIICS JIMHEHHBIM. 3HaueHUE
ko3 duIreHTa, HAaWACHHOTO TIO0 METOJy HAMMEHBIIMX KBaJpPaTOB
(MHK) paBHo 3,946, 4T0 10CTaTOYHO OJIHM3KO K 4.

Ta6mmma morapudma T.

1 2 3 4 5 6 7 8 9 10 11

InT | 1.765 | 1.781 | 1.813 | 1.846 | 1.887 | 1.923 | 1.962 | 2.002 | 2.041 | 2.089 | 2.135

I'pacduk 3aBucumoctu T(L) B torapupmudeckux KoopauHarax (puc.5S).

22

[

n(T)

1.8

3.6 38 4.0

In(L)

Puc. 5 I'paduk 3aBucumoctu T(L) B torapupMuveckux KOOpJHHATAX.
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B coorBerctBuu ¢ ypaBuenuem T(L) = - L™
In(T) = In(B) + k- In(L)

3aBUCUMOCTh B JIOI‘apI/I(bMI/I‘-ICCKI/IX KOoopAuHaTax JOJIKHaA 6BITB
JUHEHHONW W Ko3(dUIMEeHT HakjIoHa Tpaduka T0DKEH OBITh paBeH
napamerpy K. OkcnepuMeHTanbHBI TpaduK JTOCTaTOYHO XOPOLIO
anmnpoKCUMUpYyeTCcsl JMHeHHOM ¢(yHKuued. 3HadueHue KodPduIeHTa
HakJoHa, HaiinenHoro mno ™erony MHK pasno  (-0,936). Uro
JIOCTaTOYHO OJIM3KO K 3Ha4eHHO (-1).

Teopus
Hedopmanus

Crporuii BbIBOI ypaBHEHUs Ae(HopMaIiu IIACTUHBI 10 COOCTBEHHBIM
BECOM MOXeET OBITh OCHOBAH Ha BapualmoHHOM Metoze. Ho, mokasars,
uyto h = a + L* (N = 4) M0O’kHO U3 IPOCTHIX (PU3MIECKUX PACCYKICHMIA.
6) Crpenka nporuda (nehopmaruu) MPOMOPIHOHATBEHA KYTITY»
nepopmanuu h~q - L
7) Vron nedopmaruu (B COOTBETCTBHH C 3aKOHOM ['yKa)
MPONOPIIMOHATIEH U3THOA0IIEMY MOMEHTY B 00paTHO

M
MIPOIIOPIIMOHAICH KOAPPUITUCHTY YIIPYTOCTH (M3ruba) ¢~ -

8) MH3rubaromuii MOMEHT MPONOPLIHUOHANICH BECY H JJTUHE TUIACTUHBI
M~mg-L = pg - L?

9) KoaddunmeHt ympyrocta Beei miacTHHbI 00paTHO
MIPOITOPIIMOHAJICH €€ JITHHE k~%

10) «Cobupas» Bce 910 BMecTe nojydaeM h~L*. Beanuuna n = 4.
Tounast hopmysia U3ruda JJist HaIero CiIydast BBIMISIUT CIICTYIOLTIM

o0pa3zom h = % - L*. 31ech p - nUHEiHAs IIOTHOCTh
‘Ko

IIaCTUHBI, Ko - yIeIbHBIH KO3 GHUIIMEHT H3THOHOM YIIPYroCTH
MJIACTUHEI (C JAHHBIM CEUCHUEM).

18

Variant of possible solution.
1. A photograph and diagram of experimental setup are shown in

figure 3.

Fig.3. Photograph and diagram of experimental setup.

The stationery clips and small rulers are used to measure the coordinates
of the ends of the deformed plate h1 and h2. hO is the coordinate of the
support point. The deformation value is determined by a ratio

hy + h,

h=h0 2
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Plan of task implementation

1.

46

From the proposed equipment, assemble an experimental setup
for a simultaneous study of two dependencies: h(L) = a - L",
T(L) = B - L¥ (a variant of separate studies is possible). The
variant of the support assembly is shown in figure 2.

v sl

Fig.2

Think through a scheme for measuring the value of the plate
deformation h. For a change (a decrease) of the length of the
plate, use the scissors. Draw the scheme of the setup and describe
your activities for the measurements.

Carry out the necessary measurements (the value of the
deformation and the period of oscillations) for the various plate
lengths. Present experimental data in a form of tables.

Plot graphs of dependencies h(L) and T(L) in coordinates, which
allow determining the values of the parameters n and k.

Obtain the theoretical formulas of the studied dependencies.
Compare the theoretical values of the desired coefficients with
their experimental values.

Koaeoanus

Ecmu SHEPIUs MaJIbIX KoJIeOaHMH B CUCTEME MOXKET OBITh IIpeacTraBjICHa

B «KBaJpaTUIHOHN popme»
2

X2 x
E—C{'?+,8'7,

TO MepuoJl KosnebaHuii onpenensercs GopMmynoin

T =2m |2
n\ﬁ,

une o 1 B ko3 GHUIMEHTHI MHEPIIMOHHOCTH U )KECTKOCTH
COOTBETCTBEHHO. JIJ1s1 Halle# KosiebaTeabHO# cucTeMbl ((PU3UIECKOTO
MasiTHUKA) YPaBHCHHE SHEPTUHU BBITJISIIAT TaK

Ezj-%z—i—mgl-%z.

3n1ech J - MOMEHT MHEPLUU TIACTUHBI OTHOCUTENIBLHO TOUKH BPALECHUS
(konebanwmit), | — paccTosiHEE OT TOYKHM BpalIeHHs 10 LICHTPA Macc
cucremsl. [losTomy, B Hamem ciydae a = J, f = mgl. @opmyna

nepuoza konebanuit actuuel T = 21 ’ngl

1 1
JUIst IIACTHHEL ¢ HEOONIBIINM H3IrHO0M | =~ EmL2 ==p- L3.

OueBuiHO, yTO BennunHa | mponopiroHansHa BennurHe qedopmarnin
h. Ucnone3yst monydeHHyto panee 3aBucuMocth N(L), MOXHO 3amucars
[ =y - L*. CooTBETCTBEHHO, s B IOJTy4aeM BBIPAKEHHE

B =pgy L°~L°.
[Tocne moncTaHOBKU B OpPMYITy MEpHOAa, TOTydaeM

m-L2 1
T =21 |— <2,
12'mg-y-L* L

[Meprona KoebaHwii 0OpATHO MPOMOPITUOHAICH IJTHHE TUIACTHHBI.
Bennunna k = -1.
19
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Kpurtepun onennBanus nis 3aaaun «ledpopmanus n kosiebanus»

No

3aJaHHuC

OaJUIBI

.1

Omnpenenenue 3Ha4eHus crenceHu (N) B 3aBUCUMOCTH
BEJIMYMHBI IeOpPMAIMK OT JUTHHBI TiacTubl h(L) = a -
LTL

10

1.1

Cobpana dKcriepuMeHTaIbHAs YCTAaHOBKA [T H3MEPEHUS
3aBUCUMOCTH BCIIMYUHBI KCTPCIIKH» HpOFI/I6a OT IJIMHBI
wiactuasl h(L) = a - L™. HapucoBana e¢é cxema.
Omnwcana METOMKA H3MEPEHHSI CTPEIKH mporuoa h.

1.2

[ToyueHbl SKCIIEpUMEHTAIbHbIEC JaHHBIC 3aBUCUMOCTH
(tabmuria BesmuuH L, h, He MeHee 5 Toyek).

1.3

IMoctpoeH rpaduk B THHEHHBIX (JTOraprupMUUCCKHX )
KoopauHaTax. Bo3moskeH BapuaHT mo0opa BEIUYMHBI N,
IpU KOTOPOMl rpad MK CTAHOBUTCS JIMHEHHBIM.

1.4

[To nuneitHOMy rpaduKy ompeneneHo 3HaueHue N.
[IpoBesieHO OKpyTJIeHHE [0 1EI0r0 3HAYEHUS.

1.5

[Mony4ena Teoperndeckas Gpopmyna 3aBucumoctu h(L)
(TeopeTnyeckoe 3HaAUCHHUE CTETIEHU N).

™ H

Omnpenenenne 3HaueHus crenenu (K) B 3aBUCHMOCTH
neprosa Konebanuii o jumHsl miactursl T (L) = B - LK.

11

2.1

Ornucan MeTo U3MEPEHUH 1 MOITY4EHbI
9KCIIEPUMEHTANIbHBIE JaHHBIE 3aBUCUMOCTH (Tabmuia
BenuuuH L, T, HEe MeHee 5 ToYek).

2.2

[ToctpoeH rpaduk B THHEHHBIX (JIOTapU(DMUICCKHX )
KoOprHAaTax. Bo3MokeH BapuaHT 1o j00pa BeTHIHHBI K,
IpY KOTOPOil rpauk CTAHOBUTCS JIMHEHHBIM.

2.3

[To nuueltHOMY TpaduKy omnpeaeacHo 3HaueHue K.
[IpoBeneHo OKpyrieHue 10 Neaoro 3HaueHusl.

2.4

[Monyuena TeopeTuyeckas popmyia 3aBucumoct T (L)
(Teopernyeckoe 3HaueHHE cTeneHu K).

20

Junior league
Problem **Deformation and oscillations"
Estimation of errors is not required in this work.

An elastic plate balanced on a support (see figure 1) bends
(deforms) under its own weight. Deformation turns the plate on the
support into a "physical pendulum”, which can oscillate.

e

Fig.1
In this work, you need to study a dependence of the deformation
and a period of oscillations on a plate length. It can be shown that the
“arrow” of deflection (a value of h with small deformations) and the
period of oscillations T (with small amplitudes of oscillations) are
determined by formulas

h(L) =a-L",
T(L) =p- L,

where n and k are integers, the values of which should be determined
from results of the experiment.

Equipment

The flexible plastic plate (the length: 60 cm), a stationery knife blade
(used as the pendulum support), a large ruler (from 30 cm), two small
rulers (10-15 cm), two large stationery clips, two mounting clips, a
stopwatch, scissors , graph paper sheets for plotting. The blade and
mounting clips are used to make the “point” of the support.

Important note!

Be very careful with the blade of the knife. Be very careful with the
plastic plate. Before the beginning of the experiment, check its "quality".
The plate should be flat and without noticeable initial bending.
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Crapuas jura
Criteria of estimation for problem “Vapor pressure and heat of

vaporization”
No | Task CaoiicTBa XuAKOro azora. Temneparypa DiHIITeHHA JJIA CTAJIH.
P.1 | Determination of the relative pressure of the saturated | 10 KoadduumenT TenyionpoBoHoCTH HEeHOMIACTA.

vapors of the liquid in the high temperature range. DJIEKTPOCONPOTHBJIEHHE BOJIL(PaMOBOii NPOBOJIOKH NPH HU3KOH U
1.1 | The experimental values of the height of the column of the | 4 BBICOKOIi Temmeparype

vapor-air mixture and temperature have been obtained.

) T h - 7 Y

1.2 | The “working” formula 2 = 1 — - "™ has been obtained | 3 OcHogHble pe3y1bmamsl 0aHHOIL pabomut HOCAM OYEHOUHbBLL

. Pa Tm R Xapaxkmep u n03Momy OUeHKY No2pewrHocmetl MOM#CHO He
to calculate the relative pressure of the saturated vapors of deaanms
the studied liquid from the experimental data.

1.3 | The graph of the deP_endence of the r9|at|Ve_ pressure of the | 3 B HacTos1eit SKcriepuMeHTaIbHOM paboTe BaM MPEACTOUT UCCIIEI0BATh
vapors (calculated with the Use_Of the working fqrmma) on HEKOTOPBIC CBOMCTBA JKUIKOTO a30Ta, a TAK)KE 0COOCHHOCTH IMOBEICHUS
the temperature has been built. The explanation of its BEILECTB [P HU3KUX TEMIIEPATYpax (BILIOTh 10 TEMIIEPATYPhI KUIIEHHUS
discrepancy in the range of the low temperatures with the JKHJIKOTO a30Ta).

. L1 1 TSl BBIMOJIHEHUSI pPAOOTHI BAM MOKET IT BAThCS
theoretical formula p = p, - exp |- (— - —) has been A omHenus pado OET MOTPEOOBATEC
R\Tp T cienyroliee 000pyI0BaHUE:

given.
P.2 | The determination of the heat of vaporization of the liquid. | 11
2.1 | The “working” formula for determining the heat of 4

vaporization has been obtained from the experimental
dependence of the relative pressure of the vapors on the
temperature. The temperature range for using the formula
has been determined.

p L{ 1 1
=exp|\= - = .
Pmin R \Tmin T

2.2 | The formula has been brought to the linear form . 2
() = k.2
Pmin RTmin R T

2.3 | The graph has been plotted (in linear coordinates) 2

2.4 | The heat of vaporization has been determined (accordingto | 3
the linear graph). There is a record of the result of the molar
and specific values.
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w N

RO ~N O A~

0.
11.
12.
13.
14.
15.
16.
17.

JABa CTaKaHa U3 BCIICHCHHOI'O IMOJIMCTHUPOJIA C TCHJIOI/ISOJ'II/Ipy}OH_[eﬁ

KPBIIIKOH (JI71s1 BOABI, a30Ta);
OyMakHBII CTaKaH;

TOJICTOCTEHHBIM IEHOIJIACTOBBIM CTaKaH € KPBIIKOW (TepMOCTAaT)

JUTSL )KUAKOTO a30Ta;

BOJIa, JIE] (110 TpeOOBAHMIO);

YKUJKHHA a30T (110 TpeOOBaHUIO);

CTaJIbHbIE FaiKU Pa3HOU MaCCHhI;

3JIEKTPOHHBIE BECHI;

1u(pOBOI CEKYHIIOMED;

MYJIBTUMETP C IPOBOJIAMU;

raJIoTeHHasl JIaMIla HaKaJIMBaHUA C BOJIb(PPaMOBOI HUTHIO;
HITATUB C JIANIKOW;

0aHKa 15 CIIMBA MCIIOJIb30BAaHHOH BOJIBI;
IUTACTUKOBAS JIOKEUKA;

OyMa’kHBIC TIOJIOTEHIIA WK Call(EeTKH;

HUTKU;

JINHEHKA;

HITAHTEHITUPKYJIb, HOKHHUILIBI (110 TPEOOBAHUIO);

In(p)

Tlix

The slope of the graph found with the use of the method of least squares
is equal to (- 5266) and determines with the opposite sign the molar heat
of vaporization in the units of R.

18. mummmMeTpoBas Oymara (2 ucTa)

Kunkuit a30T — KpUOTEHHas J>XKUIKOCTb: TPH aTMOochepHOM
TaBJICHUH TeMIlepaTypa KUTIEHUS >KUIKOTO a30Ta cocTaBisieT <~ - 196
OC! Asor, HamuTBIii B IICHOILIACTOBBIA CTAaKaH (Tepmocrar),
ucnapsercs 3a CyeT TeIUIOOOMEHa C OKpYXKAarollel cpenoi uepes
CTEHKM TEepMOCTaTa, M €ro macca YMEHbIIAeTCs C HEKOTOpOu
ckopocThio. Ecnu anst mpoBeieHnss HEOOXOIMMBIX U3MEPEHUH B a30T
OMyCTUTHh oOOpaser] (Tailky, TaJOTeHHYIO JIaMIly), HadajJbHas
TeMIlepaTypa KOTOPOIo CYIIECTBEHHO BBIIIE TEMIIEPATypPhl KUJIKOTO
a30Ta, TO Ha4yHeTCcs OypHOE KHUIIeHHEe, KOTOpoe OyJaeT MpoAoKaThCs
JI0 TeX TOop, MoKa oOpaszel] He OXJIAJUTCS 10 TeMIIEpaTypbl KUIIEHUS
azota. llpu3HakoMm 3aBepiieHuUs TIpoliecca OXJaxIeHus o0pasia
MOXKET CIYXKUTh KpPaTKOBPEMEHHBIH BBIOPOC U3 TepMoOcTaTa
HEKOTOPOW JOTOJHUTEIHHOW MOPIMU Ta3000pa3HOro aszora. ITO
CBSI3aHO C MCYE3HOBEHHEM Ta3000pa3HOM MPOCIOWKH MeEeXIy
OXJIAKJAIOLTMCS 00pa3lioM U >KUJIKUM a3oToM. He 3a0biBaiiTe, uTo

22

J

5266 - 8.3145
=—————— ~243-10° k_g ~ 4.39-10* ]/mol

18-1073

These values are in very good agreement with the table values.

Table of calculation of relative pressure of vapor.

1 2 3 4 5 6 7 8 9

ppA | 0.615 | 0.569 | 0.538 | 0.5 | 0.456 | 0.403 | 0.34 | 0.263 | 0.218

10 11 12 13 14 15 16 17 18

ppA | 0.168 | 0.118 | 0.061 | 0.045 | 0.039 | 0.028 | 0.021 | 0.0081 | O
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Table of calculation of relative pressure of vapor.

1 2 3 4 5 6 7 8 9
ppA | 0.615 ] 0.569 | 0.538 | 0.5 | 0.456 | 0.403 | 0.34 | 0.263 | 0.218

10 11 12 13 14 15 16 17 18
ppA | 0.168 | 0.118 | 0.061 | 0.045 | 0.039 | 0.028 | 0.021 | 0.0081 | O

The graph of the dependence of the relative pressure on the temperature
(Fig. 3)

06 +
i
K
E
04 £
.
pPA
02 A
A
At
e
0 £
280 300 320 340 360
T.C

Fig. 3 Graph of dependence of relative pressure on temperature.

The formula for the calculation of the relative pressure (2) is valid only

at the high temperatures. Therefore, the obtained graph is not consistent

with formula (1) in the range of the low temperatures.

5. The calculation of the heat of vaporization is carried out in the
temperature range (86 — 66,5)°C. In accordance with formula (3), we
construct the line graph in this range.

42

BO BpEMsI U MOCTIe OXJIXKICHHs 00paslia a30T HCIapsIETCs TAKKE 33 CYET
TEIUIONO/IBO/IA YePe3 CTEHKU TePMOCTATa.

IIpenocTepeskeHue

IIpu padore ¢ :KUAKUM a30TOM OyJAbTe 0COOEHHO
OCTOPOKHBI!

N30eraiiTe monagaHus ’KUJAKOr0 a30Ta HA OTKPbITbIE YACTH TeJIa U
onexay!

CnpaBoyHble JaHHbIEe, KOHCTAHTBI:

[110THOCTB BOMBI: po = 1 r/em’;

VY nenbHas TEIUIOTA TUIABICHUS Jbaa: Ag =334 JIx/T;
YHuBepcanpHas ra3opas nocrosinnas: R = 8.31 Jlx/monp*K;
Yucno ABoranpo: Np = 6.02*10% Mom{l;

Mosnsipaas macca mosiekysipaoro azora (Ny) © un = 28 r/Moib;
Momnsipaast Mmacca Bo3ayxa: ug = 29 r/moib;

MomnsipHas Macca xenesa: (g = 56 r/MoJb;

['a30KMHETHYECKHiT TraMeTp Moleky Bosayxa: d ~ 3*107% cum

Temneparypa KUIEHUs KUKOTO a30Ta IPU HOPMAJILHOM JaBICHUU: TN
=774 K.

Hopwmansaoe atmochepHoe nasnenue: Py = 0.1013 MIla;
Tpolinas Todka azora: T, = 63,15 K, P, = 12,53 kIla.

Ha pucynke Huxe npuseneHa nonsas ¢asonas (T,P)-nmuarpamma aszora:

23
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The logarithm of the relative pressure in the interval linearly depends on
the inverse temperature. The slope of the graph is equal to the molar heat

of vaporization (in units of R).

4. Tables of experimental data
The table of the heights of the vapor-air column and the table of

P, MIla
3000
Kpucmann
2000 /
1000 , / yd
; |
/ 3akpumuueckoe
500 . ‘;/ B cocmosHue
T«
udkocms | 4
1
1 Kpumullecmﬂ movka
/ 126,2 K; 3,396 Mila
0,1
0,01
Tpoiinas mouka )
63,15 K; 12,52 klla ras
0,001 /
0,0001
100 200 T, K

®da3osas (T,P)-nuarpamma a3zora
Bam MoryT notpeGoBaThCs TaK)Ke 3HAUEHUE TEMIIEPaTyphl U

aTMoc(hepHOro JaBJiIeHHs B ayAUTOPUU, B KOTOPOIl BB IPOBOAUTE
AKCTICPUMEHT:

e aTtMmocdepHoe AaBineHue ceroaus Py =..... MM. pT. cT. (1 MM. pT. CT.
~ 133 I1a);

e KoMHaTHas Temneparypa t,=....°C.

24

temperatures
1 2 3 4 5 6 7 8 9
hem | 151 | 134 [124 |11.4 |104 |94 |84 |74 6.9
T,°C | 365.5 | 363.5|361 | 359 |356 |353 |349 |343.5|339.5
10 11 12 13 14 15 |16 |17 18
hem | 6.4 5.9 5.4 5.2 5.1 5) 49 |48 4.75
T,°C | 335 |327.5|319.3|312.5|308.6 | 306 | 302 |299.7 | 299
The graph of the dependence h(T) is shown in Fig.2.
20
15 +
+
Iy
h, cmqp *
5 -|++.++.+---+-"' -
0
280 300 320 340 360 380
T.C

Fig.2 Graph of dependence h(T).
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ERT + P = Da
m
u-S-hmRTm = Pa

Here m is an air mass, p is the air molar mass, S is the internal section
area of the test tube, h is the height of the vapor-air mixture, p is the
vapor pressure, pa is the atmospheric pressure, hy, is the height of the
column of the vapor-air mixture at the minimum (experimental)
temperature Ty, From this system of equations we obtain the “working”
formula of the relative pressure of the vapors

P _q_T. m 2)

3. The derivation of the “working” formula for calculating the heat
of vaporization.
For the interval of the high temperatures, we write two pressure formulas

_ L(l 1)

_ L ( 1 1 )

Here pmin is the vapor pressure at the minimum temperature T, Of the
interval. From this system of equations we obtain

_ L< 1 1)
- Tmin T

The obtained formula is transformed to the "linear" form.

() =——-2-2 3)

Pmin RTmin R

40

3aoanue

1. ILmoTHoCTB xKUAKOro azora (1)
Omnpenenute IOTHOCTD pN KHUIKOTO a30Ta.

Onummure METOH; PE3YJIbTAThI I/I3MepeHI/II71 " pacy€TOB 3aHCCUTE B

JINCT OTBETOB.
2. Ckopoctb HcnapeHusi azora (4)

a)

b)

Hauneiite xuakuil a30T B TEPMOCTAT, IPUKPONTE €TI0
KPBILIKOW ¥ MIOCTaBbTE HA BECHI (a30Ta JOIHKHO OBITH TAKOE
KOJINYECTBO, YTOOBI BECHI HE «3AIIKATUBAIINY);

CHumuTe 3aBucHMMOCTh M(t) Macchl TepMocTaTa ¢ a30TOM OT
BpPEMEHH U 10 TpaduKy 3aBUCUMOCTH M(t) onpeaenuTe
CPEIHIOI0 CKOPOCTh UCHApEHUs a30Ta um = Amy/At 3a Bpems
nu3mepenus t ~ 3-4 MuH.

B nucte oTBETOB HOMKHEI OBITh:

v

ANEANERN

Cxema yCTaHOBKH;

Tabnuna 3aBucumoctu M(t);

I'paduk 3aBucumoctu m(t);

YucneHHoe 3Ha4eHUE [im CPETHEW CKOPOCTH UCIIApEHMS a30Ta
3a BpeMsi U3MEpEHMUSI.

3. Temiora napoodpa3oBaHusi ;KHAKOro a3ora (9)

Ixcnepumenm (4)

[IpemnoxxuTe METOUKY U TIPOBEIUTE HEOOXOAUMBIE
U3MEPEHHUs IS ONPEAEICHUS YAEeIbHON TEIUIOTHI
napoo0OpazoBaHus 'y )kuakoro azora. [lo pesynpraram
W3MEPEHUH paccuuTanTe Iy.

B nncTe 0OTBETOB HOKHBI OBITE:

v
v
v
v

Omnwucanue METOTMKN H3MEPECHHUIA;
W3mepeHus, O3BOIISIONINE OTIPEACTUTE I\;
pabouas popmyna ais pacyera Iy;
YHCIICHHOE 3HaYeHHUE I'\.
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B. Teopus (4) Example of possible solution.

1. The liquid in the problem is weakly tinted water. Therefore, the

N3BectHO, uTOo Temmepatypa T (a3oBoro mepexoaa 1-ro poma
(mnaBieHue, KUIEHHE) 3aBUCUT OT BHEIIHEro JaBjeHus P
(BCIIOMHUTE, HAIIPUMED, YTO BHICOKO B TOPax BOJA 3aKUMAET MPU
CYILIECTBEHHO Oojiee HU3KOW TemIiiepatrype). OTa 3aBHCHUMOCTh
BeIpakaercs (opmynori  Knamelipona-Knaysuyca, koTopas
ONPEAENSIET YroJl HAakKJIOHA KacaTeJIbHOM B KaXJIO0M TOYKE
KpHBOil paBHOBecus IByX (a3 Ha ¢dazosoit (T, P)-amarpamme
(cM. puc. ¢dazoas (T,P)-auarpamma azoTta):

dP/dT = Chz/T(Vz - yl),

rae (12 — yAenbHas TerioTa ¢a3oBoro nepexoga 1 — 2, Vi u Vo —
ynenbHble 00bEMBI (ha3 1 1 2, COOTBETCTBEHHO.
Boinonnume cnedyruiee meopemuyeckoe 3a0anue:

¢ nomomplo ypaBHeHus Kitanelipona-Kiaysuyca, wucnons3ys
ClpaBOYHbIC JaHHbICe W JaHHble (azoBoit (7,P)-auarpamMmsi
a3oTa, CHeNalTe TEOPETHUYECKYI OLICHKY BEIUYMHBI  [rep
YACIBHOU TEIUIOTHI Mapoo0pa30BaHUs KHUIKOTO a30Ta, CUUTas €€
KOHCTaHTOM B MHTEpBAJE TEMIEPATyp OT TPOMHON TOUYKU JO ~
100 K.

value of the heat of vaporization must be consistent with its

tabular value.

The graph of the dependence of a logarithm of the water vapor

pressure on the “inverse” temperature in the range of 20 - 100 °C

(Fig. 1).
n(p/p,)

=

B nucrt orBeToB 3aHecuTe pabouyro GOpMyiy A pacuéra Iy U Fig.1

CTO TACICHHOC SHATCHHC. A straight line of the approximation determines the average heat of

vaporization L = 2.42-10° J/kg = 4.36-10* J/mol.
2. A derivation of the “working” formula of the relative pressure.

C. Cpasneuue meopuu C IKCnepumMeHmom (l)
CpaBHI/ITe TEOPECTUUCCKOC 3HAYCHUE TCIJIOTHI UCITAPCHUA a30Ta €

26

AKCIEPUMEHTAIbHBIM. Pe3ynbTaT CpaBHEHUS OTpPa3UTE B JIUCTE
OTBETOB B BH/IE OTHOIICHUS I'N/I1eop. CrHENANTE BBIBOL.

Temneparypa DOJiiHmrTeiiHa jiasi  craam  (kejae3a) (6)
Ecnu mpu KOMHATHBIX M BBILIIE TEMIEPATypax TEIIOEMKOCTb
TBEPAOIO TEJa SIBISAETCS BEIUYMHOMN MPAKTUYECKUN OCTOSIHHOM,
TO MPU HU3KUX TeMIIepaTypax HabII0JaeTCs CUITbHAS

We write two equations of the pressure the vapor-air mixture for
the high and low temperatures. At the low temperature, we
neglect the pressure of the saturated vapors.
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2) on the scale of the thermometer - the temperature of the liquid, which
with sufficient accuracy can be considered as equal to the temperature of

the

vapor-air mixture. You should get the experimental values of

quantities in the range of 90 — 30 °C. The basic measurements should be
in the range of 90 — 60 °C and necessarily 1 — 2 measurements at the
temperature close to the room temperature, at which the pressure of the
saturated vapors can be neglected.

5.

10.

38

If the experimental setup and you are ready to the measurements,
then ask to pour the liquid. The level of the liquid with the immersed
test tube should be as high as possible.

The height of the vapor-air mixture is calculated from a measured
coordinate of the position of the level of the liquid in the test tube.
Neglecting the vapor pressure at the low temperature and using an
equation of state of an ideal gas, obtain a “working” formula for a
calculation of the relative pressure of the saturated vapors of the
studied liquid from the experimental data.

Build the graph of the experimental dependence of the relative
pressure of the vapor on the temperature (on the Kelvin scale). Give
an explanation of its discrepancy (in a certain temperature range)
with theoretical formula (1).

Using formula (1), obtain the “working” formula for the calculation
of the heat of vaporization of the studied liquid in the range of the
high temperatures (approximately in the range of 60-90 ° C) from
the experimental values of the relative vapor pressure.

Calculate the heat of vaporization. Present the result in the form of
the specific and molar values.

3aBUCUMOCTh TEIUIOEMKOCTH OT TEMIIepaTypbl, NpUUYEM, TpHU
aOCONIFOTHOM Hylle, KaK W3BECTHO, TEIJIOEMKOCTH BCEX Tell
CTpEeMSTCS K HYJIIO.
CorilacHo Mojenu OWHINTEHHa, Xopomo paboTaromeld Ha

TEMIEPATYPHYIO
TEIIOEMKOCTH TeJla MOXHO MPEJICTaBUTh B BUJIE:

IMPAaKTHUKCE, 3aBUCHUMOCTDB MOHHpHOﬁ

03\ 2 e%
e = 3R(2) ———

(eT -1)2

rae 0> — xapakTepucTHUYeCKas TemIiepaTypa OWHINTENHA pa3Has
Juid pa3HbIX Ted. OObIYHO TeMnepaTypa DUHIITEHHa COCTaBIIsIeT
Heckoibko coTeH KenbBuHoB. Hama paGorta mo3BomsieT caenarhb
OLICHKY TemIepaTrypsl DifHireiHa. [{is atoro:

a) OMNpenenuTe SKCIHEPHUMEHTAJIBHO KOJIMYECTBO TEIUIOTHI Q.
KOTOpO€ IMOJy4aeT cTajbHas raiika Ipu HarpeBe OT a30THOU Ty
JI0 TeMIIEpaTypsl Tg TasLIEero Jb/a;

b) Ucnonb3ys ¢opmyny TEIUIOEMKOCTH DHHIITEHHA, IOIyYUTe
TeopeTndeckoe 3HayeHue Qe.p. IIpyM pacderax cuuraiite, 4TO
exp(@-/Ty) >> exp(O-/To) > 1,

c) Ilombepure 3HaueHWe TemrepaTypbl OiHIITEHHA 5, TpHU
KOTOPOM  HAaWJIydlIMM 0O0pa3oM BBINOJHSETCS PABEHCTBO:
anc = Qmeop-

PesynbTaThl M3MepeHHI W PacyEéToB, MOJYUYEHHBIX B ILIL @), b), C)

3aHECUTE B JINCT OTBETOB.

5. Ko3ddumnueHT TenaonpoBoHOCTH neHomacra (5)
ITorox Terua depe3 IJIOCKYHO CTEHKY TOJIIUHOW O JUIs

CTallMOHAPHOT'O ciy4ast onpeaesieTcs 3aKOHOM
TEIUIONPOBOAHOCTH Dyphe:
] = - @(AT/0),
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6.

28

rae | — IUIOTHOCTh MOIIHOCTH TEIUIOBOTO TMOTOKA (IOTOK
CAMHUILY
MEePIeHIUKYIAPHYIO MIomaaky), AT — nepemnaj teMmmneparyp,
® — K03(PUIMEHT TEIUIONPOBOJAHOCTH BelllecTBa (B HalleM

TEIa B BPEMEHH  4Ye€pe3  CAMHUYHYIO

cllydae — IeHOIIacTa).
a) Ilpemiokure  METOAMKY U

HEOOXOAMMBIE ISl  OLECHKH BENUYMHBI K03 duumenra

NPOBEAUTE  HM3MEPCHHS,
TETUIONPOBOHOCTH @ NICHOIIACTA MTPH NIepernaie TeMIIepaTyp
OT KOMHATHOU T = .... 10 a30THO# TN: |[AT| =T, - Ty;
b) CpaBaure KO03(D(OUIMEHT TEIUIONPOBOIHOCTH IMEHOILIACTA C
KOO PHUIIMEHTOM  TEIUIONMPOBOAHOCTH  BO3AyXa  IpHU
KOMHATHBIX YCJIIOBHUSX, PACCYUTAHHOTO 10 Ta30KUHETHYECKOU
bopmye:
®po3 ~1/3,OCV[VT1

I7ie p — IUIOTHOCTh BO3/yXa, Cy — YJelbHasl TEIJIOEMKOCTh
BO3/lyXa MpHU TOCTOSHHOM 00BéMe, { - JuMHa CBOOOJHOTO
mpobera MOJEKyJl BO3AyXa, VT — CKOPOCTh TEIJIOBOIO
JIBUKEHUS] MOJIEKYJI.
Paboune hopmybl, pe3ynbTaThl Pac4ETOB, OLICHOK U BBIBOJBI
1.1. a), b) 3aHecuTe B JIUCT OTBETOB.
DJIEKTPOCONPOTHBIEHHE BOJIb(paMa NpH BBICOKHX H HU3KHX
TeMmepaTrypax (5)
Jns  BBINOJNIHEHMsI 3aJaHUK  JTOrO IyHKTa BaM  MOTYT
noTpedoBaThCs HEKOTOpbIE XapaKTEPUCTUKH HMEIoIIEHcs B
BalieM OOOpY/IOBaHMM TaJIOT€HHON JaMIbl HaKaluBaHUSA C
rokosem G4:
v Pabouce nanpspkerue gammsi: U = 220 B;
v" HomunansHas MoIHocTs Jamnsl: W = 35 Br;
v' Temmeparypa HUTH Hakaia B pabodeM pexume: T, = 3000 °c.

Equipment

The glass test tube, the glass tumbler, a thermometer, a ruler, a foam mat
for the glass tumbler, a foam cover with holes for the test tube and
thermometer, 3 sheets of graph paper (for graph plotting and making a
scale on the test tube), Scotch tape and small scissors. Napkins to
maintain cleanliness at the workplace. The liquid heated to a temperature
of 90 — 95 °C is poured into the tumbler before starting measurements at
the request of an Olympiad participant.

Important note!

Handle the equipment of the experimental problem very carefully. Be
careful with the hot liquid and do not taste it.

Recommended plan of task implementation
1. Using a strip of the graph paper and Scotch tape, make the

“waterproof” measuring scale on a surface of the test tube (to
measure a height of a vapor-air mixture column).

2. Measure the “internal” height of the test tube.

3. Insert the test tube by the closed end into the special hole of the
foam cover. The test tube must be firmly held in the cover due to
friction. The thermometer should already be inserted in the cover.
The thermometer must be held in the cover due to the friction.
Check a possibility of moving it (up, down). During the
measurements, the thermometer should be at a middle level of the
vapor-air column. Check a position of the cover with the test tube
and thermometer on the tumbler. The test tube should not rest
against a bottom of the tumbler.

4. The next step corresponds to the beginning of the description of
this problem. The hot liquid will be poured into the tumbler. The
cover will close the tumbler. In addition, the test tube will be
lowered into the liquid, warm up and be saturated with the
vapors. After some time, the thermodynamic equilibrium will be
reached and the system will begin to cool. From this moment,
you should simultaneously measure two values: 1) on the scale of
the test tube - the position of the liquid level in the test tube,
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Junior league
Problem “Vapor Pressure and Heat of Vaporization”
Estimation of errors is not required in this work.

If a test tube, which is in air, is immersed
by an open end into a glass tumbler with a liquid
(see figure), then after a thermodynamic
equilibrium is reached, a two-phase system
(liquid-gas) will be in the tube. In this case, the
gas phase will be formed by the air (a mixture of
gases) and saturated vapor of the liquid.

In this experimental problem, this two-
phase system is studied.

Pressure of the saturated vapor very
“strongly” depends on a temperature and is described in a fairly good
approximation by a function

p=Dpoexp (ﬁ(%o - %)) (1)

Here po is the saturated vapor pressure at the temperature To, L is the
molar heat of vaporization, which in a certain temperature range is
considered as a constant, R is the universal gas constant.

Task
1. Using the proposed equipment, determine the relative pressure of

the saturated vapors of the liquid (the ratio of the vapor pressure
of the liquid to the atmospheric pressure) in the high temperature
range (60-90 °C). Plot a graph of the relative pressure versus
temperature.

2. Using theoretical formula (1) and experimental data on the
saturated vapor pressure, estimate a value of the heat of
vaporization of the liquid under study. Represent the result in the
form of the specific and molar values.

36

I/IBBGCTHO, YTO COMPOTUBJIICHUEC MCTAJIJIOB B JOCTATOYHO

LIMPOKOM MHTEpBAJIE TEMIIEPATyp U3MEHSETCS 110 INHEHHOMY

3aKOHY:

R(t) = Ro(1 + ai),

rae Ro — conporuBnenue npu temmeparype 0 OC, a—
TeMITepaTypHbIi KOG DHUIIMEHT COTPOTHBICHHMS, I — TeMIiepaTypa

no mkane Ienscus.

a)

b)

Onenurte TemnepaTypHbIii KO3((UIIMEHT CONMPOTHBIICHUS
Bosib(hpama, u3mepuB compoTuBieHre R(t;) crupanu mamiisr
IpY KOMHATHOM TeMIepaType W MpH TeMIIepaType TaroIlero
abaa Ro.

DKCTpanoaupyst JIMHEHHYI0 3aBUCUMOCTb C IOJy4YE€HHBIM
3Ha4eHHeM « B 00JacTh BBICOKMX TEMIIEpaTyp, BBIACHUTE,
«pabotaeT» M JuHeWHas 3aBucuMocTh R(f) BmIOTH 10
paboueil Temreparypsl JIaMIIbl ~ Tp,.

DKcTpanonmpysi JTUHEWHYI0 3aBHCUMOCTh C TIOJTYYECHHBIM
3HaYeHWEM ¢ B O0JIaCTh HM3KHX TEMIIepaTyp, BBICHUTE,
«pabotaer» M JNuHeiHas 3aBucumMocTh R(f) mpm Hu3KHX
TeMIiepaTypax (BILUIOTh 10 @30THOM Temrepatypbl ~ Ty).

Pe3ynpTarel mpoBEeNEHHBIX B TILO. a), b), C) H3MepeHUN u

COOTBCTCTBYIOIIHUEC BBIBOABI 3aHCCUTE B JIUCT OTBETOB.
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1.

JIMCT OTBETOB

Qamunusg, UMA ~ aBTOpa
neuamuviMu OYKeamu)

IL1oTHOCTD KHMAKOIO a30Ta

paboTel  (nuwiume  AKKypamuo

b) HeoOxoxumbie u3MepeHus, pacueTsl, rpaduku (Ha

MI/IJ'IJ'II/IMCT]I)OBKG) X BBIBOJ, O BBIIIOJTHUMOCTH JIMHEHHOM

3aBucumoctH R(t) mpu Beicokux Temmeparypax ~ Tp = 3000
0
C:

Merton (2-3 npeoKeH s ); cxema

W3mepenHble mapaMeTphl:

PesynbTar

p:

Heob6xoaumble n3amepenus, pacuetsl, rpaduku (Ha
MUJUTUMETPOBKE) U BBIBOJ] O BHIMOJIHUMOCTH JIMHEHHOM
3aBucumoctH R(t) mpu Hu3kux Temneparypax ~ Ty~ 77 K:

2.

CkopocTh UcnapeHusi a30Ta, 3aBUCHMOCTH M(t)

v CxeMa yCTaHOBKH,
apameTpsl

v m(t) — Tabnuma (cM. HUKE)

v m(t) - rpaduk (mocTpouTsh
Ha MHJUTUMETPOBKE)

v' PesynbTar:

IUm = AmN/At =

30
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b) CpaBHeHue TeNJIONPOBOIHOCTH BO3AYyXa H MEHOIIACTA

v’ Tab6uuna 3aBucumoctu m(t)

Pacuér mapameTpoB, HEOOXOIUMBIX I OLIEHKU K03 unmenra
TETJIONPOBOAHOCTH BO3yXa!

® IUIOTHOCTb BO3AyXa: p =

® yJeNibHAs TEIUIOEMKOCTh: Cy =

® HA CBOOOAHOTO mpodera: £ =

® TEIUIOBAask CKOPOCTh: VT =
KO3(pPHUIMEHT TEIUIONMPOBOAHOCTH BO3AyXa:

®poz ™~ 1/-”,OCVKVT =

3. Temaora napooﬁpa3onalmﬂ JAKHJIKOIo a3ora

A. DxcnepuMeHT

Pe3ynbTar cpaBHEHUS, BBIBOJ

6.2J1IeKkTpoCcONpoOTHBJIEHHE BOJIb(paMa NPH BbICOKMX U HU3KHX
TeMIepaTypax

a) PesynbraThl HEOOXOIUMBIX U3MEPEHUI U pacyéT TeMIIEpaTypHOTrO
KO3 uIMeHTa CONPOTUBIICHUS BOIb(paMa B UHTEPBAJIE OT
KOMHATHOM J0 TeMIIepaTyphl TAIOLIETO JIbJA:

TeMIepaTypHblid KO3 PHUIIMEHT CONMPOTUBICHUS:
a =

v' Meroauka (2 — 3 npeanoxenns), cxema | v Pe3yinbTarhl

(ecniu TpeOyeTcs) WU3MEPEHHUI:

v' Pabouas popmyna:

InN =

v' YucineHHOE 3HAYEHHE:

N =

34

B. Teopus;
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C. CpaBHeHHe TEOPHH € IKCIIEPHMEHTOM b) konuuectBo TEMIOTHI Q,e0p, KOTOPOE MONYHAET CTATBHAS Taiika

V' TeopeTnyeckoe 3HaAYCHUE TEIIOTHI [Tapamerpsi, MIPY HarpeBe OT a30THOM [ JI0 TeMIIepaTypsl 1o TasIIEro Jibaa
ucrnapeHus (KpaTkuid BBIBOJ, HE00XOAUMBIE AL (TeopeTHyeCcKHil pacy€T Mo Moenu DUHIITEIHA)
pe3ysbTHpYIoIIas GopMyIia): Pacuéra Ieop:

e BsiBoz hopmyitsl st Queop:

Meop = v" YucneHHoe
3HAYEHUE:
Qmeop:
rTeop =
e  @opmyna mus :
v’ Cpasuenue Teopu ¢ sxcriepumentoM (1. 3C.): pMY Queop
rN/ rTeop = Qmeop:
4. TemmnepaTypa JiiHIUTedHA [Isl CTAIN (Kes1e32) C) UucnenHoe 3HaYEHNE TEMIIEPATYphl DHHINTEHHA KaK PE3yIbTaT
@) KomM4ecTBO TemioThl Q,., KOTOpOe MONydaeT CTaibHas raika pEILIeHNs ypaBHEHUS
MIpU HarpeBe OT a30THOM [y 10 TeMIlepaTypbl o Tasmiero Jjbia Qsxe = Qumeop:
(3KCTIEpUMEHT)
O, =

® MeTojMKa dKcrepuMeHTa (1-2 mpeiokeHus):

5. Ko3¢¢puuueHT Ten10npoBoJHOCTH NEHOIJIACTA

® pabouas popmyna:
a) OJKCHepHMMEHT /Jisl  OMNpe/ejeHusi  TeNJI0NPOBOAHOCTH

IeHoIJjaacra

Q3KC -

Meron (2-3 npeanoxenus ), cxema H3mepeHHbIe TapaMeTphl:

® pe3yibTaThl U3MEPEHUM:

Pabouas ¢popmyna

L YHUCJICHHOC 3HAUYCHUC:

Q3KC -

YucieHHOe 3HaYeHeE:

X =
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