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43-a MexagyHapogHasa onumnuaga no pusnke — TEOpPeTUYHECKUi Typ
TapTty, 3cTtoHusa — BTopHuk, 17 urona 2012 ropa

e Typ naurest 5 uacos. Typ collepKuT 3 3a1auu, B CyMMe OLIeHH -
BaeMmble B 30 6an108. OGpatuTe BHUMaHKe, UTO MaKCUMaJlb-
HO€ KOJIMYECTBO 0AJIJIOB PA3JIMUHO JIJIs1 KAXK/JI0H 3a/1au.

[lokunatb pabouee MmecTo 6e3 paspeleHUs 3anpeleHo.
Ecau Bam HeobGxoauma MOMOLb (CJAOMAJICS KalbKyJSATOP,
HY>KHO TOCETUTb TyasieT W T.I.), TIOJHUMUTE COOTBETCTBY-
ok Qaar ¢ auuHoi pyukoit (“HELP” — nowmouis uiu
“TOILET” — ryaJsier), paamellléHHbIN BO3Jie Balllero cuje-
Hb$l, HAJl CTEHAMH Balllero 6oKca 1 JA€PKUTE ero MOJHSATHIM,
NoKa K BaM He MOI0UIET OpraHu3aTop.

Bawn oTBeTbl 10/XKHbI ObITh BbipaXKeHbl Uepe3 Bblje-
JIeHHbI€ B TEKCTE 3aJa4M BEJUYUHDI, a TAKXKE, €CJIH HeoO-
XOJIUMO, MOTYT COJIepKaTh (PyHIAMEHTabHbIE TOCTOSTHHBIE.
Hanpumep, ecsin B 3aj1aue cKasaHo, UTo “BbICOTA KOPOOKH
paBHa [a, a yiiHAa — b”, TO BEJIMUKHY a, HO He b, MOYKHO HC-
MoJIb30BaTh B OTBETE (€CJIH TOJILKO BeJIHUMHA b He BbljesieHa
rie-To ellé, cM. HUxKe). BesnunHbl, BblJie/ieHHbIe B TEKCTe
JIAHHOTO MOJMYHKTA, MOTYT ObITh HCOJIb30BAHbBI TOJBKO IS
OTBETa Ha BOMPOCHI 3TOTO MOANYyHKTa. B CBOIO ouepesib, Be-
JIMYKMHbI, BblJIeJIEHHbIE B BBOJHOM TE€KCTE 3aJ1auH (MJIH 4acTH
3aj1auM ), T.e. BHE MOJIYHKTOB, MOYKHO MCI0JIb30BATh JIjist OT-
BeTa Ha BCe BOIMPOCHI JaHHOK 3a/lauu (UJIM 4aCTH 3aj1auH ).

[Tumnre ToMBKO Ha JULEBOH CTOPOHE JIMCTOB GyMar.

J1st KaxIoi 3a1aun 3aTOTOBJIEHBI OT/IebHbIE JUCTBI IJIs pe-
wenwuii (“Solution Sheet”; B 3arosioBke KaxKI0ro Takoro
JIUCTa OTMEUeH HoMep 3ajiauu U eé nukrorpamma). Pelienust
3anuchiBaiiTe Ha COOTBETCTBYIOLIME JIUCTBI JIJis1 pereHni. JIn-

CThI JUI51 pellleHnH ISl KaXK/101 3a/1auk MPOHYMepPOBaHbl — HC-
NoJib3yHTe X B COOTBETCTBUM C HyMepalneil. Bcerga otme-
yaiiTe, KAKOW YacTblo 3a/1a4M U KAKMM BOMPOCOM Bbl 3a-
HUMaeTech. [lepenuiinTe KoHeUHbIe OTBEThI B COOTBETCTBY-
tollile rpadbl Ha aucTax agas orBetoB (“Answer Sheet”).
Tak:xke BaM Tpe/yIoXKeHbl JIMCTHI /151 HepHOBUKOB (“Draft”);
MCTO/Ib3YHTE UX JUIS 3aNUCel, He Npe/IHa3HAUEHHBIX K OlleHH-
BaHuio. EcJin Bbl 3anucasii Ha JIMCThI JJIs1 pellieHui YTo-To,
UTO He CJIeJlyeT UCT0JIb30BaTh B OLIEHHBAHUH (Harpumep, Mno-
CTellHble U HEBEepHbIE PellleH s ), 3aUePKHUTE 3TH CTPOKH.

EcJsii BaM Hy2KHBI 1OTIOJIHUTEJIbHbBIE JIACTDI 151 KAKOH-JING0
3anauu, noguumute duiar “HELP” u coobuinte oprannsa-
TOpY HOMED 3aJlauH; BaM BbIJIaJIyT JIBa JIUCTA JJIS PelIeHUH.
[TpocuTth ponosHUTEBHYIO OyMary MoxKHO GoJiee 0JTHOTO pa-
3a.

Ucnogb3yiiTe KaK MOXKHO MeHbLUe TeKCTa: CTPEMHTECh
00BSICHATb CBOE PeLlIeHHE TIPEXK]IE BCEro ypaBHEHUSMHU, UHC-
JlaMH, CHMBOJIAMH H PUCYHKaMH.

[TepBbiii, 0IMHOUHBIF 3BYKOBOH CUIHAJ 03HAUAET, UTO J10 KOH-
1a Typa ocraércsi rnoJsiuaca. Bropo#, 1BoHHON 3BYKOBOH CHT-
HaJl 03HavaerT, uTo JI0 KOHIA Typa ocTaércs natb MuHyT. [To-
CJICIHUH, TPOHHON 3ByKOBOM CHIHAJI OMOBECTHUT BAC O KOHLLE
Typa. [locse TpeTbero 3ByKOBOro curHaJja Bbl 00s13aHbl
HeMelJeHHO NpeKPaTUTb nucaTb. BjioxKuTe Bce JIMCTHI B
KOHBepT Ha pa6ouem croJie. U3 nomeleHus 3anpeiuieHo
BbIHOCUTDb KaKHe Obl TO HU ObLJIO JUCTbI Oymaru. Eciiu Bbl
3aKOHUHUTE pelleHHe 3a/1au JI0 OCJ/eHEero 3ByKOBOT0 CHrHaa,
NoJIHUMHUTE hJiar.

— cTpaHnuya 1 n3 5 —



PROBLEM

Problem 1

3apayva T1. Pucynku npexge Bcero (13 6an108)
Yacte A. Bannuctuka (4.5 6annos)

Mstunk, 6polieHHbIH C HaYalbHOH CKOPOCTBIO Vg, ABHIKETCS B Of1-
HOPOJAHOM IPABUTALMOHHOM I10J1€ B IJIOCKOCTH T — Z, TJIe OCb Z I0-
pU30HTAJIbHA, 4 2 — BepPTUKaJIbHA U aHTUMAapaJliesbHa yCKOPEHHIO
CBOOOJHOTO MaJleHHUs | g ; COMPOTUBJIEHHEM BO3lyXa NpeHebpeub.

i. (0.8 6.) Menss yros 6pocka MsiunKa, GPOILIEHHOTO C HauaJlb-
HOM CKOPOCTBIO | Vg , MOXKHO TIOPa3UTh LeJH B 00JIACTH, 3aJaHHOH
ypaBHEHHEM

z < 29 — ka?;

3TOT (haKT MOXKHO MPUHAThL Ge3 lokasaresibetBa. Onpeiesiute no-
CTOsIHHBIE 2 U k.

ii. (1.2 6.) B s3TOM MyHKTE MO2KHO MEHSITb H yTOJI, H
MecTo 6POCKa (KOTOPOe BCE xKe OCTAETCsl Ha YPOBHE
3eMJIH, 2 0). Heo6xonumo nopasutb camyio
BEPXHYIOI0 TOUKY C(hepHUeCKOro 3/1aHusl paanyca
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Yacte B. MNoTok BO3gyxa BO6AM3M kpbina (4 6anna) B sroil uactu
3aJaun BaM MOKeT TIPUTOAUTCS caleylolast nugopmaims. Brnosb
JIMHUH TOKA YKUAKOCTH WJIM Ta3a BLIMOJHSETCS CeyIollee YCJI0BHE:
p+pgh+ %,ov2 = const., B IpearnosoKeH1H, 4To CKOPOCTb TeUeHHs
JKUJIKOCTH (HUJIM ra3a) HAMHOTO MeHbllle CKOPOCTH 3BYKa. 3/1eCh: p
— MJIOTHOCTb >KUAKOCTH (MJIM raza), h — BbICOTa, g — yCKOpEHHe
cBOOOJIHOTO NMaAEHHUs U p — MMAPOCTaTHUECKOE JaBJjieHHe. JIMHUH
TOKA ONPENIeNIIOTCS TPAEKTOPHUSAMH JBHAKEHHUS UACTHLL JKUJIKOCTH
WJIK Ta3a (B NPeANooxKEeHHH UTO MOTOK cTallHoHapHblit ). Ciaraemoe
1 pv? Ha3bIBAETCS AMHAMAUYECKHM JABJICHHEM.

Ha pucyHnke u3o6pakeHbl rornepeuHoe ceyeHue Kpbljia camoJéra
1 JIMHUK TOKa Bo3ayxa BOJIM3U Kpblla, B CUCTEME OTCUéTa, CBSl-
3aHHO# ¢ KpbloM. CunTaiite, uTo (a) MOTOK BO3/yXa JABYXMEPHbIH
(T.e. BEKTOPBI CKOPOCTH YACTHUIL BO3/LyXa JI€XKAT B MJIOCKOCTH PUCYH-
Ka); (6) KapTHHa pacrpeienus JUHUI TOKA He 3aBUCUT OT CKOPOCTH
camoJiéra; (B) BeTpa HeT; (T') AMHAMHUECKOE JIaBJleHHe ropa3/io MeHb-
we atmoceproro pg = 1.0 x 10° I1a . Bul moxere ucno/ib3oBath
JIMHEHKY, YTOOBI H3MEPHUTb HEOOXOAUMbIE BEJIMUMHBI HCTTONb3YS PH-
CYHOK MPUBEJIEHHbIH HA JIHCTE OTBETOB.

R (cM. puc.), 6pocHB MSIUMK C HaMeHbllell BO3-
MO>KHOH HauaJIbHOH CKOPOCTbIO vg. J1o mopaxKeHust 11eJ11 OTCKOKH
MsIUMKa OT 3JlaHusl He Jomnyckatorces. Hapucyiite (B cooTBeTCTBY-
Iollel rpade Ha JiMCTe JIJ1s1 OTBETOB ) KAUECTBEHHO (T.€., yUUThIBasi
camble BaXKHble CBOMCTBA pelleHHs], HO He ¢ abCOJIIOTHOH TOYHO-
CTbIO ) OTITHMAJIbHYIO TPAEKTOPHIO IBUKEHUS MsiunKa. [Ipumeuanue:
OLLCHUBAETCS TOJLKO PUCYHOK.

iii. (2.5 6.) Yemy paBHa HauMeHblIas BO3MOXKHAsl HauaJlbHasi CKO-
POCTb Uin, HEOOXOUMAST [JIsl TOTO, UTOOBI IOPA3UTL CaMYIO BEpX-
HIOIO TOUKY cpepHUecKoro 3anus paaryca R ?

s T 7 = \ \ \‘\-\\\. = &=
La Géode, Parc de la Villette, Paris. Photo: katchooo/flickr.com

,

i. (0.8 6.) Cuurasi, uTo CKOPOCTh camMoJiéra paBHa vy = 100M/c
OTHOCHTEJIbHO 3eMJIH, OTIPeIeNIUTe, YeMY paBHa CKOPOCTb BO3IyXa
vp B TOUKe P (CM. pHC.) OTHOCHTE/LHO 3eMJIH?

ii. (1.2 6.) B csyuae BbICOKOH OTHOCHUTE/NbHOH BJIAXKHOCTH MPH
JOCTHXKEHUU HEKOTOPOI KPUTHUECKOH CKOPOCTH Ugrit 3a KPBLIOM
camouieT 06pasyloTest Karii Bojibl. Karniu HaunHAIOT NOsIBJATLCS
B onpenesnéHHo Touke (). O603HaUbTE MOJ0XKEHHE STOH TOUKH ()
Ha pUCYHKe JiUCcTa OTBETOB. [TosicHUTE KaueCTBEHHO (MCMOJb3ys
(opMyJIbl U MUHHMAJIbHOE KOJIMUECTBO TEKCTA ), KAK Bbl OMPE/IeNHIH
3TO TIOJIOIKEHHE.

iii. (2.0 6.) Ouennte yncJeHHOe 3HAUEHHE KPUTHUECKOH CKO-
POCTH gyit, HCIONB3Ys CJeIylolife AaHHble: OTHOCHTEJbHAs
BJIQXKHOCTb HEMOJBHXKHOTO Bo3ayxa pasHa = =90% , npu

temnepatype 1, =293K 1 naBjeHuUM HachILlEHHOrO TMapa

pPaBHOM Psq = 2.31klla . Ilpu Temnepatype 1p =294K naB-

Yienab-
[OCTOSIHHOM  JIaBJIeHUH

JIeHUe HaCBIIIEHHOTO Tapa paBHO pgp = 2.46klla .
Hasi TeMJOEMKOCTb BO3jyxa MpHu
cp = 1.00 x 103 Jix/kr- K. B 3aBHCUMOCTH OT HCIOJIb3YyEMOro
NpUOJHKEHHS BAM MOXKET MOHAIOGUTHCS U YIeJIbHAS TEMJIOEMKOCTh
BO3/lyXa MPH MOCTOSIHHOM 00beme ey = 0.717 x 103 Ik /kr- K .
OTHocHTeNIbHAS BJIaYKHOCTH BO3/lyXa paBHa OTHOLLEHHIO JIaBJIeH s
BOJISTHOTO Napa K JIaBJIEHHIO HACBIILIEHHOTO Mapa BOJIbl MPU JJAHHON
Temneparype. JlaBjieHre HaCHILIIEHHOTO NTapa paBHO JaBJIEHHIO Mapa,

— cTpaHuua aNeFIHEr0Cs B PABHOBECHH C XKHUAKOCTbIO.



Yacte C. MaruuTHble conomunkn (4.5 6an-
nos)

PacemoTpuM  umauHApuueckylo TPyOKy H3
CBEPXIPOBOAsLLEro MaTepuada. lnHa Tpyoxu
paBHa I , a e€ BHyTpeHHUH paauyc — |7, IpuU-
uém ! > r. LlenTp TpyOKH cOBNALaeT ¢ HAYaJI0M
KOOPJMHAT, a €€ oCb — ¢ 0Cblo z. B ceueHun
Ty6Kku npu z = 0 u 22 + y? < r? cyuectByer
MAarHUTHBI MOTOK, paBHbIil @ . CBepXMpoBosi-
LIMHA MaTepuaJl BbITAJIKHBaeT MarHUTHOE IoJie
(MHIYKLUHMS M0JI51 BHYTPH CBEPXIIPOBOAHNKA paB-
HO HYJIIO).

PROBLEM

Problem 1

<&

\r

A2

[,

ve

superconductingcylidrical wall
?vcrticalcros&soction for drawing fieldlines

i. (0.8 6.) Ha sicte 1y1s1 OTBETOB HApUCYHTE NATH CUJIOBBIX JIHHH
MAarHUTHOTO T10JIsl, TPOXOJISILIMX Uepes3 MsiTh OTMEUEHHBIX TOUEK (B
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MJIOCKOCTH PUCYHKA).

ii. (1.2 6.) Onpenenute BepTHKaNbHYIO (B0Jb OCH z) CHJIy HATSI-

»KeHus1 T MaTepuasia TpyOKH B ee LleHTPaJibHON YacTH (T.e. CUJIy, C

KOTOPO# JIB€ MOJIOBUHBI TPYOKH, 2 > 0u z < 0,
JIPYT C IPYTOM).

iii. (2.5 6.) Paccmotpure cucremy M3 1BYyX
UJEHTHUHBIX NapaJliebHblXx TpyOoK. Maruur-
HbIH MoJie B TPyOKax HaMmpaBJeHO B MPOTHBO-
MOJI02KHbIE CTOPOHBI. LleHTp BTOpO# TpyOKH B
TOUKE C KOOpAMTHaTaMU y =1,z = z = 0
(Takum o6pazom, TpyO6KH 06pasyloT MPOTHBOINO-

JIO2KHBIE CTOPOHDI KBanpaTa). OHPEIIQJTI/ITE CHUJTYy MAarHuTHOT'O B3aU-

MOJEUCTBUS F' MeXKly HUMHU.

— cTpaHnuya 3 n3 5 —
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PROBLEM

Problem 2

3apaya T2. KanenbHuuya Kenbsuna (8 6an108)

Caenywoliye hakThbl 0 TOBEPXHOCTHOM HaTSXKEHHH
¥

MOTYT OKa3aTbCs MMOJIE3SHbIMH. ,HJTH MOJIEKYJIbI 2KH 1~
KOCTH GoJLiee SHEPreTHYeCKH BbI'OAHO HAXOAUTCS

BHYTPH YKHUIKOCTH UeM Ha ee noBepxHocTH. [Tosatomy I
CYILECTBYET TaK Ha3blBaeMasl SHEPTHsI TOBEPXHOCT-

Horo HaTsiKenust U = ¢S, rue S — nuouiaap no- d,l. r

BEPXHOCTH IPaHULIbl pasfesa cpefl, a ¢ — Ko3pdu- o

LMEHT MOBEPXHOCTHOTO HATSKEHUS KUIKOCTH. Bo-
Jlee TOTo, Ha rpaHULLe pasaesa XKUJIKOCTH BO3HUKaeT cuia F = ol,
HarpasJ/ieHHast BLOJIb NOBEPXHOCTH XKHUAKOCTH. | — JUIMHA IPAHULLBI
pasjesa KUAKOCTH.
Jlnvnnast metassnueckast Tpy6kKa ¢ BHyTPpeHHHM AHaMeTpoMm d pac-
MOJI02KEHA BEPTHKAJIbHO, @ U3 OTBEPCTUS HA €€ KOHLE MeJJIEHHO
Karaer BoJia, cM. puc. Boay MoxkHo cuutath npoBosiiiein. Koad-
(DMLMEHT MOBEPXHOCTHOIO HATSIKEHHUS BOJIbI PaBeH [ @, a MJIOTHOCTb
— | p . 31ech U gajee cuuraiite, uto d < 7, A€ r — PajUyc KarJH,
BHUCSILLEH HEMOCPeCTBEHHO M0 TPYOKOH. Paanyc Kaniu MeajieHHo
yBEJIMUHUBAETCS BIJOTH IO MOMEHTA, KOTJIA KarJjisi OTPbIBAETCS OT
TPyOKH M HAUMHAET MajaTh. YCKOpeHHe CBOOOIHOrO NajieHusl paBHO
g.
Yacts A. Ogna tpybka (4 6anna)
i. (1.2 6.) Onpenennte pagnycC rmax Karad HEMOCPEICTBEHHO e~
peJL €€ OTPbIBOM OT TPYOKH.
ii. (1.2 6.) [1ycTtb snekTpocTaTiyecKuil MOTeHIMA TPYOKH OTHO-
CUTEeJIbHO OECKOHEUHO ylaJéHHON TOUKH paBeH | . Onpenesnure
3apsia () Kanjau B MOMEHT, KOTJla €€ pajiiyc paBeH 1 .
iii. (1.6 6.) B sTom nmyHkre nosaraiire, uto [ ocTaércsl MOCTO-
SIHHBIM, a OTEHLIMAJ © MeJIJIEHHO yBeanuuBaetcs. Ecau naBnaenue
BHYTPH KarlJi CTaHEeT MeHbllle, UeM aTMOC(hepHOe KarJisi CTAHOBUTCS
HecTaOU/ILHON U pacnafeTcs Ha MeJikue kanau. Hafiaure noteHuuan
TPYOKH Prmax, TPH KOTOPOM 3TO CJAYUUTCS.
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[lepBas ynasiuas KamnJjsi HeceT OUeHb MaJlblii 3apsizl, UTO NPUBOIUT
K ucOasiaHcy MeX/Ty UaCTsIMH CHCTEMbI U 3apsijIke KOHJIeHCATopa.
Yactb B. [lse Tpybkn (4 6anna)

Annapar nojx HasBaHuem “kanesibhuiia KesbBuHA” COCTOUT U3
JIBYX TPYOOK (MIEHTHUHBIX TpyOKe U3 yacTH A), coeanHénnbix T-
06paszHo# TpyOKOH ¢ KOHTeHHepOM ¢ Bojo#, cM. puc. Konipl o6enx
TPyGOK HAXOJATCS B LIEHTPE JBYX LIUJIHHAPHUECKHX 3JIEKTPOJIOB ( BbI-
coroil L u nuamerpom D, L > D > r); u3 o6eux Tpy6oK Kanaer
BOJIa CO CKOPOCTbIO [m Karesb B eIMHULY BpeMeHH. Karniu nagaior
¢ BblcOoTbl H B /1Be NPOBOJSILLME YALLH MTPSMO MO TPyOKAMHU, COeIH-
HEHHBIE C JIEKTPOJAMHU TaK, KaK M0Ka3aHo Ha PUCYHKE. DJIEKTPOJIb
CO€JIMHEHbI uepe3 KoHaeHcaTop éMkocTbio  C' . Cuuralite 3apsiibl
Ha ualllax 1 3/JeKTpoaax MaJjbiMi. KoHreitHep ¢
i. (1.2 6.) Omnpenenure abcosoTHOE
3HaueHue 3apsina Qo KarneJjb, OTpbIBa-
IOLLMXCSA OT TPYOOK, B MOMEHT, KOIJa
3apsii KoHaeHcaTopa paBeH g . Bripa-
3UTe 3apsi Uepes [ Tmax (HAWIEHHBIN B
uactu A-i). [IpeneGperaiire adpdekrom,
OTHCAHHBIM B yacTu A-iii.

ii. (1.5 6.) Onpenennre 3aBUCUMOCTD
BeJIMUMHBI 3apsiia ¢ OT BpPeMeHH ¢,
NpeJICTaBUB € KaK HeMpepbIBHYIO (hyHK- L
1Mo OT BpeMeHH ¢(t) 1 npuHsB, uto ¢(0) = qqo .

iii. (1.3 6.) 3apsi KoHaeHCcaTOpa KarelbHULLbI MOYKET MPeKPaTUTh-
Csl He TOJIbKO BCJIEICTBHE d(peKTa ONMUCAHHBIOTO B YacTh A-iii.
CyuiectyeT npesient Upax JJ51 TOMYCTUMOTO HATIPSIKEHH ST MEXK LY
9JICKTPOJaMH, 00YCJIOBJICHHDIH 3JIEKTPOCTATHUCCKUM OTTAJIKMBAHHU -
eM KarJju W yau noj Heil. Onpenenute Upax.

cylindrical -l-Q

— cTpaHnua 4 n3 5 —



PROBLEM

Problem 3

3apaqa T3. O6pasosaHue nporto3se3abl (9 bas-
sn108)

PaccmoTpure caenyrotiyto mojiesb hopMupoBanusi 3se3ibl. Ce-
pudeckoe 06J1aK0 pa3peKeHHOTO MeXK3BE3/IHOT0 ra3a, HaXxoIsille-
rocsi B COCTOSIHUM TMOKOs, HAYMHAET C2KUMATbCsl TPpaBUTallMOHHBIMHU
cunamu. HauanbHblil paguyc obsaka paBeH rg |, macca — [m . Ha-
yaJibHasl TeMIiepaTypa rasa, a Tak:ke TemrepaTtypa oKpy»<arollei
cpejibl (ropasjio 6oJiee pa3peKeHHoH, ueM ras), paBsia | Iy . CpenHsisi
MoJIsipHasi Macca rasa paBHa | 4, a oKa3aTeJib aadadbathbl [y > %.

Cuuraiire, uto G2 > RTy, rae |[R| — yHuBepcasibHast ra3osast
MoCTOsIHHASK, a |G — rpaBUTALHOHHAS IOCTOSIHHAS.

i. (0.8 6.) Ha nauanbHoM 3Tamne cxKaTtusi ra3 HaCTOJILKO MPO3pa-
YeH, UTO BCE BbIJIEJIsIIOlEeCs B HEM TeIJIo HeEMeJIEHHO TepsieTCst
6s1arofapsi U3JIyUeHHIo, T.e. Ta3 OCTAETCs B TePMOUHAMHYECKOM
paBHOBECHH C OKpY2Katollel cpeoil. Bo ckosibko pas (n) yBesnu-
UMTCS IaBJeHHe Ta3a B 06J1aKe, eC/IM €ro Pajndyc yMeHbIIUTCS B
1Ba pasa (711 = 0.5rg )? Cuuraiite, uto ra3 B o6JaKe pacrpeseseH
OJIHOPOJIHO, T.€. €ro MJIOTHOCTb BO BCeX TOUKAX OJMHAKOBA.

ii. (1 6.) Ouenure (nNpubaU3UTENBHO) BpeMs ta, 32 KOTOpOe pa-
Juyc obJlaka yMeHbLIUTCS OT 1o 10 | T2 = 0.957 . [Ipenebperatite
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M3MeHeHHeM BeJIMUHHbI PPABUTALLMOHHOTO 110151 B TPOLLECCE CKATHSI.
iii. (2.5 6.) [Ipennonaras, uto naBJeHue rasa B o6Jake ocTaérest
npeHeOPeKUMO MaJIbIM M UCTOJb3Ysl 3akoH Kensiepa ajist aJ1un-
THUECKUX OpOUT, HalluTe BpeMsl t,_0, 32 KOTOpOe pairyc obJaka
M3MEHHTCSI OT 7' 10 TPAKTHUECKH HYJIEBOTO 3HAUEHHS.

iv. (1.7 6.) [pu onpenesnénnom 3HaueHnu paauyca [rs < rg ras
CTaHeT JI0CTAaTOYHO MIOTHBIM U HEMPO3PAUHBIM /151 TEMJIOBOTO H3JTy-
uenust. OnpeaesnuTe KOJTHIECTBO TEMNOTHI (), U3/ Tyu€HHOE Ta30M B
rnpolieece CxKaTHsl OT rg J10 3.

v. (16.) Onpenenure, kak Temneparypa 1" o6Jiaka 3aBUCHT OT €ro
paanyca npu |7 < rs (KOrja TeMnJIOBbIM H3/IydeHHeM MOXKHO TpeHe-
6peub ).

vi. (2 6.) Ilpu nanbHeiiliem cxxaTtin 06/1aKa AaBJaeHueM ra3a npe-
HeOperathb Hesb3sl. [1pu HekoTopoM paauyce rr = r4 (rae rq4 <|r3 )
cxKaTue npekparurcsl. Cumurairte, 4To TENJOBbIM H3JyUeHHEM BCe
elé MOXKHO NpeHebpeub, a TemrepaTypa rada HeloCTaTOUHO BbICOKA
JJIsI TPOTEKAHUs TePMOSIAEPHBIX peakiuil. [laBjeHne B Takoi MpoTo-
3Be3jie 6oJbllle He OIMHAKOBO, OIHAKO IpyOble OLEHKH C HETOUHBIMH
UMCJICHHBIMU KO3(pULIIEHTaMH BCe €lllé MOTYT ObITb TPOBE/ECHBI.
OueHuTe KOHEUHBIH PaJiuyC r4 U COOTBETCTBYIOLLYIO €My TeMIiepa-
Typy rasa B obsake 1.

— cTpaHunua 5 n3 5 —
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e The examination lasts for 5 hours. There are 3 problems
worth in total 30 points. Please note that the point
values of the three theoretical problems are not

equal.

You must not open the envelope with the prob-
lems before the sound signal of the beginning of

competition (three short signals).

You are not allowed to leave your working place
without permission. If you need any assistance
(broken calculator, need to visit a restroom, etc), please
raise the corresponding flag (“HELP” or “TOILET” with a
long handle at your seat) above your seat box walls and

keep it raised until an organizer arrives.

Your answers must be expressed in terms of those
quantities, which are highlighted in the problem text,
and can contain also fundamental constants, if needed.
So, if it is written that “the box height is [a and the
width — b” then a can be used in the answer, and b
cannot be used (unless it is highlighted somewhere else,
see below). Those quantities which are highlighted in
the text of a subquestion can be used only in the answer
to that subquestion; the quantities which are highlighted
in the introductory text of the Problem (or a Part of a
Problem), i.e. outside the scope of any subquestion, can
be used for all the answers of that Problem (or of that
Problem Part).

Use only the front side of the sheets of paper.

For each problem, there are dedicated Solution Sheets
(see header for the number and pictogramme). Write

your solutions onto the appropriate Solution Sheets. For

each Problem, the Solution Sheets are numbered; use
the sheets according to the enumeration. Always mark
which Problem Part and Question you are deal-
ing with. Copy the final answers into the appropriate
boxes of the Answer Sheets. There are also Draft pa-
pers; use these for writing things which you don’t want
to be graded. If you have written something what you
don’t want to be graded onto the Solution Sheets (such

as initial and incorrect solutions), cross these out.

If you need more paper for a certain problem, please raise
the flag “HELP” and tell an organizer the problem num-
ber; you are given two Solution sheets (you can do this

more than once).

You should use as little text as possible: try to ex-

plain your solution mainly with equations, numbers, sym-

bols and diagrams. When-textual-explanatien-is—un-
idable, . ide Enelic)

The first single sound signal tells you that there are 30
min of solving time left; the second double sound signal
means that 5 min is left; the third triple sound signal
marks the end of solving time. After the third sound
signal you must stop writing immediately. Put all
the papers into the envelope at your desk. You are not
allowed to take any sheet of paper out of the room.
If you have finished solving before the final sound signal,

please raise your flag.
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PROBLEM

Problem 1

Problem T1. Focus on sketches (13 points)
Part A. Ballistics (4.5 points)

A ball thrown with an initial speed vy moves in a homogeneous
gravitational field in x — z plane, where the z-axis is horizontal,
and z — vertical, antiparallel to the free fall acceleration [g ;

neglect the air drag.

i. (0.8 pts) By adjusting the launching angle for a ball thrown
with a fixed initial speed vy from the origin, targets can be

hit within the region given by

zgzo—ka;

you can use this fact without proving it. Find the constants z
and k.

ii. (1.2 pts) Now, the launching point can be
freely selected on the ground level z = 0, and
the launching angle can be adjusted as needed;

the aim is to hit the topmost point of a spherical
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B. Air flow around a wing (4 points)

For this Problem Part, the following information may be
useful. For a flow of liquid or gas in a tube, along a stream-
line p + pgh + %pv2 = const., assuming that the velocity v
is much smaller than the sound speed. Here p is the density,
h — height, g — free fall acceleration, and p — hydrostatic
pressure. Streamlines are defined as the trajectories of fluid
particles (assuming that the flow pattern is stationary). Note
that the term % pv? is called the dynamic pressure.

In the fig. below, a cross-section of an aircraft wing is de-
picted together with streamlines of the air flow around the
wing, as seen in the wing’s reference frame. Assume that
(a) the air flow is purely two-dimensional (i.e. that the velo-
city vectors of air lie in the figure plane); (b) the streamline
pattern is independent of the aircraft speed; (c) there is no
wind; (d) the dynamic pressure is much smaller than the at-
mospheric pressure ‘pg = 1.0 x 10° Pa . You can use a ruler to

take measurements from the fig. on the answer sheet .

building of radius R (see fig.) with as small as

possible initial speed vy (prior hitting the target, bouncing off
the roof is not allowed). Sketch qualitatively the shape of the
optimal trajectory of the ball (use the designated box on the

answer sheet). Note: the points are given only for the sketch.

iii. (2.5 pts) What is the minimal launching speed vy, needed

to hit the topmost point of a spherical building of radius R ?

%

!| \ : e .
Photo: katchooo/flickr.com Part

La Géode, Parc de la Villette, Paris.

i. (0.8 pts) If the aircraft’s ground speed is [vg = 100m/s,

what is the speed of the air vp at the point P (marked in fig.)
with respect to the ground?

ii. (1.2 pts) In the case of high relative humidity, as the ground
speed of the aircraft increases over a critical value vg,¢, a stream
of water droplets is created behind the wing. The droplets
emerge at a certain point ). Mark the point @ in fig. on the
answer sheet. Explain qualitatively (using formulae and as few
text as possible) how you determined its position.

iii. (2.0 pts) Estimate the critical speed vyt using the follow-
ing data: relative humidity of the air is ‘7 = 90% , specific heat
of air at constant pressure ¢, = 1.00 x 103 J/kg K , pressure
of saturated water vapour: pss = 2.31kPa at the temperat-
ure of the unperturbed air [T, = 293K and pg = 2.46kPa

at Tp = 294K .
may also need the specific heat of air at constant volume
ey = 0.717 x 10% J /kg - K . Note that the relative humidity is

defined as the ratio of the vapor pressure to the saturated vapor

Depending on your approximations you

pressure at the given temperature. Saturated vapor pressure is
defined as the vapor pressure by which vapor is in equilibrium
with the liquid.
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PROBLEM

Problem 1

.

A2

z
Part C. Magnetic straws (4.5 points) é
Consider a cylindrical tube made of a super-
conducting material. The length of the tube
is I and the inner radius is |7 ; always { > r.
The centre of the tube coincides with the

origin, and its axis coincides with the z-

A A

axis. There is a magnetic flux | @ through

superconductingcylidrical wall
: §vertica|crosysection for drawing fieldlines

the central cross-section of the tube, z = 0,
2+ y2 <r

Superconductor is a material which expels any magnetic
field (field is zero inside it).
i. (0.8 pts) Sketch five such magnetic field lines onto the des-
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ignated box of the answer sheet which pass through the five
red dots marked on the axial cross-section of the tube.

ii. (1.2 pts) Find the z-directional tension force T in the
middle of the tube (i.e. the force by which two halves of the
tube, z > 0 and z < 0, interact with each other).

iii. (2.5 pts) Now there is another tube, 3
identical and parallel to the first one. The

second tube has opposite direction of the

magnetic field, and its centre is placed at

y =1l ,x = z = 0 (so that the tubes form l
opposite sides of a square). Determine the

magnetic interaction force F' between the two tubes.
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PROBLEM

Problem 2

Problem T2. Kelvin water dropper (8 points)

The following facts about the surface tension may turn out
to be useful for this problem. For the molecules of a liquid, the
positions at the liquid-air interface are less favourable as com-
pared with the positions in the bulk of the liquid. Therefore,
this interface is ascribed the so-called surface energy U = 0.5,
where S is the surface area of the interface and o — the surface
tension coefficient of the liquid. Further, two fragments of the
liquid surface pull each other with a force F' = ol, where [ is
the length of a straight line separating the fragments.

A long metallic pipe with internal diameter d

is pointing directly downwards; water is slowly

dripping from a nozzle at its lower end, see fig. P
Water can be considered to be electrically con- <
ducting; its surface tension is @ and density — dil.

p . Always assume that d < r. Here, r is the /ﬁr

radius of the droplet hanging below the nozzle,

which grows slowly in time until the droplet sep-

arates from the nozzle due to the free fall acceleration [g .
Part A. Single pipe (4 points)

i. (1.2 pts) Find the radius ryax of a drop just before it sep-
arates from the nozzle.

ii. (1.2 pts) Relative to the far-away surroundings, the pipe’s
electrostatic potential is [ . Find the charge @ of a drop when
its radius is [7 .

iii. (1.6 pts) For this question, assume that [#]is kept constant
and ¢ is slowly increased. The droplet becomes unstable and
breaks into pieces if the hydrostatic pressure inside the droplet
becomes smaller than the atmospheric one. Find the critical

voltage Ymax at which this will happen.

IPhO

Estonia 2012

The first droplet to fall will have microscopic charge, which
will cause an imbalance between the two sides and a small

charge separation across the capacitor.

Part B. Two pipes (4 points)

An apparatus called “Kelvin water dropper” consists of two
pipes (identical to the one described in Part A), connected
via a T-junction, see fig. The ends of both pipes are at the
centres of two cylindrical electrodes (with height L and dia-
meter D, L > D > r); for both tubes, the dripping rate is [n
droplets per unit time. Droplets fall from height H into con-
ductive bowls underneath the nozzles, cross-connected to the
electrodes as shown in Fig; the electrodes are connected via a
capacitance | C'. There is no net charge on the system of bowls

and electrodes. Note that the water container is gounded.

i. (1.2 pts) Express the modulus
of the charge Q¢ of the drops separ-

ating at the instant when the capa-

citor’s charge is ¢ in terms of [ Fmax
(from Part A-i). Neglect the effect
described in Part A-iii.

cylindrical
electrode

ii. (1.5 pts) Find the dependence

of ¢ on time 't by approximating it

with a continuous function ¢(¢) and L

assuming that ¢(0) =qo -

iii. (1.3 pts) The dropper’s functioning can be hindered by
the effect shown in Part A-iii. Additionally, a limit Upax to
the achievable voltage between the electrodes is set by the
electrostatic push between a droplet and the bowl beneath it;
find Upax.
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PROBLEM

Problem 3

Problem T3. Protostar formation (9 points)

Let us model the formation of a star as follows. A spherical
cloud of sparse interstellar gas, initially at rest, starts to col-
lapse due to its own gravity. The initial radius of the ball is
ro and the mass — m . The temperature of the surroundings
(much sparser than the gas) and the initial temperature of the
gas is uniformly 7p . The gas may be assumed to be ideal.
The average molar mass of the gas is [ and its adiabatic in-
dex is [§'> 3. Assume that GTE > RTy, where (R is the gas
constant and |G| — the gravity constant.

i. (0.8 pts) During much of the collapse, the gas is so trans-
parent that any heat generated is immediately radiated away,
i.e. the ball stays in a thermodynamic equilibrium with its sur-
roundings. How many times (n) does the pressure increase
while the radius is halved (r; = 0.57 )? Assume that the gas
density stays uniform.

ii. (1 pt) Estimate the time ¢2 needed for the radius to shrink
from rp to ‘13 = 0.957rg . Neglect the change of the gravity field

at the position of a falling gas particle.
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iii. (2.5 pts) Assuming that the pressure stays negligible, find
the time ¢,_,¢ needed for the ball to collapse from rq down to

a much smaller radius using Kepler’s Laws for elliptical orbits.

iv. (1.7 pts) At some radius [73 < ro, the gas becomes dense
Calculate the

amount of heat @) radiated away during the collapse from the

enough to be opaque to the heat radiation.

radius rg down to 3.

v. (1 pt) For radii smaller than [#3] you may neglect heat ra-
diation. Determine how the temperature T" of the ball depends

on its radius [r < rs3.

vi. (2 pts) Eventually we cannot neglect the effect of the pres-
sure on the dynamics of the gas and the collapse stops at
r = ryq (with r4 </r3). However, the radiation can still be
neglected and the temperature is not yet high enough to ignite
nuclear fusion. The pressure of such a protostar is not uniform
anymore, but rough estimates with inaccurate numerical pre-
factors can still be done. Estimate the final radius r4 and the

respective temperature Tj.
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