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43-a MexpayHapogHasa onnMmnuaga no pusmnke — NpakKTUYHECKUin Typ
Tapty, 9cToHua — 4etsepr, 19 utona 2012 roaa

Typ murest 5 uacos. Typ cosepKuT 2 3a71auu, B CyMMe olle-
HuBaemble B 20 GaJssoB. B Bamiem pacnopsikeHuu naBa
croJja (B AByX cocenHux 6okcax). O6opynoBaHue 3aia-
yn E1 HaxoauTcs Ha ogHoM cToJe, a 3agauu E2 — Ha
apyrom. Bl MmoxeTe cBo60aHO nepeMeniaTbcs MexXay
3TUMHU CTOJIaMH, HO Bbl HE HMeeTe NpaBa Nnepemellatb
npeaMeTbl 9KCMEPUMEHTAJbHOTO 000PYA0BaHUSA C O~
HOI'0 CTOJIa HA APYTOii.

[ ,HO HayaJla 3KCIepUMEHTa 060py1LOBaHI/I€ Ha OJHOM CTOJIe

HaKpbITO MOKPbIBAJIOM, a 060pYyZ0BaHHE HA BTOPOM CTOJIE
JIeXKAT B Kopobke. Jlo 3ByKOBOro curHaja, onoseuiaro-
Lero o Hayajse Typa (TpU KOPOTKMX CHUrHaja), 3anpe-
laeTCs CHUMATb MOKPbIBAJIO, OTKPbIBATh KOPOOKY MU
BCKPbIBATb KOHBEPT C 3a/lauaMH.

[lokuaatb pabouee MmecTo Oe3 pa3pelieHHs 3anpelLeHo.
Ecau Bam HeoGxoauma mnomolllh (He pa6oraet o60pyao-
BaHMe, CJIOMAJICS KaJbKyJsTOp, HYKHO TOCETUTb TyaJleT H
T.J.), TOJHUMUTE COOTBETCTBYIOIIMH (pJ1ar ¢ AJTMHHON PyuKoH
(“HELP” — nomoup win “TOILET” — Tyaner), pasme-
LIEHHBIN BO3Ji€ BALlIETO CHJIEHbS, HAJl CTEHAMH Balllero 60Kca
1 JIEPXKUTE €T0 MOJHSATHIM, 0K K BaM He MOJ0HAET OpraHu-
3aTop.

[Tuinre To/bKO Ha JUUEBOH CTOPOHE JIMCTOB GyMar.

e Jlsist KaxkKJ0# 3ajaud 3aroToBJIEHbI OT/EJbHbIE JIMCThI [J18

peuenui (“Solution Sheet”; B 3arosioBKe Kaxk10ro Tako-
ro JIMCTa OTMEUEH HOMep 3alaud v eé nukrorpamma). Pe-
ILIEHUSI 3aMUChIBAKTE HA COOTBETCTBYIOLIUE JIMCTHI ISl pe-
weHui. JIMeThl A5 pelieHuid ISl KaxKI0i 3ajauu MpoHy-
MepoBaHbl — HCIOJIb3YHTE HX B COOTBETCTBUM C HyMepaLu-
eil. CKonupyfiite KOHeUHble OTBEThI B COOTBETCTBYIOLLUE Ipa-
(bl Ha cTax aas oTeeToB (“Answer Sheet”). Takxke Bam

NpeIoKeHbl JUCTHI Juist YepHoBUKOB (“Draft”); ncrnosnb-
3yiTe WX JJIs 3anuceil, He MpeiHa3HAUeHHbIX K OLEHUBAHHUIO.
Ec/in Bbl 3anuca/u Ha JIMCTBI /IS PELIEHHH UTO-TO, UTO He
cJlellyeT UCIO/Ib30BaTh B OLEHUBAHUH (HATIPUMEP, TOCIeLI-
Hble M HEBEpPHbIE PellieHHts1 ), 3aUepKHHUTE Te CTPOKH.

EcJ/in BaM Hy»KHbI JIOMOJIHUTENbHbIE JIHCThI /151 KAKOH-JIMO0
3ajauu, nojHumute daar “HELP” u coobumre opranusa-
TOpY HOMep 3aJauu; BaM BbIIAJYyT ABA JIMCTA /IS PELLEHHH.
[TpocuThb nonoHuTeNBbHYI0 GyMary MoxKHO 60J1ee 0JJHOTO pa-
3a.

”C"OJ’IbSyﬁTe KaK MO2KHO ME€HbLIE€ TEKCTAa: CTPEMHUTECH
00BSICHATH CBOE peueHue npexae BCero ypaBHEeHUsAMHA, YUC-
JIaMHu, Ta6JIl/ILLaMI/I, CHUMBOJIaMHU U PUCYHKAMHU.

UsberaiiTe TMUIHMUX IBUKEHUI U He TOTpAaruBanTecCh 10
cTeH Ballero 6okca: sKcrnepuMeHTalbHasl yCTAHOBKA ¢
Jla3epoM UyBCTBUTEJIbHA K BUOpALMSM.

UsberaiiTe nonagaHus Ja3epHoOro u3JjyvyeHus B riaasa, B
TOM UUCJI€ OTPA2KEHHOTI'O OT MOBEPXHOCTH BOJaA. 3’1‘0 MO-
JKET HAHECTH HEMOMNpPaBUMbIi yilep6 /151 BalIMX rjas.

[TepBbIfi, OMMHOYHBIA 3BYKOBOHW CHTHaJ O3HAYaeT, 4TO JIO
KOHLIA Typa ocTaércs noJuaca. Bropoii, 1BoHHON 3BYKOBOMH
CUIHAJl 03HAuaeT, YTo JI0 KOHLA Typa OCTaércsl NsiTb MH-
HyT. [Tocsienui, TpoitHOH 3BYKOBOI CUrHAJ OTIOBECTHT Bac O
koHue Typa. [locsne TpeTbero 3ByKoBoro curuasna Bbl 00-
3aHbl HeMeJIEHHO NPeKpaTUTh Nucartb. Bioxkure Bee -
CTbI B KOHBePT Ha pabouem crojie. U3 momeunienus 3anpe-
IEeHO BbIHOCUTb Kakue Obl TO HU OblIO JUCTbI Gymaru.
EcJin Bbl 3aKOHUMTE pelleHHe 3ajay J10 MOCJAeHEro 3ByKO-
BOTO CUTHaJIa, MOJHUMUTE (hJiar.
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PROBLEM

Problem ET1

3agaya E1. MarHutHasi npoHuuaemMoCcTb BOAbl
(10 6annos)

D ekt MarHUTHOTO MOJIst B GOJBIIMHCTBE BEIIECTB, Kpome (hep-
pPOMArHeTHKOB, BecbMa cjiab. DTO CBsI3aHO C TEM, YTO MJIOTHOCTD
9HEPTHH MarHUTHOTO T0JIs1 B BELIECBTE C OTHOCHTEJbHON MarHuT-
HOU MPOHULIAEMOCTBIO (4 3aa€TCsT BhIPAKEHHEM W = 2#1#0 2
00bIYHO £ OueHb 6Ji3Ko K 1. Tem He MeHee, NpH MOMOIIH XOPO-
1Ief MOCTaHOBKE dKCTIEPUMEHTA TaKoi 3¢ eKT BroJsiHe HabJ0/1a-
eM. B 31oi1 3a1aue Bbl H3yuuTe BJIMSIHME MATHUTHOTO M0JIst IOCTO-
SIHHOTO HEOIMMOBOIO MArHUTA Ha BOJLY U, C HCIIOJIb30BAHHEM TOJTY-
YeHHBIX Pe3yJIbTaTOB, BLIUHC/NTE MATHUTHYIO TIPOHHLIAEMOCTD BO-
npl. [pn pemennu 3anaun Bam HE Hy»XHO oueHHUBaTh HUKaKKe
MOrpeuIHoCTH.

Obopygosatue BkJouaeT B cebsi: [1| cTofika (cM. puc.), | 3 uud-

pPOBO#l LITAHTEHUUPKYJb, |4 Ja3epHasi yKa3ka, O MocyauHa
€ BOJO# C |7 LUMIAMHAPUYECKUM MOCTOSHHbBIM MAarHMTOM B Hell
(HamarHuyeHHbIM B1OJIb ocH). [TocyaHa npukpernJieHa K 0CHOBa-
HHIO CTOHKM C MOMOIIbI0 MarHuTa. Jlazep NMpuUKpenaéH K miraH-
FeHUUPKYJII0, OCHOBAHHE KOTOPOTo MPUKpeNieHo K cTofike. LlTaH-
FeHUMPKYJ/b T03BOJISIET CMeUlaTh Jasep ropu3oHTasbHO. KHor-
Ka BKJIIOUEHHUSI-BBIK/IIOUEHHUS J1a3epa MOKeT ObiTb 3apUKCHpPOBa-
Ha npu nomoiy | 13 Gesoit KoHMuecKoil TpyOku. [locrapatitecsh,
uTOObl PACCTOSIHUE OT MOBEPXHOCTH MArHUTa JI0 TIOBEPXHOCTH BO-
JIbl COCTABJISIO OKOJIO | MM (ecJii MeHblle, TO TOBEPXHOCTb BOJIbI
CTaHOBHUTCS HACTOJIBKO HCKPUBJIEHHOM, UTO OYET CJI0KHO CUHTHI-
BaTh MoKa3aHus ¢ 3kpaHa). 15 Cocyn ¢ Bojo# 1 |16 wmnpwui Mo-
YT ObITh HCIOJIb30BAHbI JJIs1 PErYJMPOBAHUS YPOBHS BOJIbI (UTOObI
NOJHATH YpOBeHb Ha 1 MM, no6aBbTe 13 M Boabl). | 2| JIMCT Mus-
JIUMETPOBOH Oymaru (“skpan”) HY»HO NPUKPENUTh K BEPTHKAJb-
HOH NJ1acTHHE MaJleHbKUMH MarHutaMu-rabJerkamu. Ecin nasep-
Hasi OTMETKA Ha 9KpaHe CTAHOBUTCS CMa3aHHOM, IPOBEPBTE, HET JIH
MbIJIK HA TOBEPXHOCTH BOJIbI (M CHLyHTE €€).
o T—
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6 Touka

11 LCD-3kpan
IITaHreHUMpKyJs, | 10| KHonKa, KOTOPOU €JIMHUILILI M3MEPEHHS TTe-

OcranbHble 0603HAYEHHS] HA PUCYHKE CJIeylOLIHe:
B KOTOpPOH Jla3epHbIH JIyd JOCTHraeT 3KpaHa;
PEKJIIOUAIOTCS MeXIy MWJIMMETpaMM W JioiMaMu; |8| KHoMKa
BKJIIOUEHUSI-BbIK/IIOUeHHUS; | 9| KHOMKA JIJ151 YCTAHOBJIEHHS HYJIEBOTO
3HAUEeHHsl IITaHTeHUMPKYJIs. [1of 1azepHbIM yKazaTeseM HaxoIuT-
csl ell€ oJlHa KHOMKA LITaHTeHUHPKY.JIs, KoTopasi BpeMeHHo cOpa-
CbIBaeT HyJleBOE 3HaUeHHUe (€eCJ/Id Bbl €€ CJIyualHO HaxKaJM, HazKMHU -
Te e€ ewlé pas, 4ToObl BEPHYTHCS B HOPMAJIbHBIN PEXKUM H3Mepe-
HUH ).

HucnerHble 3HaYeHns /151 BAalUMX BbIUMCJCHUH: TOPU3OHTANbHOE
paccTosiHMe MexJly LeHTPOM MarHuta u skpaHom Lo = 490 mMm.
[IpoBepbTe U NIpH HEOOXOAUMOCTH OTPETYJIHPYHTE MOJI0KEHHE LIeH-
Tpa MarHuTa B JIBYX MEpPHeHAMKYJ/SIPHBIX HampaBJjeHnusx. Beptu-
KaJibHasi 0Cb MarHuTa JI0JKHA [epecekaThest U ¢ JydoM Jia3epa,
u ¢ |12 uépHoli JMHKel HA BCIIOMOraTesIbHOM TJIaCTHHE. MATHUT-
Hasi MHAYKLUMS Y OCH MarHuTa Ha BbICOTe 1 MM OT ero mJjocKou
NoBepxXHOCTH cocTaBiseT By = 0.50T; naoTHOCTb BOABI p,, =
1000 kr/m?; yckopenne cBoGomHoro nagenus g = 9.8m/c?;
MarHMTHasi NPOHUILAEMOCTb BaKyyMa jio = 47 x 1077 Ti/m.

MPEOYNPEXXOEHA:

¢ OpuenTtauus nasepa npegsaputensHo otperynuposana, HE
MeHsiiTe egé!

¢ HE cmotpute B nyd nasepa unm ero otpaxenus!

¢ HE nwbiTaiitech yopaTh CUbHBIE HEOLVMOBbLIVE MArHnT!

<

HE nowmewjaiite marHntHbie Matepmansl 6ansko Kk maruuty!

o BbIKJTKQYANTE nasep, Korga He mcrnonb3yete ero: bata-
peliku ncrowatorcsa 3a 1 yac!
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PROBLEM

Problem ET1

Yacte A. Kauecteennas dpopma nosepxroctun sogbl (1 6ann)

[ToBepXOCHTb BOIbI Ha/l LHJMHIPHUECKHM MarHiTOM HCKPHBJISIET-

cs1. Mceaenyiite hopmy moBepxHOCTH BOMbI Hal MarHuToM. Omnpe-

JIeJIUTE, SIBJISIETCS] BOJA MaMarHeTHKoM (u < 1) WM mapamarte-

THKOM (p > 1).

I I
Option A Option B Option C Option D

D T
Option E Option F Option G

BriGepuTe npaBu/bHbIA BApHAHT W BIULLIKTE €r0 B JIMCT AJ1s1 OTBE-
TOB BMeCTe C HepaBeHCTBOM p > 1 uian p < 1. B atoii yactu
3aganusi Bam HE HykHO 060CHOBBIBaTh OTBET.

Yacte B. Tounas dopma nosepxHoctn Boabl (7 H6annos)

dopma MOBEPXHOCTH BOJbI MOXKET H3MepeHa ¢ GOJbLIOH TOYHO-
CTbIO C MOMOLIBIO OTPaXKEHHUS OT Heé Ja3zepHoro Jiyua. Mcenosbayii-
TE ITOT METOJL JUIsl H3MePEHUSsl 3aBUCHMOCTH YPOBHS BOJIbl OT FOPH-
30HTAJILHOTO PACCTOSIHUSA OT OCH MarHUTa.

i. (1.6 6.) V3amepbTe 3aBUCMMOCTb KOOPJMHATHI Y JIa3ePHOH OT-
METKH Ha KpaHe OT MoKa3aHus x WITaHreHUUpPKyJs. CTpeMuTech
MOKPBITb BeChb IMaNa30H BO3MOXKHbIX MOJIOKEHUH LITAHTEeHLHPKY -
Jis1. BHecure pesysbraThl B Ta6J/HILy Ha JHUCTE J/1s1 OTBETOB.

ii. (0.7 6.) Hapucyiite rpacduk mosyueHHOH 3aBUCHMOCTH.

iii. (0.7 6.) VMcrosb3ys rpacuk, onpeiennTe yroya cg MeKIy OT-
Pa’KEHHBIM JIyueM H TOPH30HTAJLHON MOBEPXHOCTBIO BOJIBI.
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Tanrenc yraa (tan 5) Mexxi1y KacaTeJIbHOH K TOBEPXHOCTH »KHKO-
CTH U TOPU3OHTAJILHON JIMHHEH BbIpaxKaeTcsl CJIyyI0LLUM 06pas3oM:

cos’ag Yy —yo — (¥ — o) tan g
2 . Lo +x— 2

IJIe 3o KOOPAMHATA 0M1aIaHHUst JIa3ePHOTO MSTHBILIKA HA SKPaH MIPH

OTPaXKEHHH Jiyda OT TOUKH TTOBEPXHOCTH BOJIbI, HAXOJsIIENCs Ha

OCH MarHuTa, a o — COOTBETCTBYIOLIIEE TTOJIOKEHHE LITAHTEHIIHP-

KYJIsi.

tan 8 ~ B ~

)

iv. (1.4 6.) Boruuc/inTe 3HaueHUs TaHIeHca yIvla HaKJo0Ha NOBepX-
HOCTH BOJIbl U BHECHTE X B TabJIMILy Ha JUCTe Ayist oTBeToB. Obpa-
THTE BHUMAaHHUE, UTO /7151 YIPOLLEHHS STHX BbIUMCJIEHHH, BBl MOYKETE
HCIO0JIb30BATh PE3YJ/bTaT MOJYUeHHbIH U3 MOC/e/IHero rpacuka.

v. (1.6 6.) Bblunciiite BbICOTY YPOBHSI MOBEPXHOCTH BOJIbI OTHO-
CHTEJ/IbHO HEBO3MYLLECHHOH MOBEPXHOCTH ( PacroJo;KeHHO! 1a1eKo
OT MarHuTa) KaK (GyHKLHMIO OT & U 3ar0oJHATe TabJIMILy Ha JINCTE JJIsl
OTBETOB.

vi. (1 6.) Hapucyiite rpacuk nocsenneil 3aBUCHMOCTH. YKaXKH-
Te Ha HEéM 00./1aCTb, B KOTOPOH JIyU MajaeT Ha MOBEPXHOCTb BOJbI
PAaCIOJIOXKEHHYIO HAJl MATHUTOM.

Yacte C. MarnntHas npoHuuyaemocts (2 6anna)

Henonbayst peaysibrathl Hactu B, Bbiuncsinre 3Hauenue p — 1 (Tak
Ha3blBAEMast MACHUMHAA BOCAPUUMHYUBOCb), TE [t — OTHOCH-
TeJIbHasi MarHUTHasi MPOHULIAEMOCTb BOJbl. 3alHLINTe KOHEUHYIO
(hopMyJTy 1 UHCIeHHOE 3HAUYHHE Ha JIUCT A/ OTBETOB.
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PROBLEM

Problem E2

3apava E2. HenuHelinble anekTpuyeckue uenu
(10 6annos)

B npocTbix 3asauax nperosaraetcs, uto 3JeKTpuuecKue 1enu co-
CTOSIT U3 JIMHEHHDBIX JIEMEHTOB, JIEKTPUUECKHE XaPAKTEPUCTHKU
KOTOPBIX MPAMO MPONOPLHOHAJbHBI APYT Apyry. B kauectBe npu-
Mepa MOXKHO MPUBECTH cornpoTtuienue (V = RI), éMkocTb (Q =
CV) u unaykrusiocets (V = LI), rie R, C' u L SIBASIOTCS KOH-
CTaHTaMH.

B 3t0i1 2Kke 3a1aue Mbl HCCJIe/lyeM LeMb, COAEPKALILYIO0 HEeIMHEHHbIe
9JIEMEHTbI, 3aK/IIOUEHHbIE B UEPHBIH ALIUK, A5 KOTOPbIX MPeo-
JIO2KEHHE MPOMOPLUOHAIBHOCTH 00JIbLIE HE BbITONHSAETCS.
ObopygoBaHne ~ COCTOMT M3 MyJabTUMeTpa (0003HAUCHHOTO
“I[PhO-measure”), uCTOYHUKA TOKa, YEPHOro fIIMKA, COJEp-
JKAIIETO HeJIMHEHHbIE EMEHTDI, ¥ UEThIPEX MPOBOJIOB C HapallL1-
BaeMbIMU Pa3b&éMamMu AJisl NOJKIIOUYEHHUS.

My/IbTUMETD MOXKET M3MEPSATb CHJy TOKA W HampsiKeHHe OJHO-
BpeMeHHO. Bbl Mmoxkete 3anucarb 10 2000 Touek naHHbIX, KaxKaast
U3 KOTOPBIX COAEPKHUT: HanpskeHHe V, cuay Toka I, MOLIHOCTb
P = IV, unterpasbHoe conpotupiaenie R = V/I, npousBojHyo
HarpsKkeHust V| IPOM3BOJIHYIO0 CH/Ibl ToKa I 1 Bpemst t. CMoTpuTe
MHCTPYKLMIO /151 IeTaJlel.

McTouHHK MOCTOSIHHOTO TOKa BbIAAET CTaOWJbHBIA TOK, €CJ/H
Hanps>KeHHe Ha ero KJjemmax Haxoautcss mexay —0.6125B u
0.6125 B. B BbIK/ItOY€HHOM COCTOSIHUH HCTOUHHK MOCTOSIHHOTO TO-
Ka BeJIET cebst Kak 6oJibliioe (Mo cyTH OeCKOHEUHOe) COMpPOTHBIIE-
HHE.

O

T{

LR R L |

YWQ -

AWGZ 19
20.nos }ua.ungg

I=6mA
U=-612.5mV..612.5mV

Current source

YEpHbIN LMK CONEPKUT MOHUCTOP — KOHJEHCATOP C JBOHHBIM
3JIEKTPHUECKUM ¢JI0eM (KOTOPbIH sIBJISIETCS CJlerka HeJIMHEHHbIM
KOHJ/IEHCATOPOM € GOJIbLIOH EMKOCTbIO), HEM3BECTHBIH HeJIMHEH -
HbIH 37eMeHT U KaTylKy L = 10 MxIH ¢ npeHe6pe:KHMbIM oMHYe-
CKHM COIPOTHBJIEHHEM, KOTOPAsl BBIKJIIOUACTCS TaK, KaK OKa3aHO
Ha 3J1eKTpHuecKoil cxeme. HesiMHeHHbIN 3/1eMeHT Mo2KeT ObITb pac-
CMOTPEH KaK OMHUECKOe COTPOTHBJIEHHE C HEJIMHEHHOH 3aBUCHMO-
CTbI0 MEXKJly HarpsikeHueM u cuiioii Toka [I = I(V'), re 1(0) = 0].
Ananoruuto u puddeperunanbias émkocts C(V) = dQ/dV ne
TOYHO mocTosiHHA. HanmpsixkeHue Ha 4y€pHOM siLMKe HA30BEM
MNOJI0XKHUTEJNbHBIM, €CJIM MOTEHLHAJ] Ha ero KpacHoi Kjaemme
Bblllle MOTeHLUada Ha Y€pHoii kiemme. [ToaoxuTenabHoe Ha-
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npsixkKeHue 6yIleT JOCTUTHYTO, €CJIHU COCIUHUTDb KJIE€MMbI OU-
HaKOBbIX LIBETOB '-IépHOI'O AAIlMKA U UCTOYHUKA TOKaA.

C Y :
+ "
o—+4 o o—§ " ‘
, — Nonlinear | |
1 device :
o~ .
: Black box .

B nanHoMm csyuae 6e3onacHoO paspsikaTbh KOHAEHCATOP B UEPHOM
sILIMKe, 3aKOpauuBast ero BXOJIbl U HarpsiMyto, U uepe3 KjaeMMbl IN
1 OUT MyJsibTHUMETpA: BHYTPEHHEE COMPOTHUBJIEHHE 3TOTO KOHJIEH-
caTopa 0CTaTOUHO, YTOObI TOK HE CMOT HUUETO MOBPEIUTb.

Ha npoTsizkeHuu Bceil 3aaun BaM He HYXKHO OLleHUBATb HUKa-
KHe MOrpeLHoCTH.

Yacte A. Lenb 6e3 ungyktusroctu (7 6annos)

B 370l yacTH aepKuTE KIIOU UEPHOTO SIIIMKA 3aMKHYTBIM (HAXKMH -
Te “I”): TakuM 06pa3oM, KaTyllKa 3aKOpoueHa.

OO6paTuTe BHUMaHHE, YTO HEKOTOpble U3MEPEHHS] MOTYT 3aHSTb
HeMaJsioe BpeMsl, I03TOMY PEKOMEHJYeTCsl PoUecTb BCe 3alaHust
yacTh A, uToObl H36€XKaTh HEHYXKHOH paGOThI.

i. (1 6.) Onpenenure BLIXOAHYIO CHJy TOKa MCTOUHHKA TOKa, a
TaK)Ke MHTEPBaJI, B Mpe/eax KOTOPOro OHa BapbUPyeTCst /st J10-
CTH2KHMBIX MOJIOXKUTEJIbHBIX HanpsizkeHui. M3o6pasute ssekTpu-
UECKYIO CXeMY H YKaKHTEe HCI0JIb30BAHHbIH HHTEpBAJ HaIpsiKe-
HHUH.

ii. (1.2 6.) Onpenenure nuddepeHIHANBHYIO EMKOCTb, HCIONb3Y -
eMyI0 B UEpHOM SILIUKE, AJIsT OTHOTO KOHKPETHOTO 3HAUEeHHsI Harpsi-
xenust 1o Baiuemy BuiGopy, C'(Vy) = Cy. U3o6pasute ssekrpurue-
CKYIO CXEMY.

iii. (2.4 6.) I1pene6peras HemuHeitHocTbio émkocTh [C(V) & Cy],
onpeesuTe BOJILT-aMIEePHYI0 XapaKTePUCTHKY HEJIMHEHHOTO 3J1e-
MeHTa, HCTI0JIb3yeMOro B UépHoM silliKe. Hapucy#ite Ha Jncte ais
oTBeTOB rpaduk KpuBoil I(V) st JOCTHKUMbIX MOJOMKHUTEIbHbIX
HanpsikKeHui Ha 4épHOM sillKe. F306pasuTe 3/1eKTpHUECKYIO cXe-
My.

iv. (2.4 6.) Vicnosnb3ayst uamepenusi, cjiesaHHble Ha BCEM HHTep-
BaJsle JIOCTHKUMBIX HaTpsKeHHH, BBIUMC/INTE U HAPUCYHTe Ha JH-
cre aas orBetoB rpaduk Kpusoil C'(V) st J0CTHKUMBIX MOJIO-
JKUTEJIbHBIX HAMNpsRKEHUH Ha 4YEpPHOM sillMKe. 3anuilinTe MHHH-
MaJlbHO€e W MaKCHMaJsibHOe 3HaueHue i depeHnansbHol EMKOCTH
Chin, Cmax. 1306pasute 3/1eKTpHUECKYIO CXEMY.

Yactb B. Lensb ¢ nuaykTneHocTsio (3 6anna)

BxtounTe HHAYKTHBHOCTb, PA30OMKHYB KJIIOU Y€PHOTO SIIIMKA (Ha-
xmute “07). Micnosib3ysi TOT XKe METOJ, UTo U B MyHKTe A-iii, u3-
MepbTe BOJIbT-aMIEPHYI0 XapaKTEPUCTHKY HEJIMHEHHOTO 3J1eMeHTa
1 HapucyiTe eé rpaduk. OObIACHUTE NPU MOMOLIM KaueCTBEHHbIX
apryMeHTOB Jito0ble 3aMeTHble Pa3J/IHUMS MEXK/ly KPUBBIMH B 4aCTsX
AwuB.

[Tpuroautcst 3HaHWe, UTO HA CAMOM JeJje HeJHHEHHBIH 3JeMeHT
TaK)Ke UMeeT Napas3uTHUecKyio EMKOoCThb (oKoJio 1 HD), KoTopasi co-
e/liHeHa napaJiieibHO ¢ HeJIMHEHHBIM OMHUECKUM COMPOTHBJIEHH -
eM.
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Problem E2

IPhO-measure: kopoTkasi MHCTpyKLusi

[PhO-measure — 3T0 MyJIETUMETP, CIOCOOHBIN H3MePSITh HATIPSI-
kenve V' 1 cuty Toka I omHoBpeMmeHHO. OH TakxKe 3aruchbiBaeT
UX MPOU3BOJHBIE V and f, ux npoussenenne P = VI, oTHOllIe-
uue R = V/I, a takxke Bpemsi t n3MepeHusi. 3anucaHHble U3Mepe-
HUsl OPraHU30BaHbl B OT/leJIbHbIe KOMJIEKThI; KaXKJ0€e 3arnucaHHoe
M3MepeHHe TIPOHYMEePOBAHO HOMEPOM KOMILIEKTa S H HOMEPOM H3-
MepeHHsI n BHYTpH KOMIIeKTa. Bece coxpaHéHHble H3MepeHHs 3a-
TMUCHIBAIOTCS HA BHYTPEHHIOW (DJISLI-NAMSITE H MOTYT ObITh 3aTeM
H3BJICUEHBI.

DNeKTPUHECKoe NoBeaeHne
YeTpoiicTBO BeNET cebsi KaK aMIepMeTp U BOJILTMETP, COEIMHEH-
HbI€ CJIETYIOLIMM 00Pa30OM.

BuyTpeHnnee

WurepBasn  conpoTuB/eHHe

Bosbrmerp 0...2B 1 MOwm
Bosbrmerp  2...10B 57 kOm
Amniepmerp 0...1A 10m

OcHoBbl npumeHeHuns

e Haxmurte “POWER”, uto6bl BKJIIOUNTh [PhRO-measure.

e UroObl NPOCMOTPETb paHee COXpaHEHHble H3MepeHHsl (BO
BCeX KOMIJEKTax), HaxmuTe “PREVIOUS” nan “NEXT”.
Jlepxxute MX HaXKATHIMHU J0JIblLIE, YTOOB! MEPENpPLIrHyTh Ha-
NPSIMYIO MEKy KOMJIEKTaMH.

e Korza uamepeHuit He NPOUCXOMUT, HaXKMUTe “START”, uTo-
Obl HAUATb U3MEPSITh HOBbIH KOMIJIEKT.

e Bo Bpemst uamepenuit Haxxmute “SAMPLE”, yTo6bl coxpa-
HUTb 0JHO U3MepeHHe (C TeKyLLUMH [0Ka3aHUsIMU Npu6o-

pa).
[ ] BO BpeMﬂ I/ISMQpQHI/Iﬁ Bbl MO2KETE TaKiKe HpOCMO’I‘peTb y)Ke

ClleJITaHHbIE I/I3Mep6HI/I${ B JAHHOM KOMIIJIEKTE, l/lCHOJIbSyH
KHONKH “PREVIOUS” u “NEXT”.

e Haxxmure “STOP”, uTo6BI 3aBepIINTb KOMIJIEKT H OCTAHO-
BUTb HU3MEPEHHUSI.

e Haxarue “POWER” Bbik/ouaet yerporictBo. CoxpaHéHHble
U3MepeHUs He OYyT ylaJleHbl.
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Ouncnneit

313TGMU +§jéi/c
4. 9mHA +8,.79/=
1519ul) R=£4.472

o
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X (A v -]

Start Stop Previous Next Sample

N306pakéHHoe n3MepeHre COCTOUT U3 IEBSATH MepeMEeHHbIX:

HOMEp 1 U3MEPEHHUS B KOMIJIEKTE;

HOMep S KOMILJIEKTa;

BpeMsl t ¢ MOMEHTa HauaJ/la KOMILIEKTa;

nokKasaHue BosibT™MeTpa V';

CKOpOCTb H3MeHeHns V (BpeMeHHas Npou3BoHas V), ec/u

MPOU3BOJIHAS HE MOXKeT ObITb Ha/IEKHO B3ATa H3-3a KoJsieba-

Huil V, otobpaxkaercs “+nan/s”;

nokazanue amnepmetpa I;

7. ckopocTb MaMenennst I (BpeMeHHast Ipou3BomHasi 1); ecu
IPOM3BOJIHAsA He MOXKeT ObITb HaJ€KHO B3siTa H3-3a KoJle-
6anuil I, oroOpaxkaercs “+nan/s”;

8. mpousBenenne P =V I;

9. otHouenne R = V/I.

Ol o=

SH

Ecin kakas-To mnepeMeHHasi BbIXOJIUT 3a Mpelesbl MHTepBaja
JIONMYCTUMBIX 3HAaueHWi, eé MHAMKATOp oTobOpaxkaeT “+inf” wiu
-inf".
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e The examination lasts for 5 hours. There are 2 problems
worth in total 20 points. There are two tables in your
disposal (in two neighbouring cubicles), the apparatus of
Problem E1 is on one table and the apparatus of Prob-
lem E2 is on the other table; you can move freely between
these tables. However, you are not allowed to move
any piece of experimental setup from one table to
the other.

Initially the experimental equipment on one table is
covered and on the other table is boxed. You must
neither remove the cover nor open the box nor
open the envelope with the problems 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 (mal-
functioning equipment, 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 or-
ganizer arrives.

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
explain your solution mainly with equations, numbers,

tables, symbols and diagrams. Whentextual-explana—

Avoid unnecessary movements during the experimental
examination and do not shake the walls of your box:
the laser experiment requires stability.

Do not look into the laser beam or its reflections! It
may permanently damage your eyes.

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 E1

Problem E1. The magnetic permeability of water
(10 points)

The effect of a magnetic field on most of the substances
but ferromagnetics is rather weak. This is because the energy
density of the magetic field in substances of relative mag-
netic permeability . is given by formula w = 2;“ B2, and

typically, u is very close to 1. Still, with suitable experimental
techniques such effects are firmly observable. In this problem
we study the effect of a magnetic field, created by a perman-
ent neodymium magnet, on water and use the results to calcu-
late the magnetic permeability of water. You are not asked
to estimate any uncertainties throughout this problem
and you do not ned to take into account the effects of the
surface tension.

The setup comprises of |1 a stand (the highlighted numbers

correspond to the numbers in the fig.), |3 a digital caliper, |4

a laser pointer, |5 a dish with water and | 7| a cylindrical

permanent magnet in it (the magnet is axially magnetised).
The dish is fixed to the base of the stand by the magnet’s pull.
The laser is fixed to the caliper, the base of which is fastened
to the stand; the caliper allows horizontal displacement of the
laser. The on-off button of the laser can be kept down with

the help of 13 the white conical tube. The depth of the wa-

ter above the magnet should be reasonably close to 1 mm (if
shallower, the water surface becomes so curved that it will be

difficult to take readings from the screen). [ 15 A cup of water
and 16 a syringe can be used for the water level adjustment
(to raise the level by 1 mm, add 13 ml of water). 2] A sheet of
graph paper (the “screen”) is to be fixed to the vertical plate
with |14 small magnetic tablets. If the laser spot on the screen
becomes smeared, check for a dust on the water surface (and
blow away).

The remaining legend for the figure is as follows: |6 the
point where the laser beam hits the screen; |11 the LCD screen
of the caliper, /10| the button which switches the caliper units

between millimeters and inches; [8] on-off switch; |9 button

for setting the origin of the caliper reading. Beneath the laser
pointer, there is one more button of the caliper, which tempor-
arily re-sets the origin (if you pushed it inadvertently, push it
once again to return to the normal measuring mode).

15
==

Numerical values for your calculations: horizontal distance
between the magnet’s centre and the screen Ly = 490 mm.
Check (and adjust, if needed) the alignment of the centre of
the magnet in two perpendicular directions. The vertical axis
of the magnet must intersect with the laser beam, and it must
also intersect with [12 the black line on the support plate.
Magnetic induction at the magnet’s axis, at the height of
1 mm from the flat surface By = 0.50T; Density of water
pw = 1000kg/m?3; free-fall acceleratlon g = 9.8m/s?; va-
cuum permeability o = 47 x 1077 H/m.
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WARNINGS:
The laser orientation is pre-adjusted, do not move it!

Do not look into the laser beam or its reflections!

o
o

¢ Do not try to remove the strong neodymium magnet!
< Do not put magnetic materials close to the magnet!
o

Turn off the laser when not used, batteries drain in 1 h!

Part A. Qualitative shape of the water surface (1 points)
When a cylindrical magnet is placed below water surface, the
latter becomes curved. Observe, what is the shape of the water
surface above the magnet; according to this observation, decide
if the water is diamagnetic (¢ < 1) or paramagnetic (1 > 1).
—
Option A Option B Option C Option D
— T
Option E Option F Option G
Write the letter corresponding to the correct option into the
Answer Sheet, together with an inequality p > 1 or u < 1. For
this part, you don’t need to motivate your answer.
Part B. Exact shape of the water surface (7 points)
Curving of the water surface can be checked with high sensitiv-
ity by measuring the reflection of the laser beam by the surface.
We use this effect to calculate the dependence of the depth of
the water on the horizontal position above the magnet.
i. (1.5 1.6 pts) Measure the dependence of the height y of the
laser spot on the screen on the caliper reading x (c.f. figure).
You should cover all the usable range of caliper displacements.
Fill the results into the table in the Answer Sheet.
i. (0.7 pts) Draw the graph of the obtained dependence.
i11. (0.5 0.7 pts) Using the obtained graph, determine the
angle o9
between the beam and the horizontal area of the water sur-
face.

Please note that the slope (tan3) of the water surface
can be expressed as follows:

90%2 @0 Y —Yo— (x — x0) tan ag

Lo+x—x9

tan f ~ B =~

where y is the height of the laser spot on the screen when
the beam is reflected from the water surface at the axis of
the magnet, and zy — the respective position of the caliper.
iv. ( 1.4 pts) Calculate the values of the slope and fill
them into the Table on the Answer Sheet. Please note that it
may be possible to simplify your calculations if you substitute
some combination of terms in the expression from the previous
task with a reading from the last graph.

v. ( 1.6 pts) Calculate the height of the water surface
relative to the surface far from the magnet as a function of x
and fill it into the Table on the Answer Sheet.

vi. (1 pt) Draw the graph of the latter dependence. Indicate
on it the region where the beam hits the water surface directly
above the magnet.

Part C. Magnetic permeability (2 points)

Using the results of Part B, calculate the value of ; — 1 (the
so-called magnetic susceptibility), where p is the relative mag-
netic permeability of the water. Write your final formula and
the numerical result into the Answer Sheet.
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PROBLEM

Problem E2

Problem E2. Nonlinear Black Box (10 points)

In simple problems, electrical circuits are assumed to consist
of linear elements, for which electrical characteristics are dir-
ectly proportional to each other. Examples include resistance
(V = RI), capacitance (Q = CV) and inductance (V = LI),
where R, C' and L are constants. In this problem, however, we
examine a circuit containing nonlinear elements, enclosed into
a black box, for which the assumption of proportionality no
longer holds.
The setup comprises of a multimeter (labelled “IPhO-
measure”), a current source, a black box containing non-
linear elements, and four test leads with stackable connectors
for wiring.

The multimeter can measure current and voltage simultan-
eously. You can record with it up to 2000 data points, each

consisting of: voltage V, current I, power P = IV, integral

resistance R = V/I, voltage derivative V, current derivative I
and time £. See its manual for details.

The constant current source supplies stable current as long
as the voltage across its terminals stays between —0.6125V
and 0.6125V. When switched off, the constant current source
behaves as a large (essentially infinite) resistance.

I=6mA
U=-612.5mV...612.5mV

The black box contains an electric double layer capamtor
(which is a slightly nonlinear high capacitance capacitor), an
unknown nonlinear element and an inductor L = 10 uH of neg-
ligible Ohmic resistance, switchable as indicated on the circuit
diagram. The nonlinear element can be considered as an Ohmic
resistance with a nonlinear dependence between the voltage
and the current [I = I(V) with I(0) = 0]. Likewise, for the
capacitor, the differential capacitance C(V) = d@Q/dV is not
exactly constant. We say that the voltage on the black
box is positive when the potential on its red terminal is
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higher than the potential on the black terminal. Pos-
itive voltage will be acquired when the terminals of
matching colours on the black box and the current
source are connected.

1

1

: Nonlinear
' device
1

Il

1

1

1

|
Black box

T+
é\

Here it is safe to discharge the capacitor in the black box by
shorting its inputs either by itself or through the IN and OUT
terminals on multimeter: the internal resistance of this capa-
citor is enough to keep the current from damaging anything.

You are not asked to estimate any uncertainties
throughout this problem.

Part A. Circuit without inductance (7 points)
In this part, keep the switch on the black box closed (push “I”
down), so that the inductance is shorted.

Please note that some measurements may take considerable
time, therefore it is recommended to read through all the tasks
of part A to avoid unnecessary work.

i. (1 pt) Determine the output current of the current supply,
and the range within which it varies for obtainable positive
voltages. Document the circuit diagram and the voltage range
used.

ii. (1.2 pts) Determine the differential capacitance used in
the black box for a single voltage of your choice C(Vp) = Cp.
Document the circuit diagram.

iii. (2.2 pts) Neglecting the nonlinearity of the capacitance
[C(V) =~ Cy], determine the current—voltage characteristic of
the nonlinear element used in the black box. Plot the I(V)
curve for obtainable positive voltages on the black box onto
the answer sheet. Document the circuit diagram.

iv. (2.6 pts) Using measurements taken from the whole range
of obtainable voltages, calculate and plot the C(V') curve for
obtainable positive voltages on the black box to the answer
sheet. Write down the minimal and maximal values of differ-
ential capacitance Chin, Cmax. Document the circuit diagram.

Part B. Circuit with inductance (3 points)
Enable the inductance by opening the switch on the black box
(push “0” down). Using the same method as in pt. A-iii, meas-
ure and plot the current—voltage characteristic of the nonlin-
ear element. Describe any significant differences between the
curves of parts A and B and suggest a reason using qualitative
arguments.

Here you need to know that the nonlinear element has ac-
tually also a parasitic capacitance (ca 1 nF) which is connected
in parallel to the nonlinear Ohmic resistance.
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PROBLEM

Problem E2

IPhO-measure: short manual

IPhO-measure is a multimeter capable of measuring voltage V'
and current / simultaneously. It also records their derivatives
V and I, their product P = VI, ratio R = V/I, and time ¢ of
the sample. Stored measurements are organized into separate
sets; every stored sample is numbered by the set number s and
a counter n inside the set. All saved samples are written to an
internal flash memory and can later be retrieved.

Electrical behaviour
The device behaves as an ammeter and a voltmeter connected

Internal

Range resistance

Voltmeter 0...2V 1MQ
Voltmeter 2...10V 57k}
Ammeter 0...1A 10

Basic usage

e Push “POWER” to switch the IPhO-measure on.

e To browse previously saved samples (through all sets),
press “PREVIOUS” or “NEXT”. Hold them down longer
to jump directly between sets.

e While not measuring, push “START” to start measuring
a new set.

e While measuring, push “Sample” to store a data
sample (with the current readings).

e While measuring, you can also browse other samples of
the current set, using “PREVIOUS” and “NEXT”.

e Press “STOP” to end a set and stop measuring.

e Pushing “POWER” turns the device off. Saved samples
will not be erased.
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Display

b =

13- BF'U

4.9mA +8.73/=
1519ull R=64.472

IPhO—measure

A displayed sample consists of nine variables:

index n of the sample in the set;

index s of the set;

time ¢ since starting the set;

voltmeter output V;

rate of change of V' (the time derivative V'); if derivative

cannot be reliably taken due to fluctuations, “+nan/s” is

shown;

6. ammeter output I;

7. rate of change of I (the time derivative I); if derivative
cannot be reliably taken due to fluctuations, “+nan/s” is
shown;

8. product P = VI,

9. ratio R =V/I.

Fr o=

If any of the variables is out of its allowed range, its display
shows “+inf” or “~inf”.
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