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H efétaon Slapkel 5 wpeg. Anoteleital and 2 mpofAnuata
ouvoAlka 20 povadwv. Ymapyxouv 2 mivakeg otn §taBeon oag
(oag 2 yewrovika ocag cubicles), n melpapotiky datagn tou
nipoBAnuatoc E1 eival mdvw oto £va Tpaméll KL N TELPOUATLKA
Slataén tou E2 Bploketal oto dAAo tpaméll. Mmpoeite va
Kwvelote eAéuBepa 01O XWPO METAEY TWV TELPAATIKWY OOG
Slatatewv. Opwg Sev EMITPEMETAL VA KLVEITE OmMoOLOSMTOTE
Opyavo TNG KOG TIELPOUOTIKAG SLATAENG OTO TPAMED TNG
GAANG.

ApXIKA Ta TELPAUATIKA Opyava OTo €va Tpaméll elvat
KaAupéva kol oto @AAo Bpiokovtol péca os éva kouti. Eoeig
Sev mpénel oUTE va EEOKEMAOETE TNV ULOL TIELPOUATLKA SldTagn
oUTe va avoifete to KOUTL TNG AAANG oUtTe va avoifete To
dakeho e Ta MPOPARUATA TPV AKOUCETE TO NXNTIKO CHMA
€vopéng TOU TELPAUATIKOU HEPOUG Tou  SlaywvioUoU
(urtdpxouv 3 cuVTOMA NXNTLKA oruaTa).

Aev erutpénetal va GUYETOL OO TOV XWPO £§ETaoNG XWPIG
adswa. Edav Oékete oOmoladnmote Ponbela  (xaloopévn
UTIOAOYLOTLKI), QVAYKN €miokePng otnv TOUaAETa, KATL.)
TMAPAKAAEIOTE VA QVUPWOETE TO ONUALAKL OVTATIOKPLONG
«HELP» | «TOILET» (Ue To pakpl xepoUAL Tou PBploketal oto
KaBlopa oog) MAvw anmd To KOUTL UE TA UAKA COG KAl Vo TO
KPATNOETE PEXPL €VA ATIO TA KEAN TNG OPYOVWTLKAG ETUTPOTING
va GpTACEL KOVTA COC.

Na xpnolpormoleite pévo tn UmpooTivh MAsUpd Twv GUAWY
Tou tetpadiov cag.

MNoa kaBe TmpoPAnua, umapxouv avtiotoyya @OUAAa
Anavtioswv (Seite tnv emikedaiiba kat To pictogramme). Na
ypAdeTe TIG anavinoelg oto avtiotolyo OUANO AMavVTIHOEwWV.
Ma kaBe mpoPAnua, to DUANO Anaviioswy elval aplBunuEvo,
va xpnolunomnoleite ta ¢UAa, Baon tng apibunong touc.
®povtiote MAvta va onuelwvete §ekdBapa to TuAMA TOU
NpoBARpatog kat thv Epwtnon otnv omoia avadépetat n

anavinon oag. No avtlypAdeTe TIC TEAKEG OUMAVINCELS OOG
péoa oTo avtioTolyo Koutakl Twv @UAAwV Antavtocewv
Yrnidpxouv akoun Mpoédxepa ¢UAA, va ta XPnOLLOTOLE(TE yla
va ypdadete otdnmote dev Bélete va BabuoloynOesi. Edv
ypaPete katL to omoio bev BéAete va Pabuoloynbel oto
DUMo Anavtioswyv (OMwg apXkeg Kot AavBaopéveg AUCELG)
TPEMEL vaL TA SLaypaeTe.

Eav xpeldleote meploootepa DUAAAL AMAVIAGEWV ylo €va
OpLOUEVO TIPOPANUA, TAPOKOAEIOTE OMWG AvOUPWOETE TO
onuatdklt «HELP» kal melte oe €va HENOG TNG OPYAVWTLKAG
ETUTPOTIAC TOV aplBud tou mpoPAiuatog kot Oa cag dwbolv
800 ¢UMA amovtoewv (AUTO WIMOPEiTe Vo TO KAVETE
TEPLOGOTEPO Ao Wia dopa)

MpéneL va XPNOLUOMOLNOETE 000 TO Suvatov Alyotepo
Kelpevo: mpoomnabrote va e€nynoete Tn AUon cog Kuplwg pe
€€loWOoELg, aplBuoUg, cuUBOAa KoL SlaypappaTa.

AnodUyete AOKOTEG KIWAOELG KaTtd TN SLApKEWd TG
TELPOLUATIKAG EEETAONG KOl NV SLATAPACCETE TAL TOLXWHLOTOL
ToU Xwpou e&ftaong oag. To meipapa pe to laser
otaBepotnta.

Mnv Kottdte TNV aktiva tng d€oung laser | Tig avtavakAAosLg
™! Mnopei va MPoKAAECETE LOVIUN (UL OTRV OpaCH OOG.

To mpwTo povd NXNTKG orpa oag AgL OTL €xouv Uelvel 30 Aemtd
yla tnv eniAuon tou npofAnuartog, to SgUtepo SUTAG NXNTIKO
onuo onuaivel OtL €xouv amopeivel 5 Aemtd, To Tpito TPUTAG
U AXoU xopoKtnpilel to TéAog TNG emiluong tou Xpovou.
Metd and 1o TPito NXNTIKO CHHA TIPEMEL VA OTAUOATNOETE
apéowe. No Balete 0Aha ta dUANa oto ddkeho mou Bpioketal
oto ypadeio cag. Aev EMITPEMETAL VO TAPETE OMOLOSHTIOTE
$UANO TG e§€Taong amd to Swudrtio. EQv €xete TEAELWOEL TNV
€MAUCN TPV QIO TO TEAKO onpa NXOU, MOPAKAAElOTE va
avU P WOETE TO GNUALAKL COG.
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PROBLEM

Problem E1

IMoopANua E1. H payvntikn diamegatotnTad TOU
veEov (10 povadeg)

H emidoaomn tov payvntueov mediov ota meQloodteQa VAKA (pe
ealgeon ta PpegoopayvnTikd) etvat eEatgeticd aobevic. Avto
odelAeTot 0TO OTL ) TUKVOTNTA EVEQYELAG TOV LAYV TIKOV TTediov
og VA pe oxetkr) payvntikr) damepatdtnta W divetar amd

1
2p

KOVTA 0T povada. Opwe, e KATAAATAEC TTELQAUATUCES TEXVUCES
etvar Eexdbapa magatnonowun. e avtd 1o mEOBANua Oa
HEAETIIOOVHE TNV EMOQAOT) TOL HAYVNTIKOU Tediov,
onuoveyeitat and povipo payvrtny Neodvpiov, oto vepd. Oa
XONOHOTIOU)OOVHE T AMOTEAETUATA YLt TOV LTIOAOYLOUO NG
HAyVNTIKNG dIATIEQATOTNTAS TOL VEQOV.

Aev gag (nreital va vmoAoyioete omoladNMoTE CHAAPUATA O
avTo T0 MEOPANUa kat de xpelalete va AaBete vmoyn oag TNV
eMidQAOT) TNG EMLPAVELAKT]G TAOTG.

H mepapatikn didtaén anotedeitar and pae fdon otnoLEng

2 . . . .
B*, xay, tumxd, n i tov - etvat moAv

Tov tomo W =

TtOL

1 (ov apBuol pe XQWHATIKT EMUOTUAVOT AVTLOTOLXOUV OTOUG
apLOpovg Tov OXNHATOS), éva PndLakod PBeoviégo 3, éva deiktn
laser 4, éva doxelo pe vegd 5 kat éva KUVAWOQLKO HOVIpO
payvinn 7 péoa oto vepd (0 payvitng etvar afovika
HAyVNTIOUEVOG).

To doxeio pe 1o vepd mapapéver otabepd ot Pdon Tov
OLOTHHATOS OTHELENG AdYw NG €AENG TOL paryviTn).

To laser elvat otegewpévo oto Begviépo, n Baor Tov omolov eivat
otegewuévn otn Paon otjoEns. O Beoviépog emitoémet
laser va petatoniCetat oplévtia. To kovunt on-off oto laser
pmooel va koatOel matnuévo pe T Porjfeix Tov AcTEOUL
kwvikov owAnva 13. To Pabog tov vegoL MAvVw ATo TOV
HayviTn Oa mémetl va elval emagkws kKovtd oto 1 mm (edv to
VveQo etva To eNxo N erudavela Tov Oa KapumuAwOel évtova ko
Oa eilvar dVokoAo va Tdoete petorjoels and v 006vn). Eva
motnEL pe veed 15 kat pia ovoryya 16 pmogovv  va
xonopomomOovv yxr va puOuioete To emimedo ToL veQoy (Y
va aveBaoete To eMiMedo Tov veQoL katd 1 mm, mpooOéote 13
ml vepov). To tetpaywviopuévo xati 2 (n «0Bdvn») meénet va
otegewlel kaBeta otV KatakoQLON emPdvelx ™E PBAong
omoLeng pe éva ukeo payvnrdakt 14. Edv n knAda and to laser
otnv 006vn yivetar OoAN eite éxet peyaAn diaomopd, eAéyete
v empavela Tov veQoL yix Tibavr) okovn (kKat pvorEte TNy Y
doyel).

g _y_qg14

oTo

15
\ i)

Ot vmoéAotmot aglOpot oto oxfua etvae: to 6 eivar to onueio émov
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N avakAdoa déoun laser mooomintel otnv 006vn, to 11 etvar 1)
LCD 006vn tov Bepviégov, to 10 eivar to kovumni tov Begviégov
OV HETATOETEL TIG HOVADES HETENONG amd mm Of (VITES KAl
avtiotpopa, to 8 elvar o dakdmntng on-off kar to 9 etvar to
kovumni mov kaBopilel TNV apxn pétenong tov Peoviégov. Katw
amo to laser, vTAQXeL akdun éva kovumi ToL BeQVIEQOV, TO OTOIO
mEoowELV& emtavakaBoilet v agxn) (e&v To matroete akovowa,
MATAOTE aKOuT Ml Good Yix v eMIOTQEPEL OTNV KAVOVIKT
QUOLION péTENONG).

AoOunTikés TIHEG YIXx TOUG LTOAOYLOHOUG: T 0QLiovTia
amoéoTaon HETA&D TOL KEVIQOU TOU HayvhTn Ko g 006vng
OV TEOOTUTTEL 1] avakAwoa déoun laser eivar Lo = 490mm.
EAéyEte (kaiouOpuiote, eav xoetdletat) tn oTolX10T) TOL KEVTQOU
TOU payvitn oe oxéon pe Tic dVo kAOeteg devBuvvoes. O
KkAOetog dEovag Tov Hay VT TOETEL VA TEUVETAL ATIO TV déTUN
tov laser kaBawg emiong kat pe T paven yeapur 12 tov kovtov
TIOV TLEQLEXEL TO VEQO KOtL TOUG LAY VI|TEG.

H payvntikn enaywyn oe vpog 1 mm amd v emimedn
eTuPAVELR TOV Py Vi) Tn, oTn dtevBuvon tov afova tov, etvat Bo =
0.50T, n mukvétnTAa TOL VEQOL elvar pw = 1000 kg/m3, n
EMUTAXLVON TNG BaguINTag eivat g = 9.8m/s? katL 1 HayvrTikn
dlameQATOTNTA OTO KeEVO elval o = 47rrx 107 H/m.

ITPOEIAOITIOIHXEIX:

o H xatevOuvon tov Laser eivar mpokaBOogiopévn, unv tnv
peTakivnoeTe!

o0 Mnv kowtaletar anevBeiag otrn déoun tov laser eite otV
avakAacor tng amnd to vego!

0 Mnv mEoomabr)oete va LETAKIVI|OETE TOV LOXVEO UAYVTTn
tov Neodvuiov!

0 Mnv tomoBeToeTte payvnTiK& VALKA KOVTA OTO payvrtn!
o KAeivete to laser 4tav dev to XonoiponoLeital, | pnatagio
Tov dtagkei povov 1 h!

Mégog A. ITootikd oxnua tne emidpaveiag tov vegov (1
povada)

Otav évag kvAwdouos payvrng torofetndel katw and v
emuPavelr tov veQov, TétE TMEOkaAeltal KapmuAdtnTa g
erudavelng Tov vepov. Ilagatnpeiote v KapmvAotnta otnv
eruPavelr akQPws MAVW amd To HayviTn Paclopévol oto
MEOPIA Twv avarkAdoewv g déoung laser kai, pe Paon tnv
TAQATI|ONOT 0ag, anodpacioTe av To vepd elval dAUAYVNTIKO
VAKO (ONAadY] VAo pe u<l) 1§ magapayvntkod vAwo (dnAadn

VAWKO pe p>1).
pe e
Option A Option B Option C Option D
MW o — — N S
Option E Option F Option G Option H

Toate v owoty andvinon oto PVAO TwV ATAVINOEWY TG
OULUTIANQWVOVTAG €TOTG Kal TNV avtiotolxn aviootnta pu>1 1
pu<l. Twx T ovykekQuévn amavtnon xoetaletar povo
TIOLOTLKT] TTAQATIQN O KAL OXL TTOOOTLKT] e MOAEELS.

Mégog B. Axpiféc oxnua tng emidpaveiag tov vegov (7
HovAdEGg)

H xapmuAdtmnta g emipaveiag tov vepov Umogei vo Boedel e
HeYAAN akoifela HETOWVTAG TNV avakAaon g déoung tov laser
omv empavewn. Xonopomowovtag avt T dadwkaoioa Oa
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PROBLEM

Problem E1

vmoAoyloovE TNV eTdEAOT Tov BAB0US TOv VeQOV KAt U KOG
G 0olovTiag B£0Mg mMAVW Amod To HayviTh.

i. (1.6 povadeg) Na petorioete v emidoaon tov voug y=f(x) Tng
KovKdaG amod ) déoun laser cvvaptroel g évdelng Tov
Beoviégov x (BA. oxfua). Xonotpomowmjote 6Ao 0 whéALpo evEog
Tov PBepviégov. Kataypdte ta amoteAéopata otov mivaka tov
DVAAOL ATtavTioEwV.

ii. (0.7 povadeg) Lxedidote v yoadur magaotaot y=f(x).

iii. (0.7 povadeg) XonoOTOWOVTAS TNV MAQATIAV®W YOAPIKT
TAQAOTACT), TIEOOOLOELOTE TNV Ywvia a0 mov oxnuatiCel
aktiva g déounc Tov laser kol 1 0QlOVTIAL TEQLOXT] TNG
ETUPAVELAS TOV VEQOD.

Inuewote 0Tl 1 kAo (PP 1) tanP) g emipavelag tov veQov
pmoel va exdoaotel wg:

tanf~ B ~ cos® 8, y — ¥, — (X—X;)tana,
2 L, + X=X,

Omnov yo etvat to OPog tov (xvoug Tou laser otnv 006vn dtav n

axtiva avakAdtal and and v emPAVELR TOV VEQOV KATA TOV
&Eova Tov payviTn Ko xo 1) avtiotoyn 0€om tov Begviégov.

Estonia 2012

iv. (1.4 povadeg) YmoAoyiote tic Tpés TG KAlong Kol
OVUTIANQWOTE TG otov mivaka tov PVAov Anaviioewv oag.
Mrmogeite va amAomoujoete TOUG UTOAOYLOHOUS Oag av
QVTIKATAOTIOETE KATIOLOUG OLVOLACTUOUS OQWV TNG €KPoaoTS
TOL TEONYOUUEVOL PHATOS He TIHES oL O T&QeTe ATo TNV
TIOON YOV LEVT] YoaP LK) TAQATTACT).

v. (1.6 povadeg) YroAoyiote to VPog NG eTPAVELAS TOL VEQOD
oe oX€omn HE TNV EMUPAVELX TOV VEQOV 0€ ONHUEIX LAKQULA ATIO TO
poyvitn  oav - ovvagtnon g ooulovtiag  Béong x  kat
OUVUTANQWOTE TO 0ToV Ttivaka tov PVAoL Amavtioewv.

vi. (1 povadeg) XIyxedidote T yoaduwn maghoraon g
OUVAQTNONG TOV TIQONYOUHEVOL €QWTNHaTos. Ymodeite oto
Yoadnua avutd TNV TTEQLOXT OTIOL 1) déoun Tov laser kTumaeL TNV
empaveLla Tov veQov Katevheiav mavw and To payvit.

Mégog I'. Mayvntikn dianegatotnta (2 povadeg)

Xonowomnowvtag  taa  anoteAéopata tov  Mégovg B,
vmoAoyloete v U Tov Y — 1, OOV Y 1 OXETIKN HAYVNTIKN
dlamegatotnTa Tov veEovL. I'odte TNV teAwr) oag ox£éomn Kat To

aplOunTueo oag anotéAeoua oto PVAo Amtavtrioewv.
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PROBLEM

Problem E2

[Me6pANua E2. Mn vyoauuiko Mavgo Kovuti (10
Hovaoeg)

Ye anAda moPAnuata, Oewpovpe OTL TA TMAEKTOKA
KUKAQOUATO aTIOTEAOVVTAL ATO EEAQTIUATA [LE YOALLLKT)
amoKQLoT, eEaQTrpata dNAAdY] ota omola T NAEKTOUKA
Heyé0n etval avaAoya to éva tov aAAov. Tlagadetypata
TéTolwVv eExQTnuatwy etvar n Quuery Avtiotaon (V = RI), n
Xwontuwotnta evog mvkvotr] (Q = CV) kat 11 Avtenaywyn
evog mnviov (V' = LI), omov ta pneyéon R, C kol L elvat
otaBepéc. Le avtd to MEOPANUa, Opwe, efetdlovue éva
KUKAWHO TIOV TIEQLEXEL OTOLXELX UE LT YOOLULKT] ATIOKQLOT),
kAewopéva oe éva «Mavgo Kouti», yiax ta omola 1 vrtoBeon)
TG YOAUHLKOTNTAC TAVEL VA LOXVEL.

H mewapatikry dwataén amotedeitar  and  éva
mMoAVUETQO (emrypddetal wg “IPhO-measure”), wa mnyn
QeVUATOG, £va MAUQO KOUTL TIOU TTEQLEXEL UT YOO
otolxela, Kat Téooepa KAAWdIIXx aUVOEONG, Ol AKQODEKTES
TV oTolwv elvat aAAnAoovvdedpevol. Tlgooééte va unv
nagaflacete ) odpoayida tov Mavgov Kovtiov.

To moAvpetQoo pmogel va PETENOEL €VIaOoT] TOU QEVHATOC
KAl Taon tavtoxeova. Mmogelte va kataypdpete péxol
kat 2000  petprjoels, k&Be pix  amd - TG OmMoleg
negAappavet o) tnv Taon V, B) v Evtaon I, v) v loxo
P =1V, d) mv avtiotaon R = V/1, &) v Iagdywyo V g
Tdonc V wg mpog to xoovo, ot) tnv Ilagdywyo i ™mg
‘Evtaong Iwg mpog to xo0vo kat C) to xoovo t. Aelte To
eyxewpldo odnywwv yax Aemropépetes. Av katayoaete
negloootegeg amd 2000 petorioelg, ou To TaAlég Oa
dlryoadovv.

@

H IInyn Xvvexovg Pedpatoc magéxet gevpa otabeQric
évtaong pe v mEoumdBeon OTL 1] TAON 0T AKQA TG
kovpatvetat petald twv Tpav -0.6125V kat 0.6125V. Otav
doe  Aewrtovgyel, 1 IInyy  Xuvvexovg  Pevuatog
ovumeQupéQeTal 0aG X HEYAAN (TIOAKTIKA ATIELQN)
avtiotaon.

To Mavgo Kovtt megiéxet évav ITukvwt dimAng otewong
(mov  eivar évag eAados U1 YOAUUKOS  TIUKVWTNHG
HeYAANG xwontikdtntac), éva dyvwoto Xtoixelo un
YOAHUIKNG OUUTIEQLPOQAC Kol Hia avtemaywyr] L = 10uH
apeAntéac avtiotaong, pe duvvatotnta mooobadaipeons
amo TO KUKAWHA HE XQNOT TOL daKOTT), OMws Palvetot
oto oxfjpa. To pn yoapuuo Xtowxelo pmopel va OewpnBel wg

2
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Avrtiotaon pe pn Yoappkr) oxéon tdons-évtaong [n évtaon 1
elval ovvexng ovvapnomn Tov xeovov e 1(0) = 0]
AvtiloToixa, N (dtadopikr]) xwentuotnta tov nukvwtr) C(V
) =dQ/dV dev elvat evteAws otabeon.

o,

B

PG —

AWGEZL9

B2UNCS jusLuny

}
O —

U=-612.5mV..612.5mV

o+

Current source .

- o o o o o o o oo o =
OewEOVUE TNV TACT TOU UAVEOUL KOoUTIOU OeTikn
otav To dUVAUIKO TOU KOKKIVOU AKQOOEKTN Elvar
VYPNAOTEQO AMO TO dUVALKO TOU HAvEOV. OeTIKT TATN
EMITUYXAVETAL Otav  ovvdéovtalL oL  oudxewuotl
AKQOOEKTEG HUAVEOU KOUTIOU KAl TNYNG QEVUATOS
(emiTQéMETAL VA XOT)OLLOTIOINOETE AQVNTIKEG TATELG).

Nonlinear
device

|
Black box

T—*
|

O mukvwtg oto Mavgo Kouti pmogel pe aopadeia va
exdoQToTel  elte  PEAXVKUKAWVOVTAG T AKQA TOL, 1
ouvvdéovtag tov otovg akQodékteg IN wkat OUT tou
TIOAVUETQOL: 1] E0WTEQIKT] AVTIOTACT TOV TIUKVWTH €lvat
AQKETA HEYAAN wote va UNv mEokANnBel {nuia €& awtiag
TOVL PEVHATOG.

Aev gag (nreital va VTOAOYLOETE OTTOLAONTIOTE OPAAPUATA O
avTo TO MEOPATIUA.

Mégog A. KikAwua xwolis enaywyn (7 povadeg)

Yto Mégog autd, kAelote to dlakomtn tov Mavgov
Kovtiov (niéCovtag to “1”7), yia va atoplovaoeTe To mnvio.

IMagakaAd AdPete vroYn oag OtL UEQKES ATO TIG
LETONOEIS elval Owitega XQOVORORES, TUVETIWS KQLvETAL
OKOTUHO v daaoete OAx Tt TEWRAUATIKA BriHATa 7OV
mEémel va eketeAéoete 0to Mégog A yix va amopuyete
&OKOTO KOTTO.

i. (1 povada) EmPePawdote OtL T0 Qevua eEHGdOL NG
IInync etvow mepimov 6mMA kat mEoOodlopiote TO €VQOG
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PROBLEM

Problem E2

TV TOU Y TLHéG Taong amo 0 wg 480 mV. Lyedidote Tig
OULVOETELS TOU KUKAWUATOG.

ii. (1.2 povadeg) Aceiéte 6tL n (dadoEkn) XxwoEnTKOTNTA
C(V) tov Mavpov Kovtiov etvar mepinov 2F petoavtag
TNV TN TS YIX WA TN TNG TAONS dIKNG 0aG eTUAOYNG
C(Vo)= Co. LxedL&oTe TIG CUVIETELS TOV KUKAWUATOG.

iii. (2.2 povadeg) Ayvovtag TN UN YOAMUIKN
ovumeglpooa g xwontkotntag [C(V)=Co], mooodlogiote
N XAXQAKTNQLOTIKY KAUTIVAN €VIAONG-TAONG TOU N
Yoauuwov ortotxeiov tov Mavgov Kouvtiov. Zto ©VAA0
Antavmoewv oxedixote TV KaAuUToAn I(V) yia petonowueg
Téc Betikng taong oto Mavgo Kovutl. Lxedidote Tig
OUVOETELS TOV KUKAWUATOG.

iv. (2.6 povadeg) XonoHOTOWIVTAG TEQAUATIKEG TIUES ATtd
OAO TO €0QOC UETQNOLUWV TIHWV, Boelte Kal oxedlote TNV
kaumvAn C(V) yia petonoes Oetikéc Tiég TAONG TOL
Mavgov Kovtiwod. Toate tic axpaiec Téc g

IPhO-measure: Zovtopo Eyxeipidio Xonone.

H ovoxevn] IPhO-measure elvor éva MOAVUETQO KAVO Vo
Hetod tavtoxoova taon V kat éviaon I Katayoadet
eMlONG TG TIHES NG TAQAYWYOL TNG TAons V kat g
évtaong I wg meog to xpovo t, oL omoteg ouuPoAillovTal pe
V xat I avtiotoixa, to ywopevéd tovg P =VI, to Adyo tovg
R=V/I, xat wm xoovikr] otwyun t g pétonons. Ot
amoOnKeLVHEVES HETONOELS OopadoTIolOVVTAL O EEXWOLOTA
LuvoAa. Kabe amoOnkevuévo delypa agOueitar Paoet
oV AELOUOV 5 TOL oLVOAOL OTo omolo avrjket (S) kat TG
Tung evog petont) (1) evtdg tov ovvoAov. OAeg ot
HETONOELS Kataypddovtat oe pia eowtepukt] pvrjun flash
KAl HTI0QOVV va avaktnOovv Kal Vo mTagovoiaotovV otV
006v1n agyoTeQaL.

HAexTokn ovunepipood
H ovokevn ovpmegipépetat oav éva apTEQOETQO KAL £Vat
BOATOMETQO TTOL TLVDEOVTAL OTIWG OTO OXTIUA.

IN out GND

Evgoc | EowteQikn)
Avtiotaon
BoAtéuetoo 0.2V 1 MQ
BoAtéuetpo 2.10V 57 kQ
Apmepopetoo | 0..1A 10
Baowkr) xorjon

e Iliéote o dracomtn “POWER” yux va Oéoete to IPhO-
measure o AgrtovQyia. Le av'tn T Gaon 1 cvokevr) dev
noaypatorolel peterjoets. ' va Eextvrjoel | petonTiky)
ddkaoia matrote “START”. EvaAdaktika, ot daon

2
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(Oradpoowng) xwonTKOTNTAS Cmin, Cmax. LxedIAOTE TIS
OULVOETELS TOU KUKAWUATOG.

Mégog B. KUkAwpa pe enaywyn (3 povadeg)
ZUUTEQIAGPETE TNV AVTETIAYWYT] 0TO KUKAWUX AVOlyovTag
0 daxémtn tov Mavgov Kouvtiov (miélovtac to “07).
Xonowomowwvtag néBodo dia pe avtn tov epwtnuatog A-
iii, petonote KAl OXEDAOTE TN XAQAKTNOLOTIKY KAUTIUAN
€VTAONG—TAONG TOL PN Yoappkov otoixelov. TTegrypate
TIC OTIOLEG ONUAVTIKES DAPOQES HeTaED TwV YoapnUATWV
twv Meodv A katl B kat moorteivete wa eEfynon yi' avtég,
XONOLLOTIOLWOVTAG TIOLOTIKA ETILXELQNUATA.

Inuelwon: Oa moémel va yvwollete OTL TO U1 YOOMMUKO
otolXelo  éXEL 0TV TMOAYHATIKOTNTH Hwx  OeUTEQN
xwontkotnta (repimov 1 nF), 1 omoix eivat maQAAANAa

oLVOEdEEVT e TN LT YOULKT) AvTioToon.

QUTH] UTIOQEITE VO AVAKTIOETE TQONYOUUEVES LIETONOELS
oag (PA. magakAtw).

* [l va avaxtioete  amoOnKevEVa CUVOAR LLETOTOEWY
TOTHOTE “PREVIOUS” 1 “NEXT”.  Tlataovrag
nagateTapéva etaBatvete anod éva oUvoAo oe dAAo.

* Y& PAON TOL 1 OULOKELT] OEV KATAYQA(DEL UETONOELS
niiéote 1o “START” yix va agyloet 1 kataryoadr] evog véou
ZuvvoAov.

* Y& (GAOoT TOL 1) OLOKEVT] KATAYQAPEL LETONOELS TEOTE
“SAMPLE” +vywix va amoBnkevoete €va  oUVOAO
dedopévav (dnA. TIG TEEXOVOEG TIIEG).

e Ye PAaon TOU 1] OUVOKEVN] KATAYQAPEL HETQNOELS,
pmopelte va epdavioete dAAa oOVoAa HeTEr|oewV TOL
téxovtog ovvoAov, matwvtac “PREVIOUS” 1§ “NEXT”.

¢ [Tatjote “STOP” yix va oAokAnowoete éva cUVOAO Kol
va otapatoete g petoroels. H ovokevn] eivat axéun oe
Aettovgyla, omdte pumogeite elte va EeKVIIOETE KALVOVQYLX
HETONOT), 1] VA AVAKTHOETE ATOONKEVUEVEC LLETOT|OELG.

¢ Jlatwvtag “POWER” T OvOKELN  EKTOG
Agrtovylag. Xanv 006vn Oa epdaviotel To kelpevo “my
mind is going...”. Ae xpeialetat va avnovyxroete! OAeg ot
petonoels oag Oa amodnikevBov kal Oa pmogeite va TIg
avavktrjoete Eavabétovtag T ovokevn) oe Aertovyla. Ta
amofnkevpéva detypata de dlarypadovtat.

Oétete
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To amewoviCopevo Odelypa amoteAeitar amd  evvéa
petapAnTéc:
1. AvEwv AQlOuog 1 Tov delyATOS 0TO OVVOAO,
AVEWV AQLOUAG s Tov cLVOAOU,
Xoovwr) otrypn t artd tnv évapén tov ovvoAov,
‘Evdelén BoAtopétoov V,
PvOuog upetafoAns g taons Vo (n xoovikn
nadywyos V). Av 1 magdywyog de umogel va
vnoAoylotel  afdmota  Adyw duakvpdvoewv,
epdpaviCetarn €voelln “+nan/s”,
6. 'Evdelén apmegopétoov I,
7. PuvOuoc petaPoAnc e évtaonc I (n xoovikn
naQdywyos I). Av n magdywyog de pmogel va

>< A v vrtoAoylotel  aldmota  Adyw duakvpdvoewv,
epudaviCetarn évoelen “+nan/s”,

Start Stop Previous Next Sample 8. Twouevo P=VI,

9. AdyogcR=VIL
Av wkdmowx Tur) PolokeTal EKTOG TOUL EMUITQETOUEVOL
evpovg, epdaviCetar 1 évdeln  “Hnf” or “-inf”.

Grk»P
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The 43" International Physics Olympiad — July 2012

Grading scheme: Experiment

General rules This grading scheme describes the number of
points allotted for the design of the experiments, measurements,
plotting, and formulae used for calculations. In the case of a for-
mula, points are allotted for each term entering it. If a certain
term of a useful formula is written incorrectly, 0.1 is subtrac-
ted for a minor mistake (eg. missing non-dimensional factor);
no mark is given if the mistake is major (with non-matching
dimensionality). Points for the data measurements and calcu-
lations are not given automatically: the data which are clearly
wrong are not credited.

If the numerical data miss units, but the units can be

guessed, 25% of points will be subtracted for the corresponding
line in this grading scheme (rounded to one decimal place). The
same rule applies if there is a typo with units with a missing
or redundant prefactor (millli-, micro-, etc); no mark is given
if the mistake is dimensional (e.g Ampere instead of Volt).

No penalty is applied in these cases when a mistake is clearly
just a rewriting typo (i.e. when there is no mistake in the draft).

No penalty is applied for propagating errors unless the cal-
culations are significantly simplified (in which case mathemat-
ical calculations are credited partially, according to the degree
of simplification, with marking granularity of 0.1 pts).
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PROBLEM

Problem ET1

Problem E1. The magnetic permeability of water
(10 points)
Part A. Qualitative shape of the water surface (1 points)
Correct choice (B or D) — 0.5 pts;
Correct sign (1 < 1) — 0.5 pts;

Part B. Exact shape of the water surface (7 points)
i. (1.6 pts) Data

Sufficient number of reasonably accurate +2 mm
data points: (n —9)/10 pts but > 0 and < 0.9 — < 0.9 pts;

(-0.1 if there is a sign error throughout the whole measure-
ments)

Sufficient range of horizontal displacements: (z — 45 mm)/50

rounded to one decimal but > 0 and < 0.7 — < 0.7 pts.

ii. (0.7 pts) Graph

Axes supplied with units — 0.1 pts;
Data points correctly plotted — 0.4 pts;
(each clearly wrong point on graph: —0.1 pt down to total 0)
More densely spaced data points
in the regions of fast change — 0.2 pts.

iii. (0.7 pts) Angle (~ 38°)

Idea: using the flat regions
far from the magnet — 0.5 pts
if the central part of the magnet is used: 0.1
Correct value: £5° / £10° / > 10°— 0.2/0.1/0 pts;

iv. (1.4 pts) Calculated table

According to the number of correctly calculated data points:
0.1n up to n = 10;

IPhO
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1+ 0.05(n — 10) rounded down one decimal place for n > 10
(but < 1.4);

v. (1.6 pts) Height profile

Idea of calculation: integration of surface slope — 0.7 pts
(if not stated but used correctly: full marks)
Az multiplied by mean slope at that interval — 0.3 pts
For n correctly calculated data points: — n/30 pts

(but no more than 0.6; rounded down to one decimal place).

vi. (1 pt) Graph

Units on axes — 0.1 pts

Data points correctly plotted — 0.4 pts

(each clearly wrong point on graph: —0.1 pt down to total 0)
Correct qualitative shape: height difference

in wings less than the 20% of maximum variation) — 0.1 pts
flat central region: the water level height variation in the
region spanning =10 mm around the magnet’s axis

is less than 20 ym) — 0.2 pts
Magnet indicated correctly: (width 24 mm + 2mm) — 0.1 pts
symmetrically positioned — 0.1 pts

Part C. Magnetic permeability (2 points)

Concept of equipotentiality — 0.8 pts
Formula correctly includes magnetic energy — 0.4 pts
Formula correctly includes gravitational energy — 0.2 pts
height at the middle corrected for the integration error — 0.2 pts
Value calculated correctly from the existing data — 0.1 pts
Value: magnitude correct within 50% — 0.2 pts

(no marks if not obtained from the experimental data)

correct sign — 0.1 pts
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PROBLEM

Problem E2

Problem E2. Nonlinear Black Box (10 points)
Part A. Circuit without inductance (7 points)

Typical I(V) and C(V) curves can be found in solutions
file and sample filled-in answer sheets. Because I(V') and C(V)
curves shape, typical capacitance, Iy and V.« varies a bit from
one setup to another, reference curves for particular setup can
be acquired for grading when deemed necessary.

For each question, if the position of the switches on the
circuit diagram is not indicated, take -0.1 pts from the marks
for the circuit.

i. (1 pt)

Correct circuit — 0.3 pts

Measurements that cover 0V to 480 mV — 0.3 pts
Correct value Iy, (£0.4mA) — 0.2 pts

Correct value Iyax (£0.4mA) — 0.2 pts

(unless only one data point)

In case of (single) measurement without the black box:
Circuit diagram — 0.1 pts

Measurement with the correct result — 0.1 pts

If only I,in, Imax together with a correct scheme docu-

mented, 0.7 pts in total; if only I,,,in, I[;nax, 0 pts in total; if a

scheme without the black box and a single I/ measurement,

0.2 pts in total.

ii. (1.2 pts) Measuring Cy at V =0

Correct circuit — 0.2 pts

(-0.1 for measuring voltage on ammeter + black box)

(-0.1 for wrong polarity of the black box)
Realising that I, = CoV — 0.2 pts
Using the fact that I, = Iy when V =0 — 0.2 pts
Correct result — 0.2 pts

-0.1 for error between +30% and +50%
linear extrapolation to obtain V at V =0 — 0.4 pts
Alternatively instead of the last line

Three or more measurements — 0.2 pts

Precharging the capacitor to a negative voltage — 0.2 pts
Alternate solution Cy at Viax

Correct circuit — 0.2 pts

IPhO
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(-0.1 for measuring voltage on ammeter + black box)
Realising that I, = CoV — 0.2 pts
Using the fact that I, = —Iy when V = Vjjax — 0.2 pts
Correct result — 0.1 pts
linear extrapolation to obtain VatV= Vinax — 0.2 pts

Three or more measurements — 0.2 pts
iii. (2.2 pts) For method:

If charging the capacitor:
Correct circuit — 0.2 pts
(-0.1 for measuring voltage on ammeter + black box)
(-0.1 for wrong polarity of the black box)
Realising that I(V) = Iy — CoV4 — 0.2 pts

If discharging the capacitor:
Correct circuit (there are several) — 0.2 pts
(-0.1 for wrong polarity of the black box)
Realising that I(V) = —CyV,— 0.2 pts

For measurements:
Total # of data correct data points
10 <n < 15;15 <n < 20;n > 20 — 0.1/0.2/0.3 pts

Additionaly for correct data points:
In range OmV - 80mV at least 4/5 data pts — 0.1/0.2 pts
In range 80mV - 200mV at least 4/5 data pts — 0.1/0.2 pts
In range 200mV - 400mV at least 3 data pts — 0.1 pts
In range 400mV - 550mV at least 4/5 data pts — 0.1/0.2 pts

For plotting:
Units on axes — 0.1 pts

Data points correctly plotted — 0.4 pts

(each clearly wrong point on graph: —0.1 pt down to total 0)
Correct qualitative shape — 0.3 pts

(single maximum, single minimum with flat bottom, followed
by fast rise)
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Problem E2

iv. (2.6 pts)
Correct circuit — 0.2 pts
(-0.1 for measuring voltage on ammeter + black box)
(-0.1 for wrong polarity of the black box)
Idea to use the reverse cylce to pt iii— 0.4 pts
Writing the lin. eq for finding C(V)— 0.4 pts
(No pts if only one Eq.)
Expressing from there C(V)— 0.1 pts
Idea to use the same voltages for both cycles— 0.4 pts
(0.3 pts if intermediate values read from graph)
For plotting:
Units on axes — 0.1 pts

Data points correctly plotted — 0.4 pts

(each clearly wrong point on graph: —0.1 pt down to total 0)

For correct data points:
In range OmV - 80mV at least 4 data pts — 0.1 pts
In range 80mV - 200mV at least 4 data pts — 0.1 pts
In range 200mV - 400mV at least 3 data pts — 0.1 pts
In range 400mV - 550mV at least 4 data pts — 0.1 pts
For finding Cax and Chiy:
Finding reasonable Cihax — 0.1 pts

Finding reasonable C\,i, — 0.1 pts

IPhO
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Part B. Circuit with inductance (3 points)

For correct data points:
In range OmV - 80mV at least 4 data pts — 0.1 pts
In range 80mV - 200mV at least 4 data pts — 0.1 pts
In range 200mV - 400mV at least 3 data pts — 0.1 pts
In range 400mV - 550mV at least 4 data pts — 0.1 pts
For plotting:
Units on axes — 0.1 pts

Data points correctly plotted — 0.4 pts

(each clearly wrong point on graph: —0.1 pt down to total 0)
Correct qualitative shape — 0.3 pts

(two sharp falls, plateau in between)

For detecting differences:
Correct range for V:— 0.2 pts
Correct cond. for I(V) — 0.5 pts
Noting that we have now LC-circuit— 0.2 pts
Noting that neg. resist. — instability— 0.4 pts

(or something equivalent)
Mentioning emergence of oscillations— 0.2 pts

Noting that I(V) is the average current— 0.3 pts
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PROBLEM

Problem ET1

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

Part A. Qualitative shape of the water surface (1 points)
Observing reflections from the water surface (in particular,
those of straight lines, such as the edge of a sheet of paper),
it is easy to see that the profile has one minimum and has a
relatively flat bottom, ie. the correct answer is “Option D” (full
marks are given also for Option B). This profile implies that
water is pushed away from the magnet, which means p < 1
(recall that ferromagnets with p > 1 are pulled).

Part B. Exact shape of the water surface (7 points)

i. (1.6 pts) The height of the spot on the screen y is tabulated
below as a function of the horizontal position = of the caliper.
Note that the values of y in millimetres can be rounded to in-
tegers (this series of measurements aimed as high as possible

precision).

x (mm)| 10 | 15 | 20 | 25 | 30 | 32 | 34 | 36

y (mm)l 11.5 | 15.6 | 19.8 | 24.3 | 30.2 | 33.2 | 37.2 | 40.5

x (mm) 38 | 40 | 42 | 44 | 46 | 48 | 50 | 52

y (mm)| 42.2 | 41.4 | 40.3 | 40.3 | 40.8 | 42 | 43.2 | 444

x (mm) 54 56 58 60 62 64 66 68

y (mm)| 45.3 | 45.8 | 45.4 | 44.4 | 43.6 | 46.2 | 50 | 53.6

X (mm)l 70 72 74 76 78 80 85 90

y (mm)| 56.7 | 59.5 | 61.6 | 63.5 | 65.3 | 67 | 70.9 | 74.9

ii. (0.7 pts)

y/mm/

80

70

60 = 7

50 =k 2=

40 z =

30

20

I R e R
0 20 40 Xxmm/ 60 80

On this graph, the data of to two different water levels are
depicted; blue curve corresponds to a water depth of ca 2 mm
(data given in the table above); the violet one — to 1 mm.

iii. (0.5 pts) If the water surface were flat, the dependence of z
on y would be linear, and the tangent of the angle ay would be
given by tan oy = %, where Az is a horizontal displacement of
the pointer, and Ay — the respective displacement of the spot
height. For the extreme positions of the pointer, the beam hits
the water surface so far from the magnet that there, the surface

IPhO
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is essentially unperturbed; connecting the respective points on
the graph, we obtain a line corresponding to a flat water sur-

face — the red line. Using these two extreme data points we
74.9-11.5  3g0

can also easily calculate the angle g = arctan —55—5

iv. (1.4 pts) For faster calculations, y — yo — (z — x0) tan ag
(appearing in the formula given) can be read from the previous
graph as the distance between red and blue line; the red line
is given by equation y, = yo + (z — z¢) tanagy. One can also
precalculate %COS2 ap ~ 0.31. The calculations lead to the fol-
lowing table (with z = tan 3-10%; as mentioned above, during
the competition, lesser precision with two significant numbers
is sufficient).

k (mm) 10 | 15 | 20 | 25 | 30 | 32 | 34 | 36
z 0 | 10 | 27 | 66 | 204 | 303 | 473 | 591
x (mm)| 38 | 40 | 42 | 44 | 46 | 48 | 50 | 52
z | 597 | 428 | 239 | 128 | 53 | 26 | 0O | -26
x (mm)| 54 | 56 | 58 | 60 | 62 | 64 | 66 | 68
z | -T2 | -145 | -278 | -449 | -606 | -536 | -388 | -254
x (mm)| 70 | 72 | 74 | 76 | 78 | 80 | 85 | 90
v |-154| 74 | 40 | 20| 6 | 2 | 2 | 0
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Problem ET1

v. (1.6 pts) The water height can be obtained as the integral

IPhO

Estonia 2012

Similarly to the previous figure, blue curve corresponds to

h = [tanBdxz. Thus, we calculate the water height row-by- a water depth of ca 2 mm, (data given in the table above), and

row, by adding to the height in the previous row the product
of the horizontal displacement x;;1 — x; with the average slope

1(tan Bi11 + tan 3;).

z(mm) |10 [15]20[25[30] 323436
—h(um)| 0| 0| 1] 4]|10]|15]|23]34
x (mm) | 38 |40 | 42 | 44 | 46 | 48 | 50 | 52
—h (um) | 46 | 56 | 63 | 66 | 68 | 69 | 69 | 69
z (mm) | 54 |56 | 58 | 60 | 62| 64| 66 | 68
—h (um) | 68 | 66 | 61 | 54 | 44 | 32 | 23 | 17
z(mm) | 70 |72 | 74|76 | 78 | 80 | 85 | 90
~h(um) |12 (10| 9 | 8 | 8 | 8 | 8 |8

Note that the water level height at the end of the table should
be also 0 (this corresponds also to an unperturbed region); the

non-zero result is explained by the measurement uncertainties.

One can improve the result by subtracting from h a linear trend

z—10mm
8/LH1 80mm

If the water level above the magnet is 1 mm, the water level
descends below its unperturbed level at the axis of the magnet

by ca 120 pm.

vi. (1 pt)20

30 40 50 60 70 80 x/mm/

h/ulrﬁ‘/‘
-10

-20 : =

-30 i

-40

-50 S

-60

-70

-80

-90 1

-100

the violet one — to 1 mm.

The position of the magnet can be found by measuring the
caliper (find the positions when the laser beam hits the edges of
the magnet and determine the distance between these positions

— the result is ca 24 mm), and using the symmetry: magnet
is placed symmetrically with respect to the surface elevation
curve.

Part C. Magnetic permeability (2 points)

Water surface takes an equipotential shape; for a unit volume of
water, the potential energy associated with the magnetic inter-
5—; (u=t—1) =~ B2 %; the potential energy associated
with the Earth’s gravity is pgh. At the water surface, the sum
of those two needs to be constant; for a point at unperturbed

action is

surface, this expression equals to zero, so BQ% + pgh =0
and hence, p — 1 = 2ugpgh/B?%. Here, h = 120 um stands for
the depth of the water surface at the axis of the magnet; note
that we have compensated the cumulative error as described at
the end of the previous task and obtained h as the difference
between the depth at the magnet’s axis (121 um) and the half-
depth at the right-hand-side of the graph (1 pm). Putting in
the numbers, we obtain g — 1= —1.2 x 107°.
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PROBLEM

Problem E2

Problem E2. Nonlinear Black Box (10 points)
Part A. Circuit without inductance (7 points)

It is possible to make all the measurements needed for this
problem with a single circuit as shown in the figure. While the
current source is switched on, we are charging the capacitor in
the black box, until the current I(Vipax) through the nonlinear
element equals to the output current Iy of the current source.
Vinax = 540+ 40 mVs varies from one experimental setup to an-
other. When the current source is switched off or disconnected,
the capacitor will discharge through the nonlinear element.

Multimeter
IN ouT

Q__O

L

GND

Black box

O O

Current source

Switch Switch|
[6) [6)
1|V v 1

i. (1 pt) During charging of the capacitor from V = 0 to
V' = Vinax Wwe note that the output of the current source is con-
stant (Ip = 6.0mA) close to the precision of the multimeter.
ii. (1.2 pts) Using the definition of differential capacitance,
we can calculate the current through the capacitor in the black
box from the time derivative of the voltage on the black box.

dQ dQdV .
There are several ways to determine the capacitance used in
the black box based on chosen voltage.

e When the voltage on the black box is close to zero, the
current through the nonlinear element is also close to
zero, because I(V = 0) = 0. After switching the current
source on, most of the input current Iy will at first go
through the capacitor.

Co = Io/V2(V =0)

This can be measured more precisely after first reversing
the polarity of the current source and charging the capa-
citor backwards, because the multimeter does not display
derivatives when they change sharply (as in few moments
after switching the current source on).

Example measurements taken this way follow.

V;4(0) (mV/s) | 3.51 [ 3.32 ] 3.55
Co (F) 1.71 | 1.81 | 1.69
Co = 1.7AF

IPhO
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e When the voltage on the black box is Viax, the current
through the nonlinear element is Iy. Switching the cur-
rent source off, we will have the capacitor discharging
with the same current.

Co=—Io/V(V = Vinax)

e We can also measure the capacitance for any intermediate
voltage as in A-iv.

iii. (2.2 pts) If we neglect the nonlinearity of the capacitor,
there are (at least) two ways to obtain the current—voltage char-
acteristic of the nonlinear element in the black box.

e Applying Kirchhoff’s I law to the charging capacitor,
I(V) = 1. — CoV3(V).

An I(V) characteristic obtained by charging the capacitor
is shown on the following figure.

e Applying Kirchhoff I law to the discharging capacitor,

(V) =

—CoVi(V).

03
vV)

iv. (2.6 pts) In order to obtain the differential capacitance,
we solve a system of linear equations by eliminating I(V):

A

{10 =V,C(V)+ I(V) o)

(V) = ~V,O(V);

Therefore we need to take measurements during both charging
and discharging the capacitor in the black box at the same
voltages. A graph of measurement results follows.
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Part B. Circuit with inductance (3 points)

Measuring and plotting the current—voltage characteristic of
the nonlinear element in the same way as in part A-iii, we
obtain a graph that differs only in the negative differential res-
istance (I'(V') < 0) region, in our case 70mV < V < 330mV.
This is the region where, when we look at small-signal oscil-
lations, the nonlinear element behaves as a negative-valued
Ohmic resistance. After enabling the inductance we have a
LC circuit whose oscillations are amplified (instead of being
dampened) by the negative differential resistance. Because the
resonant frequency w = \/LICP ~ 30MHz (with C, being the

capacitance of the nonlinear element) is high, we actually meas-
ure the average current through the nonlinear element, while
the real current oscillates all over the region of negative differ-
ential resistance.
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