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Dear readers,

in your hands you are holding the booklet of the 26™ volume of Naboj Physics. The booklet contains all the
physics problems you could have encountered during the competition this year, as well as the solutions to
them, from which you can learn a lot. If you have any difficulty understanding any of them, do not hesitate
to contact us; we will gladly clarify everything.

This booklet would not exist without the enormous effort of many people who participated in organising
Néboj Physics. Most of us are students of Faculty of Mathematics, Physics and Informatics of Comenius
University in Bratislava, and some of us also actively participate in organising the Physics Correspondence
Seminar (FKS).

Néboj Physics continues with its international tradition. In the year 2023, Naboj Physics was held in Bra-
tislava, Kosice, Prague, Ostrava, Budapest, Gdanisk and Madrid. The results of this international clash can
be found on our web site. For the international cooperation, we would like to thank to the local organisers:
Patrik Rusnék (Bratislava), Marién Kire$ (Kosice), Jakub Kliment (Prague), Lenka Plachtové (Ostrava), Ag-
nes Kis-Toth (Budapest), Brygida Mielewska and Kamil Zmudziriski (Gdansk) and José Francisco Romero
Garcia (Madrid).

In the name of the entire team of organisers, we believe that you enjoyed Néboj Physics in 2023, and we hope
that we see each other at Ndboj next year. Either as competitors or organisers.

Jaroslav Valovéan

Chief organiser

The booklet was contributed by:

Martin ,Kvik‘ Balaz Matus Hladky Adam Skrlec

Filip Brutovsky Jakub Hlusgko Jaroslav Valov¢an

Jozet Csipes Michal ,Dvojka‘ Horansky Tomas ,M06z0g" Voros

Paulina ,Jonka’ Dujavova Jakub ,Andrej* Kliment Matej Zigo

Sara Folajtarova Justina ,Plys* Novakova

Lucia ,Zelé‘ Gelenekyové Patrik ,PA3K‘ Rusnak

The results, the archive and other information can be found on the web site https://physics.naboj.org/.
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Feladatok

[ 1| Egy vizvezetéket ujitanak fol nem messze Adi hazatol. Ahogy Adi elsétalt a verejtékez$ munkasok mel-
lett, észrevette a vizvezetékek és tarozok érdekes halézatat, az alabbiak szerint. Ahogy a munkasok elkezdik
feltolteni a hélozatot, hany darab tarozo lesz tele abban a pillanatban, amikor a megjelolt tarozé csordultig
megtelik?

&

a=y

Atlagos Jdnosnak 100 000 hajszala van, mindegyik szal évente 15 cm-t nd. Mennyit né Janos haja 6ssze-
sen egy nap alatt?

Tamas a TV-t nézve egy Egyesiilt Allamok-beli él8 kozvetitésre kapcsolt. A verseny kommentatora
megjegyezte, hogy 200 mérfold per 6ra ugyanannyi, mint egy amerikai focipalya per masodperc. Tamast
lenytigozte az amerikai mértékegységrendszer komikussaga, egészen addig, mig 6 maga le nem ellendrizte,
hogy a kommentator allitdsa messze esik a valosagtol. Mennyi focipalya per masodperccel tévesztette el a
helyes értéket a kommentator?

Egy amerikai focipdlya 120 yard hosszii. Egy mérfold 1760 yardnak felel meg.

[ 4 | Méga Ziggo & Marinelli, a vezet savoyai piskétamorzsa gyart6 vallalat sem keriilte el az inflicié ha-
tasait. A versenytarsaikkal ellentétben nem novelték meg a termékeik arat, csupan attervezték a csomagolas
alakjat. Az Uj csomagolds egy 10 cm sugard, 16 cm magas iireges henger, mig az alapjan egy 5 cm sugaru
kerek részt megemeltek 10 cm-rel.

Mi a piskdtamorzsa-keverék stirlisége, ha a teli csomag tomege 350 g és egy iires csomagé pedig 40 g?
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Gyuri oly nagyon szeret futni... hogy még egy okosoérat is vett! Egy honapnyi intenziv edzés utan az
ora megdicsérte a 17 km/h-4s futdsebesség eléréséért. Sajnos most eleredt az es6, igy Gyuri eldontotte, hogy
egy 2 m hosszu futdszalagon folytatja edzését. Bedllitotta a futoszalag sebességét 5 m/s-ra és elkezdett futni
pont a kozepén. Mennyi id6é mulva fog Gyuri leesni a futdszalagrél?

[ 6 | Pisztolyforgat6 Sebestyén a Vadnyugaton egy névtelen véros féterén 4ll. A déli nap sugardban siitké-
rezne tovabb, azonban észreveszi, hogy épp banditak prébaljak meg bekeriteni. A pisztolyhds csak megfelel6
figyelemeltereléssel menekiilhet meg a karmaik koziil. Szerencsére a tegnap éjjeli dorbézolas utan egy hatal-
mas pocsolya nagyon gyulékony whisky maradt a fétéren.

Elsiiti jo oreg revolverét a kereszttel jel6lt pontra célozva. A whisky meggyullad, és a langok 2 m/s-cel ter-
jednek szét. Mennyi id6 alatt kap langra a teljes pocsolya?

A négyzetrdcs oldalai 1 m hossziiak.

A Wings for Life egy jotékonysagi futdverseny, a kovetkezd szabalyokkal: az 6sszes versenyzd egyszerre
rajtol el. Fél ora elteltével egy aut6 is elindul utdnuk, 14 km/h sebességgel és minden eltelt fél 6ra utan au-
tomatikusan egy nagyobb sebességre kapcsol. Amikor egy versenyz6ét megeléz az auto, szamara a verseny
véget ért.

A torténelmi rekord tav, amelyet egy futénak sikeriilt megtennie igy a versenyen, 92,14 km. Mennyi ideig
futott a rekorder versenyzd, ha az auté sebességértékei a verseny fél oras szakaszaiban rendre a kovetkez-
képpen alakultak: 14, 15, 16, 17, 18, 22, 26, 30 és 34 km/h? A 34 km/h sebesség elérése utan az auté nem
gyorsult tovabb.

Add meg az igaz allitdsokhoz tartozé szamok 6sszegét!
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A lakdsokban haszndlt dltalanos megszakitok névleges arama koriilbeliil 150 A.
A galvanelemek egyenaram forrasok.
Lehetnek elektromos eréhatasok szigetel6k kozott.
Az aramvezetdk ellenallasa csokken melegités hatasara.
16 A coulomb mértékegység dimenziondlisan megegyezik azzal, hogy amper per masodperc.
32 1A -nél kisebb aram nem veszélyes az emberre.
64 Két parhuzamosan kapcsolt ellenallason lehet kiilonboz6 fesziiltség.
128 Habar a konnektorbol valtakozé aramot vehetiink, az elektromos vizforrald egyendarammal is
tudna miikodni.

o BN =

[ 9 | Evalegutébbi Addmnal tett latogatdsa utan a lany elhatarozta, hogy legkozelebb kifesti a fiti szobdjat,
amig 6 nincs otthon. Erre a célra vasarolt egy vodor 5 literes festéket, amelyen havas sarkvidéki tdjak képei és
vakito fehérség igéretére vonatkozoé feliratok mellett a tartalmazott festék tomegét is feltiintették, méghozza
7,5 kg értékben. A felhaszndldsi javaslat pedig a kovetkezoképpen szdl: 0,5 kg vizet keverjiink minden 1 kg
festékhez.

Am Eva tdl lusta, hogy konyhai mérleggel sz6szmétoljon, inkdbb egy merékanalat szeretne haszndlni a festék
higitasahoz. Milyen térfogati aranyban kell ekkor a vizet a festékhez kevernie?

A megoldast a festék térfogata:hozzdadott viz térfogata ardnyban adjatok meg!

Ahogyan minden kommersz nyari sldger is hangsulyozza, kiemelten fontos gondoskodni a megfeleld
hidrataltsagrol és hiivosen tartani magunkat a forré honapokban. Judit éppen a ,,Juci mami csokja“ nevii izle-
tes koktélt késziti, melyet 7 °C hémérsékleten szoktak felszolgalni. Sajnos a csapbdl csak 20 °C hédmérsékletii
viz folyik. Azért, hogy lehfitse azt, egy 1 kg tomegt jégkockat dobott az italba, amely 0 °C hémérséklet.

Mekkora a megfelel6 hdmérsékletii viz térfogata, amelyet Judit igy képes eléallitani?

A tudomany nevében Maté és Sara eldototték, hogy sajat maguk fogjak megtapasztalni a stlytalansagot
egy holégballonbol kiugorva. Amikor elértek 200 méter magasra, Maté izgatottan kivetette magat. Csak 3
masodperc mulva vette észre Sara, hogy Maté elfelejtette az ejtderny6jét és felsikoltott ijedtében. Milyen
magasan volt Maté, amikor meghallotta Sdra sikoltasat?

A hélégballon nem mozdult. Tekintsiink el a kiozegellendlldstol.

Megmértiik harom egyforma ellenallas ellenalldsat mind soros, mind parhuzamos kapcsolds esetén.
Az eredmények 8 Q2-al tértek el. Mi az ered§ ellendlldsa a képen lathaté hélézatnak?

—FC

-

Ferenc ttizoltd és épp egy magas épiiletrdl ereszkedik lefelé. Pont most ért el a 30 m hosszu kotele
végére. Ha most minden erejét bevetve elrugaszkodna a faltdl, 8,4 m vizszintes tavolsagra lengene ki attol.
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Milyen magasra tud Ferenc a tlizolto a f6ldrél fiigg6legesen felugrani?

Jako az autdpalyan szaguld, amikor aggaszto rezgéseket érez az egyik kereke fel6l. Vegyiink egy egy-
szerti 10 g tomeg(i autogumi-szelepet. Mekkora latszolagos tomegiinek érezné az autégumi, ha 20 cm-re
helyezkedik el a forgastengelytdl, és az auté 500 km/h sebességgel halad? Tegyiik fel, hogy a szelep tavolsaga
a forgastengelyt6l sokkal nagyobb, mint a tdvolsaga a kerék kiils6 peremétol.

Egy targy latszolagos tomege, az a tomeg, amely a foldon nyugalomban ugyanakkora erével hatna egy mérlegre.

Julia nyaralni ment. Az apartmanban, ahol megszallt, van egy téglalap alaki medence, aminek a mé-
retei a x b. Amikor becsekkolt, az apartman tulajdonosa megkérte, hogy esténként takarja le a medencét.
Azonban Julia csak egy kerek medencetakard fedelet talalt az apartmanban, aminek sugara r << a, b.

Julia tisztaban van vele, hogy nem fogja tudni letakarni a teljes medencét, de azért szeretné minél nagyobb
feltiletét letakarni.

Mi a lehetséges legnagyobb feliilet, amit le tud takarni a medencébdl gy, hogy a fedél ne essen bele a me-

dencébe?
‘

Marcellnak mar van jogositvanya autéra és repiilére, és most szeretne egyet hajora is. Azonban a rang-
létra aljan kell kezdenie, igy egyel6re darukezel6ként dolgozik a kikétében. Minthogy elég élelmes, gyorsan
kitalalt egy 4j rendszert a konténerek pakolasara. A rendszere egy konnyt 0,99 m sugart henger, amely egy
kicsit nagyobb, 1 m sugarti henger belsejében helyezkedik el. A kisebb henger aljanak kozepéhez egy rud
van rogzitve, amely athalad a nagyobb henger aljan, és a végén 1év6 kampoval tud konténereket felemelni.
Marecell ezutan a két henger kozti résbe vizet tolt, mig a konténer el nem emelkedik a foldt6l. Mennyi vizre
van sziiksége egy 10 t tomegU konténer felemeléséhez?

Hagyjatok figyelmen kiviil a viz viszkozitdsdt és barminemii szivdrgdst a rid koriil. A hengerek tomege elha-
nyagolhato.

Irén egymas mellé helyezett két titkkrot, gy, hogy azok egy sarkot formazzanak a bezart szoggel. Ezutan
megvilagitotta a sarkot egy 1ézer nyalabbal, az egyik tiikorrel parhuzamos iranybdl. A sugar visszaver6dott a
titkrokrol, majd kilépett a sarokbol ezuttal a masik titkorrel parhuzamos iranyban.

info-hu@physics.naboj.org 5 https://physics.naboj.org/


mailto:info-hu@physics.naboj.org
https://physics.naboj.org/

Feladatok 26. Naboj Fizika, 2023 NIt

Milyen lehetséges értékekkel rendelkezhet a tiikrok altal bezart szog?

Az elektromossag elég draga. Hogy pénzt spdroljon, a vasuttarsasag arra utasitotta Jakabot a masi-
nisztat, hogy ne gyorsuljon a dombon felfele menet és minél inkdbb haszndlja ki a vonat lendiiletét. Jakab
vonata 1000 m hosszt és 1000 t nehéz. Legalabb mekkora sebességre kell felgyorsitania a vonatot a baloldali
allomasbol kiindulva, ha a képen lathato ut egészét a vonat lendiiletére hagyatkozva szeretné megtenni?

Jakab vonatdnak dllandé a vonalmenti siiriisége. A surlodds és kozegellendllds elhanyagolhaté. Nyugodtan
haszndld a tan x ~ x kozelitést kis szogek esetén.

h/m
A

140 |

A Vadnyugaton Sebestyént, a pisztolyforgatot ismét banditak vették korbe a f6téren. Latvanyos me-
nekiilést tervez, mivel egy nagyon gyulékony whisky pocsolya kozepén all, amely egy bunydval és ivaszattal
eltoltott éjszaka maradvdnya. A pocsolya kerek, és a sugara 5 m.

Hérom tolténye maradt csak, hogy langba boritsa az egész pocsolyat. Mi a minimum idétartam, ami sziiksé-
ges ehhez? Minden revolverlovése meggyujtja a pocsolyat ott, ahol eltaldlja, és a langok 2 m/s-cel terjednek
szét.

Sebestyént az egész Vadnyugaton villimkeziiként ismerik, igy az egy-egy lovése kozott eltelt idd, és a pisztoly-
golyék repiilési ideje elhanyagolhato.

Egy hideg téli napon, Dani két majdnem egyforma 1 m hosszt és 1 mm vastag fémszalagot talalt a
szemetes kozelében. Csupan a két szalag hétagulasi egyiitthatodja kiillonbozott, az egyiké 8 - 107> K1, mig a
masiké 10~* K1 volt. A 0 °C fokos hidegben Dani egymasra hegesztette a két szalagot.

Milyen hémérsékleteken fog a bimetal szalag gytir(ibe hajlani?

Tegyiik fel, hogy a fémszalagok csak a leghosszabb tengelyiikon tagulnak.

Andor valahonnan el6keritett harom ellendllast: kett6 nyilvanvaldéan azonos volt, a harmadik viszont
eltér6. Mindhdrom ellenallast felhasznalva 6t kiillonb6z6 elektromos aramkort épitett, melyeknek eredé el-
lenéllasaik 50, 60, 112, 140 és 245 Q) volt. Azonban nem vette észre, hogy még egy aramkort is lehetett volna
késziteni.
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Mekkora lenne ennek a hatodik dramkornek az ellendllasa?

A bees6 napsugarzds teljesitménystir(isége 1366 W/m?2. Ez mindazondltal nem ragadtatja el Juliat,
ugyanis utdlja, amikor tulsagosan felmelegszik a padlasa. Ezért ugy dontott, hogy letakarja az ablakat egy
kiilonleges fényvisszaver6 féliaval, ami csak a 80 %-at engedi at a beesd fénynek.

Az ablak egy 80 cm oldalhosszusagu négyzet. Julia egy 1,5 m x 1 m-es, téglalap alaku féliat vett, megteleld
alaku darabaokra vagta, és befedte az ablakot tobb rétegben, még ha igy bizonyos helyeken tobb réteg is volt,
mint mashol. Mi az a legkisebb teljesitmény, ami még igy is atjuthat az ablakon, amikor a fény merélegesen
esik be az ablak sikjara?

Luca egy atléta, aki élete nagy magasugré megmérettetésére késziil. Jelenleg annyi erével tud ugrani,
hogy testének tomegkozéppontjat pontosan 1 m-rel tudja megemelni. De ez Lucdnak nem elég. Ugrasat
egy kicsi, nem forgo, gomb alaku aszteroidan szeretné tokéletesiteni, melynek sugara 2,5 km. Vigyaznia kell
azonban, nehogy akkorat ugorjon, hogy mar ne essen vissza az aszteroida felszinére.

Mekkora az a maximalis stirtisége az aszteroidanak, ami esetén Luca, ha fiigg6legesen felugrana, mar soha
nem térne vissza?

Cathy a foldonkiviili sikeresen elnyert egy dllami palyazatot, amellyel megépithetett egy nagy tavcsovet.
A miuszert jelenleg arra haszndlja, hogy bolygdkat keressen mas csillagok koriil. Példaul, ha a mi Naprend-
szerlink felé forditja a tavcsovet, lathatja, ahogy a Nap képe kicsit ingadozik ide-oda sugariranyban. Ez az 1
éves periddussal rendelkezd, szinuszos mozgas bizonyithatja a mi Foldiink 1étezését, ahogy a Nappal egyiitt
egy kozos tomegkozéppont koriil kering.

Mennyi a Nap radialis sebességének amplituddja, amely a Fold Nap koriili keringésébdl szarmazik?

Mas bolygok hatdsai elhanyagolhatéak. Cathy sajdt bolygoja a Fold keringési sikjaban taldlhato.

Adam 6riil, hogy végre itt a vasdrnap, és ebédre rantott hust ehet siiltkrumplival. Ami viszont igazén
kellemetlen a szamara, az az, hogy a ldbai olyan hossztak, hogy amint letil az asztalhoz, az 30°-os szogben
megdél. Igy az asztalon 1évé rantott htisos tényér elkezd cstiszni, és a rantott hus is elkezd cstszni a tényéron.
A tanyér és az asztal kozotti sarlddasi egyiitthatd 0,4, és a tanyér és a rdntott hus kozotti surlddasi egytitthato
0,3. A rantott huis tomege m, a tanyér tomege pedig 2m.

Mekkora a tényér gyorsuldsa kozvetleniil azutén, hogy Adam leiilt?
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Tominak van egy nulla nyugalmi hossztsagu, k merevségi tényez6jii rugdja, és egy L nyugalmi hosszu-
sagl, K merevségi tényezdjl, kicsit kisebb atmérdjli rugdja. A kisebb rugdt beletette a nagyobbikba, és a
rugok két-két végét egymashoz forrasztotta.

Mekkora lett a keletkezd kettds rugd hossza és merevségi tényezdje?

Sokszor, ha egy fizikai mennyiségnek csak a magnitadoéjat szeretnénk gyorsan megbecsiilni, érdemes
a numerikus konstansokat elhanyagolni, és csak a mennyiség dimenzidjat kiszamolni. Becsiiljétek meg egy
rezg gitarhur frekvenciajat ezen a mddon, ha annak tomege M, hossza L, és a benne fellépd fesziiltség F.

Gyuri talalt egy hisztogramot, amely megmutatja adott erésségti folrengések évenkénti eléforduldsai-
nak szamat. Az adathalmaz 1 szélességti intervallumokra volt osztva és Gyuri leolvasta réla, hogy 6200 darab
4,0 — 4,9-es erGsségli és 800 darab 5,0 - 5,9-es erdsségii foldrengés tortént. Viszont most azon topreng, vajon
hany darab 5,0-6s erésségti fordult el6.

Gyuri tudja, hogy a legalabb M erdsségti foldrengések darabszamat a Gutenberg-Richter-torvény adja meg,
vagyis
N(m> M) =10°"M,

ahol a és b konstansok.
Gyuri megfigyeléseire alapozva, szamold ki, hany 5,0-0s erdsségti foldrengés fordult el6 egy év alatt.

Egy foldrengés erdsségét 1 tizedesjegyre kerekitjiik, ami azt jelenti, hogy az 5,0-0s erdsségii foldrengések szama
valéjaban az olyan erdsségii foldrengések pontos szamdra vonatkozik, amelyek a 4,95 < m < 5,05 tartomdnyba
esnek. Hasonléan, a 4,0 — 4,9-es erésségek tartomdnya a 3,95 < m < 4,95 tartomdnyra utal.

Dani felfigyelt arra, hogy a kazanhaz masodpercenként 10 1, 80 °C-os rejtélyes folyadékkal biztositja az
éptilet fitérendszerét, azonban csak 9,9 1 hiitott folyadék tér vissza a kazanhoz.

Mekkora a kazanhaz teljesitménye, ha a cs6vezeték sehol sem szivarog? A rejtélyes folyadéknak stirtisége
azon a ponton, ahol visszaérkezik a kazdnhdzba 1000 kg/m?3. Térfogati h6taguldsi egytitthatdja 1,8 - 10~ K1
és fajhdje 4000 J/ (kg - K).

Amikor Patrik elk6lt6zott, magaval vitte a edzégépét: egy nyugalmi helyzetben 1 m hosszt rugét. Ha a
rugd egyik végét a mennyezethez rogziti és a masik végébe belecsimpaszkodik, akkor a rugéd pontosan 2 m-rel
nyulik meg.

Azon ttinédik Patrik, hogy milyen messze lenne a mennyezettdl, ha a rugé mindkét végét a mennyezetre
rogzitené, és pont a rugéd kozepérol csiingene le.

Legaldbb két értékes jegy pontossdgui vdlaszt adj. Nyugodtan haszndlj szamologépet.

Bandi és Jako elektronokat l16nek egymas felé. Bandi hirtelen egy kellemetlen helyzetben taldlta magat,
konkrétan egy v = 3200 m/s-el halad¢ elektron egyenes utjdban. Kénytelen a természetfeletti képességei-
hez folyamodni - rovid idére megidéz egy homogén magneses teret, B = 8,9 mT magneses indukciéval, a
fuggoleges iranyban (merdlegesen v-re).
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Milyen sokaig kell fenntartania a magneses teret, hogy eltéritse 90°-kal, és Jakot talalja el helyette?

Egy fiiggbleges henger alapfeliilete S = 50 cm?, melyet vizzel toltottek meg, és egy dugattyu zarja le
feliilr6l. Egy lufi, melynek térfogata V' = 50 cm?, a hengerben talalhatd, a viz tetején lebeg, és 10 mN er6t
gyakorol a dugattyura felfelé.

Most egy m =10 kg tomegti sulyt helyeziink a dugattyura és a lufi lassan leereszkedik a henger aljara. Milyen
erét fejt ki alul, ha a dugattyti most & = 1,8 m magassagban van a henger aljahoz képest? Tegyiik fel, hogy
a kompresszi6 izoterm, és a lufi méretei nagyon kicsik a henger magassagahoz és szélességéhez képest. A
hengert normal 1égkori nyomasu levegé veszi koriil.

V&

1?

Judit illazionistdnak tanul éppen. Pékerarc gyakorlasa, gondolatolvasas és kanalhajlitas mellett kartya-
varakat is épit. Van egy megszamlalhatoan végtelen kartyapaklija, amiben a kartyak m tomegtiek és a hosszuk
¢. Ezeket ugy fekteti egymasra az asztalon, hogy mindegyik kdrtya el van tolva A¢-el az alatta 1év6hoz képest.

Mekkora er6t kell kifejteniink, hogy megemeljiik a legalsé kartyat?

o |eUl | o0\ | o] |+00 | =0

<> @ © @ @ e e
e o o e F
> 000000‘
b ) ) )
14 AL

Amikor Héfehérke épp nem pihen, kedvenc elfoglaltsaga a torpékkel egy tomegtelen kérhintan lazulni.
Ilyenkor 8 iilést foglalnak el, amelyek egyenl6 tavolsagra helyezkednek el egymastol a korhinta keriiletén és
3 masodpercenkénti 1 fordulatszammal porgetik meg azt.

Egyszer csak egy alma pottyan a korhinta kell8s kozepére. Hofehérke felkel az tilésébdl, hogy felszedje. Amint
beér az almaért kozépre, a korhinta mar 2 masodpercenként 1 fordulatszamra valt.

Mekkora 1 torpe tomege, ha Hofehérke 56 kg?

Tegyiik fel, hogy a hét torpe mindegyike ugyanannyit nyom.

Szabinanak van egy tireges, 10 ml térfogati hengere, melynek alapteriilete 1 cm?. A henger leveg6vel
van megtoltve, légkori nyomason. Egy szabadon mozgé 100 g tomegti vékony korong légmentesen két részre
osztja a hengert.
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Szabina nem rendelkezik megfelel képesitéssel egy ilyen kényes muszer kezelésére, és egy kis id6 mulva
valahogy sikertiil lefeszitenie az egyik talpat. Mekkora volt a korong rezgésidejének aranya az alap lefeszitése
el6tt és utan?

Vegyiik a levegét egy idedlis kétatomos gaznak. Szabina normdl légnyomdson tartozkodik.

Egy tul nagyra nétt horcsog vadul sprintel a mokuskerekében. Hirtelen meghaladja a zsanérok teher-
birasi kapacitasat és leesik a kerék. A horcsog szerencsére kiesik a kerékbdél, miel6tt az a foldre esve felgyorsul
1 m/s stabil guruldsi sebességre. Milyen gyorsan futott a hércsog, ha kezdetben nyugalomban volt a szobdhoz
képest?

A mokuskerék A vonalmenti stirtiségli fémrudakbol van épitve. A keriiletét egy par 5 m atmérdju fémkarika
adja ki, amelyek 6tven egyenléen elhelyezett 0,5 m hosszu ruddal vannak egymashoz erésitve. A karikak
egy-egy, atmérd hosszisagu raddal vannak a tengelyhez csatlakoztatva, merdlegesen keresztezve azt.

Egy m tomegt miihold kering az M tomeg(i Nap koriil, R sugaru korpalyan. Egy ponton beinditja a
motorjat, amely dllando F er6vel tolni kezdi, amely mindig sugariranyban a Naptdl elfelé mutat.

Mekkora erére van szitkség ahhoz, hogy a mihold maximum 2R tavolsagra érjen el a Naptol?

Az arany egy kifejezetten képlékeny anyag és nagyon vékony lemezeket lehet verni bel6le. Tovabba ké-
miailag stabil és a fényt is nagyon jol veri vissza. Patrik az Urh6dité épp megérkezett egy Gjonnan felfedezett
csillaghoz, ami T hémérséklettel, M tomeggel és R sugarral rendelkezik. A jové civilizaciéinak tidvozlésére
ott szeretne hagyni egy levelet, amit tiszta, m tomegt és p stirliségli aranylemezbe vésett.

Mekkora feliileti stirtiségti lemezt kell az Urhéditénak vernie ahhoz, hogy a sugérzés egy konstans D > R
tavolsdgra tartsa a lemezt a csillagtol?

Feltételezziik, hogy a lemez a fény egészét visszaveri és a beérkezl sugdrzds merélegesen érkezik a lemezre.

Az Androméda galaxis 2600000 fényév tavolsagra van téliink. Milyen gyorsan kéne odautaznunk
ahhoz, hogy az ut megtétele a mi szemszogiinkbdl nézve ugyanennyi évig tartson?

Sztereotipiak ellenére, sok kedves emberrel taldlkozhatunk nagyvarosokban... Ugyanakkor ott van Ro-
bi. Robi nem szereti a felette é16 szomszédjat, mivel az még -5 °C-os téli hidegben sem kapcsolja be a fiitést.
Robi mennyezete 20 cm vastag beton, 20 W/(m - K) hévezetési tényezdvel. A mennyezetre egy 1 cm vastag
fapadlozat van fektetve, 2 W/(m - K) hévezetési tényezdvel.
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Robi 25 °C-on szereti tartani az lakasat, viszont ezzel 10 °C-ra fiiti fel szomszédjaét. Mekkora lesz a szom-
szédja lakasan a hémérséklet miutan Robi egy 5 cm vastag hungarocell réteget erésit a mennyezetéhez? A
hungarocell hévezetési tényezdje 1 W/(m - K), a plafon 10 m? teriiletd.

Robi dllandé hémeérsékleten tartja lakdsat. A padlotol eltekintve a fels szomszéd lakdsdanak csak kiilsé falai
vannak.
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Megoldasok

[ 1 ] The picture below shows the order in which the tanks are filled. Due to gravity, the water flows down
and fills the lowest tank numbered 1. Then the water moves up and displaces the air. The water level in
the tanks as well as in the pipes rises, and we fill tanks 2 and 3. Then the triangular tank number 4 fills up,
followed by the tank 5. As the water level rises further, the water fills the branch with tanks 6, 7 and 8, and
finally the starred tank is filled as ninth.

A R
Lol

]

Ot
Ne ] b

1.1. Abra: Tank filling order

If one hair grows 15 cm/y, it will grow 3= cm in one day. To get the answer, we simply multiply this by

the total number of hairs and convert to metres to obtain 100000 - 3> cm/d = 41 m/d.

If we travel 200 miles per hour, which is 200 - 1760 = 352000 yards per hour, in one second we move

220 = 880 yards. The commentator said that this dlstance is one football field and he is wrong by 120 — ¢ =
20 yards In units of football fields this is simply £ = = of a football field per second.

| 4 | Thedensityis p = 2. If the container weighs m, the mass of the biscuits m; (without the container )
is my, = m — my. The volume of the container is the difference between the volumes of the cylinder and the
raised circular part of its base,

V = HnR? - hnr?. (4.1)
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4.1. Abra: The container with dimensions shown

The density of the biscuits is therefore

my, m—my

P =
Firstly, let us convert George’s velocity to metres per second:

17km 17000m 170
lh  3600s 36

m/s. (5.1)

180

When he steps on the treadmill going at the speed 3¢

m/s, the difference of the speeds is 3+ m/s.
The time needed for him to fall off the treadmill is the time it takes him to cover 1 m at the speed of 32 m/s,

SO

1
=36, (5.2)
3¢ m/s

E The whole puddle will be engulfed in flames, when fire reaches the furthermost point. This point lies
on the circumference of the puddle and we immediately see some candidates.

>

C

6.1. Abra: Candidates for the furthermost point

Using the Pythagorean theorem, we calculate that the furthermost point is C located v/26 m from the point

of ingition. Fire spreads at speed of 2 m/s, therefore whole puddle will be in flames \2/?5’1 7 = 2,55 s after
ignition.
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Tegyiik fel, hogy a futé és az autd egyszerre indulnak el, csak az elsé fél 6raban az autd sebessége 0 km/h.
Ekkor meg tudjuk hatdrozni a 92,14 km megtételéhez sziikséges id6tartamot. Az elsé 9 fél ora alatt az auto
Osszesen

Okm+7km+75km+8km+8,5km+9km+11km +13 km + 15 km = 79 km. (7.1)

tavolsagot tesz meg.

Ezutdn az aut6 mar egyenletes 34 km/h-s sebességgel halad, és ahhoz, hogy a fut6t utolérje, még 13,14 km-t
kell megtennie. A teljes ehhez sziikséges id6 tehat
13,14 km

9.05h+ - - 480h. 72
" 34km/h (7.2)

Since the numbers are all different powers of two, you have to determine the truthfulness of all state-
ments.

Common circuit breakers in an apartment have a rated current nominal of about 150 A.

The statement is false. Standard values are around 16 A. For the voltage in a mains socket 230 V it means a
power limit of 3500 W, so four hoovers vacuuming simultaneously would trip the breaker. Breakers at 150 A
would easily handle 20 hoovers, which disagrees the common experience.

Galvanic cells are sources of direct current.
The statement is true. Galvanic cells, such as a common AA battery, produce electric energy by electrolytic
decomposition, which is a process with a given cathode and anode. Therefore, direct current is produced.

Electric forces can occur between insulators.

The statement is true. A good example is an electroscope, a basic demonstration of electrostatic force, where
two charged plastic balls repel. Therefore, even insulators can be charged on the surface. Have you ever
rubbed a balloon against your hair?

Resistivity of electric conductors decreases when they heat up.

The statement is false. You can easily search up values of resistivity at different temperatures for any type of
conductor in literature. For the majority of common materials, their resistivity increases with rising tempe-
rature.

The coulomb is dimensionally equivalent to ampere per second.
The statement is false. Electric current, measured in amperes, tells us how much charge (coulombs) passes
through per unit time, therefore it’s the other way around - amperes are coulombs per second.

Currents smaller than 1 A are not dangerous to humans.

The statement is false. Even currents as small as 20 mA can be dangerous to humans, especially if passing
through one’s heart and internal organs. This isn’t necessarily related to the current passing through the
circuit before we touch it, though. The resistivity in the circuit can be small, therefore huge current can be
passing through it even at small voltage. If the resistivity of a human body is large, a small amount of current
would pass through it from that small voltage. Conversely, if the voltage is great, but the source cannot
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produce a large current, we're once again in the clear. A typical example is spark discharge, which can even
have 10 000 V, but the transferred charge, and therefore also current, are small.!

Two resistors connected in parallel can experience different voltages.

The statement is false. Two resistors in parallel are have their ends connected. We know that two points
connected by a wire have zero electric potential between them, so the ends of the two resistors have the same
voltages. The voltages across both resistors will be the same. A real-life example would be a lightbulb. We
often use multiple lightbulbs, with the intention of having each at a 230 V voltage - and this is why they're
always in parallel. Even electric sockets are connected in parallel; if we connected two lightbulbs in series,
each of them would have half the voltage from the socket, and they would shine at a lower power.

Even though mains sockets provide alternating current, electric kettles would work with direct current as
well.

The statement is true. An electric kettle is just a jug with a resistive spiral connected to a bimetallic thermal
switch... and in a simpler model, it is just a switch and a resistor that heats up and transfers the heat to the
water. Resistors heat up under both direct and alternating currents, so a kettle would work just the same even
when connected to a source of direct current.

The sum of the numbers of all true statements is therefore 2 + 4 + 128 = 134.

[ 9| Ha 51 festék 7,5 kg, akkor a stirtisége % = 1,5 kg/l. Tudjuk, hogy a viz stirisége 1 kg/l, vagyis a
stirtiségek aranya 3 : 2. Vagyis 1 tomegegységnyi festék és 1 tomegegységnyi viz térfogatdnak ardanya ennek
forditottja: 2 : 3 lesz. Ha még egy tomegegységnyi festéket hozzatesziink, vagyis 2 : 1 aranyban vizsgaljuk a
két 6sszetevot, amelyet a festékes dobozon taldlhatd instrukeio is ajanl, 4 : 3 térfogati aranyra jutunk, amely

a végsé megoldas.

Granny Justine has to pour mass m of tap water in a jug in which she then puts a block of ice of mass
M. In order to melt the whole icy block, it has to absorb heat equal to m4 [y, where [y is specific latent heat
of fusion of water. Then, the melted ice, also known as water, heats by ATy, so it absorbs heat m g cy,0 ATy,
where cy,0 is specific heat capacity of water. All this heat is absorbed from the tap water, which cools by
ATy,o so it gives away heat of mcy,0 ATy, o to the ice.

Heat absorbed by the ice is equal to heat given away by the tap water, thus

m%l,ﬁ( + Mg CH,0 AT% = mcy,o0 ATHZO- (101)

We solve for mass of the tap water
m§.l§‘ + Mg Cy,0 AT@

m (10.2)

cn,0 ATh,0

The values from the problem statement give m = 6,68 kg. Apart from tap water, the jug contains also 1 kg of
water which stems from the ice, so, all in all, there is 7,68 kg of water in the jug which is 7,68 1.

' A common question goes: who's the killer, amperes or volts? Do you know?
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Let ¢, denote the time of Sarah’s scream. The main idea here is that Sarah’s sound, which propagates at
a constant velocity ¢, will overtake linearly accelerating Matt at some time t at which the distances traversed
by both Matt and the sound of the scream will be the same

1
Egtzzc(t-—to)
(11.1)
1 2
Egt —ct+cty=0.

This is a quadratic equation with two roots

c++/c*-2gct
‘= gt (11.2)
4

The numerical values of these roots are t, ~ 66,79 s and t_ ~ 3,14 s respectively. Physically, these correspond
to when the sound first overtakes Matt and, much later, when constantly accelerating Matt overtakes the
sound again (since we're disregarding air friction). Hence t = £_.

SA

[l [l L
1 I I -

th t t, t

11.1. Abra: Distances travelled by Matt and Sarah’s scream

Now that we know time t, we can substitute it into the equation of linearly accelerated motion

1
S:Egﬁm4&4m. (11.3)

Matt jumped from the height & = 200 m, therefore at time t when he hears Sarah’s roar he will be at height
of h — s ~151,6 m.

Let us denote the value of the resistor’s resistance R. If we have a series connection, we sum the resis-
tances of the resistors, so the total resistance will be 3R. In parallel connection, we are summing reciprocal
values of the resistances, so the resistance is equal to R/3. These values differ by 8 (), so we can construct the
equation

R
80 =3R- . (12.1)
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The solution of this equation is R = 3 (). The diagram in the figure in the problem statement is a parallel
connection of two branches with resistances R and 2R, so its total resistance can be calculated as

1 1 1 3

-—+—=" = R=20. (12.2)
R" R 2R 2R

Francis uses the same amount of kinetic energy for his jump and push off the wall. In the highest

point of his jumps, all kinetic energy will change to potential energy which will be the same in both cases. It
means that the height of the jump will be equal. The height can be determined from the picture geometry as

h=€0-V¢-d*>=12m.

i
]

13.1. Abra: Geometry of Francis’ jump

If the wheel rotates, the tyre valve rotates with it. It means that in the frame reference of the rotating
wheel with the origin in the centre of the tyre the valve stands still. The fictitious centrifugal force acting on
the valve is F = "’7”2 which is oriented from the origin. However, the valve is not moving, so there must be
opposite force with the same magnitude from the wheel. When the car accelerates, in the frame reference of
the wheel it seems that the valve changes its weight, however the only thing that changes is the frequency of
rotating wheel. The apparent weight can be computed as
F  my?
m,=—=—.

8§ T&

After the unit conversion from km/h to m/s and using the given values we get m, ~ 98,3 kg.

It is necessary to realize that if Julia has only one cover, she will cover the greatest area of the pool if
she places it into the corner of the pool so that its centre protrudes over the water as much as possible. This
situation is depicted in the figure below. The centre of mass must be located on the line segment connecting
the two points that are the intersections of the cover’s circumference with the perimeter of the pool. In this
case, the corner of the pool also lies on the circumference of the cover.? If Julia moved the cover a little more
over the water, it would fall into the pool. Therefore it is enough to calculate the area of water that is covered.
This area consists of a semicircle and a right triangle. The area of a semicircle is simply 3772

2thanks to Thales’s theorem
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15.1. Abra: The cover in optimal location

We know that the right triangle’s hypotenuse has a length of 2r and its other two sides have a length of

V/2r because the Pythagoras’ theorem must hold: \/ (\/Er)2 + (\/ir)2 = 2r. The area of this triangle is
1(\/2r)? = r2. The total area covered by the circle is then

1
57‘[1’2 + 12, (15.1)

Let us draw and write down all the forces that act on the axis of the cylinder:

Fy+F=F,, (16.1)

16.1. Abra: Marcel’s crane with forces
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where F, is the gravitational force, F is the force from the container, and F,, is the buoyant force of the water.
After expressing the individual forces, we get

mg+ Mg = pu,0¢hS:, (16.2)

where £ is the height of the submerged part of the cylinder and §; is the base of the smaller cylinder. To find
the volume, we need to find h,

pomtM (16.3)
P01
We know that the mass of the smaller cylinder is negligible compared to the container, so
M
h ~ . (16.4)
szO Sl
The volume of water will eventually be just the volume difference of the cylinders, so
M 2 2\ -
V=h(S,-8) = ~(R*-1?) = 2031. (16.5)
H07

Instead of calculating complicated geometry, we realise that we just need to mirror the space between
the mirrors a few times. Then we can consider that a ray of light travels along a straight trajectory as in the
picture.

At the end, the ray of light must be parallel to the other mirror. This means that the angle 180° must be
divided into a whole number of parts by the angles a. Thus, it would seem that the valid values of & would
be g, where 7 are natural numbers. However, for the ray at the end to be parallel to the other mirror it is

necessary, that the mirror which appears at an angle 180° is the other mirror.

17.1. Abra: Solution with just four reflections

We quickly realise that this condition tells us that the number #» must be odd. Therefore the valid values of
the angle « are
180°
o= ,
2n+1

(17.1)

where n € N.
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The train starts off with speed v and thus has a certain amount of kinetic energy. Since neither friction,
nor air resistance play a role, total mechanical energy of the train is conserved. Therefore it only needs to
travel at such a speed so that its centre of mass just passes over the highest point of its trajectory. However,
since the train is not a point mass, the trajectory of its centre of mass differs from the altitude profile of the
track. At a glance, we can determine that two areas come into consideration as highest: the peak at 140 m
and the plateau at 135 m. Obviously, there is no way or place to get any higher.

When we calculate the slopes, we can see that they are all quite small, the steepest drop is only 2. For
small angles we can neglect the difference between the actual length of the train and its projection onto the
horizontal plane, which will simplify the calculation somewhat. Then we can also ignore the height of the
train’s centre of gravity above the rails, as this will always be the same.

Let us first look at the highest point of the track. The slopes on both sides are equal, 25 %o, so the train’s centre
of gravity will be at the highest point when it passes over the summit. Since the linear density of the train is
constant, the centres of gravity of both the front and rear halves of the train are at equal altitudes, and hence
the centre of gravity of the whole train is at that altitude as well. So we just need to calculate the height of the
centre of gravity of one of the halves, which will be

140 m + (140 m - 0,025 - 500 m)

hy
2

= 133,75 m. (18.1)
However, this is obviously less than the height of the straight part on the right, where the train fits entirely.
The height of its centre of gravity on it will therefore be trivially 4_ = 135 m.

All that remains is to express the difference in the heights of the centre of gravity at the start and at the
maximum height, which is

1
Emvz =mgh. = v=y/2gh_~\/2-10m/s?-15m = /300 m/s = 17,3 m/s. (18.2)

Let us denote v the speed at which fire spreads, and ¢ the time when the whole puddle is burning. Our
task is to cover the puddle with three circles with radius vt and optimalise their placement to minimise .
We divide the puddle into three sections, each being inflamed by one of the pistolero’s bullets. We want these
sections to be as small as possible, which means we want to make the circle covering it as small as possible.
Symmetry of the puddle allows us to divide it into three equally sized circular sectors and a simple thought
convinces us that it is not possible to find a better solution. Ideal points of bullet impacts can be found as
centres of the circles.

19.1. Abra: Anatomy of Sebastian’s inflammatory activity
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A short exercise from geometry reveals us that the longest distance which has to be travelled by flame has

length of ?r, where r is radius of the puddle. Entire puddle will therefore be engulfed in flames in time
Bro Vg7
4 S,

2 v

Since the thickness of the strips is one thousand times smaller than their length, we can neglect the
changes in their thickness due to temperature changes and assume that only their length varies. Let r; and
r, be the radius of the inner and outer strip, respectively. If we denote their thickness 4, it then follows
r, = rp + h. The strip with original length [, and thermal expansion coefficient « will, due to a temperature
difference AT, increase its length by lya AT. Its new length will therefore be

lo+l00€ AT = l()(l'i‘“AT) (201)

If the strip has a circular shape with radius 7, its length is equal to 277. For Daniel’s newly acquired strips
this can be expressed as

ly(1+ oy AT) = 2717y,

(20.2)
l()(l + &y AT) =2nr + 2nh,
using r, = r; + h. We can subtract the second equation from the first and we get
2mh
AT = T (20.3)
lo(o — 1)

This means we have to either cool down or warm up the two strips by AT. For given values AT = 314 K. Since
the dimensions of the strips were measured at 0 °C = 273 K, we have to increase the temperature by AT, since
it is impossible to achieve negative thermodynamic temperature. The bimetallic strip will take circular shape
at the temperature 314 °C.

When solving this problem we will not avoid guessing. This does not mean that we can’t guess wisely.
In total, there are six possible circuits. We will guess that the purely parallel and the purely serial wiring has
the smallest and the largest resistance, respectively. These have following resistances

RiR,

= and 2R, + R,, 21.1
R, + 2R, P (2L.1)

where R, is the resistance of two identical resistors and R, is the resistance of the third resistor.

But if we consider that the smallest and the largest resistance is 50 Q) and 245 ), we get a system of two
equations that has no solution. This means that the value we are missing must be just the smallest or the
largest. So we need to guess which circuit corresponds to the second smallest, or the second largest resistance,
respectively.

Firstly, we can notice that the resistors in parallel always have lower resistance, than the individual resistors,
and when connected in series higher resistance. In the case of two parallel branches, the resulting resistance
is always lower than the resistances in the individual branches. In the case of a series connection, the result-
ing resistance is higher than the individual resistors connected in series. This allows us to assume that the
smaller resistances correspond to parallel wiring and larger resistances to serial wiring, reducing the number
of possibilities we need to explore.
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Next, we note that since parallel wiring reduces resistance, it is not worth including small resistors, when
maximalizing resistance. Thus, if two identical resistors have less resistance than the third one, it can be
assumed that the parallel connection of two identical resistors and the third in series with them will have the
second largest resistance.

In addition, we can note that if one branch of the parallel wiring has significantly more resistance than the
other, the current will mostly flow through the branch with lesser resistance, which puts up little resistance.
In the limiting case, when the resistance of this branch goes to zero, current can flow through the circuit with
virtually no resistance and no current flows through the other branch. On this basis, it can be concluded
that if two equal resistors have more resistance than the third one, a series connection of a pair of identical
resistors in one branch and to them in parallel a smaller resistance will have the second smallest resistance.

This reduced the number of cases we have to examine to four:

o If the smallest resistance is missing, the largest resistance corresponds to the series circuit of all three
resistors. Then, the missing resistance corresponds to the parallel circuit of all three resistors.

- If the same resistors have lower resistance than the third, the two identical resistors in parallel and
the third in series corresponds to the second largest resistance.

- If the same resistors have resistance greater than the third, the two identical resistors in series in
one branch and a third in parallel to them corresponds to the smallest known resistance’.

« In the absence of the largest resistance, the smallest resistance corresponds to the parallel wiring of all
three resistors. Then the missing resistance corresponds to the three resistors in series.

- If the same resistors have smaller resistance than the third, two identical resistors in parallel and
the third in series corresponds to the largest known resistance®.

- If the identical resistors have greater resistance than the third, two identical resistors in series on
one branch and the third in parallel to them corresponds to the second smallest resistance.

Let us explore these possibilities. Doing so, we may notice that the largest resistance on the list is signifi-
cantly larger than the next two resistances on the list. Therefore, we may assume that the largest resistance
corresponds to the serial connection of all three resistors, and that the next two resistances correspond to the
circuits in which one resistor is serially connected to a couple of two resistors conected in parallel. Thus, let
us start with the first two options.

We already know the resistance of all three resistors in series. The resistance of identical resistors R, in parallel
and R; in series has a resistance 4! + R;. Solving this system of two equations gives the resistances R; = 70 Q
and R, =105 Q. We can easily verify that the remaining resistances from the problem correspond to one of
the circuits with such resistors. We do not need to investigate other possibilities — we have already found the
solution.

The missing resistance corresponds to all three resistors in parallel, i.e. 26,25 Q).

First we have to decide which strategy to use when covering the window with foil. Apparently, we will
be able to cover the entire window twice and still have some foil left over. Using the remaining foil, we will

3The resistance of a parallel connection of all three resistors, which certainly has a smaller resistance, is unknown
“Resistance of series wiring of all three resistors, which certainly has the greater resistance, is unknown
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achieve the greatest filtering effect if we cover that area of the window surface which has the smallest number
of layers covering it so far. That means, we will try to cover the entire window as uniformly as possible.

The surface of the foil is 1,5 m?, the surface of the window is S = 0,64 m?2. To cover the entire window twice,
we will use 1,28 m? of foil and will have 0,22 m? = S; of foil left over. That means that the surface S; will be
covered three times and the surface S, = § — S; = 0,42 m? will be covered twice.

How much power will pass through multiple layers of foil can be easily calculated. Each layer will allow 80 %
of incident light to pass through. It then follows that two layers will allow a, = 80 % - 80 % = 64 % and three
layers of foil will allow a3 = 80 % - 64 % = 51,2 % of light to pass through.

Knowing the area covered by two and three layers respectively, the total power passing through the entire
window can be calculated as

P' = (028, + a383)P = (0,64 - 0,42 m* + 0,512+ 0,22 m?) - 1366 W/m? = 521 W. (22.1)

Let Lucy have zero potential energy and some kinetic energy at the moment she leaves the ground.
At the highest point of the jump, at height h, she stops momentarily, so she only has potential energy mgh,
where m is Lucy’s mass. This means that her kinetic energy at the start of the jump is equal to mgh, because
the law of conservation of mechanical energy holds during the jump.

If Lucy wants to jump off the asteroid, she has to reach the infinity. Here, we can no longer use the relation
for the potential energy in a homogeneous gravitational field as we did for the jump on the Earth. Instead,
we have to take into account the radial field of the asteroid. In the limiting case, when the asteroid has the
largest possible mass for Lucy to jump off, Lucy arrives at infinity and stops there after an infinitely long time.
Lucy’s potential energy at the surface of the asteroid is — 3™, where M is the mass of the asteroid and R is
its radius. At the start of the jump she gains kinetic energy equal to mgh. At infinity, Lucy stops moving and
her potential energy is zero. Due to the conservation of energy, the sum of the kinetic and potential energy
at the moment of lift-off is equal to the sum of the kinetic and potential energy at infinity,

M
mgh—GTm:O+0. (23.1)

From here we can express the mass of the asteroid in the limiting case,

M = R;gh, (23.2)
G

and then the density as

M _ 3gh
=

—2°__ ~ 5618 kg/m°.
47R2G g/m

p:

Let us denote the mass of the Sun as My and the mass of the Earth as Mg, Their mutual distance is R.
Both of these objects revolve around the common centre of mass with some angular velocity. First, we will
need to find the centre of mass. Let us denote the distance between the Sun and the centre of mass as r. Then

Mer = Mg(R-71) (24.1)
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which yields
M
r=—2_R
Mg + Mg
The Sun revolves around the centre of mass on a circular orbit with radius r and speed v. After realising that
this is caused by the gravitational force we get

(24.2)

v? MoMg
Me— =G . 24.3
ot = G2 (24.3)
Now it is enough to plug in the radius r from the equation 24.2 and to express v. We obtain
M2
v=4|G—""V-—, (24.4)
R(Mg + Mo)

which after evaluation yields v ~ 9 cm/s.

When the Sun moves perpendicular to the line connecting the barycentre and the alien observer, its radial
velocity is zero. If it moves towards of away from the observer, its radial velocity is +v. Therefore v is exactly
the amplitude of the radial velocity of the Sun.

In plotting the forces acting on the plate and the schnitzel, we come across the main non-trivial idea
of the problem. What is the relative acceleration of the plate and the schnitzel? In fact, the schnitzel has a
greater or equal acceleration than the plate, a reason we will now discuss. Consider the situation where fj, the
coefficient of shear friction between the plate and the table, is zero. In that case, the plate and the schnitzel
will move with acceleration g sin a. Thus, their relative acceleration will be zero and the schnitzel will not
move relative to the plate.

Let’s put this situation in the horizontal direction. Nothing will move. If we add a force to represent the
frictional shear force between the plate and the table (F;), that is the force that acts only on the plate, we can
easily see that the schnitzel will want to stay in place relative to the table. Therefore, the plate (T') will exert
a frictional force on the schnitzel, which will prevent it from staying still. T will cause no more acceleration
than F, causes. We can see that the schnitzel will go down faster than the plate.

2mg

25.1. Abra: Sketch of the forces acting on the plate and the schnitzel.
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From the image we can see all the forces and we can write the equations of motion for the plate,
2ma =2mgsina — (2m + m)g ficosa + mg f, cos a, (25.1)

where f; is the coefficient of shear friction between the plate and the schnitzel.

The first term on the right-hand side of the equation 25.1 represents the component of the gravitational force
that moves the plate down the table, the second represents the shear frictional force between the plate and
the table (for a mass of 3m, because the top of the plate also pushes on the schnitzel) and the third term is
the reaction force to the shear friction force between the schnitzel and the plate.

After adding the values and expressing a, we get the resulting acceleration of the plate a ~ 1,08 m/s?.

Jelolje € a keletkez6 kettds rugd hosszat. Az elsé rugoét ebben az allapotban k¢ erd fesziti, a masodik,
vékonyabb rugé pedig K(L — €) er6vel van 6sszenyomva. Ez a két erd egyenld kell, hogy legyen, vagyis

KL
k+K’

ke=K(L-¢) = ¢= (26.1)

Most képzeljiik el, hogy a két rugé altal alkotott rendszert megnyujtjuk A€ tavolsagra, vagyis a teljes hosszu-
saga £ + AL lesz. Mekkora a most fellépd er6? Az elsé rugdban k(€ + Af) erd ébred a megnyulds hatdsara, a
masodik rugd K(L — € — A¢) er6vel van 6sszenyomva. Ez a két eré egymadssal ellentétes iranyu, vagyis ki kell
6ket vonnunk egymasbol. Az eredé erd eszerint

F=k(€+Al)-K(L-£-Ab). (26.2)

Végezetill, a 26.1 egyenletet kihasznalva az el6z6 egyenletet a
F=(K+k)Ae (26.3)

alakra tudjuk egyszertsiteni. Ebb6l mar lathaté, hogy a rendszer kozos merevségi tényezdje k + K.

Obviously, we will use physical quantities given in the problem statement. Let the guitar string frequ-
ency be

f~ F*MPL¢ for some a, b, c € R. (27.1)

We did not write the equal sign because we are not interested in numerical constants. Those are not de-
terminable by dimensional analysis. Values of a, b, c are to be determined so that the product of physical
quantities in 27.1 has dimension of frequency, that is s™!. Apart from that, newton expressed in SI base units
iskg-m-s2.

The right side of the 27.1 in the language of dimensions is
(kg-m-s72)kg’m® = kg*’'m**<s72, (27.2)
which has to be of same dimension as frequency, so

s1= kg‘”bm“”s_za. (27.3)
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In order for this equality to be true, the exponent of each physical quantity has to be same on both sides of
the equation. A swift look shows that a = 1, which immediately leads to b = -3 and ¢ = —3. Thus, a guitar

string vibrates with frequency f ~ /-7

Fun fact, if we calculated it properly, the fundamental frequency of a guitar string is f = 1/ 7.

From the problem statement
N(m > M) =10°M, (28.1)
so for the number of earthquakes in the interval 4,0 — 4,9 we can write

N(3,95 < m < 4,95) = N(m > 3,95) — N(m > 4,95)

— 10(1*3,9517 _ 10(2*4,95b

(28.2)
=10 -107*%"(10" - 1)
“a (B,
where we introduced the notation 10% = « and 10° = f8. By analogy, for the interval 5,0 - 5,9 we have
N(4,95 < m < 5,95) = N(m > 4,95) - N(m > 5,95)
— 10a—4,95b _ 10a—5,9Sh
(28.3)
=10° 107> (10" - 1)
“a pEH(B D).
For the number of earthquakes with magnitude 5,0,
N(4,95<m <5,05) = N(m >4,95) - N(m > 5,05)
— 10a—4,95b _ 10u—5,05b
(28.4)
=10%. 10—4,95h(1 _ 10—0,1b)
—a- /—’774,95(1 _ /3—0,1).
When we divide 28.2 by 28.3, we get
N(3,95<m <495
B = ( m ). (28.5)
N(4,95 < m < 5,95)
Equation 28.2 moreover implies,
N(3,95<m <495
o fH95 = ( m ). (28.6)

p-1
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For the number of earthquakes we are looking for, we get

1- -0,1
N (4,95 < m < 5,05) = N(3,95 < m < 4,95) - /3/5 — (28.7)

After evaluation with given values from the problem statement N (4,95 < m < 5,05) » 170.

The heating station heats the school with its thermal power. We need to find how many joules per
second are transferred from the mysterious liquid in the radiators to the air in the building. If the liquid
changes its temperature by AT, its volume changes by V8 AT, where Vj is its original volume and S is
volumetric coeflicient of thermal expansion.”

The change of temperature is thus
AV
AT = ——, (29.1)
Vo

The heat transferred from the liquid to the building is simply
Q =mcAT, (29.2)

where m is mass of the mysterious liquid and c is its specific heat capacity. The liquid has the same density
as water, so the outgoing 9,9 1 per second weigh m = 9,9 kg. After plugging this into 29.2, we find out that
Q ~ 2,2 MJ. Since this heat is dissipated in one second, the power of the heat station is 2,2 MW.

Let us first note that if Patrick with mass m is suspended from a spring with a stiffness k, then its
extension will be

AL = %. (30.1)

If Patrick is suspended by the centre of the spring as in the problem, he will be suspended by height d, see
figure 30.1. We can split the whole spring in half into two springs of stiffness 2k. The rest length of each is £

and the actual length of each is \/ (%)2 +d>.

2k 2k

F F
Y

mg

30.1. Abra: Geometry of a suspended Patrick

>This relationship is in fact exponential, but as the change in temperature is small we can use a linear approximation.
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The force F that each of the springs exerts on Patrick is then

F=2k(\/L—2+d2—£). (30.2)
4 2

In order for Patrick to be in equilibrium, the forces from the springs must balance with the gravitational
force. Thus, the equation

mg =2F cosa (30.3)
must hold, where we can see from the geometry that
d
CoSQ = ———. (30.4)
L2 + dz

4

When we substitute the force F and cos a to the equations 30.2, 30.3, we get
[L? L d
mg =4k —+d? - - | V. 30.5
¢ ( 4 2 ) I+ d? 09
4

We now divide this equation by the stiffness k and use the equation 30.1,

L2 L d
AL = 4 \/—+d2——)—
( 4 2 \/%4+d2

(30.6)
—4Ld = /1 + 4d*(AL - 4d)
and we square this to get rid of the square root
(L? +4d*)(AL - 4d)* = 16L%d*, (30.7)
Now we get a quartic equation
L*AL*-8L*ALd + 4 AL*d* - 32 ALd® + 64d* = 0 (30.8)

with an unknown length d. This one is quite difficult to solve analytically, but after plugging in all numerical
constants L =1 m and AL = 2 m, we can solve it numerically.

The simplest way to find the root of the equation numerically is by binary search. Let us denote the left-hand
side of the equation 30.8 as a function f(d). First, we guess some values for d and evaluate f(d). We get

f(0)=4, f(1/2)=-4 and f(1)=4. (30.9)

From the signs of these results, it follows that one root will lie in the interval 0 - 0,5 m and the other in
the interval 0,5 - 1 m. Next, we proceed by dividing these intervals in half and, according to the sign of the
function f(d), narrow the interval each time until we reach the desired precision.
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We get two roots, d = 0,2655 m and d = 0,9416 m. However, after plugging it back into the equation 30.6, we
find, that the first of the solutions does not satisfy the equation. Thus, this solution is not physically correct
and was generated in step, where we have made a square from equation 30.6. Thus, the height by which
Patrick suspends is d ~ 0,94 m.

Electrically charged particles are subject to both electric and magnetic forces. Whilst electric fields
simply act repulsively or attractively, analogous to gravity, magnetic fields have a more complex effect, which
is described by the equation

F =q7 x B. (31.1)

Let us describe the situation in cartesian coordinates. Let us say the electron comes in the positive x direc-
tion and the magnetic field everywhere is in the negative z direction (a common convention). Then, at the
moment the magnetic field is turned on, the force on the electron acts in the positive y direction. As the traj-
ectory of the electron curves towards the positive y direction, the direction of the force rotates simultaneously
so that it is always perpendicular to both the instantaneous velocity and the magnetic field.

As the z-component of the electron’s velocity is initially zero and the z-component of the force must be always
zero, the electron is trapped in the xy plane. And since the force is always perpendicular to the electron’s
velocity, the velocity’s magnitude will stay constant, only its direction changes, and that at a constant rate
(since no quantity in the force law changes magnitude). Therefore, the electron moves in a circle.

@ B®

31.1. Abra: The electron’s trajectory

Since the direction of the motion is always perpendicular to the magnetic field, we can express the magnitude
of F by changing the cross product in 31.1 to a simple multiplication of v and B. Since this is the force causing
the circular motion, we can equate it with the expression for centripetal acceleration and isolate R,

2
me% = ¢.VB,
(31.2)
m.v
R = .
q.B

This is called Larmor radius. We are interested in the time it takes the electron to traverse a quarter of the
orbit’s circumference, with this segment having the length of ZR. This time is then
s T my M,

t=—R= = .
2y 2vq.B 2q.B

(31.3)
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We know all the quantities in this formula - elementary charge, electron mass, strength of the magnetic field
— hence we obtain t ~ 1 ns.

If we denote the mass of the balloon as M, then F = Vpg — Mg, where p is the density of water.
Similarly, the force that the balloon eventually exerts on the bottom is F’ = Mg — V'pg, since water is in-
compressible and, therefore, does not change its density. The problem states that the compression of the
balloon is isothermal, so pV = p’V'. It remains for us to find the values of the pressure. Initially the balloon
is at atmospheric pressure p = p,um, since the water pressure acts on the balloon in the same way as on the
piston. At the bottom, however, the pressure is increased due to the loaded piston mg/S, and secondly by
the column of water above the balloon. So for V' we get

PamV = P'V' = (pam + mg/[S + hpg) V'’

Dan (32.1)
V' = 1%
Pam + mg[S + hpg
This result has to be substituted into the relation for F’ to get
%4
F’:Mg—V’pg:(V—V’)pg—F=%—Fm0,126N. (32.2)
m/[S+hp

The card at the bottom is our first card. If we want to lift it up a tiny bit, the total torque acting on that
card must be zero with respect to the axis of rotation. That is in our case the edge of the card that is below all
the other cards,

1
Fe=_mge+ (£~ AOF, (33.1)

where F is the force that Justine exerts on the card and F, is the force that the second card (and all the other
cards through it) exerts on the first card.
1
mgl lFl

33.1. Abra: Forces acting on cards

For an infinite number of cards, we can assume that F = F,. If, in fact, Justine removes the first card, there
are still infinitely many cards she needs to lift up. With this assumption, we use the equation 33.1 to get

14
F=8 (33.2)
2AL
We shall consider the situation first in the non-inertial frame of reference with the observer in the

axis of rotation in the roundabout’s centre, rotating with the roundabout. In this frame of reference, the
roundabout is motionless. There is a fictitious centrifugal force acting on Snow White given by F, = mw?r
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which she has to fight against to climb to the centre. Since Snow White does work, the total energy of the
system is not conserved. However, since this force is purely radial, it has zero torque.

As Snow White starts moving, there is a second fictitious force at play: Coriolis force. This has the magnitude
of F, = 2mwv,, where v, is the component of Snow White’s velocity perpendicular to the axis of rotation. This
force is perpendicular to both the axis of rotation and v, so it has nonzero torque. As Snow White climbs to
the centre, she exerts a torque on the roundabout, transferring her angular momentum to the seven dwarves.
As we've shown, the energy of the system isn't conserved, but the angular momentum is - this is clear when
we look at it in an inertial frame of reference, since there is only one external force acting on the roundabout,
and that is the force the ground exerts on the axle to hold it in place, which clearly has zero torque.

Since Snow White’s angular momentum will be zero at the end of the manoeuvre, by equating the initial and
final angular momentum we obtain

(m +7m;)wyr* = 7m,w,r?, (34.1)

where m; is Snow White’s mass, m_t$ is the mass of one dwarf, w; is the initial angular velocity and w; is the
final angular velocity.

We are given that w; = 2w,, which yields (m, + 7m;) = 3 - 7m,. This gives us the mass of one dwarf,

m, = éms =16 kg. (34.2)

Let us displace the disc from its equilibrium position by a distance Ax. The pressure in the compressed
chamber of the cylinder before its base gets torn off will then increase by Ap(Ax) and in the other chamber
pressure drops by the same amount®. Therefore a force with magnitude F,(Ax) = 2 Ap(Ax)S acts on the disc
in an attempt to move the disc back into its equilibrium position (in the middle of the cylinder). In the small
displacement approximation, the function Ap(Ax) is linear.

In the cylinder with its base missing, the displacement of the disc by Ax from its equilibrium (which is still
in the middle of the cylinder) causes the same difference in pressure Ap(Ax) in the undisturbed chamber,
but no difference in the other chamber. The force acting on the disc is now only

Fy(Ax) = Ap(Ax)S = %Fl(Ax). (35.1)

This setup is in the first case equivalent to the disc being connected to a spring with appropriate stiffness k;
and the other case is equivalent to the disc being connected to a spring with stiffness k, = 1k;. The period
of small oscillations of a mass on a spring is T = 271\/% with m being the mass of the disc and k being the
spring stiffness, which means that the unknown ratio of the periods is

2m\/ =
Ve R V2 (35.2)

BN

SAll of this is true only in the case of small displacements, because then the pressure as a function of displacement can be
linearised.
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How does the wheel accelerate after falling on the ground? Well, if the wheel has mass m, it’s pressed
onto the ground by gravitational force of size mg. Also, to the floor it seems as if the wheel is moving -
since it’s rotating with angular velocity w, at the point of contact its surface moves at cross-radial velocity
of Rw, relative to both the wheel’s centre of mass and the ground, where R = 2,5 m is the wheel’s radius.
This means there will be friction acting on the wheel at the point of contact with magnitude fmg (where f
is the coefficient of friction) in the direction parallel to the ground and opposing the wheels rotation. The
wheel’s centre of mass will begin linearly accelerating along the ground with its transverse velocity given by
vi(t) = at = fgt, but the friction also exerts torque that linearly decelerates the wheel’s rotation, so that its
angular velocity is given by

fmgR

w(t) = wo— i

t, (36.1)

where I is the moment of inertia of the wheel.

Friction, of course, doesn't act indefinitely - it will cease the moment the wheel stops slipping. This occurs
once the cross-radial velocity at the surface Rw(t) equals the translational velocity v,(t), and the wheel
reaches a stable rolling motion. Let’s find the time ¢, at which this occurs:

fmgR
I

R(U()
tv) =fgty = t=—F—o~. (36.2)
fe(1+ )

R(CU() -

The final translational velocity of the wheel is then simply

R(()()

mR2 *
1

vy = v (t,) = fgt, = (36.3)

1+

This is a known variable: what we want to find is the hamster’s running speed before the breakage v, which
is simply equal to the initial cross-radial velocity Rw,

R2
v, = Rwy = vv(l + mI ) (36.4)

We see that we still need to find the mass and the moment of inertia of the wheel. These can be found by
linearly superimposing the properties of each metallic component. The moments of inertia of the 50 small
rods on the circumference and circular hoops are trivial to calculate: they all lie at the same distance from the
axis of rotation, and even if we cut them up into tiny parts, each part is at distance R from the axis of rotation.
Therefore, their total moment of inertia is 50AAR? + 2A(27R) R?, where A is the length of each small rod.

The two diametral rods are more tricky. Each has mass 2R\, and in literature we can find that the moment of
inertia of a rod of length X and mass M rotating about an axis passing through its centre and perpendicular
to the rod itself is 5 MX2.

We have X = 2R and by substituting the mass we find that each diametral rod has moment of inertia of 2AR®.
Hence the total moment of inertia of the wheel is

1:AR{5&4+(4n+§)R> (36.5)
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We swiftly express the wheel’s mass from its dimensions and linear density as
m = A(50A + (47 + 4)R), (36.6)

hence the hamster’s running speed is equal to

( 50A + (47 + 4)R
ve=v,| 1+

= 2,1l m/s. (36.7)
50A+(4n+§)R) /

At first glance, it may seem that the satellite would leave the Sun’s gravity field. However, if the force is
sufficiently small, the satellite will still be bound to the Sun. Its trajectory will not be a conic section anymore
but it will remain on some curve which will have a point with maximal radial distance from the Sun. We are
looking for force F so that the maximum will be in radial distance of 2R from the Sun.

Before the engines started firing, the satellite was orbiting the Sun on a circular trajectory with radius R with

speed of vy = \/@ . After the engines started firing, the trajectory changed but the law of conservation of
angular momentum still holds since the force F has only radial component. Let us denote v the speed of the
satellite in distance 2R. As this is the furthermost point from the Sun on the trajectory, the line joining the
Sun and the satellite is perpendicular to its velocity. Therefore, we can write

voR = v2R (37.1)
and thus

—_—. (37.2)

Next, we use the law of conservation of energy. We must be careful, since the force F does work, too. We
divide the trajectory into many small pieces A's” and calculate the work done AW = F-AT by the force on
the piece, and then sum all AW. If we decompose A5 into radial and transversal component, the dot product
can be calculated as product of magnitude of the force F and magnitude of As as a result of properties of
dot product. Therefore, the total work done by the engines from the start of their firing to the moment when
the satellite reaches distance 2R from the Sun is equal to FR (the heliocentric distance of the satellite changes
by R). Thusly, the law of conservation of energy can be written as

1 Mm 1

M
—mvg - G—— v - G2 _FR. (37.3)
2 R 2 2R

Initial velocity is vy = /2! and velocity in the distance 2R is expressed in 37.2. Now we simply solve for F.

The result is
B 1GMm

F=2=
8 R?

(37.4)

We need to realise what forces act on the golden sheet. Firstly, we have the gravitational force given by
the Newton’s gravitational law. Secondly, the reflected photons transfer momentum to the sheet. We use the
L where Ap is the difference in momentum. The difference

alternate form of the Newton’s second law F = %,
in momentum of the photons that are reflected during a time At from the sheet is Ap = £, where E is the
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energy incident on the sheet. The photons hit the sheet perpendicularly” and after reflection, they have an
equal momentum in the opposite direction. Therefore the difference in momentum is doubled.

If the star radiates some energy E,, the sheet, which is located in distance D, reflects

E--A g (38.1)
C 4gD?7 '
where A is the unknown area of the sheet.
The radiated energy can be determined from the Stefan-Boltzmann law for black body radiation as
E.=PAt=0T*S At = cT*47R* At. (38.2)
The force exerted by the radiation must be equal to the gravitational force. This yields the equation
GM A 2E  2A0T*4nR?
m_2op_ b A0l W (38.3)
D? At cAt 4nD%c
from where
_ GMmc (38.4)
~ 20T4R? '

Noticeably, the area density does not depend on the distance from the star. This is an expected result, because
both forces are proportional to D=2

This problem, as is usual in special relativity, can be approached in two ways: rigorously or with a trick.
Let us denote the flight time of the journey’s duration as 7 = 2600 000 years and the distance between galaxy
M31 and the Earth as D = ¢t = 2600 000 light-years.

Rigorous approach

Let us consider the situation in two reference frames, writing down the spacetime coordinates of the Earth
and galaxy M31 in each. In the Earth’s frame of reference let the Earth be at f = 0, x = 0. Then, galaxy M31
isat t = tg,x = D, where D is the given distance and ¢; = %, where v is the traveller’s velocity which we want
to find. In the traveller’s reference frame, these coordinates change under a Lorentz transform. The Earth is
stillat ¢’ = 0, x’ = 0, but galaxy M31 is now at

D
t’:y(t—vc—z), x"=y(D-vt), (39.1)

-1/2
where y = (1 - ‘;—;) / is the Lorentz factor.

Since in this second reference frame the traveller is stationary, the difference of the time coordinates of the
Earth and galaxy M31 (equal to t’) is also the proper (and flight) time which the traveller measures as the
duration of the journey — hence ¢’ = 7. Let us substitute the derived expression for t and express the traveller’s

7we know this because D > R
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velocity

v 2 v c?
D v c?
P ="\|Z2_r (39.2)
-z ”
c
V =
c272
1+ 5r

But since 7 is simply the inverse of the speed of light ¢! (this is how these quantities were given — we could
have specified a different value of 7 and the solution would be different), hence

(39.3)

Trick approach

Since we are interested in the flight time, which is the traveller’s proper time, let us imagine we are aboard
the travelling spaceship and consider which relativistic effects we observe. Clocks moving relative to us slow
down, but that is not of interest to us. Moreover, the distances between points moving relative to us shorten
by the Lorentz factor — and this is the effect that causes us to measure a shorter duration of our journey.

So if we move at the velocity v, the observed distance to our destination is Dy = Dy/1 - ‘;—j and the journey

duration is 7 = 2. And since we are given 7 = 2, we find

DV1-% D (39.4)

v C

From this it is trivial to express the expected result we found in 39.3.

Let us consider a wall of thickness A, area S, and thermal conductivity A. If we maintain its faces at
temperatures f; and t,, respectively, a heat flow

P= %(tz - tl) (401)

will be present.

To simplify matters, let us define coefficient 25/n = X. Now, let us look at a wall with two layers with coeffi-
cients Xj a X,, respectively. Continuity demands that

P:XZ(tz—t) =X1(t—t1), (402)
where ¢ is the temperature of the inter-layer interface. This temperature can be computed as

Xit
fo A 1+X2t2’ (40.3)
X1+ X,
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and we can write an equation for the heat flow
=——(th—t). (40.4)

We can observe that a composite coefficient can be defined as

XX
Xy = # (405)
X1+ X,
With these preparations, we are ready to tackle the task itself.
Before styrofoam installation, the heat flow from Bob to neighbour was
Xfloor X ceilin
e (tBob - tneighbour) = Xfloor + ceiling(tBob - tneighbour)- (406)

Xiloor + Xceiling

If we neglect neighbour’s personal heat production, this heat flow is balanced with losses going outdoors

P=X (tneighbour - toutdoors)’ (40.7)

where X is (for now) unknown coefficient describing heat losses to outdoors. With vital help of two equations
above, we can determine it as
fBob — tneighbour

X = Xfloor + ceiling (408)

neighbour — foutdoors

After insulation, the coeflicient describing heat flow between Bob’s place and his neighbour becomes

Xiloor + ceilinngtyrofoam
Xioor + ceiling + styrofoam = . (40.9)
Xiloor + ceiling Xstyrofoam

Once again, the flow from Bob to neighbour is balanced with the losses, so

! /
Xﬂoor + ceiling + styrofoam ( tBob — tneighbour) =X ( tneighbour - toutdoors) (40 1 O)

Now, we can simply write

¢ _ Xtoutdoors + Xfloor + ceiling + styrofoam fBob

neighbour

(40.11)
X + Xfioor + ceiling + styrofoam

We can evaluate this result as 0,625 °C.
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