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Dear readers,

in your hands you are holding the booklet of the 26 volume of Néboj 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 Brati-
slava, Kosice, Prague, Ostrava, Budapest, Gdansk 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: Pa-
trik Rusnak (Bratislava), Marian Kire$ (Kosice), Jakub Kliment (Prague), Lenka Plachtova (Ostrava), Agnes
Kis-Téth (Budapest), Brygida Mielewska and Kamil Zmudziniski (Gdansk) and José Francisco Romero Gar-
cia (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 Naboj 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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Problemy

II| W poblizu domu Adama trwa przebudowa wodociagu. Kiedy Adam przechodzit obok spracowanych
robotnikéw, zauwazyl interesujacg siec rur i zbiornikéw na wode, jak pokazano ponizej. Robotnicy rozpoczeli
napelnianie sieci woda. Ile zbiornikéw wypelni si¢ woda natychmiast po catkowitym napelnieniu zbiornika

oznaczonego gwiazdka?
K
Enn
! :Dq_
-

Janek Srednicki ma 100 000 wlosow, z ktorych kazdy roénie o 15 cm na rok. O ile zmienia si¢ calkowita
dlugos¢ wlosow Janka w ciggu jednego dnia?

Tomek wiaczyl telewizor i dostroil sie¢ do transmisji na Zzywo ze Stanéw Zjednoczonych. Komenta-
tor sportowy zauwazyl, ze poruszajac si¢ z predkoscig 200 mil na godzine mozna pokona¢ dltugos¢ jednego
boiska do futbolu amerykanskiego w sekunde. Tomek byl pod wielkim wrazeniem pomystowoséci amerykan-
skiego systemu jednostek, przynajmniej do czasu, gdy sam sprawdzil i odkryl, ze komentator mylit si¢. O ile
boisk pilkarskich na sekunde pomylit si¢ komentator?

Boisko do futbolu amerykanskiego ma dtugos¢ 120 jardéw, a jedna mila to 1760 jardow.

[ 4 | Nawet firma Ziggo & Marinelli, wiodacy producent mielonych ciastek, nie pozostata obojetna na in-
flacje. W odroéznieniu od konkurencji nie podniosta cen swoich produktéw; po prostu przeprojektowata
ksztalt pojemnika. Nowy pojemnik ma ksztalt wydrazonego cylindra o promieniu 10 cm i wysokosci 16 cm,
natomiast Srodkowa okragla cze$¢ podstawy o promieniu 5 cm jest podniesiona o 10 cm. Jaka jest gestos¢
mieszanki mielonych ciastek, jesli cale opakowanie wazy 350 g a pusty pojemnik wazy 40 g?

16 cm 16 cm

10 cm

5cm

10 cm

10 cm
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Jurek tak bardzo kocha bieganie, ze kupit nawet smartwatch. Po miesigcu intensywnego uzytkowania,
jego zegarek pogratulowal mu osiggniecia predkosci biegowej 17 km/h. Ale teraz na zewnatrz pada deszcz
i Jurek musi biega¢ na biezni o dlugosci 2 m. Nastawit predko$¢ biezni na 5 m/s i zaczal biec dokladnie na
jej $rodku. Po jakim czasie Jurek spadnie z biezni?

| 6 | Rewolwerowiec Seba stoi na srodku rynku w miasteczku na Dzikim Zachodzie. Jednak jego rado$¢
ze zblizajacego si¢ potudnia psuje fakt, ze powoli osacza go grupa lokalséw. Jego ucieczka zalezy teraz od
skutecznego odwrocenia ich uwagi. Na szczescie, po wczorajszej balandze, na rynku znajduje si¢ ogromna
katuza fatwopalnej whisky.

Seba strzela ze swojego niezawodnego rewolweru w miejsce oznaczone krzyzykiem. Whisky natychmiast
zapala sie, a plomienie rozprzestrzeniajg sie z szybko$cia 2 m/s. Ile czasu zajmie zapalenie sie catej katuzy?

Kwadraty siatki majg dtugos¢ boku rowng 1 m.

Wings for life to bieg charytatywny, w ktérym obowiazuja nastepujace zasady: wszyscy zawodnicy na
calym $wiecie rozpoczynaja rywalizacj¢ w tym samym momencie. Pot godziny pdzniej za biegaczami zaczyna
jecha¢ specjalny samochdd ,,meta“ z szybkoscig 14 km/h i po kolejnych poéigodzinnych przedziatach czasu
natychmiast przyspiesza do wiekszej szybkosci. Jesli zawodnik zostanie doscigniety przez samocho6d, musi
zej$¢ z trasy.

Rekord trasy wynosi 92,14 km. Jak dtugo trwat bieg, jezeli szybko$¢ w pétgodzinnych segmentach wynosita
14, 15, 16, 17, 18, 22, 26, 30 i 34 km/h? Po osiggnieciu 34 km/h samochdd juz nie przyspiesza.

Podaj sume liczb wszystkich prawdziwych stwierdzen:

1 Zwykle wylgczniki automatyczne w mieszkaniach maja prad znamionowy o wartosci nominalnej
okoto 150 A.
Ogniwa galwaniczne sg zrodtami pradu statego.
Pomiedzy izolatorami moga wystepowac sity elektryczne.
Opér przewodnikow elektrycznych zmniejsza si¢, gdy ich temperatura ro$nie.
16 Kulomb jest wymiarowo rownowazny amperowi na sekunde.
32 Prady o natezeniu mniejszym niz 1 A nie s niebezpieczne dla cztowieka.
64 Na opornikach polaczonych réwnolegle mozemy odczytaé rdézne napigcia.
128 Pomimo tego, ze gniazdka sieciowe dostarczajg prad zmienny, czajniki elektryczne dzialajg
réwniez na prad staly.

e B N \S)
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[ 9| Po ostatniej wizycie w mieszkaniu Adama, Ewa przysiegla, Ze pod jego nieobecnos¢ odmaluje jego
pokdj. Kupita pieciolitrowe wiadro z farbg, pokryte réznymi napisami: oprocz zdjeé réwnin arktycznych
i niejasnych zapewnien o niewyobrazalnej bieli, na wiadrze znajduje si¢ takze waga zawartosci, 7,5 kg, oraz
odwazne zalecenie, aby farbe rozcienczy¢ w odpowiednich proporcjach: 0,5 kg wody na 1 kg farby.

Ewa jest zbyt leniwa, zeby siegna¢ po wage kuchenng i wolalaby uzywac chochli. W jakim stosunku objeto-
$ciowym powinna rozcienczy¢ farbe woda?

Podaj stosunek objetosci farby do objetosci wody.

Jak informuja nas kiepskie przeboje letnich dyskotek, wysoce wskazana jest troska o dobre nawadnianie
sie i schtadzanie podczas upaléw. Justyna przygotowuje pyszny napdj o nazwie Buziak Babuni, serwowany
w temperaturze 7 °C. Niestety, woda z kranu ma temperature 20 °C, wigc aby ja schlodzi¢ Justyna wrzucita
bryle lodu o masie 1 kg i temperaturze 0 °C.

Jaka objetos¢ wody o wymaganej temperaturze uda sie jej wyprodukowa¢ tym sposobem?

Dla dobra nauki Sara i Mateusz postanowili na wlasnej skdrze doswiadczy¢ stanu niewazkosci. Plano-
wali skoczy¢ z balonu na ogrzane powietrze. Kiedy osiagneli wysoko$¢ 200 metréw, Mateusz podekscyto-
wany wyskoczyt za burte. Dopiero po 3 sekundach Sara zauwazyla, ze zapomnial spadochronu i krzykneta
z przerazenia. Na jakiej wysokosci byl Mateusz, kiedy uslyszal jej krzyk?

Balon traktujemy jako nieruchomy przez caly czas. Opdznienie spowodowane oporem powietrza jest pomijalne.

Wzielismy trzy identyczne oporniki i zmierzyli§my ich rezystancje zaréwno w polaczeniu szeregowym,
jak i réwnoleglym. Wyniki r6znily sie o 8 Q. Jaki jest opdr zastepczy uktadu przedstawionego na rysunku?

{1+

—

Strazak Wojtek zjezdza po linie z wysokiego budynku. Wtasnie dojechat do konica 30 m -owej liny. Jesli
teraz uzyje nog, aby z calej sily odepchnac¢ si¢ od $ciany, osiggnie maksymalng odleglos¢ pozioma wynoszaca
8,4 m od $ciany.

Jak wysoko Wojtek mégtby skoczy¢ pionowo w gore gdyby stal na plaskim podtozu?

Jakub jedzie autostrada z duzg predkoscig. Czuje wibracje pochodzace z jednego z kot i zaczyna sig
troche niepokoi¢. Wezmy na przyklad prosty wentyl opony, ktéry ma mase 10 g. Oblicz pozorng mase¢ wentyla
odczuwalnego przez opong, jesli znajduje si¢ on w odlegtosci 20 cm od osi obrotu, kiedy samochdd jedzie
z predkoscia 500 km/h. Zalézmy, ze odleglos¢ wentyla od osi obrotu jest znacznie wieksza niz jego odlegtosé
od zewnetrznej krawedzi kota.

Pozorna masa przedmiotu to masa, ktora wywieralaby takg samgq site na wage, gdy spoczywa ona na ziemi.
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Alicja jest na wakacjach. Przed jej apartamentem znajduje si¢ prostokatny basen o wymiarach a x b.
Kiedy Alicja zameldowala sie w hotelu, wlasciciel poinformowal jg, ze basen powinien by¢ przykryty na noc.
Niestety Alicja znalazta tylko okragla pokrywe o promieniu r < a, b.

Zdala sobie sprawe, Ze nie bedzie w stanie pokry¢ calego basenu, ale poniewaz jest osobg sumienng, nadal
chce przykry¢ jak najwigksza jego czes¢.

Jaka jest najwigksza mozliwa powierzchnia basenu, ktérg mozna przykry¢ bez wpadniecia pokrywy do ba-
senu?

Marcel ma juz licencje¢ kierowcy i pilota, a teraz chce mie¢ tez licencje kapitana statku. Musi jednak
zaczyna¢ od samego poczatku, wiec na razie pracuje jako operator dZzwigu w porcie. Poniewaz jest do$¢
bystry, szybko opracowal nowy sposéb podnoszenia konteneréw. Jego system do podnoszenia sklada sie
z lekkiego cylindra o promieniu 0,99 m wlozonego do nieco wigkszego cylindra o promieniu 1 m. Do §rodka
dna mniejszego cylindra zamocowany jest pret, ktory przechodzi on przez dno wigkszego i na jego koncu
znajduje sie hak podnoszacy pojemnik. Marcel wlewa teraz wode do przestrzeni pomiedzy cylindrami, az
pojemnik oderwie si¢ od ziemi. Ile potrzeba wody, aby podnie$¢ pojemnik o masie: 10 t?

Zignoruj lepkos¢ wody i wszelkie wycieki wokot preta. Masa cylindrow jest zaniedbywalna.

Irena wzigta dwa lustra i utworzyta miedzy nimi kat a. Nastepnie skierowala wigzke lasera pomiedzy
nimi, réwnolegle do jednego z luster. Wiazka odbita si¢ i wyszta z naroznika utowrzonego przez lustra w kie-
runku réwnolegtym do drugiego lustra.

Jakie s mozliwe katy miedzy zwierciadtami?
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Ostatnio energia elektryczna stala si¢ dos¢ kosztowna. Aby zaoszczedzi¢ pienigdze, Zarzad Kolei naka-
zal maszyniscie nie przyspiesza¢ zbyt mocno pod gore i stara¢ sie maksymalnie wykorzystywa¢ ped pociagu.
Dlugo$¢ pociagu wynosi 1000 m a jego masa 1000 t. Do jakiej minimalnej predkosci maszynista powinien
rozpedzi¢ swoj pociag ze stacji z lewej strony zdjecia, jezeli ma pokona¢ calg widoczng trase wykorzystujac
jedynie bezwladno$¢ pociagu?

Gestos¢ liniowa pociggu jest stata. Pomin sile tarcia i oporu powietrza. Skorzystaj z przyblizenia tan x ~ x dla
matych kgtow.

h/m
A

140 |

Po raz kolejny, rewolwerowiec Seba zostaje otoczony przez lokalséw na $rodku miejskiego rynku,
gdzie$ na Dzikim Zachodzie i planuje spektakularng ucieczke. Stoi w samym $rodku okraglej katuzy, bardzo
tatwopalnej whisky, o promieniu 5 m.

Pozostaly mu trzy strzaty, aby podpali¢ calg kaluze. Jaki jest minimalny czas potrzebny na wykonanie tego
zadania? Kazdy strzal z rewolweru moze podpali¢ katuz¢ w miejscu uderzenia, a ptomien rozprzestrzenia si¢
z predkoscig 2 m/s.

Seba ma najszybszq reke na catym Zachodzie. Czas miedzy poszczegdlnymi strzatami oraz czas lotu jego poci-
skéw mozna pomingc.

Pewnego mroznego zimowego dnia, Daniel znalazl dwa prawie identyczne metalowe paski o dtugosci
1 m i grubodci 1 mm , ktére kto$ zostawil obok kosza na $mieci. Jedyna réznicg miedzy tymi dwoma mate-
riatami jest ich wspdtczynnik rozszerzalnosci cieplnej, a konkretnie 8 - 10-> K1 i 10~* K~!. W temperaturze
0 °C, Daniel umiescit dwa metalowe paski obok siebie i zlutowat je ze soba.

W jakiej temperaturze ten bimetaliczny pasek przybierze ksztalt pierscienia?
Zatozmy, ze paski rozszerzajg sie tylko wzdtuz swojej najdtuzszej osi.
Karol znalazt na strychu trzy oporniki: dwa byty doktadnie takie same i jeden byt inny. Uzywajac

wszystkich trzech rezystoréw, skonstruowal pie¢ réznych obwoddéw elektrycznych o oporach zastepczych
50, 60, 112, 140 i 245 Q. Nie zdawat sobie jednak sprawy, Zze mozna zbudowac jeszcze jeden obwod.

Jaki bylby jego opor zastepczy?

Natezenie promieniowania stonecznego wynosi 1366 W/m?. Jednak Julii to nie cieszy: nie cierpi, gdy
na strychu robi si¢ za goraco i postanowila zastoni¢ okno specjalng folig odblaskowa, ktéra tylko przepuszcza
80 % padajacego $wiatla.
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Okno jest kwadratem o boku 80 cm. Julia kupita prostokatny kawalek folii o rozmiarach 1,5 mx1 m, pocigta go
na odpowiednio uksztaltowane kawalki i pokryla okno wielowarstwowo, nawet jesli oznaczalo to, ze niektore
obszary byly pokryte wigksza liczbg warstw niz inne. Jaka jest minimalna moc, ktéra teraz przejdzie przez
okno, jesli promienie stoneczne padaja prostopadle do plaszczyzny okna?

Atletka Lucja rozpoczeta treningi do skoku wzwyz. Obecnie jest w stanie skaka¢ z sitg wystarczajaca do
uniesienia jej Srodka masy o 1 m. Ale to jej nie wystarczy. Chcialaby poprawi¢ swéj rekord, skaczac na matej,
nierotujacej, kulistej asteroidzie o promieniu 2,5 km. Jaka jest maksymalna gestos¢ asteroidy, aby Lucja mogta
wyskoczy¢ prosto w gore i nigdy nie wrdcic?

Kosmitka Cathy otrzymata fundusze rzadowe, ktére pozwolily jej zbudowa¢ duzy teleskop. Teraz wy-
korzystuje go do poszukiwania planet w poblizu innych gwiazd. Gdyby spojrzata na przykltad na nasz Ukfad
Stoneczny, zauwazylaby, ze Stonce lekko si¢ chwieje w kierunku radialnym. Ruch sinusoidalny trwajacy je-
den rok wskazywaloby na istnienie naszej Ziemi, krazacej ze Stoncem wokdt wspélnego barycentrum.

Jaka jest amplituda skladowej radialnej predkosci Stonca, spowodowanej orbitowaniem Ziemi wokol niego?

Zignoruj wplywy innych planet. Rodzinna planeta Kosmitki Cathy znajduje si¢ w plaszczyZnie orbity Ziemi.

Adam cieszy sig, ze w koncu jest niedziela i na obiad zje schabowego z ziemniakami. Najgorsze jest to,
ze jego nogi sg na tyle dlugie, ze gdy siada, stof przechyla si¢ pod katem 30°. Talerz ze schabowym zaczyna sig¢
zsuwad, jak rdwniez schabowy na talerzu zaczyna si¢ zsuwaé. Wspoétczynnik tarcia miedzy stolem a talerzem
wynosi 0,4, a wspdlczynnik tarcia miedzy talerzem a sznyclem wynosi 0,3. Masa schabowego wynosi m,
a masa talerza 2m.

Jakie jest przyspieszenie talerza natychmiast po tym, jak Adam usigdzie?

Tomek wzigl sprezyne o wspdlczynniku sprezystosci k i zerowej dlugosci spoczynkowej oraz nieco
wezsza sprezyne o wspotczynniku K i dtugosci spoczynkowej L. Nastepnie umiescit druga sprezyne wewnatrz
pierwszej i zespawal ich odpowiednie konce.

Jaki jest wspolczynnik sprezystosci i dtugos¢ spoczynkowa powstalego obiektu?

Jesli trzeba szybko oszacowa¢ wartos$¢ jakiej$ wielkosci fizycznej, czesto korzystne jest zignorowanie
stalych liczbowych i okreslenie jedynie jej wymiaru. Oszacuj w ten sposéb czestotliwos¢ drgajacej struny
gitary, jesli jej masa wynosi M, dlugos¢ L, a naciag struny wynosi F.
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Jurek analizuje histogram przedstawiajacy liczbe trzgsien ziemi o danej sile (magnitudzie) w ciaggu roku.
Dane pogrupowano w odstepach o szerokosci 1. Wywnioskowal z tego, ze wystapito 6200 trzesien ziemi
o magnitudzie 4,0 — 4,9 i 800 trzesien ziemi o magnitudzie 5,0 - 5,9. Zastanowito go jednak, ile bylo trzgsien
ziemi o magnitudzie 5,0.

Jurek wie, ze liczba trzesien ziemi o sile co najmniej M opisana jest prawem Gutenberga-Richtera
N(m> M) =10,

gdzie a i b sg stalymi.

Na podstawie Jurka spostrzezen, oblicz interesujaca go liczbe trzgsien ziemi.

Site trzesienia ziemi zaokrggla sig do pierwszego miejsca po przecinku, co oznacza, ze liczba trzesien ziemi
o magnitudzie 5,0 w rzeczywistosci odnosi si¢ do liczby trzesien ziemi o doktadnej sile z przedziatu 4,95 < m <
5,05. Podobnie, zakres magnitudy 4,0 - 4,9 oznacza 3,95 < m < 4,95.

Daniel zauwazyl, ze co sekunde¢ kottownia zasila instalacje grzewcza budynku 10 | tajemniczej cieczy
o temperaturze 80 °C, ale tylko 9,9 1 schfodzonej cieczy wraca do kottowni.

Jaka jest moc cieptowni, jedli rurociag nie ma nieszczelno$ci? Tajemnicza ciecz w rurach ma gesto$¢ 1000 kg/m?
w miejscu powrotu do cieptowni, staly wspolczynnik objetosciowy rozszerzalnosci cieplnej 1,8 -10~* K™ a jej
ciepto wtasciwe wynosi 4000 J/(kg - K).

Kiedy Patryk przeprowadzit si¢ do nowego mieszkania, zabral ze sobg swdj przyrzad do ¢wiczen -
sprezyne o dlugosci spoczynkowej 1 m. Jesli przymocowalby jeden koniec sprezyny do sufitu i zawiesil si¢ na
jej drugim koncu, sprezyna rozciagnetaby sie dokladnie o 2 m.

Patryk zastanawia sie, jak daleko bylby od sufitu, gdyby zamocowat oba konce sprezyny do sufitu w odleglosci
ok 1 m i zawisl trzymajac za srodek sprezyny.

Wynik nalezy poda¢ z doktadnoscig do co najmniej dwdch cyfr znaczgcych. Zachgcamy do korzystania z kal-
kulatora.

Andrzej i Jakub strzelajg do siebie elektronami. Andrzej jest w trudnej sytuacji, znalazt sie na drodze
elektronu poruszajgcego sie z duzg predkoscig v = 3200 m/s. Teraz musi uciec sie¢ do wykorzystania swoich
nadprzyrodzonych zdolnosci — na krétki czas wytwarza jednorodne pole magnetyczne o indukgcji B = 8,9 mT
w kierunku pionowym (prostopadle do v). Jak dlugo musi wytwarza¢ pole magnetyczne, aby elektron zmienit
swoj kierunek o 90° i zamiast w niego uderzyl w Jakuba?

Pionowy cylinder o polu podstawy S = 50 cm? wypelniony jest woda i zamkniety od goéry tlokiem.
W cylindrze zamknieto balonik o objetosci V' = 50 cm?® , ktéry unosi si¢ u gory, wywierajac na tlok sile
F =10 mN skierowang ku gorze.

W pewnym momencie na tloku postawiono ci¢zarek o masie m = 10 kg i balon powoli zaczal opada¢ na dno.
Jaka sifa dziala na dno cylindra jeseli tlok znajduje si¢ teraz na wysokosci h = 1,8 m wzgledem dna? Przyj-
mij, Ze proces sprezania byt izotermiczny, a rozmiary balonika sg bardzo male w poréwnaniu z wysokoscia
i §rednicg cylindra. Cylinder otoczony jest powietrzem pod standardowym ci$nieniem atmosferycznym.
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Po cigzkim dniu na uczelni, Kamil lubi zafundowa¢ sobie mocng dawke emocji. Gdy tylko wraca do
domu, otwiera swojg ulubiong lemoniade o smaku rukoli i cukinii i zasiada do oglagdania TV PASJANS.
Jest jednak bardzo zmeczony i natychmiast zasypia. Sni mu si¢ urocza hazardzistka Wiola, ktéra buduje stos
z nieskonczonej ilosci kart. Karty te sg ukladane na nieskonczenie dtugim stole. Nagle piekna Wiola odwraca
sie do niego i pyta:

»Jakiej sily musze uzy¢, aby podnie$¢ najnizsza karte, jesli przyloze ja do najdalszego konca karty pionowo
do gory, a karty sg ulozone jak na rysunku? Karty majg dlugos¢ ¢, mase m i sa przesuniete wzgledem siebie

o Af

Pomo¢z Kamilowi spokojnie zasna¢ i znajdz odpowiedz na pytanie Wioli.
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Kiedy Krélewna Sniezka nie $pi, lubi bawi¢ si¢ z siedmioma krasnoludkami na bezmasowej karuzeli.
Siedzg oni na o$miu krzesetkach, rownomiernie rozmieszczonych na obwodzie kola i zaczynaja obracac si¢
wykonujac jeden obroét przez trzy sekundy.

Nagle w sam $rodek karuzeli wpada jabtko. Sniezka wstaje z siedzenia i idzie po nie. Po dotarciu do centrum,
karuzela wykonuje jeden obrét w dwie sekundy.

Jaka mase ma pojedynczy krasnal, jezeli Krélewna Sniezka ma mase 56 kg?

Sabina ma wydrazony walec o objetosci 10 ml. Pole powierzchni podstawy walca wynosi 1 cm?. Wa-
lec wypelniony jest powietrzem pod ci$nieniem atmosferycznym. Cienki, swobodnie poruszajacy sie dysk
o masie 100 g dzieli go na dwie hermetyczne potowy.

Sabina nie ma uprawnien do obstugi tak delikatnego przyrzadu i po chwili, jakim$ cudem, udalo jej sie pod-
wazy¢ jedng z podstaw. Jaki byt stosunek okreséw drgan krazka wewnatrz cylindra przed i po usunigciu

podstawy?

Powietrze traktuj jak idealny gaz dwuatomowy. Sabina przebywa w warunkach atmosfery standardowej.
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Chomik - olbrzym szalenczo biega w swoim kole, w efekcie czego przekraczona zostata wytrzymalos¢
zawiasow i koto wyrwalo sie z mocowan. Chomik wypadt na zewnatrz, a koto spadto na podloge, przyspiesza-
jac do stalej predkosci 1 m/s. Jaka byta predkos¢ biegu chomika, jesli poczatkowo znajdowat sie w spoczynku
wzgledem pomieszczenia?

Koto zbudowane jest z metalowych pretéw o gestosci liniowej A. Jego obwod tworzy para obreczy o srednicy
5 m polaczonych pigédziesiecioma szczeblami o dlugosci 0,5 m. Kazda obrecz jest przymocowana do osi
za pomocy preta o dlugosci réwnej srednicy obreczy, a pret przecina prostopadle o$ obreczy.

Satelita o masie m porusza si¢ wokot Storica o masie M po orbicie kolowej o promieniu R. W pewnym
momencie odpala silnik, ktory zaczyna pcha¢ satelite ze stalg sila F, skierowang radialnie w kierunku od
Stonica.

Jak duza powinna by¢ ta sila, aby satelita osiaggnal maksymalna odleglo$¢ 2R od Stonca?

ZYoto jest niezwykle plastyczne i mozna je rozprasowac na bardzo cienkie arkusze. Ponadto jest stabilne
chemicznie i bardzo dobrze odbija $wiatlo. Patryk - Kosmiczny Zdobywca wlasnie przybyl na nowo odkryta
gwiazde o temperaturze T, masie M i promieniu R. Jako pozdrowienie dla przysztych cywilizacji chcialby
zostawic¢ tam list wyryty na cienkiej tabliczce, wykonanej z czystego zlota o masie m i gestosci p.

Jaka gestos¢ powierzchniowa musi mie¢ arkusz, aby ci$nienie promieniowania gwiazdy utrzymywalo go
w stalej odleglo$c D > R od gwiazdy?

Zatozmy, ze arkusz odbija cate swiatlo i ze padajgce promienie swietlne sq zawsze prostopadtle do jego po-
wierzchni.

Galaktyka Andromedy jest oddalona od nas o 2600000 lat §wietlnych. Jak szybko musielibysmy sie¢
przemieszczaé, aby z naszej perspektywy podroz zajela nam tyle lat?

Whbrew stereotypom nawet w duzych miastach mozna spotka¢ mitych i pomocnych ludzi. Ale jest tez
Bob. Nie podoba mu si¢ sgsiadka mieszkajaca nad nim, bo nie wlgcza ogrzewania nawet w zimie, kiedy
jest =5 °C na zewnatrz. Sufit Boba ma 20 cm grubodci i jest wykonany z betonu o przewodnosci cieplnej
20 W/(m-K). Powyzej sufitu, jest drewniana podloga o grubosci 1 cm o przewodnoéci cieplnej 2 W/(m-K).

Temperatura w mieszkaniu Boba jest utrzymywana na poziomie 25 °C, co skutkuje 10 °C w mieszkaniu s3-
siadki. Jaka bedzie temperatura w mieszkaniu sgsiadki po dotozeniu przez Boba warstwy styropianu o gru-
bosci 5 cm o przewodnosci cieplnej 1 W/(m - K), na sufit o powierzchni 10 m??
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Bob lubi utrzymywac stalg temperature w swoim mieszkaniu. Oprocz podtogi, mieszkanie sgsiadki ma tylko
sSciany zewnetrzne.
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[ 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.

11
10
d—|
8 5
I 9
3
e 2
1

Figura 1.1: Tank filling order

If one hair grows 15 cm/y, it will grow 5= 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 distance is one football field and he is wrong by 120 — %2 =

2% yards. In units of football fields this is simply 15 = 5 of a football field per second.

E The density is p = 7. If the container weighs m, the mass of the biscuits 1, (without the container m,)
is m, = m — m,. 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)

Figura 4.1: The container with dimensions shown
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The density of the biscuits is therefore

my m— m,

ST o kg/m’. (4.2)

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

17km 17000m 170
= = — m/s. (5.1)
1h 3600 s 36

180

2% m/s, the difference of the speeds is 32 m/s.

When he steps on the treadmill going at the speed
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
2 _36s. (5.2)
36 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

Figura 6.1: Candidates for the furthermost point

Using the Pythagorean theorem, we calculate that the furthermost point is Clocated \/26 m from the point of
V26 m

2 m/s

ingition. Fire spreads at speed of 2 m/s, therefore whole puddle will be in flames = 2,55 s after ignition.

If we suppose that the runner and the car start at the same time, but the car’s speed is 0 km/h the first
half-hour, then it is enough to determine the time it takes the car to travel 92,14 km. In the first 9 half-hours
it travels

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

After reaching this distance the car is driving at 34 km/h and it still needs to travel 13,14 km. The total running

time is then
13,14 km

05h+
vy

= 4,89 h. (7.2)
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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 produce
a large current, were once again in the clear. A typical example is spark discharge, which can even have
10000 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.

' A common question goes: who's the killer, amperes or volts? Do you know?
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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.

7,5 kg
=

[ 9 | 1f51of colour weigh 7,5 kg then the density of colour is =10 = L5 kg/1. The density of water is 1 kg/],
which means that the ratio of the densities of the colour and water is 3 : 2. Therefore, if we pour one mass
unit of the colour and one of water into two separate containers, their volumes will be in a ratio of 2 : 3. Now
we add one more mass unit of colour, which yields a mass ratio of 2 : 1. By doing so, the volume ratio changes
to 4 : 3, what is our final result.

Granny Justine has to pour mass m of tap water in a jug in which she then puts a block of ice of mass
my. In order to melt the whole icy block, it has to absorb heat equal to m 4 [, where 4 is specific latent heat
of fusion of water. Then, the melted ice, also known as water, heats by AT, 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,ﬁ(l% + Mg CH,0 AT,% = mcy,0 ATHzo- (101)

We solve for mass of the tap water
m.g,l% + Mg CH,0 AT,%

(10.2)
CH,0 ATHZO

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.

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 ¢ 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
t, = §% (11.2)
4
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The numerical values of these roots are ¢, ~ 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 -

1 1
o t- ty t

Figura 11.1: Distances travelled by Matt and Sarah’s scream

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

1
s= Egﬁ ~ 48,4 m. (11.3)

Matt jumped from the height & = 200 m, therefore at time ¢ 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 resi-
stances 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 Q, so we can construct the
equation

R
8Q=3R- <. (12.1)

The solution of this equation is R = 3 Q. 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
_ = — 4+ — = — = R’:zQ. (12.2)
R" R 2R 2R

Wojtek zuzywa te sama ilo$¢ energii kinetycznej na jego skok, co na odepchnigcie sie od $ciany. W naj-
wyzszym punkcie swojego skoku, cala energia kinetyczna zamieni si¢ w energie potencjalng, ktéra w obu
przypadkach bedzie taka sama. Oznacza to, ze wysoko$¢ skoku bedzie jednakowa. Wysoko$¢ skoku pozna
okresli¢ z geometrii obrazu jako h = € — /€2 - d* =1,2 m.
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Figura 13.1: Geometria skoku Strazaka Wojtka

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 = 2 which is oriented from the origin. However, the valve is not moving, so there must be

r
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,=—=—.

g T8

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 2772,

2thanks to Thales’s theorem
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Figura 15.1: 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 \/2r

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

1
Enrz + 1 (15.1)

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

Fo+F=F,, (16.1)

Figura 16.1: Marcel’s crane with forces

https://physics.naboj.org/
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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 S, 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 5>,

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.

Figura 17.1: 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.

Figura 19.1: 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
M3r o 332217
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, = r,+h.
The strip with original length /, and thermal expansion coefficient & will, due to a temperature difference AT,
increase its length by [y AT. Its new length will therefore be

lo+l00€ AT = l()(l'i‘“AT) (201)

If the strip has a circular shape with radius r, its length is equal to 27r. 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 resul-
ting 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 & + 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 m2. 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 M and the mass of the Earth as M. 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
f1> the coeflicient 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

Figura 25.1: 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?.

Let us denote the total length of the resulting spring as ¢. The first spring is stretched by force k¢ and
the force with with the second spring is compressed is K(L — ¢£). These forces must be equal, which yields

KL
k+K

ke=K(L-€) = ¢= (26.1)

Now imagine that this system of springs is stretched by a distance A¢ so that its total length is £ + A¢. What
is the total force? First spring will be stretched with a force k(€ + A¢) and the second will be compressed by
aforce K(L - €— A¢). These two forces act in opposite directions, so we need to subtract them. The resulting
force is

F=k(€+Al)-K(L-£-Ab). (26.2)

Finally, we use the equation 26.1, which simplifies the previous equation to
F=(K+k)A? (26.3)

from which it is easy to see that the total stiffness is K + k.

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

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

We did not write the equal sign because we are not interested in numerical constants. Those are not determi-
nable 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 is kg-m-s=2.

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° = f3. 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.

Cieplownia ogrzewa szkole wykorzystujac swoja energie, wigc musimy obliczy¢, ile dzuli na sekunde
jest przekazywanych z tajemniczej cieczy w grzejnikach do powietrza w budynku. Jesli ciecz zmieni swoja
temperature o AT, jej objeto$¢ zmieni si¢ o VoS AT, gdzie V, jej poczatkowa objetoscig, a f3 jest objetoscio-
wym wspodlczynnikiem rozszerzalnosci termicznej. °

Zmiana temperatury wynosi wiec:

AT = ——. (29.1)

Cieplo przekazane przez ciecz budynkowi jest po prostu
Q =mcAT, (29.2)

gdzie m to masa tajemniczej cieczy, a ¢ jej pojemnos¢ cieplna. Ciecz ma taka sama gestos¢ jak woda, wiec
konicowe 9,9 I na sekunde wazy m = 9,9 kg. Po wstawieniu tego do 29.2, dostajemy Q ~ 2,2 MJ. Poniewaz
jest to cieplo rozpraszane w ciagu jednej sekundy, moc cieptowni wynosi 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="8 (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

Figura 30.1: Geometry of a suspended Patrick

>Zalezno$¢ ta jest w rzeczywistoéci wykladnicza, ale poniewaz zmiana temperatury jest mata, mozemy zastosowaé przyblizenie
liniowe.
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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 direction
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 trajectory 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®

Figura 31.1: 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 = V pg— Mg, where p is the density of water. Similar-
ly, the force that the balloon eventually exerts on the bottom is F' = Mg— V’pg, since water is incompressible
and, therefore, does not change its density. The problem states that the compression of the balloon is isother-
mal, so pV = p’V’. It remains for us to find the values of the pressure. Initially the balloon is at atmospheric
pressure p = pam, since the water pressure acts on the balloon in the same way as on the piston. At the bot-
tom, 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'’
Putm (32.1)

V= 1%
Paum + mg/[S + hpg

This result has to be substituted into the relation for F’ to get

14
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

Figura 33.1: 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 which she
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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, = 3k;. 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 wheel’s 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

t, 36.1
i (36.1)

w(t) = wo—

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 itselfis 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

I= /\RZ(SOA + (471 + %)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+ (4m+4)R ) .
ve=v|1+ =211 m/s. (36.7)
50A+ (47 + %)R

Na pierwszy rzut oka moze si¢ wydawac, ze satelita opusci pole grawitacyjne Stonca. Jesli jednak sita
bedzie wystarczajaco mala, satelita nadal bedzie ze Storicem zwigzany. Jego trajektoria nie bedzie juz krzywa
stozkowg, ale pozostanie on na krzywej, przechodzgacej przez punkt maksymalnej odlegtosci radialnej od
Stonca. Szukamy takiej sity F zeby maksymalna odleglos¢ radialna od Stonica wynosita 2R.

Przed wlaczeniem silnikéw satelita orbitowat wokdt Stonca po orbicie kotowej o promieniu R z predkoscia

Vo = \/@ . Po wlaczeniu silnikéw, trajektoria zmieniata sie, ale prawo zachowania momentu pedu wcigz
obowiazuje, poniewaz sita F posiada tylko skladowg radialng. Oznaczmy v jako predkos¢ satelity w odleglo-
$ci 2R. Poniewaz jest to punkt trajektorii najbardziej oddalony od Sténca, linia taczgca Stonce i satelite jest
prostopadta do kierunku predkosci. Zatem mozemy zapisaé

voR = v2R (37.1)

a stad

==, (37.2)

Nastepnie korzystamy z prawa zachowania energii. Nalezy zachowac czujnos¢, poniewaz sita F wykonuje
réwniez prace. Podzielmy teraz trajektorie na wiele matych odcinkéw As” i obliczmy rézniczkowe prace
AW = F - A wykonane przez sile na kazdym z nich, a nastepnie zsumujmy je AW. Jezeli wektor As”
rozlozymy na skladowe: radialng i styczng do toru, iloczyn skalarny mozna wyliczy¢ jako iloczyn wartosci
sity F wartoéci AT, co wynika z wlasnosci iloczynu skalarnego. Zatem calkowita praca wykonana przez
silniki od momentu ich uruchomienia do chwili, gdy satelita osiggnie odlegtos¢ 2R od Stonica wynosi FR
(odleglo$¢ heliocentryczna satelity zmienia si¢ o R). Wowczas, prawo zachowania energii mozemy zapisa¢
jako:
1 1

M
—mvi - G— - —mv* - G _FR. (37.3)
2 R 2 2R

Poczatkowa predko$é satelity wynosi vy = /< a jego predkos¢ w odlegtosci 2R wyraza sie jako 37.2. Wy-
znaczamy wiec F:

1 GM
F=-22M
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
alternate form of the Newton’s second law F = 22, where Ap is the difference in momentum The difference
in momentum of the photons that are reﬂected durmg a time At from the sheet is Ap = 2£, 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 ¢ = 0, x = 0. Then, galaxy M31 is
at 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 ¢ 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 = Dv/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 h, area S, and thermal conductivity A. If we maintain its faces at
temperatures t; and t,, respectively, a heat flow

P= %(tz - tl) (401)

will be present.

To simplify matters, let us define coefficient 4S/n = X. Now, let us look at a wall with two layers with coefficients
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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4,89 h = 17591 s or 4 godziny, 53 minuty, 11 sekund
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11| 151,6 m. Akceptowalne sq wyniki z przedziatu 150 - 152 m.
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[a—
=]

98,3 kg, akceptowane wyniki z przedziatu 96 - 99 kg.

&

1 Er2+r2:(z+l)r2
2 2

16 | 203 1, akceptowane takze 0,2 m® = 200 1
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o
S
o
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@NABOJ
e

V300 m/s = 17,32 m/s. Akceptowalny jest wynik z przedziatu 17,15 - 17,35 m/s.

53

19| —s=217s
4

314 °C

N
(=]

21| 26,25 Q

N
\]

521W

23| 5618 kg/m3, akceptowane wyniki z przedziatu 5612 - 5727 kg/m?.

24| 9cm/s

25| Akceptuj wyniki mieszczgce si¢ w przedziale 1,08 — 1,10 m/s2.

Dtugos¢ L P K

+

Jesli tylko jedno wyrazenie jest poprawne, nie wskazywac ktore jest niepoprawne.

F
27\ o1

28| 170

N
\©

2,2 MW

W
(=

0,94 m

H
[

1,0 ns

W
[ )

mgt
2A¢

W W
- w

16 kg

V2 o1

35] L-- —

2 T2

0,126 N, (pierwsze trzy cyfry znaczgce)

e stata sprezystosci k + K. Wynik akceptowalny tylko jesli oba wyrazenia zostaly podane.
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2,11 m/s

GMm

=R

GMmc

38 ———
2R20T*

c

V2

W
\©

40| 0,625°C
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