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Juras stiklin§ Juras krasta daZreiz var atrast ar smiltim noslipétus stiklinus. To virsma ir
raupja, un tie Skiet blavi, taCu to krasu var viegli atpazit. Ja Sadu stikla gabalinu ieliek
uden, tad ta virsma kluast it ka daudz spilgtaka, caurspidigaka un gludaka. Kaut gan
stikling neklast pilnigi caurspidigs, caur stikla slapjo raupjo virsmu var ieraudzit citu
priekSmetu krasas un robezas (pieméram, uzrakstu), kas, skatoties caur sausu stikla
virsmu, ir redzamas daudz mazak. Izskaidrojiet, kapéc tas ta ir.

CréxipIko u3 Mopsa Ha Gepery Mopsi MHOIZIa MOYKHO HaliTH 06TOUEeHHBIE I1eCKOM
OCKOJIKH CTEKOJI. IX IT0BepXHOCTH I1IepIliaBas, ¥ OHHU Ka)KyTcs 6JIEKIBIMU, HO JIETKO
MO>KHO IOHSITB, KAKOT'0 I[BETA 3TO CTEKJIO. EC/TH IT0JI0’KUTDH TaKOM 0CKOJIOK B BOJY, TO €T0
II0BEPXHOCTDb CTAHOBUTCS KaK 6y/ITO 60Jiee SPKOM, IPO3pavHOM U IJ1afKOM. XOTs
CTEKJIBIIIKY U He CTAHOBSITCS II0JTHOCTHIO IIPO3PavyHbIMU, CKBO3b MOKPBIE IIOBEPXHOCTHU
IIIepIIIaBOT0 CTeKJIa BUEH [IBeT APYTUX IIPeIMETOB U UX TPaHHUIIbI (HallpuMep, Ha/IIHCh),
KOTOpBIe TOpa3/io Xy>Ke BUIHBI Uepe3 CyxHe II0BePXHOCTH. OGbSICHUTE, II0UEMY.

Shattered glass and the sea Walking along a seashore, one can sometimes come across
pieces of sand-polished shattered glass. The surface of these glass pieces is rough and they
look pale, although it is easy to determine their colour. If such a glass piece is put in water,
it looks like its surface becomes more translucent and smooth and the colour more vibrant.
The glass piece does not become fully transparent, but through the wet surface of roughly
polished glass it is easy to see the colour and the boundaries of other objects (a text, for
instance), which are much harder to see through the dry surface. Explain the reasons of
this phenomenon.
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Sacensibas AutomaSinas vaditajam péc iespéjas atrak javeic 800 km pa taisnu Soseju, uz
kuras 300 km attaluma no starta atrodas vieniga degvielas uzpildes stacija. Nosakiet S1
brauciena minimalo laiku, ja zinams, ka automasinas degvielas tvertnes tilpums ir 40 £.

Zinams, ka atrumu diapazona no 70 11dz 160 km/h kustibas pretestibas spéeks ir
proporcionals automasinas atruma kvadratam un ka, braucot pa taisno Soseju ar atrmumu
pie 70 km/h atruma uz taisnas Sosejas degvielas patérin$ ir 4 £ uz 100 km. Pienemsim, ka
dzingja lietderibas koeficients nav atkarigs no automasinas kustibas atruma un nenemsim
véra degvielas uzpildes laiku.

FoHMK BoguTesto aBTOMOOMIISL, 6€eH300aK KOTOpPOro BMeliaeT 40 J1 TOIUIUBA, HY?KHO
110 BO3MOKHOCTH ObICTpee ImpoexaTsh 800 KM I10 IIPIMOMY II10CCe, Ha KOTOPOM Ha
paccrossHuu 300 KM OT HayaJsia JUCTAHIIMK HaXOAUTCA eJUHCTBeHHad 3allpaBKa. Haigure
MHHHUMAaJIBLHOE BpeMs 3TOH I10e3/IKHU.

H3BeCTHO, 4TO B iMania3oHe cKkopocTel oT 70 mo 160 Kv/4Jac cujia COIIPOTUBJIEHUS
IBIDKEHUIO IIPOIIOPIIMOHAaIbHA KBaipaTy CKOPOCTH aBTOMOOMIISA, U YTO Ha IIPSIMOM II10CCe
IpU CKOpocTH 70 KM/4ac pacxof TOILIUBA cocTaBiisieT 4 1 Ha 100 kv 1mpobera. [
pelileHUs 3aZja4uy IIPeAII0IOKUTE, YTO K. II. [I. ABUTaTe I He 3aBUCUT OT CKOPOCTH U
IIpeHeOperuTe BpeMeHeM 3allpaBKU MalllUHBL.

Race The driver needs to cover 800 km of a straight highway as fast as possible driving a
car, the fuel tank of which can hold 40 £ of petrol. There is one single tank station on the
highway located 300 km away from the starting point. Determine the minimal time of the
trip.

It is known that if the vehicle is travelling 70 to 160 km/h, the drag force is proportional to
the square of the vehicle’s velocity, and that the fuel consumption is 4 £ per 100 km when

travelling 70 km/h along a straight highway. Assume that the efficiency of the engine does
not depend on the velocity and neglect the time needed for filling up the tank.
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Caskas vedera Cuskformiga caurulé ar vienu noslégtu galu (skat. att.) atrodas tidens un
gaiss. Nosakiet spiedienu punkta C, ja zinams, ka gaisa spiediens arpus caurules ir p.
Udens blivums ir p.

B xesyake 3Men B 3MeeBUIHOU TpyOKe, OAMH KOHEIl KOTOPOM 3aKpPBIT (CM. pHUC.),
HaXo0[4TCsA BO3yX U Boja. OIlpesiesiiTe faBjeHUe B ToUKe C, eC/IM U3BECTHO, YTO
ZaBJIeHHe BO3[[yXa CHapy KU TPYOKHU paBHO po. [LIOTHOCTE BOZBI paBHA p.

In the stomach of a snake A snake-shaped tube is filled with water and air. One end of
the tube is open while the other one is sealed (see fig.). Determine the pressure at point C,
given that ambient air pressure is pp and water density is p.
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Melna kaste Melnaja kaste atrodas divi plakani puscaurspidigi spoguli. Puse no gaismas
stara intensitates, kas krit uz Sadu spoguli no jebkuras puses, tiek atstarota; otra puse —
iziet spogulim cauri. Nosakiet abu spogulu izvietojumu, izmantojot doto attélu. Pie katra
atstarota stara ir noradita atstarotas gaismas intensitates dala salidzinajuma ar kritosa
stara intensitati.

YEpHBIH AIMUK B 4€pHOM SIITMKe HaX0AATCS [IBa IIOJIYIIPO3PavyHbIX IUIOCKUX 3epKaJla.
[To10BMHA UHTEHCHUBHOCTH JIy4a, 1a/IaloIero ¢ JIF060M CTOPOHEI Ha TaKoe 3epKaJlo,
oTpa’kaeTcs, a II0JI0BMHA IIPOXOAUT HaCKBO3b. HaliTe pacIioio)KeHe 3epKalJl,
HUCIIO0JIb3Yys PUCYHOK. Ha 0Tpak€HHBIX JIydaX II0Ka3aHOo, KaKyIo JOJII0 UX HUHTEHCUBHOCTD
COCTaBJISIET OT MHTEHCUBHOCTH I1a/[al0IIIero JIyJa.

Black box There are two half-silvered mirrors in the black box. A half-silvered mirror
reflects half of the intensity of an incident ray and lets the other half of the intensity
through. Determine exact positions of the mirrors in the black box by construction. Each of
the rays is labelled with the ratio of its intensity to the intensity of the initially incident ray.
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AtdzeséSana Nezinamu Skidrumu, kura temperatira ir 60 °C un Ipatnéja siltumietilpiba
3 kJ/(kg °C), ielej iericé, kas aizvada no ta siltumu ar nemainigu jaudu. Grafika ir paradita
§1s vielas temperaturas T atkariba no laika ¢. Nosakiet vielas (a) Ipatnéjo kuSanas siltumu
(1,5 p) un (b) 1patnéjo siltumietilpibu vielas cieta stavokli (1,5 p).

OxnakpeHue HensBeCTHYIO XKUIKOCTh, TeMIlepaTypa KoTopoii 60 °C, a yaeabHasd
TeIUIOEMKOCTB 3 K/[K/(Kr °C), IIOMeIlaloT B YCTPOMCTBO, KOTOPOE OTBOAUT OT Heé TeIIOTY
C IIOCTOSTHHOM MOIITHOCTBI0. Ha pHCyHKe JaHa 3aBUCUMOCTE TeMIlepaTyphl I 9TOro
BellleCcTBa OT BpeMeHH (. OnpepesuTe (a) yeJbHYIO TeIUIOTY IIaBaeHud (1,5 p) u

(b) ymespHYIO TEIUIOEMKOCTB BellleCTBa B TBEPAOM COCTOSIHUH (1,5 p).

Cooling An unknown liquid is filled in a cooler, which removes heat from the liquid at
constant rate. Initially the liquid was at 60 °C and its specific heat capacity is known to be
3 KJ/(kg °C). The graph shows the dependence of the temperature T of the substance on the
time t. Determine (a) latent heat of fusion (1.5 p) and (b) specific heat capacity of the
substance when in solid state (1.5 p).
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Stravas rinkis Aprékiniet ideala voltmetra radijumu, ja visi rezistori ir vienadi, bet
sprieguma avots nodroSina 18 V spriegumu.

Tok 1o Kpyry HaiiTu riokasaHue HeaJIbHOTO BOJIBTMETPA, €C/JIH BCE PE3UCTOPHI
OOIHMHAKOBBEI, a HCTOYHHK /IaéT IIOCTOAHHOE HalIpsi’KeHHe 18 B.

Currentin a circle Determine the reading of the ideal voltmeter if all the resistors are
identical and the voltage source maintains 18 V between its terminals.
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Karajas un nekrit Zemes maksligais pavadonis ir palaists Zemes ekvatorialaja plakne ta,
lai tas visu laiku atrastos virs viena un ta pasa zemeslodes punkta (t. s. geostacionarais
pavadonis). Aprékiniet attalumu no Zemes virsmas lidz pavadonim, ja tikai zinams, ka
diennakts garums ir 7' = 86164 s, Zemes radiuss ir R = 6370 km un brivas kriSanas
paatrinajums Zemes virsmas tuvuma ir g = 9,8 m/s?.

BucuT 1 He majgaeTr LCKyCCTBEHHBIH CIIyTHUK 3alIyIeH B IVIOCKOCTH 3€MHOI0
9KBaTOpa TakK, YTO BCE BpeMs HaXO[UTCI HaJl OGHOM U TOM Ke TOUKOM 3eMHOTO I1apa
(eeocmayuoHapHslil CIlyTHUK). HaliTH paccTOsIHHUE OT IIOBEPXHOCTH 3eMJIH 10 CITYyTHUKA,
€CJIM U3BEeCTHO TOJIBKO TO, UTO JJIMHA CYTOK cocTaBJiigeT 1 = 86164 c, paguyc 3eMIu

R = 6370 xM, a yCKOpeHHe CBOOOJHOTIO I1aJleHUs ¥ II0BEPXHOCTH 3eMJH g = 9,8 M/c2.

Space hovering A satellite launched in the equatorial plane of the Earth stays above the
same point on the Earth (a so called geosynchronous satellite). Determine the height above
the Earth’s surface such a satellite must orbit, using only that the day length is T = 86164 s,
the Earth’s radius is R = 6370 km and the free-fall acceleration at the surface of the Earth is

g =9.8m/s2
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PretveéjS Véjaina diend Janis brauca ar divriteni uz veikalu pa taisnu celu ar atrumu

20 km/h un, péc vina sajutam, véjs puta tiesi no saniem ar atrumu 20 km/h. Atpakalcela
vins spéja sasniegt tikai 12 km/h atrumu, un vinam likas, ka v&js pus tieSi vinam pret1 ar
atrumu 40 km/h. Uzskatot Jana novérojumus par ideali preciziem, nosakiet v€ja atruma un
virziena izmainu attieciba pret zemi, salidzinot braucienu turp un atpakal.

BcTpe4yHslii BeTep B BeTpeHBIN [leHb SIHUC IT0eXaJl B MarasyuH Ha BeJIOCUIIe/ie 110
IIPSIMOU ZIOpOTe CO CKOPOCTHI0 20 KM/4 U, 10 €T0 OIIYII[eHHUSIM, BeTep AyJI Ha HETo Co
CKOPOCTHIO 20 KM/4 TOUHO c60Ky. Ha 06paTHOM IIyTH I10 TOM Ke JJ0Opore OH pasBUI
CKOPOCTB JIMIIIB 12 KM/4, M eMy Ka3aj0Ch, UTO BeTep AyeT Ha Hero TOUYHO CIIepeH Co
CKOpoCThI0 40 Kv/4. CunTas HabiroieHus SIHU A HleaIbHO TOUHBIMHY, OIIpe/[e/IUTe
H3MeHeHHe CKOPOCTH U HallpaBJIeHUs BeTpa OTHOCUTEJIHLHO 3eMJIH 110 ITyTH TyZa U
obpaTHo.

Head wind On a windy day Janis rode his bicycle down a straight road to the store. He
maintained a constant speed of 20 km/h and felt a crosswind of 20 km/h exactly from his
side. On the way back, Janis took the same road, but was riding at the speed of only

12 km/h feeling a headwind of 40 km/h. Assuming Janis’ feelings to be precise, determine
the change of the speed and the direction of the wind with respect to the ground between
the two rides.
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Vagons No vienmeériga kustiba esosa vilciena atvieno pédéjo vagonu. Vilciens turpina
kustéeties ar sakotnéjo atrumu. Salidziniet atvienota vagona un vilciena noietus celus no
briza, kad atvienoja vagonu, lidz vagona apstasanas bridim. Vagona paatrinajumu uzskatit
par nemainigu.

BaroH OT paBHOMEPHO JBIKYIIIET0CS IT0€3/1a OTIEIISSIOT IT0C/IeTHUE BaroH. [loe3
IIPOZI0JKAET ABUTATHCS C TOH YK€ CKOPOCThI0. CpaBHUTE MYTH, IIPOH/IeHHbIE IT0€310M 1
BaroHOM K MOMEHTY OCTaHOBKHU BaroHa. YCKOpeHHe BaroHa MOKHO CUHUTATh
IIOCTOSTHHBIM.

Wagon The last wagon was unhitched from a train in uniform rectilinear motion. After
that, the train maintains the initial velocity, but the unhitched wagon continues to move
with a constant deceleration. Compare the distances covered by the train and by the wagon
from the moment the wagon got unhitched to the moment it came to a halt.
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Juras stiklin§ Juras krasta daZreiz var atrast ar smiltim noslipétus stiklinus. To virsma ir
raupja, un tie Skiet blavi, tacu to krasu var viegli atpazit. Ja Sadu stikla gabalinu ieliek
udeni, tad ta virsma klast it ka daudz spilgtaka, caurspidigaka un gludaka. Kaut gan
stiklin$ neklust pilnigi caurspidigs, caur stikla slapjo raupjo virsmu var ieraudzit citu
priekSmetu krasas un robeZas (pieméram, uzrakstu), kas, skatoties caur sausu stikla
virsmu, ir redzamas daudz mazak. Izskaidrojiet, kapéc tas ta ir.

CTéxkibIko u3 Mopss  Ha Gepery Mopsi MHOT/IJa MOKHO HalTH 06TOUeHHBIE TTeCKOM
OCKOJIKH CTEKO0JI. IX II0BepXHOCTH I1IepIiaBasi, 1 OHU Ka)KyTcs 6JIEKIBIMU, HO JIETKO
MO>KHO ITOHSITh, KaKOTO0 I[BeTa 3TO CTeKJI0. EC/TH ITOJIOXKUTDH TaKOM 0CKOJIOK B BOZY, TO €T0
II0BEPXHOCTDb CTAHOBUTCS KaK OYATO 6oJiee SIpKOM, IIPO3pavyHOM U IIafgKOH. X0Ts
CTEKJIBIIIIKU U He CTAHOBSITCS II0JTHOCTHIO IIPO3PavyHbIMU, CKBO3b MOKPBIE IIOBEPXHOCTHU
IIIepIIIaBOTO CTeKJIa BUEH IIBeT APYTUX IIPeIMETOB U UX TPaHUIIHI (HalIpuMep, Ha/IITUCh),
KOTOpPBIe Topas3/o Xy>ke BUITHBI Uepe3 Cyxue IOBepXHOCTU. OGBSICHUTE, II0UeMY.

Shattered glass and the sea Walking along a seashore, one can sometimes come across
pieces of sand-polished shattered glass. The surface of these glass pieces is rough and they
look pale, although it is easy to determine their colour. If such a glass piece is put in water,
it looks like its surface becomes more translucent and smooth and the colour more vibrant.
The glass piece does not become fully transparent, but through the wet surface of roughly
polished glass it is easy to see the colour and the boundaries of other objects (a text, for
instance), which are much harder to see through the dry surface. Explain the reasons of
this phenomenon.
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Bumbinas lidojums Attela redzama stroboskopiskas fotografijas dala, kura ir fiksétas
brivi lidojoSas tenisa bumbinas tris secigas pozicijas. Grafiski konstruéjiet nakamo un
iepriekséjo bumbinas pozicijas un pamatojiet jasu izveidoto konstrukciju. Fotografijas
orientacija attieciba pret horizontu nav zinama.

Piezime. Stroboskopiska fotografija tiek ieguta 1slaicigi apstarojot objektu ar isiem gaismas
uzliesmojumiem, kuri seko péc vienadiem laika intervaliem. Uz fotografijas tatad var
redzét petama objekta atrasanas vietas uzliesmojumu brizos.

ITosxét Mstunka Ha yactu cTpob6ockonrueckoit ¢poTorpaduu CBOOOSHO JIETAIIETO
TEHHHUCHOT0 MSIUMKa BUHBI TPH €T0 II0C/Ie0BaTeJIbHBIX 10JI0KeHUs. HalimuTe
rpa¢uUecKUM II0CTPOEHUEM CIIe/yIolliee II0JI0KeHHe MAYMKa U 000CHYITe Ballle
roctpoeHue. OpueHTanys GoTorpaduy OTHOCUTETHLHO TOPU30HTA HEU3BECTHA.

[IpruMevaHue. B TexHUKe CTPO60CKOIIMYEeCKON GpoTorpaduu 06 bEKT OCBEIaeTCs
KOPOTKHMH BCIIBIIIIKAMH, IIPOUCXOAIINMU Uepe3 paBHbIe IPOMe)XyTKHU BpeMeHH. Ha
¢oTorpaduu BUIHEI I10JI0KEHUS 00 beKTa, KOTOPbIe TOT 3aHUMaJI BO BpeMsI BCIBIIIEK.

Flight of a ball A part of a strobe photograph shows positions of a freely moving tennis
ball at the moments of three consecutive flashes of a strobe. Use graphical construction to
determine the position of the ball when the strobe flashes the next time and explain your
reasoning.

Note. Strobe photographs are taken by illuminating an object with short flashes of light
coming in regular intervals.
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Paatrinajuma meéritajs Horizontala paatrindjuma mériSanai var izmantot pa rinka loku
saliektu hermétisku stikla cauruliti, kura ir piepildita ar spirtu, kura peld gaisa burbulitis
(skat. zim.). Ka burbuliSa lenkiska nobide ¢ attieciba pret caurulites augs€jo punktu ir
saistita ar caurulites paatrinajumu?

H3MepuTe b yCKOpeHHs /{7151 M3MepeHUsI TOPU30HTAIbHOTO YCKOPEHUS Tesla MOYKHO
HCII0JIb30BAaTh TepMETHUHO 3allassHHYI0 CTeK/ITHHYIO MU30THYTYIO 110 IyTe TPyOKY,
HAaIIOJTHEHHYIO0 CIIMPTOM, B KOTOPOM HaXOAUTCS IIy3BIPEK Bo3ayxa (cM. puc.). Kak yrioBoe
OTKJIOHEHUeE ITy3bIPhKa () OT BepXHeH TOYKH 3aBUCUT OT YCKOPEeHUsI TPyOKU?

Acceleration meter In order to measure horizontal acceleration of an object, one can
use a sealed tube bent along a circular arc. The tube is filled with alcohol in such a way that
a small air bubble is left in it after sealing (see fig.). Determine how the angular deflection
of a bubble from the top-most position depends on the magnitude of tube’s acceleration.
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Gaisa lauSanas koeficients gaisa Zemes atmosféras gaismas lauSanas koeficients gaisa
ir tikai nedaudz lielaks par 1, tomér ar So nelielo starpibu pietiek, lai ietekmétu redzamas
debess spideklu pozicijas, ja tie atrodas tuvu horizontam. Kad Saule lec vai riet, meés to
redzam aptuveni par 0,5° augstak, neka tas Ista atraSanas vieta. Nemot to véra, novertéjiet
gaismas lauSanas koeficientu gaisa juras limena tuvuma. Pienemsim, ka atmosféra ir tikai
viens 5 km augsts slanis, kura gaismas lauSanas koeficients gaisa ir konstants. Zemes
radiuss ir 6370 km.

KoadppunueHT npessoMmieHusa Bo3ayxa KoadpduiveHT npesioMIeHH BO3AyXa JIUIIb
HEeMHOTI0 IIpeBhIIIaeT eqUHUITY, HO JaKe 3TOM HeOO0JIbIITOM pasHUIBI J0CTaTOUHO /I
H3MeHeHUs HabJII01aeMoro I10JI0KeHUA He6eCHBIX CBeTHJI BO/IM3U rOprU3oHTa. [Ipu
BOCXO/le U 3akaTe CoJIHIIa Mbl Ha6JIr0/faeM ero IIpuMepHo Ha 0,5° BbIIIIe eT0 UCTUHHOIO
T10JI0KeHUd. MICX0/id U3 3TOM BeJIMYKHBI, OIleHHUTe K03QQUITHUEeHT IIpesIoMIeHHs BO3/lyXa
B6J1M3U ypOoBHA Mops. [IpuMuTe, 4TO aTMocdepa COLep>KUT TOJIBLKO OJJUH CJI0M BBICOTOMN
5 KM C IIOCTOSTHHBIM K03} QHUITHeHTOM IIpesioMiIeHus. Paguyc 3eMin 6370 KM.

Air refractive index Refractive index of air is just slightly greater than one but even
such a small difference is enough to change the observed positions of celestial bodies close
to the horizon. During sunset and sunrise the Sun is observed 0.5° higher than it actually is.
Knowing that, estimate refractive index of the air at sea level. Assume the atmosphere
forms a single 5-km-high layer with a constant refractive index. The radius of the Earth is
6370 km.
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Divi voltmetri Sléguma savienoti Cetri rezistori ka redzams ziméjuma. Divu rezistoru
pretestibas ir R, divu pare€jo rezistoru pretestibas ir 3 R. Sléguma pieslégts ampérmetrs un
divi vienadi voltmetri. Mérierices rada sekojosas vértibas: 2 mA, 3 V un 0,5 V. Nosakiet R
vertibu.

ABa BojbTMeTpa I3 4eTBIPEX pe3rCTOPOB, II0OKA3aHHBIX Ha CXeMe, COIIPOTHBJICHUSA
IBYX PaBHBEI R, a IBYX Apyrux — 3 R. O6a BoJIbTMeTpa OAWHAKOBEIEe. lIsMepUTe/IbHbIE
IIPHUOOPEI TOKA3bIBAKT 3 B, 2 MA u 0,5 B. OnipefiesivTe BeJIUYUHY R.

Two voltmeters Two of the resistors shown on the diagram have resistance R, while the
other two have resistance 3 R. Both voltmeters are identical. The meters’ readings are
2 mA, 3V and 0.5 V. Determine the magnitude of R.
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Gaisa pretestiba Lai pétitu gara diega kriSanu gaisa, tam gala piestiprinaja nelielu
metalisku loditi, lai diegs kriSanas laika butu izstiepies vertikali. Péc kada laika kops
kriSanas sakuma lodite ar diegu sasniedza stacionaru kriSanas atrumu 15 m/s. Ja loditei
piesien divas reizes garaku diegu, ta stacionarais kriSanas atrums bija 9 m/s. Ar kadu
atrumu kristu lodite, ja tai piesietu loti garu diegu? Gaisa pretestibu loditei neievérot. Gaisa
viskozas pretestibas speks ir proporcionals kriSanas atrumam un diega garumam.

CompoTHuBJIeHHE Bo3ayxa /IJIs U3ydeHUs HafieHUs JINHHONM HUTU B BO3/IyXe K eé
KOHITy IIpUBSI3aJIM MeTaUIMUeCKUH IITapyK, YTOOB HUTH IIpHU I1a/leHUU OblIa
BepPTUKaJIbHOU. VCTaHOBUBIIASICSI CKOPOCTH I1aJ/[eHUS IIapHKa C HUTHIO COCTaBJIsLIa

15 M/c. Korma K IapuKy IPUKPEeNUId HUTh B/IBOe O0JIBIIIEH JIJIMHBI, eT0 CKOPOCTh
ITajieHUs cocTaBmiIa 9 M/c. KakoBa 6yZeT CKOPOCTD ITa/ieHUs ITapuKa C 0UeHb IJIMHHON
HUTHI0? CHION JI060BOT0 COIIPOTUBIIEHUS Ha IIapUK IIpeHe6peds. CHiia BSI3KOTO TPeHUS
B BO3/[yXe IPOIOPITHOHAIbHA CKOPOCTH I1a/IeHUs U IJINHE HUTH.

Air drag In order to investigate the free fall of a long thread in air, a small metallic ball is
attached to its end to keep it vertical during the fall. The terminal velocity of the thread
with the ball was found to be 15 m/s. When the length of the string was doubled, the
terminal velocity changed to 9 m/s. Determine the terminal velocity for a very long string
with the same ball attached. Ignore the frontal air drag on the ball. The force of viscous
drag on the thread in air is proportional to its length.
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Gazes atspere Ideala vienatomu gaze piepilda termiski izolétu cilindrisku trauku ar
virzuli, kurs var kustéties gar sienam bez berzes. Ja Sada sistema paspiez vai pavelk virzuli,
var sajust ,elastibas® speku.

a. Pieradiet, ka Sadai sistémai mazu deformaciju gadijuma izpildas Huka likums.

b. Nosakiet Sadas ,,gazes atsperes“ stinguma koeficientu un Junga moduli Sadai ,,gazes
atsperei“.

Piezimes:

e Termodinamisko procesu, kura gaze neuznem siltumu no arpuses un neatdod to, sauc
par adiabatisku. Saja procesa ir spéka idealas gazes likumi, bet procesu raksturo
sakariba \(pvVA\gamma=\mathrm{const}\), kur vienatomu gazes adiabatas pakapes
raditajs \(\gamma=>5/3\).

e Junga modulis \(E)) ir materiala mehanisko pretestibu raksturojoSais koeficients, kas
ieiet Huka likuma \[\frac{F}{S}=E\frac{\Delta L}{L}.\]

e Ja\(|\alpha x|\ll 1)), tad spéka ir tuvinajums \((1+x)Malpha\approx 1+\alpha x\).

IIpy>kuHa U3 rasa HeaJbHBIN OTHOATOMHBIN T'a3 3aII0/IHSIET TEIUIOM30THPOBAaHHBIN
UIHHAPUYECKUN COCY, C IIOPIITHEM, KOTOPHIM MOYKET IBUTAThCS B/IOJIb €T0 CTEHOK 6e3
TpeHwus. EcTU B TaKOH cHCTeMe HaJJaBUTh WJIH IIOTSIHYTH 3a IIOPIIIEHb, TO MOYKHO
OIIYTUTH CUIIY «YIIPYTOCTH».

a. IToka)kute, 4TO JJIs1 9TOM CUCTEMBI IIPU MaJIbIX iehOpMaIUAX BBIIIOJTHSIETCS 3aKOH
I'yka.
b. Hatimute K09 PUIMEHT KECTKOCTU U MOAyJIb FOHTa TaKOM «ra30BOM IIPY>KUHBI».

ITpuMevyaHUA:

e TepMoAMHaAMUYECKUH IIPOIIECC, B X0/[e KOTOPOTO ra3 He 00MeHHUBaeTCsI TEILIOTOU C
OKpYy>Karolllel cpezoii, Ha3blBaeTcd afuabaTUuuecKUM. B 9TOM mporjecce ocTaércs
IPUMEHHUMO YpaBHEHHE COCTOSTHUS H/lea/IbHOTO ra3a, a caM IIpPoIiecc
XapaKTepusyeTcsa 3aBUCUMOCTBIO \(pVA\gamma=\mathrm{const}\), rige moxkasareJb
anuabars! \(\gamma=5/3\) 1151 04HOATOMHOTO Tasa.

e Mogayisb OHra \(E\) — K0oapPUITHeHT, XapaKTepU3YIOIINUI MeXaHUYeCKoe
COIIPOTHUBJIEHNE MaTepHrasia U BXoAdAmui B 3akoH I'yka \[\frac{F}{S}=E\frac{\Delta

LHL}\
o /s \(|\alpha x|\l 1)) B cuite mpubamkenue \((1+x)Malpha\approx 1+\alpha x\).



Gas spring A thermally insulated cylindrical tank is filled with monoatomic ideal gas
and capped with a piston, which can move along the walls of the tank without any friction.
If the piston, which is initially in equilibrium, is pushed or pulled, one can feel an ‘elastic’
force.

a. Show that the described system is subject to Hooke’s law if deformations are small.

b. Determine the spring constant and Young’s modulus of such a ‘gas spring’.

Notes:

e Thermodynamic process during which the gas does not exchange heat with the
environment is called adiabatic. In this process, the equation of state of ideal gas still
holds and the process itself is governed by the relation \(pVA\gamma=
\mathrmf{const}\) with adiabatic index \(\gamma=5/3\) for ideal gas.

e Young’s modulus \(E\) is a quantity that describes resistance of material to mechanical
deformations. It appears as a proportionality coefficient in Hooke’s law \[\frac{F}
{A}=E\frac{\Delta LH{L}.\]

 If\(|\alpha x|\ll 1\) you can use an approximation \((1+x)*\alpha\approx 1+\alpha x\).



Klase: 11-12
Punkti: 4

Udenraza sabrukSana Negativi Gdenraza joni \(\mathrm{H}/-\) ielido magnétiskaja
lauka, kura indukcijas linijas ir perpendikularas jonu kustibas virzienam un kura indukcija
ir B =40 T. Novertéjiet maksimalo atrumu, pie kura Sos jonus magnétiskais lauks nesarauj,

nemot véra, ka \(\mathrm{H}*-)) jonu jonizacijas energija ir aptuveni 1 x 10-197.

Pacnag Bogopoga OTpuilaTesibHbIe HOHEI Bogopoaa \(\mathrm{H}A-\) BiieTaroT B
IIoIlepevyHOe MarHUTHOe I10JIe MHAYKITUY B = 40 Ti1. O1leHUTe, IIpU KaKOM MaKCUMaIbHOMU
CKOPOCTH OHH eIl[é He PaspyllIarTCcd MarHUTHBIM I10JIeM. JHeprUusd HOHU3AITUH

\(\mathrm{H}-\) cocTaBsteT okoJo 1 x 10719 ik,

Hydrogen breakdown Negative hydrogen ions \(\mathrm{H}~-\) enter a transversal
magnetic field of strength B = 40 T. Estimate the maximal speed they can have in order for
the magnetic field not to break them down. \(\mathrm{H}*-\) ions have ionisation energy
about 1 x 107197,



Klase: 11-12
Punkti: 4

Rotalu pistole Modelésim rotalu pistoli ka atsperi, kuras masa ir M, kas ar vienu galu ir
piestiprinata pie nekustigas sienas. No Sadas pistoles tiek izSauta lodite, kuras masa ir m,
atrums ir \(v\). Ja panem divreiz smagaku loditi, tad tas atrums bus \(v\sqrt{2/3}\). Nosakiet
atrumu loditei, kuras masa 3 m.

ITnucrosetuk IIpefacTaBUM cebe MeXaHHU3M UTPYIIEYHOTO IUCTOJIETA B BU[E IIPY>KHUHBI
Macchl M, OTHUM KOHITOM IIPUKpPEeIJIEHHOM K HeIIOIBIDKHOU cTeHKe. Korma nmucroset
CTpeJigeT IIIapUKOM MAacCChI 11, TO IPULAET eMy CKOpPOCTh \(V\). Eciiu JKe I1apyvK 3aMeHUTh
Ha BJIBOe 60Jiee TSOKEBIH, er0 CKOPOCTh I10cJIe BrIcTpesa 6yzeT \(v\sqrt{2/3)). Ompeznenure
CKOPOCTH IIIapHhKa Macchl 3 m.

Toy blaster A mechanism of a toy blaster can be modelled as a spring of mass M, one
end of which is attached to the fixed wall. During the shot, the blaster accelerates a dart of
mass m to velocity \(v)). On the other hand, if a heavier dart of mass 2 m is used, it is
accelerated to velocity \(v\sqrt{2/3}\). Determine the velocity to which a dart of mass 3 m
will be accelerated.



Klase: 11-12
Punkti: 3

Nesteidzies! Astronauts stav uz lodveida asteroida ekvatora. Asteroida blivums ir
2 g/cm?® un diametrs 2 km. Vai vin$ spés apiet apkart S1I asteroida ekvatoram 2 h laika? Vai
ir jaizpildas kadiem papildus nosacijumiem, lai astronauts apietu apkart asterordam?

He Toponuch! KoCMOHAaBT CTOUT Ha 9KBaTOpe II1apo00pasHOro acTepour/ia IVIOTHOCTHI0
2 r/cM® 1 guaMeTpoM 2 KM. CMOKeT JI OH 000MTHU acTepOU] 110 IKBATOPY 3a 2 u? ECTh J1x
IUISL 3TOTO TOIIOJIHUTEIbHBIE YCIOBUA?

Don’t run too fast! An astronaut stands on the equator of a uniform spherical asteroid
of density 2 g/cm? and diameter 2 km. Will he be able to walk around the equator of the
asteroid in 2 h? Should any additional conditions be met?



