Mexynapojnas pusndeckas OJTUMITHAIA
«@opmyna Equncreay / «Tperbe Thicsdenernes
2022-2023 yuebubrit rog. OTOOPOUHBIN STAIT

Pemennga 3agaa gjasg 10 kjacca

10.1. (3 6amma)  II3 OTKpBIBIIMXCA HEPBON ¥ MOCJIE/THE!
JiBepeil npubbIBIIEro Ha craHimio noesga Boimm [lepiaok Xosme
u npodeccop MopuapT u HalpaBUIMChL HABCTPEUY JPYT JPYTY C
OCTOAHHON cKOpocThio. [locse 3aBepinenust mocajku maccaKnupoB
110e3)1 HavaJsl JIBUraThCs ¢ OCTOSHHBIM yeKopenueM 1 M/c? u depes
12 ¢ mocsteinumit Baron mpoexaJs Mumo podeccopa Mopuaptu, a emé
1gepes 2 ¢ — mumo [lepsoka Xosmvca. Jynna noezna u miardopMbr

paBHBI 172 M.

[1] Ha kakom paccrosiaun apyr ot apyra naxopuauch [lepsok Xosvic u npodeccop Mopuapru B
MOMEHT, KOT/Ia [OCJIC/IHAN BATOH I10e3/1a MOKUHYJI cTannuio? OTBeT JaiiTe B MeTpax, OKPYIJIUB
JI0 TIEJIBIX. (T. A. Andpeesa)

OrtBer: 15.

Pemenue. Eciiu 7 — Bpems crognku noesfa, L — JuHa 10e3/1a, a U — CKOpPocTh Xomca u Mopu-

apTu, TO YPaBHEHUs, OIMCHIBAIOIINE UX BCTPEUY C ITOCJETHUM BArOHOM, HMEIOT BU/I:

at?
7 = U(tl + ’7'),
a(ty + t2)?

2 :L—U(t1+t2+7).

Pemas sty cucremy, naxomum v = 1 m/c u 7 = 60 c.
Bpewms, 3a KoTopoe nocsieHUit BaroH 1oes3 ia MOKUHYJ CTAHIINIO, PABHO

2L
t3 = -— = 18,6 C.
a

Paccrosiaue K sroMy MomeHTy Meskay Xosmcom u Mopuaprtu pasao S = L — 2u(t3 + 7) ~ 15 m.

10.2. (2 6amma)  Kuuddd-naiteep npbeiraysn B Bojy ¢ 29-meTpoBoii ckasibl. Koryia on mposte-
Tes1 epeble 10 M, ¢ yeTyma CKaJbl B BOJY YA 3pUTETh.
[2] Ha kakoii BeicOTE HAXOJUTCST YCTYII, €CJIU CIIOPTCMEH U 3PUTEb KOCHYJIUCH BOJIbI OJIHOBPEMEH-
no? OTBer jaiite B MeTpax, OKPYIJIUB JI0 TE/IbIX.
Sameuanne. Kinudd-1aiiBUHr — 3TO NPBIKKU B BOJLY € €CTECTBEHHBIX BBIINIEK — HAIPUMED, CKAJI.
CunraiiTe, 9T0 Haua/IbHASA CKOPOCTH IIPBITYHA PaBHA HYJIIO. YCKOPEHUe CBOOOIHOIO NaJIeHNsl CIuTaiTe

pasubiv 10 M/c?. ConporubiienueM Bo3jiyxa npeHedperure. (T. A. Andpeesa)
OTser: 5.
Pemenue. Bricora ckanbl H, = gt3/2, rie t; — BpeMs Bcero noJéTa JaiiBepa;
2H
=42 =24c¢
9
[Tepsbie 10 Merpos noséra pajisepa AH = gAt? /2, 4To IIPOU3OILIO 3a BpeMs
2AH
At=|——=14c
g
Bpewms majenus spurens to = t; — At = 1 ¢, Toryma BeicOTa yCTyIa
t2
H2 == & =5 M.

2



10.3. (3 6amma) ['pys maccoit M = 10 Kr NOJHUMAIOT, MCHOJIb3Ysl CUCTEMY
0JIOKOB, TTOKa3aHHYIO Ha pUcyHKe. K KaHaTy B TeueHue 2 ¢ MPUKJIAIBIBAIN TOCTOSH-
nyio cury 50 H, morom KanaT cjiydaifHO OTIYCTUIN U CMOTJIA MIOWMATh TOJIBKO CITYCTS
4 ¢, mocjie Yero MmoHaI00MIOCH eIé 5 ¢, YTOObI, MPUKJIAIbIBAT TY K€ CHUJLY, BCE-TaKN
[OJIHATH I'PY3 Ha HEOOXOIUMYIO BBICOTY.

[3] Ha kakyro BbICOTY OBLI MOAHAT I'PY3 OT €ro HAaJYaJbLHOTO mosiokeHusi! OTBer
JaiiTe B MeTpax.

3ameuanue. Tpennem B 6JI0KaX U CONPOTHBIEHUEM BO3/yxXa IpeHeOperute, OJIOKU

-
cuuTaiire HEBECOMbBIMU, HUTH — JIETKUME U HEPACTAKUMbIMU, YIACTKU HUTEH, He Jie- F
JKalue Ha 0JIOKAX — BEPTUKATLHBIME. YCKOPEHHE CBOOO/HOTO A IeHUs CIUTafiTe paB- M
aeiv 10 M/c?. (M. A. Kpynuna)

OTrset: 45.

Pemenne. 3anumem YpaBHEHUA JBU2KCHUA TeJla U 6JIOKOB, YIUTbIBad 9TO UX MacCCbl paBHBI HYJIIO
1 CHJIbl HATAXKCHUA B K&)K,ZLOIU/I HHUTHN ITIOCTOAHHBI:

Ma =T, — Mg,
Ty = 2T,
T, = 275,

Ty =F

(3necy Ty — cuiia HaTsiKeHUs B paBoil HuTH, T3 — cuiia HaTsKeHus B jieBoil Hutn). [Ipeobpasyem
1 HailJIEM YCKOpEHUE:

F 50 M
Ma=4F — M = =4.——qg=4-——10=10 —.
¢ g ¢ M 10 &2
OrmpeietiM BBICOTY TOIbEMa M CKOPOCTH B KOHIIE MTEPBBIX JIBYX CEKYH/I:
at% 10-4
T = 7 = T =20 M,

M
V1 = CLtl =20 —.
C
OnpegeJmM BBICOTY HO,H,’béMa 1 CKOPOCTDB IIOCJIE CJIEIYIOIINX 4 CEKYH/I:

gt3 10- 16
$2:I1+U1t2—7:20+204—TIQOM,

M
ngvl—gt2:20—10'42—20—.
C

Omnpejie/inM KOHEUHYIO BBICOTY TOIbEMA:

12 10- 25
333::152—}—1)2253—1—%:20—20~5+T:45M.

10.4. (2 6amuia) Hern kararorcs Ha cankax. AHapeit Tamur canku ¢ Marmeit 3a BepéBKy
oy yriiom o« = 30° kK ropuzonty, a llerss Toskaer Takuwe ke canku ¢ Jlamreii, HapaBisgs CHTy
F, =140 H BaM3 nox, yrimom o = 30° K TOPU30HTY.

[4] Kaxyto cuny F| moskeH mpukiaabiBarh AHJpeii, 9TOObI JI€BOUKH JBUTAJINCH C OJMHAKOBBIM
yckopernnem? OtBer maiite B HbloTOHAX, OKPYTJINB JI0 TEJIBIX.

Macca Maru Bmecte ¢ cankamu my = 40 kr, macca [lamm BMecTe ¢ caHKaMi my = 35 KI. YCKOpeHue
cBobOIHOTO TIajlenus cuurtaiite pasubiM 10 M/c2. Kosddunuent tpenus pu = 0,20.

(M. A. Kpynuna, C. A. Cmaposoiimos)
OtBerT: 127.
Pentenne. Paccmorpum jBmxkenne canok ¢ Mareit. Bropoit 3akon HbioToHa B TpoeKIusax Ha ropu-
B0HTAJBHYIO U BEPTUKAJIHHYIO OCH:

Fycosa — Fipy = maa,

Fisina+ Ny =mqg.



Kpowme Toro, Fr,, = uNy. Pemag cucremy ypapHenuii, nostyanm
Ficosa — umyig + pFysina = mya. ()
Paccmorpum jBukenune canok c Jlarmeii:
Fycosa — Fip, = maa,
Fisina+mpg = N,
F

P2
Pemas BTOpyIto cucreMy, BhIpa3uM yCKOpPEHUE:
. Fycosa — umog — ks sina.
mo
[MomcraBum yckopenue B dbopmyiy () u, mocie mpeodpasoBaHuil, Oy TUM

my(cosa — psin )

= IUNQ

Fy,=F,- =127 H.

ma(cos a + psin av)
Kpurepun. Henpasuiabable orersl B auamnazone ot 124 mo 130 omenusatorcs B 1 Gasur (Kopu
[peJIoJIaraer, 9To ONMOKN BbI3BAHBI TOYHOCTBHIO BBIYUCIEHUH TPUTOHOMETPUIECKUX (DYHKITHIL).

10.5. (3 6amma)  Crek/sHHBII TOHKOCTEHHBINH CTaKaH ILUIABaeT B COCyJe ¢ Bojoi. B Hero
MeJIJIEHHO BJIMBAIOT CHPOII, OKa CTaKaH He IIOTPY3UTCA B BOJAY POBHO 10 cepefunbl. CuponoM mpu
9TOM OKa3bIBaeTCs 3all0JIHEHa YeTBePTh cTaKaHa. BTopoil Takoil ke cTaKaH, 3allOJTHEHHBIH 10 10J10-
BUHBI BOJOM, IIJIaBaeT B CUPOIIe, IIOIPY3UBIINCH 10 CEPEAUHDL.

[5] Kakasa gacrs Broporo crakama Oyer HOrpyzKeHa B CHDOI, €CJIH B HEIO BBUINTH COJIEPXKUMOE
nepsoro crakana?! OTser faiiTe B Bue AECATHYHON IPOOH C TOYHOCTBHIO JIO COTBIX.

(T. A. Andpeesa)

Otrser: 0,75.
Pemnenne. 3anumem ypaBHeHue paBHOBecHus i 1 cTakaHa:
V V
mg + pg - 1= P9 (10.5.1)

rjie m — Macca IIyCcToro crakana, V' — o0bEM cTakaHa, p — IUIOTHOCTH CHPOIIa, Py — ILJIOTHOCTD
BOJIbI. 3aluIleM ypaBHEHNUE PABHOBECHUs JIJIsi 2 CTaKaHAa:

%4 V
mg +pog -5 = P9 - (10.5.2)
Pemas coBmectro (10.5.1) n (10.5.2), Haxomum
m — poV 4
- G p= 3 Po-

BrrmnBaem CUDOII B CTaKaH C BO,ZLOﬁZ

Vv V
m9+pog-5+pg-zngx‘/,

rJe © — TOrpYyKEHHas J0Jisi crakaHa. [locsie moIcTaHOBKY MacChl U IJIOTHOCTH, HOJTydaeM & = 3/4 =
= 0,75.
Kpurtepuu. Hesepubriit orBer «0,73», OJIyIeHHBIH B pe3y/IbTraTe HEIIPABUIbHBIX OKPYTJIEHUN, CTOUT
1 6auwI.

10.6. (3 6amta)  [Ipa cruyTHHKA JBUKYTCS 110 KDYTOBBIM OpOUTAM B IIPO-
TUBOIOJIOYKHBIX HAITPaBJIEHUAX BOKPYT IianeTol [leressdka ¢ JimHEHHBIMU CKOPO-
crsimu v1 = 5 KM/c u vy = 8 kM/c. Pagmyc muranerst pasen R = 17,4 Twic. K,

yCKOpeH#e cBoOOJIHOrO MaJleHnsl Ha & MoBepXHocTH g = 14 m/c?.

[6] Haiigure mHTEpBAT BpemeHH, Yepe3 KOTOPBIN CIYTHUKH MEPHOIMYECKH CONMKAITCA JPYT C
JIpYroM Ha MUHUMAJILHOE paccTognue. PesyabraT BeIpasuTe B 9acaX, OKPYIJIUB 10 JeCSThIX.
(M. I1. Kopobros, T. A. Andpeesa)
OrgerT: 11,6.
Pemenune. 3anumenm coOTHONIEHTE MEK /Ly TPABUTAIIMOHHON CUJION U CUIIOH TAZKECTH Ha IIOBEPXHOCTH



IIJIaHETDhI:

mM
G- = mg = gR*>=GM.
Banuiiem ypaBHEHUS JIBUKEHUs CITyTHUKOB Ha OpOUTAX:
mM v? GM R?
G lr=m 2t s ==t
mM v3 GM  gR?
G 5 =M — Ty =— = 5.

B MoMmeHT HauGoJIbIero cOmKeHus (1ocsie MpeJIblyINero) CIyTHUKYE «Ha JBOMX» OIUIILYT yroJl 27

v v
O = wit +wot = — -t + — - ¢,

Tl T2
IJle W1 U Wy — YIVIOBBIE CKOPOCTH CITy THUKOB.
[Tocse ojicTanoBKY 1 Tpe0OPa30BAHUIA TTOJTY IUM
2mgR?
t = —5——>5 = 11,6 1aca.
vy + vy
10.7. (3 6amura) Ha pucyHke npuBeiéH UK/, MPOBOAUMBIH € OJHO-

aTOMHBIM HJleaJbHbIM razoM. M3sectHo, uro KII/I nukiaa Kapho, mpoBomgumoro
B TOM »Ke JIHaliasone TeMueparyp, pased 64%, a npu nzobapHoM pacIIupeHnn
00bEM Ta3a yBeJMIMBaeTCd B 2 pasa.

[7] Oupenenure KIT/T nuksa. OTser npuseguTe B IPOIEHTAX ¢ TOYHOCTHIO JI0

JIECSTHIX. (C. A. Cmaposotimos)
Otser: 4.,8.
Pentenwne. 113 dopmysnnsr g KIT/L mukiaa Kapro onpegeum oTHOIIIEHHE TeMIIEpaTyp:
T T
nKzl—Tg = 1—nK:773:0,36,

rie 17 m T35 — TemMmepaTypbl B ToUKax 1 u 3.
[Tonresnast pabora, moIydeHHas B UK€, paBHA ILJIOMA/IN BHYTPU IIUKJIA, TO €CTh IO/ TPEYTOJIb-
HUKA:

1
AHZE-VI(PZ—PI):—(——:/})

B,ZLGCI) Y4dT€eHbl YpaBHEHUA COCTOAHUA B TOIKaAX 1 1 3 u oTHOIIEHNT OOBLEMOB B 9TUX TOUYKAX.

Boraucium pabory npu nzobapHOM MIporiecce:

1 1
A23=P2(V:3—V1):P2V1=§'P3V3=§‘VRT3-

3/1ech yaTeHbl ypaBHEHUE COCTOSHUS B TOUYKE 3 M OTHOIIEHUsT 0OBEMOB B TOUKax 1 1 3.
BoraucianM cymMmapHOe m3MeHeHne BHyTPeHHeH SHepruu OJHOATOMHOI'O Ta3a B U30XOPHOM U U300ap-
HOM TIPOIIECCax:

3
AUlg = 5 : VR(Tg - Tl)
OHpe,ZLe.HI/IM CyMMapHO€ KOJIMYECTBO TEIIJIOTHI, HO,ZLBQ,ZLéHHOQ B U30XOPHOM MU I/I306apHOM IIporeccax:

1
QH = A23 -+ AU13 = 5 . l/R(4T3 — ?)Tl),

n BorancanM uckombrit KIT/I:

VR T3 1 TI
A S\ h 9T, 05—0,36
U 2241y, —371) 4-3.=4 ’

2 Ty

Kpurepuu. Hepepunriit orBer «4,7», MOJTyIeHHBIN B pe3y/IbTaTe HENPABUJILHBIX OKPYTJIEHHH, CTOUT
1 6aswI.



10.8. (4 6a;mma)  [IBymM MeTa//IMUeCKUM IIapaM pPaJInycaMu
ry = 10 cm u ro = 20 cm coobmmian 3apsiibl ¢ = 0,6 MKKaI u gy = r w
= 1,5 MKy, a moTom coemHmIM UX TOHKUM TTpoBosioM. [locse sToro
ap paJimycoM 71 MOMENIAT BHYTPh MeTaIMYecKoil cdepbl paImy-

coM R = 3ry, u 31y cdepy 3a3eMIISIOT. =
[8] Kaxoit 3aps npoitér o coeuHUTEIBHOMY TPOBOLY pH 3a3emyiernn cdepbr? OTBeT Jaiite B
MKKJI, OKPYTJIUB /10 JIeCATHIX.

Bameuanue. Paccrosiaue MexK 1y IeHTpaMu [IapoB MHOTO 6osibiiie ux pajauycos. (M. A. Kpynuna)
Otger: 0,2.
Pemmenmne. [locie coeunenus 1mapoB cyMMa 3JIEKTPUYECKUX 3aPsAJI0B HE U3MEHUTCS:

G+ q=q +q. (*)
[ToTennuabl coeIMHEHHBIX IIAPOB PABHBI:
kqy kg 1
r T T

YHauThIBask PAaBEHCTBO CYMM (), TIOJIYIUM BEJMIHHBI 3aPSAI0B [OCIE COeUHEHMNS:

T2
/
r o+ ¢ =(n+q)- ,
CJ1+Q2=C]§‘ —1—1-1 :q§~ ! 2 o 1+ T2
T2 T2 ;L ( n ) (&1
q1 q1 T g2 S Tg.
[Tociie 3a3emMiieHnsT TOBEPXHOCTD C(HEPHI SIBJISIETCS TOBEPXHOCTHIO HYJIEBOI'O IOTEHITHAJIA:
kQ | kg
L) = ¢ =-Q.
37"1 37“1 gl Q

YrobbI TOK HE TEK I10 IIPOBO/LY, IIOTEHIINAJI CUCTEMbBI U3 C(bepbl " IIEpBOI'o IIapa 1 II0TEeHIINaJI BTOPOI'O
1apa A0JI2ZKHBI OBITD PaBHBbI:

" "
kai | kQ kg
N
™ 37"1 T2
Pemaﬂ, IIOJIYYUM HOBYIO CBA3b ME2KAY 3apddaMUi IMIapOB:
1" 7 1"

k% kQ1 o kQQ "o 2 n T2

— - = G=5"q" —

1 3rq T9 3 1
Tak Kak cymMMa 3aps/I0B He U3MEHUJIAach (10 aHAJOTUHU ¢ (%)), TOJYINM KOHEYHOe 3HAYEHHUe 3apsijia

[IEPBOT'O IIapa:

2 r +
Bte=dtd=d (1+: 2) = ="
3 T1 2 T
1+ =
3 T

BoraucimM n3Menenue 3apsjia mepBoOro Imapa, paBHoe 3apsaLy, KOTOPBIi MPOHJIET 1O COeIMHUTETHHO-
My IIPOBOJMY:

a1+ g2 41+ @2 1 3
Ag=ld —d'l = ey — —— == . 3r | =7 + — =
q=|d — | ri+ry 1 3r+ 21 ! @+ ¢) ri+ry 3ri+2r
0,1-0,2-2,1-10°6
_ rira (g + g2) D ’ ! = 0,2 mxKur.
(T‘l + T2>(3T1 + 27"2) 073 . 077
10.9. (3 basma) DJeKTpUIecKasi Mellb COCTOUT U3 OJUHAKOBBIX ITPOBO/I-

HUKOB conporusieHneM R = 10 Owm, obpasyonux cetky (cM. pucyHok). K y3mam
A 1 B TOKIIOUEH OMMETP.

[9] Oumnpenemure ero nokasanus. Orser gaiite B OMax ¢ TOYHOCTHIO JI0 EJIBIX.
(M. II. Kopobros, T. A. Andpeesa)

OTBeT: 25.
Pentenne. I[locrpoum mociie1oBaTe/IbHOCTh SKBUBAJIEHTHBIX CXEM:



B urore noxyunm Rogy = 2,5R = 25 Owm.



International Physics Olympiad
«Formula of Unity» / «The Third Millennium»
Year 2022/2023. Qualifying round

Solutions of the problems for R10

10.1. (3 points)  Sherlock Holmes and Professor Moriarty
stepped out of the first and last doors of the arrived train of and
headed towards each other at a constant speed. After the boarding
of passengers was completed, the train began to move with con-
stant acceleration of 1 m/sec?, and in 12 sec the last train carriage
passed Professor Moriarty, and then in 2 sec more it passed Sher-
lock Holmes as well. The length of the train and the platform makes
172 m.

[1] How far apart were Sherlock Holmes and Professor Moriarty when the last train carriage left

the station? Give your answer in meters, rounded to integers. (T. Andreeva)
Answer: 15.
Solution. If 7 is the time the train didn’t move, L is the length of the train, and v is the speed at
which Sherlock Holmes and Professor Moriarty went, then the equations describing their meeting to
the last train carriage make

:L—U(t1+t2+7').

Solving this system we get v = 1 m/sec and 7 = 60 sec.
The time at which the last train carriage left the station is

[2L
ts =/ — = 18.6 sec.
a

By this moment the distance between Sherlock Holmes and Professor Moriarty made
S=L—-2v(ts+7) ~ 15 m.

10.2. (2 points)  Cliff diver jumped into the water from a 29-meter high cliff. When he had
flown the first 10 m, a spectator fell off the edge of the rock into the water.
[2] How high is the edge if the athlete and the spectator got to the water at the same time? Give

the answer in meters, rounded to integers.

Remark. CIliff diving is jumping into the water from natural levels like rocks. Assume that the
jumper’s initial speed is zero. Consider the acceleration of gravity to be 10 m/sec?. Ignore air
resistance. (T. Andreeva)
Answer: 5.

Solution. The height of the cliff is H; = gt3/2, where t; is the total time of the diver flying in the

air after the jump:
2H
t1 = 1 9.4 sec.
g

The first 10 meters of the flight after the jump are AH = gAt?/2. In terms of time it took

Atz,/m—Hzl.llsec.
g

The spectator’s time of fall is t; = t; — At = 1 sec, so the height of the edge of the rock:

t2
ng%:5m



10.3. (3 points) The load of M = 10 kg in mass has been lifted using the
block system shown in the picture. The constant force of 50 N has been applied to
the tightrope within 2 sec and then the tightrope has been dropped by accident and
it could only get back under control 4 sec later. It afterwards took 5 sec more to get
the load to the necessary level with the same force applied.

[8] At what level has the load been lifted from its initial position? Give the answer
in meters.

Remark. Neglect the friction of pulleys and air resistance. Consider the pulleys as -

. . . . F

weightless, the ropes as light and inextensible, and the parts of ropes that are free of

pulleys positioned vertically. Consider the acceleration of gravity to be 10 m/sec?. M
(M. Krupina)

Answer: 45.

Solution. The equations of motion of the body and blocks, considering that their masses are equal

to zero and the tension forces in each thread are constant:

Ma =T, — Mg,
Ty = 2T,
T, = 275,

Ty =F

(here Ty is the tension force in the right thread, T3 is the tension force in the left thread). Transform
and find the acceleration:

F 20 m
Ma=4F — M = =4 ——g=4.-——-10=10 —.
¢ g ¢ MY 10 sec?
The height level and speed at the end of the first two seconds:
at?  10-4
T = 7 = T =20 m,
m
V1 = CLtl =20 —.
sec

The height level and speed after next 4 seconds:

gt3 10-1
m2:m1+vlt2—7:20+204—T:2Om,

m
U2:U1—gt2:20—10'4:—20—.

sec
therefore, the final height level:

2 10- 25

x3:x2+vgt3+%:20—20~5+ — 45 m.

Criteria. Incorrectly rounded answer «44» costs 2 points.

10.4. (2 points) The kids are sledging. Andrew is pulling the sledge with Mary by the
rope at the angle a = 30° to the horizon while Pete is pushing the same kind of sledge with Daria
on it directing the force of F» = 140 N downwards at the angle o = 30° to the horizon.

[4] What force Fy should Adrew apply so that the girls moved with the same acceleration? Give
the answer in Newtons, rounded to integers.
The mass of Mary together with her sledge makes m; = 40 kg, Daria weighs ms = 35 kg together
with her sledge. Consider the acceleration of gravity to be 10 m/sec?. Friction coefficient is = 0.20.
(M. Krupina, S. Starovoytov)
Answer: 127.
Solution. The movement of the sledge with Mary. Newton’s second law in projections on the



horizontal and vertical axes:

Ficosa — Fipy = mya,

{F1 sina + N; = mqg.
Besides, Fiq = pN1. Solving the system of equations, we get
Ficosa — umqyg + pFysina = mya. ()

The movement of the sledge with Daria:

Fycosa — Fiy = maa,

Fisina+ myig = No,

Fiyy = uNs.

When solving the second system, we express the acceleration:

Fycosa — pmog — pky sina
a= )

mo
Substitute the acceleration into formula (%) and after transformations we get
mq(cosa — psin )

=5 =127 N.

ma(cos a + psin ar)
Criteria. Incorrect answers from 124 to 130 cost 1 point (the jury assumes that these errors are
caused by incorrect roundings of the trigonometric values).

10.5. (3 points) A thin-walled glass cup is floating in a vessel filled with water. The syrup
is being slowly poured into it until the glass is immersed in water exactly to its middle. It appears
that a quarter of the glass got filled with syrup. The second glass of the same type, filled up to half
with water, is floating in the syrup, immersed to its middle.

[5] What part of the second glass will be immersed in the syrup if the contents of the first glass
are poured into it? Give your answer as a decimal with an accurancy of hundredths.

(T. Andreeva)

Answer: 0.75.
Solution. The equilibrium equation for the first glass:
Vv Vv
mg +pg - = pog (10.5.1)

where m is the mass of the empty glass, V' is the volume of the glass, p is the syrup density, pg is
the water density.
The equilibrium equation for the second glass:

% V
mg + pog - 5 =P (10.5.2)
By solving together (10.5.1) u (10.5.2), we get
poV 4

6 )
Pour the syrup into the glass filled with water:

3

V V
mg+pog -5 +rg- L =pgrv,
where z is the immersed part of the glass. After substituting the mass and density we get © = 3/4 =
= 0.75.

Criteria. The wrong answer «(0.73», obtained because of incorrect roundings, costs 1 point.

10.6. (3 points) Two satellites move in circular orbits in opposite direc-
tions around some planet with linear velocities v; = 5 km/sec and vy = 8 km/sec.
The radius of the planet equals R = 17.4 thousand km and the acceleration of free

fall on its surface makes g = 14 m/sec?.



and get the answer:

V_R §—T 1 T
chcle_ 2 2 ! - §_T3 _05—036

pu— T pu— —
Qtotal £<4T3 o 3T]_) 4 . 3 . _1 4 108
2 T

Criteria. The wrong answer «4.7», obtained because of incorrect roundings, costs 1 point.

= 0.048.

U

10.8. (4 points) Charges of ¢ = 0.6 uC and ¢ = 1.5 uC R

were imparted to two metal balls with radii 1 = 10 cm and ro = 2 9
= 20 cm respectively, and then they were connected with a thin wire. 4@
After that, a ball with radius r; is placed inside a metal sphere with

a radius R = 3r; and this sphere is grounded. =

[8] What charge will pass through the connecting wire when the sphere is being grounded? Give
the answer in pC, rounded to tenths.
Remark. The distance between the centers of the balls is much greater than their radii.
(M. Krupina)
Answer: 0.2.
Solution. After connecting the balls, the sum of electric charges will not change:

G+ g = ¢+ gy (*)
The potentials of the connected balls are equal:
kqy kg r
T T2 T2

Given the equality of the sums (), we get the magnitude of the charges after the connection:

T2
/
r r _i_fr QQ:(Q1+Q2) 9
Q1+C]2:qé'(_l+1>:q;' — = LT
T2 T2 C— (g + ) 1
N N 2 T+ 7”2‘
After grounding, the surface of the sphere is the surface of zero potential:
kQ | kqi "
37’1 37“1 @ Q

In order for the current not to flow through the wire, the potential of the system from the sphere
and the first ball and the potential of the second ball must be equal:

ki | kQ kg
™ 37“1 T2
Solving, we get a new connection between the charges of the balls:
k /! k ! k, ! 2 r
kot kel kg a2 T
T 37"1 T2 3 T

Since the amount of charges has not changed (likewise (x)), we get the final value of the charge of
the first ball:

2 r +
ate=d+td=d (1+: 2] = 4=-"72
3 T1 2 )
1+>-2
3 T

The change in the charge of the first ball, which is equal to the charge that will pass through the
connecting wire:

¢+ ¢ ¢+ ¢ 1 3

A == ! —_ " == . —_—— . 3 — — f—
C=la G =, T T gy, P T ) | T g

rrolgn+¢q)  01-02-21-107°

— 0.2 uC.
(r1 +79)(3r1 + 213) 0.3-0.7 H



10.9. (3 points) An electrical circuit consists of identical conductors
with a resistance of R = 10 2 forming a grid (see pic). An ohmmeter is con-
nected to the nodes A and B.

[9] Find out what the ohmmeter reads. Give your answer in ) with an accuracy

of integers. (M. Korobkov, T. Andreeva)
Answer: 25.

Solution. Construct a sequence of equivalent circuits:

As a result Ry = 2.5R = 25 Q).




