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1-ranceipma. lbiabiry. (10 ynaii)

bipme#t Tept xinmeH Te0ere UTIHTeH Maccachl M
OIpTeKTi IMIBIOBIKTBIH COJ YIIbIHA Maccachl 2,3M XYK X X
utiHreH (cypetti Kapanbi3). JKinTepaiH Keputy KyIITepiH
aHbIKTaHbI3. JKinTep KeHLT 9pi KATTHI.
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2-TancbipMma. 3pIMbIpan ymbipy. (10 ymaii)

XKep OeriHeH Maccacbl M 3bBIMBIPAH YIIBIPHUIAJBI. 3BIMBIPDAHHBIH YIIy Ke31HAET1
o am . ..
JKaHapManablH MacCCaJIblK HIbIFbIMBbI E = Uu. }KaHy OHIMACPIHIH arbIll IIbITYHBI aIII/Ia6aTaJ]I>IK

TypZe eTedl. 3bIMBbIpaH I1MIIHJErl Ta3 TeMIlepaTypachl [1, KbICBIM P1 KOHE 3bIMbIpaHHAH
IIBIKAHAAFbI Ta3 KbICBIMBI P2 00JIca, 3bIMBIPAHHBIH YIIy KE31HJET1 YAEYIH aHbIKTaHbI3. ['a3abiH
MOJIBJIIK Maccackl M, annabaTtanbiK KOpCeTKIi ).

3-tancbipMa. TYTKBIP CYHBIKTBIKTBHIH JIJAMUHAPJIBIK aFbIHBL. (10 ymaii)

HaxTbl CyHBIKTBIK KO3FAJIBICHI KE€31H/Ie, OHBIH KabaTTaphl apachlHa, KabaTTapablH OCTiHE
KaHama OaFbITTaJIFaH 11TK1 YHKEeIIC KYIITepi maiiia 60abl:

dx
Myngarsl dv/dX - arbIn jKaTKaH CYMBIKTBIKTBIH JKBUIIAMIBIK TPAIUEHTI, S - KaHACATHIH

CYMBIKTBIK KaOATTapbIHBIH ayJaHbl, ajl 7] - TUHAMHUKAJIBIK TYTKBIPJIBIK KOY(DPUITUEHTI.

Keneci ecentepe TYTKbIp CYHBIKTBIKTBIH JJAMUHAPJIBIK aFbIHBI KaPaCThIPbLIA b
a) Cy TIKOYpBIIITH KOJIACHEH KMMAachl Oap Kej0ey KaHal
apkpUIbl aranpl. KaHanablH KesOey Oypbllibl ¢, €Hl a, ai
cyabiH Teperairi N. CyablH TYTKBIPJIBIFBI MCH THIFbI3/IBIFbI
CoHKEeCIHIlIe # oHE p. AFbIH CyAblH Q MIBIFBIMBIH
aHBIKTaHBI3 (YaKbIT OIpJIITIHIE aFbIll OTETIH Cy KOJIeMi).

0) Ys3wmHapiFbel ¢ TYTIKTIH emmemaepi axb (a>>b) Oonran

TIKOYPBIIITHI KOJIJIEHEH KUMachl 0ap (CyperTTi KapaHbpi3). TiriHeH T a
OPHAIACKAH TYTIKTi TYTKBIP CYMBIKTHIKIIEH TOITBIPHIN, TYTiKTiH / L 1]
ACTBIHFBI JKAFBIH TOJIBIK AllICa, CYMBIKTBIKTBIH TYTIKTEH TOJIBIFBIMEH a=b
arbIll KeTyi KaHIa yakbITThl anabl? CYHBIKTBIKTBIH THIFBI3/BIFEI o _l_

a —
YKOHE TYTKBIPJIBIFHI 7].
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4-tanceipma. lllexapanarsl nuauaap. (10 ymai)

Pamuycer R >koHe Oipiik Y3bIHABIFBIHBIH 3apsiibl (]
OonraH, OIPTEKTI ©TE Y3BIH OTKI3TIII MWJIWHAP OTIMIUIIT &
KOHE & OONFaH €Ki JUPJICKTPUKTEPAIH IIeKapachlHIA
opHanackaH (cyperti KapaHpi). [lunmHApAiH oci mekapa
OoiibiHIa opHamackad. Ochl JKyie YIIiH KeJeci IaMaapIsl
aHBIKTAHBI3:

a) TUAJICKTPUKTEP/IET] 3JICKTP OPICIHIH MOTECHIMAIIBIH;
0) IMAJIEKTPUKTEPACTI SJCKTP OPICIHIH KePHEYJIITiH;
€) MWIMHAPAIH OIpJIiK Y3bIHIBIFbIHA OPEKET CTETIH KYIITI.

S-tanceipMma. CayJieHiH *koJbIH Tan! (10 ymaii)

Paguycet R=10 cm »xoHe chiHY KepceTkinn N =4/3 OosFaH WIBIHBI APl TAAMETPI
OolipiHIIIa ekire Oeuim, apTeimiapiapabl Oip-OipiHeH D=1 MM KalIBIKTBIKKA aJIIaKTATHII
opHanacTeipazbl. JKIHIIKE MOHOXPOMIBIK JKapbhlK COyJieCcl €Kl JKapThliail  IIapisl
XKapbIKTaHAbIpaabl. Onapapl OeJin TYpFaH CaHbUIayFa >KapblK OTIEHTIH MaTepual KOWBLIFaH,
COHJIBIKTAH CaHbLJIAK apKbUIbI IIIBIKKAH JKapbIK KpaHFa skeTiei 1. COHbIH HOTHKECIHIE, IKpaHaa
¢{=2,3 M KalbIKThIKTa (CYypeTTi KapaHbI3) OailKanaThlH MHTEP(EPEHIUSIIBIK KOPiIHIC TEK €Ki
JKapThUIal IIapJaH MIBIKKAH JKapbIKTaH maijga Oomanbl. KeckiHaeri KepIiijaec »OJaKTapIbiH
apakambIKTBIFBI X=1,3 MM 0o0JIca, )KapbIK KO31HIH TOJKBIH Y3bIH/IBIFBI KAHIIA?
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6-rancbipma. 1D Bbo3e-JiiHmTeliH KOHAeHCATHIHAAFBI couToHAap. (10 ynaii)

I'pocc-Ilutaesckuii Tenaeyi (I'TIT) 6030HaapaaH TYpATHIH 63apa SPEKETTECETIH KBAHTTHIK
ra3fap/pl CUNaTTay YIUIIH KWl KOJIaHbUIaIbI:

h? 02 , S 5 >
<——— + V(@) + gll/)(r)|2> Y(@) = pp(r)

2m 012

myHgare! V () - CBIPTKBI IOTeHIMA (aTOM Ty3arbl), g - 0030HIap apachIHAAFhl 03apa OPEKETTECY
TYPAKTHICHI, 4 - XUMHSUIBIK TOTeHnuan, an Y(7) - TOAKBIHABIK QyHKIMs. Bys ogerTe caHmbik
OJICIIEH IICHIIETIH 6T€ KYPAEIl OEHChI3bIK TEHEY.

1D-ne Oy TeHIey Al aHATUTUKAIIBIK KOJIMEH IIenryre 001aabl, Oy COMUTOHIAP bl Oepei.
V() = 0,9 > 01wmaprrapsl opbIHAanaThiH xaraai yuin, I TIT-in ememcis Gipiikrepae keneci
TYPZE Ka3yra OoJajbl:

d? 5
Y+ =0

a) w(X)=1 ocel TeHACYIiH MICIIMi OOJATHIHBIH KOPCETIHI3. Byl miemnrimM KOHACHCATThIH
HET13T1 KYH1H CUIaTTaiIbl.

Knaccukanbslk MeXxaHUKaMeH YKCACTBIKTBI KOJIZIaHA OTBIPHIN, MICKapajblK IIapT |y|—1,
X—+00 Ke31HJI¢ TPUBHAJJIBI €MEeC MICITIM/I1 TababIK. .

0) bys TenaeyaiH KOHCepBATUBTI epicTeri Maccackl M=1 0OJIFaH MaTepUAJIBbIK HYKTECHIH
TEHJICY1HE YKCac €KeHIH KopceTiHi3. OChl OpICTIH MOTEHIIUAJIBIH aHBIKTAHBI3.

¢) Colikec MOTCHIHUAIIbI ChI3BIHBI3 JKOHE COMKEC HYKTCHIH KO3FaJbICBIH CHITATTAHBI3.
Nurterpanapik TypakThl C KYHEHIH TOJIBIK SHEPrUSICBIMEH Kayail OailllaHbICThI OOTYbl KEpek?
JKyiieH1H TOJIBIK SHEPTUACHIH aHBIKTAHBI3.

) DHEPrusHbIH CaKTaly 3aHbIH KOJIJIAHBIN, KO3FaJbIC TCHICYIH MHTerpaaar, (X)-Ti
AHBIKTAHBI3.

e) WHurerpangay kesiHae Tarbl OIp TypakThl ajbiHAbl. OHBIH (DU3UKAIBIK MarFbIHACKI
kangai? |W(x)|? TeIFBI3ABIK npouiiH  canbiHb3. CONMTOHHBIH THIFBIABLIK HMPOQUITIH
TPHUBHAJIIBI MICIIIMHIH THIFBI3ABIK MPO(GUIIMEH canbICTRIPBIHBI3 (y(X)=1).

MyHaii COMUTOHHBIH HETE «KapaHFbl COMTOHY JIEIT aTajlaThIHBIH TYCIHIIPIHI3.
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Problem-1. Warm-up. (10 points)

A load of mass 2.3m is attached to the left end of a uniform X X
rod of mass m, which is suspended from the ceiling by four
identical strings (see figure). Determine the tensions in the m

strings. The strings are light and inextensible. 3x |

p=-
C123m
Problem-2. Rocket launch. (10 points)

A rocket of mass m is launched from the surface of the Earth. The mass flow rate of the
rocket’s fuel at launch is i—’: = u. The exhaust of the combustion products occurs adiabatically.

Determine the acceleration of the rocket at launch if the temperature of the gas inside the rocket
Is Ty, the pressure is p;, and the pressure of the gas at the nozzle exit is p,. The molar mass of
the gas is M, and the adiabatic index is y.

Problem-3. Laminar flow of a viscous fluid. (10 points)

When a real fluid flows, internal friction forces arise between its layers, directed
tangentially to the surfaces of the layers:

Here dv/dx is the velocity gradient of the flowing fluid, S is the area of contact between the fluid
layers, and # is the coefficient of dynamic viscosity.
In the following problems, laminar flow of a viscous fluid is considered.

a) Water flows down an inclined channel with a rectangular
cross section. The angle of inclination of the channel is ¢,
the width is a, and the depth of the water flow is h (see
figure). The viscosity and density of water are » and p
respectively. Determine the flow rate Q of the water (the
volume of water flowing per unit time).

b) A tube of length ¢ has a rectangular cross section with

dimensions a X b, where a > b (see figure). A vertically oriented T a
tube is filled with a viscous liquid of density p and viscosity 7. How ; 1
long will it take for the liquid to drain completely from the tube if _l— az=b
the bottom of the tube is fully opened? =
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Problem-4. Cylinder at an interface. (10 points)

A conducting, very long cylinder of radius R, carrying
a charge per unit length q is located at the interface between
two dielectrics with permittivities ¢; and &,. The axis of the g
cylinder lies exactly on the interface. Determine:

a) the electric potential in the dielectrics;

b) the magnitude of the electric field strength in the
dielectrics;

c) the force acting on the cylinder per unit length.

Problem-5. Light path. (10 points)

A glass sphere of radius R=10 cm and refractive index n=4/3 is cut in half along its
diameter, and the halves are separated by a distance b=1 mm. A thin beam of monochromatic
light illuminates the halves of the sphere. A light-blocking material is placed in the small gap
between the halves so that light from the gap does not reach the screen. As a result, the
interference pattern observed on a screen located at a distance £=2,3 m (see figure) arises only
from the light emerging from the two half-spheres. Determine the wavelength of the light
source if the distance between adjacent fringes is x=1.3 mm.
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Problem-6. Solitons in a 1-D Bose-Einstein Condensate. (10 points)

To describe interacting quantum gases consisting of bosons, the Gross—Pitaevskii equation
(GPE) is often used:

h? 92
<___+ V) +g|¢<f)|2) Y@ = up(P)

2m 072

where V(%) is the external potential (trap for atoms), g is the interaction constant between
bosons, u is the chemical potential, 1 (7) is the wave function. This is a fairly complicated
nonlinear equation, usually solved numerically.

In 1D, this equation can be solved analytically to obtain solitons. We will consider the case
V() = 0, g > 0, and in dimensionless units the GPE can be written as:

dZ
W‘P"“P(l—wz) =0
a) Show that ¥ (x) = 1 is a solution. This solution describes the ground state of the condensate.

Let’s find a nontrivial solution with the boundary condition || — 1, as x — +oo, using an
analogy with classical mechanics.

b) Show that this equation is similar to the equation for a particle of mass m = 1 in a certain
conservative potential. Find the potential of this field.

c¢) Draw the corresponding potential and describe the motion of the corresponding particle. How
does the integration constant C relate to the total energy of the system? Determine the total
energy of the system.

d) Using the law of energy conservation, integrate the equation of motion and find ¥ (x).

e) During integration, you obtain another constant. What is its physical meaning? Draw the
density profile [ (x)|?. Compare the density profile of the soliton with the profile of the trivial
solution (Y(x) = 1).

Explain why this soliton is called “the dark soliton.”
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