3apauyi ctyaeHTCbKOro TypHipy isukiB (2017-2018 HaBYanbHUM PIK)

1. Sound thermometer

Devise a method to obtain the temperature of a fluid by listening to the sound
emitted when it is poured into a cup (see video https://youtu.be/Ri_4dDvcZeM ).
State the precision, accuracy and the limits of your method as well as the important
parameters of the fluid.

1. 3BykoBuii TepMoMeTp

Po3po06iTe MeTO1 BUMIpIOBAaHHS TEMIIEPATYPH PiAMHE Ha OCHOBI ITPOCITYXOBYBaHHS (aHAII3Y)
3BYKY, SKUW YTBOPIOETHCS MPHU HAJIMBAHHI €] PIIMHU Y YaIIKy (JUB. BiCO
https://youtu.be/Ri_4dDvcZeM ). Buznaure 4yTiauBICTh, TOYHICTH Ta MEKi 3aCTOCYBAHHS I[LOTO

MeToTy. SIKi mapaMeTpH PiMHH iCTOTHO BIUIMBATUMYTh Ha BU3HAYCHHS TEMIIEPATypH TaKUM
METOIOM?

2. Static speaker
Build an audio speaker without any moving part. Discuss the maximum bandwidth, signal-to-noise
ratio and power efficiency achieved with your design. Is it possible to modify your device to use it
as a microphone?

2. CraTu4Huii TY4YHOMOBeIb

[ToOynyiiTe 3ByKOBY KOJIOHKY, 110 HE MiCTUTh KOAHOI pyxoMmoi yacTuHH. [Ipoanamnisyiite
MaKCHMAJIbHY IIUPUHY CMYTH MIPOITYCKaHHS, BITHOIIECHHS CUTHAJY JI0 IIIyMY Ta CHEPreTHYHY
epexTuBHicTh (KK/) Bamoi koHCTpyKIii. Yu € MOXIIMBOIO MOAM(IKAIIis BALIOTO IPUCTPOIO JIIS
HOro 3acTocyBaHHS B SIKOCTi MikpodoHa?

3. Ink tree

When a drop of ink is injected inside especially still water, or dropped very close to
its surface, it firstly forms a ring of ink which then divides into smaller rings (see
video https://youtu.be/VPBdsIWyYUZK). The process repeats again and again and
forms a tree-like structure of ink. What is the maximal number of ring divisions
that one can see and how does it depend on the important parameters?

3. YopHuIIbHE 1epeBO
Koy kparmist yopHMIIa BHOCHTBCS Y BOJTY, SIKA 3HAXOAUTHCS Y CTaHI CIIOKOI0, 200 XK KOJIH IIs

Kparuis TaJla€ Ha TIOBEPXHIO TaKOi BOJM 3 MaJIOi BUCOTH, CIIOYATKY (OPMYETHCS YOPHUIBHE KIJIbIIE,
sIKE 3TOJIOM JTMTHCSI Ha MEHIII Kbl (UB. Bimeo https://youtu.be/VPBdsIWyYUZK ). Ilei# nmporec

MTOBTOPIOETHCS 3HOBY 1 3HOBY, YTBOPIOIOUH B PE3YNbTaTi JEPEBOMNOIIOHY YOPHUIBHY CTPYKTYPY.
SAxoro Moxe OyTH MakCUMalTbHa KUTBKICTh TTOJIUTIB KBS Y TAKOMY JOCIII, 1 SIK ISl KITBKICTh
3aJIeKUTh BiJl MapaMeTpiB cucteMu?

4. Origami launcher

Folded paper structures such as the Miura-ori origami can be programmed to exhibit a wide range
of elastic properties depending on their crease and defect patterns. Design and build an origami
cannon to vertically launch a standard Ping-Pong ball using only a single uncut sheet of A4 paper
(80g/m?). How is the height of the ball elevation related to the folding pattern? Optimize your
design to achieve the maximum height possible.
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4. Opirami ik NycCKoBa yCTAHOBKA

CTpyKTypH i3 CKJIaJeHOTO TIanepy, Taki 1k opirami «Miypa-opi» (2737, nus.

https://uk.wikipedia.org/wiki/3run_wmanu_Miypu) MOXKYTbh JEMOHCTPYBATH PI3HOMaHITHI IPY>KH1
BIIACTHBOCTI IIPH PI3HUX CIIOCO0AX CKIIAMaHHs Ta po3noiiax aedexTiB. Po3pobiTe Ta 3MaicTpyiite
«opirami-rapMaTy» JUis BEpTUKAIBHOTO 3aIlyCKy CTAaHAAPTHOI KYJIBKH I HACTUILHOTO TEHICY,
BUKOPHUCTOBYIOUH JIMIIIE OMH HEPO3pizaHuii apkym nanepy A4 ryctunoro 80 r/m?. Sk 3anexatume
BHCOTA, Ha SKY MIIAMEThCS KYJIbKa, BiJl CIOCO0y cKiamaanHsa? OnTUMI3yHTe Bally KOHCTPYKIIIIO
111 OTPUMAaHHS HaOLIBIIOT MOYKIIMBOI BUCOTH.

5. Fluidic Calculator

Droplets having different concentrations of food coloring (containing propylene
glycol) move in beautiful and intricate patterns when placed on a clear glass
slide (see video). A wide variety of autonomous fluidic machines can be
produced using this property. Implement diverse arithmetic operations using
such droplets and optimize the operation speed.

5. DJOITHNH KAJTbKYJISATOP

Kpamnenbku 13 pi3HEM BMICTOM Xap4yoBoro 0apBHHKA (Ha OCHOBI MPOMIICHIJIIKOIIO), BMIIIIEHI Ha
CKJISTHY TTIOBEPXHIO, MOXKYTh 3/IICHIOBATH CKIIQIHHUNA PYX, YTBOPIOKOUN IPUEMHI IS OKa BI3ePyHKHU
(muB. Bimeo https://youtu.be/ZMsaH6SYACY ). Ha ocHOBI moaiOHUX BIaCTUBOCTEH MOXKYTh OyTH
CTBOpPEHI pi3HOMaHITHI (roinHi Mammuu (auB. https://en.wikipedia.org/wiki/Fluidics). Po3po6iTs
Ha TAaKOMY IPUHLUII Jii IPUCTPOI AJs1 BUKOHAHHS PI3HUX apu(PMETUUHUX [iil Ta ONTUMI3ylTe
1XHIO IIBUIAKOIITO.

6. Sonic black hole

A sonic black hole is a phenomenon in which sound is unable to escape a region of space which is
not bounded by any walls. Just the same as for usual black holes where light is unable to escape
some region of spacetime. Try to create your own sonic black hole. What represents the event
horizon? Does the Hawking radiation exist for your black hole model? Which properties of usual
black holes cannot be represented?

6. 3BykoBa 4opHa gipa

3BYKOBOIO YOPHOIO P00 HA3MBAIOTH SIBUIIE, KOJIH 3BYK HE MOKE TIOKHUHYTH 00JIACTh MPOCTOPY, HE
oOMekeHy CTIHKaMM, aHAJIOT14YHO /IO 3BUYaHUX YOPHUX P, Y AKUX CBITJIIO HE MOKE BUMTH 3
MeBHOI 00J1acTi npocTopy-yacy. CrpoOyiiTe CTBOPUTH Ballly BJIacHY 3BYKOBY 4OpHY aipy. Lo 6yme
aHaJIOTOM TOPU3OHTY noAii? Yu icHyBaTHMe y Balliid MO/l aHAJIOT BUNPOMiHIOBaHHS [ OkiHra
(mmB. https://uk.wikipedia.org/wiki/BunpomintoBanus_['okinra). ki B1acTUBOCTI 3BUYANHUX
YOPHHUX JIip B IPUHIUII HE MOXKYTh OyTH MPEACTaBICHI TAKUM YUHOM?
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7. Half-life sparkles

Sparks caused by an angle grinder tend to fly over a certain distance and then to
split into several smaller sparks. What causes them to split? What is the
condition for a split to occur? What influences the distance before the split?
What will be the distance distribution of the sparks to fly?

Be extremely careful when performing experiments!

7. IliBpo3najn ickop

Ickpw, 110 CTBOPIOIOTHCS MPU POOOTI KyTOBOI LTI YyBaTBHOT MAIIMHM, SIK TTPABUIIO MIPOITAIOTh
MIEBHY BIIJIaJTh BT MiCIII YTBOPEHHSI, a IOTIM JTUISATHCS HA JEKiJbKa MEHIIHUX iICKOp (UB. BiJieo
https://youtu.be/Eq8-FEVSOIE). I1{o € mpu4rHO0 TaKoro moaiay? 3a IKHX yMOB Bi0OyBa€ThCsI
Takuil moain? Ski ¢pakTopu BIIMBATUMYTh Ha BiJAaJIb, AKY MPOJETUTH iCKpa A0 moAiny? Skuii
BHTJISI]] MATUME CTATUCTUYHA (PYHKITIS PO3MOAUTY TAKUX BIIJAICH JIJIs BEJIMKOI KUIBKOCTI icCKOp?
Byovme expaii obepescnumu ma oompumyiimecs npaguil mexHiku 6e3nexku npu npoeeoeHHi

excnepumenmia!

8. Candle lighting trick

It is possible to relight a candle that has just been blown out by lighting the
smoke that is created in the process (see video https://youtu.be/TFIX1rcm4Lg).
Indeed, the smoke contains vaporized wax which is the substance that burns in
the flame in the first place. What is the maximum distance (between the match
and the candle) from which one can relight the candle? Identify the important
parameters and find how they influence this maximal distance.

8. ®okyc i3 3anaTI0BAHHAM CBIYKH

CBiuKy, sSIKy IIOWHO 3aracyiiv, MOKHA 3aITaJIUTH 3HOBY, ITiIHAMBIIH ITAPH BOCKY, SIKi MICTATBCS Y 11
mumi (muB. Bigeo https://youtu.be/TEIX1rcm4Lg). Skoro Oyne HalOLIbIIA Biaamb (MiXk CIpHUKOM
Ta CBIYKOIO, 30KpeMa, il THOTOM) Ha SIKii Take «dIepe3anaifoBaHHsm e MoxJmBe? Bix skux

napameTpiB 1 ik came Oyjie 3anexaru 1ue sBumie?

9. Screaming balloon

If you put a hex nut in a balloon it is possible to make it «scream» by giving a
certain rotational movement to the balloon (see video
https://youtu.be/zIAHSpLoejU). How do the characteristics of the sound
produced depend on the important parameters of the system?

9. KpukiauBa KyJbka

SIKIIIO0 BMICTUTH IIECTUTPAHHY TaiiKy BCEPEINHY HAYBHOI MOBITPSAHOI KYJIbKH, MOKHA IPUMYCUTH
il «3aBeperiaTiy, HaJaBIlIu IEBHOrO 00epTOBOTO pyxXy (auB. Bimeo https://youtu.be/zZIAHSpLoejU ).

SIK XapaKTepUCTUKU OTPUMAHOI0 TAKUM YMHOM 3BYKY 3aJI€KaTUMYTh BiJl TapaMeTpiB CUCTEMHU?

10. Quaint jet

When water is forced through a thin slit, the flow sometimes takes the shape of a helix. Describe the
phenomenon and explain the dependence of the aspect ratio(s) of the helix on the fluid parameters,

parameters of the flow and the shape of the nozzle.

10. YynepHaubkuii noTtik
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Ko Bogy mporanstoTh Kpi3k TOHKY HIUTHHY, TTOTIK 1HOI Ha0yBae (hopMu TBUHTOBOT JIiHII.
[TosicHITS 11€ ABUIIE, 30KpeMa, 3aJIeKHICTh (POPMHU Ta FTEOMETPUYHUX PO3MIpIB 1€l JiHii Bl
rapameTpiB PiAWHH, IOTOKY, a TAKOXK Bia popMu coruia.

11. Chalk on the water

If you draw a line on a glass surface covered with a thin layer of water using
chalk, the line will blur in offshoots distributed in the lengthwise direction. What
are the statistical properties of this distribution and how do they depend on the
important parameters?

11. Kpeiigoro no Boai

SIKI110 MPOBECTH KPEHI010 JIIHIIO IO CKIISIHINA OBEPXHi, BKPUTIH TOHKHM [IAPOM BOJIH, JIiHIs
PO3MHUBATUMETHCS, i YACTUHKH KPEHIH PO3NOIIIATUMYTHCS y ONEPEUHOMY HANpPsSIMKY. SIKuMu
OyAyTb CTAaTHCTUYHI BJIACTUBOCTI PO3MOJIUTY TAKUX «BOPCUHOKY 1 IK BOHH 3aJIe)KaTUMYTh Bij
napameTpiB CHCTEMU?

12. Particle detectors for dummies

Build a simple device that can detect cosmic ray particles. Characterize the particle identification
capabilities of your device. Try to test your device in different conditions and also try to obtain the
energy spectrum of the cosmic ray particles.

12. JleTeKTOPH YaCTHHOK sl 4ANHUKIB»

[ToOynyiiTe mpocTHii MPUCTPiH, IO MOXKE PEECTPYBATH YACTUHKH KOCMIYHUX IIPOMEHIB.
OxapakTepHu3yiTe 3/1aTHICTh BaIIOTO MPUCTPOIO A0 imeHTHdikalii yactuHok. IIpoBeniTe
BUIPOOYBAHHS BAILIOr0O MPUCTPOIO 32 PI3HUX YMOB, a TAKOXK CIIPOOYHTE OTPHUMATH EHEPreTUYHUI
CIIEKTP KOCMIYHHMX YAaCTHHOK 32 HOTO JOITOMOTOIO.

13. Egg white pearls

Egg whites are separated from the yolk and put into a syringe. From the
syringe, the egg white is ejected into heated oil while the tip is in motion (see
video https://youtu.be/I6j1-rCOsmE). How does the size of the egg white pearls
produced depend on the various parameters such as the temperature of the oil,
ejection and motion speed, nozzle diameter or the non-Newtonian properties of
egg whites?

Be extremely careful when performing experiments!

13. Ilepaunu 3 seuni

Sleunnii 61J10K BiAIIAETHCS BiJl )KOBTKA Ta BMIILyeTbes y mmpui. LInpur BUKOPUCTOBYEThCS 115
BIIPUCKYBaHHS 1IbOTO OLIKa y HArpiTy oOJIif0, IPUYOMY MO0 COIIIO pYXa€eThCs B MPOIIeci
BIpUCKyBaHHs (nuB. Bigeo https://youtu.be/I6j1-rCOSmME). Sk 3anexaTtuMyTh pO3MipH OTPUMaHUX
TaKUM YHHOM «II€PJIMH» BiJ PI3HOMaHITHUX MapaMeTpiB, TAKUX K TEMIIepaTypa oJii, IBUIKICTh
BIIPUCKYBaHHS Ta MEPEMIILIEHHS COIJIa, JlaMeTp COIIa, a TAKOK HEHbIOTOHIBCHKI BIaCTUBOCTI
sieyHOTO OlNKa SIK pinuHu? byosme 0cobaueo obepedxchi npu nposedenti excnepumenmia!

14. Erratic raindrops
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When a car moves with high speed in rain sometimes the drops on its side window walk up but not
down. Explain the phenomenon and find the conditions for it to occur (size of the drops and the car
speed for example). What determines the drop trajectory and how does it depend on the important
parameters?

14. CkaxeHi 1010Bi Kpamnii

Konu aBTOMOOIB pyXa€eThCst 13 3HAYHOIO MIBUIKICTIO IT1JT 4ac Oy, 1HOJI Kparuti Ha O1YHUX BiKHAX
PYXaroThbCs Bropy, a He BHU3. [10SICHITH 1€ sIBHIIE Ta 3HANAITH YMOBH, 32 SIKMX BOHO BUHUKAE (TaKi
SK pO3MIpH Kparelb, MBUAKICTh aBTO TowIo). Lo BU3HaUae TPaeKTOPiIO KPAILIMHH 1 SIK IS
TPAEKTOPIS 3aJIEKUTH BiJl MapaMeTpiB cucteMu? [Ipu nposedenHi ekcnepumenmis 3 peaibHum agmo
He cmeoprotime Hebe3neKu 01 cebe ma IHUWUX YYACHUKIE O0POANCHLO20 pyxy!

15. High-speed CD

If one spins a compact disk very fast, its surface starts to warp (see video
https://youtu.be/zs7x1HuU29Wc). However one can observe that the warp
rotates with a different speed than the point on the surface, How do these
two rotational velocities relate to each other?

Be extremely careful when performing experiments!

15. BucoxomBHAKICHUNA KOMIIAKT-IUCK

SIK110 00epTaTH KOMITAKT-AUCK AY)KE HIBHIKO, HOTO MOBEPXHS MOYMHAE BUTUHATHCS (IUB. Bil€O
https://youtu.be/zs7x1HU29WCc). Ilpu 11boMy MOXHA TOMITHUTH, IO BUTUH 00EPTATUMETHCS 3
94aCTOTOIO, BIIMIHHOIO BiJl 4aCTOTH 0OEpTaHHS 3a/1aHOT TOYKH HA MOBEPXHI AUCKY. SIKuM Oyie
CIIBBITHOIIICHHS MIX I[IMMHU JBOMA YacToTaMH oO0epTanHA? Bij SsKuX mapameTpiB i K caMe BOHO
3alekuTh? Byovme 6xpati obepedchumu npu nposedeHHi 0ocnioig!

16. Bubble light

Sonoluminescence is the emission of short bursts of light from imploding bubbles in liquid.
Although the effect has been known for decades, there is no widely-accepted explanation. Suggest a
setup to observe the phenomenon and to study the spectrum of emitted light. Can this effect be used
to obtain coherent laser-like light emission?

16. Bubble light

Conomominectenmis (aus. https://uk.wikipedia.org/wiki/CoHOIOMIHECIIEHILS ) — [1€ BUHUKHEHHS
KOPOTKHX CHaJjlaXiB CBITJIa IPU CXJIONYBAaHHI OynbOaiok y piauHi. He3paxkarouu Ha Te, 1110 11eH
eeKT BiIOMMI IPOTIAroM 6araTbox JAecATUpiY, 10CI He iICHY€ HOoro 3arajJbHONPUHHATOrO
MOSICHEHHSI. 3alpONOHYIHTE YCTAaHOBKY JUTSI CIIOCTEPEKESHHS JAHOTO SIBHIIA Ta JOCIIIKEHHS
CIIEKTPY BUIIPOMIHEHOTO CBIT/Ia. YU MOXKe JaHui eeKT BUKOPUCTOBYBATHUCSA AJIsi OTPUMAHHS
KOTE€PEHTHOI eMicii CBiTIIa, MOII0HOT 0 Ja3epHOi?
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17. Balancing pebble

Stones which are taken by wind on the ice of Baikal Lake can be found
after some time staying on a thin «stand». Reproduce and explain this
«stand» phenomenon and estimate the curve of the stand depending on the
important parameters.

17. I'anbka-exBiaiopuct

Kawminiti, 1110 3HOCSTBHCS BITPOM Ha KpHTry o3epa baiikai, yepes neBHUi 4ac MOXYTh OyTH
3HaWJCHUMU Yy CTaHi1 pIBHOBAard Ha TOHKOMY «I1’€JiecTaii». BiATBOPITH Ta MOSICHITH II€ «IBHILE
I’ eecTany», a TAKOXK BU3HAUTE 3aJIEKHICTh (POPMU TAKOT'O I1"€1€CTAITy BiJl IApaMETPIiB CUCTEMHU.




