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It is much easier to recognize error than to find truth.
Goethe

1. Invent yourself
Truly random numbers are a very valuable and rare
resource. Design, produce, and test a mechanical
device for producing random numbers. Analyze to
what extent the randomness produced is safe against
tampering.

2. Lagging Pendulum
A pendulum consists of a strong thread and a bob.
When the pivot of the pendulum starts moving along
a horizontal circumference, the bob starts tracing a
circle which can have a smaller radius, under certain
conditions. Investigate the motion and stable
trajectories of the bob.

3. Acoustic Lens
Fresnel lenses with concentric rings are widely used
in optical applications, however a similar principle
can be used to focus acoustic waves. Design and
produce an acoustic lens and investigate its
properties, such as amplification, as a function of
relevant parameters.

4. Super Ball
Throw a highly elastic ball into the space between
two plates. The ball starts bouncing and under some
circumstances can even be projected back to you.
Investigate the motion of the ball and parameters
influencing the motion, including the orientation of
the plates.

5. Ultrahydrophobic Water
Set a dish filled with soapy water onto a loudspeaker
or other vibrator. When it oscillates, it is possible to
hold small droplets on its surface for a long time.
Explain and investigate the phenomenon.

6. Electric Honeycomb

MHo2o0 no-necHo e 0a pas3no3Haew 2peuwlkd,
OMKOAKOMO 0a omkpuew ucmuHa“
boTe
1. U306peTn cam
NCTUHCKM Cy4aliHM YMcna ca MHOTO LEeHEeH U pagabK
pecypc. [poekTupainte, wunspabortete u TecTBalTe
MEXaHWYHO YCTPOMCTBO, FeHepMpPaLLO0 CAyYaiHU Ymucna.
AHanusunpanmTe OO KakBa CTeMeH noJjyyeHaTta
CNY4aMHOCT € YCTOMYMBA Ha nognpasaHe!

2. 3aKbCHABALLO0 Maxano
Maxano ce CbCTOM OT 34paBa HULLKA U TexKecT. Korato
TOYKATA HA OKa4yBaHe Ce 3a4BMXKW MO XOPM3OHTA/NHA
OKPDBXKHOCT, TEXKECTTa 3aN04YBa 43 ONMCBA OKPDBKHOCT,
KOATO Npu onpeaefieHn YC/loBMA MOXKE ga Mma Mno-
ManbK  paguyc. WU3cnepBaite  ABUXKEHMETO MU
YCTOMUYMBUTE TPAEKTOPMM Ha TexecTTa!

3. AKycTu4Ha newa

®peHenosute ey € KOHLEHTPUYHU MNPBCTEHU Ce
M3non3sBaT  LWMWPOKO 3@  Pas/iUYHU  ONTUYHMU
NPWNOXEHUA, HO NOAOGEH MPUHUMN MOXe Aa 6bae
M3Mnon3BaH M 3a QOKyCMpPaHe Ha aKYCTUYHWU BDBIHW.
MpoekTupanTe M uspaboTeTe aKycTMYHa fella, KaTto
nscneasaTe HellHUTe CBOMCTBA, TaKMBA KAToO yCU/IBaHe
M TAXHATa 3aBUCMMOCT OT CbLLECTBEHWUTE 33 Cay4as
napametpu!

4. Cynep Tonka
Mopxsbpnere TOMKa OT CU/HO enacTMyeH maTtepuan B
NPOCTPaHCTBOTO MeXKAY ABe Nioyn. TonkaTta 3ano4sa ga
OTCKa4ya 1 nNpu onpefeneHn obCcToATeNCTBa MOXKe A0pH
Ja ce BbpHe KbM Bac. M3cnepBaite ABUMKEHMETO Ha
TOMKaTa U MapameTpuTe, BAUAEWMN Ha ABUKEHWeTo U,
BK/IIOUMTENHO N OpUEHTaLMATA Ha naoyunTe!

5. YntpaxuppodobHa Boga
MocTtaBeTe cbA, (YMHMA), HANBAHEH CbC CanyHeHa BOAa,
BbPXYy BWCOKOroBOPUTEN WAM APYr W3TOYHMK Ha
Bubpaunun. Korato TOM 3anoyHe Ja ocuuaupa, e
Bb3MOKHO Aa ce 0bpasyBaT MaJIk1 Kanuuum, Kouto ce
334bpKaT Ha MOBBPXHOCTTA 3a AbATO BPEMe.
ObAcHeTe 1 nscneaBaiiTe ToBa AsneHue!

6. Enekrpuyecka nyenHa nura



Set a vertically oriented steel needle over a
horizontal metallic plate. Place some oil onto the
plate. If you apply constant high voltage between the
needle and the plate, a cell structure appears on the
surface of the liquid. Explain and investigate this
phenomenon.

7. Hot Water Fountain
Partially fill a Mohr pipette with hot water. Cover the
top of the pipette with your thumb. Turn the tip
upwards and observe the fountain exiting the tip.
Investigate the parameters describing the height of
the fountain, and optimize them to get the maximum
height.

8. Magnetic Train
Button magnets are attached to both ends of a small
cylindrical battery. When placed in a copper coil such
that the magnets contact the coil, this "train" starts
to move. Explain the phenomenon and investigate
how relevant parameters affect the train's speed and
power.

9. Water Waves
Generate a water wave with a vertically oscillating
horizontal cylinder. When varying the excitation
frequency and/or amplitude, the water seems to drift
away from or towards the cylinder. Investigate the
phenomenon.

10. Light Rings

Let a liquid jet fall onto a surface. If
the contact point is illuminated by a
laser beam, rings of light around the
jet can be observed (see Figure).
Investigate the light rings and
determine how they depend on
relevant parameters of the whole
system.

11. Rolling on a Disc
If you put a light rolling object (e.g. a ring, a disc, or a
sphere) on a horizontal rotating disc, it may start
moving without being expelled from the disc. Explain
how different types of motion depend on the
relevant parameters.

MocTaBeTe BEPTUKANHO Haco4YeHa CTOMaHeHa WUria Hapg,
XOpU30HTaNHa MeTasiHa noda. lMocTasete Ha naovata
Masko Macio. AKO MPUIONKUTE MNOCTOAHHO BMCOKO
Hanpe)eHWe Mexay wurnata M naodyarta, ce obpasysa
KNEeTbYHa CTPYKTypa Ha MOBBPXHOCTTa Ha TEYHOCTTA.
ObAcHeTe 1 U3cneasaiite ToBa AsneHue!

7. ®oHTaH c ropelua Boaa
HanbnHeTe rpagyvMpaHa nuneTa 4YacTUMYHO C ropewa
BO4A W 3anyleTe ropHua U oTBop c naneu. O6bpHeTe
HEeNHUA BPBX Harope n HabntofaBanTe 06pasyBanoTo ce
Tam ¢oHTaH4e. M3cnenBaiTe napameTpuTe, ONUCBaLLM
BMCOYMHATA Ha (OHTAHYETO M M ONTUMM3MpaNTe 3a
NOCTUraHe Ha MaKCMMasiHa BUCOUYMHA!

8. MarHuTHO BnaKue

[ONCKOBM MarHuTYeTa ca NPUKPEneHu KbM ABaTa Kpas
Ha Masika UMAMHAPUYHA b6aTepuma. Mpy NOCTaBsHETO UM
B MeZlHa HAaMOTKa TaKa, Ye MarHUTUTE [la KOHTAKTyBaT C
HaMoTKaTa, Taka 0bpa3yBaHETO ,BaaK4ye” ce 3a[BUIKBA.
ObscHeTe sBNEHMETO U U3C/eaBaliTe KaK CbLLECTBEHUTE
3a C/lyyas NapameTpu BAUSAT Ha CKOPOCTTAa Ha B1IaK4YeTo
M HeroBaTa MoLWHOCT!

9. BogHU BbAHMU
leHepupanTe BOAHA BbJIHA C BEPTUKA/NHO TPENTALL
XOpU30OHTaNeH UMAnHAbpP. MNpu npomaHa Ha YecToTaTta
n/van amnanTyaata Ha Bb3OY:KAALMA NSTOYHUK BOAATA
BMAMMO Ce 3a[BMWXKBa TaKa, cAKaW ce NpubaunkKaBa KbM
WAM oTAaneyaBa OT UMAMHADBPA. MN3cneppalite
ABneHneTo!

10. CBET/AMHHU NPDBCTEHU
HacoueTe cTpys OT TEYHOCT TaKa, 4ye Aa naja
BbPXYy MOBBPXHOCT. AKO OCBETMTE TOYKaTa Ha
KOHTAKT C Na3epeH by, OKOM0 CTpyATa mMoraTt Aa
ce HabnogaBaT CBET/IMHHM  MPBLCTEHU  (BXK.
durypara). U3cneapalite CBETNIMHHUTE NPBLCTEHU
M onpegeneTe Kak Te 3aBMCAT OT CbLLeCTBEHUTE
3a C/lyyan napameTpu Ha usnata cuctemal

11. TopKanaHe BbpXy AUCK
AKO noCTaBWTE JIeK TbpKanaw, ce npeameT (Hanp.
NPbLCTEH, OUCK WMAM Kbnbo) BbPXY XOPWU3OHTAsEH
BbBPTALL Ce AMCK, TOW MOXKe A3 3aMoyHe Aa Ce ABUXKM
6e3 pga Hanycka gucka. ObscHeTe Kak pas/nyHUTE
BUWOOBE  ABWMXKEHWA  3aBUCAT OT  CblUeCcTBEHUTe
napametpu!



12. Van der Pauw Method
It is known that conductivity of a material can be
measured independently of the sample shape, as
long as the sample has one border (no holes). To
what extent can such a method be applied?
Investigate and explain such measurements if the
sample has holes.

13. Paper Vice
Take two similar paperback books and interleave a
few pages at a time. Push the books together. Hold
the two books by their spines and try to pull them
apart. Investigate the parameters that set the limits
of being able to separate the books.

14. Sensitive Flame

A combustible gas (e.g. propane) streams vertically
out of a fine nozzle and then through a fine metallic
mesh at a distance of about 5 cm. The gas is lit and
produces a flame above the mesh. Under some
circumstances, this flame reacts very sensitively to
sound. Investigate the phenomenon and the relevant
parameters.

15. Contactless Calliper
Invent and construct an optical device that uses a
laser pointer and allows contactless determination of
thickness, refractive index, and other properties of a
glass sheet.

16. Frisbee Vortices

When a vertical plate is partially submerged in water
and pulled in a direction normal to the plate, a pair of
vortices is created in the surface of the water. Under
certain conditions, these vortices travel along the
surface for a long distance. Investigate the
parameters influencing the motion and stability of
these vortices.

17. Crazy Suitcase
When one pulls along a two wheeled suitcase, it can
under certain circumstances wobble so strongly from
side to side that it can turn over. Investigate this
phenomenon. Can one suppress or intensify the
effect by varied packing of the luggage?

12. MetoabT Ha BaH-gep-MNay
M3BecTHO e, 4ye NPOBOAMMOCTTA Ha MaTepuanute
MoOKe Aa bbae nsmepeHa HesaBUCMMO OT dpopmaTa Ha
obpaseua, Korato TOWM MMa egHa rpaHuua (Hama
aynku). [lo KakBa cTeneH moxe Aa bbae NpUIOKUM
TakbB MeTog? MW3cnegBaite M obsacHeTe TaKuBa
U3MepBaHMA, aKo B obpaseLa Mma aynku!

13. XapTueHo meHreme

BsemeTre paBe nNOJOGHM KHUIM C MEKM Kopuuu U
BKapaWTe MO HAKONAKO TeXHU CTpaHUUM efHa B Apyra.
MNpuTucHeTe KHUrUTe eaHa Kbm apyra. Cnep ToBa
XBaHeTe KHWUrMTe 3a mnojgbp3aHuTe MM rbpbose u ce
onuTaiTe Aa ru pasgenute. Nscneasalite napameTtpuTe,
KOWTO OrpaHMyaBaT Bb3MOXHOCTTa TaKMBA KHUMM Aa
6baat pasgeneru!

14. YyBCTBUTENHUAT NNAMDBK

NlecHo 3amanum ra3 (Hanpumep nponaH) wu3TUYa
BEPTUKANHO Harope oT ¢uHa Al03a npes MeTasiHa
Mperka, MocCTaBeHa Ha pascToAHue oKono 5
caHTMMmeTpa. la3bT ce 3ananBa, NPM KOETO ce noJjy4vyasa
NAambK Hag, mpexara. Mpwn onpeaeneHu
obcToATenctsa TO3M  MJIaMbK ~ pearMpa  MHOrO
YyBCTBUTENHO Ha 3BYK. M3cnepBante ABAEHUETO M
CbLLECTBEHMTE 3a CAydaa napameTpu!

15. be3koHTaKTeH gebenomep
N30bpeTeTe M KOHCTPyMpanTe ONTUYEH ypead, KOWUTO
M3Mnon3ea NasepHa MoOKasajlka W  NO3BO/ABa
6e3KOHTaKTHOTO onpeaensHe Ha aebenvHa, nokasaTen
Ha npedynsaHe W ApPYyru CBOMCTBA Ha NIOCKa CTbKAEHa
nnacTuHKal

16. ®pucbu Buxpm

Korato BepTWKasnHa njo4ya € Y4acTUYHO NOTOMEeHa BbB
BOAA M Ce NPUABWKM B NOCOKA, HOPMasHA Ha naovaTa,
Ha MNOBbPXHOCTTAa Ha BoOAaTa Ce Cb3gaBaT ABOMKa
BUXpU. MNpn onpeseneHn ycnosus Tesm BUXpU NbTyBaT
Mo  MOBBPXHOCTTA  HAa  TONAMO  pascTosHMe.
U3cneppaiite napameTpute, KOUTO BAMSAT  Ha
ABUMKEHMETO M CTabUNHOCTTa Ha Te3M BUXPU

17. Nyaunar kydap
Korato ce pavbpna Kydpap Ha pgse Konenaua, npu
onpefeseHn YCNOBUA TOM MOXe f[a ce pasKknatu
TO/MIKOBa CUJHO CTPaHMYHO, Ye Ja ce npeobbpHe.
MN3cneppalite ToBa sBneHne. Moxe M ga ce NotTucHe
WA 3acuam To3nM  edekT  upe3  nNpomeHu B
pasnpegeneHuneTo Ha baraxa?
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