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1. 1. Invent Yourself

Take a box (e.g. a matchbox), filled with identical objects (e.g. matches, balls, ...). Find a
method to determine the number of objects in the box solely by the sound produced while
shaking the box. How does the accuracy depend on the properties of the objects, the box,
and the packing density?
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2. Droplet Microscope

By looking through a single water droplet placed on a glass surface, one can observe that the
droplet acts as an imaging system. Investigate the magnification and resolution of such a

lens.
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3. Rigid Ramp Walker

Construct a rigid ramp walker with four legs (e.g. in the form of a ladder). The construction

may begin to ‘walk’ down a rough ramp. Investigate how the geometry of the walker and
relevant parameters affect its terminal velocity of walking.
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4. Shooting Rubber Band

A rubber band may fly a longer distance if it is non-uniformly stretched when shot, giving it
spin. Optimise the distance that a rubber band with spin can reach.
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5. Ping Pong Rocket

A ping pong ball is placed in a container of water. When the container is dropped, the ping

pong ball will get launched to a great height. What maximum height can you reach with up
to 2 liters of water?
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6. Non-contact Resistance

The responses of a LRC circuit driven by an AC source can be changed by inserting either a
non-magnetic metal rod or a ferromagnetic rod into the inductor coil. How can we obtain the
magnetic and electric properties of the inserted rod from the circuit’s responses?
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7. Giant Sounding Plate

When a large, thin and flexible plate (e.g. plastic, metal or plexiglass) is bent, it may
produce a loud and unusual howling sound. Explain and investigate this phenomenon.
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8. Another Magnetic Levitation
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Place a large disk-shaped magnet on a non-magnetic conductive plate. When a smaller
magnet is moved under the plate, the magnet on top may levitate under certain conditions.
Investigate the levitation and the possible motion of the magnet on top.

¥ - R

Bk PR BB A TR o YRl R A T 2 B TN

FEFETE R ERF - AT ENBEORFT A dE R o

9. Juicy Solar Cell

A functional solar cell can be created using conducting glass slides, iodine, juice (eg.
blackberry) and titanium dioxide. This type of cell is called a Grétzel cell. Make such a cell
and investigate the necessary parameters to obtain maximum efficiency.
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10. Magnetic Gear

Take several identical fidget spinners and attach neodymium magnets to their ends. If you
place them side by side on a plane and rotate one of them, the remaining ones start to rotate
only due to the magnetic field. Investigate and explain the phenomenon.
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11. Pumping Straw

A simple water pump can be made using a straw shaped into a triangle and cut open at the
vertices. When such a triangle is partially immersed in water with one of its vertices and
rotated around its vertical axis, water may flow up through the straw. Investigate how the
geometry and other relevant parameters affect the pumping speed.
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12. The Soap Spiral

Lower a compressed slinky into a soap solution, pull it out and straighten it. A soap film is
formed between the turns of the slinky. If you break the integrity of the film, the front of the
film will begin to move. Explain this phenomenon and investigate the movement of the
front of the soap film.
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13. Charge Meter

A lightweight ball is suspended from a thread in the area between two charged plates. If the
ball is also charged it will be deflected to one side at a certain angle. What is the accuracy of
such a device for measuring the amount of charge on the ball? Optimise your device to
measure the smallest possible charge on the ball.
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14. Ruler Trick

Place a ruler on the edge of a table, and throw a ball at its free end. The ruler will fall.
However, if you cover a part of the ruler with a piece of paper and repeat the throw, then the
ruler will remain on the table while the ball will bounce off it. Explain this phenomenon,
and investigate the relevant parameters.
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15. Wet Scroll

Gently place a piece of tracing paper on the surface of water. It rapidly curls into a scroll
and then slowly uncurls. Explain and investigate this phenomenon.
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16. Cushion Catapult

Place an object on a large air cushion and drop several other objects in such a way that the
first object is catapulted away. Investigate how the exit velocity depends on relevant
parameters.
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17. Quantum Light Dimmer

If you put a flame with table salt added in front of a vapour sodium lamp, the flame casts a
shadow. The shadow can become lighter, if the flame is put into a strong magnetic field.
Investigate and explain the phenomenon.
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17. Inverse clepsydra

Connect two bottles together and fill them with water and light particles (e.g. plastic toy
bullets). How much time does it take for the particles to ascend to the top, if the 'hourglass’
is turned upside down?
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19. Marinated meat

Marinades are used to tenderize meat. How do properties of meat samples depend on the
time of exposure and the chemical composition of marinade?
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20. Ice cubes and soup

A sensational trick is to use ice cubes to remove fat or excess oil from hot soup. The fat
cools down and sticks to ice in this demonstration. Reproduce this experiment in controlled
conditions to support or dismiss the effectiveness of the method.
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21. Caffeine in tea leaves

If dry tea leaves are heated under a cold glass (in optional presence of magnesium oxide),
small crystals of caffeine are formed on the glass. Compare the yield of this technique to
other easy methods of extracting caffeine from tea. What sorts of tea have the highest
caffeine content?
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22. Liquid umbrella

A thin liquid dome is formed if water is ejected through parallel plates or falls on a spoon.
The dome may serve as an umbrella and prevent water droplets from falling through.
Investigate the effectiveness of such a liquid umbrella.
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23. Cyclotron train

A metal ball rolls freely on the rails which form a closed horizontal ring. If one or several
coils are installed along the ring and powered at right moments of time, the ball may be
given push after push and keep rolling. Investigate the dynamics of the ball. How does its
instant speed depend on relevant parameters?
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24. Anodic dissolution

A hole may be drilled in a metal plate by anodic dissolution. What is the maximum
thickness of the plate that can be drilled by using an AA battery?
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25. Parallax

A potential method for estimating distances with a naked eye is using the parallax effect.
Look at a distant object with one eye and line up a thumb with the object. If looked with
another eye, the thumb appears shifted. Collect quantitative data on how accurate this
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method is in comparison to other methods where only naked eyes are used.
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26. Radiated heat

A human can feel the presence of a warm object nearby, e.g. a hand or a cup of coffee.
Perform experiments in controlled conditions to estimate how accurately a volunteer may
judge the distance and the temperature of such an object.
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27. Oil spot photometer

A paper card with an oil spot is placed between two light sources. Depending on the position
of the card, the spot appears either brighter or darker than the surrounding paper. The spot
visually disappears when the card is in one specific location. Is this effect suitable to
measure the luminosity of a dim (e.g. a glow stick or the Moon) or a very bright (e.g. the
Sun) light source?
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28. Two ends of a rope

A piece of a rope is dropped on the floor. Investigate and explain the distribution of
distances between the two ends of the rope.
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29. Rotating beam

A long beam can freely rotate in the horizontal plane. If a small rotor is mounted on one end
of the beam far from the pivot, the beam may start turning. What happens if two rotors are
mounted? Explain and investigate the motion of the beam.

&R

ERT AT G PN pd R e ok - Bl SRR R

=
i
&
il
-
p
¥
]

8




ERAED - bk BES RREFE S 4 PATE? BRELF ] RaiEH -

30. Myopia

Myopia is common in the World and among I'YNT participants, in particular. Propose a
study that would introduce quantitative parameters describing image perception by myopic
humans.
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31. Precipitates

If a chemical reaction product is insoluble, precipitation occurs in the solution. Some of
precipitates are chunky, others cause a clear liquid to become cloudy, and others appear as
solid sediment at the bottom of the test tube. Suggest a problem to investigate the factors
that affect the appearance of precipitates in chemical reactions of your choice.
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32. Transcribing texts

If someone is asked to copy a text, various language and spelling differences may appear in
the handwritten copy. Linguists may judge from such discrepancies which undated
manuscript is an older original and which is a more recent copy, and when each of them was
written. Collect quantitative data on how handwritten copies diverge from the texts written
and printed in the past (e.g. 100, 200, or 300 years ago). Formulate a problem focused on a
specific human language.
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33. Magnetic music

Objects that wobble in a magnetic field may create unusual sounds. Design a sound source
or a musical instrument that uses a strong magnet and formulate a problem about specific
aspects of your design.
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34. Rainbows
Propose a problem about an unusual demonstration in which rainbow colors are formed.
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