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Intermittent Fluid-induced Acoustic Emission in an Inverted Bottle

When a liquid-filled beer bottle is inverted and drained, a periodic "gurgling" sound is produced.
The intervals and frequency of this sound are related to the bottle's structure (e.g., neck dimensi
ons, body geometry), the physical properties of the liquid, and the hydrostatic pressure. Investig
ate the mechanism behind this phenomenon and establish quantitative relationships between th
e acoustic frequency and relevant parameters.
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Reciprocating-to-Rotational Motion Conversion in a Linked Rigid Body System

A rigid rod is hinged to a reciprocating mechanism. Under certain reciprocating motions, the rod
exhibits periodic rotation about a pivot. Investigate the conditions required for this motion conve
rsion, including the kinematic profile of the mechanism, geometric parameters of the rod, and dy
namic constraints. Analyze the stability of the motion and energy transfer efficiency.
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Inverted Stabilization and Perturbation Response in a Kapitza Pendulum System

A Kapitza pendulum consists of a rigid rod attached to a vertically oscillating pivot. Under specific
driving conditions, the rod can stabilize in the inverted vertical position. Investigate the mechanis
m of this stabilization, determine the critical parameter ranges, and analyze the system’s stability
and recovery behavior under small external perturbations.
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When water drops fall from a certain height and hit the water surface, a "dripping sound" is
produced. Investigate how the characteristics of the dripping sound depend on relevant physical
quantities.
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Design and build a non-powered glider (not limited to paper; lightweight materials such as foam
are allowed). Launch the glider under a given set of initial conditions—fixed launch height,
launch angle, and initial velocity. Design and optimize the glider's aerodynamic model to achieve
the farthest flight distance. The flight distance is defined as the projection of the flight path onto
the ground, measured along the projection direction of the initial velocity onto the ground.
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Piercing space

A sheet of thin paper is crumpled into a ball and pierced with a long needle. When unfolded, the
sheet will have a certain number of holes. What factors affect the observed number and
positions of holes?
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A bottle not full of water and a bottle full of water roll down a slope at significantly different
speeds. By changing the internal components (such as adding honey or steel balls), you can
design a "snail ball" or "snail column" that rolls down the slope at the slowest speed—just like
the one in Detective Conan.
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The Unfillable Container

A counterintuitive phenomenon is observed when a stream of water from a tap falls into a
container with a small opening: the container may not fill up completely, regardless of the
duration of water flow. Research suggests this is related to air entrainment by the water stream
and the dynamic pressure balance within the container. Systematically investigate this
phenomenon, explore how parameters such as container orifice size, flow rate, and fall height
affect the final water level, and establish a model for the critical conditions.
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The Painted Thermal Curtain

When a stable heat source is placed beside a vertically suspended soap film, complex and
evolving colorful convection patterns spontaneously form on the film. These patterns arise from
the coupling of thermally induced Marangoni convection and thin-film interference effects.
Investigate the formation mechanisms of this system and analyze how parameters such as heat
source temperature, distance, and soap solution properties influence the pattern dynamics,
stability, and coloration.
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Fix a tension-adjustable elastic film (e.g. latex or thin plastic) on a circular or rectangular frame
and excite it normal to the surface with a variable-frequency acoustic source. Investigate how
the steady-state vibration patterns (standing waves and modal shapes) depend on drive
frequency, film tension and excitation amplitude; quantitatively measure amplitude
distributions, spectra and pattern stability. In particular, study the transition from linear modal
response to nonlinear behaviour (frequency mixing, mode switching and spatial localization), and
analyse the role of boundary conditions and air-film coupling in pattern selection and energy
partitioning.



JHYEEREN (Sticky Slopes) — Creep and Failure of Wet
Granular Slopes
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Investigate the angle of repose, slow creep and failure modes of wet granular slopes.
Systematically determine how the critical angle and creep rate depend on particle size, liquid
content (capillary bridges), wettability and external micro-vibrations; construct a semi-
quantitative model linking capillary cohesion/contact forces to macroscopic instability and test
for transitions from ductile creep to brittle collapse.



BHAZ%iE (SpontaneouslLanes) — Lane Formation in
Counter-Directed Flows
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Investigate the conditions under which two opposing streams form segregated lanes in a narrow
corridor. Using controlled experiments (e.g. small vehicles/controlled particle arrays) and simple
microscopic interaction rules (avoidance, sight distance, reaction delay), quantify formation
thresholds, lane number and stability, and attempt to derive or validate a macroscopic
continuum description explaining the segregation mechanism and parameter boundaries.
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