As shown in Fig. 1, the game consists of water drops stochastically entering the bucket and
leaking out at the bottom. The player can use the tap to control the entrance of water drops. If
the tap is set too loose, water will overflow. If a prescribed number of water drops overflow (set
to be 20 in Fig. 1), the game is over. The player will try to maximize the collected number of
water drops before the game stops. Of course, the player can play on indefinitely if the tap is
tight enough, but then the water level in the bucket will not be high. The challenge to the player
is to maintain the average water level as high as possible, while the overflow ratio is restricted
to 1% or below. The player can then compare his/her performance with the automatic mode, in
which the tap is controlled by an SDCA algorithm, obtained from recent research results [3].

The game is a good demonstration of stochastic processes. For a given tightness of the
tap, the movement of the water level is a stochastic process described by a diffusion equation in
the presence of a boundary set by the capacity of the bucket. Knowing how the water level
changes with time, we can control the water level. This method can be used in the control of
wireless mobile networks, if we recognize the analogy in Table 3 [3].

The animation is a vital part of the high school presentation titled “Introduction to
Mobile Phone Networks”, and the game provided the audience with chances for active
participation.

Figure 1: The leaky bucket animation game.

Table 3: Analogy between the leaky bucket and wireless mobile networks.

Leaky bucket Wireless mobile networks

Bucket size Channel capacity of a base station




Water drops from the tap New calls

Water drops leaking from the bottom Completed calls

Water drops prevented from entering the | Blocked calls (terminated before the phone
bucket by the tap starts)

Water drops overflowing Dropped calls (terminated after the call is
connected, very annoying)

The task: to maintain a high water level in the | The task: to maintain a high level of channel
bucket, while restricting the overflow rate to | utilization in the base station, while restricting
1% or below the dropping probability to 1% or below

2.2. Special Relativity

The advantages of using computer animations to visualize the effects of time dilation in special
relativity are illustrated in Fig. 2, which captures a moment of the animation with the moving
car, and the moving photons of the clocks associated with the car and the stationary observer,
Ben. A right triangle is drawn on the path of the car, such that the photon path of the moving
clock coincides with the hypotenuse when the car passes by. Applying Einstein’s postulate that
the speed of light is constant, it becomes immediately apparent that the time on the car, as seen
by Ben, is slower. The dilation of time was observed from the ticks of the two clock counters.

Other animations in the same production include the twin paradox, the dilated lifetimes
of fast muons, and the train-and-tunnel paradox. The resolution of the twin paradox is easily
visualized from animating the acceleration effects when the spaceship turns around for the
return trip, and the train-and-tunnel paradox is readily resolved by animating the relativity of
simultaneity as observed on the ground and on the train.

The animation is the main body of the high school presentation titled “Introduction to
Special Relativity”, generating the hottest discussions in the series.

Figure 2: Special relativity animation visualizing the effects of time dilation.
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2.3. Binary Stars

The variation of brightness in eclipsing binary stars can be easily analyzed by undergraduate
students with foundational knowledge of geometry and the Newtonian mechanics of star orbits.
In Fig. 3, the animation shows the eclipsing effect in the binary system of Algol [4]. The
configuration is displayed simultaneously together with the moving cursor on the light curve,
allowing students to visualize the onset and offset of the primary and secondary minima. The
stellar properties (mass, radius, and luminosity) as well as the orbital properties (size,
eccentricity, and inclination) are adjustable, allowing students to visualize the effects of these
variables on the shape of the light curves.

Figure 3: The animation of the eclipsing effect in the binary star system of Algol.



= Simulation of Eclipsing Binary Star System

—_—
Variables for Simulation
2.21743694892902 { 69%% )
1.49300108945739E+28 ( 96.0774% )
3.2136767375783
4 1.55395623829376E+28
i T

] :25__ﬁ_8_45E b agnification of Sta

Similarly, the Doppler effect of the light pulses emitted from a binary pulsar is easy to
analyze by undergraduate students with foundational knowledge of Newtonian mechanics. Due
to the large variations of the radial velocities of the pulsars along the highly eccentric orbits, and
their dependence on the orbital orientation, students can observe a rich behavior of the family of
velocity curves. Through the animation, students appreciated the relevance of the Doppler effect
in the Nobel Prize-winning discovery of gravitational waves in binary pulsars [5].

Both animations were used in astronomy presentations to high school students, the
public, and undergraduate astronomy courses at the general education level.

2.4. Close binary star systems

The physics of binary star systems is naturally extended to close binary star systems. New
concepts such as equipotential surfaces are needed to describe the flow of matter between the
partners, giving rise to many exciting developments such as X-ray astronomy and the discovery
of black holes. Figure 5 shows an animation of the equipotential surfaces produced in an
undergraduate project using foundational knowledge on gravitational potential energy and
centrifugal energy. For adjustable masses of the two stars, the player can click on the vicinity of
the stars to animate the equipotential surface passing through that point.

Figure 6 is an animation explaining the evolution of a close binary star system, ending
up with a red giant and a compact object (white dwarf, neutron star, or black hole), which
becomes an intense X-ray source when it devours matter from its partner. The animation
provides a natural explanation to the so-called Algol paradox in astronomy, which refers to the
apparently earlier aging of the less massive star in the Algol binary star system [4]. Both
animations were used in the presentation “A Voyage of X-ray Astronomy” given to high
schools.



Figure 4: Doppler effect of the binary pulsar.
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2.5. Electrorheological Fluids

The recent discovery of the giant electrorheological effect in our department has been widely
reported around the world [6], and created an overwhelming demand for presentations on the
topic in the Hong Kong society. The animation represented in Fig. 7 played an important role in
these presentations. An electrorheological fluid is a colloid consisting of nanometer particles
suspended in a nonconducting liquid. It can reversibly transform from a liquid to a solid almost
instantaneously by an external electric field, and hence has potential applications such as
vibration damping and clutches. The animation portrays vividly the aligning of the nanoparticles
in the electric field, rendering the physical principle transparent to the layman.

3. Impact

Besides the benefits to the all-round development of students involved in the producing the
animations and making presentations in high schools, as described in the Introduction, there are
further benefits to the training of future educators, and science education at both university and
high school levels. We can cite the example of a student presenter whose performance in the
high school presentations contributed to her successful admission to the Postgraduate Education
Diploma.



Figure 5: The equipotential surfaces in a close binary star system.
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Through the high school presentations, the newest and most updated scientific
development can be presented to the public. This forms a bridge linking up the university and
high schools. More high school students knew more about the everyday relevance of Physics,
eliminating the misconception that it is a very difficult subject. According to a high school
principal, the presentations broadened her students’ scope of knowledge on frontier science
beyond the original syllabus. In the presentations, the research projects were presented in an
interactive way. High school students were encouraged to play an active role in learning
because the presentations were not just lectures but also allow the students to participate. This
aroused the students’ curiosity in science.

4. Conclusion

We have described our program of physics modeling which involves students in the production
process and presentations to the public. The program was successful in providing the students
opportunities to study deeply a project topic of their own choice, to learn to produce multimedia
aids and engage in instructional design. Their integration, collaborative and communication
skills were improved. The requirement to make presentations to both university and secondary
school students improve the confidence of the students. At the community level, the school
presentations linked up the university and the high schools, providing the high school students
and teachers with the most updated scientific knowledge, and arousing their curiosity in science.



Figure 6: The animation of the Algol paradox.
I

Figure 7: The animation showing the physics of the electrorheological fluid in an electric field.
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