To: Dr. Bales

From: Sanjay Seshan (seshan@mit.edu) & Cristine Chen (cchenl17@mit.edu)
Date: December 14, 2024

Re: Final Project Report — Custom Strobed Ripple Tank

1 Summary

We designed and constructed a custom ripple tank. A ripple tank is a widely used physics demonstration tool
that visually projects water wave patterns to explore wave mechanics. An example of a commercial ripple
tank is shown in Figure [l Additionally, we developed a multicolor, adjustable strobe array powered by an
Arduino. This setup allows us to freeze the motion of ripples in various colors and simulate forward and
backward wave motion. Using our apparatus, we also successfully demonstrated the double-slit experiment,
showcasing interference patterns within the ripple tank which resemble those observed in Figure 2] where we
borrowed a ripple tank from the MIT Physics Department to perform the same experiment.

-

Figure 1: Commercial ripple tank from Figure 2: Interference pattern from double
Thermo Fisher Scientific slit experiment

Hypothesis: We are able to build a ripple tank which we can use to demonstrate the interference patterns
of a double-slit experiment model.

We recommend that our project be used as a guide to creating a ripple tank to teach students about
interference patterns.

2 Background

Since we are building a ripple tank to demonstrate the double-slit experiment, we must understand a few
concepts: waves, constructive/ destructive interference, and stroboscopy.

The double slit experiment was conceived to prove the wave-particle duality of light. In essence, to prove
that light can act as a wave, we create a model in which light is directed to two small pinhole slits, somewhat
close together. The pattern on a projection screen should show an intensity pattern consistent with a wave.
Figure |3 shows an example of this setup using electrons or light as well as an interference pattern for two
point source waves (where they add or subtract). A common demonstration of this effect is in a ripple tank
using water, where a planar wave is passed through a slit to generate two point sources. These sources in
turn merge to demonstrate an interference pattern, similar to the light/electron beam source.
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Figure 3: Sample double-slit experiment setup using electrons or light (left) and Constructive/Destructive
interference example (right) (source: Wikipedial':?!)

We must also understand the concept of stroboscopy. Strobosopy uses a continuously flashing light to control
the perception of periodic processes to the human eye. This effect means that by controlling the rate at which
a strobe flashes (including exposure time), and is therefore processed by the eye, we can analyze periodic
motions, such as a motor spinning or ripples generating, in greater depth.

To start, we know that if we flash the strobe at the same rate a periodic event completes one period, we
will get the effect that it (e.g. a motor) is standing still. Any discrepancy in this frequency (lower for
forward/clockwise, higher for counterclockwise) will cause movement to appear. We can generalize this
phenomenon in Equation [I] where k is positive for forward motion and negative for backward motion, and N
is for the number of different states. Note that this is for discrete states; continuous waves have a coefficient
of <1, 1, or > 1 for backward, still, or forward motion.

N
fstrobe = mfs (1)

Furthermore, since we capture periodic motions using stroboscopy, we must consider the Nyquist frequency
(Equation . This equation means that as we double the sampling (strobe) frequency, our motion appears
to be repeatable, creating a false effect that the experiment is operating at double the frequency. Therefore,
we must sample below this limit. Note that sampling at half the frequency would produce the opposite
effect, with the superposition of opposing points of the discrete positions on the motor wheel.

fo = 2fs (2)
We focus on freezing the periodic ripples in the ripple tank (i.e. making the ripples appear to be standing still
or moving forwards or backwards). We can take advantage of the differences in refractive indices between
air and water (  1:33) to generate distortions on the viewing screen from the ripples. In effect, the water

acts like a lens, which bends a directed light when disturbed. Using this effect, we can visualize the waves
through the shadows created from the water ripples.

3 Procedure

3.1 Set-up

We began by obtaining the components as shown in Table

We made our final project setup as shown in Figure [d and Figure
3.1.1 Ripple Tank Board

We built our ripple tank (12” x 12”7 x 17) with 4 strips of acrylic (11.75” x 17 x 0.25”), cut with a bandsaw,
on top of an acrylic base (12”7 x 12”7 x 0.128”), all glued together using a solvent-based acrylic adhesive at
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Figure 4: Cross-section drawing of final
project setup for ripple tank

Figure 5: Final setup as implemented
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Figure 6: Schematic of electronics used in the ripple tank



Table 1: Equipment used for the ripple wave tank system

H Quantity ‘ Ttem Manufacturer Model H
1 Acrylic Mirror Sheet PTSGCAI 12”7 x 12”7 with with 1/8” Thickness
1 Acrylic Transparent Sheet CALPALMY 12” x 12”7 with with 1/8” Thickness
1 Acrylic Transparent Sheet DNR 1/4” Thickness
1 Laser Cutter Glowforge DNR
1 Hot Glue Adhesive Technologies N/A
20 Binder Clips N/A N/A
1 Foam Strips N/A N/A
1 Assorted Wood Pieces N/A N/A
1 Solenoid Yaxin AU0837S
1 3D Printed Solenoid Attachment N/A N/A
1 Arduino Arduino Nano
1 Acrylic Solvent Glue Weld-on N/A
1 Variable Power Supply Kungber Set to 12V

Figure 7: Ripple tank circuitry (Vin on left,
solenoid+LEDs+inputs to right) Figure 8: Created an acrylic 12”7 x 12”7 tank

the seams. The sides were held together using clamps while the glue was applied at the edges as seen in
Figure 8] After a few days, the glue is able to hold the box together at full strength. The final product is
fully waterproof and leakproof.

3.1.2 Ripple Tank Electronics

To build our system’s electronics (i.e. an Arduino controlled strobe and electromagnetic oscillator), we
designed the schematic shown in @ This approach uses bipolar junction transmitters (BJTs) to allow high
power consumption for the light-emitting diodes (LEDs) (> 40mA for each color on each LED) and the
solenoid (> 600mA), all while being controlled by the Arduino, which only provides 5V at 20mA. The
implemented version is shown in Figure [7] The system is connected to a 12V power supply, and limited to
2A current.

We include 3 input methods: one solenoid controls the solenoid frequency, another solenoid controls the
difference in frequencies between the solenoid and the LEDs, and a push-button controls the LED color
channels (each push cycles through a color channel combination — B/G/R/W). The frequencies can range
between about 5 and 80 Hz. The light frequency can be changed within 15Hz of the solenoid’s frequency.
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Figure 9: Two slit drawing used to laser cut Figure 10: Printed slits affixed to ripple
tank

Figure 11: Plunger model assembly made Figure 12: 3D printed assembly of the
in SolidWorks plunger

3.1.3 Double Slit

The double slit experiment was recreated using 0.5” slits that are 2.5” apart. The design was made in
Inkscape and printed on a transparent acrylic sheet. The sheet was then mounted between a foam holder
approximately 17 away from the plunger. Figure [0 and Figure [I0]show the model and assembled double slit
attachment that is clipped onto the main board.

3.1.4 Plunger

The plunger used to generate the ripples was designed in SolidWorks to be 3D printed. It hosts a solenoid
resting on a 0.25” mount and is connected to a moving assembly ( 57). A moving plastic piece (5” x 0.5”)
pushes the water in a forwards and backwards motion to generate the ripples. We show the plunger assembly
model and completed design in Figure [II] and Figure [I2]

3.1.5 Assembly

We assembled the experiment platform consisting of a base acrylic plate, layered with a piece of paper on
top, and wooden mounts used to elevate the ripple tank. The tank is then lined with foam padding which
are clipped to its edges to absorb the ripples generated.

The input devices were clipped to the sides of the tank, and the Arduino breadboard was mounted to the
set-up using velcro. The LEDs are mounted above the system on a metal beam facing towards the tank.

The plunger is mounted at the center of the two slits. A 3D-printed 0.25” clip on a stable wood block is
used to allow the mirror to be held at a slight downward angle (about 10° from vertical) as a visual aid.

We used clips on almost every component to allow for easy disassembly and reassembly, which makes our
system more portable.
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