T~
Y Ch Ohio First
‘Uﬂw’ oose Ohio Firs

ABSTRACT

Investigating the tea leaf effect, inspired by
Einstein's discovery, offers a unique way to understand
the intriguing behavior of rivers. Despite having a
basic understanding of river flow, the specific reasons
behind why rivers curve and twist, forming intricate
patterns known as meanders, are not entirely clear.
Einstein's tea leaf paradox provides an interesting
parallel to this phenomenon. This experiment aims to
find the connection between the tea leaf effect and
river meandering. We do this by watching how the
teas and the beads spread out or gather in these
different areas of the container. We aim to figure out
the reasons behind why a river curves and loops rather
than following a straight path.

INTRODUCTION

Einstein was known for a multitude of scientific
advancements and research studies, but one of the
simpler things he studied was how rivers flowed. In
his research, he talked about the idea of secondary
flow by using a cup of water with some tea leaves
inside. He explains how there is less flow velocity at
the bottom compared to the top due to friction when
interacting with the cup's walls which creates a
circular flow of fluid. He additionally states that this
pattern exists in rivers too, whether it be from a
stream's natural curvature or the resulting forces of
Earth's rotation. The combination of these forces and
the stronger erosion on the outer banks creates a
river's natural meandering. The experiment described
here aims to visualize the circular motion Einstein
described.

METHODS

e Used beads with different densities and stirred
them in water to observe their behavior.

* The beads or tea leaves act as tracers or markers,
allowing you to visualize the flow patterns in water.

 Used multiple different-sized objects to stir the
beads in to see if the theory still holds.
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Figure 1. shows the before and after of the beads being
stirred.

RESULTS AND DISCUSSIONS

* Floaters or wood beads go largely towards the wall
of the container. And the heavier beads or tea
leaves go down and toward the center.

 Explanation: The water gets thrown to the outside
on the top surface. Then, it goes down to the
bottom. Then, it goes to the inside, picking up the
tea leaves in the process. Then, the water comes up
to the center, leaving the tea leaves at the center
down at the bottom.

Figure 2. Image of Ohio River. Shows the curves and
meanders.

The outer bank experiences higher water velocities than
the inner bank due to the river's curved path. This
velocity difference leads to a secondary flow, which
moves water from the outer to the inner bank. This
secondary flow is crucial in shaping riverbeds, causing
erosion near the outer bank and sediment deposition
near the inner bank. Over time, the secondary flow
results in the characteristic bends or meanders in rivers.
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*Using the analogy of a rotating cup of tea, where
leaves collect in the center due to centrifugal force,
Einstein explains how similar circular movements
occur in streams. This circular motion, caused by
factors like bends in the river and the Earth's
rotation, influences the distribution of velocities
across the stream’s cross-section.

*The circular motion of water, induced by bends,
affects the velocity distribution, leading to stronger
erosion on one side of the river. This explanation
hinges on the slow adjustment of velocities due to
internal friction within the water.

CONCLUSION

To reiterate, the natural meandering of a river is
caused by a combination of forces that cause the
fluids inside to move in a circular motion. This
phenomenon was observed by looking at the motion
of particulates inside a stirred cup of water. From
those results, we are able to better understand the
movement of sediment in rivers, as they are picked
up the river's outer bank and deposited near the
inner bank, creating the turns.
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