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Abstract - Waves are found everywhere, and you can notice them if you know how they are formed. According to the Physics
of Waves, any repetitive motion can create a wave. Wave can be created in any medium, no matter if it is water or air. The
repetitive movement of any part of the human body can also create waves. This is the goal of this research project on how to
create waves with some types of body movement. For the experiments, one hand, half arm, full arm, and both hands and legs
were used for a repetitive motion to generate waves. Body movements created several waves, and it was observed that when
the amplitude is kept constant, the height of the wave in the graph becomes constant, and when the time period of the wave is
constant, then the frequency of the wave is found to be constant. Details of each wave can be seen in the paper. The graphs of

waves were plotted using Logger Pro. These movements show how concepts of Waves be applied to daily life activities to

visualize and understand the concepts of waves in Physics.
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1. Introduction

Every movement has more than one meaning, depending
on the moment and what you are looking for. Taking the fact
that an audience applauds after a concert, speech, or play as a
sign of approval and enjoyment. Meanwhile, any repeating
motion can create a wave. So, what is a wave? [1-4] A wave
is any form of motion that can transfer energy from place to
place without a net movement of particles. It is back and
forth repetitive movement of particles from their mean
position. The energy is transferred from particle to particle,
and it creates waves. Swimmers and divers are producing
waves in the water. When you speak, you also create waves,
whether in the air or trying to speak underwater, because the
air molecules or water molecules are moving back and forth.
Even when you ripple when you go to the beach or play the
drums in the water, there can be several examples and
applications of waves. Some can be seen in these references
as sound waves, music waves, body waves, ocean waves,
Earth waves, water waves, etc. [5-8]. All of these waves
involve Physics behind them.

A sine wave or cosine wave can be created by any
repetitive motion. The Physics of waves involves amplitude,
frequency, time period, speed, and energy of the wave. [1, 9-
11] My interest in this project work is doing different types
of body movement and seeing how I can create waves and
how they look when following concepts of Physics. To
understand concepts of Physics, I will use the data analysis
software Logger Pro to see what waves look like. [12].
Waves can also be plotted using Desmos online tool. [13] I
have tried both during experiments.

I learned concepts of Physics when I took Physics I and
II courses. I feel it is more fun to use these concepts in the
real world and daily life to see how Physics is happening
around me. Hands-on experiments that can be done at home
are the best way of working on any experimental project
work as due to COVID issues, it is possible that someone has
limited access to lab facilities, but using your own home and
material at home can lead you to do what you can. Some of
these publications show these types of hands-on experiments
done during COVID, when everything was closed, and all
classes were online. People still like to do experiments and
are able to find good results to publish in journals and give
other motivations not to stop learning and experimenting
even though they live in very narrow and limited
circumstances. [14-18] Some examples of publications can
be seen here that talk about experiment-based research and
project-based learning done by college students as honour
projects showing how Physics can be applied to daily life
activities. [25-26]

2. Materials and Methods

For this experiment, I had to constantly use a ruler and
my phone to record the amplitude and time taken in a certain
amount of movement and a calculator to calculate. I had to
use a bucket, water, thread, books, and a notebook with a pen
to record my data. Adhesive tape to secure the ruler on the
wall.

First, this experiment has three parts. 1) Movement of the
hand and arm in water and air (four waves of the same
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amplitude). 2) Clapping movement (four waves of different
amplitude). 3) Jumping movement (two waves of different
amplitude). To do it, I counted from zero to 10 oscillation; in
the first part, I used a bucket and poured water in it, held a
ruler with my right hand, and put my other hand with the
middle of my finger into S5cm going down Ocm and up 10cm
slowly when my hand goes down someone starts the timer
for me. When my hand goes to Scm again after going 1
oscillation, I start counting. For the second wave, the same
process was followed. The difference was I used my hand
and waist together, which made it become a flying faster
movement. In creating the third wave, which was the
movement of the forearm with the wrist in the air at a faster
speed, where I stuck the ruler in the wall and used adhesive
tape to secure it, we used Scm as our mean. For the fourth
wave, in the first part, I use my full arm in the air at a regular
speed to repeat the same process.

For the second part of this experiment, which also has
the creation of waves with different amplitudes, I started by
doing small clapping hands in repeating motion with a mean
of 10cm by going to 8cm of distance with the middle finger
of both hands open to 8cm and 12cm for 10 times as
oscillation, where the amplitude is 0.02m. For the second
wave in this part, I use a regular clapping hand in repeating
motion with the mean of 10cm by going to 5cm of distance
with both hands, one going to 5cm and the other going to 15
cm 10 times as oscillation. The third wave was a big
clapping hand with a mean of 15¢cm where one hand went to
zero, and the other one went to 30 for 10 times oscillation.
For the last wave in this part, I had fully opened my arm to
Clapp it and my back in the wall, where the center of my
chest was the amplitude 1.0125m and opened it up where my
elbow touched the wall. I used a thread and a ruler to get the
measurement.

In the last part, the third part, I try to figure out that
besides my hands, there is another way I can try to create
waves. I first started to jump low, straight, without bending
my knees in a room where I put some books on the floor to
do the same jump for 10times; then, I got 0.064m as my
amplitude. Then I realized why not go higher where I can
bend my knees to get balance. I first jumped to get a
distance, and I asked someone to observe my movement to
see if 1 was repeating the same movement for 10times. I
ended up with 0.309m as my final amplitude for the 2nd type
of jump.

3. Theory Used

I use the equation of the wave Y=A sin w t where Y is
the displacement. Sin was used in this equation because of
the existence of the sine wave, and it starts from zero. Small t
is the time (s) recorded, a variable, while doing each
experiment. Meanwhile, the big T is the time period (s)
calculated with small t and n(oscillation). A is the amplitude
(m) of the distance traveled from the mean position to the
endpoint. The w omega (rad/s) is equal to 2*m *f. The f
represents frequency (Hz). Small n is the number of
oscillations used for every experiment.

Equations used for Wave: T=t/n, f=1/T, w=2*r *f, Y=A sin
wt

4. Results

The waves created by different parts of the body are
shown below in the form of the graphs plotted in Logger Pro
in three different sections of Figures, and later data tables are
shown for them too. These sections are Section 1) one hand
and arm movement in water and air, Section 2) two hands
movement for clapping, and Section 3) jumping with two
legs.

Figure Section 1: Shows the movement of the hand and arm in water and air.

Time (s)

Graph 1(a). Waves generated by the movement of a hand in the water for a shorter distance.
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Equation of Graph 1(a): Y(t)=A sin w t = 0.05 sin 3.135 t

e Data Set| Y2

Time (s)

Graph 1(b). Waves generated by the movement of a hand for a longer distance

Equation of Graph 1(b): Y(t)=A sin w t = 0.05 sin 6.088 t

Time (s)

Graph 1(c). Waves generated by the movement of a hand for a longer distance in the air.

Equation of Graph 1(c): Y(t)=A sin w t = 0.05 sin 5.190 t
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« Data Set| Y4

Time (s)

Graph 1(d). Waves generated by the movement of a hand for a regular distance in the air.

Equation of Graph 1(d): Y(t)=A sin w t = 0.05 sin 4.392 t

o Data Set | Y4
« Data Set | Y1
o Data Set| Y2
e Data Set | Y3

Graph 1(e). Showing all waves formed by the hand and arm movement in water and air, keeping A same.

Figure Section 2. Shows clapping movement
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o Data Set| Y1

Graph 2(a). Waves generated by the movement of both hands for a shorter distance in the air.

Equation of Graph 2(a): Y(t)=A sin w t = 0.02 sin 9.067 t

« Data Set| Y2

Graph 2(b). Waves generated by the movement of both hands for a regular distance in the air.

Equation of Graph 2(b): Y(t)=A sin w t = 0.05 sin 7.873 t

10
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Time (s)

Graph 2(c). Waves generated by the movement of both hands for a longer distance in the air.

Equation of Graph 2(c): Y(t)=A sin w t = 0.15 sin 7.351 t

o Data Set | Y4

Graph 2(d). Waves generated by the movement of both hands for a much longer distance in the air.

Equation of Graph 2(c): Y(t)=A sin w t = 1.0125 sin 5.096 t

11
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« Data Set | Y4
. Set| Y3
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Graph 2(e). Showing all waves formed by clapping movement with different amplitude and frequencies.
Figure Section 3. Showing Jumping movement

« Data Set | Y1

Graph 3(a). Waves generated by the movement of jumping for a lower distance in the air

Equation of Graph 3(a): Y(t)=A sin w t = 0.0635 sin 6.252t
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« Data Set | Y2

Graph 3(b). Waves generated by the movement of jumping for a higher distance in the air.

Equation of Graph 3(b): Y(t)=A sin w t = 0.349 sin 6.063 t
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Graph 3(c). Showing waves generated by all Jumping movements with different amplitudes and almost similar frequencies
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|

—e Data Set| Y1
« Data Set | Y2
o Data Set | Y3
« Data Set | Y4

—e Data Set | Y5
« Data Set| Y6

Graph 4. Showing a comparison between waves formed by all types of body movements. Blue and Green are hand movements in water and air with
the same amplitude, Orange and Magenta are clapping with different amplitudes and different frequencies, and Black and Red are jumping with
almost similar frequencies.

5. Data Tables and Calculations
Section 1: I have performed experiments moving my hand for the shorter and longer distance with my half arm and full arm in
the water and in the air for the data in Table number one.

Table 1. Show the movement of the hand and arm in water and air.

# of
waves

Types of waves

Amplitude,
A, (m)

Time, t, (s)

Time period,
T, (s)

Frequency, f,

(Hz)

Omega, w,
(rad/s)

movement of the
hand in water
(Slower)

0.05

20.06

2.006

0.499

3.135

movement of the
hand with the wrist
in water (flying
faster)

0.05

10.32

1.032

0.969

6.088

movement of the
forearm with the
wrist in the air
(faster)

0.05

12.10

1.210

0.826

5.190

movement of the full
arm in the air
(regular speed)

0.05

14.30

1.430

0.699

4.392

14
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In the first table of the experiment, I intentionally keep my amplitude constant.

Section 2: In this table number two, I have recorded the data of clapping with the smaller distance and middle distance to the
larger distance

Table 2. Show clapping movement.

# of Types of waves Amplitude, Time, t, | Time period, | Frequency, Omega, w,
waves A, (m) (s) T, (s) f, (Hz) (rad/s)
1 Small Clapping hands in 0.02 06.93 0.693 1.443 9.067
repeating motion with the
mean of 10cm by going to S5cm
of distance with both
hands(8,12) 10 times
2 regular Clapping hands in 0.05 07.98 0.798 1.253 7.873
repeating motion with the
mean of 10cm by going to
10cm of distance with both
hands (5,15) 10 times
3 Big Clapping hands in 0.15 8.55 0.855 1.170 7.351
repeating motion with the
mean of 15¢cm by going to
30cm of distance with both
hands (0,30) 10 times
4 Full arm Clapping hands with 1.0125 12.33 1.233 0.811 5.096
the mean in the middle of my
chect 10 timec
In this part of the experiment, I did not keep my amplitude constant; amplitude varies.
Section 3: In this table number 3, I have recorded the lowest jumping data to the highest jumping movement.
Table 3. Show Jumping movement.
# of Types of waves Amplitude, Time, t, | Time period, | Frequency, Omega, w,
waves A, (m) (s) T, (s) f, (Hz) (rad/s)
1 Low jump straight without 0.064 10.05 1.005 0.995 6.252
bending the Knees
2 High jump straight with 0.349 10.36 1.036 0.965 6.063
bending the knees

In the last table of the experiment, the amplitude and
time period both varied.

Here is one calculation shown for Graph la as an
example of the way it is done. All calculations are performed
in the same way.

Everything starts with the value of Amplitude(A)=0.05m
and small (t) time= 20.06s and n= the number of times I
repeat the experiment 10 oscillation. To get time period
(T)=t/n = 20.06/10=2.006 s. The frequency(f) formula=1/
2.006=0.499Hz. To get my omega (®), I plug my known data

into this formula 2*n*f = 2*1*0.499=3.135rad/s. All these
calculations are necessary to plug the data into the equation
of wave; Y(t)=A sin @ t = 0.05 sin 3.135 t.

The same method was followed to calculate the rest of
the nine waves.

6. Discussion

After performing these three sets of body movements
and collecting their data, repetitive body movements can
create waves, and the waves can have the same or different

15



Sophonie Thomas & Dipti Sharma / IJAP, 10(1), 6-17, 2023

amplitudes and the same or different frequencies as well. As
described in this paper, all of the body movements followed
the concepts of waves. This section shows only waves with
the lowest and highest frequency from each part of the three

parts of each experiment. A comparison between types of
waves generated by body parts can be seen in Graph 4. A
summary table is shown below as Table 4, with some waves
that have either the least frequency or highest frequency.

Table 4. Summary table that shows only waves that have the lowest and highest frequency.

Waves with the lowest frequency Waves with the highest frequency
Table Amplitu Time Freque | Omega | Table Amplit Time Frequen Omega, w,
#’s of de, period, T, | ncy, f, , @, #’s of ude, A, | period, cy, f (rad/s)
waves A. (m) (s) (Hz) (rad/s) | waves (m) T. (s) (H2)
1 0.05 2.006 0.499 3.135 1 0.05 1.032 0.969 6.088
2 1.0125 1.233 0.811 5.096 2 0.02 9.693 1.443 9.067
3 0.349 1.036 0.965 6.063 3 0.064 1.005 0.995 6.252

Table 5. Summary table that shows when you move your body, you can
create waves

Number of Waves equations
waves
| Y(t)=A sin w t = 0.05 sin 3.135 t
| Y(t)=A sin w t = 0.05 sin 6.088 t
B Y(t)=A sin w t = 0.05 sin 5.190 t
] Y(t)=A sin w t = 0.05 sin 4.392 t
5 Y (t)=A sin w t = 0.02 sin 9.067 t
6 Y(t)=A sin w t = 0.05 sin 7.873 t
7 Y ()=A sin w t = 0.15 sin 7.351 t
8 Y(t)=A sin w t = 1.0125 sin 5.096 t
| Y(t)=A sin w t = 0.0635 sin 6.252 t
[ | Y (t)=A sin w t = 0.349 sin 6.063 t

For the first two pairs of numbers, one wave, I noticed
that the movement of the hand in water with a slower speed
had the lowest frequency among all of them, and the highest

References
[1]
[2]
[3]
[4] Examples Available:

of Physics. [Online].

frequency came from the low jump straight without bending
the knees movement.

In this table, I have used three different colors to
separate the three types of waves that 1 had looked for.
Where the color red is the movement of the hand and arm in
water and air yellow is the clapping movement. Meanwhile,
blue represents the jumping movement.

7. Conclusion

In conclusion, 10 experiments were done to check if
waves can be created by body movement. Among these
experiments, four were pretty much the same. I used one
hand for two experiments in water and one hand for two in
the air. Another four experiments where I used both hands by
clapping with different movements, and two experiments
where I jumped. All was done with different body parts by
using the repeating motion to check my theory. After doing
all of these experiments and calculating, I have concluded
yes! Body movements can create waves, and the types of
waves created along the way of this experiment are cited in
the results part and the rest of the tables.

Acknowledgments

I am grateful to my professor and supervisor, Dr. Dipti
Sharma, Ph.D., who has supervised this research work as an
honor project work during Spring 2023 semester. And my
older brother Garry Thomas who had become my third hand
while running the experiment part.

The Physics classroom. [Online]. Available: https://www.physicsclassroom.com/class/waves/Lesson-1/What-is-a-Wave

What is a wave? [Online]. Available: https://www.acs.psu.edu/drussell/demos/waves-intro/waves-intro.html

Waves Physics. [Online]. Available: https://www.britannica.com/science/wave-physics
https://phys.libretexts.org/Bookshelves/Waves_and_Acoustics/Book%3A_Sound_-

_An_Interactive_eBook (Forinash _and_Christian)/04%3A_Wave Types/4.03%3A_Other Waves/4.3.02%3A_Examples_of Waves

(5]

16

Application of waves. [Online]. Available: https://www.studysmarter.us/explanations/physics/waves-physics/applications-of-waves/



Sophonie Thomas & Dipti Sharma / IJAP, 10(1), 6-17, 2023

[6] Sound and Sound waves. [Online]. Available:
https://www .kennedy-center.org/education/resources-for-educators/classroom-resources/media-and-
interactives/media/music/connections/connections/science--
music/#:~:text=Different%20sounds%20have%20different%20wavelengths,second%2C%?20the%20frequency%20is%20high.

[71 Body waves. [Online]. Available:
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/body-
wave#:~:text=1%20Introduction,Body%20waves%20are%20solutions%2001%20the%20¢lastic%20equation%200f%20motion,propagat
€s%20is%20called%20a%20ray.

[8] Seismology. [Online]. Available:
https://www.mtu.edu/geo/community/seismology/learn/seismology-
study/#:~:text=the%20tw0%20main%20types%200of,planet%20like%20ripples%20on%20water.

[91 Types of Waves. [Online]. Available: https://openstax.org/books/physics/pages/13-1-types-of-waves

[10] Waves. [Online]. Available: https://byjus.com/physics/waves/

[11] Wave. [Online]. Available: https://www.britannica.com/science/wave-physics

[12] Logger Pro. [Online]. Available: https://www.vernier.com/product/logger-pro-3/

[13] Desmos. [Online]. Available: https://www.desmos.com/calculator

[14] Om Sharma, and Dipti Sharma, “How Elastic are Bands Those are Used in Everyday Life?” European Journal of Applied Sciences, vol.
9, no. 4, 2021. [CrossRef] [Publisher Link]

[15] Om Sharma, and Dipti Sharma, “Observance of Multiple Spring Constants in Rubber Bands Following Hooke’ Law,” International
Journal of Research in Engineering and Science, vol. 10, no. 3, pp. 28-38. 2022. [Google Scholar] [Publisher Link]

[16] Om Sharma, and Dipti Sharma, “Can Temperature and Pressure Change the Elasticity and Hooke’s Beyond Limit of Rubber Bands?”
European Journal of Applied Sciences, vol. 10, no. 3, pp. 125-140, 2022. [CrossRef] [Publisher Link]

[17] Om Sharma, and Dipti Sharma, “Unique Way of Expressing a Math Theorem,” International Journal of Research Engineering and
Sciences. vol. 10, no. 3, pp. 01-05, 2022. [Google Scholar] [Publisher Link]

[18] Om Sharma, and Dipti Sharma, “How Free is a Fall That Occurs in Real World?” European Journal of Applied Sciences, vol. 9, no. 4,
pp. 39-53. 2021. [CrossRef ] [Google Scholar] [Publisher Link]

[19] Dr. Thota Vidhyavathi, "Amplitude and Phase Synthesis of Linear Array for Sector Beams Using Modified Harmony Search
Differential Evolution Algorithm," SSRG International Journal of Electronics and Communication Engineering, vol. 3, no. 8, pp. 20-27,
2016. [CrossRef] [Publisher Link]

[20] Yadi Liu, and Dipti Sharma, “Can Waves Be Created with Yoga Poses? (How to Apply Physics at Home During COVID Time),”
European Journal of Applied Sciences, vol. 9, no. 3, pp. 491-513, 2021. [CrossRef] [Publisher Link]

[21] Sophonie Thomas, and Dr. Dipti Sharma, “Testing Free Fall Vs Non-Free Fall Using Kinematic Equations,” International Journal of
Research in Engineering and Science, vol. 10, no. 5, pp. 42-54, 2022.[Publisher Link]

[22] Maura Tanci, and Dr. Dipti Sharma, “Applying Concepts of Force and Torque to Different Parts of Human Body at Various Angles,”
International Journal of Research in Engineering and Science, vol. 11, no. 1, pp. 573-583, 2023. [Publisher Link]

[23] Ivan Krechetov, Arkady Skvortsov, and Ivan Poselsky, "Experimental Study of EMG 8-Electrode Active Circuit Placement on Forearm
for Gesture Detection,” International Journal of Engineering Trends and Technology, vol. 68, no. 9, pp. 57-63, 2020. [CrossRef]
[Google Scholar] [Publisher Link]

[24] Mathew C. Dora, and Dipti Sharma, “Effect of Ramp Rates on Phase Transitions of a Next Generation ‘Binary Liquid Crystal System”
(BLCS) 5CB+7CB,” International Journal of Engineering Inventions, vol. 12, no. 1, pp. 291-306. 2023. [Publisher Link]

[25] Juliana Mello, and Dipti Sharma, ”Crystal Growth, Percent Crystallinity and Degree of Crystallization of SOCB Liquid Crystal
(Analyzing Using Logger Pro),” International Journal of Engineering Inventions, vol. 12, no. 1, pp. 166-185, 2023.[Publisher Link]

[26] Nicole Calhoun, and Dipti Sharma, “Human Activities can Affect Human Lungs and Breathing (Matter of Public Health),” European
Journal of Applied Sciences, vol. 9, no. 3, pp. 523-535, 2021. [CrossRef] [Publisher Link]

[27] Amilsa Ferreira, and Dr. Dipti Sharma, “Applying Concepts of Physics 201 in Daily Workout Exercises,” International Journal of
Research in Engineering and Science, vol. 11, no. 1, pp. 443-453,2023. [Publisher Link]

17



