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Q1: RESEARCH QUESTION?
(What Do I Wonder?)

1. What happens if gravitational waves move faster?
2. What happens if gravitational waves move more 

frequently?

Q3: RESULTS
(What Did I Find Out?)

Q2: METHODS
(How Can I Test This?)

1. Design a simulation in Scratch using penguins instead of 
planets.

2. Use sound waves instead of gravitational waves (because it 
is more fun and easier to understand!)

3. One penguin calls the other one over and over again.
4. When its “sound wave” reaches the other penguin, the 

second penguin will start moving to the first penguin.
5. If it hears more waves, it will start moving faster.
6. Test what happens when waves move faster or slower.
7. Test what happens if waves move more/less frequently.

Q4: CONCLUSIONS
(What Did I Learn?)

1. Slower gravitational waves caused objects to 
move faster than faster gravitational waves.

2. Denser (more frequent) gravitational waves 
caused objects to move faster than less dense 
waves.

3. Changing the frequency of the gravitational waves 
affects the amount of gravitational pull more than 
changing their speed.
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Research Questions
(What Do I Wonder?)

Question-1: Would a small object travel faster or 
slower towards a bigger object if the gravitational 
waves moved faster?
Hypothesis-1: I think faster waves would make 
the small object move slower, because the waves 
would not have time to gather. 

Question-2: Would a small object travel faster or 
slower towards a bigger object if the gravitational 
waves more frequently?
Hypothesis-2: I think more frequent waves 
would make the small object move faster, 
because the waves would have time to gather. 



Research Motivation
(Why Did I Get Curious?)

AumSum: This channel inspired me to ask “What 
if…” questions about the universe, such as “What 
if there was no gravity on Earth?”

Kurgesagt - In a Nutshell: This channel inspired 
me to learn more about space and probabilities.

Universe Sandbox: This simulation/video game 
helped me try interesting collisions between 
space objects such as black holes and stars.

Conversations with my Dad and my Brother:     
I like asking “What if…” questions to my dad and 
my brother, and discuss possible answers. This 
project idea came out in such a discussion.



Background Research
(What Did I Learn Before I Started My Experiment?)

Gravity: 
It is a force that pulls all 

objects in the cosmos to each 
other. It is a weak force.

Wave: 
It is a way to transport 
energy without moving 

stuff.

Gravitational Wave: 
It is a wave sent by objects in 

space that pull other objects. It 
moves at the speed of light.

Wave Speed: 
It is how long it takes for a 
wave to move a distance.

Wave Frequency: 
It is how many waves are 

made in an amount of 
time.

Graviton: 
It is the particle version of a 
gravitational wave, just like 
light waves and photons.



Experimental Model
(How Can I Explain Difficult Concepts More Simply?)

Large Object → Large Penguin
This will squawk waves at a regular 

frequency, and will not move.

Small Object → Small Penguin
This will move towards the large 
penguin every time it hears its 

squawk.

Real
Universe

Penguin
Model

Gravitational Wave → 
Sound Wave

Instead of gravitational waves 
“pulling” the other object, sound 

waves will pull small penguin.

How Does The Penguin Model Work: Gravitational waves are difficult to show. Scientists use models to help explain difficult 
concepts. We decided to use a Penguin Model for this experiment. Here is how it goes: A baby penguin is lost on a dark frozen 
pond. Mother penguin regularly squawks so its baby can find its way. Every time a sound wave reaches the baby, she starts to 
move towards her mom faster. Her mom can squawk more or less frequently, or the speed of her squawk may change. We want 
to learn if this would change he baby’s time to find her mother. For simplicity, we will only move on a line instead of on an orbit.



Experimental Simulation
(How Can We Build A Simulation In Scratch To Test My Question?)

Penguin Simulator
We built a simulation 
in Scratch with my 
dad to test my two 

research questions.
Meet Time

Time between Mom 
starting to squawk to 

penguins meeting.

Move Time
Time between Baby 
hearing first wave to 
penguins meeting.

Distance
The distance between 

the two penguins.

Baby Penguin Motion
Is the baby penguin still 

or moving?

Baby Penguin
Baby penguin moves 

faster with each wave 
it  hears.

Distance Scale
Every unit here means 

10 units of distance. 
Baby and Mother have 

100 units between 
them in the beginning.

Reset Button
It puts penguins back 
to start position, and 

resets all values.

Start Button
When you press this 

Mother starts 
squawking to its baby..

Squawk Frequency Slider
This changes how many 
squawks per second the 
mother calls to its baby.

Squawk Speed Button
Press this to enter a number 

to show how fast the 
squawks will move.

Baby Penguin Speed
This shows how fast the 

penguin is moving towards 
her mother.

Mother Penguin
Mother penguin calls to her 

baby until they meet.

Squawk Waves
Each time Mother calls 
a wave starts to move 

towards the baby.



Slower Speed (0.2x)
It took 4.8 seconds for the baby 

to move to her mother.

Normal Speed (1x)
It took 6.7 seconds for the 

baby to move to her mother.

Faster Speed (5x)
It took 7.2 seconds for the baby 

to move to her mother.

Exp-1: Gravitational Wave Speed vs Baby Move Time
VARIABLES

Independent Variable (What I Change)
Gravitational Wave Speed = Change between 0.2 to 5.0, in steps of 0.2

Controlled Variables (What I Keep The Same)
Squawk Frequency = 1 unit, Start Distance = 100 units, Squawk Power = 0.1 unit

Dependent Variables (What I Want To Measure)
Meet Time, Move Time, Hear Time, Baby Final Speed

RESULTS



Exp-1: Gravitational Wave Speed vs Baby Move Time
GRAPHS GRAPH OBSERVATIONS

As the wave speed increases:
● Move time first increases a lot, then 

it starts to stabilize.
● Meet time decreases.
● Baby final speed decreases.
● Baby hear time decreases.

CONCLUSIONS
This experiment shows that if 
gravitational waves moved faster than 
normal then objects would move slower 
towards each other. This proves that my 
hypothesis was correct (my dad’s 
hypothesis was not correct!). I proved 
that this was because the waves would 
gather together before touching the 
object, as I predicted. Hear time and meet 
time increases because it takes longer for 
waves to first get to the baby penguin. 
This may also mean that, Earth would go 
slower around Sun, could have a larger 
orbit, or could escape the Sun.



Normal Frequency (1x)
It took 6.7 seconds for the baby to 

move to her mother.

Higher Frequency (5x)
It took 3.3 seconds for the 

baby to move to her mother.

Highest Frequency (15x)
It took 2.2 seconds for the baby to 

move to her mother.

Exp-2: Gravitational Wave Frequency vs Baby Move Time
VARIABLES

Independent Variable (What I Change)
Gravitational Wave Frequency = Change between 1 to 15, in steps of 1 unit

Controlled Variables (What I Keep The Same)
Gravitational Wave Speed = 1 unit, Start Distance = 100 units, Squawk Power = 0.1 unit

Dependent Variables (What I Want To Measure)
Meet Time, Move Time, Hear Time, Baby Final Speed

RESULTS



GRAPH OBSERVATIONS
As the wave frequency increases:
● Move time gets smaller.
● Meet time gets smaller, but more 

slowly.
● Baby final speed gets higher, then 

gets bumpy, then it stabilizes.
● Baby hear time stays the same.

CONCLUSIONS
These results show that my hypothesis 
was correct, and when wave frequency 
goes higher the move time of the smaller 
object gets lower, and its final speed gets 
higher. This means when an object sends 
gravitational waves more frequently, it 
pulls other objects towards it more 
strongly. If Sun were to send gravitational 
waves more frequently, Earth would get 
closer to it, and its orbit would become 
smaller. If it sent waves less frequently, 
Earth would get away or escape the Sun.

Exp-2: Gravitational Wave Frequency vs Baby Move Time
GRAPHS



CONCLUSIONS
(What Did I Learn?)

Slower Waves = More Gravity 
Slower gravitational waves 

caused objects to move faster 
than faster gravitational waves.

Denser Waves = More Gravity 
Denser (more frequent) 

gravitational waves caused 
objects to move faster than 

less dense gravitational waves.

Denser Waves > Slower Waves
Increasing frequency of waves by 5 

times decreased move time by 
almost half (6.7s to 3.3s), but 

decreasing wave speed by 5 times 
decreased move time by only about 

one tenth. It is better to change 
wave frequency than wave speed.



Penguins Move in Orbit
I wonder how would the small 
penguin orbit the big one with 

different gravitational wave 
speeds and frequencies.

Earth & Sun Instead of 
Penguins

How would Earth’s orbit 
around Sun change if the 

gravitational wave speed or 
frequencies were changed.

How Would This Work With 3 
Objects?

My question before this one was 
about the “Three Body Problem”, 
but then we decided to explore 

gravitons. So now I am curious how 
my conclusions from this 

experiment would change the three 
body problem.

FUTURE STUDIES
(What Do I Wonder Now?)



RESOURCES
1. My Scratch Penguin Simulator, https://scratch.mit.edu/projects/625847341
2. Link To My Data Collection Spreadsheets, https://tinyurl.com/alperdata2122
3. Scratch Programming by MIT, https://scratch.mit.edu
4. Wolfram Research, Gravitational Wave Animation, https://giphy.com/wolfram_research
5. Universe Sandbox, http://universesandbox.com/
6. It’s Aumsum Time, https://aumsum.com
7. Kurgesagt, https://kurzgesagt.org
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