Science behind Music All-Rounder Project

Music is all around us. None of us can imagine a life without music. There is music in nature as birds chirp
and sing through the day and night. We start our day with suprabhata on the radio, or music being played
on loudspeakers in the local temples, mosques or churches. We hear music on radios and we see songs
being enacted in movies. We go to village concerts to hear musicians sing janapada geethes. We sing with
our friends at school and on the way back home. We end the day with our mothers singing the kids to
sleep on their lap.

We typically think of music as an art as compared to science. But that is not true. There is science behind
music and there is math behind music. The musical scales are in fact a set of musical frequencies that we
can create and measure with instruments. And when a singer is singing a song or a violinist is playing the
violin, they are singing a set of notes set to beats that all based on mathematics. The beauty about music
is that as a listener you can enjoy music without knowing the science and mathematics behind it. That is
why it is called an “art”. But when you look behind what you hear, you will find a fascinating world of
science and mathematics. Thus, music is both art and science at the same time. Music can go from being
extremely simple to extremely complex and all in between. Nursery rhymes and songs sung by kids are
typically very simple with simple tunes and beats. Most of us can sing these songs as long as we a “musical
sense”. And then there are movie songs. Even here, some songs are very simple to understand and easy
to hum. And then are more complicated movie songs that are more difficult to understand and not easy
to hum, as some of us tend to go “off-key”. And then at the other end of the spectrum are classical songs
sung in kutcheris by trained musicians. These songs have very complex melodies and beats. They are very
difficult to understand (unless you know the science behind them) and very difficult to hum, leading most
of us to go off-key.

In this project, you will learn to appreciate the science behind the music you hear every day so that the
next time you hear a beautiful song on the radio, you can go beyond being just a listener.

Music basics:

Music is made up of two parts that are used together: melody and rhythm. Melody is what you sing and
rhythm are the beats behind the song. In this project, we will focus on the fascinating melody part of
music (while the rhythm part of music is equally fascinating). Every song you hear, however simple or
complex, whether it is a simple movie song or a complex krithi sung by classical musicians follow a set of
musical notes. What is a musical note? It is a sound at a set frequency. Take a spoon and strike it on a
stone pillar. It will make a “sound”. Each sound is a wave that travels through air like water waves in the
ocean. See the picture below. It shows a sound wave travelling through air. Unlike water waves, you
cannot see these sound waves but only hear them with your ears. Any sound wave has two properties:
“amplitude” and “pitch”. At the horizontal line there is no sound. Each time the wave goes up and comes
down, goes down and comes back up again, it creates a “cycle”. So, a cycle has 4 parts to it (go up from
the horizontal line, come down back to the horizontal line, go down below the horizontal line, come up
to the horizontal line again) The height of the wave (maximum distance from the horizontal line) is called
“amplitude” and as in an indication of how “loud” the sound is. The number of wave cycles in a given time
(say a second) is called frequency and the and the unit of measurement is called Hertz or Hz for short. One
Hz is equal to one cycle per second. So, if a sound has a frequency of 200 Hz, that means that it has 200
wave cycles in one second. And if a sound has a frequency of 400 Hz, that means that it has 400 wave
cycles in one second. The sound with 400 Hz frequency is said to have twice the “pitch” as the sound with
200 Hz frequency.



Characteristic of Sound Waves

«Time for one cycle— ‘

Amplitude, jwavelength 20 distance

i along wave

Cycle

TP Sl ]
. Vo #

Thus, we now know that each sound has “amplitude” which indicates how “loud” the sound is; and has
“pitch” which indicates how “fast” the sound wave is moving through air. Now, you can take the spoon
and strike harder on the stone pillar, and it will make a “louder” sound. That means that the amplitude of
the wave is more. But how do you make sounds with different pitch? You will learn to do this in the science
portion of this project.

So, what is music? Remember we said that any sound has a “amplitude” and “pitch”. And that pitch is
measured as frequency, the number of waves cycle per second. A musical note is a sound with a specific
known frequency or pitch. And a set of musical notes is called a musical scale. Our musical scale has 7
main musical notes or “swaras”. We know them as Sa, Ri, Ga, Ma, Pa, Dha, Ni and Sa again. We call them
the “Saptaswaras”. So, each musical note has a set frequency or pitch, and is called a “swara”. In the table
below, you will see that Sa has the lowest frequency or pitch of 261.63 Hz, Re has a higher pitch than Sa
and so on till we come back to Sa again, but the second Sa has twice the frequency as the first Sa, i.e.
523.26 Hz. The second Sa is called the “higher” Sa. This set of musical notes is called the musical scale. A
song is made up of a combination of these notes. So, when someone sings a song, they are singing a
combination of these seven notes or swaras. You don’t need to know the swaras to appreciate the song,
but if you measure the frequency of the swaras they sing, you will be able to know what swaras made up
the song. Good singers will actually know the musical notes they are singing when they sing a song. In our
science project we will learn how to generate the seven swaras on our own.

Shruti Frequency,
Sound Hz
Sa 261.63
Re 279.07
Ga 327.03
Ma 348.84
Pa 392.52
Dha 436.05
Ni 490.56
Sa 523.26

Remember we said that there are seven swaras in a musical scale. Actually, the musical scale has 12
swaras. The Saptaswaras are the main swaras but there are other swaras (called sub swaras) in between
them creating a total of 12 swaras or musical notes in the scale. The table below shows all the 12 swaras
on the musical scale. You will see that the scale has one Sa, 2 Re, 2 Ga, 2 Ma, 1 P1, 2 Dha, 2 Ni and the
higher Sa. The two Re have slightly different frequencies from each other but close to each other. The two



Ma have slightly different frequencies from each other but are close to each other. The two Dha have
slightly different frequencies from each other but are close to each other. The two Ni have slightly
different frequencies from each other but are close to each other.

SraE Swara Classifications Some Sample Ragas
Number MeinSRErE Sub Swara SEm | R MEpplk harukesi |St khaprit b i Revati | Shivaranjani Suddha. Mohana
Sound Hz Goula Dhanyasi
1 Shadja Shadja Sa 261.63
2 Rishabha Shuddha Rishabha Re 279.07
3 Rishabha Chatusruthi Rishaba Re 294.33
4 Gandhara Sadharana Gandhara Ga 313.96
5 Gandhara Anthara Gandhara Ga 327.03
6 Madhyama Shuddha Madhyama Ma 348.84
7 Madhyama Prati Madhyama Ma 367.92
8 Panchama Panchama Pa 392.52
9 Dhaivata Shuddha Dhaivata Dha 418.61
10 Dhaivata Chatusruti Dhaivata Dha 436.05
11 Nishadha Kaisika Nishadha Ni 470.93
12 Nishadha Kakali Nishadha Ni 490.56
1 Shadja Shadja Sa 523.26

Finally, we will learn what is a “raga”. Every one of you will have heard the word “raga” but many of you
will not know what it meant. A raga is just a collection of musical notes. Remember there are 12 musical
notes in the musical scale. A set of musical notes from these 12 notes (not all of them) forms a raga. And
each raga has a name. When singers sing a song in a particular raga, they are only singing the notes in that
raga. Each song you will have heard till now is a different raga. Or two songs could be in the same raga. If
two songs are in the same raga, that means they are using the same set of musical notes. Also, each raga
sounds different from other ragas. If a singer is singing a song in one raga, but by mistake sings a note that
is not in that raga, it will sound like as if he is singing off-key or singing an “apaswara”.

In the table above, you will see a raga by name Maya Malava Goula. This raga has the following musical
notes or swaras: Sa, the first Re, the second Ga, the first Ma, Pa, the first Dha, the first Ni and the higher
Sa. Thus, Maya Malava Goula uses 7 of the 12 swaras. Revati uses the following musical notes: Sa, the first
Re, the first Ma, the second Ni and the higher Sa. Thus, Revati uses 5 of the 12 swaras. You will notice that
all ragas have the first Sa and the higher Sa. In our music, we have a total of around 1000 ragas which use
different combinations of the 12 swaras.

In conclusion, we learnt the following so far about the science behind music:
1. We first learnt that every sound has an amplitude (loudness) and pitch (speed)
2. We then learnt that a musical note is a sound with a specific frequency
3. Then then learnt that the musical scale is made of multiple musical notes each with a specified
frequency
4. We then learnt that there are 7 main musical notes or sapta swaras in the musical scale
5. We then learnt that that there in fact 12 swaras in the musical scale
6. We finally learnt that each raga is a unique combination of swaras from the musical scale.
This project is made up of 4 parts:

Science: In the science project, you will learn how to create sounds of specific frequencies using simple
apparatus like straws and rubber bands. You will also learn how to create sounds of all the sapta swaras
on the musical scale using this simple apparatus. Once you learn how to do this project, you will take a
video of how you did this project and upload the video as part of the assignment. You will also take photos
of the apparatus you built and upload the photos as part of the assignment.



Art: You will find from the Internet images of various musical instruments used in our music. These are
made of two types of instruments. The first type of instruments creates the sound (or melody). They
include the veena, violin, nadaswaram, flute and harmonium. And the second type of instruments create
the beats (or rhythm). They include the mridangam, ghatam, kanchira and tamboori. You will draw these
instruments out as pencil sketches and color paintings. You will take photos of drawings you have made
and upload the photos as part of the assignment.

Music Appreciation: You will listen to the sounds of some ragas in the first recording we have provided
below. You will then listen to some famous film songs in the second recording we have provided below
and try to identify the ragas they belong to based on what you heard in the first recording. You will have
to go back and forth between the first and second recordings many times to be able to do this project.
You will then write down the name of the song and the name of the raga you have identified on a piece
of paper. You will then take a photo of what you have written and submit it online

Computers: You will conduct research on various aspects of music on the Internet and prepare a power
point presentation that you will present to other students. Please try to make your presentation
interesting by using a combination of text and images. The presentation should have 12 slides and answer
the following questions.

1. What is Carnatic music? Where and when did it start?

2. Why is Purandara Dasa known as the father of Carnatic classical music? What are his famous
compositions?

3. Who are the famous composers who made Carnatic classical music famous?

4. What is the difference between Carnatic and Hindustani classic music?

5. What is the science behind music? Describe amplitude and pitch.

6. What are the music notes used in Carnatic classical music?

7. How can you produce these music notes using a simple science experiment?

8. What are the famous ragas in Carnatic classical music and what notes do they use?

9. Who are the famous singers who sing Carnatic classical music today?

10. What are the main instruments used in Carnatic classical music?

11. What are some famous songs in Kannada movies? And what ragas do they belong to?

12. Why should we learn the science behind music? How will it help us?
Upload the power point presentation and submit online. Also make a video recording of you making the
presentation to your classmates, and upload the video online.

Story Writing: There was once a raga called Maya Malava Goula. This raga had the following or swaras:
Sa, the first Re, the second Ga, the first Ma, Pa, the first Dha, the first Ni and the higher Sa. It was a very
famous raga. Every singer sang the raga more than any other raga. It became arrogant and proud, and
thought it was the greatest raga and looked down on other ragas. All other ragas hated Maya Malava
Goula and wanted to bring it down. So, they all got together and stole one of the notes from Maya Malava
Goula. They stole Pa. Without Pa, no one could sing this raga. What happens next? You should complete
this story. Make this story interesting and make sure that you use what you learnt in this lesson as much
as possible in your story. You can even make drawings to illustrate your story. You will then take photos
of your story and upload as part of your assignment.
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Shruti Frequency,
Sound Hz
Sa 261.63
Re 279.07
Ga 327.03
Ma 348.84
Pa 392.52
Dha 436.05
Ni 490.56
Sa 523.26
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Swara Swara Classifications Some Sample Ragas
Main Swaras Fi M Mal h
Number Sub Swara il B=duencys aya Malava Charukesi [Sh kF i k i Revati | Shivaranjani Sudd a. Mohana
Sound Hz Goula Dhanyasi

Shadja Shadja Sa 261.63
Rishabha Shuddha Rishabha Re 279.07
Rishabha Chatusruthi Rishaba Re 294.33

[,

Gandhara Sadharana Gandhara Ga 313.96
Gandhara Anthara Gandhara Ga 327.03
Madhyama Shuddha Madhyama Ma 348.84
Madhyama Prati Madhyama Ma 367.92
Panchama Panchama Pa 392.52
Dhaivata Shuddha Dhaivata Dha 418.61
Dhaivata Chatusruti Dhaivata Dha 436.05
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Nishadha Kaisika Nishadha Ni 470.93
Nishadha Kakali Nishadha Ni 490.56
Shadja Shadja Sa 523.26
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