
 

EXPLORING THE MATHEMATICAL POSSIBILITIES OF MELODY IN KARNATIK MUSIC 
RAJNA SWAMINATHAN 

 
Karnatik music has its origins in South India, but is now practiced in many parts of the world. Music in India 
has undergone many changes over the centuries, and at each stage, people have tried to record the rules and 
practices in various theoretical treatises. Karnatik music as we know it was codified most recently in the 20th 
century, as India gained independence as a democratic nation. In its current-day version, this musical system is 
defined largely by its compatibility with mathematical formulas and rules of symmetry. In this worksheet, we 
present the classification system that is applied to ragams, or melodic modes. In Karnatik music, compositions 
are often entirely set in a specific ragam structure, with improvisational possibilities emerging from within that 
framework. You can think of ragams as human characters: each one has a name, and as musicians improvise 
and interpret a specific ragam, they are trying to bring out the personality of that character within the phrase-
based rules that give a ragam its identity. 
 
THE MELAKARTHA SYSTEM OF CLASSIFYING RAGAMS. Although the concept of a ragam is very ancient and 
did not evolve from the melakartha system, theorists in the 17th century figured out a way of classifying these 
musical modes, which led to the discovery of further musical possibilities. 
 
In the span of an octave, there are 12 semitones, or consecutive notes. On a piano, you can visualize this as the 
set of 7 white keys and 5 black keys between one C and the next. In Indian music, the singer (or instrumentalist) 
uses relative pitch, where they stay in one key (the tonic note) throughout the performance and change the 
ragam based on different combinations of notes in the scale.  
 
SARGAM. In Western music, the solfège system used to name the notes in relation to the tonic is as follows:  
 
1 - Do (tonic)  
2 - Re 
3 - Mi 
4 - Fa  
5 - Sol (fifth) 
6 - La 
7 - Ti 
8 - restart at Do (the completion of an octave) 
 
In the Karnatik solfège system, called sargam, the syllables are as follows:  
 
1 - Sa | 2 - Ri | 3 - Ga | 4 - Ma | 5 - Pa | 6 - Dha | 7 - Ni | 8 - back to Sa 
 
Each syllable is short for a word that denotes that component of the scale: 
 
Sa = Sadja 
Ri = Rishaba 
Ga = Gandhara 
Ma = Madhyama 
Pa = Panchama 
Dha = Dhaivatha 
Ni = Nishadha 
 
Practice: Try singing the major scale (in any tonic key) using these syllables. Practice this until you feel 
comfortable singing a note in relation to the tonic and knowing what its sargam syllable is. 
 



 

In the ragam scheme, Sa (1) and Pa (5) are constant, while the other five notes can shift to create different 
melodic colors. Use the table below (using C as the tonic or Sa) to locate the number of options for Ri, Ga, Ma, 
Dha, and Ni. The sargam syllables are abbreviated as S R G M P D N. Note that there is some overlap in which 
specific semitones are used for a given sargam syllable in sequence. 
 
 

Semitone 
# 

1 2 3 4 5 6 7 8 9 10 11 12 

Keyboard C  D  E F  G  A  B 

Sargam S R1 R2 
or 
G1 
 

R3 
or 
G2 

G3 M1 M2 P D1 D2 
or 
N1 

D3 
or 
N2 

N3 

 
Exercise: If the sargam must be in a consecutive sequence, how many unique 7-note ragam scales are possible? 
Keep in mind the following: (a) if you have R1, you can have G1, 2, or 3; if R2, then G2 or 3; if R3, only G3; 
(b) if you have D1, you can have N1, 2, or 3; if D2, then N2 or 3; if D3, only N3; (c) you can either have M1 or 
M2, so half the possible ragams will have M1 and the other half will have M2. 
 
Let’s start listing them out to see how it works. First we’ll find the possibilities by moving around R and G. 
 
S R1 G1 M1 P D1 N1  
S R1 G2 M1 P D1 N1 
S R1 G3 M1 P D1 N1 
S R2 G2 M1 P D1 N1 
S R2 G3 M1 P D1 N1 
S R3 G3 M1 P D1 N1 
 
Now, let’s do the same thing with the other M. 
 
S R1 G1 M2 P D1 N1 
S R1 G2 M2 P D1 N1 
S R1 G3 M2 P D1 N1 
S R2 G2 M2 P D1 N1 
S R2 G3 M2 P D1 N1 
S R3 G3 M2 P D1 N1 
 
Exercise: Try singing all of these out with the keyboard, using the table above for reference. Twelve unique 
possibilities come out of just manipulating three sargam notes. Try improvising or composing a short melody 
with one of these scales! 
 
There is an easier way to do this math without listing out all of the possibilities. We have found out that there 
are 6 different outcomes between R and G, and 2 different options just for M. We got 12 outcomes, which is the 
product of multiplying 6 and 2.  
 
D and N work similarly to R and G, since they also involve creating a set of two consecutive notes in the span 
of four possible semitones. So, that gives us 6 additional outcomes (D/N) X 6 (R/G) X 2 (M) = 72. Thus, there 
are 72 possible ragam scales. 
 



 

Discussion: If you were to list out all of the 72 possible ragams, how would you visually represent them? 
Would you use a table or a chart? What shape would it take? 
 
As you sing through the various possibilities, you will notice that some sound familiar, and some sound like 
nothing you’ve heard before. When musicians discovered that they could use these new, strange-sounding 
scales to create new compositions, it created a wave of changes in the sound of Karnatik music. Even today, 
some scales are considered more pleasant than others, and debates continue regarding whether all 72 
possibilities need to be used. In addition, it’s important to remember that the word melakartha specifically 
refers to ragam scales where the way you sing it ascending is mirrored in the way you sing it descending. What 
does this mean? 
 
Arohanam refers to the order of notes as you go from the lower Sa to the Sa that begins the next octave. 
Avarohanam refers to the order of notes as you move from the higher Sa to the lower Sa. 
 
For melakarthas, the order will always be S - R - G - M - P - D - N - S and S - N - D - P - M - G - R - S. The 
actual note values will vary, however, based on the 72 possibilities. Sometimes ragams have zigzag patterns in 
their sequences and ascend and descend in different ways. They may also use different note values for the same 
sargam syllables. This is where the idea of a ragam gets really fascinating! Here are some examples: 
 
Ragam: Nalinakanthi 
Arohanam: S - G3 - R2 - M1 - P - N3 - P - S 
Avarohanam: S - N3 - P - M1 - G3 - R2 - S 
 
Ragam: Gavathi 
Arohanam: S - M1 - P - N2 - S 
Avarohanam: S - D2 - M1 - P - G3 - M1 - R2 - N2 (lower octave) - S 
 
Ragam: Mohanakalyani 
Arohanam: S - R2 - G3 - P - D2 - S 
Avarohanam: S - N3 - D2 - P - M2 - G3 - R2 - S 
 

Mohanakalyani is a hybrid of two ragams: Mohanam (pentatonic) and Mechakalyani (melakartha #65) 
 
 Ragam: Mohanam (notice it skips Ma and Ni!) 
 Arohanam: S - R2 - G3 - P - D2 - S 
 Avarohanam: S - D2 - P - G3 - R2 - S 
 
 Ragam: Mechakalyani (more commonly known as Kalyani) 
 Arohanam: S - R2 - G3 - M2 - P - D2 - N3 - S 
 Avarohanam: S - N3 - D2 - P - M2 - G3 - R2 - S 
 
Sometimes, people try to invent new ragams! Here’s one that was invented in the 20th century by M. 
Balamuralikrishna, a well-known Karnatik vocalist. Notice how sparse it is! 
 
Ragam: Lavangi 
Arohanam: S - R1 - M1 - D1 - S 
Avarohanam: S - D1 - M1 - R1 - S 
 
Exercise: Try singing or playing these out on a keyboard! Which ones are your favorite, and why? Is there a 
particular phrase in the scale that you enjoy? How would you visually represent their melodic shapes? Can you 
improvise with the zigzag ragam structures? Give them a try! 



 

Below are two illustrations of the melakartha chart, detailing the names of each of the 72 melakartha ragams. 
Compare these with the kind of table or chart that you used to visually represent the ragams. Of course, you 
didn’t know what the names were, so you probably relied on the sargam values to list out the possibilities.  
 
Keep in mind that the melakartha chart only depicts a set of theoretical possibilities, and that beyond this, 
hundreds of ragams with different scale structures (ascending and descending) and combinations exist, as you 
saw above. These are only the scales with 7 consecutive notes.  
 

 

 
 
 

[Illustration: Doraiswamy Iyer] 
 
CHAKRAS. In both illustrations, the ragams are organized by chakra, a cosmic or mythological symbol that is 
used to label each group. Chakra is the Sanskrit word for ‘wheel.’ The 12 organizing chakras are as follows, 
and are defined by the positions of Ri, Ga, & Ma (spelling may vary from illustrations). Notice that on the 
chart they are split into two larger groups: “Suddha Madhyama” (M1) and “Prathi Madhyama” (M2). 
 

1. Indhu (R1 G1 / M1) 
2. Nethra (R1 G2 / M1) 
3. Agni (R1 G3 / M1) 
4. Veda (R2 G2 / M1) 
5. Bana (R2 G3 / M1) 
6. Ruthu (R3 G3 / M1) 

7. Rishi (R1 G1 / M2) 
8. Vasu (R1 G2 / M2) 
9. Brahma (R1 G3 / M2) 
10. Disi (R2 G2 / M2) 
11. Rudhra (R2 G3 / M2) 
12. Aditya (R3 G3 / M2) 



 

 
Discussion: How might you organize the melakarthas differently? What names would you give each group in 
your version of the chart? Describe why you chose the names and what logic underlies your organization. 

 
 

 

 
 

[Source: https://commons.wikimedia.org/w/index.php?curid=8057036] 
 
 
 
   


