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ABSTRACT

We discuss various musical settings that affect musicians and listeners in various ways. We assert that observations or intuitions formed in one scenario may not carry over to all the other ones. Also, the use of rational numbers to represent musical intervals is extremely popular worldwide. While such idealized numbers, treated as symbols, do indeed carry a lot of useful information, we suggest that musical intervals in some situations are better understood or represented in the “cents” domain. We also briefly discuss modern ideas of consonance, pitch perception and interval tuning preferences, which seem to indicate that the acoustic cue of beats does not play a significant role in these areas, like many people seem to think, though they do cause audible sensations that may be jarring at times. “Natural tuning systems” like just intonation, which might seem appealing and may indeed be suitable for use today in Indian music, may not necessarily be the traditional tuning system that Indian music has used. The preferred tunings of each interval should rather be determined by psychoacoustic experiments and empirical measurements, and we also note that previous work has indicated that there is a lot of flexibility in intonation in performances and considerable variation between different artists.

INTRODUCTION

There have been in this world immeasurable geniuses who have composed great masterpieces of music even after partial or complete hearing loss, and there are many talented people today who can simply look at a music score, appreciate the artistic creation and “hear” it all in their minds, without having to listen to a single second of physically produced or audible sound. Nevertheless, it is not too much of an exaggeration to say that mankind's enjoyment of music lies predominantly in the cognitive or perceptual domain, where physical sounds and sensations are received and processed by the human auditory system and the brain. (Even these aforementioned musicians and composers have heard and appreciated audible music at some point in their lives.) However, direct and explicit knowledge of the sciences of music cognition or acoustics has never been a prerequisite for the creation or appreciation of exquisite music. Most musicians can get by without much awareness of the inner-workings of the human auditory and cognitive systems. 

However, there are situations in which a good understanding of the underlying acoustics and cognitive principles is essential, like when music researchers and musicologists attempt an empirical measurement or description of music. Unfortunately, a great many people, even in the West, are not aware of recent findings or advances in psychoacoustics that contradict many currently popular beliefs. The work of Helmholtz [21] published in the late 1800s has been superseded by more modern theories for example.

In this short paper, we shall only briefly touch upon certain issues, pointing the interested reader to the “REFERENCES” section that lists many more capable authors who have expounded their findings and ideas on music. We will concentrate on interval tuning and intonation and also briefly discuss the perception of sruthi suddham, all of which have been at the core of controversy in Indian musicology. 

MUSICAL SETTING DIFFERENCES

Most of the progress made in the Western world as far as music psychology is concerned has focused on Western music and Western listeners. A lot of information can be obtained and generalized to all humans based on Western data as our human brains and auditory systems are really not that much different. However, since there are significant cultural differences, and since not all music phenomenon is inherent or acoustically based but rather “learnt,” the differences between Indian and Western music has to be considered and certain conclusions in the West should possibly be tempered or re-checked with experiments performed with Indian musicians and listeners. 

Some of the more significant factors that make the Indian “musical environment” different from its western counterpart today are: (i) the presence of a fixed tonic throughout a performance and the lack of key modulation (except in rare instances of grahabedham/moorchanams) and the use of the overtone-rich tambura, constantly being sounded in the background, (ii) the flexibility for the main artist to chose whatever absolute frequency he or she desires for the tonic at the commencement of a performance, (iii) the lack of harmony and the focus on melodic development for the most part. In a way, these previously mentioned factors are all inter-related. 

Also, various musical settings can have different effects on the renditions of a musical piece by even a skilled performer. For example, each of the following situations puts different amounts of pressure and demands on an artist: (i) solo practice at home (ii) a slow-paced, carefully-controlled, relaxed recording or experiment in a studio, (iii) a real-time recording or experiment in a controlled setting in a studio and (iv) a public, live performance. This list, by no means an exhaustive one, still illustrates very different musical settings. The first scenario is where the musician builds up and perfects his art, the second case is where psychoacoustic researchers get their best data from, and the last two situations are what matter the most to music fans. Mostly, measurements of Indian music performances have been conducted in the past, but they are still very useful since they indicate what is really necessary for a ragam or melody to be rendered appropriately and within acceptable limits. 

From a listener's point of view, the situation is not very simple either. The listener is perceiving and is subject to a hierarchy of musical features – pitch, rhythm, timbre, loudness at the sound level to note sequences, melodies, musical ideas, lyrics at higher levels of musical thought. The method of presentation of tones would also affect what a listener can discern. Two simultaneously sounded harmonic tones can yield the percept of beating while two pure tones in series might have a much different effect. The musical setting also matters a lot. If a listener is focused on one particular aspect of one particular segment of music and listens to it analytically over and over again, he or she is going to perceive or learn things that may have been missed if that same audio was played fast in a real-time concert-like setting. Of course we are not implying that nothing is clearly perceivable in the latter case. Indeed, certain glaring mistakes can be disconcerting and on the other hand, flashes of artistic genius are acknowledged immediately on the Indian music stage. Rather, what we are suggesting is that the sensitivity to certain intricate musical features may be diminished in some scenarios.

On top of all of these factors, inherent ability, training, knowledge, exposure to different musical systems and the like will differ from person to person. Each person’s reaction to a piece of music or sound will be unique in some sense and also affected by the individual's personality, and most Western researchers have been careful to segment their subjects into at least two groups – musically trained and musically untrained. 

Indian music certainly needs a lot more empirical analysis and psychoacoustic experiments that follow a rigorous scientific approach. For many years, much of Indian musicology has been based on hypothesis, speculation and reinterpretation of ancient texts. While such things are needed to a certain extent, the lack of hard data has led some people to misinterpret previous works and conclude strange things from them, as in the case of Bharatha's 22 sruthis [7,26]. Even the few empirical studies that have been pursued show that reality is much different from many proposed theories [1,2,3,4,8,9,10].

PITCH AND FREQUENCY

While pitch is the most important  aspect of musical sound in Indian classical music, it is a human percept that should be distinguished from physically measurable quantities. Even the term “frequency” is a theoretical or mathematical construction involving infinitely long, stationery sinusoids, which a signal processing expert might prefer to differentiate from the instantaneous fundamental frequency variable in a harmonic model of a musical tone, which is really what empirical pitch trackers are trying to estimate within limits set by the nature of the data, presence of noise and other interfering signals. However, the situation is less hopeless than it seems since there is a very strong correlation between estimated fundamental frequency and perceived pitch. However, factors such as timbre and intensity (loudness) can also play significant roles in pitch perception. It has been demonstrated that the perceived pitch of low-frequency pure tones can decrease with increasing intensity, and that the perceived pitch of high-frequency pure tones can increase with frequency. For harmonic signals, which can have both low-frequency and high-frequency partials, the pitch change effect with intensity can be different given how the energy is distributed over the various partials, which is roughly related to timbre. But while these effects have been studied to some extent, the question that should be asked is what happens when you have a tambura drone in the background when listening to these tones. Perhaps the loudness, timbre and pitch of the tambura also have a significant role to play, which is a very important factor for Indian music. Careful studies need to be conducted in this regard. 

There are also instruments whose partials are not exactly harmonically related, like the piano. In the piano, octaves get “stretched” and tones are not precisely harmonic. The Indian tambura, while rich in overtones, and which has been reported by various people to contain harmonic partials, still has to be investigated in finer detail to determine the magnitudes of non-ideal behavior and the degree to which the partials can be assumed to be harmonic. The pitch stability as well as the energy transfer between different modes also needs to be investigated further. And in general, one should keep in mind that the model of harmonic partials is a mathematical ideal, and that in reality, all instruments exhibit some non-ideal behavior, though in most cases like the voice or the violin, the harmonic model is still an extremely good approximation. 

Timbre has a significant role to play in pitch perception also, and it may be naïve to assume that what holds true for the violin or flute will also apply to the veena, voice or some other instrument. 

But for convenience only, we shall use the term pitch to mean both the perceived pitch as well as the measured physical quantity from now on, and the reader should keep in mind the previously-mentioned caveats. 

RATIONALS AND CENTS

What is the best means of representing pitch empirically? While the absolute frequency in Hz contains all the information needed to represent pitch, melody perception is 'relative' in the sense that the frequency ratio of a pitch to a reference (the tonic) is what really matters to most humans. Once the frequency of “Sa” has been established and noted, it makes a lot more sense to record the relative pitch of the other notes. Now “Pa” is typically stated as having the ratio 3/2 (with respect to Sa) for example. Rather than using a rational number, this value may also be stated as 1.5. However, there are reasons why a different domain – the logarithmic domain – is a more useful and convenient representation for this relative frequency. A perceived interval height corresponds more closely to its representation in a log-domain, and this reason has to be the strongest case for using “cents.” Especially with an intelligently chosen scaling in the log domain, intervals can be compared, modified and understood far more easily. If r = p/q is a particular frequency ratio, its equivalent in cents, rc is given by:

r = p/q  <===>  rc = 1200 * log2(p/q)

We would like to point out a couple of things in the course of using cents: the fact that “Sa” is at a particular absolute frequency should not be completely forgotten, since there are frequency-dependent auditory effects. Also, rationals are not completely useless, but rather may serve a better purpose if thought of as “symbols.” This point will be elaborated subsequently.

Now, we mentioned that the rational 3/2 is commonly associated with Pa. How was this number arrived at in the first place? The ancient Greeks apparently measured string lengths and observed that the length of the string that sounded “Sa” compared with one that sounded “Pa” was in the ratio 3:2. One can imagine that this was a delightful discovery for the Greeks who were keen to describe things using simple ideas, numbers and mathematics. Now was the ratio of strings lengths exactly 1.50000000000... or very, very close to it as measurable practically with the instruments they had? The latter is the more likely scenario. These string length measurements did not end with the Greeks, and countless people have supported these observations over the years. Furthermore, one can also hear overtones when gently stopping a string at around 1/3 or 2/3 of its length, and in a way, this also leads to a value of 3/2 for Pa. This observation would hold for instruments with a harmonic set of partials. 

With our modern understanding of harmonic sounds, we know that for many instruments the partials are harmonic, and that beating between partials can be heard when two tones are tuned to an interval that is very close to the ratio of two small numbers. Bringing the interval closer to the ideal ratio, 3/2 in the case of Pa for example can minimize the acoustic cue of beating. This is another means by which the rational 3/2 can be arrived at. 

While for practical or musical purposes the rational 3/2 is an appropriate and convenient representation of the “natural” Pa, it is really the result of an idealized mathematical model of a perfect string or a precisely harmonic tone, neither of which exist in the real world. In this regard, we prefer to view the rational 3/2 only as a “symbol” which does by itself convey a lot of information about this particular interval. But a more scientific approach would be to represent this interval in cents – 702 cents – with a particular error bar in its measurement when conducting experiments – for e.g. +/- 0.5 cents. However, we do agree that there is lot of information contained in the symbol 3/2 that is not apparent in the number “702.”

People enjoying music need not be aware of mathematical ratios and the like when playing or listening to music. They hear “interval heights” in melodies which is better captured by “702 cents” rather than “3/2.” Also, the number 3/2 conveys a sense of precision that seems to indicate a point on the pitch space rather than allow for some leeway in the intonation of certain note. The cents representation on the other hand accommodates a pitch range more easily. Also, while the number 3/2 represents consonance to many people, there is a region around 702 cents that still sounds consonant and pleasant (barring the beating sensation that one gets with real-life harmonic sounds). As another example, the most popular rational number for Ga3 is 5/4, but some people seem to prefer a sharper intonation for this note. In the cents representation it is easy to say that the artist intonates this note say 10 cents sharper than 386 cents, while saying the same thing using the rational is less convenient. A representation like 5.03/4.00 isn't very pleasant-looking either! 

Now, the phenomenon of beating can be discovered or minimized without any knowledge of the rationals traditionally associated with notes. For example, we recall discovering beats a long time ago using an electronic sruthi box and that there was a point above or below which the sensations of beating increased when trying to tune Pa. It seemed logical to us then that the point that minimized beats was the “correct” tuning of this interval. We discovered the reasons for beating only later upon reading books on acoustics. But with our electronic sruthi box, we had no way of physically measuring that we were close to 3/2 without using a pitch tracker, which was then unavailable to us. However, we never had any problems finding or tuning Pa. We would go roughly to the location of Pa by ear, remembering the interval height that we had learnt, and then proceed to minimize beats based on real-time acoustic cues. For a while we assumed that this was the correct tuning of the interval Pa. There are many people who maintain similar beliefs today, and we will discuss our reservations later. But while we were easily able to make the beats disappear (for practical purposes) in our electronic sruthi box, we have to ask whether the same can be done on a real tambura, a glorious instrument with a complex and ever-changing sound that has traditionally been used for maintaining the tonic in Indian music. Also, after each pluck or bow, how stable is the pitch of the various instruments used like the veena, tambura or the violin? How close is the Pa, heard from musical instruments, to the mathematical ideal, 3/2? How much variation in the intonation of Pa still sounds fine and pleasant? What tuning do actual musicians prefer for Pa? To answer such questions and with regard to intonation and pitch perception, the question of the relative importance of rationals and cents comes into play as will be discussed in the next section. Is the cents domain simply a more convenient representation of musical intervals, which are really based on simple integers, or do we have to question even the usefulness or relevance of rational numbers to our music? It seems to make more sense to represent interval heights using cents while simple rationals help our understanding of certain phenomena such as beating, consonance and show up in practice via string lengths. 

PITCH PERCEPTION, CONSONANCE AND RATIONALS

Why does an interval close to 3/2 sound consonant to most people in the world? For those who do not believe in numerology and associated mysticisms, a more scientific explanation is needed. There are two major theories of consonance and dissonance today, based on critical bands of the ear and neural firing patterns [16,17], and for these theories, intervals close to simple integers ratios cause certain coincidences that lead to the perception of consonance. It should be noted that both these theories are not exactly “unified” and there is much more to be learnt and discovered about consonance and dissonance. Also, the term consonance may itself need to be qualified into musical and acoustical consonance. Different listeners with varying amounts of musical training might respond differently to different intervals and label different things as consonant or dissonant based on their experiences and biases. Also, out of the 12 intervals that are used by various music systems, not all of the intervals are consonant. Thus, a consonant interval alone isn’t a prerequisite for it being used in music. While some very simple ratios usually tend to yield consonant intervals, they do not explain why dissonant intervals are used nevertheless.

As far as pitch perception is concerned, there are again two major, conflicting theories – a place theory and a temporal theory. Human pitch perception also seems to rely somewhat on pattern matching – we hear one pitch only when presented with pure tones as well as harmonic tones that contain many partials. Even the fundamental partial can be missing when a pitch is perceived. 

What role do rationals and acoustic cues like beating have in the perception of correct intonation or the preferred tuning of an interval? 

A few thought experiments might enlighten the reader. While most musicians would prefer not to perform without a tambura, they can still play tunes on their instruments without one, and a vocalist can certainly sing a song without a tambura. And even when a person casually hums a tune, people with sufficient exposure to music can tell if notes are in tune or not. While some people have sharper abilities than others, our point is that a lot of the ideas of what sounds right or wrong is already in our heads, even without simultaneous acoustic cues like beating. We can perceive interval heights in a melody or series of tones even without harmony or a drone accompaniment. This should alert the reader to the fact that intonation or the tuning of intervals may not entirely depend on acoustic cues but rather more on what the performer or the listener has learnt (statistically over the years perhaps). In fast passages, it is usually impossible to hear beats, but people can still tell if intonation goes out of their acceptable range. Also, Vos [18] showed that the equal-tempered (ET) 5th might be more “acceptable” than the natural 5th to Western musicians who probably have been more exposed to ET tuning. Keislar's thesis [19] also argued that intonation and tuning preferences may be learnt or culturally based rather than depend on the acoustic cue of beating. In real-life, it is hard to decouple interval heights and the sensation of beating for intervals like the fifth, but Keislar was able to overcome this hurdle using synthetic computer generated tones. However, this inextricable coupling of beats and interval heights has led many to believe that the perception of intonation or the sensation of consonance depends on beating in all situations. 

As Burns suggests [20], at some point in the past, due to the instruments used or the relationships between the partials in speech, natural intervals may have arisen and been used, but today, after several years of evolution, intonation may be more of a learned quantity rather than an acoustically based one. The measured intonation of performances and their associated perception by listeners, also reveals that intervals need not correspond strictly to natural intervals to sound good or be acceptable. Rather, intonation in acceptable performances has been shown to be highly variable. Thus, the role of rational numbers, even the simple ones have to be questioned today. But there are still reasons why some of them may be still somewhat relevant to Indian music, especially because of the tambura drone that hints at certain notes and tunings.  

TWELVE NOTES AND THEIR PREFERRED TUNINGS

Why are there 12 notes? How were they discovered? What is their preferred tuning? Is there an ideal tuning system? 

While it is possible that the 12 notes were discovered, as some people have suggested, by cycles of 4ths and 5ths or by doing tonic shifts – for example, taking Sankarabaranam, Bilaval or the Western major scale and shifting the tonic down to the major seventh would yield all 12 intervals – it may be somewhat premature to assume conclusively that this is how our 12 notes were discovered. Yet, the 12-tone system is quite common in many musical systems and the reasons for these similarities is still an open question, though we may have some limited answers today [20]. However, we do not have to know the origins of the intervals tunings to determine what we prefer and use today. 

Can we mathematically derive the best tunings for each of the 12 notes today? Or is there no such thing? 

A common procedure that modern Indian musicologists engage in is the multiplying of intervals to produce new ones. For example, in the famous cycle of fifths, rationals for Ri2, Da2, Ga3 are generated by repeated multiplying by 3/2 to yield 9/8, 27/16 and 81/64. Since these notes have consonance relationships with one another, this process seems to make some sense. But the value of 81/64 for Ga3 looks quite strange and different from the more common 5/4 = 80/64. Is 81/64 even used in Indian music? Does it sound pleasant or appropriate? How does one explain or deal with the discrepancy between 5/4 and 81/64? Are these tunings, which can also be discovered with experimentations with musical instruments, relevant to the various ragams that are performed? How does a musician learn the correct intonation of the notes that he or she performs? How many practicing musicians have engaged in such experiments in the past? And what relevance do the cycles of fourths and fifths ratios, which have been recently introduced into Indian music from the West, have in Indian music? While it may be true that the Sa-Pa and Sa-Ma1 consonances may have been known and employed in Indian music for a long time, currently, Indian music uses a fixed tonic and a drone accompaniment. This means that rationals derived through these cycles may not exactly be relevant to the fixed tuning of Sa. 

Consider a ratio like 256/243 commonly associated with the eka-sruthi ri1 in Gaulai. Even if the Ri1 that appears in Gaulai is “lower” in some sense, what does this rational, arrived at by cycles of 4ths and 5ths have to do with a slightly lower Ri1 in Gaulai (if that is true at all?) It makes more sense to regard an interval as being sharpened or flattened according to one's ear and training rather than tie it to a strange ratio like 256/243. Now 256/243 can be easily arrived at practically, if one has time and a few strings to play with. Does that immediately imply that it is used in our music? Now consider starting with 5/4 and proceed with cycles of 5ths. One arrives at the ratio 135/128, which is easier to arrive at and also simpler than 256/243. In cents, this value is merely  around 2 cents away from 256/243 which is practically insignificant. What is the reason that people don't claim that this Ri1 (135/128) is not used but rather 256/243? There is none. It is pure nonsense to associate such trivial ratios and numbers with our glorious swarams and ragams. 

Going back to the rational 3/2, how can one say that 300001/200001 or 16384/10935 are not used? These extremely complicated rationals are nevertheless consonant, while even a much simpler rational like 19/18 sounds dissonant to most ears. Rather than proceed with cycles of fifths, fourths or similar processes, perhaps a more reasonable approach is to look for simple rationals instead. 300001/200001 is very close to 3/2, and the explanation for its consonance lies closer to 3/2 rather than its own complexity. But not all intervals can be easily explained by rationals interpreted as symbols. Some intervals are simply learnt and hover at a particular position in the octave or in the cents domain like Ri1 and Ma2. 

The correct intonation of a particular note may also depend on melodic context. For example, the tuning of Da2 seems to be tricky. The rational 5/3 yields simple relationships with these tunings: Sa = 1/1, Ma1 = 4/3 and Ga3= 5/4. However, with the tunings Ri2= 9/8 and Pa = 3/2, we get a conflict where the tuning Da2=27/16 = (3/2)*(9/8) seems more reasonable sometimes, especially due to the tendency for “tetrachord symmetry.” In some melodic contexts, a more complicated ratio like 27/16 seems to work better, and in these cases, this rational is better interpreted as the combination of two symbols, (3/2) and (9/8). In reality, well-trained artists adjust the intonation of each note to suit their needs such that reducing each interval to a point or a set of points is quite unwarranted though feasible. 

The acoustic cue of beating is used by some to tune their instruments. But does this mean that every Indian musician is aware of and uses beats today? Historically, were Indians using beats to tune their instruments? Did all their instruments have the capabilities to minimize beats? Was there any written record of procedures to tune by minimizing beats? These questions should be pondered by someone jumping to the conclusion that beat minimization is the key to interval tuning. 

Also, the effect of the relatively recent electronic sruthi boxes and tamburas should not be underestimated. People who have such devices in their possession and those who are also exposed to modern understanding of basic music acoustics tend to assume that natural intervals arrived at by beat minimization are the correct intonation and practice and use those intervals, while forgetting that even the senior vidwans of today and the past may not necessarily use such cues; they may rely more on what sounds good to their ears or what they have learnt.

There also seems to be no “best” tuning system - the ear likes what it has heard often and is accustomed to [20]. However, this does not preclude Indian music from using the natural (JI) tuning system, especially since there is no danger of trouble from key modulation, which doesn't happen in Indian music. Another way to look at it is that the natural tuning is within the limits of accepted intonation of Indian listeners, especially given the flexibility of intonation. But reducing the intonation of the intervals to 12 or more discrete points may deprive the artist of a lot of scope for personalization or expression in his music. Rather, we feel that an artist should exercise good control over his intonation and vary it as it suits him or her, and not let intonation drift or slack due to laziness or sloppiness alone. 

On the other hand, there do seem to be inherent limits for intonation since pisirus and apaswarams can be heard. Whether the typical Indian listener already has a strong idea of what's right and wrong should be investigated. And it is possible that in a concert setting, only a gross intonation is perceived. 

There are a few more reasons why natural intervals may not be the key today. Categorical perception of pitch and the ability of performers to reproduce these interval categories in a performance may matter much more. Natural intervals are an artificial construction based on observed acoustic properties, and it would be a little rash to say that Indian music has always used this tuning. 

The Tambura does contain harmonic partials, and for simple intervals, rationals may indeed be relevant as symbols as we pointed out before. Also, in slow passages, musicians are known to actively seek out cues from the tambura and adjust the intonation of the notes they are singing to blend with the tambura. Thus, for a small set of notes, the tambura’s acoustic cues may be important. (However, musicians in the West have been known to intonate certain notes sharper sometimes just so that their instrument stands out, which could also happen in Indian music.) But for a more complex interval like the minor second or the augmented fourth, the interval may be rendered based mostly on what the musician has learnt. Similarly in veena fretting, it seems that only a few intervals are determined using strings harmonics. The rest of the frets are set roughly by ear. Even the simple intervals may deviate from the ideal ratios due to errors that may creep into the fretting process. Without careful experiments and hard data, one can only speculate what the currently preferred tunings of the Indian intervals are. 

SRUTHI SUDDHAM
Good intonation seems very important to certain fans of Indian music, given how many discussions have taken place on this topic in recent times. Indeed, one can certainly hear that certain artists exhibit a much higher degree of control over their intonation than others, and the lack of consistent or accurate intonation seems to bother certain listeners a lot. 

But what exactly are the requirements for sruthi suddham? Different artists with varying intonation of intervals like the minor second, Ri1, still get commended for “sruthi suddham.”

A lot of people tend to assume that since they can tune intervals really accurately in private, relaxed settings, using for example an electronic sruthi box, that they can indeed easily perceive minor variations in pitch in a performance and that “sruthi suddham” involves accuracy to the order or milli- or micro-cents even! However, as we discussed before, extrapolating from one musical setting to another is unjustified. 

Also, the intonation of certain intervals – like the fifth or the major third - may be more important than others like the minor second of the augmented fourth. In slower passages or when holding notes for an extended period of time, variances in intonation are also more easily perceived by listeners. But then, even in fast passages with pitch inflexions, listeners can sense it if the artist deviates from an acceptable range of intonation. 

For certain notes in certain contexts, even a variation of say 30 cents may be acceptable, while in other circumstances, a deviation of even 15 cents might be intolerable. Perception of proper intonation is likely very context sensitive and may depend on the emotional content of the music too [13]. Rather than assume the requirements for sruthi suddham, the reasons for the perception of sruthi suddham should be investigated scientifically using empirical methods among other things, and assumptions should not be made before substantial empirical evidence is available. Finally, one has to wonder how to measure sruthi suddham when there is no consistent or universal tuning system or method for Indian music. Perhaps, for each artist, their own personal or preferred tunings for intervals in particular melodic contexts could be used as yardsticks. 

CONCLUDING REMARKS

Much is yet unknown in music psychology, but based on what we already know today, certain popular ideas or myths can be cast aside. Musicians and listeners find themselves in vastly different musical scenarios at different times, and observations in one domain need not necessarily carry over to another. For example, while beats can be used to tune instruments accurately, they may have no significant role to play in other aspects of music. 

With the computing power available to us today along with our ability to synthetically generate music, questions in musicology can be answered in a rigorous, scientific manner rather than by engaging in theoretical speculations. Also the fact that the Indian music systems, North and South, are constantly evolving and changing and modern effects such as exposure to Western music and electronic tamburas should not be overlooked. 

While the Just Intonation (JI) tuning system is certainly compatible with and suitable for current-day Indian music, one should be aware that this tuning system is likely a foreign invention that came later to India. However, the partials of the tambura do suggest tunings for certain notes that are close to JI, but musicians seem to use both learnt interval categories as well as acoustic cues provided by the tambura at various times. 

Along with common sense and an open mind, a delicate interplay between empirical science, music theory, practical musical knowledge and music psychology and cognition is required for successful studies in musicology.  For Indian music, a lot work remains to be done, but the future is certainly exciting. 
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