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Music from the Beginning
The singing of the birds, the sounds of the endless waves of the 
sea, the magical sounds of drops of rain falling on a tin roof, 
the murmur of trees, songs, the beautiful sounds produced by 
strumming the strings of musical instruments–these are all 
music. Some are produced by nature while others are produced 
by man. Natural sounds existed before human beings appeared 
on earth. Was it music then or was it just mere sounds? Without 
an appreciative mind, these sounds are meaningless. So music 
has meaning and music needs a mind to appreciate it.

Music therefore may be defined as a form of auditory 
communication between the producer and the receiver. There 
are other forms of auditory communication, like speech, but the 
difference is that music is more universal and evokes emotion. It 
is also relative and subjective. What is music to one person may 
be noise to another.

The material essence of music lies in its melody, harmony, 
rhythm, and dynamics. Melody gives music soul, while rhythm 
blends the expression of harmony and dynamics with the tempo 
of the passage. All of these are necessary to create a recognizable 
pattern known as a "song."

“Rhythm”, by its simplest definition reflects the dynamics of 
musical time. The origin of the perception of rhythm can be 
traced back to the heartbeat that a child receives in the womb. 
The socio-behavioural impact of rhythm is said to be manifested 
in dance designed to boost our energy levels in order to cope with 
a fight or flight response. It can be said that perceiving rhythm is 
the ability to master the otherwise invisible dimension, time.

How Physics is Related to Music
Scientific research on music has been initiated in ancient times. 
In Greece, Pythagoras, in India, Bharat a speculated on the 
rational and scientific basis of music to elucidate its fundamental 
structures. Music was first given numbers (the simple ratios of 
octave, perfect fifth and perfect fourth) by Archimedes. The 
works of eminent scientists like Pythagorus, Helmholtz in the 

past and Raman, Kar followed by Rossing and Sundberg later on, 
threw a flood of light on many scientific aspects of music. 

Modern science has made an entrance in understanding these 
through the Physics of voice production and theory of articulation 
and perception. Technological developments have enabled us to 
analyse these areas precisely.

In India, Sir C V Raman, working at Kolkata did some pioneer 
research [1] on Indian musical instruments. Raman worked on 
the acoustics of musical instruments from 1909 to 1935 and 
regularly published his research work on musical instruments in 
reputed journal like Nature (London), journal Dept. of science, 
University of Calcutta, Philosophical magazine, Indian association 
for cultivation of science etc. and also in various proceedings 
of national and international repute. He worked out the 
theory of transverse vibration of bowed strings, on the basis of 
superposition velocities. He was also the first to investigate the 
harmonic nature of the sound of the Indian drums such as the 
tabla and the mridangam [2]. He had some pioneer work on 
violin family and ektara. “On the wolf note of the violin and cello”, 
“The kinematics of bowed string”, “The musical instruments and 
their tones”, “Musical drums with harmonic overtones” etc are 
some examples of his published work. Raman was fascinated by 
waves and sounds and is always carried in his mind the memory 
of reading Helmholtz’s book on ‘The Sensations of Tone’ in his 
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school days. His work on musical instruments is the biggest 
motivation of research in the area. After Sir C V Raman, research 
work on musical instruments was carried forward by S Kumar, K C 
Kar, B S Ramakrishnan and B M Banerji during mid of nineteenth 
century. After that there was a big void in the research of Indian 
musical instrument sound.

Though, in the west, a lot of works on the production, analysis, 
synthesis, composition and perception of western music has 
been reported, systematic investigation in these directions is 
yet to make its mark in the area of Indian Music. Since music is 
a temporal art, its proper study necessarily includes a method 
of capturing, representing and interpreting information about 
successive moments of time. 

Some excellent and rigorous research work in the area of music 
was done in the ITC Sangeet Research Academy from 1983 to 
2010. Presently cohesive, broad-based and planned research 
effort in this direction is being spearheaded by Sir C V Raman 
Centre of Physics and Music, Jadavpur University from 2005 and 
also sporadic researches by some individuals in various research 
organizations.

In the early days of modern science, before the advent of 
Artificial Intelligence, the scientific research on music remained 
primarily involved in physics of sound and vibration. Some of 
the examples are the mathematical analysis of string, wind and 
percussion instruments. The cognitive and experiential aspects of 
music were not taken much note of. The emergence of Artificial 
Intelligence appears to be co-incidental with the taking up of 
cognitive aspects of music into the ambit of modern scientific 
research. A scientific understanding of music must begin by taking 
into account how minds act in the ambience of music. Music 
like speech is also a mode of communication between human 
beings. The communicator endeavors to communicate certain 
messages, be it mood, feelings, expression and the like. Through 
this he creates a story, a sort of ambience for the audience. In 
a sense music appears to be a more fundamental and universal 
phenomena than speech. In speech communication the listener 
has to know the language of the speaker to get the message. In 
creating music an artist produces an objective material called 
sound. The semiotics in music consists of lexicon (chalan, pakad), 
syntax (raga), pragmatics (thaat, gharana) and semantics (mood, 
feeling, emotion). Thus if science has to probe music it has to 
take into account these semiotics, the cognitive processes taking 
place in the mind along with the acoustics of it. As in the case 
of a language, the semiotics here also is completely language-
dependent. This needs to be borne in mind when one takes up a 
particular music for study. A comprehensive scientific approach 
therefore needs to address the physical users. It appears that the 
public reposes faith in the modern scientific approaches.

How Music affects our rains
Music seems to be present in all cultures, and it appears to be 
very deep-rooted in the human psyche. We know that music is a 
perceptual entity and is controlled by our auditory mechanisms. 
Music affects emotions and mood. It makes people want to 
dance. It is intensely connected to memories. People can 
remember song lyrics from decades ago without any effort. The 

emotional content of music is very subjective. A piece of music 
may be undeniably emotionally powerful, and at the same time 
be experienced in very different ways by each person who hears 
it.

Music engages much of the brain, and coordinates a wide range 
of processing mechanisms. This naturally invites consideration 
of how music cognition might relate to other complex cognitive 
abilities. The tremendous ability that music has to affect and 
manipulate emotions and the brain is undeniable, and yet 
largely inexplicable. Very little serious research had gone into 
the mechanism behind music's ability to physically influence the 
brain and even now the knowledge about the neurological effects 
of music is scarce.

How we Study the effects of Music on Human 
Brain from Neuro-physics Approach
The human brain, which is one of the most complex organic 
systems, involves billions of interacting physiological and 
chemical processes that give rise to experimentally observed 
neuro-electrical activity, which is called an electroencephalogram 
(EEG). Music can be regarded as input to the brain system which 
influences the human mentality along with time. Since music 
cognition has many emotional aspects, it is expected that EEG 
recorded during music listening may reflect the electrical activities 
of brain regions related to those emotional aspects. The results 
might reflect the level of consciousness and the brain's activated 
area during music listening. It is anticipated that this approach 
will provide a new perspective on cognitive musicology.

Music is widely accepted to produce changes in affective 
(emotional) states in the listener. However, the exact nature of 
the emotional response to music is an open question and it is 
not immediately clear that induced emotional responses to 
music would have the same neural correlates as those observed 
in response to emotions induced by other modalities. However, 
although there is an emerging picture of the relationship between 
induced emotions and brain activity, there is a need for further 
refinement and exploration of neural correlates of emotional 
responses induced by music.

Music in India has great potential in this study because Indian 
music is melodic and has somewhat different pitch perception 
mechanisms. Western classical music which is based on 
harmonic relation [3] between notes versus the melodic mode 
(raaga) structures in the Indian Classical Music System (ICM) 
within the rhythmic cycle music may demand qualitatively 
different cognitive engagement. The analysis of EEG data to 
determine the relation between the brain state condition in 
the presence of ICM and its absence would therefore be an 
interesting study. How rhythm, pitch, loudness etc. interrelate 
to influence our appreciation of the emotional content of 
music might be another important area of study. This might 
decipher a technique to monitor the course of activation in 
the time domain in a three-dimensional state space, revealing 
patterns of global dynamical states of the brain. It might also 
be interesting to see whether the arousal activities remain 
after removal of music stimuli.
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Research on the Effect of Music on the Production 
of Neurotransmitters, Hormones, Cytokines, and 
Peptides

•	 Music is widely regarded as a means of enjoyment and 
entertainment. However, music has also been used 
toward improving the well-being of patients. While the 
brain interprets music, successive biochemical reactions 
are induced within the body. Evidence indicates that 
music plays a role in activating pleasure-seeking areas of 
the brain that become stimulated by food, sex, and drugs.

•	 Biological effects of music has mostly been studied with 
the Heart Rate variability (HRV) and blood pressure, 
which look to explain the cognitive background of musical 
appreciation, stress relief as well as emotion identification. 
The messengers within the body which carry the signals 
vary from small to large molecules which are vital for 
physiological health. 

•	 Music of different genres and musical pattern lead to the 
production of distinct type of messengers in the body. 
This has been reported in a number of earlier studies. 
While the music of Johann Strauss induced enhancement 
in atrial filling fraction and atrial natriuretic peptide 
and decrement in cortisol and tissue-type plasminogen 
activator (t-PA), Ravi Shankar’s music resulted in lowered 
concentrations of cortisol, noradrenaline, and t-PA [4-
6]. Listening to techno music was found to alter levels 
of β-endorphin, adrenocorticotropic hormone (ACTH), 
norepinephrine, growth hormone, prolactin, and cortisol 
in healthy people [7,8]. Critically ill patients who listened 
to Mozart’s slow piano sonatas had increased growth 
hormone and decreased interleukin (IL) levels [9]. 
Appreciation of a mixed selection of rock music increased 
salivary immunoglobulin A (IgA) [10].The effects of major 
and minor modes and intensity of music on cortisol 
production have also been studied [11].

•	 Music also is known to aid in fighting cerebrovascular 
disease by activation of parasympathetic nervous system, 
lowering concentrations of IL-6, tumor necrosis factor 
(TNF), adrenaline, and noradrenaline. Adrenocorticotropic 
hormone, cortisol, adrenaline, and noradrenaline also 
have been measured before and after gastroscopy. 
Biochemical messenger production has been found 
influential in providing a calming effect in elderly patients 
with Alzheimer dementia. Music has proven effective in 
improving the immune function.

•	 Exploring the exact functions of cytokines, 
neurotransmitters, hormones, peptides, and other 
messengers requires further research. While exposure 
to music may reveal such functions through trends 
in messenger production, they are not by any means 
causative. Complexity is apparent when discussing the 
aggregative effects of the messengers. A trend in the 
production of a particular messenger may be offset or 
amplified by the potency of another messenger. Thus, 
pathways of messenger production prove crucial to 

understanding the connections between the mind and 
the body. One study has shown that music may balance 
messenger levels by increasing and decreasing steroids 
in those with low and high hormone levels, respectively. 
Further research on the link between messenger outputs 
and physiological homeostasis remains to be determined.

•	 Research on music therapy has shown that it can decrease 
pain and anxiety in critical care patients. Music has 
demonstrated effectiveness in reducing pain, decreasing 
anxiety, and increasing relaxation. In addition, music 
has been used as a process to distract persons from 
unpleasant sensations and empower them with the ability 
to heal from within [12,13]. Music is an effective adjunct 
to a pharmacologic antiemetic regimen for lessening 
nausea and vomiting, and this study merits further 
investigation through a larger multi-institutional effort 
[14]. Listening to music under general anesthesia did not 
reduce preoperative stress hormone release or opioid 
consumption in patients undergoing gynecological surgery 
[15].

Review of Status of Research and Development 
in the Subject
International status
Research in the area of Music, Brain, & Cognition aims to shed 
light on some of the key issues in current and future music 
research and technology. Cognitive musicology was envisaged 
by Seifert et al. [16] and Leman et al. [17] to be composed 
from diverse disciplines such as brain research and artificial 
intelligence striving for a more scientific understanding of 
the phenomenon of music. In recent years, computational 
neuroscience has attracted great aspirations, exemplified by the 
silicon retina [18] and the ambitious Blue Brain Project that aims 
at revolutionising computers by replacing their microcircuits by 
models of neocortical columns [19]. Research activity in auditory 
neuroscience, applied to music in particular, is catching up with 
the scientific advances in vision research. Shamma et al. [20] 
proposed that the same neural processing takes place for the 
visual as well as for the auditory domain. Other researchers 
suggested biologically inspired models specific to the auditory 
domain; e.g., Smith and Lewicki [21] decomposed musical signals 
into gammatone functions that resemble the impulse response of 
the basilar membrane measured in cats.

The fast advancement of the brain computer interface [22] and 
brain-imaging methodology such as the electroencephalogram 
has further encouraged music research. Brain imaging grants 
access to music-related brain processes directly rather than 
circuitously via psychological experiments and verbal feedback 
by the subjects. A lot of experimental work in auditory 
neuroscience has been performed, in particular exploring the 
innate components of music abilities. In developmental studies 
of music, magnetoencephalograms have been used to study 
fetal music perception [23]. Mismatch negativity in newborns 
has shown how babies discriminate pitch, timbre, and rhythm 
[24]. A summary of electroencephalogram research in music 
leads Koelsch and Siebel [25] to a physiologically inspired model 



4

ARCHIVOS DE MEDICINA
ISSN 1698-9465

2015
Vol. 1 No. 1:2

© Copyright iMedPub                                                                                                                                Find this article in: http://blood-pressure.imedpub.com/archive.php

Insights in  Blood Pressure
ISSN 2471-9897

composed of modules, e.g., for gestalt formation and structure 
building where the special features of the model are the feedback 
connections enabling structural reanalysis and repair.

We may assume a functional and physiological separation between 
sequential processing (related to musical syntax and grammar), 
Broca's area [26,27], and the processing of timing information, 
right temporal auditory cortex and superior temporal gyrus [28]. 
Sequential processing can be seen as statistical learning [29], in 
this case, learning Nth order transition sequences. The idea of 
statistical learning has been anticipated by Leibniz et al. [30]. Music 
is the hidden mathematical endeavour of a soul unconscious it 
is calculating'. On the other hand, timing information is closely 
related to movement planning and kinematics. The relation 
between timing aspects of music and movement is emphasised 
by the concept of mirror neurons. A mirror neuron would not 
only be active when the individual is articulating themselves 
vocally but also when the individual is observing or listening 
to another individual articulating a communicative sound. 
Prather, Peters, Nowicki, and Mooney [31] have found neurons 
in the sparrow's forebrain that establish an auditory-vocal 
correspondence. Models of musical timing are often based on 
oscillators, Fourier transform, or autocorrelation [32-34].

EEG has been used in cognitive neuroscience to investigate the 
regulation and processing of emotion for the past decades. 
Figure 1 shows the positioning of various EEG electrodes 
according to the 10-20 international system. Linear signal analysis 
methods such as Power Spectral Density (PSD) of alpha, theta and 
gamma EEG frequency rhythms have been used as an indicator 
to assess musical emotions [35-37]. Asymmetry in alpha or theta 
power among the different regions of brain has been used in a 
number of studies as an emotion identification algorithm [38-40]. 
Though the frontal lobe has been proven to the most vital when 
it comes to the processing of musical emotions in healthy as well 
as depressed individuals [41], there are other lobes also which 
has been identified to be associated with emotional responses. 
In [42, 43] it was shown that the alpha-power changes at right 
parietal lobe, while the theta-power changes at right parietal 
lobe [44], pleasant music produces an increase in the frontal 
midline (Fm) theta power [45], while degrees of the gamma 
band synchrony over distributed cortical areas were found to be 
significantly higher in musicians than non musicians [46]. Human 
being interacts with music both consciously and unconsciously at 
behavioral, emotional and physiological level. Listening to music 
and appreciating it is a complex process that involves memory, 
learning and emotions, Music is remarkable for its ability to 
manipulate emotions in listeners. However, the exact way in 
which the brain processes music is still a mystery and is known 
to be associated with several brain oscillations in combinations 
[47]. It is therefore important to explore how specific features of 
music trigger neurophysiological, psychophysiological, emotional 
and behavioral response. Using neuro-bio sensors such as EEG/
ECG/GSR to assess a variety of emotional states induced by music 
is still in its infancy, compared to the works in the psychological 
domain using various audio–visual based methods.

Ishino and Hagiwara [48] took the help of neural networking 
technique to develop a system where subjective feelings of 

respondents were utilized to categorize emotional states based 
on EEG features. Takahashi [49] proposed an emotion-recognition 
system combining EEG, pulse rate and skin conductivity as bio-
sensors. They used the Support Vector Machine (SVM) algorithm 
to classify emotions and obtained decent accuracy rate for five 
emotional states. Another EEG based work by Chanel et al. [50] 
reported an emotion assessment algorithm with high accuracy 
for three categories of emotion. They performed the classification 
using the Na¨ıve Bayes classifier applied to EEG characteristics 
derived from specific frequency bands. Heraz et al. [51] 
established an agent to predict emotional states during learning. 
The best classification in the study was an accuracy of 82.27% for 
distinguishing eight emotional states, using k-nearest neighbors 
as a classifier and the amplitudes of four EEG components as 
features. Chanel et al. [52] reported an average accuracy of 63% 
by using EEG time-frequency information as features and SVM 
as a classifier to characterize EEG signals into three emotional 
states. Ko et al. [53] demonstrated the feasibility of using EEG 
relative power changes and Bayesian network to predict the 
possibility of user’s emotional states. Also, Zhang and Lee [54] 
proposed an emotion understanding system that classified users’ 
status into two emotional states with the accuracy of 73.0% ± 
0.33% during image viewing. The system employed asymmetrical 
characteristics at the frontal lobe as features and SVM as a 
classifier. However, most of works focused only on EEG spectral 
power changes in few specific frequency bands or at specific scalp 
locations. No study has yet been conducted to systematically 
explore the correspondence between emotional states and EEG 
spectral changes across the whole brain and relate the findings to 
those previously reported in emotion literature. Figure 1 

It was found that the EEG signals respond differently to different 
types of music. The nature of EEG and its effect on the brain due to 
the different types of music was studied in [32]. They have shown 
that, the frequency of EEG signal changes for different types of 
music. The middle abdomen area in the pon’s side of the brain 
was focused for this study. Bhattacharya et al have presented 
a phase synchrony analysis of EEG in five standard frequency 

 

Figure 1 The position of electrodes according to the 10-20 
international system.
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bands: delta (<4 Hz), theta (4–8 Hz), alpha (8–13 Hz), beta (13–
30 Hz), and gamma (>30 Hz) [33]. The analysis was done using 
indices like coherence and correlation in two groups of musicians 
and non musicians. They observed a higher degree of gamma 
band synchrony in musicians. Frequency distribution analysis and 
the independent component analysis (ICA) were used to analyze 
the EEG responses of subjects for different musical stimuli. It was 
shown that some of these EEG features were unique for different 
musical signal stimuli [34].

Lin et al. [35] used independent component analysis (ICA) to 
systematically assess spatio-spectral EEG dynamics associated 
with the changes of musical mode and tempo. The results showed 
that music with major mode augmented delta-band activity over 
the right sensorimotor cortex, suppressed theta activity over the 
superior parietal cortex, and moderately suppressed beta activity 
over the medial frontal cortex, compared to minor-mode music, 
whereas fast-tempo music engaged significant alpha suppression 
over the right sensorimotor cortex.

Use of non linear parameters to determine the music induced 
emotional states from EEG data is very scarce in literature. 
Natarajan et al. [36] used nonlinear parameters like Correlation 
Dimension (CD), Largest Lyapunov Exponent (LLE), Hurst 
Exponent (H) and Approximate Entropy (ApEn) are evaluated 
from the EEG signals under different mental states. The results 
obtained show that EEG to become less complex relative to the 
normal state with a confidence level of more than 85% due to 
stimulation. It is found that the measures are significantly lower 
when the subjects are under sound or reflexologic stimulation 
as compared to the normal state. The dimension increases with 
the degree of the cognitive activity. This suggests that when the 
subjects are under sound or reflexologic stimuli, the number of 
parallel functional processes active in the brain is less and the 
brain goes to a more relaxed state. Gao et al. [37] was the first to 
apply the scaling technique called Detrended Fluctuation Analysis 
(DFA) on EEG signals to assess the emotional intensity induced 
by different musical clips. In this study two scaling exponents’ 
β1 and β2 was obtained corresponding to high and low alpha 
band. It was concluded that emotional intensity was inversely 
proportional to β1 and directly proportional to β2.

National status
Despite the world’s diversity of musical cultures, the majority of 
research in cognitive psychology and the cognitive neuroscience of 
music have been conducted on subjects and stimuli from Western 
music cultures. From the standpoint of cognitive neuroscience, 
identification of fundamental cognitive and neurological processes 
associated with music requires ascertaining that such processes 
are demonstrated by listeners from various cultural backgrounds 
and music across cultural traditions. It is unlikely that individuals 
from different cultural backgrounds employ different cognitive 
systems in the processing of musical information. It is more likely 
that different systems of music make different cognitive demands.

Western classical music which is based on harmonic relation 
between notes versus the melodic mode (raaga) structures in 
the Indian classical music system (ICM) within the rhythmic cycle 
music may demand qualitatively different cognitive engagement. 

To elaborate this point further, ICM music is monophonic or 
quasi monophonic. Unlike the western classical system, there 
is no special notation system for music. Instead letters from 
the colloquial languages are used to write music. For instance 
notations of the ICM such as ‘Sa, Re, Ga” may be written in Hindi, 
Kannada or Tamil where as the Western classical system music 
includes a unique visuo-spatial representation. It emphasizes on 
reading the exact position of symbol indicating a whole tone or a 
semitone on the treble or a bass clef. The scale systems (Raagas) 
are quite elaborate and complex provides a strict framework 
within which the artist is expected bring out maximum creativity. 
Although specific emotion (rasa) is associated with particular 
raaga, it is well known that the same raaga may evoke more than 
one emotion. Well trained artists are able to highlight a particular 
rasa by altering the structures of musical presentations such 
as stressing on specific notes, accents, slurs, gamakas or taans 
varying in tempo etc. Musicians as well as ardent connoisseurs 
of music would agree that every single note has the ability to 
convey an emotion. Many experience a ‘chill’ or ‘shiver down 
the spine’ when a musician touches certain note or sustains of 
a note. The meter system is again quite complex. Indian rhythm 
& metre system is one of the most complex systems compared 
to other meters used in world music. Film music, which has 
been influenced by music from all over the world, is much more 
popular in the current times. Therefore implicit of knowledge of 
the Western chord system is perhaps present in our population. 
ICM is chiefly an oral tradition with importance given on 
memorizing compositions and raaga structures and differences 
exist in the methods of training even within the two traditional 
systems of ICM. Semantics of Indian music would differ from that 
of the western classical music system or other forms of musical 
system. More often than not music in Indian culture is intimately 
associated with religious and spiritual practices.

Hypothetically these differences in the musical systems perhaps 
makes qualitatively different demand on the cognitive functions 
involved and thereby qualitatively varying degree of involvement 
of the specialized neural networks implicated in musical 
processing. Research endeavours are yet to be carried out in this 
direction.

In India research in the area of Music Cognition is still in its 
infancy. The effect of Indian classical music and rock music on 
brain activity (EEG) was studied using Detrended fluctuation 
analysis (DFA) algorithm, and Multi-scale entropy (MSE) method 
[55]. Figure 2 gives a detailed description of the methodology 
employed in DFA analysis. This study concluded that the entropy 
were high for both the music and the complexity of the EEG 
increases when the brain processes music. Another work in the 
linear paradigm [56] analyses the effect of music (carnatic, hard 
rock and jazz) on brain activity during mental work load using 
electroencephalography (EEG). EEG signals were acquired while 
listening to music at three experimental condition (rest, music 
without mental task and music with mental task) The findings 
show that while listening to jazz music, the alpha and theta 
powers were significantly (p<0.05) high for rest as compared 
to music with and without mental task in Cz. While listening to 
Carnatic music, the beta power was significantly (p<0.05) high for 
with mental task as compared to rest and music without mental 
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task at Cz and Fz location. It has been concluded from the study 
that attention based activities are enhanced while listening to 
jazz and Carnatic as compared to Hard rock during mental task. 
Chen et al. [57] monitored the brain wave variation by changing 
the music type (techno and classical) and the results showed 
when the music was switched from classical to techno, there 
was a significant plunge of alpha band and from techno music to 
classical there was an increase in beta activity Figure 2.

Hysteresis effects in brain were studied using Indian classical 
music of contrasting emotions [58]. The analysis confirmed the 
enhancement of arousal based activities during listening to music 
in both the subjects. Additionally, it was observed that when 
the music stimuli were removed, significant alpha brain rhythms 
persisted, showing residual arousal activities. This is analogous 
to ‘Hysteresis’ where the system retains some ‘memory’ of the 
former state. Figure 3a and 3b gives a graphical demonstration 
of the ‘retention’ of musical memory corresponding to alpha 
frequency rhythm. The use of voids in Indian classical music has 
been studied in [59], [60]. By analyzing these voids along with 
the notes in the signal and their duration, the characteristic of 
a particular artist and his style can be obtained. Also the note 
sequence at the onset of voids is also an important cue for style 
analysis of an artist as well as the emotional state of the artist 
Figure 3a, and b [58].

The presence of multifractality in tanpura signals is studied 

through an examination of relationship between q and Dq and 
the functional relationship between Dqs [61]. Figure 4 shows 
graphically the variation of Dq with q corresponding to the four 
tanpura strings. Braeunig et al. [62] describes a new conceptual 
framework of using tanpura drone for auditory stimulation in 
EEG. In a laboratory setting spontaneous brain electrical activity 
was observed during Tanpura drone stimulation and periods of 
silence. The brain-electrical response of the subject is analyzed 
with global descriptors, a way to monitor the course of activation 
in the time domain in a three-dimensional state space, revealing 
patterns of global dynamical states of the brain. Fractal technique 
has been applied to assess change of brain state when subjected 
to audio stimuli in the form of tanpura drone [63]. The EEG time 
series has been used to perform this study and the corresponding 
non-linear waveform of EEG was analyzed with the widely used 
DFA technique. The investigation clearly indicates that FD which 
is a very sensitive parameter is capable of distinguishing brain 
state even with an acoustic signal of simple musical structure. A 
recent study by the authors report the effect of tanpura drone, 
and that the multifractality increases uniformly in the alpha 
and theta frequency regions for all the frontal electrodes [64]. 
Figure 5 shows the variation of multifractal spectral width for a 
reference electrode F3 under the effect of tanpura drone, while 
Figure 6(a-d) demonstrates the cumulative effect for 10 persons 
in different frontal electrodes [64] Figures 4-6(a-d).

Some excellent and rigorous research work in the area of music 

 

 
Figure 2 DFA method: 

a) Selected original signal (r-r intervals from EEG). 
b) Integrated signal with local trends estimated in each section.
c) Detrended integrated signal.
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was done in the ITC Sangeet Research Academy from 1983 to 
2010 [65-76]. Presently cohesive, broad-based and planned 
research effort in this direction is being spearheaded by Sir C V 
Raman Centre of Physics and Music, Jadavpur University from 
2005 and also sporadic researches by some individuals in various 
research organizations [77-85]. Some books have been written 
by the Indian scientists very little experimental research has 
been carried out till date. Among the Indian scientists Dr. Santala 

Hegde of Cognitive Psychology Unit, NIMHANS, Bangalore, is 
carrying out research work in the said area.

Conclusion
The area of music induced emotions using a neuro physical 
approach involving bio-sensors is relatively new and due to its 
vast scope and applications in everyday social life, extensive 
research is going on in different parts of the world to tackle a 
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Figure 3a  Variation of FD with time of alpha frequencies of F3 for Chayanat and after its removal [58].
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Figure 3b Variation of FD with time of alpha frequencies of F4 for Darbari and after its removal [58].

Variation of FD with time of alpha frequencies of F4 for Darbari and after its removal [58]. 

 
Figure 4 Variation of Dq with q for the four strings in Attack, Decay and Steady state of Tanpura [61].
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number of unanswered questions that this domain evokes. High-
quality research in the area of Music information retrieval, music 
psychology (from perception to cognition) and the cognitive 
neuroscience of music, will be required to know the answer to 
all of these 

•	 how the auditory and motor systems interact to produce 
music.

•	 how people encode and recognize music.

•	 how music induces emotional reactions.

•	 how musical experience and training affect brain 
development.

•	 how musical training/exposure affects language, cognitive, 
and social abilities in both children and adults.

 
Figure 5 Variation of Spectral Width in alpha and theta domain [64].

 
Figure 6a Figure 6b 
Alpha and Theta Spectral Width in F3 electrode Alpha and Theta Spectral Width in F4 electrode.  
 

  
Figure 6c Figure 6d  
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