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| NTRODUCTI ON

Singing in the recent past has been studied by nmany

scientific comunities, besides musi col ogi st s, by
| aryngol ogi sts, acoustic engineers and psychol ogi sts. It is
a nystery to nmany. More so, because of the different styles

of music, the different termnologies have enmanated from

different schools of thought.

Hence, anongst the research carried out on nusic, a few
constitute those in the field of 'REA STERS' . The concept of
register is understood to be a series of consecutive, simlar
vocal tones which the nmusically trained ear can differentiate
at specific places from another adjoining series of |ikew se
internally simlar tones. There is little reference to the

musi cal expression of the voice, to vocal registers in

pedagogical literature. But these are often conditioned by
feeling rather than fact and are | oosely or gani sed,
anbi guous, opinionated and controversi al ; i ke anbi guous

term nol ogy subjectivity in teaching approaches are also
apparent. The teacher observes the singing perfornmance as
t he enbodi nent of certain esthetic values which in his
opi ni on, cannot be dissociated fromthe vocal act. So, it is

inportant for singers to know how and where he needs to do
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the adjustnent for an efficient voice quality in the range.
Thr oughout the song, evenness of wvocal quality nust be
regul ated by adjusting the registers in the correct places in
the range and bal ancing the intensity and dynam cs of sound.
Hence, if the adjustnent of vocal folds occurs abruptly,the
singer will sound as if he has several different voices.
Unskilled singers tend to stay in one register without trying
to bridge the gap, because they are usually dissatisfied with
the change in quality as they go from one to another and they
are unable to equalise voice quality. A good teacher can
correct this by showing the singer how to bridge the gaps in
his transition of register, thus giving the inpression of a

single register with notes of equal quality but different

pi tch.

The innate nusical ear and the trained vocal technique
of the teacher of singing nust of necessity remain the
ultimate judges of the artistic applicability of scientific
findings. Conversely, the voice scientist nust be famliar
with their psychoacoustic reasons for the established nusica
term nol ogy. O herw se, the t wo groups woul d conti nue
to confuse each other. Combi nation of the professionally
trained singer with the physicist or voice scientitist in one

person would be ideal. Such fortunate conbinations are not
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rare, such as in the person of F Wnckel of Berlin (S nger
and acoustician) or Godfrey E Arnold (Misicologist and

Laryngol ogi st).

Most of the studies have been carried out 1in Wstern
music - classical style. Mich needs to be explored into the
avenues of Indian classical nusic, especially Karnatic nusic.
Indian nmusic is rich with it's heritage and content that
there is wi der scope for research. Studies on the sane being
scanty, those on registers are very |imted. Hence, it is
necessary for us to know the changes in the vocal nechanics
with respect to singing of different notes in different
regi sters. Experinents carried out with electroglottography,
spectrograns, and the |like, would throw nore light on the
sane for better training strategies which could be adopted by

the teachers of singing. Hence the need, for the current

st udy.

In order to <carry out this study, five female singers
trained in Karnatic style of nmusi c will be chosen as
subjects. They will be asked to phonate /a/ at different
musical notes from lowest to highest in Raga Shankarabharana
of Karnatic music. Meanwhile, electroglottographic signal and
acoustic output will be recorded, analysed, subjected to

statistical analysis and significance of difference for
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different paranmeters within and across registers wll Dbe

not ed.

The scientific analysis of voice register is of primry
i nportance to professional voice instruction. The currently
wi de spread and which enpl oys the vocal nechani sm great above
our voices, through the crude styles of so-called pop singing
is another reason why the knowl edge of vocal physiology
shoul d be propagated to wi der circles. O herwi se, the early
ruin of prom sing voices wth the inherent danger to
| aryngeal health including the precipitation of cancer wll
continue to increase. Overal |, we should preserve and
pronote the cultural heritage of artistic singing in the

great traditions of the past.

The basic l[imtations of this study however, would be-
-the nunber of subjects-which is [imted to only five
-only electroglottographic and long term average spectra

paraneters are considered.



2.1
REVI EW OF LI TERATURE

Music is the universal |anguage of manki nd

- Longfell ow

Communi cation is a process by which we devel op and share
meani ng. (Bradley 1974 ). Mreover,it is fascinating to note
that the sanme vocal apparatus is used for speech as well as
singing, but differently. Singing needs sophisticated use and

preci sion of the speech apparatus.

"The act of speaking is a very specialised way of using
the vocal nechanism The act of singing is even noreso.
Speaki ng and singing demand a conbination and interaction of
t he nechanisns of respiration, phonation, resonance, and

speech articulation". -Boone 1977.

But eschn and Borechgrevink (1982) have contended that
(i) inprinciple there is no difference between the sounds of
speech and of singing, (ii)but, singing enploys continous
flow of vocal sound for consonants as against that in speech,
(iii) singing also demands consi der abl e resonance and

articul ati on.
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Luchsi nger (1965) has found that in singing, vowels are
prol onged, since they are especially suited to carry mnel ody.
It follows that t he rhyt hm cal , dynam c and mel odi ¢
qualilties of speaking and singing differ only in regard to

quantity and quality.

The rhythm c progression from sound to sound and use of
vowel s accounts for another difference. Bunch(1982) has
quoted that singing makes sonme poor habits difficult or
i npossible and that a good speech habit involves good
breat hing habit, good control of subglottic pressure, proper
shapi ng of supraglottic air spaces and active wuse of

articul ators.

Sundber g(1977) explains that there is a major difference
between the way the formant frequencies are chosen in speech

and the way they are chosen for singing.

Greene(1972) along with all the other characteristics
nmenti oned above, contends that singing requires a conplete
mastery of techniques, the contr ol not nerely of the
mechani cs of singing but of fine shades of tome col our which
defy anal ysi s but convey the enotional nessage of the

passage as conpared to the act of speaking.
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The main differences between speech and singing are
hence,
a) Isochronismof vibration of vocal fold which is not nuch
stressed in speech as while in singing.
b) Mrre controlled breathing is seen in singing.
c) Greater vocal range is wused in singing as conpared to
speech.
d) Vibrato, singer's formants are used by singers.
e) Vocal apparatus is under greater stress during speaking

t han speech.

Physi ol ogy of the singing voice

A mel odious singing voice is a product of the intricate
I nteraction anongst all the sub systems involved viz.,

respiration, phonation, resonance, articulation, prosody.

Conparison of respiration during quiet breathing, speaking
and singing have shown that nore air is used in singing as
conpared to quiet breathing. Alveolar pressure ranges from
hi gh negative pressures during inspiration to relatively high
positive pressures during expiration while singing. |t has
al so been found that the expiratory airflows are Ilowin
speech and singing, with higher inspiratory airflow

associ ated with speech and much hi gher in singing. Furt her
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Proctor (1980) states, that phonation, either for speech or
si ngi ng doesnot denmand hi gh degree of pressure but delicacy

of use of breathing nmechani sm

Now comng to singing as such, the nost efficient
inspiration is the one that allows the desired anount of air
to be drawn in rapidly and inconspicuosly wthout i nducing
undue nuscul ar tension which mght interfere wth t he

functioning of the |ips, tongue, jaw, pharynx and | arynx.

By the assunption of appropriate posture, the well
trai ned singer doesnot need to nove the ribs very nuch. The
di aphragm and other nuscles act in a coordinated fashion to
produce the desired effect. For controlled expiration during
phonation, as well as for increasing t he Intensity or
duration of sound , the voluntary nuscular activity is called
to play. These nuscles tend to dimnish the size of the
thorax, in addition to the welastic recoil of the expanded

lungs and enlarged rib cage and the erect posture gravity.

The support of tone is dependent upon the naintenance of
subglottic pressure. A trained singer mayu develop fully as
an artist when the nmuscular control has becone an unconsci ous

reflex and his concentration is devoted to intepretation. As
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W nckel (1967) has stated "... breath is the |iaison between
the excitenent of feeling and the physiol ogical effects. The
trai ned singer especially feels this, since he nust formthe
tone on the breath as a nodul ating process- and his success-
apart from the of mastering of the basic technique-is
qualititatively dependent upon the requirenents in the area

of the soul".

The commonly accepted theory by which, the mnechani sm of
phonation is explained IS t he myoel asti c aer odynam c
t heory(van den Berg 1966). Accordingly, just before the
singer's first note is sounded, the vocal folds begin to
close; the breath then streans fromthe lungs and then pushes
against the partially adduct ed fol ds, initiating t he
vibratory activity and allows puffs of air to escape and
sound to be produced in response to the nerve inpulses

transmtted fromthe brain to the nuscles of the |arynx.

Here, it is necessary to know about the attack which
tells us how the vocal folds close at the onset of sound,
that is, how accurately and precisely they neet in
the mdline. This attack involves a precise co-ordination of
the onset of sound wth the oscillating novenents or the

rhythm c vibration and opening and cl osing of the folds.
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Vennard (1967) in terms of physiological aspects of

phonation has outlined five factors in laryngeal function;

1) motor power produced by the flow of air;

2) contraction of the lateral crico-arytenoids;

3) contraction of the inter-arytenoid muscles;

4) pitch which depends on the |longitudinal tensions wthin

and thickness of the vocal folds;
5) registration which comes fromthe relative activity or

pasivity of vocalis muscles in the vocal folds.

In the various singing registers again, the vocal folds

vibrate differently at |low and high registers.

Titze(1979) has enphasized the inportance of bal ance of
muscul ar activity within the larynx as well as the role of

opposing nuscles in efficient vocal production. This balance

maxi m ses vocal efficiency in the dynam cs of Voi ce
production.

A well trained singer has to go through a seemngly
formdable and intimdating checklist. In order to pretune,

he needs to conceive the pitch, quality and enotion desired,
then take an adequate breath with no interfering tension, and

attack the tone wth «clarity and precision. Throughout the
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song, the evenness of vocal quality needs to be regul ated by
adjusting the register in the <correct places in the range
and bal ancing the intensity and dynamcs of sound in the

proper enotional context.

Changes in the shape of the vocal tract will alter the
resonances and inevitably pitch. Here, the formation or the
strength of formant frequencies depends on the relationship
of the vibrating frequency of the vocal folds to the resonant

frequency of the pharynx and further depends on the anount of

danpi ng.

Sundber g(1977) explains an insertion of an extra fornmant
between the normal third and fourth formants produci ng a peak
seen in the spectrum of the sung vowel. This is considered
the singer's formant. Hence there is unquestionabl e evidence,
that in singing, the vocal tract should be free to respond
dynam cal ly by bl endi ng spaci ous ar eas and wi t hout

constriction, and the tone should be properly focussed; and

the singer who blends his efforts to these ends wll al nost
certainly be rewarded with a noticeable inprovenent in vocal
quality.

Further, proper articulation is inportant not only for

anr and precise diction and neaning but also because of the
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effect it has on facial expresion. Good vocal production and

efficient articulation go hand in hand.

Wth reference to the studies abroad, the Japanese
grouped by Hirano(1981) have been concentr at ed on
neuroruscular (EM5 findings related to singing. Sundberg
(1974, 1977, 1979, 1982, 1994, 1995), | eading the Stockhol m group
ained at the acoustic properties of singing. Bunch(1982),
Large(1973,1975) constituting the Europeans and Anericans
have been interested in specific aspects |ike physiology,

| aryngeal behavi or, aerodynam cs and registers.

| ndi an rnusi c IS enriched with the cont ent and
intricacy that it provides us wth a Ilot of avenues for
expl anation. The variety of it's conposition, though w dely
accepted and appreciated for years, has chawed attention of
researchers only in the recent past. Bharatamunl has been one

of the pioneers in nusicology.

Hi ndust hani classical nmusic was being researched at the
Sangeet h Research Acadeny of Calcutta. A few nore have been
taken up by the Indian Institute of Technology branches in

India. Inaddition, Gupta(1984), Sujatha(1987), Ragi ni (1989),
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Vijaya (1990) have also contributed to the immense, yet

unreveal ed treasure of Karnatic nusic.

However, nost of the studies done on registers are on
Western nusic. There have hardly been any study on I ndi an
classical nmusic and the wventure towards registers is very
limted. Hence this st udy ai ns at eval uati ng t he
differentiating or remarkedly shown acoustic factors in
singing registers by nmeans of electroglottography and | ong
term average spectrum The results may be wutililsed in
training the singers in better wuse of techniques i ke
covering or voluntary control of formant tuning for better
performances thereby naking the world dance to the nusical

tunes of ecstacy.

| ndian Music : Evol ution

Music forns a necessary link in the great famly of
arts. It being the least material of all arts easily

surpasses the other arts, and is hence called the "Art of

Arts'.

Music can be divided into folklore and cl assi cal
musi c: where the fornmer originated from the npods of the

conmon man. Indian nusic rich with heritage had evolved with
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vol umes of phil osophy when nost of the other nations had been
enjoying only folk songs. Literature cites the contribution
of Bhattacharya, 1978; Nijenhins, 1978; Sathyanarayana, 1982;
Sanbarurt hy, 1982, 1983.

The Harappa and Mohenjadaro excavations, those of Indus
Valley civilization provide evidences to show that singing
and dancing was present in those days, the era prior to the
Vedic period (2000 B.C. 600 A.D) which has been terned to be
the origin of Indian nusic since then, to this day. I ndi an
nmusi ¢ has under gone vari ous di sti nct t ransformati ons,
including those of rhythm nelody into vedic hynms which
mar ked the begi nni ng of nusi c. This vedic peri od i's
synonynous to sammganas (singing in unison), using only three
notes -udatta (high pitched tone) anudatta (low pitched tone)
and svarita (the niddle of the two tones) which nmay be
corresponding to the present rishabha (Re), nishadha (N) and
shadaja (Sa). Thus chanting extended from single tone to two
and then three tones- the nusical pattern being called the

arci ka, gastrika and sarni ka respectively.

Later on, the lower octave and the mddle octaves were
added making a pentatonic scale - a scale with five notes.

The 'audva' Scale (five note) has fascinating etynologica
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value, it's roots found in Sanskrit - 'uda' neaning to 'fly’
whi ch has a predom nance of space element and is a
mani festati on of higher states of mnd. A reference of seven
vedi ¢ notes viz.,'pratham', "dvitiya', "thrithiya',

‘chathurtha', 'mandra', atisurya', and " krut ha
corresponding to the present seven notes has al so been found.
Once Narada (100 A.D) and Bharata (200 A.D) gave the concept
of 'shruthi' which is a smallest division of octave, the
seven tones were divided into twenty two subdivisions giving

an unique tonal structure to nusic.

This account of 'swaras' shruthis' grinmas' 'nruchanas’
has been also given by Bharata in his 'Natyashastra' or
"science' of 'Dramaturgy’'. Now, the 'Raga systeml was also
introduced in 'Bharatdevi' of Matanga in around 400 A D.
Later, there was a shift fromjatis to ragas. Literary works
l'i ke ' Shakuntala' of Kalidasa also followed the rules of the

environnment |aid down by Bharata.

By the 13th century, Indian culture along with nmusic was
influenced to a great extent by Mdhanmadan i nvasi on. The
Persian nodels like those of Amr Khusrau wi dened the gap
bet ween Karnatic and Hi ndusthani styles of Indian classical

musi c.
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A look at the intricate details - ' Shabdat hat hva'
(eternal verbum or 'shabdhabrahman' (suprene word) is the
suprenme reality in the philosophy of Sanskrit grammar. This
is a highly subtle netaenpirical principle which transcends
all that possesses a pragmatic significance. The eterna
verbumis a nature of consciousness, the best Ilight for any

real i sation

The eternal verbum is also conceived as 'para vak' and
Abhi navagupta (1000 A.D) has described the way in which this
gets transforned into three stages in physical form The
paravak assunmes the first stage of 'pashyanti', the flash of
insight or the principle of consciousness, when through its
i nnat e aut ononous spontaneity, externalises itself. The next
stage, is the rmadhyam' which is purely intellectual where
the differentiations between the denotes and its denotations
becone slightly manifested. 'Vaikhari', is the |ast stage of
distinct manifestation as difference between denotes and its
denotation - the articulated word. Shankaran (1981) has
provided scientific explanations to these concepts where he
correlates the infra-structure of the subjective perception
to 'para’ in short, the time taken for this. The tinme taken
for converting this into the not i vati ng Sstructure 'S

pashyanti. The tinme taken through the conducting neurona
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and nuscul ar pathways is known as madyama and finally, the
produced sound may show variable oscillations and effects on

t he surroundi ng objects which is known as 'vaikhari'.

Indian nusic is a powerful tool because it was born out
of madhyama. Api shal (200 A.D) quotes that by alert restfu
rel axed inspiration the mnd and body are one. A system of
intact autoregulated phonation reflects intact bio-feedback
mechani sm as an out cone of 'madhyama', the energized breath
| eading to phonation. Hence 'nmadhyana' -nmeans a vehicle of
breath which had a form of a sound pattern which is plastic
and adaptable and hence scientifically ideal for vowelization
speech or singing act. Hence, the input needs to be healthy

for a healthy output. Nandi keshwara (1943) has shown how the

cardinal vowels '"a', 'e', 'u are intervowen with the nusica
notes 'sa'" ‘'ri' ‘ga', further stating that the unique
postul ate of intinmacy, inter-relation,integration, all are
born out of aut o-regul at ed principle in phonation wth
madhyanma

According to Hindu Mythology, the seven notes enanated

fromanimal cries -
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' Sa' - sound produced by peacock at its highest rapture
'R’ - sound of a cow calling her calf.

"G’ - is the bleat of a goat.

" Ma' - 1s the cry of a heron.

' Pa’ - is the call of the Indian nightingale.

' Da' - is the neigh of a horse

o\l - 1s the trunpeting of an el ephant.

These 7 notes are synonynous to the 'Do, Re, M, Fa, So, La,

Si/Ti' of Western classical nusic.

The basic conponent of music 1is ‘'sound" which is
referred to as 'nada' by nusicologists. The 'nada" (gives
rise to the 'shrutis' which can give rise to 'swaras' and
‘swaras' to raga'. The basic notes or swaras are seven in
nunber and are sung in 3 registers mainly i.e. seven notes
are placed in an interval of one octave. The wvarious
pernutations and conbi nations of these 'swaras' constitute
different ragas. These notes correspond to Do Re M Fa So La
Si/Ti of Western nusic which can be sung in the ascending as
well as the descending order. \Wile noving fromone *Sa' to
another 'Sa' in sets, arange . of one octave is covered i.e.
the second 'Sa' is one octave higher than the first one.
SSmlarly the lower 'Sa' is |lower by one octave by 'Sa'. In

musi col ogi sts basically five registers are consi der ed
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"anumandara', mandhra' 'nmadhya', Tara, Aritara. However,
due to physiological limtations all the seven notes cannot

be sung in all the three registers.

Definition

Regi stration is observed in both speaking and singing.
Moses (1954) defines a register as a physical acoustic event
which results from an energetic change wi thin rnuscul ar

coordi nati on of vocal cords.

Garcia (1805, 1906) a fanmous singing teacher and
i nventor of the 'Laryngoscope' (1854), first enphasized the

| aryngeal basis for vocal registers. He defined so:

By the word register, we nean a series of succeeding
sounds of equal quality on a scale fromlow to high produced
by the application of the sane nechanical principle, the
nature of which differs basically, from another series of
succeedi ng sounds of equal quality produced by anot her

mechani cal principle (Garcia, 1840).

Hence borrowed from the organ termnology (Merkel

1863), the designation 'register' has been used in the vocal
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sense fromat Jleast the thirteenth century (Duey, 1951).
Garcia's and Nadol eczny's concept has been described in an
"adj ust nent of the larynx which produces t ones of a
particular quality for particular demands of range, dynamcs

etc" (Vennard, 1967).

The nunber of registers and their names is a great

conf usi on.

The early theorists were primarily 3 register oriented,
but a two register system also had strong support. Three
di visions of the voice called the chest voice, throat voice,

head voice was given by John of Garland (cll93-cl270) and

Jeroma of Malacia (cl250). This agreenent was sustained in
the sixteenth century sources al so. In the 17th and 18th
century 'belcanto' pedagogi cal literature, i ncreasi ng

attention is given to voice registers. Here, is found the
begi nning of the controversy over the nunber and nanes of

regi sters.

The names given to vocal registers by the early
theorists and teachers clearly reflect their origin in the
subj ective sensations of vibration and illusions of singers.
These sensations are very usef ul f eedback nmechani sm

reassuring the singer that she/he is producing her/his voice
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in the manner prescribed by the singing teacher or by the

manner by which previous success had been attained.

Mackwort - Young (953) suggest t hat the practice of
pl acing falsetto between chest and head registers had been
the custom of the physiologists of the first three-quarters
of the nineteenth century. Ni col i - Scott Dicarlo (1994)
studied the internal voice sensitivities in pera Singers
and concluded that (i) because, the position of the larynx is
raised to varying extents due to vari able degree of
contraction of laryngeal elevators while singing in the upper
register the vibratory energy is sensed in the craniofacia
bone structures and hence singers perceive their voice as
resonating in the head, (i) these subjects inpressions are
at the root of the notions of placenent of the voice and of
the expressions chest voice, chest resonance head voice and

head resonance, used by singers and singing teachers.

Stanley (1929), 1945) clainmed that there were only two
groups of nuscles - the arytenoid and the cricothyroid,
thereby only two registers - the |lower and upper or falsetto.
This over sinplification is reflected in the two-register
system of W/ cox (1935) "light mechani snt' and "heavy

mechani sni' .
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Morner (196), a Swedish teacher and scientist reviewed
the termnology dilema on both sides of the Atlantic and
suggested five basic registers as; deepest range, deep |evel,

md | evel, high level and highest range.

Typi cal speaking registers are pul se, nodal and fal setto
(Hol l'ien, 1974) : typical singing registers are chest, head,
and falsetto. In general, nodal and chest register (the one
that produces vibratory sensations in t he trachea and
sternum) are simlar, both being the typical male quality in
speech and low pitched singing. Because physiologic and
acoustic descriptions of vocal registers has been inconplete,
there has been nmuch room for debate over the nunber of
identifiable registers, their names, origins, and their
pedagogi cal utility in voice training (Colton and Hollien,

1972) .

Regi ster boundari es

Generally, a singer's singing range would include all
the artistically usable tones (Luchsinger and Arnold, 1965),

the range a singer is willing to use before the public.
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Priessler (1939) on his systematic study of register
[imts within the singing range established that : (a) as the
classification of the voice becones Ilengthier, the register
transition points are higher (b) the female transitions are
an octave higher than the nmale transitions, the so-called

'octave phenonenon'.

Type Upper and lower limts of the mddle voice
Bar s D (147 Hz) - D (294 Hz)
Barit one E (165 Hz) - E (330 Hz)
Tenor F (175 Hz) - F (349 Hz)
Contralto D (294 Hz) - D (587 Hz)
Mezo- soprano E (330 Hz) - E (659 Hz)
Sopr ano F (349 Hz) - F (695 Hz)

Tabl e 1: Average Transition tones for Voice Registers
(Priessler, 1939)

Luchsinger and Arnold (1965) advise the following limts
for the auxiliary registers : for the strohbass or churchbass
regi ster, which extends below the chest register of very deep
bass voices (basso profouno) from F (87 Hz) as low as 40 or
35 Hz); for the flagelot or whistle register, which extends

above the highest head tones of the coloratura soprano from D
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(1175 Hz) or C (2093 Hz). There has been a variability of
regi sters boundaries which is attributable to over-Iapping
(Garcia, 1855; Sokol owsky, 1912; Nadol edzny, 1923; Smth,
1957) .

Many em nent scientists are working for exploring facts
and fictions in the field of vocal research especially voice
registers. But there has been discrepancy between the way
the nusic teacher feels and the results conpounded by the
voice scientists. The termnology used to a large extent is

anbi guous.

The vocal register has rather baffled many singers and
teachers of singing and the nost puzzling phenonenon is that
sone of them have never encountered the register in their
singing performance. This supports that a register break is
the voice may be the result of maladjustnent rather than a
natural physiologic action. But it has not be justified as

yet.

Most regi ster advocates also discuss renedial techniques
for bridging or blending registers, mending the register
break, or nerging one register into the other. Covering has

been one of the suggested techniques - Hertegard et al.,
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(1990). Measurenent of air volunmes have shown that the sane
note sung by the sane singer uses upto double the anpbunt of
air in covered voice than used in open singing, since greater
tension of outer |laryngal nuscles as well as of the inner
ones is involved, both of which tense the folds, the larynx
is pulled dowmnwards in covering while it rises and falls with

the pitch in open singing.

Effect of paraneters

The nost common paraneters of vocal analysis are pitch,
intensity and quality. But the register in singing concerns
itself mainly with an interruption of the pitch line. Victor
(1973), Victor et al., (1973) have listed the determ nants of
vocal pitch as density, thickness, wdth and |ongitudinal
tension i.e. those factors that affect the firmess or
elasticity of the glottal margins. The degree of breath
pressure directed against the. underside of the glottis is
also considered a pitch factor and a chronaxic theory of

timed nerve inpulses is also advanced supporting this.

In a study of female <chest and mddle registers in
singing, Large (1968) proposed the term 'isoparanetric tones'
to describe phonation of the same fundanental frequency,

phonem ¢ category and sound pressure | evel produced in
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different registers. Wth sonographic analysis, it was found
that for a given pair of isoparanmetric tones, the fenmale
voice in chest register was characterized by greater energy
in the higher partials while the female mddle register had

nore energy in the fundanental.

Light thrown on the physiol ogy of vocal register revea
the facts involving the laryngeal nuscles and cartilages.

Radi ol ogi cal findings do substantiate these results.

However, proponents of a psychol ogi cal approach do not
support the theory of registers. They trust that when a

vocal utterance is notivated by comunicative intent, the

intonation will be directed unconsciously by the ear and the
entire vocal instrunent Wil | be predisposed to correct
action. Reflexes take over. They argue that the awareness

of the need to <control and cover certain pitches crates
anxi ety about higher t ones and i nduces tensi ons that
interfere with normal responses in t he vocal tract.

I nfl ections of speaking voice also acts as a guide to pitch

nmovemnment .
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Acoustical correlates of vocal register

Fundanment al Frequency

The range of fundamental frequencies a vocal register

occupies is its nost frequency specified acoustic correlate.

Hol li en, Dew and Beathy (1969) researched on the total
phonational range (nodal plus falsetto registers) of 332
mal es and 202 fenales and concluded that the nmean phonati onal
ranges for males was 38 semtones frequency Level (FL) and

for-the femal es 37 senmitones FL.

Colton (1969) also reports the total phonational ranges
for 35 nmale non-singer subjects and eight mal e si nger
subjects and it was found that the nmean phonati onal range of
the non-singers was slightly smaller than the range reported
by Hollien et al., (1969) which may be due to the differences

in the nethod used for determ ning the ranges.

Colton (1969) further reported data on the ranges of
nodal and falsetto registers for nononsinger and singer
subjects and found a phonational range of about 18 sonetines
each for the former group in the nodal and falsetto register.
Hol i en and M chel (1968) reported ranges of 19 and 14

semtones respectively. In all, it has been proved that for
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mal es, the vocal fry register occupies very |ow fundanenta
frequencies (5-60 Hz) whereas the falsetto register exhibits
hi gh fundanental frequencies (250-750 Hz). The phonational
range of females 1in vocal fry in simlar to the males the
nodal occupies 50-540 Hz whereas falsetto 500-1100 Hz. there

may be sone overlappi ng of Fo however.

Joseph and George (1962) studied the intralaryngea
relationships during pitch and intensity changes and found
that pitch is independent of length of the vocal bands but

not of the vertical position of |arynx.

Harry and John (1968) in an attenpt to study vocal fry
as a phonational register tried to find out whether or not
the range of Fo associated with vocal fry falls below the
range of frequencies associated wth nodal register. They
found that alnmost half the subjects exhibited no frequency

overl ap between these registers.

Vocal breaks fromthe nodal to falsetto register was
studied by Suec and Pesak (1994) in an untrained barytone.
The breaks here were achieved by increasing the expired air

flow It was found that with increase in the nodal frequency
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break intervals reduced and in the high tone region only the

fal setto register could be produced.

Mean of ratios of fo across registers studied by Sujatha
(1987) revealed that for males the ratio for |ow register
differed significantly fromthat of md and high; for fenales
ratios of low and md register differed significantly from

that of high register.

Vocal Intensity :

Can intensity of phonations produced in one vocal
regi ster be greater or less than the intensity of phonations
produced in another register has been a question. It may be
- has been the answer according to sone witers (Vennard,
1967; Ruth, 1963). But wunfortunately conparisons of the
vocal intensity between two vocal registers is difficult due
to limted data. Colton (1969) reported data from different
intensity conditions produced in nodal and falsetto registers
and at the sane fundanental frequencies. English' singers and
ei ght naive subjects produced their mninmm nost confortable
and maxi mum sustainable vocal intensity Ilevels at three
points within the comon range of fundanental frequencies in
both registers. It was found that, the maximum intensity in

falsetto is about 15 dB less than for nodal . Hence this |ed



2.26

to the conclusion that intensity of phonations produced in
the nodal register can be greater than the intensities that

acconpany phonation in falsetto register.

Murry and Brown (1970) found that the intensities which
acconpani ed vocal fry phonati ons are lower in overal
magni tude than intensities of tones produced in the noda

regi ster.

The intral aryngeal rel ati onships during pitch and
i ntensity changes studied by Joseph and George (1962)
revealed that there may be inportant sex differences in

| aryngeal functions to produce intensity changes.

Gauffin and Sandberg (1989) studied the voice source
waveform and spectrum and concluded that for a given SPL
change, the nonsinger did not I ncrease hi s gl ott ogram
anplitude as much as the singer did. The non- singer changed
hi s phonation towards pressed phonation when he increased the

| oudness of phonati on.

Thus nost studies indicates that the 2 registers which
lie adjacent to the nodal register exhibit |ower magnitudes

of vocal intensity. The circunmstances, probably relates to
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differences of the aerodynamc and nyoelastic factors which

are present in the larynx while producing the register.

Spectrum :

The frequency conposition of the glottal wave varies in
the different registers. A nunmber of partials are seen
exhibiting significant energy in nodal register phonation

than in falsetto register phonations.

An glottal anplitude by tinme analyze also characterize

this acoustic feature.

Long term average spectrum is said to provi de
information on the spectral distribution of the speech signa
over a period of tine. The signal represents the product of

sound source and vocal tract transfer function.

The first person to propose that difference between
phonations of trained and untrained singers can be done by
spectral analysis was Bartholomew (1934). Current prem se of

vocal pedagogy and of literature is that register balance
must remain stable regardless of any register changes in
singing. Fields (1947), Burgin, 1975; Monahen, 1978; Ml er,
1977. The sonagram of the trained singer showed a remarkabl e
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band of energy in 2.7 KHz this corresponding to the singers
formant. A clear distinction was also apparent between (1)
the vibrato rates of trained and wuntrained singer. (2)
distribution of partials in phonation when sung wth same
intensity at the sane pitch on sane vowel. (3) There is a
clear differentiation between frequency region which provides

vowel definition (upto around 1.6 KHz) and region of singers

f or mant .

No such energy concentration was seen in untrained

si ngers.

So what is a singer's formant?-It is a high spectrum
envel op peak near 2.8K Hz characteristic of vowel sounds

produced in male Western opera and concert singing. In order

to achieve this

1. The cross sectional area in the pharynx nust be at |east
six times wder than that of the larynx tube opening.
Here the Jlarynx tube is acoustically msmatched with the
rest of the vocal tract and an extra formant is added to

the vocal tract transfer function.

2. The sinus Modrgagni nust be wide in relation to the rest of
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the larynx tube. This may tune the frequency of the extra
formant to a value between the frequencies of the third

and fourth formants in normal speech.

3. The sinus piriforms nmust be wde. This reduces the

frequency of the fifth formant to about 3 KHz.

X-ray studies of a raised and |lowered larynx revealed
that these conditions may be fulfilled when the larynx is
| owered. Hence, the larynx | oweri ng, typi cal of male
prof essional singing, explains the "singing formant” and

ot her formant frequency differences between normal speech and

mal e prof essional singing.

Effective center frequencies and band wdths of the
first and second fornmants are estimated on basis of the
variations in anplitude of radiated sound conponents as well
as supraglottal and subglottal pressures acconpanying the

vi brato-rel ated sweep of voice harnonics.

Hence 'singers formant' being an inportant acoustic
characteristic of nale operatic singing (Wnckel, 1953;
Sundberg, 1974; Hollien, 1983; Bloothofft and Plonp, 1986;
Sundberg, 1987) is a resonatory phenonenon arising from a

clustering of F3, F4, F5 (Sundber, 1974). This has a
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spectral value of approximately 15 dB above the corresponding
spectral value. The novenent of F4 closer towards F3 boosts
the vocal tract spectrumin that region relative to FIl and F2

anpl i tudes Sundberg (1995).

Sundberg al so proposes that the larynx |lowering to w der
t he hypopharynx, laryngeal ventricle wdening, mght relate
to enhancenent of singers formant on the basis of a larynga
acoustic tube orientation. Yanagasiwa et al., suggests that

there is nore constriction for |ouder sounds.

According to Dmtriev and Kiselev (1979) the frequency
of singers formant increases from |ower voices to higher

VOi ces.

The paraneters of singers formant included -

1. differences in body height and |ength of vocal tract.

2. individual differences in possibilities of changing the
shape of vocal tract. eg. anatom cal factors.

3. level of pr of essi onal training - Sundber g, 1974;

Dmitriev, 1979.
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Nag, Banerjee, Sengupta and Dey (1990) exam ned the

spectral pattern of vocal registration during singing. They
found that when a singer exhibits a glissando through the
whol e range of his/her voice fromlower limt to the whole
upper limt, there occurs one or two breaks or failure in the
continuous sound. During transition from one register to the
ot her, the anplitude of t he si ngi ng f or mant becones
exceedi ngly high as conpared to the region where a particular

register is utilized.

Raphael and Scherer(1987) also studied a traini ng
t echni que naned 'call’ by Arthur Lessac which enphasizes
quality and physical sensation and de- enphasi zes vowel
specificity. Here,formant tuning cones into picture. Thi s
is used as a part of training by some actors, dramatists,

singers. Sopranos utilize F1 formant tuning, so do actors.

Titze et al. suggest that at high pitches tenors will enhance
FI but not tune it to a voicing partial. For sone vowels
eg. /il FI increases and F2 reduces when spoken fornmants are

conpared with sung fornmants.

Spectrographi c anal ysi s of the high nmale range by
Anet rano Jackson reveal ed that voices of children singers in
all spectra have an energy between 2.5-4KHZ the formants

bei ng characteristic of a professionally trained voice. The
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speech of fenale voi ces show quality in all spectra

especially between 2.5 - 4KHz, the formants characteristic of

prof essi onal singers.

In vocal fry the glottal anplitude by tinme analysis
yields a pulse which decays alnost to zero before the next
pul se arrives (Hollien and Landahl, 1968). In the noda
regi ster however, the volune velocity pulse [|ooks very nuch
like an area waveform reported by Tintke Von Leder and More
(1958). In the nodal phonations, generally, the glotta
pul se has a rapid onset followed by a brief open period with
a long period of closing and then a period of «closed tine.
The closed tinme of the pulse may vary as a function of voca
intensity (Tincke Von Leden, Mbore, 1958; Sonesson 1960). 1In
falsetto waveform the glottis exhibits a sinple opening and

closing with seemingly a snmall period of closed tinme (Baisler

(1950) .

Overtone a specialized type of singing proposed by
Manual Garcia (1847) identified by Wendler wherein bass
singers sing two notes at the sanme time where there is also
an interaction of <closely spaced formants-Gerrit, El drid,

Mari cke, Jol anda, Luripea and Koen (1992).
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Hence acoustically, the vocal fry, nodal and fal setto
registers tend to (1) occupy different ranges of fundanental
frequency (2) exhibit different magnitudes of vocal intensity
(3) show differences of the glottal wave shape which can

result in a different frequency conposition.

Physi ol ogi cal Correl ates

Evidence primarily suggests that in the nodal register
frequency change is nediated primarily by changes in the per
unit mass of the vocal folds which offers a variable
resistance to the airflow (Hol l'i en and Moore, 1960) .
Moreover, both airflow and air pressure show a tendency to
increase as frequency 1is increased (Hol I'i en and Mbore,
1969); Hollien, Danste and Miurry, 1969). Intensity changes
appear to be nediated by longer <closed tines of the vocal
folds; thereby allowing nore tinme for greater Dbuildup of

subglottic air pressure.

In falsetto register, there is little systematic change
of vocal fold length and mass as frequency is changed. Both
frequency and intensity seem to be regulated by aerodynamc

factors.
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The physiology of vocal fry is a doubt. But it seens
that pitch is regulated by the mass of the folds and there
seens to be little influence of airflow and air pressure in
frequency regulation although one may speculate that these

paraneters may be inportant for control of voice quality.

| NDI AN MUSI C- Ter ns

1. Karnatic nusic vs. Hi ndusthani nusic

As it is evident, Karnatic nusic (KM confines itself to
the southern areas of India, while Hi ndusthani music (HV
hails fromthe Northern regions. The basic material of nusic
are the same but the way they are wused or handled are

different.

The major 3 functions of nmusic, the raga, tala and

prabandha are different in these two fornmns.

Regar di ng developing a raga, the alap in HMis casual,
cursory, highly stylised and | ooked upon as proceeding from a
scal e having two segnents-purvanga and uttaranga, and this
alap strictly proceeds in terns of nelody weaving around
focal point in the |lower and upper segnents. In KM al apana

is taken nore seriously, being el aborate.
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The vari ations in musi c follows a Gharana cr a
particular school in HM Ganaka is al so enployed in HM based
on which raga of simlar structure are differentiated.
Gamakas in KM an operated as and when needed by the singer
and does not have to be enployed in a particular nmanner.
Hence, it becones easier for a KM singer to get nore
variation in expression, better aesthetic expression and nore

scope for creation expression.

In terms of tala structure KMtalas are identified in
ternms of angas, organ conponent usually mnade up of I|aghu
drutha and | aghudrutha. In HMthe tala precedes in terns of
certain syllable knit together wth each syllable having a
duration known as theka which defines the tala. In HM tal as

are classified into slow mddle and fast tenpo, which is not

seen in KM

Prabandha also differs in HM and KM in terns of its
literal content. In Jlatter it has a theocentric nodus,

whereas in the fornmer one, it is not always so.

2. Notes and Cct aves

The nusi cal i nterval bet ween an arbitrary chosen

fundamental note and its first over tone was nade to cover
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all known contenporary nelody in terns of definite nunber of

natural style or groups containing their sharps and flats and

these were called swaras or notes. Swara does not only nean
a pitch but it is an expression (Brihadeshi, 1963). These
i ncl ude -
No. Swar as name- cl assi cal Solfa letters
| ndi an West ern
1 Shadj a sa doh
2 Ri shaba ri ray
3 Gandhar a ga nme
4 Madhyama na fa
5 Panchana pa soh
6 Dhai vat ha dha | ah
7 Ni shadha ni si or ti

Tabl e 3: Tabl e show ng classical India notes and the Western
counterparts in classical nusic

The notes that form the basic scale are called pure,
(Shuddha) when covered by half tone are called Komal (Flat),

notes raised by half a note called tiwa or sharp

The swaras are not regarded as definite point in the

scale but as a region in the scale.
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No. Swar a nane Synbol West ern
paral |l el s
HM KM HM KM
1 Shadj a Shadj am sa C
2 Komal Ri shaba Shudha re Ril G
Ri shabham
3 Shudha Ri shaba Chat ushruti Ri R D
Ri shabham Ga;
or Shudha
Ghandari
4 Komal Gandhar Sadhar ana Ga / (=
Gandhar am or ga
Chat usr ut i Ri 3
ri shabham
5 Shudha Gandhar Ant ar Ga %@2/ E
Gandhar am 4
6 Shudha Mandyam Shudha Ma Ma, F
Madhyama
7 Tivra Madhyam Prati Ma Ma, Fo
Madhyama
8 Pancham Panchamam Pa Pa G
9 Komal Dai vat Shuddha Dha dha; Ao
Dhai vat ha
10 Shubha Dai vat Chat ushr ut hi Dha dha,/ A
Dhai vat am Ny
11 Komal Ni shad Kai shi ki ni N, By
Ni shadam or
Chat ushruti
Ni sadam
12 Shuddha Ni shad Kakal i Ni Ni 3 B
Ni shadam

Tabl e 3. Tabl e show ng cl assi cal

and their Hi ndust hani

notes in Karnatic nusic
count erparts.
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Raga and Al apana

Raga connotes personality of sound <created by the
progression of rmnusical notes according to sone accepted |aws
of nmelody. The laws governing the progression of swaras form
the technique of al apana. About 15 elenents nmke up a raga
(Dani el on, 1949; Swarupa, 1980). Only alapana anong the
different styles of singing will be considered especially in

Raga Shankar abhar an.

Raga Shankaabharana, a very popular raga is one of the
65 nel akartha ragas, a raga with all 7 notes. Hence, it is
cal | ed Sanpoor nar aga. It is one of the major ragas giving

pl enty of hope for alapana and el aboration and is also called

t he Janaka raga.

The arohana and awarohana of this raga include
sa ri2 ga3 mal pa dha2 ni 3 sa

sa ni 3 dha2 pa mal ga3 ri2 sa

with Chathushritha ri; Anthara ga, shudha ma,

Chat hushri tha dha; kakali Ni.
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Al apa

Al apa has been instrumental in devel opnent and growth of
Indian nmusic and is an unique feature. It is a sinple form
of mnusical progression in which the rhythmc advance and
determ nate degree are two principles followed. The dom nant
notes of raga is always seen of special promnence and it
uses only vowel s for musi cal expressions and sonetines

nasal s.
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METHODOLOGY

The purpose of the study was to find out the behaviour
of vocal folds and the resultant acoustic output in the

nmusi cal notes within and across registers in -Karnatic vocal

nmusic. To study this, It was deci ded to obt ain
el ectrogl ott ographic and spectral paraneters at different
registers. It was hypothesized that there are no significant
differences in the el ectrogl ot t ographic and spectra
paraneters for individual notes wthin as well as across
regi sters.

Procedure

A. Subjects

Five female trained singers between the age group

fifteen to thirty years were chosen for the study. They

a) had a mninum of five years of experience is classical

nmusi ¢ and/ or
b) were post graduates in nusic and/or

c) had experience of classical performance in concerts or had

gi ven progranms on radio.
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B. RECORDI NG ENVI RONMENT

Recordings was carried out in a sound treated roomwth

very low noise levels at the Speech Science Laboratory of the

Departnment of Speech Sciences, at the All India Institute of

Speech and Hearing, Msore.

C. RECORDI NG PROCEDURE

(a) Recording of sanples : The witten version of the nusica

pa.

notes in ascending order as given below was provided to
t he subjects. Thi s was to be sung in Raga
Shankar abharana, (a sanpoorna raga in Karnatic classical
musi c, conprising of all seven notes-the details of which
has been gi ven previously) in the form of al ap
(phonating /a/) at a confortable scale used by the singer
and throughout the range between |owest note to the
hi ghest note. Each note had to be sustained for atl east
two seconds at a |l oudness level confortable to the singer

for singing. The notes provides were as foll ows:

pa dha, nis sari, gas ma; pa dha, niz sa ri, ga; ma
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b. Instructions
Each subject was instructed as foll ows:

"You will require to sustain the alap of the follow ng notes

i n Shankarabharana raga in a pitch scale conortable for you,

with each note being sung for at |east two seconds. You may
maintain a confortable | oudness | evel while  singing
the notes".

These instructions were given for the simltaneous
rcording of the same sanple for electroglottogrphy and voice

recordi ng.

c) Recording

The electrodes of the |aryngograph were placed on the
thyroid alae. The position of these el ectrodes were adjusted
to obtain clear laryngeal waveforms on the conputer nonitor.

| I 17

Electrodes‘}-—-}-—_Laryngograph::-—-fsIU% A/D D/A -[ Electroglotto-
‘] ! | ’____.leorlverter : # graphy
e ! ! ! ISR
s e waraanaa B ===y i
Microphone -_thaperecorder |——-;SIU;-~—[ rLong term average
[ el e e e J spectrum.
Fi g. C. Bl ock diagram of I nst runent al set-up used for

simul taneous recording of sanple for electlroglotto-
grthy and voice for long term average spectrum

anal ysi s.
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The out put of the electroglottograph was converted
into digital signal by feeding the signal through speech
interface unit to the analog-digital and digital analog board
on the nother board of the conputer. The digitization was at
the sanpling rate of 8 KHz with 12 bit A/'D board. These
digitized signals were stored on the hard disk of the

conputer using 12 bit A-D)D A convertor.

Si nul t aneously, the voice signal was recorded using a
m crophone placed approximately 6 inches from the nmouth of
the subject connected to Sony Tape Deck (FX 170) and a
magnetic audio tape (Meltone Chronium oxide). This was used

for further spectral analysis.

The recording was carried out using the record batch
files provision in the conputer. This provision entails
for recording of individual voi ce sample (note) for a
specified duration (tw seconds each in this experinment).
This provision was utilised, since it was required to anal yse
each note individually for its electroglottographic and
spectral parameters. A total of fifteen such files were
created for each subject for the same purpose. Two recordings

were carried out for each subject. Repetition of recording
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was carried out when the experinenter and/or the singer was

not satisfied.

d. Analysis

1) El ectrogl ottography

Each | aryngeal cycle was analysed at different points by
novi ng the cursor to obtain steady, rising, falling points of
the the wave wherever required, corresponding to the different
phases of vocal fold vibrations. After measuring the
duration between different points on each cycle of the
glottogranms, the different paraneters of the |aryngeal cycle
viz. the opening tine, open tine, closing time, closed tineg,
speed quotient, speed index, total period, closed phase, open
phase, speed quotient,are calculated and the val ues are
obtained for the sanme for each note. Ten cycles for each

sanple were used to calculate the paraneters.
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ii) Long term average spectrum

For carrying out spectral analysis,the program LTAS

with autocorrelation was used. The taperecorded voice signals

were fed to the A/D converter of the computer through the
Speech Interface Unit (STIU) , after making the necessary

adjustments in the SIU to avoid distortion of the signal

and digitised at a sampling rate of 16 KHz.

This was then used to obtain long term average spectrum.
The spectral analysis was carried out for the frgquency range
0-8 KHz with resolution ten and block duration of twenty.
The spectral analysis thus obtained contained a graphic
display of spectral patterns in the frequency range of 0-8KHz

The data of energy of all the different points which were

analysed by the computer included the

0-1

a) o-ratio -——KHz
1_
0-2

b) B-ratio———KHz
2-5
0-1

c) y- ratio——KHz
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Thus for each subj ect at each regi ster, t he
el ectrogl ottographic and |ong term aver age spectrum
paraneters were obtained. A set of seven notes has been
considered to conprise one register. Hence, the |owest 'sa'
to 'ni' conprises the 'nmandhra sthayi'; the next seven notes,

'sa'’ to 'ni'-the 'madhya sthayi'; and the highest 'sa to

'sa'-the 'tara sthayi'.

The obtained data was subjecteed to statistical analysis
to test the null hypotheses proposed that there are no
significant differences in the electroglottographic and the
spectral paraneters in the different notes in the different

registers. The results are presented and discussed in the

next chapter.
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RESULTS AND DISCUSSION

The study aimed at finding out the difference in the
vocal fold behavior and acoustic output at different notes
and registers in Karnatic vocal music using electro-
glottographic and long term average spectral parameters in
differentiating the musical notes across and within registers
'mandhara sthayi', 'madhya sthayi' and ‘'tara sthayi', (low,

mid and high pitches).

The electroglottographic parameters measured were
1) open timer, 2) closed time, 3) open quotient, 4) closing
time, 5) opening time, 6) open phase, 7) closed phase, 8)

speed quotient, 9) speed index, 10) total period; considering
ten cycles in each note in the each register and the spectral
parameters studied were a) o-ratio, Db)B-ratio, <¢) y-ratio,

using the procedure described in the previous chapter.

The obtained data was subjected to statistical analysis
using the non-parametric test (Wilcoxon test) and the
significance of difference was obtained for each of the

parameter relative to the notes within and across registers.
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| Open Tine

The results of statistical analysis to determ ne the
significance of difference for the paranmeter 'open ting'
for different adjacent notes within the register (sa-ri, ri-
ga, ga-ma,....) and corresponding notes (dha-dha, sa-sa, ri-

ri, . .. ) are given in Table I A and Table IB respectively.

Study of Table IA and IB show that there are changes in
the nean and standard values for the notes in the different
registers, with a gradual decrease in the same, from nmandhra

to tara sthayi.

Wthin registers

Sl . No. Notes Mean SD Range Si gni fi cance
1 dha-m 1. 03 0.45 0. 87 A
2 ni - m 1.04 0. 47 1. 06 P
3 sa- M 0.81 0.33 0.73 P
4 ri-m 0.99 0.48 1.0 A
5 ga- M 0. 83 0. 69 1. 67 A
6 ma- M 0.72 0.53 1. 06 A
7 pa- M 0. 56 0.41 1.07 P
8 dha- M 0.71 0. 36 0.8 P
9 ni-M 0.53 0.24 0.62 P
10 sa-T 0. 36 0. 08 0.2 P
11 ri-T 0.47 0.23 0.53 P
12 ga-T 0.41 0.14 0.33 P
13 ma- T 0. 27 0.09 0.13 A
14. pa-T 0.71 0. 36 0.8 P

A-not present; P-present; m mandhra; M madhya; T-tara

Table 1A : Table showing the results of conparison of
different notes on 'open time' within three
regi sters (mandhra, nadhya and tara).
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Consi dering dha and ni as belonging to mandhara register
there has been no significant difference in terns of open
time between dha and ni. This is because they belong to the
low pitch range, and no significant shift in pitch has taken
place fromdha to ni. But a significant difference was
obtained on a transition fromni to sa i.e., frommnmandhra to
madhya sthayi, due to change in register nechanism This is
also observed in a transition from mdhya to tara sthayi
i.e., between ni to sa. Hence, it may be concluded that open

time changes fromregister to register in Karnatic nusic.

There has been significant differences between adjacent
notes within the register probably due to the change in open
time of vocal folds being significant enough to bring about
a perceiveable change in the fundanmental frequency of the

notes too. This is indicated in the Tablel A and Gaph I

I n Shankarabharana Raga of Karnatic vocal nusic, the
notes are not equally spaced on a tenporal scale. eg. the
di fference between sa -ri2; ma;-pa; pa-dha,, dha2-nig; in
ternms of fundanmental frequency does not occur at equal
intervals on the equal ratio scale. And ri,-gas, ga3-ma; are

relatively closely spaced.
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e

Notes of this raga are as enclosed in brackets wth
reference to the conplete scale of notes : (Sa) ri; (riz) gaz

(gas) (mal) ma2 (pa) dha, (dhas) ni, (ni3) sa

Hence, it has been noted that there have been no
significant differences between ri,-gaz; and gas-ma; in the

madhya regi ster, probably due to vocal tract variations in

different singers.
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There are significant differences between the adjacent
notes in the '"tara" register also, due to the higher pitch

changes between adjacent notes in the higher tara register.

Hence, 'open time' on the whole, changes wth notes and
regi sters and thus substanti ates as a factor to prove

significance of difference wthin' registers.

Across registers

There have been signi ficant di fferences bet ween
correspondi ng notes across registers due to the obvious
change in the vocal fold nechanics for production of the sane

from low to higher pitches.

Hence agai n, open tinme acts as an indicator of
significant change for identifying notes across register

al so.
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Sl . No. Notes Mean SD Range Si gni ficance of
di fference
1 dha- m 1.03 0. 45 . 87 P
dha- M 0.71 0. 36 0.8
2 ni -m 1.04 0. 47 1. 06 P
ni -M 0.53 0.24 0. 62
3 sa-M 0.81 0.33 0.73 P
sa-T 0. 36 0. 08 0.2
4 ri-m 0.99 0.48 1.0 P
ri-T 0. 47 0.23 0.53
5 ga- M 0.83 0. 69 1.67 P
ga-T 0.41 0. 14 0.33
6 ma- M 0.72 0. 53 1.06 P
ma- T 0.27 0.09 0.13
7 pa- M 0.56 0.41 1.07 P
pa-T 0.71 0. 36 0.8

m mandhra; M nmadhya; T-tara; A-not present; P-present

Table I B: Table show ng nean, standard deviation, range an
significance of difference of different notes on

"(pen Tine' across registers.
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Il Cosed Tine

SI.No. Notes Mean SD Range Si gni fi cance of
di fference

1 dha-m 0.52 0. 07 0.13

2 ni -m 0. 87 0. 84 2.06 A
3 sa-M 0. 67 0.21 0.53 A
4 ri-m 0.57 0. 27 0.73 i
5 ga-M 0.81 0. 38 1.0 i
6 ma- M 0.55 0.3 0.8 i
7 pa- M 0.55 0.35 0. 87 A
8 dha-M 0.55 0.18 0.4 A
9 ni-M 0.54 0. 22 0. 47 i
10 sa-T 0.53 0.13 0.33 A
11 ri-T 0.29 0.2 0.53 i
12 ga-T  0.35 0.2 0.53 A
13 ma- T 0.34 0.19 0. 27 A
14 pa-T 0.4 0.1 0.14 A

m mandhra; M nmadhya; T-tara; P-present; A-not present.

Table |1 A Table showing significance of difference for
closed tine within register.

No systematic changes in nean and standard deviation
values of closed tine are observed from Table II1A and

Gaph I1.
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In the " mandhr a sthayi', there is no significant

di fference observed in terns of the 'closed time' between the

adj acent notes dha to ni. This may be due to the low pitch
in voice.
In the " madhya st hayi ', t here are significant

differences in terns of closed time' between all adjacent
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notes, except between ma and pa, and pa and dha. However
closed tine does not change significantly between adjacent

notes in the tara sthayi.

Moreover, there is no significant difference in terns of
‘closed tine' between ni to sa- a transition from 'nandhra
to 'madhya’ and " madhya' to "tara' sthayis, 1i.e., no
significant change in 'closed ting' IS noticed when there is

a shift in register.

Across Registers

Table 1B shows no systematically significant
differences in 'closed tine' across the registers. However,
statistically significant differences have been observed
bet ween corresponding notes ni, sa, ri, ga; across 'nmandhra
and 'nmadhya' for ni and 'nmadhya' to 'tara’ for the reneaining
three notes. This is due to the correspondi ng changes in the
‘closed tinme' of vocal folds over a period of one octave.
However, there are no significant differences for the notes

ma, pa between 'nmadhya' to 'tara' sthayis.
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Sl . No. Notes Mean SD Range Significance of
di fference
1 dha- nt 0.52 0. 07 0.13 A
dha- M 0.55 0.18 0.4
2 ni -m 0. 87 0.84 2. 06 P
ni-M 0.54 0.22 0. 47
3 sa- M 0. 67 0.21 0.53 P
sa-T 0.53 0.13 0.33
4 ri-m 0.57 0.27 0.73 P
ri-T 0.29 0.2 0. 53
5 ga- M 0.81 0. 38 1.0 P
ga-T 0.35 0.2 0. 53
6 ma- M 0. 55 0.3 0.8 A
ma-T 0.34 0.19 0. 27
7 pa- M 0.55 0.35 0. 87 A
pa-T 0.4 0.1 0.14

m mandhra; M nmadhya; T-tara; P-present; A-not present

Table Il B: Table showing significance of difference for
closed time across registers for corresponding
not es.

11 Opening Tine

Wthin Registers

An exam nation of Table IIlA reveals a fairly consistant
decrease in 'opening tinme' as the pitch increases from
"mandhra’ to 'madhya' and then *tara' sthayis. However, in
the 'mandhra sthayi', there is no significant difference
bet ween notes dha to ni, in terns of 'opening time'; probably

due to not much <change in pitch. This is also indicated in

Gaph 111.
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SI.No. Notes Mean D Range Si gni ficance of
di fference
1 dha-m 1.91 0. 62 1.13
2 ni -m 1.99 0.54 1.26 A
3 sa-M 1.45 0. 44 1.14 i
4 ri-m 1.31 0.61 1.46 i
5 ga-M 1.45 0.41 1.13 i
6 ma- M 1.36 0. 56 1.4 i
7 pa- M 1.17 0.5 1.26 i
8 dha- M 0. 96 0. 39 0. 86 i
9 ni-M 0.8 0.23 0.6 i
10 sa-T 0.91 0. 36 0.93 A
11 ri-T 0.79 0.2 0. 53 i
12 ga-T 0. 67 0.25 0. 67 i
13 ma- T 0.6 0.05 0.07 A
14 pa-t 0.44 0.0 0.0 i
m mandhra; M madhya; T-tara; P-present; A-not present
Table II1A Table showing significance of difference for
opening time within registers between adjacent
not es.
In the ' madhya st hayi ', t here are significant
di fferences between all the adjacent notes in terns of

‘opening tine'.
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In the '"tara sthayi', there is no significant difference
between ga and m, while the other notes show significant
differences. This may be attributed to the variation between
the subjects at high frequency vibration of the vocal folds

in the '"tara sthayi'.
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A significant di fference IS seen at the register
transition point from 'mandhra’ to 'madhya’ sthayis in terns
of "opening tine'. However, t here IS no signi ficant
difference at the transition points of ni to sa; i.e., from
"madhya' to 'tara’ sthayis again due to no drastic change in

pitch, which is evident fromthe study of Table IIIlA

Across Registers

There are statistically significant differences between
correspondi ng notes across "mandhra' to "madhya' and "madhya’
to 'tara’ sthayis when "opening tine' for the notes are
analysed, in terms of nean values, range and standard
deviation values with greater values for |ower notes as
conpared to the correspondi ng hi gher notes, which are

presented in Table-I11B.



4. 14

SI. No. Notes Mean D Range Significance of
difference

1 dha-m 1.91 0.62 1.13 A
dha-M 0.96 0.39 0.86

2 ni-m 1.99 0.54 1.26 P
ni-M 0.8 0.23 0.6

3 M 1.45 0.44 1.14 P
sa-T 0.91 0.36 0.93

4  ri-M 1.31 0.61 1.46 P
ri-T 0.79 0.2 0.93

5. gaM 1.45 0.41 1.13 p
ga-T 0.67 0.25 0.67

6 maM 1.36 0.56 1.4 p
maT 0.6 0.05 0.07

7 paM 1.17 0.5 1.26 P
pa-T 0.44 0.0 0.0

m mandhra; M madhya; T-tara; P-present; A-not present
Table 111B: Table of results showi ng significance of

difference for opening tinme between correspondi ng
notes across registers.

|V dosing Tine
Wthin registers

In  '"mandhra' sthayi, t here s a statistically
significant difference anong the adjacent notes for 'closing

time' which can be observed from Table |IVA and G aph |V
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Wthin the 'nmadhya' sthayi, there are statistically
significant differences only between adjacent notes sa to ri;
ma to pa. There are no significant differences noted between
ri toga; ga to mm;, pa to dha; dha to ni, probably due to

i ndi vi dual wvariation between subjects.
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Sl .No. Notes Mean SD Range Si gni ficance of
di fference

1 dha- m 2.03 0.83 1.46

2 ni-m 1.3 0. 66 1.6 i
3 sa- M 1.72 0.38 .94 i
4 ri-Mm 1.53 0.23 0.6 i
5 ga- M 1. 47 0.71 1. 66 "
6 ma- M 1.25 0.34 0.8 A
7 pa- M 1.01 0. 46 1.2 A
8 dha- M 1.04 0.39 0.93 i
9 ni-M 1.01 0.53 1.4 A
10 sa-M 0. 85 0.3 0.8 A
11 ri-Mm 0. 87 0.3 1.0 A
12 ga- M 0. 83 0.37 0.93 A
13 ma- M 0.5 0.42 0.6 A
14 pa- M 0.4 0.0 0.0 A

m mandhra; M nmadhya; T-tara; P-present; A-not present

Table VA Table show ng
adj acent notes

bet ween adj acent

time'

I n

at

t he

"tara' sthayi,

hi gh pitch.

significance of difference between
In registers for

there is no significant

notes due to

no

mar ked

closing tine.

change in

di fference

' ¢l osi ng
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However, there is a significant change in 'closing tine'
between 'mandhra' to 'madhya' and 'nmadhya' to 'tara' sthayi
due to the adjustnent in vocal fold vibration nade by the
subjects during the transition from one register to the next

register.

Across registers

SI.NO  Notes Mean SD Range Si gni ficance
of difference
1 dha- m 2.03 0.83 1.46 P
dha- M 1.04 0. 39 0.93
2 ni-m 1.3 0. 66 1.6 P
ni - M 1.01 0.53 1.4
3 sa-M 1.72 0. 38 0.94 P
sa-T 0. 83 0.3 0.8
4 ri-M 1.53 0.23 0.6 P
ri-T 0. 87 0.3 1.0
5 ga-M 1. 47 0.71 1. 66 P
ga-T 0. 83 0. 37 0.93
6 ma- M 1.25 0. 34 0.8 P
ma- T 0.5 0.42 0.6
7 pa- M 1.01 0. 46 1.2 P
pa-T 0.4 0.0 0.0

m mandhra; M madhya; T-tara; P-present; A-not present
Table 1V B: Table showi ng significance of difference between
correspondi ng notes for closing time acr oss
regi sters.

Across 'madhya', ‘'mandhra', ‘'tara' sthayis, there have

been significant differences statistically for ‘'closing ting'
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in terns of mean, standard deviation as well as range val ues

anong correspondi ng notes.

V pen Phase

Wthin registers

SI.No. Notes Mean SD Range Significance of
di fference

1 dha- m 0.6 0.1 0.14

2 ni -m 0. 64 0.05 0. 07 i
3 sa-M 0. 88 0.22 0. 53 i
4 ri-m 0.97 0.2 0. 47 i
5 ga- M 1.01 0. 27 0.73 i
6 ma- M 1.08 0.34 0.8 A
7 pa- M 1.23 0.51 1.34 A
8 dha- M 1.32 0.39 1. 06 A
9 ni-M 1.39 0.42 1.06 i
10 sa-T 1.51 0. 58 1.13 A
11 ri-T 1. 63 0.68 1.47 A
12 ga-T 1.8 0.52 1.27 i
13 ma- T 1.91 1.07 2.13 i
14 pa-T 2. 42 0.28 0.67 A

m mandhra; M madhya; T-tara; P-present; A-not present

Table VA. Table showing significance of difference between
adj acent notes within the registers for open phase
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In the " mandhr a' st hayi , there is a significant
di fference between adjacent notes accounted for a conbined
effect of the 'opening’ and 'closing tinme being significant

at low pitches for 'open phase'.

In the ' madhya' st hayi , t here are si gni fi cant
di fferences between notes sa to ri; ri to ga; dha to ni; but
not between notes ga to ma; ma to pa; pa to dha; the latter
may be owing to no marked shift in pitch between the two

not es.

In the ‘'tara' sthayi again, there are no significant
differences between ri to ga; ga to ma; but not for sa to ri;

and ma to pa; as the changes in pitch may be a gradual one.

At the transition point from 'mandhra’ to 'madhya
sthayis there is a significant difference due to the
significant effect of the "opening tine'. But, there is no
significant difference at the transition point fromni to sa
from 'madhya’ to 'tara' sthayi due to the net effect of the
‘opening time' and 'closing tinme' of the vocal fold vibration

again. This is indicated in Table VA and G aph V.
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Across registers

SI.No. Notes Mean SD Range Si gni ficance
of difference
1 dha-m 0.6 0.1 0.14 P
dha- M 1.32 0. 39 1. 06
2 ni -m 0. 64 0. 05 0. 07 P
ni-M 1.39 0.42 1.06
3 sa- M 0. 88 0.22 0.53 P
sa-T 1.51 0.58 1.13
4 ri-m 0.97 0.2 0. 47 P
ri-T 1.63 0.68 1.47
5 ga-M 1.01 0. 27 0.73 P
ga-T 1.8 0. 52 1. 27
6 ma- M 1.08 0.34 0.8 P
ma- T 1.91 1.07 2.13
7 pa- M 1.23 0.51 1.34 P
pa-T 2.42 0.28 0. 67

m mandhra; M madhya; T-tara; P-present; A-not present
Table VB: Table showing significance of difference anong
correspondi ng notes across registers for open
phase.
There is a significant differences anong correspondi ng
notes across 'nmandhra', 'madhya' and 'tara' sthayis due to an

obvi ous change in the 'open phase' period of the cycle from

low to high frequencies of glottal vibration.
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the change is a gradual one as one can nake out from Tabl e

VIA and G aph VI.

Sl . No. Notes Mean SD Range Si gni fi cance of
di fference

1 dha-m 3.55 1.35 2.33

2 ni -m 2.93 1.36 3.73 A
3 sa- M 2.79 0.41 0. 94 i
4 ri-m 2.61 0.02 2.6 i
5 ga- M 2.39 0.78 2.0 i
6 ma- M 2.21 0. 84 2. 06 A
7 pa- M 2.11 0.55 1.46 A
8 dha- M 1.87 0.62 1.53 i
9 ni - M 1.69 0. 67 1.73 i
10 sa-T 1.6 1.41 1.07 i
11 ri-T 1.45 0. 66 1. 07 i
12 ga-T 1.43 0. 46 1.2 i
13 ma- T 1. 03 0.23 0.33 i
14 pa-T 0.94 0.09 0.13 A

m mandhra; M madhya; T-tara; P-present; A-not present

Table VIA: Table of significance values for closed phase of
glottal cycle for adjacent notes within registers.
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In the 'madhya' sthayi there are significant difference
indicated statistically, between notes sa to ri; ri to ga; pa
to dha; dha to ni, but not between the notes ga to ma; ma to
pa; probably due to the less marked and gradual change in

pitch for the latter notes in Shankarabharana raga.
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In 'tara' sthayi, there are significant differences
between sa to ri; ri to ga;, and ga to ma, due to the high
pitch. But, this difference is not observed between nma to pa

ma- pa, which could be accounted for the subject differences.

However, there are a significant differnce at the
transition points from 'mandhra’ to 'madhya' (ni-sa) sthayi

and from 'mandhra’ to 'tara' sthayis.

Across registers

There are statistically significant differences between
correspondi ng notes across registers (mandhra to madhya;
madhya to tara). This is due to the obvious change in pitch

that takes place across registers.
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SI.No. Notes Mean SD Range Si gni fi cance of
di fference
1 dha-m 3.55 1.35 2.33 P
dha- M 1.87 0. 62 1.53
2 ni -m 2.93 1. 36 3.73 P
ni - M 1.69 0. 67 1.73
3 sa-M 2.79 0.41 0.94 P
sa-T 1.6 1.41 1.07
4 ri-M 2.61 0. 62 1.6 P
ri-T 1.45 0. 66 1.07
5 ga-M 2.39 0.78 2.0 P
ga-T 1.43 0. 46 1.2
6 ma- M 2.21 0. 84 2. 06 P
ma- T 1.03 0.23 0.33
7 pa- M 2.11 0.55 1. 46 P
pa-T 0.94 0. 09 0.13

m mandhra; M madhya; T-tara; P-present; A-not present
Table VIB: Table showi ng significance of difference for

cl osed phase across registers for corresponding
not es

VI1 Qpen Quotient

Wthin registers

In "mandhra’ sthayi, there is a significant difference
between dha to ni, the adjacent notes. However, in 'nadhya
sthayi, there are significant differences betweeen ri to ga;
pa to dha; but no significant differences between sa to ri;

gatom; m to pa; dha to ni. But again, in the 'tara



sthayi, there are

significant
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di ff erences

between all the

adj acent notes except for ma to pa.
Sl . No. Notes Mean SD Range Si gni fi cance of
di fference
1 dha-m 0.36 0.22 0.43
2 ni -m 0.48 0.14 0.35 i
3 sa-M 0.39 0.08 0.22 i
4 ri-m 0.39 0.12 0.21 A
5 ga-M 0.4 0.11 0.27 i
6 ma- M 0.41 0.17 0.37 A
7 pa- M 0. 39 0.1 0. 26 A
8 dha-M 0.42 0.13 0.33 i
9 ni-M 0.41 0.14 0. 56 A
10 sa-T 0. 39 0. 06 0.17 i
11 ri-T 0.42 0.11 0.25 i
12 ga-T 0.38 0. 07 0. 17 i
13 ma-T 0.38 0. 07 0.1 i
14 pa-T data not sufficient A
m mandhra; M madhya; T-tara; P-present; A-not present
Table VIITA: Table show ng signnficance of difference for

adj acent

notes within registers for open quotient
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However, there are significant differences at the
transition points from 'mandhra’ to 'nmadhya’ and 'madhya' to
"tara' sthayi as marked <changes in vocal fold vibration
occurs at these points. This is indicated in Table WVIIA as

well as Gaph VII.
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Across registers

Sl . No. Notes Mean SD Range Si gni ficance of
di fference
1 dha-m  0.36 0.22 0.43 A
dha-M  0.42 0.13 0. 33
2 ni -m 0. 48 0.14 0.35 P
ni - M 0.41 0.14 0.56
3 sa-M 0.39 0.08 0. 22 A
sa-T 0.39 0. 06 0.17
4 ri-M 0.39 0.12 0.21 P
ri-T 0. 42 0.11 0.25
5 ga-M 0.4 0.11 0. 27 A
ga-T 0.38 0. 07 0.17
6 ma- M 0.41 0.17 0. 37 A
ma- T 0. 38 0. 07 0.1
7 pa- M 0.39 0.1 0. 26 A
pa-T Data not sufficient

m mandhra; M madhya; T-tara; P-present; A-not present
Table VIIB: Table show ng significance of difference for open
quotient for t he corresponding notes across
registers
Based on the statistical analysis, it can be stated that,
no significant differences between the notes; dha; sa; ga,

are noted, but a significant difference between notes ni; ri;

ma; pa, exists along with the corresponding counterpart.
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VIl Speed Quotient

Wthin registers

As can be seen from Table VIII A and Graph VIII, there is
no significant difference between adjacent notes dha to ni,
in the 'mandhra' sthayi. However, in the 'nandhya sthayi
there are no significant differences between sa tori; gato
ma; ma to pa; but significant differences are oboserved

between ri to ga; pa to dha; dha to ni.

In "tara' sthayi, there is significant difference only
between ri to ga; but there are no significance of
di fferences between satori; ga to ma; nma to pa. This may be
due to the absence of significance of difference in the

‘cl osing phase' across the notes al so.

There is a significant difference at the transition
points fromni to sa from 'mandhra’ to 'madhya' sthayis, but

the sane is not observed between 'nadhya' to 'tara' sthayis.
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Sl . No. Notes Mean SD Range Si gni ficance of
di fference
1 dha-m 1.15 0. 82 1.59
2 ni-m 1.95 1.23 2.77 i
3 sa-M 0. 86 0.27 0. 68 i
4 ri-m 0.77 0.24 0. 53 A
5 ga-M 1.22 0.27 0. 69 i
6 ma- M 1.16 0. 47 1.02 A
7 pa- M 1. 09 0.38 0. 89 A
8 dha-M 1.05 0.54 1.38 i
9 ni -M 1.35 1.16 2.59 i
10 sa-T 1.12 0.4 0.98 A
11 ri-T 1.14 0.75 1.86 A
12 ga-T 0.93 0. 47 1.29 i
13 ma- T 1.88 1.59 2.25 A
14 pa-T 1. 09 0.12 0.17 A
m mandhra; M madhya; T-tara; P-present; A-not present

Table VII1 A: Table of significance between adjacent notes for
speed quotient wthin registers.
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Across registers

There are significant differences in terns of speed
guoti ent between correspondi ng notes across 'nmandhra' to
"madhya’ and 'madhya' to 'tara' sthayis except for sa across

one oct ave.
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Sl .No. Notes Mean SD Range Signi fi cance of
di fference

1 dha- m 1.15 0. 82 1,59 P
dha- M 1. 05 0.54 1.38

2 ni - m 1.95 1.23 2.77 P
ni - M 1.35 1.16 2.59

3 sa-M 0. 86 0.27 0. 68 A
sa-T 1.12 0.4 0.98

4 ri-m 0.77 0.24 0.53 P
ri-T 1.14 0.75 1. 86

5 ga-M 1.22 0.27 0. 69 P
ga-T 0.93 0. 47 1.29

6 ma- M 1.16 0.47 1. 02 P
ma- T 1.88 1.59 1. 02

7 pa- M 1. 09 0.38 0. 89 P
pa-T 1. 09 0.12 0.17

m mandhr a; M madhya; T-tara; P-present; A-not present

Table VIIIB: Table of statistical values of corresponding
notes in adjacent registers for speed quotient

| X Total period

Wthin registers

In the 'mandhra’ sthayi only, there is no significant
di fference between dha to ni, probably due to only a gradua
change in the total period of wvocal fold vibration, as

agai nst the other registers.

Apart from this, there are significant differences
bet ween adjacent notes in 'madhya' as well as the ‘'tara’

st hayi s.
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SI.No. Notes Mean SD Range Significance of
di fference

1 dha-m 5. 46 0.76 1.4

2 ni -m 5.91 1. 04 2.6 A
3 sa-M 4. 58 0.75 1.93 i
4 ri-Mm 4. 32 0.68 1.74 i
5 ga- M 3.93 0.71 1.4 i
6 ma- M 3.72 0.49 1.33 i
7 pa- M 3. 28 0.68 1.73 i
8 dha- M 3.32 0.79 0.8 "
9 ni-M 2.8 0. 56 1.53 i
10 sa-T 2.61 0.6 1.6 i
11 ri-T 2.51 0.72 1.93 i
12 ga-T 2.31 0.61 1.6 i
13 ma- T 1.67 0.19 0. 27 i
14 pa-T 1.54 0.19 0. 27 i

m mandhra; M madhya; T-tara; P-present; A-not present
Table | XA: Table of significance between adjacent notes
within registers with respect to total period of
glottal cycle.

There is no significant difference at the transition
points from ' mandhra' to 'madhya' sthayis as well as 'nadhya
to the 'tara’ sthayis due to the obvious change in the total
period of vocal fold vibration, 1i.e., from lowe to high

pitch. The above results are summarised in the Table IXA as

well as the Gaph I X



4.34

S k
= - o
=== == = = == = = = - — = ==
S I == == IEE2 i == = = =
-] o

Across registers

There is a statistically significant difference between
correspondi ng notes across registers due to the obvious shift
in the total period of the vibration of vocal folds from one

register to the next.
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SI.No. Notes Mean SD Range Signi ficance of
di fference

1 dha-m 5. 46 0.76 1.4 P
dha- M 3.32 0.79 0.8

2 ni -m 5.91 1.04 2.6 P
ni - M 2.8 0. 56 1.53

3 sa-M 4,58 0.75 1.93 P
sa-T 2.61 0.6 1.6

4 ri-m 4,32 0. 68 1.74 P
ri-T 2.51 0.72 1.93

5 ga- M 3.93 0.71 1.4 P
ga-T 2.31 0.61 1.6

6 ma- M 3.72 0. 49 1.33 P
ma-T 1.67 0.19 0.27

7 pa- M 3.48 0. 68 1.73 P
pa-T 1.54 0.19 1.27

m mandhra; M madhya; T-tara; P-present; A-not present

Tabl e 1 XB: Table of significance t ot al peri od across
registers

X Speed | ndex

Wthin registers

Based on the values of statistical analysis of speed
quotient, in the 'mandhra'" sthayi, no significant difference

bet ween adj acent notes dha to ni is noticed.
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In the 'madhya' sthayi, there are significant differences
between sa to ri; ri to ga; dha to ni, but not between ga to
ma; ma to pa; pa to dha. In the 'tara' sthayi, there are no
significant differences between any pair of adjacent notes
indicating that it is not a very effective indicator of

di fference of the higher register-"tara' sthayi.

At the transition point from 'mandhra' to 'madhya' there
is a significant difference, but no such difference is noted
at the transition opint from 'mdhya’ to ‘'tara'  sthayi.

These results are noted in Table XA and G aph X

msée 3= -
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Sl .No. Notes Mean SD Range Significance of
di fference

1 dha-m 0. 89 1.88 3.41

2 ni-m 0.23 0. 27 0.6 A
3 sa-M -0.01 0.16 0.4 i
4 ri-Mm -0.15 0.15 0. 34 i
5 ga-M 0. 09 0.12 0.29 i
6 ma- M 0.03 0.22 0. 49 A
7 pa- M 0. 02 0.17 0.39 A
8 dha- M -0.03 0.28 0.33 A
9 ni - M 0.03 0. 37 0.33 i
10 sa-T 0.03 0.17 0.41 A
11 ri-T 0.17 0.43 0. 29 A
12 ga-T -0.08 0.35 0.6 A
13 ma- T 0.18 0.45 0.19 A
14 pa-T 0.14 0. 06 0.08 A

m mandhra; M madhya; T-tara; P-present; A-not present

Table XA Table of significance values for speed index of
glottal cycle within registers.

Across registers

There are significant differences for speed index anong
correspondi ng notes across registers except between the sa

notes of 'madhya' and 'tara' sthayis.
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SI.No. Notes Mean SD Range Si gni fi cance of
di fference

1 dha-m 0. 89 1.88 3.41 P
dha-M -0.03 0. 28 0.33

2 ni-jn 0.23 0. 27 0.6 P
ni-Mm 0.03 0.37 0. 33

3 sa-M -0.1 0. 16 0.4 A
sa-T 0.03 0.17 0.41

4 ri-m -0.15 0.15 0.34 P
ri-T 0.17 0. 43 0.29

5 ga-M 0.09 0.12 0.29 P
ga-T -0.08 0.25 0.6

6 ma- M 0.03 0.22 0. 49 P
ma- T 0.18 0. 45 0.19

’{ pa- M 0.02 0.17 0. 39 P
pa-T 0.04 0. 06 0.08

m mandhra; M nmadhya; T-tara; P-present; A-not present
Table XB: Table of significance between correspondi ng notes
across registers for speed index.

Long term Average Spectrum

Long-term average spectrum provides data regarding the
spectral energy with frequency plotted agai nst anplitude. It

provides information regarding the formants and harnonics

al so.
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0-1
XI o ratio - O0——KHz
1-5

Within registers

In ‘'mandhra' sthayi, there are significant differences
between dha and ni. Similarly, in the 'madhya' sthayi, there
is a significant difference between adjacent notes again may
be attributable to the singer's formant. However, in the
'tara' sthayi, there is no significant difference between sa
to ri and ri to ga, but a significant difference 1is noted

between ga to ma.

At the transition point from ni to sa of 'mandhra' to
'madhya' there is no significant difference found. But, it is
not so at the transition point from 'madhya’ to 'tara'

sthayis. The results are shown in Table XIA and Graph XI.
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S1.No. Notes Mean SD Range Significance
of difference

1 dha-m 44 .39 43.42 61.41

2 ni-m 7.54 8.53 17.83 :
3 sa-M 7.82 5.42 13.65 .
4 ri-M 16.02 10.66 26.15 :
5 ga-M 7.46 4.17 10.82 :
6 ma-M 9.17 3.13 8.37 :
7 pa-M 7.64 4.18 8.87 :
8 dha-M 6.22 3.98 10.04 ’
9 ni-M 10.58 15.17 38.62 ’
10 sa-T 5.7 2.56 6.08 ’
11 ri-T 5.99 3.23 7.4 .
12 ga-T 10.43 13.23 31.83 .
13 ma-T 11.35 11.05 15.62 ’

m-mandhra; M-madhya; T-tara; P-present; A-not present
Table XIA: Table for significance values for notes within

registers with respect to o ratio.

Across registers

At the 1level of higher notes of "tara' sthayi in
comparison with the corresponding notes of 'madhya’ sthayi
there 1s no significant difference but otherwise, there is

a significant difference between corresponding notes across
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registers. This may be due to the changes being subtle at

higher pitches.

S1.No. Notes Mean SD Range Significance of
difference
1 dha-m 44 .39 43.42 75 .09 p
dha-M 6.22 3.98 21 .94
2 ni-m 7.54 8.53 20 .29 p
ni-M 10.58 15.17 42 .24
3 sa-M 7.82 5.42 17 .07 p
sa-T 5.7 2.56 8 .84
4 ri-M 16.07 10.66 32 .9 P
ri-T 5.99 3.23 9 .48
5 ga-M 7.46 4.17 13 .51 A
ga-T 10.43 13.23 32 .89
6 ma-M 9.17 3.13 13.72 A
ma-T 11.35 11.05 19 .16

m-mandhra; M-madhya; T-tara; P-present; A-not present
Table XIB: Table of significance across registers with

respect to o ratio for adjacent notes.

0-2
XII B ratio——KHz
2-8

Within registers

There are significant differences between adjacent notes

in the 'mandhra' sthayi. But, there are no significant
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differnces between adjacent notes ri to ga in both 'madhya'’
and 'tara' sthayi.
S1.No. Notes Mean SD Range Significance of
difference

1 dha-m 75.47 4.79 6.77

2 ni-m 81.27 6.1 13.11 :

3 sa-M 80.46 2.87 6.82 :

4 ri-M 77.14 3.03 6.88 ’

5 ga-M 79.22 3.68 10.05 .

6 ma-M 77.45 2.93 5.89 :

7 pa-M 77.62 2.52 6.82 .

8 dha-M 79.47 4.93 11.8 :

9 ni-M 76.24 4.15 10.87 :

10 sa-T 80.54 3.53 8.67 :

11 ri-T 77.64 6.68 14.05 ’

12 ga-T 79.15 7.89 19.38 .

13 ma-T 76.19 5.38 7.61 :

m-mandhra; M-madhya; T-tara; P-present; A-not present
Table XIIA: Table of significance within registers for
B-ratio.
There are also no significant differences between ma and

pa in the 'madhya' sthayi and ga and ma in the 'tara' sthayi

due to inter-subject

variation.

However, there are
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poi nt from

significant differences at transition
to 'madhya’ sthayi and 'nmadhya' to
The results are indicated in Table XIITA and G aph XlII.

st hayi s

t he
"tara'

" mandhr a

al so.
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Across-registers

There are only significant differences between
corresponding notes dha and ni of 'mandhra and 'madhya’
sthayis. Further, no significant difference is obtained
between the corresponding notes in 'madhya’ and 'tara'

sthayis as the pitch increases.

S1.No. Notes Mean SD Range Significance
of difference

1 dha-m 75.49 4.79 6.77 P
dha-M 79 .47 4.93 11.8

2 ni-m 81.27 6.1 13.11 P
ni-M 76.24 4.15 10.87

3 sa-M 80. 46 2.87 6.82 A
sa-T 80.54 3.53 8.69

4 ri-M 77.14 3.03 6.88 A
ri-T 77. 64 6.68 14.05

5 ga-M 79.22 3.68 10.05 A
ga-T 79.15 7.89 19.38

6 ma-M 77 .45 2.93 5.89 A
ma-T 76.19 5.38 7.61

m-mandhra; M-madhyaa; T-tara; P-present; A-not present

Table XIIB: Table of significance across registers in B-ratio
for corresponding notes.
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. 1-5
XITIT y-ratio———K Hz
5-8
Within register
S1.No. Notes Mean SD Range Significance of
difference
1 dha-m 74.81 70.28 99.39
2 ni-m 13.99 15.58 33.46 ’
3 sa-M 41.45 50.36 123.26 ’
4 ri-M 46.65 27.69 6.06 ’
5 ga-M 39.26 37.78 99.03 *
6 ma-M 16.67 35.05 60.31 ’
7 pa-M 55.93 48.23 116.36 N
8 dha-M 78.02 75.47 159.57 ’
9 ni-M 115.88 111.73 269.63 :
10 sa-T 48.2 56.04 123.91 ’
11 ri-T 88.66 153.72 356.26 ’
12 ga-T 183.15 339.17 780.81 :
13 ma-T 112.86 132.72 168.68 ’

m-mandhra; M-madhya; T-tara; P-present; A-not present

Table XIIIA: Table showing significance of difference within
registers for v ratio between adjacent notes
within registers.



Across registers

There is a significant difference between notes dha and
ni; 1in the 'mandhra' sthayi. However, in the 'madhya’
sthayis, there are no significant differences between the

notes ri to ga; ma to pa; and in the 'tara' sthayi, sa to ri.

Further, there are significant differences at the
transition points between registers, i.e., from 'mandhra' to

'madhya' sthayis and 'madhya' to 'tara' sthayis.

S1.No. Notes Mean SD Range Significance
of difference

1 dha-m 74.81 70.28 99.39 A
dha-M 78.02 75.47 159.57

2 ni-m 13.99 15.58 33.36 P
ni-M 115.88 111.73 269.91

3 sa-M 41.45 50.36 123.26 A
sa-T 48.2 56.04 123.91

4 ri-M 46.65 27.69 6.06 p
ri-T 88.66 153.72 356.26

5 ga-M 39.26 37.78 99.03 A
ga-T 183.15 339.17 780.81

6 ma-M 16.15 35.54 60.31 A
ma-T 112.86 132.73 168.68

m-mandhra; M-madhya; T-tara; P-present; A-not present

Table XIIIB: Table showing significance of difference for
corresponding notes across registers for y-ratio.
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There are mno significant differences between dha, sa,
ga, ma as well, the pattern being inconsistent. And, there
are significant differences between corresponding notes ni,
and ri. Hence, 1t can be concluded the the y-ratio does not

vary either with the notes or with change 1in the register

also.
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DISCUSSION
S1.No. Parameters Within Across
Registers Registers
1 Open Time SD SD
2 Closed Time NSD SD
3 Opening Time NSD SD
4 Closing Time NSD SD
5 Open Phase SD SD
6 Closed Phase SD SD
7 Open Quotient SD NSD
8 Speed Quotient NSD SD
9 Total Period SD SD
10 Speed Index NSD SD
11 o-Ratio SD SD
12 R-Ratio SD NSD
13 vy Ratio SD NSD
SD-significant difference present; NSD-no significant

Table XIV:

It 1is

difference present

Table shoving the summary of significance of
difference, for different electroglottographic and
spectral parameters at different musical notes
within and across registers

known that the basic notes or swaras in music are

seven in number, which can be sung in three registers mainly;



4,51
i.e., seven notes are placed at an interval of one octave
each- the 'mandhra', the 'madhya', and the 'tara' sthayis, in
Karnatic vocal nusic. But, due to physiological Iimtations,

all the notes cannot be sung in all the registers.

Many singers and teachers of singing have encountered
the nost baffling phenonmenon of register break, in the voice,
which may be the result of nmaladjustnent, rather than a
nat ural physi ol ogi cal function. This woul d be manifested by

noti ceabl e changes in the glottal mechani sm

Register in singing concerns itself, minly wth an
interruption of the pitch Iline-Victor (1973). He has listed
the determ nants of vocal pitch as density, thickness, wdth
and longitudinal tension, i.e., those factors that affect the
firmmess or elasticity of the glottal margins. Hence, there
appears to be differences in different glottal paraneters as
well as spectral paraneters whi | e singing at different

registers.

The frequency conposition of the glottal wave does vary
in different registers. A nunber of partials are also seen
exhibiting significant energy in the nodal register than in

the falsetto register.
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In the present study, significant differences in terms
of o, B and vy ratios in the 1lower register as compared to
the higher ones are noticed which can be attributed to the
energies at low frequencies. The presence of a remarkable
band of energy between 1-5KHz, specifically at 1.5-2.7KHz
region, 1i.e., the region 1in which the ‘'singer's formant'
has been said to be present, has Dbrought significant
differences in the intensity parameters corresponding to

that area, i.e. o, R and vy ratios.

One of the parameters of the 'singer's formant' includes
differences in body height and length of vocal tract.
Acoustically, the different registers show differences of the
glottal wave shape, which can result in a different frequency
composition (Gerritt et. al.,1992). In the current study,
there has been a concentration of energy at low frequencies,

which reduced as the pitch was moved from low to high

registers.
Results of the electroglottographic analysis, as
reported by other investigators, can be summarised as

follows (Gauffin and Sundberg 1989) .
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Feat ure Modal Voi ce Vocal Fry Fal setto
Open Quoti ent Medi um Low H gh
Cl osure sharpness Low Low Hi gh
factor
The gl ottal cl osure peri od involved in different
registers has also been different, according to the present

study also. It is for a longer period in the |ower register
as conpared to the higher ones. In the present study, it is
indicated by the increased nean values of 'closing tine' in
the 'mandhra' sthayi, with a gradual decrease as the pitch
noved towards the ‘'tara" sthayi. But, 'closed tinme' didnot
vary significantly, as pitch noved from Ilower to higher
registers. Simlar results have been found with reference to

‘opening tinme' also.

Further, in the present study, the 'open phase' seens
to increase gradually as pitch changed from 'nmandhra; to
"tara' sthayis. It may be noted that the 'open phase’ IS

influenced by the ‘'opening time' also. Simlar results are

al so observed for 'closed phase'.

"pen quotient’ is lower in low registers, as conpared
to high registers as reported in literature. But, in the

current study, no significant differences were noticed with

reference to this paraneter.
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On the whole, there have been significant differences
across registers in terms of open time, closed time, opening

time, closing time, open phase, closed phase, speed gquotient,

total period, speed index, o-ratio; and not for open
quotient, B -ratio and vy-ratio. Significant differences have
been noted for notes within registers for open time, open
phase, closed phase, open quotient, total period of the

glottal cycle, along witha-ratio, B-ratio, vy-ratio; and not
for closed time, opening and closing time, speed quotient and

speed index.

A change in pitch from low to high is seen with the
change from lower to the higher registers (mandhra to tara
sthayi) as expected. This change in pitch also 1leads to
changes in glottal parameters as evidenced 1in the current

study.

Hence, the hypothesis stating that,

1) no significanct differences in terms of the glottal
parameters 1s rejected as the majority of the parameters
( nine out of ten) are showing statistically significant
differences across the corresponding notes across

registers.



4.55
2) no significant differences in terns of +the glotta
paraneters for adjacent not es wi t hin registers is
neutral as the nunber of paraneters rejected as well as

acepted is equal to each other.

3) no significant differences in terns of the spectra
paraneters for corresponding notes across registers is
accepted as mpjority of the paraneters (two out of three)

do not show statistically significant di fferences.

4) no significant differences in ternms of the spectra
paraneters for adjacent not es within registers is
rejected as mpjority of the paraneters ( three out of

three) show statistically significant differences.
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SUMVARY AND CONCLUSI ONS

It is known that registration is observed both in
speaking as well as singing. A register is a physical,
acoustic event which results frond an energetic change within
nmuscul ar coordi nati on of vocal cords. There has been changes
in the termnologies as well as the nunbers used to designate
these registers fromthe past to the present. Simlarly, the
effect of the paraneters, the acoustical correlates,the
physi ol ogi cal correlates, the presence of special features
like the 'singer's formant' for the vocal analylsis in the
different registers also has been studied, the results of

whi ch have been presented in the previous chapters.

| ndi an nusi c also has been researched from tines
i mrenor abl e, which includes the work done by Bharatanuni,
Ahobal a, Bhat kande, Brhatdesi, Chandola and others even prior
to the 17th century, (Guppta( 1984), Sujatha (1987), Ragini
(1989) Vijaya (1990).

The present study was wundertaken to find out the
efficiency of electroglottographic paranmeters and long term
average spectral par aneters in trying to differentiate

nmusi cal notes within and across the three registers in
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Karnati c vocal nusic viz. Mndhra (low sthayi, Madhya

sthayi (md), tara sthayi (high).

Five trained female singers in Karnatic style of nusic
with mninum of five years of nusical training were taken as
subj ects. They were asked to sing the individual notes from
| owest to highest of their vocal range in raga Shankarabharan
sustai ning each note for 1-2 seconds. Sinultaneously, signa
from el ectrogl ottographic and acoustic output were recorded,
and the corresponding paraneter values were obtained for the

sane. The notes and registers were subjectively verified

agai n.
Further the data obtained was subjected to statistical
anal ysis. The non-paranmetric W coxon test for rel at ed

sanpl es was used and neasures of significance of differences

were obtained for different paraneters.

5.3 Concl usi ons

The follow ng concl usions were drawn

The el ectrogl ottographic paraneters viz. the open tine,

closed time, opening time, «closing tinme, open phase, closed
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phase, open quotient, speed gquotient, speed index, total
period showed statistically significant differences across

the notes and registers.

There were statistically significant differences between
corresponding notes across registers due to the marked change
in the glottal parameters across frequencies of glottal

vibration.

The parameters of long term average spectrum viz. the
o -ratio; PB-ratio; vy-ratio; showed significant differences
across registers. But within registers only o-ratio showed
statistically significant differences and majority of the

notes did not show significant differences for the other two

parameters, viz., B-ratio and vy-ratio.
Evidence of greater spectral energy in the region
between 2-4K Hz, correspondingly showing significant

differences in intensity Dbetween the same region may be
attributed to the presence of the special phenomenon of the

'SINGERS FORMANT' .
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| mplications of this study:

L

This study helps in determniong the role of various
glottal paraneters and spectral paraneters by an

efficiently used voice in the notes within and across the

regi sters.

This woul d provide the teachers of singing to nake
appropriate adjustnments in the vocal folds and respiratory
mechani sm for efficient use of vocal range wthout any

vocal breaks or change in the perpceived quality.

The study provides data regarding the efficiency of the
singer to use conpensatory techniques to obscure the

transition points between registers |ike covering.

The current study also indicates the fact that the specia
phenonenon observed in a Wstern singers, |ike that of

"singer's formant'is observed in Karnatic vocal nusic

al so.
m tations
The nunber of subjects is Iimted to five only.

This study is only Iimted to El ectroglottography and | ong

term average spectrum
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