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Introduction

Carnalic music is highly phrase-oriented, with movements from note to note or oscillations
(gamakams) of a note playing a greater part than the usc of steady notes of a particular

scale.Forcomputer applications suchasgeneratingscoreor notationfromlivemusicor generating
synthetic music from notation. ragam identification. erc., it is necessary to have a knowledge of
the pitch values of the notes and the manner in which the pitch of the melody varies in a phrase
orwithinan oscillatednote ina particular ragam. GauravPandeyet al had tried ragaidentification
of Hindustani ragas using computer analysis of recorded melody (Ref. I). In this study they
have presumed a certain minimumduration ofconstant pitch fora note,but as maybeseenfrom
the pitch graphs in this paper. in Carnatic music the notes may be entirely held as oscillations
without any perceptible steady pitch for even a short period. It thereforebecomes necessary to
charcterize a noreon thebasis of theentire movementramerthan a singlepitch.Characterization
of gamakams using quantitative parameters is a difficult task especially in situations where the
artist's imagination plays a very significantrole andwide variations are possible within broad
limits.

12 An analysis of the gamakamsof theCamatic ragamMayamalavagowla using computer
tools was published earlier (Ref. 2). It was found that the ranges and actual end points of
oscillations varied considerably, but the mean relative frequencies (r.f.) varied less and came
closer to. but mostly below, the theoretical rJ. value of thesteady note. This article gives the
results of computer analysis of the notes of Carnatic ragam Thodi in which the use of steady
notes is even less than other ragams. Similar studies with other ragams would be required 10

evolve general parameters for the 12notes in differentcontexts and even for different ragarns.
13 Thodi isone of the mostpopular ragams inCamatic music.The ragam isclassifiedas the

Raganga ragam of the Hanumathodiscale (Melam 8, equivalent to BhairaviThat of Hindustani
music). The notes used are (Camatic) Suddha Rishabham. Sadharana Gandharam, Suddha
Madhyamam,Panchamam.Suddha Dhaivatham,and KaisikiNishadham (exceptMadhyarnam,
all are Kamal notes in the Hindustani system). However, it is one of the ragams where the
bhavam (mood) cannot be established by the mere notes but by the manner in which they are
sung, especially the gamakams associated withthe notes. In fact, singing the notes in their own
positions without gamakam would convey a mood nearer to Sindhubhairavi or the Hindustani
Bhairavithan CamaticThodi.This ragam ischaracterizedby fluidityof movements. giving much
scope for individualization in alapana.
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1.4 Asampleanalysisof alapanas in the ragam by the well-known musician. the late Mani
Krishnaswamy, and by Sri Seshachari (of the Hyderabad Brothers) was undertaken using the
same computertools (withsomeadditions)as intheearlierstudy onMayamalavagowla(Ref. 2).
A few instances of the music in the Krithi 'Kaddanu Vaariki' sung by these two artists and
anotherartist(Prerna Rangarajan) werealsoused. Thesources of music werecommercialCDs.

2 Gamakams and Fluidity ofnotes

2 1 An analysis of the alapana of the artist named first above showed that 72% of the
durationof themusic is in theformof movements.i.e.•gamakams andmovementbetweennotes.
The parts whichcould beconsidered as steady notes accounted for only 28% of the time. These
were also mostly in Shadjam (15%) and Panchamam (9%) . Madhyamam, Rishabham, and
Dhaivatham accounted for a total of 4% only. In the alapana of the accompanying violinist,
movements accounted for 56% and in the balance of 44%, Shadjam accounted for 31% and
Panchamam4% of the duration; the rest9% was taken up by the other notes, This would imply
that assignment of fixed frequencies for me notes is not possible and the notes have to be
characterized by other parameters like boundariesof movements, meanfrequency, rangeand the
general shape of the movement.(Also see Ref. 4 which uses 'Melodic Atoms' to classify notes
inCamatic music.)

22 In Thodi, the same note can be rendered very differently according to the context. In
particular, thenotes Gandharam andNishadam have a variety of intonations. The analysis also
revealed that incertain phrases where the musicis continuously flowing over different pitches
with a series of ups and downs. it is even difficult to assign a particularnote to parts of the
phrasebasedon frequencies as may beseen in thepitch graph in Fig1. A Camatic music student
would. however,easily assignthenotation 'sarigarna pa cia ni Saa' forthisclip.Thecontinuous
flow of melody over the entirerange of notes makes it difficult to pinpoint the start and end of a
noteforthe measurementof mean frequency andrange of a gamakam.
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Inthis clipsa was 1917 hz

Fig. 1. The fast phrase sari garna padani Saa
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23 Of the four notes subjected to extensive gamakam in Tbodi. ga and ni have many
variations. On theVeena., ri and da are often played from sa and pa frets which precede them
immediately but may also be played on theirown frets, The notesga and ni are generally played
from the immediately preceding(bya semitone)fretsChathusruthiRishabhamand Chathusruthi
Dhaivatham. As these two notes are notpresent in the scale. ga and ni are to beplayed carefully
without conveying the impression of the lower notes.

3. Analysis Methods

3.1 The objective of the study was to analyse the manner in which the five notes rio ga, rna,
da, and ni are sung, i.e., relative frequencies used, ranges of oscillations. anchoring points and
shapes. For a discussion of problems of Frequency Estimation see Appendix 3 of Ref. 2. The
programreferred'0in Ref. 2written by me was used for Fast FourierTransform-basedfrequency
estimation and generatinggraphs. Inaddition the excellent freeware program. Praat, wrinen by
Paul Boersma and David Weenink (Ref. 3) was used. In this program, pitch is estimated by
Autocorrelation method. which unlike the Fourier Transform method, basically aims at estab­
lishing the periodicity of the signal rather than the frequency components. In uncomplicated
simple sounds these two are identical, but in the presence of other sounds (like the Tharnboora,
the accompanying violin, etc.), the results could be different. In some cases, while Praat is
unable to indicate a pitch. the Fourier Transform is able to show frequencies from which the
pitch could bearrived at.

3.2 Frequency Averaging: In Ref. 2 it was suggested that the impression of pitchconveyed
by an oscillated note may be related to the mean frequency over the period of the gamakam.
Measuring the mean is quite easy in the case of gamakam of a note which is anchored on
another steady note (as ri is anchored on sa in Mayamalavagowla), the starting and ending
points of the oscillation being the anchor.This approach was often not possible in this study (as
the pitch graphof Fig. I would show). In the case of an upward movement, the averagingcould
beon the segment starting with the point where the upward movement begins and up to the
downward-end point as in Fig. 2 below. This could however give distorted results since even
steady notes are often reached from below and part of the initial upward movement is only to
reach the required note and not part of the gamakam.

r----,--;--

Fig. 2 Fig.3

It would be more appropriate in such a case to take the average over a range with the same
starting and ending frequencies as in Fig.3.However, in cases where the loweringof pitch from
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the previous note before going to the next note was deliberate. the mean has to be taken as
indicated inFig. 2. Forthe clipinFig. I,themeanstaken from minimum to minimum were nearer
to theoreticalvalues forriorna. daandnitwhile means taken as inFig.3 wasnearer in thecase of
ga, Even smallchanges in thepositions of theendpoints could give very different mean pitch
values, so the values mentioned herehave to be taken as indicative rather than precise.

3.3 The findings foreach of the live notes ri.ga.rna.da, andni are brieflydescribedbelow with
selected illustrations of the pitch graphs. A tabular summary of the findings is given in the
annexure. Muchmoredata was collectedthan detailedhereandin the tablesin the annexure.
Selectedexamples have been given in the text of the article. figures and the tables. In all cases
cycliccent values aregiven forthe relative frequencies as they give a betterappreciation of the
pitch positions.

4. Suddha Rishabham
4.1 This noteis oftenheldfora short period whitepassing over to anothernote. A few cases

of prolongedand almostplainnoteor the samenote sliding up from sa were noticed.When held
inpassing, thenoteis mostly sungas a singleoscillation fromsa orfroma lower position. The
note is alsooftenpaired (Janta) withaconsonant like ' ta ' or 'na' in between. in thealapana.The
shape and frequencies vary according the context.

42 The relativefrequencies generally assigned to Suddba Rishabham are 16J15 (112 cents)
or a comma less (90cents).]n theequally temperedscale it would be 100 cents. In this study for
the notes which are reasonably steady, the mean relative frequencies (r.f.) with reference 10 sa
varied from about 70 cents to 99 cents. R.f. of 91 cents for a duration of 215 ms (Fig. 5) and
anotherlasting 300ms withr.f.of93 cents werefound. RJof 1261 cents(upperoctaveequivalent
to61 cents) for 275 ms wasobservedin a phrase in the Krithi where the artist wanted to express
softness. These indicate thai even in notes nothaving extensive gamakam thereis considerable
variation in pitch, but generally the pitch was in the region 75 tolOO cents for longer steady
notes.

43 Fig. 4 is an example of the pitch graph of ri held in three different manners (with ga in
between). The first and the last ri's sound plain. Fig. 5 shows one quick oscillation and one
almostplainriheldfor 220ms

J>of-- --- - - - - - - ----- - -,
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Fig.4
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350r-- ----- - - - - - - - - - -

rI mean '69 c rt mean 91 e (duration 215 ms)

'00'--------------_-- ---'
Fig.5

4.4 Oscillated notes: True slow oscillations of ri (as in Saveri or Poorvikalyani) are not
common in Thodi . Most of the ri notes touched in passing consisted of single quick upward
oscillations and the mean r.f.s (calculated from sa to sa or sa to trough if trough was higher)
varied from 60 cents '0135 cents. Mean rf.s in upward phrases tended to be higher than
elsewhere. The r.Ls of over 90 cents were found only in upward phrases and lower r.f.s were
found in upward. downward, and turning phrases.An example of high mean r.f. (113c) is given
inFig.6.Anexample oflow meanr.f.is the firstri inFig.5 above.This would beeven lowerif the
mean was taken from minimum to minimum. Anotherexarnple showing thedifference in means
between upwardand downwardmovements is in Fig. 7 wherethe meanin the upwardmovement
is 135 cents and themean in the downward movement is 89 cents, but this is not a universal
phenomenon. Themean in theupward movement would befound tobelower if measuredfrom
trough to trough.

4.5 However, irrespective of the meane.f.,practically all themaximain the oscillations were far
above 100cents-mostly above 150centsand inmanycasesevenabove204cents (i.e., above the
ChathusruthiRishabhampoint).This type of shootingfarbeyond the rJ.of eventhe next sernitone
is notedin the cases of othernotes in this study (see ga in Fig. 6). This phenomenon was already
noted in the analysis of Mayamalavagowla (Ref.2). In many cases the note also started from a
point below sa (even in a downward movement) as in Fig. 4 and Fig. 7. In these cases the means
wouldbe even lower if taken from trough10 trough which is weUbelow sa.

'l'.'1::i"-:-" - - - ---, 'l:' b.",,-.-_- . -_- . -_-.-_-.-_-.-_- .-_- .-_-.-_-.-_-.-_-.-_-,'
(means from sa 10 sa)

::=,1
Fig. 7
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4.6 Though true multiple oscillations of ri are notcommon, a few werefound. The voice
tended to go below sa between oscillations (Figs. 8 and 9). Because of this the mean r.f.s., if
measuredup to thetrough,werequitelow(around50 cents),whilewhenmeasuredfrom sa to sa
theywerehigher. This is indicatedin Fig.8. (Deduct 1200toget middleoctave values.) For the
two oscillationsin Fig. 9, if areasbelow sa are excluded, the means would be 70 cents and 80
cents. Themaxima however, wentabove 100cents- uptoaround 150cents.

5001------------------------,
1370 c 1345 c

s• .flll....-------~ - - -,- - - - --
1131 c

Fig. 8

300r-----------------,

S. 27ti - - - - - - - - --- - ---- - - - - _.-

p. 21}7- - - - - - - - - - - - - - - - - -

- ~-
l

ri combined mean 57 c

FIg.9

144c 150c

~......_-.........~-=-...-........-..._Isa 38--

5. Saadharana Gaandhaaram

5.1 The relativefrequencies generallyassigned to this note are 6/5 (316 cents) or a comma
less (292 cents) and in the equally tempered scale 300 cents. In Thodi this note is rarely held
without gamakam. Theoscillations are generally wide and oftenuptofouroscillations areseen
exceptinfastupward movements where a singleoscillationis used.Occasionally, inthephrase
sa ri ga - ri ga rna - ga rna pa, animpression of short steady note is conveyed,buteven this is
found with a reversegamakam. For the ga notes with gamakam found in this srudy, the mean
relativefrequenciesvariedfrom 243 cents to 368 cents. (The alapanaof Sri Seshachari figured
morein thehighermeans.).The lowestmeand. of243 centswas foundin the phrase 'dada Gaa
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Ri' withGaa in the upperoctave(Fig. 11), impartinga softer touch andheldfor acomparatively
longer duration of 400 ms.The lower rJ.s were found mostly in phrases ending in gaa without
stressingrna or in descending phrases. HigherrJ .s were found in quick upwardmovements or
movements in which at theendof thephraserna washeldor quickly touched before goingon 10

another ncte.,This is onlya general observation and thereweremany exceptions. Actually. the
wide variation in mean relative frequencies could not be fully correlated withany factor like
duration, upward or downward movement, indicating that the artist chose to convey thesense
ofahigher orlowerpitch accordingtohismanodhanna Theonlyconsistentfmding wasthat the
meand. tended to behigher than 300in fast upward movements.

5.2 Anexample of singleoscillationofga inupward movementmaybe seeninFig.6 above.
This is a very wide oscillationwith a rangeof about550 cents but the mean was 313cents. An
exampleof ga oscillatedthriceis in Fig. 10 and anotherwith low meanr.f. at the higheroctave is
in Fig II . Reduced to the middleoctave, this is 253cents.

4JlI1---- --- - - - - - - - - - --- ,
~ ~-- ---- - - - -- - -- -- - - - - - - - - --

Wide Dscillation of ga

340 C

66 c

gaa
289 c 292 c

common mean 312 c

--- - ---_ .

means-+

p" 2116 - - - - - - - - - - - - - - - - - - - - - - - - - -
.80 c 488 c 507 c

173..
Fig. 10

100\------------,::;--:-:-----------'

550 (da)da Gaa AI

(means takenfrom 1396(level) 1481~ 1528(

~--- -- -- --J-- ---- .-----,
.. ~~- - - -_. - .".:". _- - --

Ita means , ....ac 1454t
ecmmon mean1.53 e

2001--- - --- --- - --- --'
Fig. II

53 Fig II is an examplewherethe noterisesfromfarbelow andsothemeanistakenfromthe
levelof the next trough (1Zoo cents is to besubtracted fromthe values to get the corresponding

middleoctaver.f.)
5.4 Onthe Veena this note is generallyplayedby deflectingthestringfromtheChathusruthi

Rishabham fret and so the minimum point could beexpected to be around ZOO cents. In the
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samples of vocal music analysed for this study theminimum point varied from 4 1cents to 200
cents,i.e.,inmostcases the notestarted belowtheChathusruthiRishabham. The maximum limit
of the oscillation vatied from 384 cenls to 616 cents, i.e.. well above the normal Sadharana
Gandharamposition of around 300 cents andabove even the Suddha Madhyamamposition of
around 500 cents. 'The range of oscillation also varied from 85 cents to 580 cents. The wide
variationinparametersindicates thevarietyofexpressions that canbeconveyedby the gamakam
on this note. (However, please also see para 10.3 below.)

6. Suddha Madhyamam

6.1 The relative frequencyof natural Suddha Madyamam is 413 (498 cents). In Thodi, this
noteis often oscillated once in a quick upward movement. Elsewhere (mostly in the descent), it
is held for short durations (300 ms) without gamakam. Prolonged steady Madhyamam in Thodi
is found in some compositions and inalapanas.

6.2 In upwardmovements with singleoscillation the meanrf.s tended to bearound 500 cents
and the ranges were around 230 cents. Tbe maximaas in the cases of other notes went well
above 500 cents,upto 620 cents in one caseand 580 centsin anothercase. Th e minimwn point
of the oscillation (reached before proceeding to panchamam) were around 380 cents (near
AntharaGaandharam).

63. In thecase of steady notes, for one artist the relative frequencies in three different places
were found 10 be488, 489. and 496cenlSwhile those ofanother were found to be 498 and 517
cents (6/5 is 498cents). Like othersteady notes there werefluctuations within the note ranging
from 2S to 72 cents. In many cases the range was more than the fluctuations in Shadjam or
Panchamam(of around 30 cents).

6.4 Graphical illustrations of the oscillated Madhyamam in the ascent may be seen in Fig. 6
aboveand Fig 12 below.

:lXI (Ib)da Gal Ai

(mu ns takenfrom139Sc1..... 1)
UB1 t 1529 e

. 1396 t U SiJ(
St. - - - - - -- --/ -, - -- -g~-- -- -J-

P'~~- . _ - - ._._ . - ._.-
• mnn, 1443t 145.. c

common mean1453 e

Fig. 12
20l11---- =:--::,...- --.J

In Fig.l2. although the maximaof ga and ma are the same, the mean for ga is 346 cents (615
equals 316 cents) whilethatof mais 505cents taken in the rnanner illustrated in Fig.3.Occasion­
ally, the top of the oscillation is somewhat flatter than in these two figures. More steady
madhyarnams (including cases in the ascent) were found in the violin accompaniment In the
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descent, however, the madhyamam, even when touched for short periods, is held straight or
occasionally with movements overnarrow ranges.

7. Suddha Dhaivasham
7.1 The relative frequency usually assigned to this note is 8/5 (814 cents) or a comma less

(792 cents) and 800 cents in the equally tempered scale. In Thodi this note is often held as an
oscillation ftom around pa but is also held as a steady note. In this study in oscillatednotes the
mean rJ. varied from 743 cents to 822 cents. Lowermeanr.f,swereseeninphrases with slow,
lingering oscillationsand phrases whichdid not reachtharaShadjam(Fig. 13). True slow oscil­
lationsof dawere found (which waslesscommoninri).Highermean rJ.s werenoted inphrases
like '(pal dadaa (ni Sa)' which emphasizedda (Fig. 14) or in phrasesin which the oscillations
wereanchoredon the upper boundary(Fig. 15).The kinksatthe topofeach oscillation represent
theconsonants and anchoring there.) Asin thecaseofRishabham. themaxima of the oscillated
notes wentabovethe theoretical valueof 814 cents(815), insomecasesevenaboveChatusruthi
Dhaivatham (513 or 884cents and 27/16or906 cents)

simple oscUlated dOl

~ ~' ~,
dOl me"" '.f. 75lJ e

Ftg. 13

7.2 In steady notes the mean rJ.s variedfrom 777cents to 795 cents.

stJttngd,. da da . anchoredabove

933 c

r>-:A~ 9:l3e 004 ' ?- /' ..........
815 e me ~ 653 ' 660 c, , , )

Mean r f. ofeach O'icll~atjon ,
(Combined mean810 C) Mean ~ f B02 c 810 c

FIg. 14 Flg. 15

K Kaisiki Nishadam
8.1 The relative frequencies assigned to this note are 16/9 (996 cents) or a comma higher

(1018cents) and sometimes7/4 (969 cents)and 1000cents in the equally tempered scale. This
note is invariably held with gamakam in Thodi and even apparently steady notes (often held as
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Janta 'ni ni') were found to be oscillated. The meanrelative frequencies found in the study
variedfrom930cents10 1066cents,Therangeof oscillations variedfrom 113cents to 486cents,
Different means werefound inthesamenote whenoscillated 3 or4 times. TherJ.of the3rd or4th
oscillationis foundto be higher,as a resultof the peak beinghigher (Figs. 16and 17 which are
fromdifferentartists). The twopitchgraphslookverysimilarin shapethoughdifferingin actual
r.f.s. In Fig. 17the meanr.f for the thirdoscillationis found to be 1223cents (higher than thara
Shadjarn), suggesting thatthiscouldbe aquicktouchof Saratherthana garnakarnofni. In Fig.16
themeanrJ.sof thefirsttwooscillations are nearer thevalueforChathusruthi Dhaivatham and
maybe considered as quick touches of ni,butfornotation theywouldbe classifiedonly as ni.

mean r.1.'5

1468c

/\ 1186c
s. _--.1BlC--1089C--7--\:::?\-

pa~ ~O:::_\
~~--~

1010c 950c 1223c 1111c
$t -.------------------

neelSa)ni(da)

1313c
So 0. _

1048c 1000c ! \, (,II08C

I~' v :
pa.~ 819 c __ 819 c_ Jll2!c._~
~ -----+ ~ +---+

931 c 930 c 1062c 1016c
meanrfs

5OOf-----------------, <Jof-"""',..,--==--------j
~ee[Sal.niIda)

FIg. 16 Fig. 17

The ranges of oscillations in the above vary from 229 cents in Fig. 16 to 340 cents in Fig.!7.
Deliberate wider oscillations with ranges around 400 cents are also seen corresponding to
similaroscillations in ga (Figs.18and 19- againfromdifferentartists),

Wide oscillation of ni"'8)

1302 t 1268 e 1~ e / .....
So -- - -,'"'. - - F\- -T"'.- - A .'(V V V-
po ",,-cv- . - . - . - .- .- .- .

854 c &112 c f(() e

po

..

WIdeosc:t:Ulation of hi (NK)

121-4.e 1m£: 1182c

\.- -/'~Cj~~-
- - -825 c· - - &1 c - - -667 e- - -a:D

f II I~

m~an r.l"s 1014c 1048c- 1025c

- - -
meanr.£ 1l:E6 c

Fig18 Fig. 19

8.2 On the Veenathese wideoscillationswould beplayed on the ChathusruthiDhaivatharn
fretby deflectingthe stringup to aboutthe Sa position.In the vocal recordingsillustratedabove
the lowerpointis wellbelowChathusruthi Dhaivatharn(900cents) andthe higher reachesare in
some cases well above thara Shadjarn.

83 An oscillationof nishadarnanchoredon sa can be seen in Fig. 20.
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nianchored onsa

1200 c 1200 c

- -means 1024 e 1039 c
sa

Fig.20

8.4 A low-pitched Nishadham held as a reverse oscillation with a slight increase in the
middle is found in the alapana of both the artists with similar shapes (Figs. 21 and 22)

l .w.1 (HO)'n um e. ~ F---
/\ 690c e 87Bt

~ -991 e 959 c
I mean1,1 94 1 C

I

ow nl (Id'9

!Il8 e
~.r-../' ;c

~ ----946< !l6'e,
mea

FIg.21 FIg. 22

9. Similarity in Pitch Curve Shapes
9.1 Theabove analysis would show that the actual relativefrequency valuesof notes vary

considerably for the same note, both in the mean values and the limitsof the oscillations. This
raises the question of how a particular note with gamakarn is recognized.The pairs of figures
ahove(Figs. 16- 17andFigs. 21- 22) showthat despitedifferenceinaetual relativefrequencies
thereis similarityin shape. Many more suchsimilar shapeswereobservedwhen comparingthe
pitch graph renderings ofdifferent artists for the same phrase and when comparing the shapes
of the pitch graphs of a phrase sung by a vocalistand rendered by the accompanying violinist
(whoin the Carnatic style of alapanaoften repeatsthevocalist'sshortphraseafter thevocalist).
Someexamplesaregivenbelow.The similarity is morepronounced whilesinginga Krithi where
the basic tune is well-defined, ...

, ~,
, ~, ''''1< I ,.."

V \ 'tl~ .'.. ~ IU '-I
-. - - . v I/J";;-- ' I ' U <r.
-------

,,,', ":',~,

!~ 1\ ... ... .~ ' ..~. AI'r'
It ! '., ~,~ ;-: },,'l J\.AJI i.- -(_....... - .........-
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Fig . 23 is the start oflhe Krithi 'Kaddanu Variki' and Fig. 24 is a phrase in anupaJlavi of the same

Krithi . The pitch graphs of rendering by two different artists show close resemblance in shape

while theactual relative frequencies are different.

PR

839 c

arne

1243 e

Fig. 24

u aae 1215c 119Jc

Fig. 24 is the pitch graph of a phrase in the alapana sung by the vocalist, followed by the

repetition of the same by the violinist. The shape s are similar but the range of the gamakam is

less in thecaseof theviolinist (whichwas also noticed inother places in this studyandin the
analysis ofMayamalavagowla earlier in Ref. 2).

987 c

884 c

<'----- Voice.--------,<---

.........
Fig. 25

Vidin--------

10. Conclusions
10.1 The study has covered the intonation of notes used in the Carnatic ragam Tbodi. The

notes ri,go, daandni are generally held with gamakam andtherefore cannot be characterized by

a singlerelative frequency value. Themean relative frequency canbe an indicator of thepitch
sensationconveyed.However. calculating themean relative frequencies wasalsoa problem as
it was difficult to ass ign correctly the start and end points of a note in a continuous gamakam­
filled flowin g phrase.

102 It was found that the range of oscillations andthe relative frequencies of the limits of
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oscillations of pitch varied considerably among artists and in differentcontexts for the same
artist. The meanrelative frequency values also varied but to a lowerextent, more often being
below the theoretical values ascribed to the steady note.The upper limits of the gamakams in
mostcaseswent farabove thetheoreticalrJ.of thenotes and in somecaseeven abovetherJ. of
the next semitone.Certain characteristic shapeswerenoticed forsimilar phrases sung by the two

artists studied and these weremore pronounced in thesinging of theKrithi. These pitchcurves
of similarshapes conveyed similarmusicalexpressioninspite of theactual relativefrequencies
being different.Thusacombinationof the meanrelative frequencies (withinacertain range)and
characteristic shapes of the pitch contours appear to characterize the phrases in the ragam
leadingtoquickrecognition or identification.

103 One possiblereasonforwiderranges inthevoicecompared to theviolinand the reason
for the voice reaching far above the note's theoretical frequency(orgoing well belowtheanchor
note) couldbe the timedelay involved in the feedbackmechanismof musical voice production.
Another study (under way and yet to be published) appears to indicate that this feedback
mechanism could also explain the variations in steady notes if we apply the concept of Just
NoticeableDifference in pitch (IND)

10.4 The study covered in this article and the earlier one on Mayamalavagowla were of
Camatic ragams where extensive gamakams wereappliedto the 'blacknotes' (i.e.notes other
than those in the Dheerasnkarabharanam scale or Bilawal that) such as Suddha Rishabham,
Kaisikin Nishadham, etc., or in the case of Mayamalavagowla, 'white notes' (ga andnil juxta­
posed to another note separated by a semitoee. Studies are also required for ragams having a
large number of 'white notes' separated by two semitones from the adjacent note, such as
Kalyani, Moharram, etc.,where the notes areheld bothas steady notes and withgamakam which
may be short or long in range. When there is a long or short-range gamakam (say) in the
Dhaivatham of Mohanam, the mean relative frequency within the oscillation is bound to be
higher than the expected value for Dhaivatham, since in such cases the main note itself is the
lower limit (unlike in the case of 'black notes' where generally the next lower 'white note' is the
lower limit). Only after a study of such ragams is made could a reasonably accuratemethod for
assignmentof notes to a phrase by computeranalysis be attempted.
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ANNEXURE
(Sem e Eumples )

(R.F.: Relative Frequency. Osc.: Oscillation)

Rbhabham
Context Dura- ND. of Mean Relative Range Ma xi- Mini- Figure ref-

tion : Oscillation Frequency mum mum erence &
Milli- I lndivt- Com- R.F. R.F. comments
second dual as mon

Pla in ri

1 (sa) ri (sa) 115 91 40 111 11 Fig 4. Mean is
fa< the flat no"

2 (sa) ri (sa) 240 99 4 1 120 19

3 Violin fol- 280 14 12 92 80

lowing 2

4 (ga ri) Itt (gaal 230 14 42 124 82

5 Ree (Gaa) 450 93 28 113 85

6 sa ree sa 215 96 3 1 116 85

1 Sa R.ee Sa 215 61 32 18 46 From Krithi

O.dUated ri

8 (sa) ri (ga ri) 160 I 50 135 88 -41 Fig. 4 first osc.

9 (sa ri gal ri 100 I 80 130 130 0 Fig. 4 thirdosc.

10 (ga) ri {reel 125 I 89 112 113 0 Fig. 5

II (sa) ri (ga rna) 115 I 113 286 286 0 Fig. 6

12 (sa)ri (ga rna gaa) 125 I 135 235 235 0 Fig. 7. first esc.
13 (S", Ri ) daa 90 2 92 60 239 110 -69 Fig. 8.Common

50 95 214 145 -69 mean includes
areas belowSa
between the

- oscillations

14 I lmalri r irree n \ 160 2 65/8 2 60114 1381203 150 12/-53 Fig. 9 Lower d
-do- 2- esc . 150 60/66 1111156 129 12/-21 values include

areas below sa
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ANNEXURE
(continued )

11

Conte xt Dura- No. of Mean Relative Range ~tax i- Mini- Comments and
ratio n Oscilla- Frequency mum mum mum reference to fig-
MiIlli- tion Indiv i- Com- R.F. R.F. ures in the paper
second dual osc mon

In fast upwa rd movement

I (sa ri ) ga(ma) 145 I 307 581 616 65
2 (sa ri) ga(ma ) 90 I 348 468 500 32
3 (sa ri) ga(ma) 310 I 341 520 561 41 Mean is 293 c

if taken from
trough (-35 ) to
trough (4 1)

Longer ga

4 (sa ri)gaa gaa 275 3 289 312 414 480 66 Fig. 10

-do- 20<1 OSC. 235 292 412 488 66
-do- 3f'd osc. 225 340 423 507 84

5 (da da)Gaa (Ri) 450 2 243 249 85 281 196 Fig. II . Values
reduced to
middle octave

-do- 2"" osc. 295 254 132 328 196

6 sa ri gaa gaa 230 5 355 348 307 506 199

-do- 2I0Il osc.. 230 330 363 539 176

-do- 3'" OSC. 220 330 368 509 141

-do- 41f1 osc. i 75 349 456 577 121

-do- Sill osc. i 60 369 496 617 121

7 da pa rna gaa 370 2 324 3JJ • 399 536 i3 7

8 -do- 2"" osc. 210 365 376 513 137

9 pa rna gaa 275 2 352 330 114 501 187

-do- 2"" OSC. 260 334 332 519 187
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ANNEXURE
(continued)

Context Dura- ND. of Mean Relative Range Maxj· Mini- Comments
ration Oseilla- Frequency mum mum

Millli- tion Indivi- Com- R.E RE
second dual ose. mon

Plain da

I (pa) daa (paa) 215 776 22 783 761

2 (pa) daa (paa) 145 795 14 812 798

3 (rna pa)daa(pa 295 796 40 811 769 Rising slowly
I

Oscillated da

4 (pa)daa.. 200 3 767 750 143 852 709 Fig. 13

-do- 2nd oscillation 235 763 120 829 709

-do- 3rd oscillation 215 743 138 853 715

5 Violin following above 160 2 750 735 93 800 707

-do- 2M oscillation 150 744 53 754 707
-do- 3n1 oscillation 130 733 55 757 702

6 (pa) dafni Sa) 265 3 815 810 216 933 717 Fig. 14

-do- 2nd oscillation 200 793 155 872 717
-do- 3rd oscillation 140 817 148 879 727

7 (pa) daa(ni da) 220 2 758 769 136 836 700
-do- 2nd oscillation 180 778 164 908 695

8 da da (Gaa Ri) 320 2 802 806 245 908 663 Fig. 15

Anchored above

-do- 2nd oscillation 300 810 280 940 660
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Co ntext Dura- No. of Mea n Relat ive Range Maxi - Mini- Comments
ration Oscilla- Frequency mum mum

Millli- tion I nd i Vi~ 1 Com- R.F. R.F.
second dual esc mo n

In up ward movement

I (da) ni ni (Sa daaj 145 4 93 1 973 129 1048 1 819 Fir . 16.

-do- 2O<i o scillat ion 2 10 930 131 1050 !819

-do- 3rrl oscillati on 75 1062 449 1313 864

-do- 4111 oscillat ion 140 1016 234 1108 864

2 (pa da) ni ni (daa) 220 2 99 1 991 342 1]64 818

-do- 2"'" oscill at ion 200 991 352 1174 818

3 ni ni (Sa) ni (da) 140 2 1010 986 340 1130 790 Fig. 11 (first 2
, ," ion..)

-d:to 2"" oscillation 115 950 307 1089 782

-do- osc. after Sa 95 I 1111 64 1186 1022 I Fig. 17 Last

OSCill~ion

\t'ide Oscill a tion

4 nee nee 280 3 1014 1035 389 I 12 14 825 Fig. 18

-do- 2'" oscilla tion 290 1048 391 1232 841

-do- 3rd oscilla tion 275 1025 322 1182 860

5 nee nee 180 3 1127 1066 448 1302 854 Fig, 19

-do- 2nd oscill ation 230 1049 426 1268 842

I -do- 3" oscillati on 175 1051 aso 118u . uu ,

Anchored ab ove on Sa

6 ni - ni 225 2 1024 1074· 380 1200 820 [Fi8. 20

-do- 2 001 OSCillation 265 1039 292 118 4 892 I
Conveying low pitch

7 (cia) nee (cia) 280 2 946 920" I II 988 855 Fig. 2 1

-do- 2- osci llatio n 325 961 176 1031 855

8 (da ) nee (da) 130 2 991 941· · 153 1043 890 Fig. 22

-do- 2nd oscillation 130 959 122 1000
1

878

Voice remainedat the higher limit forconsiderableduration betweenthe twooscillations andhence
the common mean is higher than thetwo means

.* voice remained at the lower limit forconsiderableduration betweenthe two oscillationsand hence
the common mean is less than the two means
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