
lrìJORD TONES AND LARYNX MUSCLES

Eva Gårdlng

0, Outline

This is a slightly revised versÍon at a seminar talk given in Lund, May 1970.

Jn Section 1 I sha1l make a brief summary of öhman's model for intongtion

(öt''man, 196? a) and in Séction 2 L shall discuss the results of an EMB study

that was caryied out by öhman, Leandersson, and Persson to test öhmanrs theo-

ry (ötrman g!-4. 196? b). Section 3 is a preliminary report on an EtVlß inves-

tigation para1lel to Ühman's (See also Gårding, Fujimura, Hirose, 1928). The

lmplications of our otvn data are discussed in Section 4. They indicate that

öhman, s model cannot be entirely correct. ïn Section 5, a revísed versíon is
'

suggested and in 6, lvieyerrs wordtone data for Swedish dialects (Meyer, 193?
l

and 1954) are interpretecl in terms of the revised model. A correlatj-on of our

EîvlG data to the standard stress notation usecl for the worcl tones cor¡cludes

the report Iz).

1 of ûhmant s .model

öhman trled to j-ncorporate the Scandinavian word tones Ín a generaJ- quanti-

tative model for intonation [öfrman, 1967 a). The first version of this model

only concerns the stressed syllable of an utterance. He postulates that the

observed fundamental frequency curve for such a syllable can be decqmposed

into a positive sentence intonation step and a negatíve word intonation pu1se,

To give an example:

step-
functions

step

pulse
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The stepfunctions represent the on and offset of the nerve signals, Each

stepfunction passes through a fi.lter which simulates the inertia of the

anatomic structures. The filter has a smoothing effect on the stepfunction.

,/llhen the two inputs above have been smoothed anrl added to each other, the

output will be like the dotted line below:

By timing the pulse in various ways in relation to the step, öhman ob-

tains the configurations that he needs to approximate the word tones in

different dialects. [Meyer, 193? and 1954. The dialectal variation ii strown

in Figure 1, öhrnan's figure ÏÏ-B-3r op. cil. P. 23.) ':

Dialectal variation can then be explained as a difference in timing be-

tween the pulse and the step. The almost reverseo patterns in Stockholm and

Bkåne (Numbers 1-5 and 90-93 in Figure 1) are interpreted in the following

way: The tin¡e order of the step and the pulse is revers"U (l&-gi!. p. 26).

The acute and grave accents correspond in Danish to stÉd (a kind of glottal

stop) and !g_g¡!9. Smith (Smittr, 1944) made acoustic and physiologfcal meas-

urements of this contrast. In an EhlG investigation of the expiratory muscles

he found that words with stÉd are characterized by a brief and intense in-

nervation pattern compared to a more evenly distributed innervation in the

words without stÉU. This innervation is followecl by a sudden relaxation that

Ifor reasons not well unc]erstood) brings about a momentary disturbance or

inhibition in the vibretion of the vocal cords. The effect of this inhibi-

tion is a segment with a glottal stop or in most cases a segment with creaky

voice.

The fact that a glottat stop in Danish corresponds to the ecute accent in

Swedish gave öhman the idea of interpreting alt Scandinavian r¡'rord tones as

"glottal stops" in the sense that they all have some inhibitory effect on



a 
::.

.

¿

--
--

T
;;î

;J
I 

¡*
c¡

r 
I

â¡
{¡

ri 
tr

Æ
¿

m
 !

l1

¡l * a ta

H
rt

ót
{ñ

9

û!
að

Y
..¿

a

sb ¡ð çp
F

¡d
!

O
tr

t

ål
i6

dç

ttt
É

6i

¡F
lr

¡6
r

¡t ¡ô T
ffi

ð¡
ú

O
rF

¡.
T

¿
ek

¡-
v.

¡G

Ã
¡*

<
.1

*r

¡'l
lrq tu
.

7Ð

ilr
et

fl åt

t¡ a, H
. 
fi6

*!
¡t

72 K
¡ñ

d

fr
Þ

t

t? ì9
¡ It

i 
¡d

i!

k¡
+

i;i

rr
l

1l
tt 3? L¡

kT
,c

i
,9

3t
¡t

ó¡

E
f

o

Â
¡

t\
t¡ ùt

,l.
ae

¡t

¡0 h¡
.

¡|u C
a'

lc

ftt
llç

:tf lff
i¡

la
l

I
ra ^*

r

\
a,

L

tt ! 
l¡é

r¡
¡c

¡.

! 
u.

rq
tn

g

in
t4

at a!

if ¡ó
lh

r tr
tñ

t ¡¡

r¡
¡ :tt rù

tr
ar

l'.

¡¡
r6

ad

¡Ê
aõ

rl

tl

tó ñ
!l td

lrô
o

¡l lq
d{ ¡¡ l¡l

C
'b

ræ
ll lå

.'¡
t

aî ¡r lt

¿
h

F
ig

ur
a 

1.
F

.íg
. 
lI-

B
-3

.

h] f\l

U
tf.

Ê
lú

tlt"
.B

rð
.

d

'tr
IaIz

\

\

It

Y

tft
^¡

S
tr

iìû
itr

â
'¡lb

rr
a*

t¡

à \

\

G
..t

#t
å

la.3
lm

..l
"\

i 
)

t^
xl

co
l¡d

ra
a{ r5 V

t¡
t

:.|
É

t

t!t26i
¡ô

Y
ild

t¿ttH
S

rç
ã

tt

I

S
ch

em
at

ic
 a

cu
te

 ð
nd

 g
ra

vc
 a

cc
cn

t 
pa

tte
rn

r 
of

 a
 b

ua
dr

ed
 S

ca
nd

in
av

ia
n

di
al

ec
te

 a
cc

or
di

ng
 t

o 
g.

 ¡
. 

M
ey

er
r 

Ð
ie

 ln
io

¡r
¿

tio
n 

irn
 S

ch
w

ed
irc

he
¡r

 
P

ar
t 
lI.



23

sentence intonation. This inhibitory effect is strongest in Danish¡ for the

st/U ttre vocal cords are adducted to such an extent that the vibratory pa.t-

tern becomes irregular. In other Scandinavian dialects - accordíng to the

theory - the effect is much weaker: the vibrations are inhibited but they

do not lose their PeriodicitY.

This glottal stop theory motivates ühmanr s choice of a negative pulse

for the word accent.

öhman's EMG study'¿.

öhman then looked for some physiological mechanism that was likely to have

anegative,thatispitchinhib,itingeffectonsentenceintonation.Inan

Eivi6 investigation tihman and his co-workers studied the behavior of two of

the intrinsi-c laryngeal muscles during the pronunciation of words wíth con-

trastive worù tonts and words wíth glottal stops. (ötrman et al.r 19F? b,)

The vocalis muscle was chosen as a. rcpresantative of the adductory ínuscles.

It is natural that this muscle should be active for glottal stops. That this

is indeed the case has been shown in earlier EfulG investigations, for in-

stance by Faaborg-Andersen. (Faaborg-Andersen, 195?.) fne cricothyroid was

selected because this muscle is known as the main tensor muscle and ùhere-

fore the muscle responsible for pitch control. i'Jhen the cricothyrotrd con-

tracts the cricoid arch is reised towarcis the anterior part of the thyroid

cartilage. In this process the arytenoid cartilages which are mounfed on top

of the cricoid lamina are tilted backwards. The tilt lengthens the distance

between the points of attachment of the vocal cords' (,9onesson, 1968t p. 51..

The voeal cords will therefore be stretched which means that during phonatiot

the pitch will go up. The effect of the cricothyrold actívity on pftch has

been extensively studied. (Arnolct 19e'1t Faaborg-Andersen 1957, CIhala 9!-9I.

1g6B and 1969. ) Expected electromyographic correlates to Ûhman's theory
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would be a period of inhibition in the cricothyroid muscle combined wÍth in-

creased activity in the vocalis at the time when the negative word pulses
I

are supposed to occur.

The results of the EiliÇ experiment, which was performed with needle elec-

trodes on a male subject speaking the Stockholm dialect, were inconclusive.

The main finding according to ùhman was a brief interval of inactivity in

the cricothyroid muscle which roughly coincided with the negative pulse.

There was no corresponding increase in vocalis activity, at least not in the

examples publishecì by the nuthors. Figurc 2 shows exarnples of the vocalis

ancl cricothyroici activity implied by the word tones. The inhibition phases

related to the word tones are marked by arrows.

To facilitate the interpretation of the electromyograms I have added the

fundamental frequency curves that can be expected in this kind of dialect'

The cricothyroid activity correlatcs very well with the fundamental f;'e'

quency curve in general. llith e. low pitch as in the }ast part of thc frame

ie_sa therc i-s a concomitant low activity in the cricothyroid. In my view

thÍs correlation can also explain the arrow marked interval in the grave

accented word in the figure and is not necessarily an indica.ti-on of a nega-

tive pulse. Increased activity in the vocalis would have made the negative

pulse interpretation more probable but the vocalis record does not change

in conneetion with the Pulse.

The electromyograms of the acute accented word do not give much support

for the negative pulse either. It is true that the arrow points to an inter'

val with reduced activity in the cricothyroirl signal- at a point in time tha

fits the postulated pulse but it is not accompaniecl by increased ectivity i
:

the vocalis muscle, rathep the conttary, In my opinion the reducçcl activit

in [:oth the cricothyroicl and vocalis muscles could be an effect of a phona-

tion pause in connection with the syntactic boundary between the frame de v

and the test word rather then a manifestation of a negative pulse' The gap
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in the oscillogram for the occlusion of the g of the acute word is longer

than normal end certainly quite a bit }onger than the occlusion for the cor-

responding ! above in the grave accented word.

This experiment is the only attempt tha'b tjhman has made so far to give a

physiological basis to his theory.

In the fotlowing I shall discuss some rÉlsults of an Eit:G investi-gation pa-

rallel to ùhman's. 0n the basis of our ef'¡iG data I shatl propose an analysis

of worcí tones in terms of positive pulses only. This analysls is well suppor-

ted by the EMG data. It also fits the word tone data collected by Meyer.

lVly analysis may also be usetl to sketch the clevelopment of word tones in

Scanclinavian clialects from a common origin, I shall come back to this in

another cnntcxL"

3. EMG study IgårUinq, Fu,'iimura, Hirose, 19?A )

9sÞæsjs

The two subjects are E (femate) representing the Skåne dialect and L [mafe)

speaking a dialect in which the v'rord tones are manifested much the 6ame as

in the Stockholm clialect. His dialect may perhaps be described as Standard

l.¡¡iddle Swectish.

Test material

Our test material consists of some 2O sentences with the two word tones in

varying phonetic contest. The test worcls were put in neutral frames,and the

sentences were read with and without emphasis in a rj-sing-falling sentence

intonation. A t¡,P ical test sentence is de va pamen iq s-e r i.B. it was pamen

I said. The nonsense sequence Eggg was given the acuti: and the grave accents
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respectively. A few items had glottal stops and a couple of sentences were

whispered. Each test sæntence was read fifteen times serially. Ëo far only

part of the material has been processed.

l\,luscles

Since the experiment was a paral1e1 to ühmanrs, it was natural to chQose the

same muscles: the vocalis and the cricothyroid. In addition the ster¡rohyoid

was selected. This muscle has been shown to be active for pitchlowerlng in

b,oth English and Japanese [Hirano g*! a]. 1967 and Oha1a et al. 1968)'and it

was expected to have a similar function in Swedieh,

EMG equipment

Flgurc 3 shows the EMß equipmant. The electrodes are bipolar and consist

of thin wire threaded through the cannula of a hypodermic needle. The end

of the wire is hookecl. \rVhen the desirecl location has been reached the needle

is withctrawn leaving the electrode hooked to the muscle. (The experimental

procedures are described by Hirose ut ql.r 19?0.)

The mucosa of the larynx is gi-ven a tight anesthesia before the electrodes

are inserted through the nuck. The insertion is almost painless. Once the

electrocles have been fixed in the right position the sul:ject can talk in a

natural voice without ft:eling their prtsenc',i, Aftcr the session the wire is

removed by a light tug.

The electromyographic signa.l was amplifictl by a DC preamplifier designed

for EMG. It was recorded together with the microphone si-gnal on magnetic

tape. The recorclecl signals were fed to a PDP-9 cornputer through an AD (gn"f-

ogue to data) converter. fn this process the EfvlG signal is sampled every 100

mi-crosec ancJ dígitized into 6 bit levels. At first absolute values were taker

of the samples and these were then smoothed over a range of 10 msec, (for a

better description, see Simada gL3!. ß?A.J ffre smoothed signals for B-12
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ing the larynx bacl< to 1ts rest position after having been }owered for the

low-pitched end of the frame? Or is it an effect of the inspiration? f,uch-

thal ( 1959) thought that an íncrease of activity in this muscle during in-

spiration might serve to steady the vocal cords and prevent them from flapp-

ing during the influx of air.

The cricothyroicl ancl thc fundamental frequency curves are very similar.

Every peak in F_ has a corrËsponcting peak in the cricothyroid eurve. Thiso.
confirms what is well known from a number of earlier investigations¡ the

'.

cricothyroicl muscfe ís the main pitch controller. The articulatory $estures

have little or no effect on this muscle

The sternohyoid has peaks when the jaw opens for the most open and the

most stressed vor¡,els.

Figure 5 brings out the contrast between the acute and the grave accents,

.pÉ:mm, pàmtn in 5 a and mámma, IèHg in 5 b. The vowel segments of the a-

cute words are marked by thick lines along the ba.se line and the vertical

lines show the borclers of these segments. The corresponding lines for the

vowel segments in the grave accented words have been left unmarked to avoid

cluttering up the figure. They woul-ci in each cð.se prËcede the existing lines

by a few millimeters.

The most important diffcrence between the worc.l tones in the vocali-s and

cricothyroicl behavior is two peaks for the grave accent compared to one for

the acute, that is in principal the same difference as we fincl in the result'

ing fundamental frequency ourves. The first peaks connected with the grave

accent occur a little earfier than the acute peaks. The sternohyoi{ activity

obviously is of no i-mportance for the word tone contrast. The audio signal
,

is similar for the two accents and rcfutes the traditional view of the grave

accented words as havíng different cnergy distributions from the açute ones.

At the top of the figure öhman's pulses have been inserted at the place on
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the time scale where they have been postulaterJ for this dialect: earl;z fs¡

the acute (UotteU line) and .l-ate in the first syllable for the grave (straigh

I].nej .

To support his theory the vocalis -' as an acicluctor - would have to be ac*

tive during the pulse whereas the cricothyroid - as a tensor' - urculd have to

be inhibited. The most convincj-ng arùument against öhman's pulse theory in

these records is that the vocalis and cricothyroid muscles u:i;'i< together'

Both muscles contract for the pitch pealcs and they reduce their acti-vity

for the pitch fall in the accented words as well as f'or the lourpitched encl

of the frame.

There is - in these data - no resemblance between the muscle activity con'-

trolling word tones and the activity needed for the p¡oduction of a st$d or

a glottal stoP.

The utterances behincl Fi-gure 6 contain what can be regarded as extreme

cases of glottal stops. cln the whole these utterances need a maximal use of

Iaryngeal cc,rtrol brecause they have, apart from a glgttat stop Letwàen tþe

twosyllables,thegraveaccentanclemphaticstress.

The utterances represented j-n these tracings are to the l.eft ¡¡Uza.ì and to

-r\the right ¡fr:zej pronounced by Speaker E j-n the Skåne ii-!-alect" 1he most

stríking feature i-n these tracings i-s perhaps that when the vecalis is ac-

tive for the glottal stop, that is the closure of the glotti's: 'i;ho cricothy-

roíd is comP1etelY relaxeci.

,{lhat is the mechanism behind the opposed activi-ty in the vocalÍs Pnd crico'

thyroid muscles in this kind of glottal stop? Are these muscles opposed for

adduction in general ancl working together fcr pitch control i"e' iensing?

The data obtained so far speak in favour of such an interpre" :l;ion' Notice

again the pronounced peak in the vocalis muscl e with a corresponding valley

in the cricothyroid before the beginning of phonation. This event is similar
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to ti'l'-. i,ì.:l-,¡--1,J;.,.:ti-t¡j-t'.r foi'1,-r,:5¡1,o'.:tal sL--¡'.l:lJ lììîy r,;.'il v''"i-I !-,1.; e.:'ela'L:,:;i

aclciuc i;:.ry' ge str::'e.

In the corresp,lnclinE'l:s'i: s,?n'1.;r:ilt-,es ic,'Ep.,:::lcer l-., the gir:btal:.'iop ln

most oi i:he utÌ;clenrerf i.s ¡:tunr:ltnr:,¿d in ¿r di'îfe:'i-,ilt way:r no bu:'st can [.;e

heai:,d a1" tlre bcg:i-r':;rir.r; ci' j.;l"c scc.lnd vcv;¿l , ïn the ËMG tra,:j-rrgs ti'r:-s pe'1.-

fc::.inance oi the gJ-ctL:-rl srrrp is paral 1ellcli':y' a les. prcrnÐtirìc.,d d::.1: :i rl ti"t.:

cricotiryr.uid cr;: vc. .¡--; s'.,r:nr:: Lilat tlrc degr"ce oi relaxaticn in 'Lhe crico'blry--

roid is d;-;i:enclen; nil'Lhe d;q:'u= r..lf te;::Íon j;r the vcrcal.is rnr""lo. '

Fi-gr.rre 7 pre:;en'ts some nl,rre C;t:a franl Spenl<er E, You r'ctj.c€ 1;he t'r'pica1.

::.]<¿i:-,e e cçent ¡:,-r'ti-;;:':'r;s j..n t-.i re 'iuniüiir:ili;:i.l i':'cc1'.ienc\/ D:.irve: î'he aci;'".e ¿,lcei ,l;

jis rncnj-fesberd i.l;r a r:,1::: and fall j-:r the ¡:tresseC sylJ-abì-e and tlre rirrt\rc ã"'r'

c=n'i: by ¡¡ rj-:;e, A:i cern þ,3 61;.2¡-,¡slerl , this cli-Í'f (;ì'6nee l';'¡-i:n Cl.;'.'ilç;,r" l^. ":-ii ¿trli'icï;ì.-

panj.ed hy a r.li'lftr:'a: ,'){: :ì.n tl-;:: ËirìG 'i::ran:r-ng';,

Tiie vc'¡.:a.lÍ.s,i arr:i ci.ico'i;li;zrr-¡:.C ml-:¡:l es dc, r:r¡L f,o.-ì-i.our e€¡:rl'ì i, :hrj' ir"r r;|,. 
',r'-:j.r,

as':;h:;.r di.'.1 in S¡rir,li;ir l-" Thr:y dc liav.e;:nri"i-a¡ rnain peeil<s b':l: i:he vnrì;rl-iJ.

åpí:ìi't frc;l a J;cp r-,;'.1.i ly fc:' tir:: r:..:-1.1.:.:-'io¡i i'i- P, i-¡as rr l,L.rì¡llr,'- tlJ ..,,.1l--:..,"

ciÌ.ps th:'; u:iñ h- ï'. 'í:ì-J,lrcl l:o t,lc cÌ:i:::' ;'.;nso¡i¿:n1:s. itrlct:t-ce the ::pp::..:sn ac¡.-L',i."

ity j.:; tl ¡e v:cal-:ir,r ¿'i:-l c:',i l:,-i,l;;'r''-::icl i:.t¡:iIc:; br-'lo:e Li,e beg-'riit:"t'lg r:'i'tl":c auilir:

signal , J ltrc nLi-n ¡-;:::1,:s c'o ¿hc ,-:i-'ì :r::'i,T r)',ì,'i.li.d ,lr.tslie co-'.¡lcj.d¿ t'tii-ir p,:¡.1<i j-n tlir-l

f u:r da;.¡:n i ll_ í-.r..-:,lu!, . i.ì :r; ¡;s:.y¡; .

The s'l;ernc.:l ,yr:-',.C .::-'::-:l-ri iras pr:i:l<s ';,,1 ;',.il tl-:ll ;j:r,r c¡e;ts i'::;: ti-'e s¡z.r.i-;ii1 e;, Jrl:

trigirest pe;ai< :ì-s ci',.:rr-rci:;d v;i':..1r '';ire fir:Ì.:h:'.ng s71lab1.e ar, 1'hj.s rril;u be a;t in.-

dicaticn of thr: e;<-l::a act:ivii:_ø necdej'Lr b:':ng dcwil 1:he iit.i].'nr i¡r'Lh': eij;'j.i'il-

Friate poiii;ion fri-.: bi:c r:;l-axe,l vr¡:nl cnrcls ri::dei í'nr"'iire l-:.','J i.riitíi oi'tiìe

eni rlF th: fr¡Lne"

F:i.gr,:j.ii B sho,.frs Liie c':;¡'l;li:i.¡t bei;,,vi:er; Lì-¡c i:i:u'le at t:l gr','-..'rit ct:i-:úirts itt :i.:;a;<e:'

E" Dsi'bed 1:"n:¡ r';;r.csenL tire ac:-r'i:a cìi:)cerrl; ¿i.rC 1.1ì" Z:?::',':.. ri:l:i"ît i:r.: :;;:.,:fti;lj by

s',:r-aígh'c Li.nes" Öiir¡an's pul-se is acjeed a-, i:i'i'u;re. Tile r!ilfc:.':;;lne be1;we:l I the
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word tones as they appear in these records is an early peak in the fundamen-

ta1 frequency, the vocalis and the cricothyroid curves for the acute accent

as opposed to a later and plateau-formed obtrusion for the grave accent. Ac-

cording to the theory we should expect to find increased activity in the

vocalis concomitant with reduced activity in the cricothyroid. As can be

seen in the figure the muscles do not behave 1n thís way. In three cFses out

of four the vocalis and the cricothyroid muscles cooperate. Only in JnámmaT-
[acute) i-s there for a short period during the pulse opposed activity in the

two muscles.

To sum up, our data do not províde any physiological basis for Ühmanrs ne-

gative pulse.

4. Discussion

öhman was of course well aware that htrs EiviG results were inconclusiver but

he suggests that if the Efu1G investigation includecl other laryngeal muscles

as well the pitch inhibitlng muscle would perhaps be discovered'

Is there any physiological justification for such a vlew?
(op,cit. )

It appears from the discussion on g29 ffiEThman expects muscular activity

for the word tone to be "ballistic" in nature just as Smith - using Stetsont s

terminology - regarded the st/O as a ballistic stroke [smitfr , 1g1!- b, p' 3).

A typÍcal innervation pattern behind such a movement would be an activation

of an agonist muscle eombined with a complete inhibition of its antagonist

Ireciprocal inhibition). In the EtuìB records from the test words pronounced

wiün glottal stops (figure O) the opposed activity in the vocalis and the

cricothyroid may perhaps be due to what is calLed reciprocal inhibition. tut

there 1s no similar effect in the data that can be associated with the word

tones, Since there is no activity in the vocalis during the word tope pulses,
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öhman's íntergreteùtion of the acute and grave accents as some kind of glottal

stops is not very convincing.

5. 'llord tones and sitive ulses

fn the light of our ciata it seems natural tc simulate word tones by'one or
poçsitive

¡r¡/pulses. To fit an actual fundamental frequency curve, these pulses must

have appropriate amplitudes, onset times and durations and they must be ex-

posed to a sultable smoothing procedure. I shall glve a few examples of what

can be achieved by such a process:

same pu1se,

different degrees

of smoothing

pulse with high

amplitude and

different degrees

of smoothing

pulse with short

duration and

different degrees

of smoothing

two pulses

fast smoothing

slow smoothing

fast ll

t*i,'
--+¿l

\--- slow smoothíng

fast t?

slow smoothing

fast Í
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It seems clear that with one or two positive pulses we can simulate any

pitoh pattern implied by the word tonet. l A"trtÌly in my examples above I

may have more parameters than I need but we may safely say that a pitch

curve with one peak corresponcJs to a step function with one pulse (or per-
i

haps two very close pulses) and a pitch curve with two peaks corresponds

to a step function with two Þulses.

From now on we shall consider curves that are simj-Iar in shape to the ob-

trusions caused by the pulses in my examples as the output of positive step

functions that I shall call positive pulses.

iVe have founo earli-er that the EiVG curve derived from the cricothyroid

muscle has about the same shapa as Fo with a time delay typical of a¡ acous-

tic signal compared to a physiological one. The similarity between the Fo

and the cricothyroíd curves makes it possible to interpret obtrusioqs in the

fundamental frequency curve as the visible representatives of positive pul-

ses.

Let us now go back to the word tones in the dialects of my speakers and

interpret them as positive pulses.

acute grave

L (standard)

E IsraneJ

The pitch curves have been stylized in the manner of Meyer with one square

for each of the two syllables.

ïn terms of positive pulses the difference between the acute and grave ac-

cents j-n Speaker L is one pulse for the acute and two for the gravar whereas

1 According to Lars Gårciing it is an established mathematical fact that
any smooth curve can be simulated by a step curve provided that the
step curve is subjected to a smoothing process with fixed parameters.
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E has an early pulse in the acute as compared to a late pulse in the''grave

accent.

6 Tnteroretation of Meyerrs date

If we interpret Meyerrs clata in the same manner ffigure t) we shall find

that there are mainly i:wo types of clielects: dialects that like Ëkåne are

characterizeci by an early pulsa and a late pulse in the acute and g¡ave ac-

cents respectively, ancl ciialects that like Epeaker L's have a late pulse in

the acute and two pulses in the grave accent.

There is anothår striking f eature about ivieyerr s curves: whatever the

shape of the acute pitch curve the latter part of the grave curve ià simi-

1ar to ít.

I can say with a certaÍn amount of truthfulness: Give me your acute accent

and I'11 tell you what your grave is like. To perform this trick I do as

follows: I squeeze in the acute accent in the latter part of the grave word'

Then ï extrapolate the curvg to the earller part of the word. Naturally a

certain experience is needed to do it in the ríght way. I have to keep with-

in a certain pitch ranga anc.l I must follow a certain rule. The rulel i= that

an early pulse in the acute accent brings on a late pulse in the grave one

whereas a late pulse in the acute accent gives two pulses in the gr'ave ac-

cent. Now we must ask: 'llhat is the linguistic implication of this procedure?

I think it implies th¡rt in the a.cute accent we do not have a real word tonet

only a sentenct intonation pulse ans it is this sentence intonatio¡ pulse

that recurs in the seconcl syllable of thr: gravB accent.

The ictea that only the grave o.ccent is a real word tone and the acute mere

ly the manifestation of stress is not a new one. It was put forward in gene-

ral terms by Henry gweet as early as 1878. A similar posltlon was taken by
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Trub,etzkoy ( fS¡gJ who regarded the oppositlon between the two accents as a

privative one, that is, one member of the opposition - the grave accent -

is marked by e. feature that is lacking in the other - the acute accent. 6e-

veral other scholars have discusseci the problem from various angles and have

arrived at the same conelusion (Haugen t Joos 1956, 1ge2, Haugen 196.31 196?a,

lvralmberg and Elert 1963, Fischel 1963. For a summary of the discussion see

Elert ß?A)

According to this general anelysis, Swedish intonation should be deconp

posable into sentence intonation and worcl intonation for the grave accent

on1y. dhman, s model does not satisfy this requirement since he uses a nega-

tive pulse for both eccents.

His use of negativæ pulses is open to many objections. rlle have seen ear-

tier that it has no immediate physiological basis. It can be criticízed al-

so on other grounds, In the Stockholm acute accent, Figure S (ötimanr 9g.

cit. Figure II-Fi-4), a negative pulse is superimposed on a sentence intona-

tion step in order to produce a rather small dip in the pitch curve which

may very well k¡e caused by the oral closure for the initial consonant, in

this case m. A look at thc more schematic Figure 10 [öhman 99. cit. Figure

II-å-B) reveals that, apart from minor effects, the main function of the ne-

gative pulse in Ðtockholm acute anct i\;lalmö grave is to delay the sentænce in-

tonation step. In view of these ancl earlier observations it seems mpre natu-

ral to assurne thet there is in Swecljsh jurst one tone, the grave acc€nt. This

word tone is manifested in all the ûial-ects as a delayed sentence intonation

pulse which in some ciialects [for instance Stockholm but not f\,ialmöJ is pre-

ceded by an adclitional positive pulse.
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?, \A/ ord tones and stress correlates

The clictionary of the Acaclemy marks the accent contrast with numbers that

indicates the difference in stress patterns that was supposed to be an in-

variable characteristic of these words quite indepenclent of the dialectal

variation in pitch. The acute accent is marked 4-0, and the grave 3-2, for

example åoqd, ånu"fr. This marking system \{as introduced well before the

time of acoustic measurements, Later, when such measurements could be made

it was at first somewhat surprising that no consistent difference in the

energy output of the acute and grave accented words could be founcl. l

Today it is well known that subjective impressions of stress are related

to the total speech effort and only partly determined by the energy of the

speech wave.2 In""*.ued pulmonary effort in connection with stressed syl-

lables was demonstrated in EMG recordings by Ladefoged, Draper, and tllhitte-

ridge (fSSe), increased laryngeal effort is evident from Ohala's EMG work

(Of'ata I9?0) and Harris and co-workers [Haryis el-=41. f96B) showed that in-

creased activity in some artiCulatory muscles is a constant correlate to

stressed syllables.

flur EMG datamayto a certaín extent explain the difi=erence in subjective

stress attributed to the two accent patterns, Look again at Figures 5 and

g. For both speakers - notwithstanding the dialectal differBnce in their

pitch curves - the second syllable of the grave words coincides with more

activity in the vocalis and cricothyroid muscles than the corresponding

syllable of the acute words. The second syllable of the grave accented words

then seems to require a greater effort from these muscles.

1 In additional clata, that I have received later, the averaged audio signals
from Speaker E have a higher amplitude in the second syllable of the grave

accented words than in the acute ones.

2 For a clarifying survey of the concept of stress and its acoustic and

physiological ccrrrelates' see Lehiste' l97O'
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The subjectively felt diffarence in stress connected with the acute and

grave accents is perhaps a reflex of the difference in laryngeal activity

that may be common to most dialects.
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