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INSTRUMENTAL EQUIPMENT OF THE LABORATORY. 

The following is a list of the instruments that have been 

purchased or built since January 1st, 1968. 

Instrumentation for Speech Analysis. 

1 Fabre-Glottograph (see this report, pp. lff.). 

* 1 Kay-Electric Sona-Graph, type 6o61A. 

* 1 Philips Stroboscope, type PR 9loJ. 

Instrumentation for Visual Recordingo 

* 1 Tektronix Oscilloscope, type 5o2A. 

* 1 Brilel & Kjrer Automatic Frequency Response and Spectrum 
Recorder, type JJJ2. 

Tape Recorders. 

l Lyrec Professional Recorder (stereo, speeds 7. 5" and 1.5•i). 

* 1 Movie Prof'essiona1 Recorder (stereo, speeds 3¾" and 7•5"). I 

Microphones. .1 

1 BrUel & Kjrer l" Microphone, type 41Jl/J2. I 

1 Brilel & Kjrer 1/4 "Microphone, type 41J5/J6. 

Amplifierso 

1 Bruel & Kjrer Microphone Amplifier, type 26oJ. 
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General-Purpose Electronic Instrumentation. 

1 BrUel & Kj~r Piston, type 4220. 

l Claude Lyons AC Automatic Voltage Stabilizer, type BTR~5F. 

*)°l Brilel & Kjrer Vacuum-Tube Voltmeter, type 2409. 

*)l Radiometer Vacuum-Tube Voltmeter, type RV 23b. 

l Taylor Transistor Tester, model 44. 
*) 1. Stabilized Rectifier· ( 6. 3":/:·15oV and 3ooV). 

Outfit for photography. 

l Telford Oscilloscope Camera, typ_e· 'A',(Polaroid). 

Projectors. 

1 Voigtlander Perkeo Automat - J 150. 

*) Deposited at the Institute of Phonetics by The State 

Institute for Speech Defectives, Copenhagen. 
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LECTURES AND COURSES IN 19680 

1. Elementary phonetics courses. 

One-semester courses (two hours a week) in elementary 

phonetics (intended for all students of foreign languages) 

were given by Hans Basbsll, Hans Peter Jorgensen, Niels Knudsen, 

Mogens Baumann Larsen, Jergen Ris~hel, w.w. Schuhmacher, and 
Oluf M. Thorsen. There were 5 parallel classes in the spring 
semester and 17 in the autumn semester (slightly less than 

Soo students in all)• 

Practical training in sound perception and transcription 0 

Courses for beginners as well as courses for advanced 

students were given through 1968 by Jerge·n Rischel and Oluf 

M. Thorsen. {The courses form a cycle of three semesters with 

two hours a week.) 

J. Instrumental phoneticso 

Courses for beginn~rs as well as courses for more advanced 

students were given through 1968 by Eli Fischer-Jergensen and 

Berge Frekjrer-Jensen. {The courses form a cycle of three se.­

mesters with two hours a week.) ·' 

4. Phonemics. 

The standard courses {phonemic method and trends in phon­

emic theory) were given through 1968 by Eli Fischer-Jergensen 

and Jergen Rischelo In addition, Jergen Rische! gave a separate 

course in generative phonologyo (In total, the courses form a 

cycle of three semesters with ~wo hours a week, _the subject of 

____ the third term being chosen freelyo) 
- ----- .. -

--.- -- ----

5. Other coyrses. 

Eli Fischer-J0rgensen lectured on diachronic phonetJcs 

through the autumn semester. 

Nils H. Buch lectured on the anatomy and physiology of the 

speech-organs in-the spring semester._ 
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Eli Fis·cher-Jergensen gave a course in the preparation of' 

material f'or perceptual tests. 

Berge Frekjmr-Jensen gave a course in elementary electro­
nics and acou9tieal physics. 

Moreover, the students followed courses in Danish, English, 

French, and German phonetics at the University. 

6. Seminars. 

The following seminars were held in 1968s 

Am~uensis Nie ls G. Davidsen-Nielsen: sp, s t, sk .. in English. 
Pro:fessor K.N • Stevens {MIT) gave an. in:formal account·- ot~ _ 

. ...: s~me· pro~l_em~ __ in a:rt_:p:~~~ tory· !llld a_!=:oustic phone~ics • 

Dr. odont. Folke Strenger (Stockholm): Physiological 
_investigation o:f nasal vowels in French. 

Pro:fessor Eli Fischer-Jergensen: Interference among French 
and Danish stops in the speech o:f a-bilingual~ . . 
Hideo Mase, M.A.: The Japanese sound system. 

Pro:fessor M. Onishi (Japan): .The phonetic system of' 
Japanese and its special features. 

Stud. mag. Hans Basbell: The phoneme system in a variety o:f 
Copenhagen Standard Danish. 

Fil. dr. ,Bjorn Lindblom (Stockholm): Phonological and 
phonetic aspects of' distinctive.features. 

Professor Eli Fischer-Jergensen: Voice, fortis-lenis and 
aspiration in stops. 

7. ~ Participation in congresses and lectures at other 
institutione by members o:f the staff'. 

Eli Fischer-Jergensen gave a lecture on the murmered vowels 

of' Gujarati at the Royal Technical High School in Stockholm 

(cp. ARIPUC 2, PP• J5-85). 
Jergen Rischel participated in the Annual Meeting of' the 

Societas Lin&"Uistica Europaea in Kiel. 
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CONSTRUCTION OF A FABRE GLOTTOGRAPH 

Berge Frekj~r-Jensen and Poul Thorvaldsen 

Introduction. 

In the last decade a good d~al of research has been done 

at different laboratories to develope equipment for investi­

gation of the opening and closing movements of the glottis. 

In the year 1967 we have developed.a photo-electric glotto­

graph (J), and recently we have finished the prototype of an 

electrical glottograph.according to the principles of Ph.Fabre 

(1), (4), (5), (6), (7). 
The photo-electric glottograph registers the opening square 

of the glottis which probably corresponds very well to the 

primary voice so-urce in the normal phonation range. 

The disadvantage of this type of glottograph is that not all 

subjects can or will insert the plastic tube with the light 

sensitive transducer through the nose down into the pharynx. 

The· Fabre Glottograph has not this drawback. This appara­

tus employs two electrodes which are fixed on each side of the 

thyroi'd cartilages. On the other hand· some problems arise when 

curves are to be interpreted because of the up and down movements 

of the glottis and the air press~re variations in the pharynx 

both of which influence the glottograms. Conclusions are thus 

more difficult when based upon th~ Fabre G1ottograms than when 

based upon the photo-electric glottograms (2). 

The construction of both types of glottographs has enabled 

us to make comparisons b~tween the two instruments in order to 

see to what extent it is possible to use the less preci~ely 

registering Fabre Glottograph instead of the better photo­

electric glottographo 

2. The principle of the Fabre Glottograph • 

. The Fabre Glottograph is used for measurements of varia­

tions of ·the electrical impedance between the vocal cords. 

This impedance variation is measured by means of a high fre­

quency alternating current which is sent through the larynx 

between two metal· plates p'laced on each side of the thyroid 
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carti{lages. When the vocal cords vibrate they modulate. ,the 

current between the, metal plates. The modulated high frequency 
1 - signal is rectified, filtered and amplified, and the resulting 

DC-signal which corresponds to the variations in the electrical 

impedance in the glottis may be recorded e.g. on an oscilloscope 

or on any form of recording device. 

3. Requirements on our Fabre Glottograph. 

When planning the construction we put up the ~equirements 

that our Fabre Glottograph 

(1) should have the capability_ of being easily matched to 

the different glottis impedance of different subjects; 

(2) should be able to handle frequencies from DC up to 

lo.ooo cps (see Fig. J)"; 

{J) should have a low impedanced output of a few volts 

which would faciliate the matching to different 

recorders. 

4. Survey of construction. (Fi~. 4 0 ) 

The generator oscillates at the frequency Joo kcps. The 

generator consists of three stages, - a modified Hart.ley 

oscillator, a buffer stage, and an emitter follower. 

300 kcps 

osc. 

+ buffer 

-- C 
cords ., 

Fig. 1. 

dif. 

detector 

Output A 

Output B 

Output C 

Output D 

10 kcps 

lowpass 45 dB 

filter amplifier 

time 
constants 

Block diagram of our Fabre Glottograph. 
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The changes in glottis impedance during fonation. are sensed 

by two balanced electrodes placed on both .sides of the laminae 

thyreoidei (Fig. l). By balancing the electrodes it has been 

possible to cancel out interferences from electro-magnetic 

fields such as our local broadcast.station. 

Som.e trouble may arise when the glottograph is to be used 

by many different subjects, because both the electrical paral­

lel-shunting resistance of the fat·: 1:t;issues between the elec­

trodes and the electrical series-resistance of the. fat tissues 

and the laminae thyreoidei vary considerable from one subject 

to another. This causes a reduction.of the effective degree of 

modulation produced by the glattis which in turn results in a 

loss in-the total sensitivity of the glottograph. In order to 

avoid some of these physiologically conditioned problems, we 

have designed the "glottis-circuit" in such a-way that it is 

possible to adjust the circuit f~r best matching to the glot­

tis impedance. A variable condenser is connected between the 

electrodes. By means of this condenser it is possible both to 

adjust the glottis circuit for maximum output (correct matching 

·impedance) and with.the same control to adjust the output level 

to zero volts DC, which is indicated by the meter in the output 

circuit. An electrical· analog to the physiological. part of the 

system is shown in Fig. 2. 

ZG at 300 kcps 

• 100 j•13~Q 
p 

R 

C 

Fig. 2. 
An electrical analog simulating the complex impedance of the. 
larynx. (Subject Poui Thorvaldsen. Size of electrodes 2 cm2 each. 
Conducting jelly has been applied to the electrodes.) 
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-
The resistors called RP and Rs are represented by short-circuit-

ing and resistive fat tissues which reduce the signal level.· 

The ba-J anc e d output from the glo:ttis .is fed to a trans­

former with two symmetrical primary coils which is followed 

by a differential detector where the two transistors alternate 

between cut off and active conditions.· This detector type is 

preferred because of its hum and noise rejection. The collectors 

of the double
1

transistor are limited to a variation betwe~n ±a 
volts by means of two zener diodes.· 'This is necessary in order 

to avoid an excessive collector/emitter-voltage in the off con­

dition. 

The detector is followed·by a lo.ooo cps lowpass filter and 

an integrated amplifier (Philco type PA77o9C). The input of this 

amplifier is aJ._so limited to • ~-8 volts to avoid damage. The con­

denser of 1 nF limits the frequency response of the amplifier 

to maximum 15 kcps. 

The output.- stage is able to tiri ve. recorders which require 

some power. When short-circuited the output stage can deliver 

maximum 150 mA peak to peak. The maximum output voltage is 25 

volts_ peak to peak. 

The frequency response of the total e·lectronic c·ircui ts 

from the electrodes to the output terminals is shown in Fig. J. 
The frequency response has been controlled by means of a Joo 

kcps sine wave modulated with the low frequency oscillator in 

the spectrum analyzer. 

· A needle instrument for control of the right adjustment of 

the glottis circuit and working range of the amplifier has been 

connected to the output stage. 

The glottograph is supplied with 4 outputs:two of these 

having fuil frequency range and the other, two having differe~t 

time constants in order to stabilize the physiological _varia­

tions of the zero level. 

The stabi+ized voltage·aupp1y. delivers ~15 volts for the 

amplifier stage and for the reference voltages, whereas the 

generator unit and detector work at +80 volts. 
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Obtained specifications: 
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High frequency current through larynx: 15 mA RMS. 
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As for the results obtai1ed with the above described Fabre 

Glottograph see the article in this report1"Comparison between 

a Fabre G1ottograph and a Photo-electric Glottosraph"• 
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COMPARISON BETWEEN A FABRE GLOTTOGRAPH AND A PHOTO-ELECTRIC 

GLOTTOGRAPH 

Berge FrokJer-Jensen 

1. Introduction. 

In this article are published a few preliminary results 

from the test 0£ our Fabre Glottograph and comparisons between 

our photo-electric glottograph and the Fabre Glottograph. 

Glottograms 0£ most 0£ the Danish ·consonants are comp~red with 

the airflow curves and the oscillograms, and the three-dimen­

sionaltype of vocal cord oscillation is shown by ·comparing the 

curves from the two types of glottographs. *) 

1.1. Airflow registration. 

Some simultaneous recordings 0£ the airflow (trace no.1), 

the electric impedance 0£· glottis (trace no.2), the square area 

0£ the glottis (trace no.3), and the aco~stic oscillogram (trace 

no.4) have been made £or this article. The airflow recordings 

are·made by means 0£ the Electro Aerometer and show the outlet 

airflow measured in volume unit per time unit (cmJ/sec.), - the 

instrument can be exactly calibrated but has not been calibrated 

£or the illustrations in this article. A raising 0£ the airflow 
' . 

trace in the recordings means that the outlet airflow is increased. 

1.2. Photo-electric glottogram. 

The photo-ele.ctric glottogram shows the square area 

between the vocal cords in a horiz~ntal plane. The photo-electric 

glottograms have a weli defined zero level for closed glottis. 

However, the glottis may sometimes be closed though the zero 

level in the glottogram trace nas not been reached, this is 

because 0£ a certain degree of transillumination 0£ the closed 

glottis which can be observed especially in the head register. 

With some subjects we have experienced trouble when• 

inserting the plastic tube with the photo transistor (light 

• *) Both types of glottographs.and the Electro Aerometer used 
for this article .are manufactured for sale by B. Frekjmr­
Jensen, Veatre Paradisvej 46, 2840 Holte, Denmark. 
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transducer) through the nose down into the pharynx. We have 

to a great extent overcome this problem by mounting the trans­

ducer in a 2 mm p1astic tube and by g1ueing the £ree end 0£ the 

transducer to the tube by means of liquid plastic mass. Further­

more, both a small lense in ·the end of the photo transistor and 

the black painting of the transistor has been removed. These 

improvements of the transducer makes it easier to insert it 

through the nostrils without much inconvenience. The trans­

ducer may be inserted in position in the pharynx and fixed out­

side the nose by means of a piece of court plaster. Thus fixed 

it can be used for hours without discomfort and without disturb­

ing the articulation (no local anaesthesia is necessary). It is 

also possibl~ to pick up the light in the pharynx without· 

serious interference from the articulatory movements. Only when 

articulating the most open vowels[a:] and[~:] the back tongue 

and the epiglottis push the photo transistor out of position. 

These vowels can, therefore, normally not be recorded by the 

photo-electric glottograph. 

1,3. The Fabre Glottograph, 

The Fabre Glottograph shows the electric contact area 

between· the vocal cords in a vertical plane. However, different 

articulatory movements of the pharynx and of the larynx may 

influence the electric impedance between the electrodes, as 

pointed out earlier (J). These unde~irable physiological changes 

cause a very jumpy zero line which is difficult to stabilize in 

the registration range of the recorder. Our glottograph has 

therefore been provided with four different outputs, two of 

which have different time constants ( 25 mse.c. and 4 sec.) for 

stabilizing the zero line during articulation (6). (These outputs 

have not been provided for the glottograms shown in this article,) 

Some few subjects see_ms to have a throat unfitted for 

electric impedance measurements because of too much fat ,which 

results in a bad signal-to-noise ratio, The same.sort of noise 

disturbance of the glottograms may be observed if ·the electrical 

contact between the skin and the electrodes is insufficient. 

Therefore we always µse electrically-conducting jelly between 
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the electrodes and the skin. The oval electrodes used for the· 

glottograms shown below were a little less than 2 cm2 each, but 

further experiments have to be done in order to investigate the 

influence of different shap~s and areas of the electrodes. 

1.4, The oscillogram. 

A normal oscillogram has been recorded by means of a 

microphone capsula mounted inside the aerometer mask. The 

frequency response of the microphone has been electricaliy_ 

changed in order to cancel out the acoustic resonances of the 

aerometer mask (tube system). The microphone may thus be used 

for simultaneous tape recordings for sonagrams or other acoustic 

analyses. 

2. Danish tenues and mediae. 

The _table Fig. 1 shows the 

in nonsense context: [EpE], [ctaJ 
[ci&]. As earlier stated (1), (2) 

Danish consonants ptk and bdg 

, [ck~] , and [c~c], [c~c], 
the main difference between 

Danish tenues ptk and Danish mediae bdg is one of aspiration. 

This is shown very clearly in the airflow curve and the glotto­

grams. The mean duration of the aspiration in the tenues in the 

examples shown in Fig. 1 is about 7 csec., whereas the mean 

duration of the aspiration in the·mediae is only about 1.5 csec. 

If we compare the moment of explosion (airflow curve) in 

the tenues with the glottis opening (both types of glottograms) 

we may observe that the explosion in the tenues is situated in the 

opening phase of glottis, which means that the aspiration .~s 

syncronized wi~h the maximum opening of glottis.· - With some 

speakers the explosion phase seems rather to coincide with the 

maximum opening, see the curves in reference (J). - On the other 

hand the curves of mediae show that the moment of explosion in 

bdg is situated in the closing phase of glottis; which conditions 

that ~hly a lit~le amount of air is left for a possible: 

aspiration. Fig. 1 thus very clearly proves that the main 

difference between the Danish ptk and bdg {'based on 256 examples 

for only one speaker BFJ) is one of opening glottis during the 

ptk·i- stop cl_osur~ and fully open glottis during the ptk-aspiration 

versus med:!:~m --~!?_en. _g~~ __ tt_i~-- dt:11:'il:lg -~~e _ bdg-s_top closure followed . _____ _ 
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by closing glottis in the bdg-explosion phase. ( Compar_e the 

results in references (4) and (7)). 

Due to the different registration methods, the photo­

electric glottograph seems to illustrate in a better way what 

happens during the opening phase of the glottis, whereas the 

Fabre Glottograph probably rather illustrates what happens 

during the closing phase in the vertical contact area between 

the mucous membrane of the v~cal cords (compare the two giotto­

gram traces_during the closure between the words.). 

3. Danish [ f J and [ s] • 

In Fig. 2 a very interesting difference between [f] and 

[s] is seen in the ,two glottograms. The Fabre Glottograph shows 

a greater electric- impedance of the glottis for [s] than for [f] 

(which s4ould indicate a more open glottis for [s] ), whereas 

the opposite is seen in the photo-electric glottograms, which 

normally show a greater opening for [f] than for [s] • This· 

difference between the two glottographic methods in the 

registration of [f] and [s] is ~uite constant for this s~bject. 

Further investigations have to be made before a possible hypo­

thesis concerning the difference between the glottal articulations 

of [f] and [s] can be advanced. 

4. The voiced consonants. 

Fig. 2 also shows some examples of voiced consonants. 

Especially the Danish[~] shows the difference of phonation 

between voiced consonants and surrounding vowels. The elec.tric 

impedance of the glottis is considerably raised during the <-r: 

articulation of·[~], i.e. the contact area between the.mucous 

membranes of the vocal cords in the vertical plane is reduced. 

However, the photo-electric glottogram does not show such a 

-change in phonatory conditions (see the article in this report! 

Fourier Analyses of Photo-electric Gl~ttograms). Once again we 

may c~nclude that the two ~ypes·of glottographs deliver two 

different e~t-s of parameters concerning the working conditions 

of the human larynx • 

....... 
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Photo-electric 
glottogram. 

Fabre glottogram. 
(electric impedance) 

Vowel[~ij, spoken by subject BFJ. Chest ·register, medium voice 

effort, fundamental frequency 120 cps. 

Fig. J. 

5. Recordings of the primary voice source cycle. 

Fig. J shows a polaroid photo of simultaneous recordings 

made by the tw~ glottographs. The photo is a good illustration 

·of how we can get information· a.bout the three-dimensional 

opening and closing movements of glottis. 

If we compare the slope of the glottal cycle in the Fabre 

glottogFam (the lower ~!ace) with the photo-electric glottogram 

we can only explain the different forms of the two simultaneously 

recorded curves by assuming the explosions (excitations) ~s a 

slowly opening movement starting from below and moving upwards. 

When it reaches the edges the v~cal cords open up and we get in 

the upper curve a registration'of the opening area. When the 

glottis closes the Fabre glottogram shows that the two mucous . 

membranes in the vertical plane suddenly come into touching 

contact with each other, i.e. we have a gradually opening and a 

suddenly closing movement. 

This function of the primary voice is ·typical for the 

chest register (8), (9), which operates both in the vertical 

and the horizontal plane. 

Recordings of the typical head register function do not 

show this three-dimensional type of oscillation. 
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CONSTRUCTIONAL WORK ON A FUNCTION GENERATOR FOR SPEECH SYNTHESIS 

J0rgen Rischel 

1. General status of speech synthesizer project. 

As mentioned briefly in last· year's Annual Report (6)~ a 

formant-coded speech synthesizer i~ being constructed at the 

Institute. The apparatus consists of two parts: a function ge­

nerator supplying the control voltages for synthesis of. connect­

ed speech and a sound producing system comprising voice source, 

noise source, f,orman~ filters, -and variable gain amplifiers 

associated with the formant filters. 

As for voice and noise sources, our present devices exhibit 

no special features. 

The formant filters for vowel synthesis have been designed 

along the same lines as the circuits employed in a provisional 

vowel synthesizer built by this author some years ago (5). The 

filters are high-Q LC series circuits in which part of the capa­

citance is represented by capacitance diodes (type BA 163), and 

the resonant frequencies can be varied simp~y by varying the 

bias voltage applied to the diod·es. A sufficient range of fre­

quency variation for the individual formants is obtained by let­

ting the circuits resonate at rather high fr~quencies, the fre­

quency spectrum of the voice source pulses being shifted c-0r­

respondingly by a heterodyning process. This, of course, in­

volves the use of a modulating and a demodula~ing system (·corn-

mon to all formant circuits). In order to obtain good amplitude 

and phase linearity down to low frequencies we have designed a 

transformerlesi double-balanced ~odulator, which seems well 

suited for the purpose. 

The new version of this whole system is not yet ready for 

use, _so it ~ould be entirely premature to give any circuit de~ 

tails. ( Our 0phonetic" experience is limited to the old model.) 

Similar circuits (but including antiformant filters) have 
I 

been planned for nasals and stops/fricatives. 
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The use of frequency transposition in the formant filter sys­

tem necessitates a parallel connection of the filters (with phase 

relationships taken care of). This means that the level of each 

formant can nd must be controlled independently by the experimen-

ter. Our newly constructed formant circuits include voltage con-

trolled attenuators ~xhibiting a linear relationship between con­

trol voltage and output level over a JO dB range. The freedom of 

control thus offered is crucial for some kinds of experimeµts, 

but there may certainly be other cases in which the experimenter 

wishes formant levels to be derived automatically from the pat­

tern of formant frequencies. This can perhaps be done by means 

of noniinear circuits, possibly a "potential field"(?). However, 

since the formant filter system and the function generator are 

functionally independent units it would·aiso b~ possible to use 

alternative versions of each (e.g. a series connexion of filters 

can be added eventually) and to combine these freely according 

to the immediate purpose. This may be a simpler solution. 

In the past·year a major part of our efforts within the syn­

thesis project have been devoted to the development of an exped­

ient function generator, which can store an arbitrary configura­

tion of synchronously varying control parameters and, on request, 

reproduce a corresponding set of time-dependent voltages. The 

part of the generator that functions by now can deliver eight 

independent voltage functions whfch can be used to specify a 

sound sequence lasting not more than 2.0 seconds (this maximum 

duration is possible only with a rather coarse resolution in time~ 

The number of parameters is going to be increased (this is simp-

ly a matter of adding strings of potentiometers in parallel with 

those already present), whereas w~ have no immediate intention 

of increasing the capacity in the time dimension very much. 

Various considerations have influenced our choice of type 

of function generator, such as: a desire to avoid demanding me­

chanical constructions, demands for accuracy and good reproduci­

bility, and a wish to be able to syµthesize sound sequences at 

different information rates (".fine surgery'; and "synthesis by 

rule" being the extremes). 

The function generators most widely used with analog syn­

thesizers are in ·a sense simpl_e transducers: they convert an ex­

act graphical representation of each parameter (mostly in the form 
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of a painted trace on a sheet) inio an electrical contr61 signal, 

and ideally, the traces painted by the experimenter should be 

exact replica of the formant movements etc. to be synthesized. 

Our function generator be1ong to another category of devicee 

which represent the configuration of parameters as a sequence of 

states each lasting for a preset amount of time. In this case 

the experimenter must somehow specify_ ·.the parameter values once 

per temporal segment (the duration o~ each of these may, of 

course, be quite short if a good definition of transient pheno­

mena is the research objective). The output voltages will thus 

be varying stepwise. In the following the function generator 

(taken in a restricted sense) producing these step functions 

will be referred to as the "staircase voltage generator". 

The most obvious problem in using a staircase voltage gen­

erator for analog synthesis control is that the discontinuities 

(jumps from one voltage to another) must somehow· be smoothed 

out in order not to produce transient bursts in the sound pro-

ducing system. This smoothing out is in fact a very crucial 

feature of the system generating the control voltages, since the 

choice of smoothing function may influence the specification of 

the input information to the function generator considerably. 

The problems which have.presented themselves to us will be dealt 

with in some detail in a later part of this paper. 

Our staircase voltage genera.tor was designed indep-endently 

of other similar devices in current or earlier use (a leading 

principle being to avoid mechanically functioning parts), but it 

must be stated that the type as such is not at all new (1). Each 

parameter is represented by a series of potentiometers (one per 

time segment) whose scales can be calibrated directly in cps or 

~ecibels depending on the parameter. The staircase voltage is 

produced by s~tting each potentiometer to the appropriate vol­

tage and scanning the whole series by means of a multiplexing 

system. This approach is supposed to be favourable in the case 

of experiments in which relatively short sequences are to be syn­

thesized and altered systematically in respect of one or several 

parameters (typically perception tests) •. Changing the sett' ·g 

of a knob is likely to be a more agreeable job than deleting a 

trace and painting a different trace. The difference ·is most 
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obvious the moment the duration of~ single portion of the sound 

sequence is to be changed. With our function generator this can. 

be accomplished within wide limits by means of a switch, -"dura-
. \ 

tion" being a separate parameter of the system. 

Electronically, the function generator has been designed in 

such a way that a fairly high degree of stability is obtained . 

.. The multiplexing system is a seque~ce of gates each of which 

triggers the next after having been in the "ON° state, the: dura­

tions of the individual states being determined by-adjustable 

CR circuits. Each section includes ·a Schmitt trigger ensuring 

well defined switching times and "ON" voltages (the rise time 

of the gates is considerably better than 50 microseconds, which 

is sufficiently short for the purpose). The actual multiplex­

ing is obtained by alternative biasing of diodes as scetched in 

Fig. 1 • 
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It may be argued tha.t a function genera tor of this kind 

copies some of the properties of a digital-generator (eithe~ in 

the form of a flexowriter or in the form of a smali computer) 

without sharing other of its virtues, such as complete tempera-
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ture stability,*~xtreme versatility and storage capacity, and 

appropriateness for other purposes than synthesi~. It should 

be noted, however, that the analog function generator is in 

several respects preferable _to a generator working from a punch­

ed tape (flexowriter). It shares with the on line operated com­

puter such features as immediate feedback and easy manipulation 

of stored data~ Conceptually, the manual setting of parameters 

is an extremely simple matter, so the system seems attractive 

also for teaching purposes.. And even if the system may even­

tually become obsolete with a complete change of emphasis from 

analog to digital control methods even in work on a small scale, 

we feel confident that experience with it will furnish a very 

useful background for later computer-oriented work. 

A direct comparison between analog and digital control.of 

the same synthe.sizer would ·probably not show any considerable 

difference in the time it takes to synthesize a short sound 

sequence by the two methods, provided that the segment dura­

tions and the smoothing function (see below) are optimal. 

2. Quantizing control signals in time. 

When planning our function generator we considered differ­

ent possibilities of performing a quantization in time, the· 

only prerequisite being that for practical reasons all paramet­

ers must be specified synchronously (even though the specifica­

tion often consists in a repetition of the preceding value for 

one or several parameters). Although only one of these was 

deemed really acceptable they will all be described briefly 

in order o make the point clear: 

1) One possibility is to specify parameter values a fixed 

number of times per second. Fant (3a) has obtained good quali­

ty of synthetic speech with a sampling rate of some 40 per 

second. 

*) As for temperature-dependent drift the superiority of di~ 
gital systems is most obvious if the formant circuits are con­
trolled digitally as in OVE III of the Speech Transmission 
Laboratory in Stockholm (4). If the digital control signals 
must·be converted into analog signals before they can be applied 
to the circuits ~ome of the calibration problems must return. 
Nevertheless, this may be a compromise worthy of consideration. 
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This approach is of interest in ana~ysis-synthesis techniques, 

but for our purposes is must be immediately discarded because 

the number of potentiomete~ settings will be prohibitively high. 

2) A more favourable solution (which forms part of our 

present "strategy") is to make the duration of each segment in­

dependently variable. This means that the "specification rate". 

can be made quite high in the transient parts of the speech-wave 

but considerably lower in parts where only slow changes occur. 

However, since the smoothing function must be chosen in accord­

ance with the highest specification rate used the smoothing will 

be imperfect in parts with a low specification rate. Since the 

aberrations from the true parameter slopes resulting from im­

perfect smoothing can only be tolerated to a certain degree,this 

problem sets a limit to the _gain in economy that can be obtained 

by varying the specification rate (with the ex~eption of obvious 

cases like silent intervals). 

J) A considerable gain in economy is obtained if the trans­

ition rate of the parameters can be reflected by corresponding 

values of the smoothing function. Ideally this would mean that 

sequences like ba, !@;,~could be represented by essentially 

the same stored configuration of parameter values, the differen­

ces in ~ansition rates being brought about by varying the time 

constant of the smoothing circuit. - If only a single CV combina­

tion is being synthesized,such switching poses no problem, but 

in longer sequences the transition ra.te may change from one part 

of a syllable to the next. Thus a fu1l exploitation of this 

me th_od requires that ''transient time" be included as a parameter 

_along with "segment duration". The· strategy then approaches the 

concept of "synthesis by rule", since a sequence of two sounds 

will be represented by two sets of target values (valid for the 

parti~u1ar combination), two segment durations, and a transient 

time {being the time elapsing from the theoretical beginning of 

the second segment until its target value is reached) which is 

conditioned by the type of sound combination, but specified in­

dependently by the experimen te.r. 

4) Finally it is possible to design the smoothing circuit 

in such a way that a greater or lesser "overshoot" in the vol­

tage st~p· function speeds up the transition from one target 
I 

value to the next. It is thus possible to vary the transient 
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times of the individual parameters quite independently. The 

drawback of this method is that the possibility of calibrating 

the potentiometer scales is lost, since an increment in the 

setting of a potentiometer may function both to speed up a. trans­

ition and to increase the target value of the parameter at this 

point. - This loss of a simple relation between.potentiometer 

setting and parameter value is a reality if ordinary integrators 

are used as (the first stage of) smoothing circuits (cp. b~low). 

Solution "3" above (i.e. parametric control o~ transient 

time) has seemed to us the most attractive solution, although 

it does not remove all inconveniences stemming from the quanti­

zation procedure. Technically., the design of electronically ad~ 

justable smoothing circuits has turned out to pose very difficul~ 

problems, and we have obtained acceptable results only recently. 

There are two sources of difficulties: one is that the exact 

shape of the step response of the smoothing circuit becomes quite 

crucial when slowly varying phertomena have to be generated from 

step functions, the other is that there must be no interference 

at all between the switching voltage controlling the transient 

time and the voltage function to be smoothed out. It is no over­

statement that the circuits we are experimenting with are unduly 

complicated. Nevertheless we consider the implications of the 

approach so interesting that we a~e going to build such smooth­

ing circuits for at least some of the parameters. 

Although circuit details will not be dealt with at all in 

~this report,.the principal questions raised in connexion with the 

design can be approached from the more general point of view of 

"synthesis strategy". The major points which we have had .to 

consider will be presented below. 

J. Transition shaping_ circuits. 

The simplest way to convert a voltage step into a raising 

or falling slope is to use an RC circuit. The slopes generated 

by such-a circuit are, however• exponential. Spectrograms of 

real speech reveal that the formant transit1ons in consonant­

vowel sequences can often be matched very well by means of such 

·exponential slopes, but in vowel-consonant sequences the agree­

ment will often be rather poor. The differences will be clear 
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from the stylized curves shown in Fig. 2: 

-----~-----· 
(exponential) • ("real") 

F1 ~ 
C V C 

Fig. 2. 

A particular inconvenience arising with the use of RC circuits 

is that theoretically the targe.t values are never reached. The 

transient time must be defined as the time it takes for the 

slope to reach 6j per cent of its final value (or rather 6J per 

cent of the difference between the previous ·and present target 

values), but the control voltage occurring at this or any other 

point in time will never be equal to the calibrated value read 

off the function generator. With very long.time constants this 

may be a problem. 

An oblique slope can also be obtained from a voltage step 

function by using a lowpass filter with good phase character­

istics. This is in fact a very attractive solution, but if very 

different transient times are to be used in the same piece of 

synthesized speech difficulties may arise, both becau·se. of the 

switching problems and because of time lag phenomena. The in­

convenience caused by the variation of delay time with filter 
' 

cutoff frequency may be serious if an exact control of the tem-

poral relationships among the events is ~equired.· 

Conceptually, the simplest solution is to produce a linear 

slope going obliquely from the point where one time segment ends 

and reaching the target value of the next segment sooner or later 

depending on the transient time chosen. Such a linear slope is 

not an ideal approximation to a formant transition, for example, 

but it is a simple and well-defined function to work with. If 

an extreme degree of fidelity is required,it is perfectly pos­

sible to generate a formant transition by combining two or sever­

al such linear slopes ~ogive the desired curvature, but there 

is probably seldom any reason to do so. - The discontinuities. 

present at the points where the slope starts and ends can be· 
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removed by simple means if this is considered essential. In our 

experimen~al set-up ~he slope-shaping circuit is terminated by a 

buffer amplifier, which by ~he addition of a few components can 

be ehangQd into a ~impl ( 0t1v) lowpa1• tilter. If eu~fici nt• 

ly high cutoff frequency is chosen for this filter,.it will not 

have any appreciable influence. on the shape of the control vol-

tage passing through it except that disturbing discontinuities 

are removed. The ·oscillogram in Fig. J below is shown wit~out 

this additional filtering in order .to exhibit the linear slope 

more clearly, whereas the oscillograms shown later in this paper 

are rep~esentative of the voltages after filtering. 

Theoretically the simplest way to produce such oblique slopes 

is by linear interpolation between values specified at discrete 

points in time. This approach has been employed in the computer 

control of OVE III in Stockholm. 

We have not investigated into the possibilities of con­

_structing an expedient "interpolator" by analog methods. Our 

considerations were based on the assumption that _the input func­

tion must be a step function and that we wish to change this 

step function into a ramp function with the same minimum and 

maximum values and with a duration of the oblique slope which 

can be controlled externally. 

According to this me·thod every constant-voltage segment of 

the input function (the voltage d~livered by the staircase vol­

tage generator) is replaced by a· succession of an oblique and a 

horizontal portion. 

Phonetically it is implied that a transition is always 

counted with the following segment. If, for example, the bot­

tom curve of Fig. J (next page) is taken as a crude approxima­

tion to the.first formant movement in a sequence like dad,it is 

seen that this eve sequence can be synthesized by means of three 

segments. Each of these comprises a transitio~ plus a follow­

ing steady portion (the latter may, of course, be·absent if the 

transition is made equal in duratio~ to the whole segment) but 

it is specified by the experimenter in terms of three simultan­

eous parameter values: a target value for the formant in quest·­

ion,. a duration of the transition to this target value, and a 

duration of the total segment. 
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Fig. J. 

Trapezoidal voltage functions like the one shown in Fig. J 
can, of course, be produced by integrating a succession of posi­

tive and_ negative square pulses, cp. Fig. 4, which shows the 

input to and output from an operational· amplifier coupled as an 

integrator: 

I __ _ 

Fig. 4. 

I 

• --- -----------

! 

l I. 
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DeClerk et al. (2) have proposed the use of conventional inte­

grators (as in the production of the curve in Fig. 4) for shap­

ing the control voltages of a terminal analog synthesizer. 

Eleotron1c lly, thie method 1a attractive because 0£ 1ta relative 
·,_.,, 

simplicity. However, it will be obvious from Fig. 4, and still 

more from a comparison of the cur,yes "eb" and "ed" in Fig. 5 

·(next page), that the method ~s n~~ immediately attractive from 

the point of view of the experimenting phonetician. In or~er to 

generate a given voltage function qy integration one must.ob­

viously specify the first derivative of the desired curve as the 

information to be stored by the function generator, and thus the 

_conceptual connexion between input and output curves is lost 

(a comparison of "e "and "e" of Fig. 5 at time "t" shows that . b d 2 
although the two curves are given with the same polarities, the 

input curve may occasionally have to go up when the output curve 

is to go down, and vice versa; in Fig_. 4 the curves are given 

with opposite.polarities since they·are taken directly from the 

operational amplifier). 

An ·important concomitant feature is that the potentiometer 

scaies cannot be calibrated in cps or decibels if the voltages 

are to be integrated, sine~ the voltage level at a given time 

will be entirely dependent upon the past history of the signal. 

The input-output relationship required according to our ap­

proach is as exemplified by "e " ~.'nd "ed" of F.ig. 5 ( for clarity a . 
the -latter has been projected on· the former and shown by a dash-

ed line), except that here the transient time 

constant in order to simplify the exposition. 

"'t'. " is assumed 
1 

The. points "t 1 ", 

"t 2 ", etc. indicate the limits of each segment as specified in 

the input curve. The curve has (arbitrarily) been drawn in such 

a way that one of the segments (between ttt "and "t ")is of 1 2 
duration~., (whereas the other segments last longer:). In this 

1 

way the rising transition has been given a certain curvature. 

The conversion of ea into ed is not a simple matter elec­

tronically even if the transient ti~e is kept constant. How­

ever, it is possible to modify. the input voltage function in 

such a way that the required output is obtained by integration~ 

The principle underlying our experime~tal circuit can be stated 

by reference to the "Processed Input" curve "e "of Fig. 5. 
C 
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The input voltage "e " is led by two different _paths to a 
a 

special type of integrator. One of the paths contains a small 

series resistor across which a varying potential drop is caused 

by a circuit referred to below as :the "compensat:i.ng circuit". 

The voltage function after passing,; this resistor is ·in the shape 

of "e "• The other path contains a simple voltage divider, so 
C 

that the voltage function entering the integrator by this path 

equals one half of "e "• 
a 

The integrator is designed_in such a 

way t~at it produces the integral ·of the difference between the 

two input voltage functions. 

The "compensating circuit" has two modes of operation: 

I) as long as the integrator produces a rising or falling out­

put voltage the· "compensating circuit" subtracts half the pre­

vious value of "e "across the series resistor (this previous 
a 

value being stored ·in a memory circuit); II) as soon as the 

horizontal state of the output voltage has been reached the 

memory circuit immediately switches to the actual value of "e " 
a 

so that half this voltage is subtracted across the resistor. 

Obviously, the difference between the two input voltages to the 

integrator falls to zero the moment the "compensating circuit" 

switches to mode II, i.e. the moment the transition is over. 

It is easily seen that the difference between the two input 

voltages to the integrator_ equals, half the value of "eb", ·i.e. 
. . 

after integration and amplification by a factor 2 the output 

vol·tage function is- "ed". The numerical relationships among 

the various voltage functions referred to are stated in the 

legend to Fig. 5. 
The special feature of this circuit is that the duration 

of the transitions generated by the integrator is not condition­

ed by the durations of the input voltage steps (except that 

these should not be shorter than Ti}. In the integrator a con­

stant comparison between input and output voltages takes place, 

and the moment the output voltage equals half.hthe instantaneous 

value of "e 11 the integrator is stopped and the output voltage 
a 

remains constant until "e "assumes a new value. Thus the out-
a 

put voltage is clamped to the input voltage after every trans-

ition, which is an important safeguard against long-time DC 

drift •. 
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of the first step equals the duration of the step - the 
slope produced is continuous though inflected. 

of the first step has been shortened (everything else 
being equal) - two separate slopes are produced. 

duration of the first step has been reduced to ~d=i. -
the two slopes _become con:tiguous again. 1 

voltage at the point of inflection has-been lowered~ 
the shape of the slope is changed. 

Fig. 6. 

Oscilloscope display of parameter _ynthesis with 3 variables. 

(The con·s-tant--offset between input and output is caused by a 
fixed filter inserted in order to round off the edges.) 
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Electronically, the basic unit- of the integrator is a high 

gain tr~nsistor whose emitter is connected via a suitable re­

sistor to the input terminal where "e c '' occurs, whereas the base 

;is connected directly to the mid potnt of the voltage div~der 

across which "e "occurs. 
a 

The outpu{::;_;::is taken ~cross a ·capaci-

- tor connected between collector and ground. Unfortunately this 

integrator can function only with one polarity of the input step 

function (with steps of the opposite polarity the output jtist 

follows the input though with some· distortion)~ In brder to 

_obtain th~ same ~ehavi6ur toward voltage.steps of_ both polari­

ties (cp. Fig. J above) it is necessary to have two complemen­

tary integrator~ and t6 combin~ their outputs in a mixin~ cir­

cuit which at any. instant selects the most slowly changing vol-_ 

tage. As shown by Fig. J satisfactory results can be obtained 

in this way but certainly at a price. 

The transient time is determined by t~e values of·R and C 
'-

in the ~ntegrator. By means of electr-0nic switches it is pos-

sible to change the value of R from one event to the next. In 

the case of vowel formants a moderate number of different values 

of~- over the range 10 - 100 ms will certainly ~uffice. 
1 

Fig. 6 (preceding page) displays the three _'idimensions" in· 

which. a control parameter can be var_ied according to the sugges­

tions given above.- It remains to be tested whether this three­

dimensionality is a ~ufficiently ~ttractive feature from the 

point of view of the experimenter to warrant its exis tenc_e. 
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THE PHONEME SYSTEM. OF ADVANCED STANDARD COPENHAGEN 

Hans Basb0ll 

1. Introduction. 

The purpose of this paper is to give a phonetic and 

phonemic description of Advanced Standard Copenhagen (ASC). 

For this description I shall use proc~dure with 

two ope~at~onally defined levels between the phonetic tran­

scription and the ultimate phonemes, viz. the levels of pre­

phonemes and of phonemes (see section 2.2.)o 

lolo What is ASC? 

ASC (with a perhaps not t00 lucky term) is the language 

s~oken by a large group of the younger generation in Copenha­

gen 1 whose languag~ is normally~considered te be a riety of 

Standard Danish. In many respects ·(see section 1.2.) it differs 

from what might to-day be called Conservative Standard Danish 

(CSD), the language desc ·bed by Jespersen .(9), Uidall (15), 

Martinet (11), and Hjelmslev (8); the language described by 

Rischel (this report, pp.177ffJ is intermediate between CSD 

and ASC, (~ee also Diderichsen (3), Hansen (5), and Andersen 

(1), where.many phonetic observations on ASC and other varie­

ties of Standard Danish are mentioned). 

ASC is clearly different from both the Copenhagen dialect 

(sometimes termed "vulgar") and the language (sometimes termed 
. <____ 

"affected") spoken .by the upper class .in, 1;he northern :parts of' ---- --
Copenhagen. 

The analysis is based mainly upon my own speech. Thus it 

is hardly quite~ _for ASC in general since probably every 

individual has his o~n phonem=e system (sounds which in the 
1 

language taken as a whole are free variants may in 'the· speech of 

some individuals have such a distribution that they must be 

considered as belonging to different phonemes; the reason 

probably is that we learn some words from our parents, others 

from our playmates - who may use different phoneme-manifesta­

tions - etc .• _). 
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1.2. Some phonetic differences between ASC and CSDo 

CSD and ASC can in general be considered as an older and 

a newer stage of the same language (Standard Danish). The effect 

of some of the,phonetic changes from CSD to ASC are ~istributio­

nal limitations in ASC, and I shall therefore refer to the r~les 
- ------------of sect·on 4.lolo in the following~ of the main phonetic 
~ 

differences between CSD and ASC. 

(1) Whereas CSD has forms like n0den, n0dden [ ln0•·?~1t ln0bi?i:] 

'the distress', 'the nut', st0d-vocoids never appear before~ 

in ASC, i.e. both forms are pronounced [l!n.05.~] in ASC/ (cp. 

rule (6)h 

(2) The voiced velar or ~!~~a_!_frica\iv~ [T] (which. accord~ 

ing to ~artinet (11) ~ests a separate phoneme / 4 /) has 

merged with other phonemes (and in so~e cases, particularly 
. *} 

after narrow vocoids 1 iwith zero). Its velar variant, which in 

..... --CSD occurs after back vocoids ~nd [1r ]- , -has mer~ed in ASC.wi th 

the postvocalic manifestation of /v/ (in CSD the words lag 

[llo•?y] 'cover' an.d 1.2.Y.! [llo•?v llo•?\[ **)] 'promise' (im­

perative) are kept apart, whereas in ASC both are pronounced 

(llo~ 9 ] ). Its postpalatal variant, which in CSD occurs after 

• front vocoids and [l], .has merged .in ASC with the manifestation 

of /j/ (in CSD the words balje, galge [l"t>al.j9 , 11 galy9J '•tub', 

'gibbet' do not rh me, but they do in ASC: [l2relj~, lgrelj~J ). 

It sh'l>u1d be noted that when the phonetic .diphthongs aris.ing· py 
. ...____ ,.--

the change of CSD. [ y.J to ASC [ ;r;J or ( '\,[] occur in s t0d-syllables, 

the s t0d is always on [ I] or [ V] , whereas [ Y] in CSD can never . 

have st0d. 

*) In this paper the terms 'vowel-consonant• (used in a func­

V tional sense) and 'vocoid-conto~d• (used in a phonetic sense) 

will be distinguished, as suggested by Pike (12). 

**) In Rischel's broader transcription, phonetic[-* -u] , ,.. 
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The result is that these forms must be ~nalyzed phonemi­

cally differently i,n CSD and ASC. E~go according to Martinet 

(11) the opposition between such forms as CSD ~ [ l;la-*?] 
'game' and lag[lla•?y] 'layer' involves phonemically vowel 

length and the last phoneme, whereas the difference in vowel 

quality is not considered distinctiveo .In ASC, on the other 1 ·· 
hand, the words are pronounced [ 1 la;(?] and [ 1 laa;f 1] , i.e. ·the 

only phonetic difference is in the.vowel quality which must 

then be phonemico 

(J) The .'colouring' (i.e. opening and :~i~g) effect on 

the vocoid of preceding(H] is much stronge~ in ASC than in 

CSD; the most important effect of this opening is that CSD I e :/ 

and /0:/ merge with CSD /c;:/ and /oo:/ after[H] in ASC (e.g. 

CSD tre ,· trre [ I 1hie •? , I thljE:.• ?] 'three', 'wood' are both 

[ dshH~•"] in ASC, and CSD· r0be, br0le [ IH0•°2~ tJH~:l~] 'reveal', 
0 0 

'roar' have the same V$Coid in ASC: [IH~:~d l9H~:l~]) 

( c p • rule ( 3 a) ) • 

(4) The contoid [H]never occurs post-vocalically in ASC (cp. ~- -
Koefoed (lo) and Andersen (2))0 Corresponding.to CSD-forms with 

short or long /a/ or /o/ plus /r/ (eog. CSD ~' bort [ 1v~, -\ · 
l~p~t] 'was', •away'), ASC-forms always have pure vocoids 

'[a (;), p (:) J (e.g. ASC ~• bort [Iva, l1>u:i] ) o The ASC-vowels 

Q!' and tf resulting from this chang·e are short in word final po­

sition ( except in the word t··far [If a:] ' fa.~ther •) and long in 

all other positions, i.e. they do not participate in the 

quantity-opposition (but cp. paragraph (5) below); CSD-forms 

like· .. :bare, borre [ 'lJP: lf~ , I ~PH~] 'stretcher 1 
, 'cockchafer • are t 

both r l lJ:0: P] in ASC • , ~ 
Corresponding to combinations of other vocoids +[HJ in CSD• 

:ASC has· phone.tic- diphthongs ·endinl{ in -[ -01 J (see se·ction 
I\ 

4. 4. ;_._· c.p o rule ( 2a)) • When sue 1 forms· are __ affected by s t0d, it 

normally is on the vocoid in CSD (eogo ~ [lse•"¥] •sees•), 

but in ASC it is always on [1?] (~ [ I se1<?] ) • ( cp·. rule ( 2b)). 

In unstressed ~yllables, CSD 4istinguishes ~8tween [dB· Hd HdH] 

( csri gnister, gnistre, gnistrer [ I gnis~dB' I g'nis4H~ I gnis~H~H] 

•sparks', •sparkle', sparkles•), ·whereas ASC maximally distingu-

ishes [P HP] (ASC gnister,. gni~tre=gnistrer [ I gnisq~ ·I gnis~
1

HP]); 
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after vowels, ASC has only [u] (CSD tuer,ture,turer [lthu:aH, 
lthu:Ha, lthu:HaH] !tutts', •trips', 'gads about' are all pro­

nounced [l~Shu:o] in ASC). 

(5) Whereas the short./a/ in CSD has three bound variants ([a] 

before or after (H] ( e ~ g. ~ [Iva~ J ) , [ a-] otherwise before 

-velars (e_.g. lang [Ila:-')?] 'long')., [a] before dentals, labials 

and zero (e.g. land,la~,da [ llan?, I lam?,. lg.a] 'land', 'lamb', 

'when')), the vocoids ~n e.g. lam,lang and~ are identical 

in ASC ( [ I lam?, I la')?, ·1 va] ) ; this·· change has the effect that 

[a] (but not [u]) in ASC participates in the quantity o~posi­

tion (e.g .. ASC lamme,larme [Ila.ma, lla:ma] 'paralyse•/:~ake noise') 

(cp. paragraph (4) above and rules (4a) and (4b)). 

(6) In CSD it is generally 

variation between·short and 

there i's an ~l-lsrn._ho!3-iC 

[-;J , [ y] and [ 0] , [ u J and [ o ] 

{ before /r/ (cp. Risc~el in this report, p. 181); no such over-

\ lapping is found in ASC. 

Because of these and other phonetic differences between 

~SC and CSD, the taxonomic analyses of Standard Danish do not 

_apply to ASC. 

2. General approach. 

The present analysis has been highly influenced by the con­
tribut.ions to phoneme theory of Twaddell ( 14), Harris ( 6), and 
many others, but is not identical._ in approach to any of these. 

It must be emphasized, however, that I do not consider this 
analysis (which mos linguists will probably find out-of-day) 
superior· in any way to enerat-ive phonology. On the contrary, 
an ordered set of rules will undoubtedly in many ·cases account 
for the lin uistic data in a simpler way than my analysis does. 
Above all, this would be true for an over-all descripti~n of ASC. 

I use a taxonomic procedure mainly in order to facilltate - ' comparisons between the present analysis and the existing de-
scriptions of other varieties of Danish which are-all taxonomic. 
- Furthermore, ~I hope that this analysis with the operatio­
nally defined levels of prephonemes and phonemes will make the 
relation between phonetic and phonemic entit~es clearer than 
has sometimes beert· the case in Danish phonemics. 

In this analy~is, stress (section 3,) is handled before the 
establishment of the prephonemes (section 4.), whereas length 
and st0d are handl~d afterwards (section 5.1.), although both. 
stress, length and st0d will ~urn out to be accents. The reason 
for thi~ procedure is that "phonetically vowel length and st0d 
are clearly properties of one single sound and therefore cannot 
- within the framework of the present analysis· - be extracted 
from the sound chain before the segmental entities of which 



37 

they are properties (i.e. the prephonemes) have been set up; 
stress~ on the other hand, is phonetically a property of the 
syllable (involving problems of syllable boundary, et.c.) and 
may therefore be handled apart from length and st0d. 

\.....___---= -

2.1. Analytical criteria. 
I 

I use Harris' (6) distincti~n between phonemes and morpho­
phonemes; i.e. it is presupposed that there should be a one-one­
correspondence between a sound chain and a string of phonemes, 
but a one-many-correspondence between a sound chain and a string 
of morphophonemes (disregarding free variants in both cas~s). 
E.g. the two words tre 'three' and~ 'wood' are both pro­
nounced [ 1~sh~E•?] and are thus represented.by the same chain 
of phonemes (cp. section 1.2., paragraph (3)), but· there is 
commutation between com~ounds like trefod [lish~81fob?] 'tripod' 
and trrefod [ 1i 8 h~re 1fo5 9 J •wooden foot'; i.e. the simplex words 
tre and trre, although phonemically identical, are morphophonemi-
cally different. • 
~ 

In accordance with the taxonomic procedure used in this 
paper no morphological or syntactic criteria will be used'in 
the analysis, and no morphophonemic description of ASC will be 
given. ·In a generative procedure, on~the other hand, morpholo­
gical criteria are basic prerequisites to phonological descrip­
tion. 

Morphophonemically, the variety of Standard Danish de­
scribed by Rische! ( this report pp .177ff) and ASC' are very si­
milar, and the reader is therefore referred to Rischel's paper 
for morphological information also applying to ASC. 

'Partial overlapping' is allowed for in the present paper, 
i.e. the same soliiicf can ~anifest different phonemes in different 
phonemic environments (e.g. the sound [re] can ma?ifest either 
0 orCE, see section 4.1.). ~ '--"---- ~ -

~mate;ial is limited to isolated words, and the phoneme 
manifestations (or other linguistic features) in connected 
speech will not be discussed. Foreign words are excluded from 
the material. 

There is more than one kind of linguistic simplicity (cp. 
Spang-Hanssen (13)). As alread noted, I shall not take mor~ 
phological simplicity into account, but still both paradigmatic 
and syntagmatic (or phonotactic) aspects of simplicity remain. 
Reductions which seem fully justified from a paradigmatic point 
of view may sometimes complicate the phonotactic description 
substantially. ·No account of the phonotactics of ASC will be 
given here, and I shall normally use the word 'simplicity' for 
'paradigmatic simplicity' - b_ut one must be aware of the problem. 

2.2. Levels of analysis. 

Our starting point is the phonetic transcription; it is 
evident, however, that such a transcription presupposes some 
linguistic analysis, including a segmentation of the continuous 
flow of speech. But the problems involved in the phonetic· • 
transcription will not be discussed here. : 

The phonetic transcription is, of course, a narrow one; 
e.g. the initial asp~ra_!.~d lQsives are transcribed [2h ~8 h gh] 
which is phonetically more correct than the normal transcrip­
tions [ph th kh]. The consequence of this transcription is 

·1 

I 

t/ 
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that e.g. [~h] must be considered
1

the manifestation of a cluster 
of prephonemes /bh/ (see section 4.J.) and not of a single pre­
phoneme /p / ( e, g, in the word p1ih [ 1bharn ~J I pan 1 

, [\?] is 
commutable with e o g. [ ~] (kande !I am~j 'can'), and [h] with 
e.g. [1] (blande [ 1 ~lren~J 'mix') • 

This interpretation is consequently different from Hjelms­
lev's (8), who reduces the prephoneme? p to either hb or bh 
etc. The well-known reduction of [b] to a bound variant of /d/ 
(proposed by Uldall (15)) is for the same reason not possible in 
the present analysis. 

The prephonemes are commutable units established by~ clas­
sificatory procedure starting from minimal sound segments. Mini-:;-

/ ma sound segments are the smallest parts into which the sound 
chain can be divided under the con_dition that ea,ch· sourid seg­
ment be commutable with at least one other sound segment or 
with zero. The prephonemes are obtained by identifying the 
commutable minimal sound segments 'in different environments by 
means of both phonetic and systematic criteria. Sounds in com­
plementary distribution are identified according to phonetic 
similarity (and pattern congruity), and sounds which occur . 
in the same (or partially the same) environments but are never 
commutable are also identi£ied. In the present phonetic tran­
scription the number of sound symbols is not much greater than 
the number of prephonemes, and sounds that always occur as free 
variants are generally not distinguished; the practical pro­
cedure for establishing the prephonemes is therefore mainly an 
identification of sound symbols in complementary distribution 
according to the phonetic similarity(and pattern congruity)of 
the sounds in question. 

It should be noted that the existence of a minimal pair is 
here considered a sufficient, but not necessary, condition for 
es·tablishing a phonemic opposition (e.g. the sounds [0:] and 
[CE:] belong to different phonemes although no minimal pair can 
be found, see section 4.1.)o Consequently, if I say that two 
sounds are 'commutable', this do~s not necessarily imply the 
existence of a minimal pair. 

A prevowel is a prephoneme which can form a word by itself, 
or which is commutable with such prephonemes (section 4.1.). 

A preconsonant is a prephoneme which can never form a 
syllable by itself (section 4.J.). . 

A weak precentral is a prephoneme which can form a syllable, 
but not a word, by itself, or which is commutable with such pre­
phonemes (section 4.2.). 

Syllabic and non-syllabic segmental entities (sounds, pho­
nemes, etc.) are kept distinct throughout the analysis (e.g. P,·. 
~; 1\1 ). 

1
The phonemes are obtained by extracting the ·'suprasegment~l 

phonemes' - i.e. the accents - from the chain of prephonemes, 
and then reducing the remainder by means of the m~ntioned crite­
ria of phonetic similarity, complementary distribution etc. 
(section·5.). 

The ultimate phonemes (section 6~ are obtained by interpre­
ting one phoneme as a group of successive ultimate phonemes~ 
The criteria for this type of reduction are discussed in sec.tion 
6.1. 
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3. Stress. 

There are two phonemically distinct degrees_of stress in 

ASC: strong and weak stress. Every word has one syllab1e w~th 

phonetically primary stress, i.e. phonemically with stress 

accent. 

Phonetically secondary stres~, e.g. in forgard [lfp:,gp.?J 

'forecourt•, is only found in words which also have primary 

stress, and never before the syllable with primary stress, i.e. 

phonetically secondary stress is in bound variation with phon­

etically primary stress and can therefore be considered as 

phonemically strong stress, i.e. as stress accent. 

When a word has more than two stressed syllables (in the phonemic 

s~nse)(i.e. phonetically more than one secondary stress), there 

is no phonemic difference in stress-between these latter syllab­

les (e.g. in slotsforgard [ I sl.b.~s I fp: 1_gP• ?] 'forecourt of a 

castle'). ' 

The relevance 0£ strong and weak stress can be shown by /i 
commutation pairs like :f orgard [ 1 fp: 

1 9 p.? J , :f orgar E fp I gp.? J ' ¥ 
'perishes', phonemically/ifor 9 g~r,f~r?gor/ *), the only phon­

emic difference being one of strong versus weak stress on the 

first syllable, i.e. one of presence versus absence of stress 

accent on that syllable. 

(In foreign words we have oppositions like plastic,piastik 

[l~h}resiig,~h}relsiig].) 
Word and syllable are here taken as axiomatic ·entities. 

In this paper stressed syllables are said to have stress 

accent, whereas the unstressed syll.ables have no stress a·ccent. 

*) The len th ~f the v~el _!?.. ~s ne~er phonemic _in A&_C ~ 

(The phonemic accent symbols 1 and,, placed before the syllable 

in question, are explained in.section 5.1.J.) 
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4. From phonetic transcription to prephonemes. 

4.1. Prevowels. 

Five st0d-vocoids appear as isolated words with different 

meanings in ASC, and they thus manifest different prevowels: 

[ 1i•?, 1a•?, 10•?, 1
J•?, 

1p•?] i 'in (adverb)',.§:.!: 'cicatrice'-, 

~ 1 island', a 'small river';· ar 9 year'. A number of other st0d­

vocoids also occur in isolation but only as names of letter~: 

[ 1e•?, 1e•?, 1re•?, 1y•?, 1u•?·, 1o•?]; since they are comm1:1-table 

with the above-mentioned vocoids in other positions, they, too, 

manifest prevowels. 
1---------

Tw o other st0d-vocoids appear in ASC:[w• 9 ] is only found 

after I:f- ( fr0 'seed', br0l. '~oar' , etc.) ( and in foreign words 

before -n (obsk0n•obscene' 1)); [0•?] is excluded in these posi­

tions, and I therefore regard [re•?] as a bound variant of the 

prevowel 0•?;(~•?] is found only before unstressed [P],e.g. in 

the verb udg0re 'constitute', and there is commutation between 

[0 • ?] and [CE• ?] (but only _in quasi-minimal pairs ·1ike udk0re 

[lu6. 1gh0•?p] 'cart ·out', udg0re [lu61QCE•?P] ). I regard [CE.•?] 
as manifesting the prevowel OC•9 (the roots in which [mt] - and 

in some types of compounds [<E•?] - is found, are listed below 

in the present section). 

The system of st0d-prevowels in ASC is then, 

i•? y• ?· ... u•? 

e•? 0•? o•? 

e.•? CE.? o•? 

re•? a•? p.? 

Long vocoids cannot form words by themselves in ASC; ··but 

in other positions they are commutable with st0d-vocoids, and 

they are therefore manifestations of prevowels (e.g. [ 1sgu:P6, 

lsgu•?pb] skuret 'scoured (past ptc.)' versus 'the shed'). 

The following long vocoids can immediatly be shown to manifest 

different prevowels: [i:, e:, e:, re:, a:, y:, 0:, u:, o:, ;,:, p: J. 
Two other long vocoids are :f~und in ASC: [wij only appears 

after H - (~ 'reveal'). and before -n (h0ne 'hen'); [0: J does 

not appear in these positions, and [w:J can therefore be regard­

ed as a bound variant of the prevowel 0~. [~:] is only :found be~ 

fore unstressed [P]; we have no minimal pairs for the opposition 

l 

I . 
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[0:]:-[~:J (but we have for [y:]:[0:J and [y:]:[~:J ), but the 

material clearly shows that the gap is accidental: 

(i) [-y:P] dyre.£yre,hyre,lyr0,myre,nyre,styre,syre,tyre. 

(2) [-0:P] f0re,h0re,~,~,pl0re,sk0re,sl0re,~. 

(J) [-CE:P] ~,g0re,~,sm0re,sn0re. 

The system of long prevowels is then: 

i: y: u: 

e: 0: o:: 

~= (E: 0: 

re: a: 'D:; 

(Both the system and the mentioned manifestation rules corres­

pond exactly to those of the st0d-prevowels.) 

A few short vocoids can form words by themselves. in ASC: 

Ii I re, ( I An l 'you t (plur.), a , (..2..S: t and I) ( the last example is 

dubious in stressed position); the~e are, therefore, manifesta­

tions of prevowels. Other short vocoids are commutable with 

these and with each other: [e e·y 0 u o 'D] and thus manifest 

.:· preyowels,too-. 

Two other short vocoids are found in ASC: [ce] and [CE.] .• 
Except for the position before [-E?], never more than two of 

the four short rounded front vocoids occur (in contrast), as 

shown in the following table 

-N 
B- [m]:[CE] 
X- ~[0]:[ce] 

where 'N' means 'nasals' 

means 'other phonemes 1 o 

[y J: (a:] 
(before - 1) only 

-X 
(y]:[cs] 

[y J: [ 0 J 
[ 0] occurs ) and 'X ' . 

I.e. if the position before [ -If'] could be disregarded, 

the number of prevowels in the short round front-series could 

be reduced to 2, with the following manifestation rules: 

l 

y is manifested by [ce] in the context B-N (e.g. grynt(lgBren?iJ ; 

'grunt'), by [0] before -Nwhe~ no H precedes (e.g. skynde (.~_!~) 

[l'sg0n~J 'hurry'), by [y] elsewhere (e.g. ll£ [ 1syb] 'south'); j 

, 1 \, 

0 is manifested by(({.] in the context H-N (e.g. gr0n [lgH<En?J 

'green') and before -"E (without st0d) (e.g. ~ [ 1'sma:'E}butter'), 
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by (oo] after'H:-' when no N follows (e.g. ryste [l!B'~S~~J 'shake') 

and before -N when .no H precedes (e. g. sk0n [ I' sgcen 9.-] • beauti:fu1 ~),' 

and by [0] elsewhere (e.g.kyst [I gb0s~] 'shore• ) 0 

(This reduction, with even simpler manifestation rules, would 

be possible for the variety of Standard Danish described by 

Martinet ( 11 ). ) 

But in ASC we have commutations like dyr, ~.~ 

[ 
1dy1>?. ·_ I d0P 9 , 1 da:p'>] 'animal' 'dies' 'd0or', and we thus; have 

0 ,..., 0 ~. 0" f ' 

3 prevowels in this series:~,,~~; i.e. the above-~entioned re-

duction is impossible for ASC. 

We cannot, however, completely avoid partial overlapping 

in this series: 

y is manifested as [y] (e.g.·~ [lsy5] ). 

0 is manifested as [ oo] after H- ( e o g. rys te [ I B'WS~-a J ) , 
____ as [0] elsewhere (e. g. kyst [ I gh0s~J ) • 

CE is manifested as [m] before -N when no H precedes (e.g. 

sk~~ [ r s gam9 ]. ). , • ~s CE ·el~ewher~- (e.g. ~, gr0n [Ism~~, QHCE~ ;]_)_·· -• ~-

( cp. section 4.1.1., rule (5)). 
Before5, the following short rounded back vocoids are 

f found: [u o o A] (~,fodre,bad,od (
1 

gu5, lfo5,BP, l~obJ9 , 1A5.] 

'god' , 'feed' , 'boat' , 'point'). [P] is excluded in this position, 

and I therefore regard [.a, o, o] as manifesting respectively P, 

A, and o in the position before 5 . (i.e. - the manifestations of 

short prevowels before~ have the same quality as the corres­

ponding long prevowels). 

The system of short prevowels is then 

i 

e 

m 

y 
0 

CE 

a 

u 

A 

p 

Each of the 36 prevowsls that have hitherto been set up is 

commutable with all the others, with one important exception: ~ 

there is no commutation betwe.en [P] and [ P:] ; these are bound 

variants ( [p)appearing only in word final position (e.g.~ 

[ I VD J I our 1 ) where [p:] is excluded). Consequently there are 

only 35 prevowels. [P:]occurs in no posit~on where short pre-
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vowels are excluded, but [P] occurs finally in monosyllabic 

words where generally no long prevowels appear (except in one 

word~ [fa:] 'father'); it therefore seems preferable to ex­

cludel'p: from the long prevowel system and to retain t) in the 

short one, rather than vice versao 

4.1.1. Distributional limitations of the prevowels. 

There follows a list of the main limitations in the ~istri­

bution of the 35 prevowels (in stressed position) (in these 

rules 'long' means 'long or st0d-'). 

I do not pretend that none of the combinations excluded 

by the following rules ever occur in ac·tual speech, but only 

that if one of them does, it is an accidental variation of some 

'permitted' combination. Some of the rules are not so absolute 

as ·they' might seem to be : e. go rule (ld) might cover i as well, 

if it were not for the word linj e [ l'linj ~] 'line 1 
; and the 

pronunciation brynje [l~Hynj~J 'coat of mail' can in fact .be 

heard as a variant of the normal one [ 1 ~Hcelljd). 
e ,.tl( 

(le) 

(ld) 

(le)* 
L 

C) .. (2a) 

✓(20) 
(Ja) 

(Jb) 

(4a) 

(4b) 

(5) 

(6) 

(7a) 

(7b) 

Long prevowels are not found befo~e [ry]., 
p is not found before [ry]. 
i,y,u are not found before[~) or 

y is not found before [n]. 
u is not found before (~]+~ontoid. 

a,'0 are not found befor~ [iJ• . 
Long prevowels are not found before 

e,e: are not found after [H]. 
re.: is not found after [H] except before [~-] {e.g 0 

grrede [ 1 §Hre:~~J •cry') .• 

re is not found before labials and velars expept after 
[HJ . (e.g.~ [ 1Hrem?] 'strap'). 

a is not found before dentals except after [HJ (e.g. 
rat [IHad] 'steering wheel'·). 

0 

~ is only found before [-n,-m,-~?] (e.g. gr0n 'green' 
dr0m 'dream' d0r 'door' [IAH~n? 1ai;~m? 'd~u?]). 
-- t -- I ¥ t o t o ~ 

St0d-prevowels are not found before non-syllabic [~]. ;' 

Short prevowels are not found before [yd]. 
Short prevowels are not found immediately before an 
unstressed vocoid or a syllabic contoid. 

It should be added that there is never commutation. between 

and PC 9 (where C is a contoid) (e.g.[1s1P• 9 m] and 

C)· {l) f:t 

V - l l t -v!t~ ; 79,, $ ,4_ 

c...::.-
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[ls~pm?] are free variants for storm 'gale'). 

·(some of these and other distributional limitations may 

later (in section 6.) be used for a reduction of the .inventory~)' 

4.1.2. Prevowels in pretonic syllables. 

In weak syllables before the first stressed syllable in a 

word no st0d-vocoids and no long vocoids *)occur. The syllabics 

in these syllables are; short vocoids, but the rounded front 

vocoids only occur in foreign wordis (like dynami t [~ynre.lmi~J 

'dynamite'). These unstressed short vocoids are id•entified with 

the corresponding stresse·d ones of the same quality, i.e. mani­

festations of short p~~vowelso 

The syllabic segm 1ents of ·~stressed syllables occurring 
between two stressed ones in the same word can always be re­
cognized as manifestations of either short prevowels or weak 
precentrals; in cases where both identifications are possible, 
it ·does not matter which identification we choose because in 
the final analY.sis the short prevowel and the·weak precentral 
in question will be identified as the same vowel, see sectio~ 
5.2. 

4.2. Weak precentrals. 

In unstressed syllables after the last stressed syllable 

in the word the following syllabic vocoids occur in native 

wordsr[i,e,~,P,u] (e.g. in hyppig 'frequent', madding 'bait', 

hyppe 'hoe', hypper 'hoes', vindue 'window' [lhy~i, 1mre5ery, 

I hy~-a, I hi2P, 1 veniuJ ') o (In fore.ign words also '[re, o, o J occur, 
I o I S I . e.g. in kvota,cello,centrum [ ghvo:i 5 hre, £lo, s£n~ 8 h¥om].) 

Apart from [ e] these vocoids. are commutable (except. [ o J and [ o J 
which are bound variant~, [o] occurring only in open syllables 

and [o] only in closed ones). As [e] occurs only· before [~] 

where none of these other vocoids is found, the possibility of 

identifying [e~ with some other vocoid should be considered; 

but as it will be shown that [e] occupies a place in the 'weak 

precentral-hierarchy' different from those of all the other 

vocoids (see below), this identification will be avoided here. 

Furthermor~, five syllabic contoids occur in A~C:[+ , 

n ~ b ] (e.g. in mandel'almond', lampen *the iamp•; manden 
I I I 

'the man', lakken 'the lacquer', huset 'the house' 

*) Except in a few foreign words of the type ma1eri [mm:lpl1:ri•?] 

'pain ting' • 



rlmren?l, llambm, lmren?n, 1lag~, 1hu•?sb] ). They never have st0d. 
li. I O I I I I 

[,J and (ry] a~e only found after[~] and(g], respectively; 
I 

and are in this position in free va~iation with [n] . [m] and 
I I 

[':>,] are therefore considered .to be variants of' [n]. 
I I 

[ 1 n 
I t l ' 

b ] are all commutable with each other and with the 
I 

syllabic vocoids [ i C1 u t>] •. 
t ' ' 

Now a hierarchy of the weak precentrals can be set up as 

follows: 

occurring in unstressed posttonic 

syllables in native words 

never occurring after hl 
occurring after b, 

never occurring in 

syllables with 

obligatory st0d 

never 
occurring 
in st0d-syllabl~s 

4th leve·l: u 

Jrd level: e 

2n4 level: i 

1st levels ~ 'P 

1 n b 
• • 

The' definition' of a level applies to all lower 1·evels as 

wello Each level is fully specified by the definition of its own 

level and the negation 0f the definition 0f·tne level just below 

(the negation is formed by deleting the word 'never' if it oc­

curs, and by inserting the word 'never' if it does not oc~ur); 

e.g. the third level is defined as comprising the weak precen­

trals which 'never occur after h but occur after 6 ', and which 

'occur in syllables with obligatory st0d', and this can only be 

e ( e •. go in maddingen [ llmreb,e'!);?i; ] 'the bait'). 

4.3. Preconsonantso 

Initially, the following lJ commutable contoids occur: 

[ b d g h m n 1 H j f v s S ] 
o'o' S ' I , ' , t , t , o 

[a·] is only found before [h] where [i] is not found; 
• [i 8 ]and [i] are therefore bound variants. 
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The plosives may be voiced, especially in intervocalic po­

sition, and the voiced nasals and fricatives are partly or whol­

ly devoiced after [h,f,s]; in neither of these cases is the 

degree of voi~ing phonologically relevant •. 

Finally, the following ten st0d-less commutable contoids· 

are found:[b,d ~ m n ~ 1 ~ ~ s] (final [S] is only found in 
o o• ' ' ' ' ' ' ' 

foreign words). In utterance-final position these contoids ar~ 

often aspirated ~d devoiced. In intervocalic position in: simple~ 

native words we find the same inventory· as in fin~l position. 

(Intervocalically [£) occurs as a stilistically conditioned 

variant of d, ioeo in rapid colloquial speech.) 

Furthermore, the followi~g five st0d-contoids occur in ASC: 

[m? n? "J.~ l?· b?] • They are commutable with each other and with 

all the st0d-less contoids. 

By identifying phonetically identical final and initial 

contoids we obtain the following eight preconsonants occurring 

both initially and finally:b d g m n 1 f s. The follow­

ing five contoids occur only ini~ially: h H j v S (but if 

.. we include the foreign vocabulary; S occurs both initially and 

finally). The following seven contoids occur only finally: ~ 

e m9 n? ~? l? ~?; there is no possibility of identifying 

any of these with h- H- j- V- or$-. 

4.4. The phonetic diphthongso 

A great number of phoneticdiphthongs occur in ASC, all 

ending in [-*, --·1<, -'Q ] or [ _*.,, -y?,- 'Q?]. In one-syllable words 

their first component is always a short st0d-less vocoid, in 

other word types also long vocoids and st0d-vocoids occur in 

this position. The vocoids occurring as the first component of 

the ~iphthongs can be identified with the corresponding mono­

phthongal manif·estations of prevowels. 

It might seem natural to consider the last component as a 

manifestation of a short prevowel and later to reduce the long 

prevowels to combinations of two identival short prevowels. But 

the parallelism between long .prevowels and diphthongs implied 

by this analysis is contradicted by the fact that no long pre­

vowels occur f~nally 1n one-syllable _words (except in the word 

~[faij) whereas st0d-less diphthongs do occur here (e.g. in t0j 

- -- I 
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1 clothes', ~ 'sea', sm0r 'butter' [ I i 8 h<E*, 1h_a>l, l'sm<t"Q] ) • 

On the contrary, these st0d-less forms correspond exactly to 

combinations of short prevowels + certain preconsonants 

as in ~ ' one ' , t i l ' to ' , gud ' god ' [ I mam, I ~ 8 h e 1, I g ub J . 
*) I 

·We therefore consider the second c·omponents to be manifestations 

of preconsonants, i.eo we identify-I with j- (belonging to the 

preconsonant j), --v with v-{ belonging to the pre consonant v ) , 

and - 12 with H- (belonging to the preconsonant r). We must 'then 

recognize three further only-final preconsonan ts, .i.e. - j 9 , -

4.5. The inventory of prephonemes. 

The inventory of prephonemes has now been found, viz. 

35 prevowels: 

12 st0d-prevowels: 

1.?. y.? U•" 

e _.:,;,·, 0•? 0.? 

~-? (E•? ;) • ? 

re. ? a•? p.? 

ll long prevowels: 

i: y: u: 

e: 0: o: 
f;: CE: ;;) : 

re: a:. 

12 short prevowels: 

l
.~ .. ' . y u 

e 0 ;) 

'-...,1 s CE A 

re a p 
-- -----

*) Io e. pre consonants which a·fter the reductions in section 

5.1. turn out as consonants able to occur immediately after 

the vowel in syllables having the st0d accent but not the 

length accent. 

7 
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8 weak precentrals: 

~ P l n ~ i e u 

23 preconsonants:· 

Initially and finally 11: 

b d g m n 1 f s r j v 

T.) 5) m? 

Only initially 2: 

h § 

Only finally lo: 

n? II)? l? ~-? r? j? 

.In total, 66 pre:ehonemes. 

5. From :ere:ehonemes to :ehonemes. 

5.i. Accents. 

- 5.1.1. The st0d accent. 

y? 

There is never more than one st0d in a syllable in ASC, 

and it can only be at one place in the syllable, namely on 

the syllabic vocoid if this is half-long, otherwise on the 

following (non-syllabic) sound. The st0d is therefore consi­

dered as an accent belonging to the syllable as a whole. This 

means that m9, n ?, 1'),9 , 1 9 , b 9 , r 9 , j 9, v 9 are bound variants of m; n, 

~,l,b,r, j,v. occurring in st0d-syllables. (These eight consonants 

are the only phonemes found immediately after short prevowels 

in syllables·having the st0d accent, i.e. (after the reduction 

made in section 5.1.2.) immediately after the vowel in syllables 

having the st0d accent but not the length accent_ (cp. section 

4.4.).) 
Half-long vocoids are now reduced to bound variants· of 

long vocoids, conditioned by the occurrence in st0d-syllables 

(v• and v: being in complementary distribution); this analysis 

is confirmed by the similarity_of the manifestation rules for 

stsd-prevowels and for long prevowels. But we must· then restate 

i>: as a long vowel, cp. the opposition _between p and p: in~-

, our I' var •'spring• [ I VP I VP. 9 ]. 

5.1.2. The length accent. 

The systems of long and short vowels now exhibit the same 
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number of units and the same pattern. We shall briefly discuss 

the possibility of ~educing the t~o systems to one by consider­

ing ·the long vowels as short vowels plus something else (the 

remainder being an identical short vowel, h, or a length­

unit).*) 

If we were to interpret the long vowels as consisting of 

two identical short vowels, eacih of these would be commutable 

with consonants or zero, but with no other vowels (because the 

diphthongs were interpreted as a short prevowel plus a precon­

sonant), a situation which does not agree with the fact that 

vowels and consonants ·beiong to different categories. This 

implies that if one vowel in such a two-vowel group is com­

mutated, the ·other vowel will enter into a paradigm comprising 

the other vowels but no consonants (nor 0), i.e. it will en-

tirely change its paradigm. This description seems highly 

artificial and is therefore rejected. 

-If we consider the long vowels as consisting of a short 

vowel+ h, the phoneme h would be given a "normal distribution" 

without increasing the number of phonemic elements. But the 

phonetic description of /h/ would be highly complicated, so 

this description, too, must be rejected. 

To consider the long vowels as short vowels+ length is 

phonetically the most satisfying __ description, but length is 

then a new phonemic entity which can be taken in several senses: 

(1) as a ?egmental phoneme/:/ with a number of bound variants, 

[re'] after /re/ etc. /:/ is then commutable with consonants 

and 0 (cp. that/:/ can never form a syllable by itse1£); 

(2) as an entity characterizing the vowel, i.e. ~s a distinc­

tive feature extracted from the other distinctive features 

which together'constitute the vowel quality. 

*) This discussion belongs to the present section· (5.1.2.) 

because length will turn out to be ari accent. But it 

should be noted that a reduction of long vowels to two 

identical vowels or to short vowels plush would ~elong 

to section 6. (after the phonemes have been established). 
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The difference between (1) and (2) is of theoretical but not 

of practical cons~quence insofar as the phonemic notation 

and the mani£estation rules will remain the same; 

(,) aei an entity characterizing the sy11ab1 ·, i.e. as an ace nt. 

This -interpretation is supported by the fact that the length 

is often lost when the syllable becomes the first part of a 

compound. In this respect it behaves like the st0d accent. but 

unlike all segmental phonemes (the same loss of st0d and;length 

occurs in connected speech when a syllable loses its stress). 

I therefore choose solution (J), i.e. vowel length is accent­

ual. 

5.l.J. The accentual system of ASC. 

No unstressed syllables can take the length accent. 

The only unstressed syllables with obligatory st0d are 

those with the weak precentrals e and u, whereas those with 

the weak precentral i can have facuitative st0d (e,g. in 

maddingen; vindue t; hyppige [ l mreb e,.f~l; 1ven~u • 9 ~ 
1 hy2 i • 9 -a or 

1hybi-a] ). This st0d may be considered purely automatic, i.e. 
0 

non-phonemic, according to the following rule: an unstressed 

syllable with the weak precentral e or u before an unstressed 

syllable with 9 -0 1 n or 5, (i.e. the weak precentrals on the 
I I I 

·1st level (section 4o2.))have obligatory st0d; and an unstres-

sed syllable with the weak precentral i·has facultative st0d 

under the same conditions. Now only stressed syllables can 

have phonemic st0d, i.e. a st0d accent; the st0d and length 

accents therefore presuppose the presence of the stress accent, 

but not inversely (in the phonemic transcription, the symbol 
.. 

for the stress accent can therefore be· omitted before syllables 

with length and/or st0d accent). 

According to this analysis there are four types of stres­

sed syllables: 
ong non-long l 

?• [ 1 mre • ?n] /?: mren/ ? 
[ 1mam9] • ;?mam; 

st0d •conjure'(imperative) mand 'man• man 

: [ I mre: n( -a) ] / : mrenCd/ *) I [ Imam] / I roam·; 
non-st0d 

mane 'conjure' man 'one' 

Cp. the scheme of Ege (4J~ 
- -- - --___ .. _ ----·-·----- ... - --- -·---·--- -·- -

t *) The location of the syllable border is not considered here. 
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5o2• From weak precentrals to phonemeso 

The weak precentrals in native words are 1 n 5 ~pie u 
I I I 

(section 4.2.); the weak preoentrais Pie u are identified 

with the vowels 'O i e u, the only difference being the absence 

versus presence of the stress accento ~ should not be identi­

fied with stressed m or o because re and o occur as weak pre­

centrals commutable with '3 in foreign words; nor should we 

identify '3 with stressed~ or a,because the weak precentral ~ 

can vary in the whole range [.A.-'0-a ]. Is it reasonable to 

identify~ with one of the other stressed vowels, i.eo y, 
0, m, or·&? The simplest solution is an identification. with 

~ which permits us to state the rule that y, 0, ~, i.e. the 

vowels of the rounded front series, are never found in un­

stressed syllables in native words. 

The remaining weak precentrals 1 n 5 cannot be identified 
I I 

with any of the other syllabic phonemes, i.e. the vowels; _we 

shall not identify syllabic with non-syllabic phonemes, and· 

1 n ~ are therefore separate phonemes, i.e. weak centrals • 
. \ I I 

5.J. The inventory of phonemes. 

The resultant phonemes of ASC are: 

12 vowels 

i 

e 

re 

y 

0 

(E 

a 

3 weak centrals 

1 
I 

n 
I 

15 consonants 

b 
I 

Both initially and finally 11: 
b d :g m n 1 f s r j v 

Only initially 2: 

h 

Only finally 2: 

5. 



52 

In total, Jo phonemes plus 3 accents: stress, st0d and 

lengtho 

6 1 From phonsm to ultimate phonemes. 

6.lo Criteria for the reductionso 

To reduce the number of phonemes a further operation must 
be used, ioeo dissolving one sound into two simultaneous com­
ponents each mani:festing an ultimate phoneme o. This presuppo­
ses, o:f course, that the sound is n_ot commutable with the suc­
cessive manifestation o:f the two ultimate phonemes. 

I:f we make no complete analysis in distinctive :features 
(or simultaneous components a la Harris), we are in lack o:f 

·sa:fe phonemic criteria telling us where to stop these reduc­
tions. I shall, therefore, make only :few o:f these and only in 
cases where it leads to a clear simplification in the phonemic 
description o:f ASC as a whole and not only a decrease in the 
number of units. (It should be noted that 'Hjelmslev's Law', 
which says that a cluster xyz can only exist i:f also xy and 
yz exist in that language, is only :found to appear as a tenden­
cy in ASC, and it can therefore not be used as a criterion tei­
ling us where to stop the reductions of the phoneme inventory.) 

First, the criterion o:f "maximally differentiated allo­
phones" is used; i.e. when particularly distinct pronunciations 
are required, eogo in the presence o:f noise, some sounds (eogo 
[l n ~] ) can always be replaced by certain other sounds • 1([ ~l • -an . -ab J) ( their "maximally .di:fferen tia ted allophones") 
which do not otherwis-e occur togethero I:f the "maximally di:f­
:feren tia ted allophones".. are groups o:f sounds where each sound 
is the normal manifestation o:f an already est.ablished phoneme, 
a clear simplification o:f the description as a whole can be 
obtained by ~nalyzing the "maximally differentiated allophones" 
instead o:f the sounds in question (see below). 

6.2. The reductions. 

( 1) :\- r;. ~ to ct Di s5. [-al -an -ab J are the "maximally dif-

ferentiated allophones" of [{ r;.. ~] (only occurring in un­

stressed syllables and manifesting the phonemes 4 r;. ~ ). As 

[-a] is the normal manifestation of the vowel Sin unstressed 

syllables, and [ 1 n b] of the conso~ants 1 • n b , syllabic t 1f ~ 
are reduced to the ultimate phoneme groups Cl 8n @ ( in un­

stressed syllables, i.e. occurring without the stress accent). 

(2}. a: to ar. Until thi_s reduction is made a is never found 
• I 

before r, and the word far [.fa:] stands out as the only ex-

ception to the rule that no long vowels occur finally in mono~ 

syllabic words. After the restatement, however, oppositions 

like·~,~ [Iva, lfa:] ·are accounted for as /Iva /versus 
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/ 1 fa:r / • Furthermore, oppositions l.ike pak, park [ I ~hag, 

l~ha:gJ 'mob', •p~rk' are now /lbhag/versus / lbharg/ etc., so 

that we can state the important rule that no long st0d-less 

vowels occur in monosyllabic words. Thus, in monosyllables 

the length accent presupposes the presence of the st0d accent, 

but not inverselyo After the present reduction, a is the 

onl.y vowel. which never occurs in syllables with the length 

accent. (It should be noted that (2) is not a reduction in 

the proper sense, the number of phonemes and accents being 

unchanged, but.merely a simplification.)· 

(3) n to or. p occurs with the length accent in st0d syllables 

only:)and after the applicat~on of (2) Pando are the only 

phonemes which never occur before r. After reduction (3),. a 

vowel phoneme with a peculiar distribution (P) has disappeared, 

and another vowel (o) has been given a more normal distribu­

tion; the opposition :Y.2,£, var [lvp lvp•?'] which before (J) 

involved both length and st0d, is now ,/lvor/ versus /?vor/; 

i.e. it involves only st0d. 

(4) S to sj.o In ASC as a whole, both [S] and (sj] can be heard, 

although [S] is by far the most general pronunciation. Reduc­

tion (4) seems justifiable because j will be given a more 

normal distribution without complicating the distributional 

description of So 

6030 The inventory of ultimate phonemeso 

The sys'tem of ultimate phonemes in ASC is then, 

11 vowels: 

1 

e 

y 

0 

(E 

u 
0 

0 

aa. a 

14 consonants: 

Both in~tially and finally 11, 

b d g m n 1 f s r j v 
. ,' ----------------~---------~-~~--. . 

*) Cp. the reduction at the end of section 4.1. 
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Only ini_tially, 1 consonant: h 

Only finally, 2 consonants: 1J 5 

In total, 25 ultimate phonemes plus 3 accents: stress; length 

and stsd. 

----****----
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ENGLISH STOPS AFTER.INITIAL /s/ *) 

Niels Davidsen-Nielsen 

1. Introduction. 

After initial /s/ the English stops -present di.fficulties 

which are both phonetic and phonemico With the .former it is a 

question of the exact articulation·and phonetic properties of 

these soundso With phonemics, it is well-known that the oppos­

ition between /p, t ,k/ _and b, d, g/ is suspended in this position. 

Thus words like spin, steam, and scold may be interpreted with­

out ambiguity as /spin, sti:m, skould/ as well as /sbin, sdi:m, 

sgould/. The question is thereby raised as to which of the two. 

phoneme series is realized. In such cases, when .from a struct­

ural point o.f view a sound may be included under either of two 

phonemes with equal justi.fication, it has been the usual prac­

tice to choose the solution which is phonetically the more 

realistic. A large majority of linguists who have applied this 

criterion have preferred the interpretation /sp,st,sk/o It is 

the object of this paper to examine whether this preference is 

phonetically justifiedo 

2. A perceptory experimento **) 

In order to investigate whethe~ the stops after /s/ are 

auditorily closer to /p,t,k/ or /b,d,g/ a perceptory experiment 

was carried out. 

2.l. The first part of this experiment consisted in letting 

native speakers of Eng,lish identify a number of words which 

begin with~• tl_, -2..£ but whose initial [s] had been removed. 

*) This paper is an abbreviated version of an article in the 

special Danisl1 issue of "English Studies" (to appear in 1969). 
I am indebted to professor Eo Fischer-J0rgensen for her kind 

assistance and many valuable suggestionso 

**) For American English the results· of this e~perime.nt··are 

supported by two previous investigations: Lotz, Abramson, 

Gerstman, Ingemann, Nemser_ (4) and Re~ds & Wang (5) 0 • 



The following words were sel~cted: 
I II 

spear 
spat 
$tarn 
sty 
scold 
score 

pier 
pat 
team 
tie 
cold 
core 

III 

beer 
bat 
d DI 
dye 
gold 
gore 

The words were inserted into sentences and recorded by four 

persons ( two English and two American) at a tape· speed of 

fifteen inches per secondo The test words from column I were 

then cut out of their environmentso In the six words thus 

isolated the initial[s] was removed. By hand, the tape was 

moved slowly past the play-back head and was subsequently cut 

immediately after the friction of [s] had ceased, i.e. during 

the first part of the following stopo 

The perc·eptory experiment consisted in letting J2 test 

persons (24 English and 8 American) identify 52 reco;di°ngs of 

these six truncated wordso Each of the words, which had been 

randomized, was played twice to the test persons, who were then 

asked to write down the English word they thought ·they hep.rd. 

The experiment showed that in 92% of the cases the test 

persons heard words. beginning with /b,d,g/, i.e. the words 

which appear in column III, while in 8% of_ the cases they heard 

words beginning with another sound, which was nearly always 

/p,t,k/, i.e. the words 'in column IIo It turned out that the 

words with !ill were identified more consistently than the words 

with~ and ~.This is shown in the following·bar charts 

' 

. 
so-

. 

. 

. 

. 
0 

CsJ.b 

-

Other (s)d 
i den-t if ications 

I I 
Other 

I dent if i caiions 

17 
Other 

identifications 

i· 
i 
! 
I 
I 
I 
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In order to examine British and American English separate­

ly the material was subsequently divided into two parts. The 

24 Englishmen's judgment of the British English recordings 

showed 92% /b,d,g/ identification. The 8 American~·, judgment 

of the American English recordings displayed 98% /b,d,g/ 

perception. 

2.2~~n the second part of the perceptory experiment the test 

persons were asked to identify two recordings, one American 

and one British English, of the following sentence: 

'Thanks, Stan, that'll be allo' 

It was anticipated that this sentence in a number of cases 

would be confused with: 

'Thanks, Dan, that'll be allo 1 

This was expected ~ecause the first part ~f the ·test had 

proved that the stop in ll is perceived as _a __ _/9-/,. In this way 

the phonetic difference between the two sentences becomes 

very. small and is probably restricted to a difference in the 

_length of the [s]. 

The presumption that this distinction is precarious was 

supported clearly by this testo In only 58% of the cases the 

test persons identified the sentence correctly, whereas 'Dan' 

was heard in the remaining 42% of the caseso 

I J. Acoustic investigations.-:*) 

Of all the recorded words in the three columns there 

were taken one duplex oscillogram, one pitch curve, and two 

intensity curves (logarithmically and linearly registered __ re­

spe.ctively). On these three curves and on the oscillogram the 

stops could be precisely delimited. In this way it was pos­

sible to·measure the duration of the three stop series. 

Furthermore voicing and release burst could be examined. 

*) B. Fr0kjrer-Jensen, of the Institute of Phonetics, has been 

of great assistance at the execution of the acoustic and 

articulatory parts of the investigation. 
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3.1. Duration of release stage. 

The duration of ·explosion plus aspiration was measured• in 

all the recorded words of the three types (216 words). It 

appeared that the average duration of this ·element of [(s)p, 

(s)t,(s)k] was 2 cs., while in the case of [p,t,k] it was 8 cs. 

As regards [b,d,g] the average duration of this element turned 

out to be J cs. On the basis of these measurements the o~ly 

reasonable conclusion is to consider the stops after [s], as 

well as initial [b,d,g], unaspirated. [p,t,k], on the other 

hand, can only be termed aspirated. 

3.2. Duration of hold stage. 
-

On measuring this stage of the stops in the above men-
--...1 

tioned 216 words it turned out that there was no significant 

difference between [p,t,k] and· [b,d,g] in this respect. ,The 

average duration of the hold stage of [P, t, k] was 11 cs .·; 

for [b,d,g] the mean length was 10 cs. In pairs the averages 

were the following: b/p: 10/12, d/t: 8/9, g/k: 12/11. The hold 

stage of [(s)p,(s)t,(s)k] was somewhat shorter (7 cs.). This, 

however, is to be expected in consonant clusters. On the basis 

of this material, consequently, no conclusions regarding force 
I 

of articulation in English can be drawn from the duration of 

the hold -s ~age• 

J.Jo Voicing. 

An investigation of voicing showed very cle-arly_ that both 

[P ,·t, k )..and [ls) p, ( s) t, ( s )k J were unvoiced. The traditional. 

notion o'f [b,d,g] being articulated with a certain amount of 

voicing proved largely correct with regard to the two Americanso 

As far as the two Englishme~- are concerned, however, divergent 

results were obtained. In the first place, all these sounds 

were unvoiced 1nitially in a sentenceo Secondly they were not 

fully voiced between vowels. It appears, then,that[ b,d,g] in 

English may be realized in two different ways: with or without 

vibration of the vocal cords during the hold stage. It may be 

concluded that voicing ca~ot be regarded as any constant 

feature of these stops in English. 
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~ 4. Articulator investigation. 

The last part of this investigation consist·ed in a 

physiological examination of intra-oral air-pressure. In the 

case of the two Americans and one of the two English test 

persons this was measured by inserting a thin plastic tube 

into the mouth behind the point of articulation. This tube 

was connected with an electric manometer-,* )which register~d 

the air-pressure in cm H2o by means of a mingograph. At the 

same time a duplex oscillogram and two intensity curves were 

registered. The air-pressure of the four.th test person was 

measured by inserting the tube throu·gh the nose into the 

mesopharynxo In this way it was possible to measure also 

[k ] , [ g ] , and [ ( s ) k ] o 

The experiment showed that two Americans (J.W. and M.w.) 
had a very clear difference between [p,t,(k)] ~nd [b,d,_(g) ], 

which consisted in [b.,d,(g) J having considerably .lower press­

ur~ than [p,t,~k)]o Converting absolute into relative valu~s 

by stating the percentage value of the voiced stops in rela­

,tionto the unvoiced stops the following figures were arrived 

at: 

b/p 

d/t 

73 
76 

M.W. 

57 
,69 

These results. support the traditional view ·are 
fortes whereas [b,d,(g)] are lanes. This, however, was not 

that [~ , t , ( k) ] 

the case with the English informants (N.s. and R.D.), who 

showed almost no difference of air-pressure between the t~o 

stop series: 

b/p 

d/t 

g/k 

96 

90 

87 

96-

109 

*) ~ ~-, Co~structed by A. Tybjrerg Hansen· and described in 

Eli Fischer-J0rgensen & A. Tybjrerg Hansen (2) 0 
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The figures from the last table may seem surprising; but in 

an investigation by Eli Fischer-J0rgensen (1), voicing and 

intra-oral air-pressure have been demonstrated to be closely 

connected, voiced sounds have relatively low intra-oral air­

pressure, unvoiced sounds relatively high pressure. Consider­

ing this negative correlation it could be anticipated that 

almost no difference of air-pressure could be demonstrated 

with the English test persons, for their [b,d,g]•s were pre­

dominantly unvoiced. 

It was now to be expected that [(s)p,(s)t,(s)k], as re~ards 

intra-oral air-pressure, would be similar to [p,t,k], and 

that both these series would show relatively high pressure.· 

The assumption proved correct for, three out of four person.a. 

The differences re~istered here were inconsiderable: 

(s)p/p 

(s)t/t 

{s)k/k 

N.S. 

98 
100 

96 

98 
111 

J.w. 

99 
106 

With regard to the fourth informant, who found it difficult 

to articulate with a plastic tube in her mouth, the pressure 

of- [(s)p,(s)tJwas somewhat lower than that·of [p,t]. 

5. Summary and phonemic evaluation. 

~ On the basis· of this auditory, acoustic, and physiological 

investi~ation of stops after initia1 /s/ in Eng1ish the fo1-

lowing points may be underlined: 

The perceptory experiment demonstrates that these sounds 

are significantly closer to /b,d,g/ than to /p, t,k/. This·· has 

been proved with American English in two previous.investiga­

tions. The results obtained here, however, also suggest that 

British .English is similar to American English in this respect. 

The acoustic investigation shows that the stops after /s/ 

are unaspirated and unvoiced. They have the first of these 

features in co~mon with /b,d,.g/, the second with /p,t,k/. But 

the experiment also demonstrates that voicing is no constant 

feature of English /b,d,g/.There is, therefore, a hierarchic 

organization among the features of the stops in this position 

·according to which aspiration is more important than voicing. 

I 

I 

-- ------ ------------
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Lack of aspiration, consequently,_ fo~ces speakers of 

English to evalua ta the stops ,after / s/ as /b, d, g/. 

It appears from the physiological inve-tigation that 

[b,d,g] when voiced have lower intra-oral air-pressure than 

[p,t,k] and [(s)p,(s)t,(s)kJ. When [b,d,gJ are unvoiced, how­

ever, the three stop series have nearly the same intra-oral 

pressure. 

~ With regard to t~e phonemic i_nterpretation of these con­

sonant groups this investigation demonstrates that -the inter­

pretation / sb, sd, sg/ is preferabl~, if the criterion of "phon­

etic similarity" i_s applied. If, <;>n the other hand, the crite-· 

rion of "pattern congruity" is used, Hockett (J,p.159) is of the 

opinion that /sp,st,sk/ is the better solution, for as /p,t,k/ 

in codas are found together with /s/ (e.g. 'past'), while 

/b,d,g/ go with /z/ (e.g. 'razzed'), we arrive at greater 

symmetry if this is also considered to be the case initially. 

This argument, however, is not really convincing. In the first 

place, the structural possibilities of initial and final con­

sonant clusters in English are clearly different, and it is 

therefore less obvious to generalize from final to initial 

position. Secondly, Hockett's interpretation of the final 

cluster of obstruents in 'passed' as ·/pa:st/ is not the only 
I 

possible one:/pa:sd/ is also conteivable_. It may be held*) 
I 

that in a final cluster of two consonants in English the oppos-

ition between voiced and unvo'iced consonant is suspended final­

ly if voicing is distinctive with regard to the prefinal con­

sonant. In a pair like 'raised' and •raced' the two words are 

distinguished by means of vowel length and voicing of the 

sibilant. The final consonants, however, are respectively 

unvoiced (•raised') and unaspirated (•raced').**) 

*) This solution has been pointed out to me by J0rgen Rischel, 

of the Institute of Phonetics, from whom I have received many 

valuable suggestions. 

**)The possibility of final aspiration in 'raced', however,· 

can hardly be excluded. 
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The form 'raced' may therefore be interpreted unambigously 

as either /reist/ or /reisd/, and also be kept apart from - ~ . c. _______ _ 

'raised' /reizd/ if the second solution is chosen. This implies 

that it is possible to operate with final /sb,sd,sg/, e.g. 

'lis_p,', /lisb/, 'past' /pa: sd/, 'cask' /ka: sg/. If the initial 

consonant.groups w~itten ~, .§.!,·scar~ also interpreted as 

/sb,sd,sg/ the demand for symmetry is satisfied. This solution 

does not in any way conflict with the principle of "phone'tic 

realism" as progressive assimilations of voicing are to be 

expected in such environments. ·On these grounds /sb-,sd-,sg-/ 

seems to be a legitimate analysis. 
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VOICING, TENSENESS AND ASPIRATION IN STOP CONSONANTS, 

WITH SPECIAL REFERENCE TO FRENCH AND DANISH 

Eli Fischer-J0rgensen• 

.L.. Introduction . 

1.1. The present report is, to a great extent, a summary of' 

two papers which will be published in 1969, (a) "Les occlusives 

f'ran9aises et danoises d 'un Sl,ljet bilingue" ( to appear in the' 

Festschrif't to A. Martinet, vol. ~I) and (b). "Observations sur 

les traits phonetiques distinguant ptk de bdg en f'ran9ais 11 .*) 

Both of' these papers contain an account of' speakers, texts and 

instrumental set-up and a detailed presentation of the results 

in the form of tables of' averages and diagrams. These facts 

will be presented rather briefly here, in section 2, with close 

line spacing. Instead, the report will mainly be concentrated 

on the general problems associated with the features of voic­

ing**) , tenseness and aspiration, their mutual relations 

(particularly the relation between tenseness and aspiration) 

and the problem of attributing t~e physiological and acoustic. 

phenomena to- these features. A special discussion is devoted 

to intra-oral pressure and F1 transitions. (These problems are 

treated briefly at the ~nd of the first-mentioned paper, and 

more extensively in the second paper.) 

*) The investigations have been carried out in the laboratory 
of' our institute. I am grateful to B0rge Fr0kjffir-Jertsen 
for help. The work has been subventioned by Statens al­
mindelige Videnskabsfond. 

**) The term "voicing" is used here in its traditional sense, 
indicating vibrations of' the vocal cords. In many papers 
by members o~ the Haski~s Group "voiced and voiceless 
stops" are simply used to indicate respectively bdg and 
ptk. But·as bdg may be voiceless (in the traditional 
sense of' the word) in many languages, and.ptk are occa­
sionally voiced in some lang~ages, this terminology does 
not seem to be very practical, and it may sometime; be 
rather confusing. 
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Readers mainly interested in the general problems may 

skip section 2 containing the results of the measurements 

{with the exception or Table I, p. 80 below, which gives a 

summary of the results). Section 3 gives a brief survey of 

the stability of the differences, and section 4 contains a 

summary and discussion of the perceptual tests.- In section 5 
(genera1 prob1ems) references will be given to the more im­

portant points of section 2. 

Some books and articles to which I did not- have access 

when finishing the two papers are mentioned in this re~ort, 

and the tit1es are added to the references at the end of the 

report, namely: Chomsky and Hal1e (1968), Delattre (1968), 
Hal1e and Stevens (1967), Ladefoged (1967), and Perkell· (1965 
a and b). 

On some points the present report contains new facts 

and modifications of earlier hypotheses. It thus represents 

a later stage in the discussion of the problems than the two 

papers in print, although it appears before these. 

1.2. The problem from which I started was the difficulty of 

describing tenseness and aspiration as belonging to the same 

feature, e.g. the difficulty of describing the phonetic diffe­

rences between ptk and_bdg as belonging to the same opposition 

in French and Danish, as required by Jakobson-Fant-Halle (1952, 

P• 38). Moreove~ I was puzzled by the tenseness difference in 

the narrower sense of the word, e.g. by the difficulty of giv­

ing ·a precise phonetic description of the difference between 

French ptk and Danish (voiceless) bdg, which are obviously dif­

ferent from a perceptual point of view (Danish.bdg are ~o~ ac­

cepted as good French ptk), and.which seem to differ only in 

respect of tenseness (fortis-lenis). 

1..!.-J.:. One way to ·throw some light on these questions is to 

analyse the pronunciation of biiingual speakers. It is, how­

ever, not quite easy to find persons who speak both French and 

Danish perfectly. The bilingual subject used in the first in­

vestigation, CIIl1, daughter of A. Martinet, speaks both languages 

fluently, and she has a normal Copenhagen pronunciation of the 

Danish stops (her_bdg are perhaps slightly too "strong"); the 



only evident French influence found in her pronunciation of 

Danish concerns the. rhythm. However, her French bdg are almost 

total1y voice1ess 1 perhaps due to Danish in£luence 1 and her 

French ptk are in some cases strongly aspirated and affricated. 

This pronunciation of ptk does not seem to be due to Danish in­

fluence. Exactly the same type of affrication was found in the 

speech of one of the other French subjects {SR0) 1 and moreover 

it differs from the normal Danish aspiration and affricat1on in 

three respects: {a) it includes affrication of d before~, 

(b) it does not include aspiration before open vowels, (c) the 

aspiration before·£ is relatively weak, i.e. there is only af­

frication before front vowels .. (In Danish ptk are strongly 

aspirated before all vowels, and~ is always affricated.) This 

type of affrication is characteristic of Parisian (and Canadian) 

French, and, as a matter of fact, both CHH and SRO are from 

Paris. 

This Parisian pronunciation makes the comparison more 

complicated. Of the three vowels used almost exclusively in 

this investigation(~, i and~) only a is preceded by really 

unaspirated ptk. On the other hand, the fact that CHH's French 

bdg are voiceless, has the advantage for the investigation that 

tense and lax voiceless consonants are found within one language. 

1.4. CHH's Fre~ch and Danish consonants must be seen on the 

background of normal Danish and French stops. For Danish I can 

refer to extensive but not yet fully processed data, and to a 

few papers (Abrahams (1949), EFJ (1954) and (1966), EFJ, Fr0-

kjrer-Jensen and Rischel (1966), and Fr0kjrer-Jensen (1967)). 

Instrumental analyses of French stops are more numerous, 

but all of very limited size (see Rousselot (1891), (1897), 

(1899), Roudet (1900 a), (1900 b), (1910), Chlumsky (1922), 

Evertz (1929), Marguerite Durand (1936), (1956), Brunner (1953), 

Delattre (1940 a), (1949 b), Straka (1942), (1953), (1965), 

P. Simon (1961), (1967), Thorsen (1967),.and K. Landschultz 

(1968)). 

Experiments with synthetic stops identified by French 

listeners have been carried out by Marguerite Durand (1956). 

In the experiments with ptk versus bdg undertaken by the Haskins 
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group the listeners were mainly Americans {cp. Libermann, De­

lattre and Cooper (1958), see also the summaries of the results 

given by Delattre (195~), (l96l), (1964)). Delattre (1968) 
gives the perceptive cues for French phonemes, but nothing is 

said about the number of listeners. 

The number of subjects used in my analysis of French 

stops is very restricted, partly because it was difficult to 

find good subjects, partly because I have preferred to under­

take a thorough analysis of a few·subjects, which ~ould make 

it possible to find relations between the different phonetic 

factors and to draw some conclusions about the physiolo_gica~ 

mechanism. 

The main,subject, apart from CHH, was SRO. The supple­

mentary subjects are indicated by the initials EH, JPP, JT, 

Sch~ and MAS. Moreover I have had the opportunity to· use m·a­

terial recorded by O. Thorsen and K. Landschultz. The stops of 

CHH and SRO were analysed from many points of view: position of 

the glottis, intra-oral pressure, airflow (only CHH), lip 

pressure, duration, voicing, intensity of the explosion and 

formant transitions. The stops of the supplementary subjects 

were·only analysed in some of these respects. The stops of 

five Danish subjects have, with a few exceptions, been analysed 

in all the respects mentioned. 

The text material used consists almost exclusively of 

words containing stop consonants in initial stressed position 

after unstressed vowel and before the vowels~' i or~' e.g. 

la panne, la balle, les pistes, les boules etc. The choice 

of this position was conditioned by the fact that in Danish 

ptk and bdg are not distinguished in final position, nor in 

medial position before~• 

~ Results of the measurements. 

2.1. Physiological measurements. 

2.1.1. Position of the glottis. 

An endoscopic examination of the main French ubject SRO 
gave the result that E was spoken with slightly open glottis. 
This result was corroborated by glottograms taken with the 
Fa~re glottograph, showing higher electric resistance in the 
glottis for ptk than for bdg. Glottograms for JPP gave the 
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same result (the number of word pairs were 99 for SRO and 84 
for JPP). 

Endoscopic examinations of Danish stops have shown that 
ptk are spoken with widely open glottis, bdg with slightly open 
glottis (the intercartiiaginous part being normally closed in 
bdg). The di ference in degree of opening has been corroborated 
by glottographic recordings. 

Fabre glottograms of 72 French and 56 Danish word pairs 
with the vowel~ spoken by CHH show a corresponding difference 
between ptk and bdg in the two languages. There is no clear 
difference between the languages as far as the maximum opening 
is concerned. However, it is not quite certain whether the 
plates were removed in between the two sessions, and since their 
placement may influence the maximum amplitude of the curve, this 
result must be taken with some reservation. 

The place of the maximum in the two languages is, how­
ever, of interest. Both French and Danish subjects show a pre­
dominantly falling curve for bdg. French ptk ~ave a predomi­
nantly rising-falling curve during the closure period, whereas 
Danish ptk have a rising curve up to the moment of explosion• 
followed by a fall (see EFJ, Fr0kjrer-Jensen and Rische! (1966), 
and Fr0kjrer-Jensen (1967)). Aspirated Danish ptk thus have a 
much wider glottis at the moment of explosion compared to un­
aspirated French ptk and to bdg!)CHH's glottograms show this 
difference cl·early for French and Danish~ and k, whereas her 
Danish E has its maximum at the start of the closure period, 
although it is also aspirated (see the schematic average glotto­
grams Fig. 1). 

The curves of SRO and JPP are more irregular than those 
of CHH and the Danish speakers, and the French material needs 
corroboration. There may be individual differences (see 
Kloster Jensen (1956)). 

2.1.2. Airflow. 

The maximum airflow after the explosion of French stops 
has only been measured for JPP and CHH. They both have a 
stronger airflow after ptk than after bdg, but CRH (118 pairs) 
has a much smaller difference (.i/d no difference, £lb~~+~ 
2.9 1/m, + ~• ~ 5.1 1/m) than JPP (J8 pairs, 11.8 1/m, only~). 
In her Danish stop consonants CHH has a considerably greater 
difference between ptk and bdg (1oo pairs, 15.0 1/m), and her 
Danish,$ have a somewhat weaker airflow than her French ptk 
(5.3 l/m). The curves of the Danish subjects have not been 
measured, but the difference is evident, and it may even be 
greater than that found for CHH. When the consonant is af­
fricated, the airflow is relatively slow at the start. 

Intra-oral air pressure. 

The intra-oral air pressure of labial and dental stops 
has been measured (in cm H2o) for the French subjects SRO (92 
pairs) and EA (4o pairs). The peak pressure is evidently and 
significantly higher for .P.! than for bd,, the pressure for the 
latter amounting to 49 and 45 per cent of that for .P.! for the 
two subjects. In an earlier kymographic recording of 15 pairs 
spoken by JT the percentage is 64. Thorsen found, for his 5 
speakers, an average percentage of 61, and the measurement of 
;3--s;;-;i;~-;;;kj;;:j;~;;~-i~-this report p.12 
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81 further examples from his material gives an average of 71 
per cent. 

In Danish the difference between ptk and bdg is very 
small; some speakers have no difference, others have bdg 
slightly lower (around 92 - 96 per cent of ptk), and in these 
cases theie_ is generally only a difference at the end of the 
closure; ptk showing an increase of pressure during the closure 
period, probably owing to the wider glottis. 

CHH has a tendency toward higher pressure in French ptk 
than in French b)g, but the difference is only significant for 
p/b (92 per cent . She has no difference between Danish ptk 
and bdg. There is no consistent qifference between the two 
languages. In one recording French has higher peak values, 
in another recording Danish has h~gher values. 

Apart from the peak value French E.! and bd differ sig­
nificantly in the tempo of the rise, bd showing a much slower 
rise ( except in sentence initial position where also .£!. haVe- •• 
a slow rise). The rise at 2 and 4 cs after the implosion in 
percentage of the maximum value has been calculated for SRO 
and for Thorsen 1 s material (4 subjects, 81 examples).. The 
result isi 

SRO: Thorsen 1 s subjects: 

2 CS .4 CS 2 CS 4 CS 

per cent per cent per cent per cent 

E.. 62 72 pt 68 92 

b 48 52 bd. 43 63 

The difference is statistically significant for SRO and 
for two of Thorsen 1 s subjects. 

A similar difference has not been found in Danish air 
pressure curves. 

For CHH the rise has been measured by a different method, 
namely as the distance from the implosion to the point where 
the curve has reached 85 per cent of its maximum value (in her 
curves this point very often corresponds to a point where the 
quick rise stops and the curve becomes more horizontal).··· 

She has, both in French and Danish, a small but signi­
ficant difference between ptk and bdg, the averages being: 

French ptk 2.6 cs 
French bdg 4.5 cs 

Danish ptk 
Danish bdg 

2.,4 CS 

3.7 CS 

It appears from these averages that there is practically 
no difference between her French and Danish ptk, and that Danish 
bdg is in between ptk and French bdg. 

These values cannot be compared directly to the values 
given. for the French subjects, but it is evident that 85 per 
cent rise in 4.5 cs for CHH's French bdg is considerably quicker 
than 52 and 63 per cent in 4 cs for the French subjects, and it 
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is also evident that her ptk have a quicker rise than those of 
the French subjects. 

The so-called pressure impulse, i.e. the area under the 
curve (measured by Lisker (1965) and Malecot (1966 a)) has not 
been calculated for these recordings, because I consider it a 
rather complicated measure combining three parameters (peak 
value, rise time and duration), which I prefer to give separate­
ly, and because it dep~nds on the scales used. It would show 
a pronounced difference between French tl and bd, because all 
three parameters go in the same direction, and it would give a 
somewhat greater difference between CHH's French ptk and bdg 
than the difference in peak value for the same reasons. For 
Danish it would in many cases give slightly higher values for 
bdg than for ptk (depending on the scales used for pressure and 
duration), because bdg have a longer closure period, but often 
slightly lower peak pressure. 

Both SRO, EA and CHH show an increase in pressure during 
the closure period of ptk with the maximum at or very close to 
the explosion. This may be due to the open glottis. 

Unaspirated stops have an abrupt fall after the explo­
sion, aspirated stops normally have a short abrupt fall fol­
lowed by a slowing down, and affricated stops exhibit a slow 
fall from the start. 

2.1.4. Lip pressure. 

Lip pressure has been recorded by means of a rubber bulb 
and measured in mm on the curve for SRO (71 word pairs), Sch. 
(16 pairs) and JT (18 pairs). SRO and Sch. show a significant 
difference between E and b, _the latter reaching 72 per cent 
(SRO) and 66 per cent (Sch.) of the peak of E• In JT's examples 
the stop consonant was in initial position in isolated words, 
and in this position the lip pressure is very irregular. Thor­
sen has found the lip pressure of b to be 7o - 89 per cent of 
that of E for four subjects. 

CHH has only a slight tendency toward stronger lip 
pressure in her French E, but a significant, ~hough small, dif­
ference in Danish, where~ has stronger lip pressure than£, 
in accordance with the general tendency in Danish. 

2.2. Acoustic measurements. 

2.2.1. Voicing. 

The French material (5 subjects) contains 410 examples 
of bd~; 87 per cent of these examples are voiced throughout, 
whereas 13 per cent of the examples are voiceless in the last 
part (on the average 23 per cent) of the closure period. There 
is only one example of overlapping with ptk. 29 examples in 
final position are fully voiced. -

ThLs is in accordance with earlier measurements (see 
particularly Ev~rtz (1929) and Brunner (1953)). Thorsen's 
five subjects (Thorsen (1967)) also have fully voiced bdg 
both in intervocalic and in final position. I have also 
measured 174 examples of 2 from K. Landschultz' material (4 
subjects, among whom also CHH). In intervocalic position these 
are all fully or partly voiced, and only CHH has less than 4o 
per cent voicing. 
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As already 'mentioned CHH has practically voiceless 
French bdg. There. is, however, a slight but significant dif­
ference between ptk and bdg in that bdg show a slightly longer 
voiced interval in the beginning through assimilation to the 
preceding vowels • 

French ptk 
French bdg 

Danish ptk 
Danish bdg 

1.4 CS 

3.1 CS 

1.5 CS 
2.2 cs. 

As it was the case wiih the tem~o of the pressure rise, Danish 
bdg are in between ptk and French_bdg (there are approximately 
400 ·examples of each set). The variations are small except 
for French bdg, which.vary between l.o and. 13.5 cs. Four 
examples of£ are fully voiced~ 

In curves of Danish intervocalic stops initially in a 
stressed syllable one finds generally 1-2 cs voicing, with a 
small, but unstable tendency for bdg to show more voicing than 
ptk. If such a syllable loses its stress in the sentence, bdg 
and sometimes ptk may bectime voiced, but they are still kept 
apart by means of the aspir~tion of ptk. Before weak syllables 
with~ there is only one series of stops. These often have 
(relatively weak) voicing. 

2.2.2. Fundamental frequency of the following vowel. 

The fundamental frequency of the following vowel has 
been measured for SRO. The vowel starts on a lower tone after 
bdg than after ptk in 75 out of 78 pairs (spoken in alternating 
order), the average difference being 27 cps. 

A tendency toward a similar difference is found in one 
of the recordings of CHH, but not in the other reco~dings. The 
fundamental frequency has not been recorded for the, other .sub­
j ee ts. 

In Danish no such difference has been found. 

2.2.3. Intensity·of the explosion. 

The difficulty of separating the intensity of the ex­
plosion from the intensity of the voicing makes a comparison 
between ptk and voiced bdg rather problematic. An attempt to 
separate the two factors in SRO's stops by means of a high­
pass filter with a cut-off frequency of 500 cps was not quite 
successful. On the one hand there was often some voicing left, 
on the other hand the filtering may have removed some of the 
explosion noise in labials, and in velars before~• The high­
pass filtered intensity curve showed a significantly higher 
intensity fork than for _g (although with much variation), but 
no clear difference for labials and dentals. A restriction to 
the curves in which all voicing had been removed did not give 
a better result. (The integration time was 2.5 ms.) 

CHH1 s curves and the Danish curves did not present this 
difficulty, but they did not show any consistent difference 
either, except that Danish£ has a weaker explosion than d. 
On the other hand the aspiration of E, ~ and particularly£ 
is strong. CHH1 s Danish band g tend to be slightly stronger 
than her French E and£• 
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A comparison between the explosions of French ptk and Da­
nish bdg spoken by .a larger number of subjects has been planned 
by the author. Such a comparison is possible when the in­
tens~ty o~ tha explo in is measured in relation to the follow­
ing vowel provided that the words are said with normal voiee 
effort'(the quality of many Danish and French vowels is quite 
similar). 

A preliminary comparison between the author's bdg and 
SRO's ptk gave the result that the Danish b was somewhat weaker 
than the French E, but nothing could be said about d/t and~. 

On the whole the intensity of the explosion seems to be 
of very restricted importance. . 

(The number of explosions measured was rather restricted, 
because most of the intensity curves have been taken with a 
linear scale. A logarithmic scale is necessary when both ex­
plosions and vowels are to be measured.) 

2.2.4. Intensity rise of the following vowel. 

SR0 1 s intensity curves of stop consonants before the 
vowels i and u (54 pairs) display a slower rise of the vowel· 
after bdg than after ptk in 53 cases. JT has lo pairs before 
u and Sch. 9 pairs. All of JT 1 s pairs and 8 of Sch.'s 9 pairs 
have a slower rise after bdg. In the case of a (SRO 27 pairs, 
JT and Sch. 19) and~ (JT and Sch. 19 pairs) o~e finds, how­
ever, rather the opposite tendency. (But from an auditory 
point of view~ may perhaps also have a slower increase in loud­
ness after bdg than after ptk, because in the former case F

1 starts at a lower frequency where the ear is less sensitive.) 
Neither CHH nor the Danish subjects show any such dif­

ference. The rise of the vowel is in all cases rather abrupt, 
much like that 1 of the vowels after ptk in French. 

2.2.5. Duration of the cl~sure period.*) 

It has been shown in earlier work on the subject that 
French ptk have a longer closure period than bdg (e.g. Mar­
guerite Durand (1936), Evertz (1929, pp. 22 ff.), P. Simon 
(1967 i PP• 174 ff.)). The same has been found in the present 
investigation. The differences are small but relatively stable 
and statistically significant: SRO (221 pairs) 3.6 cs, JPP 
(82 pairs) 2.3 cs, EH (69 pairs) 4.8 cs, JT (18 pairs) 3.5 cs, 
Sch. (18 pairs) 4.o cs. In Thorsen's material the difference 
for JT is 3.6 cs. On the whole the closure period of bdg is 
about 80 per cent of that of ptk. 

In Danish stops the relation is the opposite, bdg having 
a longer closure period than ptk. For labials and velars the 
difference is 2-3 cs, for dentals 4.5 cs (this difference ac­
cording to place of articulation is obviously due to the par­
ticular shortness of the closure period of the strongly aspi­
rated and affricated Danish~). 

In accordance with the general difference between French 
and Danish, CHH has a longer closure period in ptk than in bdg 
in French (Joo pairs, 2.3 cs), and a shorter closure period in 
ptk than in bdg in Danish (283 pairs, 1.5 cs). 

----------*) Duration is here treated as an acoustic phenomenon because 
of the method of measurement. 
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The averages :for the four sets are: 

• French ptk 16.2 CS 

French bdg 13.9 CS 

Danish bdg 13.7 CB 
Danish ptk 12.2 CS 

Danish and French bdg are almost alike, but the other 
di:f:ferences are stable and signi:ficant, though small. 

Thorsen has :found the di:f:ferences in F~ench to be parti­
cularly large and stable in sentence final position, where the 
closure o:f bdg is only 65 per cent o:f that o:f ptk. In the 
present material there is only a small number of :final stops, 
they_ show a greater di:f:ference than the initial stops. In the 

• interior o:f a sentence the di:f:ference between word :final ptk 
and bdg does.not seem to be stable, however (this appears :from 
K. Landschultz' materiai). . . 

2.2.6. The duration o:f the preceding vowel. 

It has o:ften been observed that the vowels in French are 
longer be:fore voiced :fricatives than be:fore voiceless :frica­
tives. Detailed measurements have been made by K. Landschultz 
(1968). P. Delattre (1939),(1940),(1962) has pointed out that 
the di:fference is also valid before stops, and this appears 
clearly :from OJ Thorsen's and K. Landschultz' materials. In 
the present texts there is only one comparable case (SRO 16 
pairs,_ dif:ference 2. 5 cs). 

2.2.7. Duration of the :following vowel. 

In SRO's recordings there are :four comparable word pairs 
comprising 95 single pairs, and EH has one word pair (16 ex.). 
In all cases the vowel is longer a:fter bdg than a:fter ptk 
(with average di:f:ferences :from l.~ to J.8 cs). Similar rela-. 
tions have been :found :for Danish (EFJ (1964, p. 186) and tng­
lish (Peterson-Lehiste (1960)) where it might be explained as 
a consequence of the aspiration. But in the French examples 
the difference in vowel duration is larger than the di:f:ference 
in duration of the open interval; thus it cannot be explained 
by the latter, but perhaps, as suggested by Delattre, by com­
pensation of :force of articulation. No measurements have . . been 
made :for CHH. 

2.2.8. Duration o:f the open interval. 

The term "open interval" is used to designate the distance 
from the explosion to the beginning of the vowel. In French bdg 
this interval is usually voiced, in~ and in Danish stops it 
is always voiceless. In the latter cases it is the same a~ 
"voicing lag". 

In French stops there is a significant difference between 
the open intervals after ptk and bdg, but it is difficult to 
summarize the results in a few indications of averages because 
the variation is rather large. The interval is relatively long 
a:fter velars and .relatively short a:fter labials, and it is· 
longer be:fore close vowels than be:fore open vowels (these are 
gene~al tendencies :found in many other lan~uages). The single 
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averages of the open interval of p)k thus vary between o.9 cs 
for~ {MAS) to 7.7 cs for ti (SRO , and as the variation is 
smalle'r for bdg ( o .• .5 cs for ba to 2. J cs for di) there will 
be a more pronounced difference between e.g. ki and _g_i (SRO 
4.4 cs) or ti and di (SRO .5.4 cs) than between~ and ba 
(SRO 0 • .5 cs). I have, therefore, found it more practical to 
give the distribution diagrams for SRO, JPP, EA, JT and CHH 
(for SRO and CHH only the tape recordings have been utilized, 
for JPP, EA and JT only combinations with a are included), see 
Figs. 2-4. The open interval of ptk has, ~oreover, been mea­
sured for MAS {averages from o.9 cs (~) to 5.4 cs (ku)), ,and 
for four subjects from K. Landschultz' recordings (averages 
from 1.2 cs (~) to 6.7 cs (ti)). 

As mentioned earlier, some of the speakers h~ve a rather 
strong affrication particularly in ti, di but also in ki. 
This has been examined by means of airflow and air pressure 
curves and by means of spectrograms. In di the fricative phase 
continues in the higher formant.s after the start of the first 
formant, and it may thus be considerably longer than the open 
interval. 

In Danish ptk always have a longer aspiration than bdg. 
Measurements have been made for lo subjects. The averages are 
around 6-7 cs for E, 8 cs for~ and 7 cs fork. For bdg the 
corresponding averages are 1 . .5, 2 and 2.5 cs. There is thus 
an obvious difference and hardly ever any overlapping. ~ is 
always affricated, but particularly before~ and~• 

The open interval of CHH's French ptk (£ 2.6 cs, ~ J.9 
cs and k .5.2 cs) does not differ from that·of the majority of 
the other French subjects, but her French bdg have a longer 
open interval than normal French bdg. Except for SRO di (2.4 
cs) the French averages do not exceed 1. 9. ·cs, whereas CHH has 
b 1.9 cs, d J.2 cs and~ J.8 cs. She has, therefore, also a 
smaller difference between the two sets, with extensive over-
lapping before~ (see Fig. 4). Her Danish bdg have slightly 
longer open intervals (2.J cs, J.9 cs and 4.8 cs).and do not 
differ from her French ptk. Both her French and Danish bdg 
have somewhat longer open interval than normal Danish bdg. Her 
Danish ptk have a very long open interval (9.7 cs), and are 
thus clearly distinguished from bdg. This is typical of Copen­
hagen pronunciation. 

Transitions of the first formant. 

Spectrograms of SRO, JT and Sch. show differences in the.· 
transition of the first formant. For i and~ the differences 
are small and difficult to measure. They are more obvious in 
the open vowel~• SRO has here a higher start and a shorter 
duration of the transition after ptk than after bdg, but because 
of her high fundamental an exact measurement has not been 
possible. The measurements have thus been restricted to 71 
spectrograms with initial stops and Jl with final stops from 
the recordings of JT, and 2o spectrograms with initial stops 
from the recordings of Sch., all containing the vowel~• 

Before final stops the F1 transition differs significant­
ly in four respects (the differences are given in parentheses): 
before ptk the transition stops at a higher frequency{+ 189 
cps), the interval is thus smaller (- 214 cps), the duration 
shorter (- 3.7 cps), and the tempo (measured in cps/cs) slower 
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(- 16) before ptk than before bdg. After initial.stops the 
same four differences are found: pt) start at a higher 
frequency (JT +79 cps, Sch. +72 cps , the interval is smaller 
(JT -59 cps, Sch. -80 cps), the duration is shorter (JT -o.8 
cs, Sch. - 1.2 cs), and the tempo is slower (JT and Sch. -4 
cps/cs). But all these differences are much less pronounced 
initially than finally. In addition a fifth difference can be 
seen initially& the distance from the explosion to the top of 
the transition is slightly shorter after ptk (JT and Sch. 
- 9. 5 Cs)• , • 

In Danish spectrograms of stop consonants before the 
vowel~ a rising transition is generally seen after bdg, but 
only sometimes after ptk, and in the latter case it is normally 
rather short (except after strongly affricated £),.but the 
distance. from the explosion to the top of the transition is not 
shorter than in bdg. 

• Velars generally have longer transitions than dentals, 
and these in turn have longer ·transitions than labials. No 
difference can be seen in CHH's recordings. Table I, p. 80 
gives a survey of the results described in section 2. 

..1:.. Stability of the differences . 

It appears immediately from Table I that French ptk and 

bdg are distinguished by a large number of cues, at any rate 

in the position investigated. This position has been chosen 

because ~t allows a comparisori with Danish~ In final position 

before obstruents (e.g. une robe courte) there will not be much· 

more left than a small difference in the duration of the closure 

and of the preceding vowel (see Tho_rsen 1967), and perhaps a dif­

ference in the transition (but t~ls has not been investigated). 

The stability of the differences seen as the percentage· 

of word pairs distingu:i.shed by each difference is shown in 

Table II. Sonority and closure duration seem to be very stable 

cues. - But this need not be the same as perceptual relevance. 

4. 

4.1. 

Perceptual relevance of the acoustic cues. 

French stops. 

For the French stops no testing has been undertaken by 

the author, but the problem has been investigated by Marguerite 

Durand (1956) and by P. Delattre (1968). The main result of 

M. Durand's experiments is that the tempo and length of the 

transition and the duration of the closure are more important 

cues than voicing. But the problem is how she has painted the 

"voice bar". Voicing in French stops is normally quite ~trong 

and not restricted to frequencies around 120 cps, and it is 
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Table I 

Summary of the phonetic differences between 
• ptk and bdg in French and Danish 

N French s. Danish s. CHH(Fr.) 
excl. CHH incl. CHH 

Fr. ptk-bdg phthkh-~19 ptk-bd 9 • • 

A. 
PhJ:siological 
1. glottis VA 2 > > >-max.open 
2. airflow VA 1 > > > 
J. intra-oral V 2+ > (>)or = ( >) press.peak 
4. intra-oral V 2+ > > press.rise -
5. lip pressure T J+ > < (>) 

B. 
Acoustical 
1. voicing V 5+ < D (<) <. 

2. Fo. of vowel V 1 < = = 
J. intensity of T 1 =(k >9) D explosion - -
4. intensity >iu 

rise of T? J - -
vowel 

. =a 
5. duration o:f 

T 5+ > D < > closure 
6. duration of 

preceding T l+ < 
vowel 

7. duration o:f .. 
:following T/A 2+ < < 
vowel 

8. duration of >iu 0 > it.i 

open A 5+ > 
interval .> a (>) a 

9. transition T/A J < (D) (<) =? o:f Fl 

CHH 
Fr.Dan. 
ptk-~<J.~ 

>? 

> 

? 

> 

= 

. . 

< 

= 
(<) 

-

> 

·= 

V means voicing, T = tenseness, and A= aspiration. 
These letters refer to the subsequent discussion. VA means: 
both V and A, T/A means: either Tor A. N(Fr.) indicates the 
number of French subjects of the present investigation besides 
the bilingual subject CHH, who is included in the Danish sub­
jects because of her voiceless- bdg. + _a:fter a :figure means 
that further materials (from Thorsen and K. Landschultz) are 
taken into·account. > means that ptk have a higher degree 
of the given parameter than bdg. A small > indicates a very 
small difference. ( ) 'indicates that the difference is not 
significant. D means: mentioned by Delattre. 
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SRO 
JPP 

H 
JT 
Sch. 

s 
RO 
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Table II 

Stability of the differences between French ptk and bdg 

Percentage of pairs distinguished. 

Voicing Duration of Duration of 
closure period open interval 

p/b t/d k/g p/b t/d k/g p/b t/d k/g 

loo loo loo loo loo 92 loo 86 loo 
loo loo loo 97 96 75 94 85 97 
loo loo loo 8,6 93 89 - 93 BJ 
loo loo loo loo loo loo 78 74 78 
loo loo loo 89· loo loo 84 89 loo 

Duration o:f Duration o:f Intensity o:f Fo o:f 
preceding :following explosion :following 
vowel vowel vowel 

b t d 

89 76 89 So 82 loo 52 35 85 loo loo 97 

Transitions of :formants (initial position) Intensity rise 
o:f vowel 

Frequency Duration Distance s i,u a· 
Start Interval from 

s ex losion SRO 98 15 
T 89 89 78 89 

Sch. 89 loo 89 67 

JT l'oo 47 
Sch. 89 33 

Resistance Airflow Lip Intra.:oral 
in the Pressure Pressure 
glottis Peak Rise 

s p/b t/d k/g p/b t/d k/g p/b p/b t/d p/b 

SRO loo loo loo 96 loo loo 8J 
JPP 96 loo loo 88 loo 75 
EH loo loo 
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very clearly audible in normal French bdgo New experiments 

should thei"'efore be undertaken with French listeners and with 

precise indication of the frequency and intensity of the 

"voice bar 0 • 

Delattre (1968) sets up 6 acoustic cues which dete~mine 

the identification of stops as ptk·rather than bdg; (a) a 

longer hold (closure period), (b) shorter preceding vowel, 

(c) a cutback in the first-formant tran~ition (i.e. later 

start - or weak start - of F 1 compared to higher formants), 

(d) a stronger turbulent noise in the explosion, (e) absence 

of "voice bar", (f) sometimes aspiration. He does not give 

any ranking of these six fac~orso 

F 1 cutback (c} is shown to be an effective cue for 

American listeners by Libermann, Delattre, Cooper (1958), but 

the authors identify this cue with aspiration (f), and they 

find that the cue is mqre effective· when the beginning of the 

higher formants is noisy and suggest that the pattern playback 

may give good results without this noise because of its gene­

ral background noise. This sounds probable. F
1 

cutback with­

out noise in the higher formants is an unrealistic cue. Na­

tural speech has never earlier start of higher voiced formants. 

Delattre correlates the· F-
1 

cutback with "the unusual 

degree of pressure that prevails as the organs come into con­

tac.t" (1968, p. 214). Probably he thinks of air pressure, ·but 

the correlation does not seem convincing. In the earlier paper 

(1958) the authors quoted Fant, who has said that F 1 is wea­

kened by the large resonance chamber belo·w the open glottis, 

which seems to be a better explanation. Delattre correlates 

"aspiration" with a delay in the vibration of the vocal cords, 

and as this is also due to the open glottis, we come· again to 

the conclusion that F 1 cutback and aspiration are not two dif­

f~rent cues. 

If F
1 

cutback (c) is left out,_ the five remaining cues 

(a b de f) correspond to the acoustic differences Nos. B 5, 
6, 3, 1 and 8 of Table I. As· for B ~ (fundamental frequency 

start of the following vowel) Fujimura (1959) has found it to 

be a very effective cue for one Japanese listener and to have 

some effect for five American listeners. • It might thus be 
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worth while to try it.out on French listeners. Intensity rise 

and duration of the following vowel have, as far as I know, 

not been tested.. 

As for point 9 of Table I (F 1 transition), I do not 

think that this is covered by "F 1 cutback" or "aspiration". 

I shall return to this problem in section 5.1. 

4.2. Danish stopso 

The number of cues is more restricted for Danish· stops, 

but the difference of aspiration is so stable and ·so clear and. 

·audible that it is quite sufficient. Danes are therefore in­

clined to identify unaspirated stops of other languages (e.go 

French, Dutch, Hindi) as bdg and to hear aspirated bdg in Hindi 

as ptk. (A test showing this reaction has been unde.rtaken. by 

the author.) 

The importance of the aspiration has also been shown by 

a tape-cutting experiment using Danish words with initial 

ptkbdg followed by the vowels~, i and~ (1 to J examples of 

each combination). 21 Danish listeners (all phoneticians or 

dialectologists) were asked to identify the word as an existing 

or (in some rare cases) possible Danish word. When the ex­

plosion was removed from words with initial ptk, they were 

still correctly identified as ptk in 95 per cent of the cases 

(wi. th the exception of one word w·ith I?.!-! heard as fu), and there 

were only 4 bdg-answers out of 378 ( 1 per cent). When, on the 

other hand, the aspiration was removed, there were 86 per cent 

bdg~answers and only 7 per cent ptk-answers. When the ex­

plosions in E and£, t·and d, k and E were interchanged, there 

was no change in the perception. The explosion is thus of very 

little importance in-this resp~ct. 

Aspi~ation is_partly a question of distance from th~ 

explosion to the start of the vowel (open interval), partly a 

question of noise during the interval. For the Danish affri­

cated ! the noise·is very important. If this noise is replaced 

by a pause of 6-7 cs, the t is only identified in lo per cent 

of the. cases; i_1; _ .. _is .l:leartj. as J2. in 15 per cent and as d or b 

in 27 per cent of the c·ases. For E. and k an explosion fol-

lowed by a pause of 6-7 cs b.efore the start of the vowel is 



84 

still identified as £-kin So per cent of the cases (with 26 

per cent h-~-answers). - If the e~plosion of~ and bis 

placed. at a dist noe o:f' 6-7 cs :from the vowel, the most oommon 

answer is b or~ (62 per cent), whereas only 18 per cent of 

the examples were heard as £-k. This is probably not a· 

question of the explosion but of the transitions of the vowel, 

for a ~-explosion placed at this distance before -ilg (cut 

from gil9) gives 86 per cent answers· in favour of~ and none in 

favour of k, and a g-explosion at·6 cs from a~ originally - -
preceded by k g~ves 34 per cent answers in favour of~ and 

38 per cent in favour of~ (in these cases only.two different 

words were used). 

The opposite experiment, i.eo the introduction of aspi­

ration noise in the brief interval between bdg-explosions and 

the vowel, has not been tried, but cutting from the beginning 

in words with ·initial ptk or fsh gives the result that there 

is a limit somewhere between 4 and 2 cs, where the majority 

of the listeners start hearing bdg instead of ptk. This means 

that a short noise interval is not sufficient to provoke ptk­

answers. 

4.J. CHH's stops .. 

In CHH•s pronunciation of French the number of acoustic 

cues is strongly restricted compared to normal French. The 

length of the preceding vowel is not relevant for initial stops, 

and the differences in initial voicing and in the duration of 

the closure and of the open interval are very small, and they 

are still smaller when French ptk and Danish bdg are compared. 

One may, therefore, ask whether it is at all possible to dis­

tinguish these types of stopso To check this a test was set 

·up consisting of "words" o:f the type apa, aba, ~ etc. cut 

out of one of the CHH's recordings of French and Danish words 

(French: la balle, la panne, les tours, etc., Danish: [a pan9n, 

a balj9~] etc.). There were two examples with each consonant 

before~, i and~ from each Language, ~.e. in total. 36 French 

and 36 Danish "words". There·was no audible difference between 

the French and Danish vowels. The words were played back in 

random order and repeated three times each. In test No. l all 



words were mixed. Test No. 2 contained only French words (artd 

there was a forced choice between French ptk and bdg), test 

No. J contained only French ptk and Danish bdg (and the choice 

was between these consonants), test No. 4 contained only French 

words, but given in pairs apa - aba, etc. 

Unfortunately only a small number of listeners have up 

till now listened to the tapes: 4 Danish phoneticians who know 

French well and who also know the pronunciation of CHH, CHH 

·herself, and (for tests 2 and J) two French listeners (teachers 

of French, but with no phonetic training). The different groups 

of listeners agreed to a very large extent, but the French 

listeners were somewhat less successful than the others. 

On the whole the result was positive. When all four 

types were mixed, both Danish and French ptk were identified 

correctly in 78 to loo per ·cent of the cases, but Fr'ench bdg 

were very often heard as Danish bdg,_ and Danish bdg as French 

ptk. In tests 2, 3 and 4 the percentages of correct identifi­

cation were the following: 

Table III 

Listeners Test 2 Test 4 Test 3 

French French .French French Danish 
.ptk bdg ill/bdg ptk bdg 

CHH loo% 8J% 94% 94% 67% 
Danish 92% ·79% 90% 93% 60% 

French 89% 61% 75% 

It appears from the table that CHH's Danish bdg are 

often heard as French ptk {they have a somewhat longer open 

interval than normal Danish bdg) .. Apart from this the identi­

fication is good. It is interesting to note that the identifi­

cation of words presented in pairs is not very much superior to 

the identification of. words in random order. This is in agree­

ment with Libermann (1957). 
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As the differences in initial voicing and the duration 

of the closure seemed to be the most stable cues, it was tried 

to remove the preceding vowel and the beginning- of the closure, 

and these new tests 2a and Ja were presented to the same 

listeners: 

Table IV 

Listeners Test 2a Tes.t Ja 

French French. French Danish 
ptk bdg ptk bdg 

CHH 78% 89% 72% 8J% 

Danish BJ% 74% 88% 67% 
Fre·nch 67% 67% 

The main differen·ce from tests 2 and J is that more bdg 

have been identified correctly and that some ptk have been 

heard as bdg. Probably the long duration of the closure in 

French apa ~ etc. in tests 2 and J has favoured ptk-responses. 

In tests 2a and Ja only the explosion and the open interval 

were left as cues, but the identification is still quite goodo 

A detailed analysis of the singl~ cases has shown that the in­

tensity of the explosion does not play any role, whereas the 

duration of the open interval seems to be important. Most of 

the mistakes concern examples of bdg with relatively long open 

interval and ptk with relatively short open interval. There is, 

however, a number of cases which cannot be explained in this 

way, e.g. ta-~. One of the examples of French~ having-1.5 

cs op~n interval is heard as ta by the majority, whereas the 

other, with 2.o cs open interval, is heard as~ by the majo­

rity, and Danish da (2.5 cs) is heard as da· in all cases. 

It is possible that oscillograms taken at great speed 

might reveal small differences in the explosions or in the 

noise level of the open interval, which do not appear clearly 

in intensity curves taken with an integration time of 2.5 ms. 

At any rate the large o~erlapping between the dura­

tions of ·the open interval before !!;, which is found in CHH' s 
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recordings as well as in those of the other French subjects 

(see Figs. 2-4) makes it necessary to look for other cues. 

In these voiceless stops "open interval" is synonymous 

with "voicing lag". And ·the importance of this cue has been 

demonstrated by Liberman, Delattre, Cooper (1958) for American 

listeners and by Abramson-Lisker (1965) and Lisker-Abramson 

(1967) for Spanish and Thai listeners. The fact that the 

Spanish listeners have their crossing point to the right bf 

the limit in_their natural speech.is partly paralleled by the 

, French listeners in the present te·st, at any rate for pa/ba, 

but both the Spanish and the French listeners have probably 

been familiar with languages having voiceless bdg initial~y 

(Danish and American English), and this may have influenced 

their judgements • 

..2.!. General problems. 

5ol• Aspiration and tenseness. 

5.lolo As mentioned above aspiration and tenseness have been 

combined into one feature by Jakobson-Fant-Halle (_1952). On 

the basis of the results of the measurements of. French and 
C, 

Danish stops this does not seem advisableo One would e.g. 

have to say that tense consonants are characterized (a) by 

a longer.closure period (in Fren~h) or by a shorter closure 

period (in Danish), (b) by higher lip pressure (in French) or 

by lower lip pressure (in Danish), (c) by a higher intra-oral 

pressure (in French) or not by this difference (Danish), (d) 

perhaps by a more abrupt opening of the closure (French)*) 

or by a relatively slow opening (Danish)**),- etc. Item (c) 

may be due to the combination with voicing in French, but the 

other cues are really contradictory.· Tenseness and aspiration 

must, theref~re, be separated ·as two .different features. Da-

*) if the interpretation of the transitions of F
1 

is _correct. 

**) obvious for the affricated !, dubious for .I?L.£. 
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nish stops are distinguished by aspiration, French stops by a 

' combination of tenseness and voicing. In Chomsky-Halle (1968, 

PP• J24-J26) aspiration and tenseness have also been separated 

as two different features. They suppose that aspirated stops 

have heightened subglottal pressure. This may be possible, but 

it has not been proved. It seems to have been inferred from 

differences in supraglottal pressure. When the glottis is wide­

open as in Danish ptk there will probably not be much difference 

between supraglottal and subglottal pressure. But in the cases 

where the vocal cords are closer together, it is more difficult 

to draw any conclusions. In the many cases where Danish~ has 

the same supraglottal pressure as E. one may well conclude that 

the subglottal pressure can hardly be higher than in E. (for 
) 

otherwise the vocal cords would start vibrating), but one can-

not know whether it is lower than in E.• If it is lower bdg 

may be said to be less tense as far as the expiratory muscles 

are concerned, but as noticed by Chomsky-Halle, the articula­

tory mechanisms for subglottal and supraglottal tension are 

different and independent, and the two types must be kept 

apart. 

The use of the term tenseness (or fortis-lenis) as 

restricted to· the supraglottal. cavities is in accordance with 

Rousselot ( 1897,, p. 583) and Str_aka ( 1963, pp. • 60-61}, whereas 

Delattre uses the term in a wider senseo 

The description given by Fant (196p, pp. 224 and 279) 

of tense and lax stops is evidently a description of aspirated 

and unaspirated stops. He underlines the importance of an open 

glottis for the airflow, and of a slow opening of the constric­

tion which causes a longer noise interval. 

Duration of following vowel. In some respects aspira-

tion and tenseness may produce similar results. One of these 

is the duration of the foll~wing vowel. Shortness of the 

vowel after ptk may.simply be due to the aspiration which de­

lays the vibration of t~e vo~_al cords ( e o g. i~ Danish and 

English), or .it may perhaps be a compensation of effort (e. go 

in Fr·e~ch, where the difference in vowel length is greater than 

the difference in open interval, whereas it is the opposite in 

Danish). 
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But a combination of tenseness and moderate aspiration 

is probably not excluded. It may be true of British English. 

·S.1.3. F -transitions. Also the transitions of F1 may be .-.,.....,...----1 ......, ......... ----- I 

ambiguous and may be interpreted as belonging to different 

:features. As far as I can see, there are at least two physio­

logical :factors which may influence the F1 -transitions: (A) 

the distance between the explosion and the start of the glot­

tal vibrations, (B} the speed with which the opening of the 

closure takes place. Moreover these two :factors may be com­

bined ( C). 

In Fig. 5 a sketch is given of the possible acoustic 

consequences of these two phys·iological :factors. In case A, 

where there is a longer distance :from the explosion to the 

start of the glottal vibrations (a longer "voicing lag") in .E. 

than in£, the F1-transition after .E. will display (a) a shorter 

d~ration, (b) a higher start (and consequently a shorter :fre­

quency interval - this is not an independent :factor); but there 

will not be any difference in the distance to the top of the 

transitio~ (c) nor any difference in the tempo of the transition 

(d). In case B, where a quicker movement of the speech organs 

is assumed for E, there will be (a) a shorter duration of the 

transition, (c) a shorter distance to the top of the transition, 

(d) a quicker tempo of the transition, but not a higher start 

(b) • 
The experiments with F1 -cutback correspond to possibility 

A. This situation is :found in languages with aspirated ptk, e.g. 

Danish, where the aspiration is probably the only cause o:f the 

difference in F1 -transition. M. Durand's experiments correspond 

to possibility B. This situation might be :found in a language 

without any difference in open interval between ptk and bdg, 

but with fortis (or tense) articulation o:f ptk. 

Possibility C corresponds approximately to what was 

found in French (see section 2~2.lo). This will give (a) a 

shorter duration, (b) a higher_ start (and consequently a 

smaller frequency interval), (c) a shorter distance to the 

top o:f the transition, and (d) in the case o:f straight transi­

tions a quicker tempo of the transition after Ethan after b; 
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A B C 

r r 

b aspirated p unaspirated p slightly 
aspirated p 

movement = b quicker move- quicker move-
ment ment 

F1 transition for p: 

a) shorter duration + + ·.+ 
b) higher start + 0 + 
c) shorter distance 

f'rom the explosion 0 + + to the top of the 
transition 

d) quicker tempo of' 0 + -(+) transition 

Fig. 5. Sketch of possible F1 transition 
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but as the transitions are normally curved, only the upper flat 

end of the curve will remain, and the tempo of the remaining 

part of the transition may thus be slower than that of the 

whole transition after~-

The difference in distance to the top is very smali in the 

French examples; on the other hand the difference in open in-

terval is also very small, and the high start of ptk is there­

fore probably due to a very quick movement of the speech 'organs 

in the first centisecond after the explosion. Fujimura (1961), 

who has filmed the movement of lip opening in E and~ spoken 

by an American subject, has found that the lips may move very 

quickly during the very first· centisecond. 

In final position we nave the same situation, since both 

the cessation of the vibrations and the quick movement of the 

organs influence the transitions. 

There may also be cases where a long aspiration conceals 

the transitions completely so that nothing can be said about 

the movement of .the speech organs. 

Danisho 

This is often the case in 

The obvious differences found finally in French are in 

good agreement with the observations of P. Simon (1967), who 

has found that x-ray films point to. a more energetic closing 

movement of French p than of b, and also with the electro-myo­

graphic analysis carried out by Ohman, Leanderson and Persson 

(1966), showing a stronger muscular activity at the implosion 

of Ethan at the implosion of~ (cp. also Harris et al. (1965». 
On the other hand, the differences found initially in the French 

spectrograms and the results of M. Durand's perceptual tests 

are in conflict with P. Simon's observation that the opening 

movement is slower in Ethan in b, and with the corresponding 

findings of Ohman et al. for initial E, which shows less muscu­

lar activity than b. To this it must be added that Fujimura 

has found a more rapid movement for E only initially in an 

isolated word, not after unstressed~; but it appears from 

Fujimura's information about the open interval after E that 

the examples after~ were spoken with aspiration (4.7, 5.2, 
and 5.4 cs), whereas the examples in initial position were 

practically unaspirated (1.2, 1.9 and J.5 cs). Ohman's speak.er 
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was apparently Swedish, and has also had aspirated E, and both 
( 

Rousselot (1897) and M. Durand (1956) have observed a slower 

opening movement in aspirated stops. The only cases contra­

dicting the results obtained for JT and Sch. are thus the ob­

servations of P. Simon. It is possible that the number of 

frames (50 per second) has not been sufficiently high to allow 

quite precise observations of these very quick movements. 

One might perhaps think of other factors influencing 

the F
1

-transitions, e.g. the difference in the size of the 

pharyngeal cavity, ptk apparently having a smaller pharyngeal 

cavity than voiced bdg ( see later section 5. J. ~.). According 

to Gunnar Fant, this could, however, only cause a difference 

of about lo per cent in the starting frequency of F
1 

after ptk 

and bdg. The tension of the cavity walls might also be assumed 

to have some influence, but too little is known about this fac­

tor. 

It thus seems that similar, though not in all respects 

identical differences in F 1 -transitions may be ascribed to two 

different features: (1) aspiration, (2) tenseness, reflected in 

the rapidity of ~he movements of the speech organs_. 

5.2. Voicing and aspiration. 

Lisker and Abramson (1964, cp. also Abramson-Lisker 1965) 

have proposed to combine voicing and aspiration into one feature: 

voice onset timing (VOT), the important thing being the timing 

betwee~ voice onset and explosion. In voiced stops the voicing 

starts· well before the explosion (they ha~e "voicing lead"), in 

unaspirated voiceless consonants the voicing starts at the ex­

plosion or immediately afterwards, and in aspirated consonants 

voicing starts well after the explosion (they have "voicing 

~ag" ) • 

This is a pos·sible solution for a good number of languages, 

and it is a very simple solution (but it can, of course, not be 

combined with the binary _feature theory). Some cases, however, 

make difficulties: (a) in some languages bdg are voiceless in 

initial position after a pause and after voiceless sounds, but 

often partly voiced after voiced sounds (e.g. North German, 

English, and, sometimes,French). Probably Lisker-Abramson would 

consider this voicing as an example of weak "edge vibrations", 
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which do not count. But the voicing may· be quite strong, and 

there is often free variation with full voicing. This type is 

evidently different from unaspirated ~- As the voicing is 

always in the first part of the closure in this type of voicing, 

it cannot be a case of voicing lead, but it might perhaps be 

fitted into the scheme as a more complicated fourth type. (b) 

More problematic is the case of the Indian aspirated mediae. 

Lisker-Abramson consider these as having breathy voice or mur­

mur, not ~rdinary voicing (1964, PP• 4oJ and 419). Ladefoged 

is of the same opinion (1967, PP• lo and 74 ff.), but he still 

• considers voicing and aspiration as belonging to two different 

dimensions: {a) glottal constr~ction (including murmur) and (b) 

glottal timing. In any case this type cannot be fitted into 

Lisker-Abramson's VDT-dimension. 

Voicing and tenseness. 

5.3.1. Lisker and Abramson also want to get rid of tenseness. 

I do not think this is possible. One may m~ntion (a) CHH's 

distinction between ptk and bdg in French, which before open 

vowels is based on the duration of the closure period, and on 

the very small difference in initial voicing, and only before 

·close vowels also on the open interval ("voicing lag"). (b). 

The case of ptk in Swiss German, which differ from bdg mainly 

by the duration of the closure pe~iod and the organic pressure 

(bdg may be weakly voiced, but they may also be voiceless). 

(c) The Korean stops (Kim 1965), which are also difficult to 

describe by means of voicing and aspiration only. 

I am, however, inclined to consider the intra-oral 

pressure as belonging to the voicing feature and not to the 

tenseness feature, although it has often been considered as 

the most important aspect of tenseness. 

5.3.2. Intra-oral pressure and organic pressure. It is often 

assumed that there is an intimate relation between the intra-oral 

air pressure and the organic pressure at the point of articula­

tion: the higher the air pressure, the stronger must the organic 

pressure be_ in order to maintain the closure (e.g. Otto Jesper-

_sen (1914), and more· recently Malecot (1956 and 1968) and De­

latt·re (1965)).· As the intra-oral air pressure might also in-
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:fluence -the air:flow ,- and thus indirectly the intensity o:f the 

explosion, it must pe considered as a principal :factor o:f the 

tenseness :feature. 

This hypothesis sounds very plausible, but it is contra­

dicted by various :findings o:f the present investigation and also 

by the results o:f other investigations. It is true that e.g. 

French stops are characterized both by a highe·r intra-oral 

pressure and by a higher lip pressure, but this need not be a 

mechanical dependency. 

Firstly,there are some languages which have a di:f:ference 

in air pressure between ptk and bdg, but no clear di:f:ference in 

lip pressure, see e.g. :for Am~rican English the electro-myo-­

graphic investigations o:f Harris, Lysaught, Schwey (1965) and 

the measurements o:f mechanical pressure made by Malecot (1966 

b). However, in this case the.di:f:ferences in air pressure are 

not too clear either. 

Moreover, in Danish !?, has generally s·lightly lower air 

pressure, but higher lip pressure than .P.• 

This inverse relation is also :found in Gujarati, which 

has :four types o:f stops. In 16 word series, pronounced with 

alternating order o:f the words (subject RD), .Eh had higher air 

pressu~e than E in 13 cases, and£!! higher air pressure than£ 

in 16 ca~es, but the aspirated consonants had iower lip pressure 

than the unaspirated ones (see Table VA 3-4 and Fig. 6). 
0:f particular interest is the behaviour o:f the nasal con­

sonants.. These have practically always a much lower intra-oral. 

air pressure than the oral stops, but the lip pressure o:f ~ is 

almost the s_ame as that o:f .P, or £• This is seen in the above-men­

tioned ,American investigations, and I have :found these relations 

o:ften in recordings :from various languages. 

It is also interesting that air pressure maximum and lip 

pressure maximum do not coincide in time, the maximum lip 

pressure occurring normally in the :first hal:f o:f the closure 

and the air pressure maximum at the end o:f the closure period. 

Table VI,A contains the average values :for the two main subjects 

o:f this investigation. For SRO the two pressure curves were 

recorded simultaneously, :for CHH the averages are :from two di:f­

:ferent recordings. When the lip pressure is at its maximum, the 
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Table V 

Relations between E ph ~ and bh in 16 word series 

pronounced in alternating order (Gujarati). 

(16) (12) 
l Degree of voicing ph-p < bh < b 

2 Intra-oral air (13) (15) (16) 
pressure ph > p > bh > b 

. 

(11) (12) (14) 
3 Lip pressure p > ph > b .> bh 

4 Duration of (12) 
closure period p-pli > b-bh 

• Inte~s.:j.. ty- of Intra-oral 
v_9.;i..c:J_ng ai·r pressure 

b bh b bh 

rising 16 0 0 16 

falling 0 16 16 0 
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Table VI 

Time relations between int~a-oral air pressure and 

lip pressure. 

·A. Distances SRO (list B) CHH 

-, p b p b 
N 38 38 36/27 36/27 

1. Distance from the implosion 
to the lip pressure maximum 6.9 6.o 7.3 5.9 

Distance in percentage of' 
the duration 34% 38% 41% 37% 

2. Distance from the implosion 
to the air pressure maximum 18.3 13.0 17.9 15.1 

Distance in percentage of' 
the duration 95% 82% loo% loo% 

B. 

p b 
N 38 38 

Intra-oral air pressure 
measured at the point of' '• 

maximum lip pressure, and 
indicated in percentage 
of' the maximum air pressure 79% 68% 

c. Air pressure and lip pressure in percentage of the corre­
sponding maximum pressures, measured at 70% of' the distance 
from implosion to explosion . 

ir pressure 
(rising) 

ip pressure 
(fal~ing) 

SRO 

pi pu 

CHH 

ba bi bu pa pi pu ba bi bu 
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air pressure has only reached 79 per cent (E) or 68 per cent 

(b) of' its maximum value. The fact that the lip pressure maxi­

mum is reached earlier than the air pressure maximum is not in 

itse1£ su££icient to contradict the hypothesis, but th~ crucial 

point is that it decreases rapidly again, while the intra-oral 

.air pressure is still rising. Table VI,C gives the values for 

the two pressures at an arbitrary point of' the closure period 

(at 70 per ~ent distance from the implosion). At this point 

the lip pressure has decreased con~iderably, particularly be­

fore£, and particularly in CHH's recordings, which are more­

typical than those o·f' SRO ( the rubber bulb use~ f'or SRO had 

somewhat more inertia, and her curves do not always reach zer~ 

at the explosion). Similar relations have been found in curves 

of' Danish, German and Gujarati. The lip pressure seems to in-· 

crease and decrease independently of' the air pressure (see 

also Figs. 6 and Sa).*) 

From all these facts ·one must draw the conclusion that 

intra-oral air pressure and lip pressure are independent fac­

tors. And this has two consequences: (1) that lip pressure, 

when.it is not a mechanical result of' the air pressure, must be 

an i~dependent factor of' tenseness, (2) that air pressure need 

not belong with this feature. 

Intra~oral air pressure and voicing. The intra-oral 

air pressure seems to be much more intimately related to voicing. 

A comparison between dif'f'erent languages shows that in 

languages where bdg are voiced, these have a much lower intra­

oral air pressure than ptk (e.g. French), whereas in languages 

where they are voiceless the difference is very small (e. g·. 

Danish and the French spoken by CHH). Also within the same 

*) In a discussi9n at the Technical High School in Stockholm, 
where I gave a lecture on these problems in February 1969,. 
Sven Ohman and J. Liljencrantz objected that ~he mechanical 
lip pressure does not only depend on the muscular activity 
of' the lips, but also on the air pressure, and the early 
decrease in lip pressure might be due to the air pressure. 
This is possible, but a glance at Fig. 6.shows that the 
lip pressure decreases in exactly the same way in voiced 
bas in the other consonants, although the air pressure 
is very low and reaches zero before the explosion. 
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language this relation can be observed. o. Thorsen (1967) has 

found that the assimilation of voice ~n French is accompanied 

by a complete assimilation of intra-oral air pressure, and in 

an earlier study (EFJ 1964) I have found a negative correlation 

between intra-oral air pressure and voicing (both for duration 

and intensity of voicing) in Danish and German consonants with 

variable voicing. Lisker (1965, p. 12) also makes the observa­

tion that American Engl-ish bdg have higher intra-oral pressure 

initially, where they are normally voiceless, than medially, 

where they are normally voiced. But unfortunately neither he 

nor Malecot (1966 a) give sufficient information about the voic­

ing of the stops whose air pre.ssure they have examined. 

In CHH's curves one finds a few centiseconds of voicing 

just in the start of both bdg and ptk (see section 2.2.1.), and 

there is a close correlation between the averages of voicing 

and the more or less abrupt rise of the air pressure curve: 

the longer the voicing, the slower the rise. Fig. 7 illustrates 

this correlation. The horizontal dimension depicts the voicing 

(in cs) for the averages of French and Danish ptk. and bdg, and 

the vertical dimension the distance from the implosion to the 

point where the air pressure has reached 85 per cent of its. 

maximum value. 

Moreover, it is obvious from the recordings of SRO and 

particularly from those of EH, whi.ch are more variable in voic­

ing, that in the course of a single stop consonant there is an 

inverse relation between the degree of voicing (as seen on the 

intensity curve picked up from a larynx microphone) and the 

intra-oral air pressure. Rising pressure is connected with a 

decrease of voicing, .and vice versa. A number of mingograms 

demonstrating this inverse relation are shown in Fig. 8. The 

curves form almost perfectly symmetrical figures. 

Finally the same inverse relation is found in the curves 

of Gujarati. It appears from Table I,A,1-2 that the voiced 

stops have a lower air pressure than the voiceless stops, and 

that ,2h has less voicing but .a· higher air pressure than b. More­

over, Table VI,B shows that in all cases b has increasing voic­

ing and falling air pressure, whereas bh has decreasing voicing 

and rising air pressure {see also Fig. 6). 
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The intimate relation between voicing and air pressure 

is thus quite obvious. The problem 1s what is cause and what 

·is effect. 

Abramson-Lisker try to derive all the differences from 

the position of the glottis and the timing relations between 

glottis movement and oral closure. This is certainly very im­

portant, but the mechanism seems to be somewhat more complica­

ted. 

(A) It is evident that if the glottis is wide open it cannot 

vibrate, and the pressure during the oral closure will be high. 

And if the closure is released before the glottis is ·closed 

the stops will be aspirated. 

But perhaps "closure lead" would be a better terminology 
than "voicing lag". For, according to Rothenberg (1968, p. 74) 
(see also Ventsov 1966), the opening and closing movement of 
the glottis requires a certain time (the minimum being 8-lo cs, 
and the average somewhat longer), whereas the oral closure dura­
tion can be varied more freely. This view can be supported by 
the observation that Danish aspirated stops have very short 
closure periods, often 6-9 cs in stressed syllables in-running 
speech, and the strongly as-pirated !_ has a shorter closure pe­
riod than E and k. CHH's glottograms in Fig. 1 also show that, 
at any rate fork, the difference between her French and Danish 
stops is rather a difference in the duration of the closure 
than in that of the glottal movement. 

(The.Gujarati speaker RD has no consistent difference in 
closure duration between .J?.h and E, although the tendency to­
ward shorter closure in Eh is obvious.) 

· However, if the glottis is relatively narrow, which is 
probably often the case in unaspirated ptk e.g. in French or 
R'-'-ssian, the movement· can hardly be assumed to require the same. 
time as when it is wide open, and the reasoning of Rothenberg 
may not hold. 

(B) If, on the other hand, the glottis is narrow, voicing is 

not excluded, but apart from a narrower glottis it requires a 

subglottal overpressure. 

In Danish bdg the glottis seems to be relatively open 

at the implosion, and the supraglottal pressure is built up 

in the course of 2-J cs at the same rate as the supraglottal 

pressure in ptk. Therefore, although the glottis becomes more 

closed during the oral closure period, the consonant will re-

main voiceless. rt~is the degree of opening of the glottis 

during the implosion phase which is important. 

Even if there is only a slight opening in the start of 

bdg, it will not take ·many centiseconds before the supraglottal 
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pressure becomes too high to allow voicing, if no other mechanism 

intervenes. This d~velopment is accelerated by the effect of 

the rising supraglottal pressure on the vibratory mode of the 

vocal cords: the opening phase becomes longer and more air comes 

through ( see Fant 1960, pp. ·266-267 and Halle-Stevens 1967, 

P• 268). 
If the supraglottal pressure is drastically decreased; 

the vocal cords will im~ediately start vibrating. This ha:s 

been shown by Ventsov (i966) by means of the following set-up: 

The subject speaks into a wide tube, which is closed at the 

opposite end. During the closure of a stop consonant the ex­

perimenter can open the tube by means of a valve, so that the 

air escapes. Under these conditions Russian E becomes immediate­

ly vo~ced, and Ventsov draws the conclusion that the vo6al cords 

must be relatively close. During a stay in Leningrad I had the 

opportunity to use the instrument, and it turned out that Danish 

b becomes voiced when the valve is opened, whereas Danish Ere­

mains voiceless, except when the opening takes place in the be­

ginning of the closure period. This confirms the observations 

of the different degree of glottal opening in Danish E and£• 

In normal speech the supraglottal pressure can be re­

duced by an enlargement of the cavities. This mechanism has 

been observed for Bengali voiced _stops by Senn (1935), :for Dutch 

by Slis (1967), for English by Pe~kell (1965 a and 1965 b), and 

it can also be observed in the X-ray pictures of Russian stops 

by H. Koneszna· and Zawadowski (1956). The enlargement is normal­

ly achieved by an expansion of the pharynx or a lowering of the 

larynx. This allows voicing to continue in bdg. If the s.upra­

glottal air pressure is very much reduced, the stop may become 

implosive. In Gujarati implosive stops occur as free variants 

o:f voiced stops. 

Perkell (1965) and Chomsky-Halle (1968) consider the 

di:fference in supraglottal cavity size between ptk and bdg as 

an e:ffect o:f tenseness& in ptk the walls are tense and stif:f 

and cannot be expanded, }.in bdg they are lax and are expanded 

passively by the air pressure. Rothenberg (1968) does not 

consider a passive expansion as su:f:ficient :for a longer con-
,f . . 

tinuation o:f voicing, and assumes that there is also an active 
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expansion, and moreover there is the possibility of letting 

some. air escape through a leakage in the velic closure. I am 

inclined to think that Rothenberg is right. Danish_bdg.do not 

display any expansion, but they are not tense consonants. I 

think the expansion is due to muscular activity and that it 

has the purpose of making voicing possible, i.e. that it is 

part of the mechanism of voicing. The reduction of the pressure 

is a·means to an end. It is also 'difficult to unde~stand:why 

Perkell considers the widening of the pharynx in bdg as passive 

and typical of lax consonants, whereas the widening of the 

pharynx in i versus I is considered'as a feature of the tense 

vowel (1965 a). 

Duration. The longer duration of the closure period 

in e.g. French ptk is normally considered as belonging to the 

·tenseness feature, and the shortening of the preceding vowel 

as a consequence of the force of the consonant (e.-g. Delattre 

1939, 194~, 1941). This seems .plausible, since the difference 

is particularly stable in languages which have a ·clear dif~ 

ference in organic pressu~e too, e.g. French, Swiss German, and 

Korean. Cp. also that Danish b has both stronger lip pressure 

and longer closure duration than E• Rothenberg, on the other 

hand, considers the length of the consonant closure as a means 

to avoid aspiration (1968, PP• 8J-84). ~ut, as observed above, 

this argument presupposes the assumption of a widely open glot­

tis for these consonants, and this can hardly be assumed. 

Halle-Stevens (1967, P• 269) and Chomsky-Halle (1968, 

p. Jol) explain the longer vowel before voiced stops and frica­

_tives as a delay caused by the time required for adjusting the 
) . 

vocal cords to the configuration appropriate for consonant 

vibrations. But this adjustment may be a mechanical con-

sequence of the articulatory constriction, which does not re­

quire particularly long time. It is not quite convincing either 

why this adjustment cannot start during the vowel just as the 

opening before voiceless consonants; as a matter of fact many 

airflow curves show a rise at· the end of the vowel before 

voiced stops, although it is not as high as before voiceless 

consonants. Chomsky-Halle mention that before nasals, which 

do not require any adjustment, the vowels are shorter than be-
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fore voiced stops. I have not found any confirmation of this 

for German, nor is such a difference found in the measurements 

0£ Czeoh v0wels by Per Ja00bsen (this volume pp. lJS-142). 
The assumption that it is the adjustment of the vocal 

cords for consonant vibrations which lengthens the vowel is 

also contradicted by the following two facts: (1) When French 

bdg vz3 become voiceless through assimilation to a followihg· 

consonant they still preserve (at least part of) their lerigthen­

ing effect on the preceding vowel ·(Thorsen 1967). (2) Also 

French speakers who normally have voiceless~ (CHH and her 

sister ThM) have longer vowels before these consonants than be­

fore fsS, although the difference is somewhat smaller (K. Land­

schultz 1968). This is also valid for bdg (EFJ 1969). ·some­

times these consonants have partial voicing, but the preceding 

vowel is not longer in th~se cases than in cases with completely 

voiceless vz3 (oral communication from K. Landschultz). 

6. Final remarks. 

6.1. As it appears from the preceding pages, I am inclined to 

keep voicing, aspiration and tenseness as three separate phone­

tic features. By phonetic feature I mean the general phonetic 

dimensions which may be utilized for distinctive purposes in 

various languages. Two different'phonetic features may be com­

bined to one complex phonemic feature (e.g. tenseness and voic­

ing in French stops, rounding and front-back in Spanish vowels). 

The criterion for keeping phonetic features apart must 

be their indep~ndency. One must not be a mechanical consequence 

of the other. 

In 5.1. above arguments we.re given for keeping tense­

ness and aspiration apart, the differences being-exemplified by 

a comparison between French and Danish ptk. They seem to be in­

dependent, and they may be combined in diff~rent ways. 

As for· tenseness and voicing, there seems to be a cer­

tain affinity in the·sense that voiced stops are generally lax; 

however, according to the most common description of voice as­

similation in French, Fr$nch ptk may become voiced while re­

maining tense. At any rate ·t:oo assimilation of duration does 
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not seem to be complete. The total assimilation of intra-oral 

pressure. may be due to the fact that intra-oral pressure is 

part of the voicing feature (Thorsen 1967). 
Voicing and aspiration may be combined as proposed by 

Abramson-Lisker as steps in the same dimension if Indian 

aspirated bdg are- left out of consideration, but somehow these 

must belong to the voicing dimension, which means that in any 

case aspiration can be combined with two different steps in 

this dimension. - Moreover, it is ·too simple to consider voiced 

stops, unaspirated stops and aspirated ·stops as steps in one 

dimension. Voicing requires an extra mechanism, not only a 

certain position of the glottis. 

6.2. The.phonetic qualities described for French and Danish 

can be tentatively distributed on these three features in the 

following way (see also Table I): 

Voicing.· 

Voiced stops - as compared with voiceless stops - are 

characterized physiologically by having a narrow glottis 

{whereas the glottis in voiceless stops may be wide or narrow); 

moreover they have a larger pharynx cavity, and consequently a 

lower supraglottal pressure permitting vibrat~ons of the vocal 

cords, whereas the higher supraglottal air pressure in the 

voiceless stops prevents the vocal cords from vibrating. Voiced 

stops have also less airflow. 

Acoustically, voiced stops are characterized by periodic 

sound at a low frequency during the- closure, and by a lower 

start of the fundamental of the following vowel, whereas voice­

less stops have silent closure and a higher start of the vowel. 

Aspiration. 

Physiologically, aspirated stops are characterized (as 

against unaspirated stops) by having a wider glottis opening 

and by the fact that the release of the oral closure takes place 

at a time when the gl<:>ttis is still' relatively wide open, which 

causes a strong airflow after.the explosion. 

Acoustically, aspirated stops are characterized by a 

long open interval with noise at the frequen~ies of or leading 

toward ·the formants (above F 1 ) of the following vowei; moreover 
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they exhibit a high start and short duration of the F -transi-
1 

tion. 

Tenseness. 
Physiologically, tense stops are characterized by having 

a stronger organic pressure and a longer closure period than 

lax stops, and pro~ably by a quicker and more precise movement 

of the articulating organs. 

Acoustically, they are c.haracterized by a longer closu:i::-e 

period and a shortening of the preceding vowel and, to some 

extent, of the following vowel, perhaps also by a stronger in­

tensity of the explosion (this is still to be proved) and a 

quicker intensity rise of the £allowing vowel, and finally by 

a shorter distance from the explosion to the·top of the transi­

tion and by a shorter transition. 

In CHH's French stops there .was a certain difference of 
aspiration before i and~-. but_ before~ .tenseness seemed to be 
the only distinguishing feature. However, no difference was 
found neither in the explosions nor in the transitions. As men­
tioned above, it cannot be excluded that differences in explo­
sion ·type might be found by a more appropriate technique~ 
Spectrograms did not.reveal any difference in the frequency of 
the expl_osions (cp. Halle, Hughes, Radley 1957). 

It is obvious that this distribution is very preliminary, 

and, ·on the whole, there are still so many unsolved problems 

that much of what has been said on the preceding pages has the 

character of speculations. We need more investigations of sub­

glottal pressure, of glottis opening, of muscular activity and 

organic pressure, of the intensity and type of the explosions 

·and of the transitions. 

P.S.: After having completed this repo:i::-t my attention was 
drawn to the paper by Abramson and Lisker "Laryngeal Behavior, 
the Speech Signal and Phonological Simplicity", Status Report 

.on Speech Research, Haskins Laboratories 11 (1967), pp. 2J-JJ, 
in which the authors draw some general conclusions from their 
various experiments with stop consonants. 

I agree in considering voicing and supraglottal air 
pressure as closely re-Tated and in pointing to the possibility 
that the widening of the pharynx in voiced stops may be an ~c­
tive process, ·but not in the general conclusions, since the 
authors maintain that voice onset timing.may be the only funda­
mental feature disti~guishing categories of stops in various 
languages. 
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COMPARISONS BETWEEN THE VOWEL FORMANT FREQUENCIES IN SPEECH 

AND SONG 

B0rge Fr0kjrer-Jensen 

The :following analysis o:f the :formant :frequencies (?:f 

singers is part o:f a more ~omprehensive analysis o:f the Danish 

vowel :formants in speec_h, shout, and song, (7). Di:f:ferent parts 

~:f the material :from that analysi~ have been used :for investiga­

tions on the changes o:f :formant :frequencies at high voice ef­

fort (6), and :for investigations on the relations between male, 

:female, and children's :formant :frequencies .(8). 

/ 
1. The purpose. 

The purpose ·o:f the present investigation has been to 

study why vowels sung by trained singers have· a di:f:ferent 

timbre compared with spoken vowels. This problem should be 

divid~d in two parts: 

{a) a comparison between the acoustic spectra 

in speech and song 

and 

(b) an investigation o:f the physiological 

changes in the vocal tract which cause 

the acoustic changes. 

The preliminary examination o:f the vowels in song· 

discussed in this article deals mainly with the :first part 

o:f this problem, i.e. the acoustic changes in song compared 

with normal speech. 

2. The material. 

The 'material for the .. _formant measurements consists of 

tape_ recordings from seven professional male singers (two 

basses, three baritones, and two tenors) engaged with the Danish 
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Radio's choir and chur~h choirs.*) The physiological observa­

tions are based on,a material consisting o:f io m~le s~bjects, 
- . .. . . • . ~ 

lo female subjects, and 5 children. Hal£ of the male and hal:f 

of the female subj~cts were trained and professional singers. 
1 The rest must be classi:fied as untrained si_ngers. During the 

, tape recordings some visual observations concerning the changes 

0£ tha- resonating cavities in.song-in relation to sp~ech were 

written down. The observed modifications in song concern::· 

(1) position o:f th~ larynx, (2) m6uth opening, (J) lip round­

ing~. (4) movements of' the hyoid bone, and (5) the dilated 
/(v i 1, 

pharynx •. 

All the subjects have contributed with recordings o:f 

{a) normal speech, 

(b) song in low-pitched chest register (t~e fundamental 

:frequency nearly equals· the :fundamental :frequency in 

speech), 

(c) song in high-pitched chest register (the :fundamental· 

:frequency is about one octave higher than in low-pitched 

chest register). 

All the subjects have spoken and su~g eleven Danish bi­

syllabic words in which all the Danish long vowel phonemes and 

the lowered r-influenced /a/-variant [a:] occur (6),(7). 

The tape recordings have -~een analysed by means of the 

Sona-Graph. All the :formant frequencies. are· based upon ave­

rages of measurements on narrow band and wide band sonagrams. 

These data have been converted into punched cards and treated 

in the electronic data processing center (NEUCC) as discussed 

*) My material includes hundreds o:f sonagrams from profes­

sional :female singers, too. They have, however, been excluded 

:from the :formant measurements :for this article in order to get 

a more homogeneous collection of data, and because it is im­

possible to measure· the formant· :frequencies o:f the more high­

pitched :female voices in song<. Such sonagrams can only be 

analysed by a comparison 0£ single harmonics, which is outside ... 
the scope o:f this article~ 
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in (8). Photo copies of the EDP machine outputs are shown in 

Figs. 1 and 2. 

3. The vowel formants in speech and song. 

Column AMEAN in Figs. 1 and 2 shows the formant fre­

quenci~s for the spoken vowels of the seven singers. Column 

BMEAN in Fig. l shows the formant frequencies of the eleven 

.vowels sung in low-pitched chest register. Column BMEAN in 

Fig. 2 shows the formant frequencies of .the eleven vowels sung 

in high-pitched chest register. Column BAPCT in Fig. 1 and 

Fig. 2 shows the differences between the sung and the spoken 

vowel formant frequencies expr~ssed as a of the 

spoken vowels. (the variable "BAPCT" thus equals the parameter 

K in the terminology of acoustic phonetics), and column SDPCT2· 
n 

indicates± twice the standard deviation of that difference 

(which equals a 95.45 per c~nt significance level). 

A more detailed explanation of the different parameters 

in the tables Fig. 1 and Fig. 2 may be found in reference (8). 

4. Significant changes in formant frequencies. 

The different formant frequencies for normal spoken 

vowels and for sung vowels in low- and high-pitched chest re­

gister are depicted in Fig. J. The vowel formants are depicted 

in the following way: in speech by means of solid lines; in low­

pitched chest register song by means of dashed lines; and in 

high-pitched chest register song by means of chain-dashed lines. 

The diagram Fig. 4 shows the K -values expressed as per-
n 

c~ntages (3) £or the formants of' each vowel sun~ both at high 

and low pitch in relation to the same spoken vowel. Twice the 

standard deviation is indicated for each K -value. 
n 

Assuming 95 per cent confidence limits we can make the 

following conclusions: 

lli 
Vowels sung at the same pitch as normal speech do not have 

first formants which are significantly different from those of 

normal speech., whereas Fl is considerably raised -when the pitch 

goes up. If the pitch is raised one octave in the chest re-
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gister, Fl becomes significantly higher except for the open 

vowels [a:] and [Q:] (the average increment for Flin song 

ist low-pitched chest register 7 per cent, and high-pitched 

chest register 3o per cent).*) 

ll.!. 
All the front vowels show a lowered F2 in song. The lowering_ 

is more pronounced the higher the pitch is, but the difference 

from speech is only big enough to be considered significant 

for singing in the high-pitched chest register. The rounded 

back vowels exhibit nearly the same formant frequencies as in 

speech when sung in low-pitched chest register. When sung in 

high-pitched chest register they have a significantly higher 

F2 than in speech. 

F3: 
The changes of F3 in song a~e very small, and the few ch~nges 

are most pronounced at high pitch. Thus the unrounded front 

vowels [i:], [e:] and[ .. ~:] are significantly lowered, and the 

rounded back vowels -[o:J and[;:>:] are significantly raised in 

relation to speech. 

F4: 
F4 is lowered during song in the whole pitch range of the chest 

register. 

It may be seen from the above-mentioned formant changes 

that the vowels in high-pitched song are more centralized than 

in speech. In this respect the formant changes equal what hap­

pens when the voice effect is increased (6). However, it is 

*) This article only takes into account song at nearly the 

same pitch as normal speech and song at about one octave higher. 

An examination of song at lower pitch than normal speech (9 

subjects have been ·involved in this analysis) has given the 

result that all the formants are lowered in relation to speech. 

However, the individual deviations are too pronounced, and it 

is not possible on the.basis of' my material to speak about a 

significantly relevant formant lowering in very low-pitched 

song. 
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c~early seen :from the sonagrams that the main di:f:ference be­

tween shout and song-is a changed energy distribution ·in the 

spectrum. Flis very weak in shout and often very prominent 

in song. The upper part o~ the spectrum is strongly intensi­

fied in shout, and o:ften :fully cut of:f in song. 

S. The physiological changes. 

As previously mentioned this article will not deal with 

the physiological changes o:f the vocal tract becau·se I have not 

had the possibility o:f making X-ray photos yet. A more de­

taiied investigation of the articulatory/acoustic problems in 

song must naturally involve calculations on the resonatory ca­

vities based on X-ray photos.*) Therefore only a :few primitive 

visual observations carried out during the tape recordings o:f 

the subjects will be mentioned here with suggestions o:f pos­

sible explanations. 

With 23 subjects singing at the same pitch as that o:f 

normal speech I have observed: 

Lowered larynx •·••••••••••••••• lo subjects 

Raised larynx ...... ·•••• ...... 1 ·subject 

Increased mouth opening 

Decreased mouth opening 

Increased lip rounding 

Decreased lip rounding 

. . . . . . . 
........ 
. . . . . . . 
• • • • • • • 

Lowered and advanced hyoid bone. 

Dilated pharynx . . . . . . . . . . . . . . 

9 subjects 

2· subjects 

9 subjects 

0 subjects 

9 subjects) 

lo subjects~ 

mainly 
with 
trained 
si~gers 

*) Sundberg {10) has shown by means of X-ray photos of 4 male 

singers that the vocal tract has about the same length in rest 

and in speech, whereas the length o:f the vocal tract is· in­

creased in song. The increase is caused by a 1 cm lowering 

of the larynx. 1 Furthermore he has shown that the jaw is 

lowered and the distance between the Sinus Morgagni is in­

creased by So per cent in song (Fo A& 120 cps). 
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With 2o subjects singing in high-pitched chest register. 

I have observed: 

Lowered larynx ••••••·•••••••••• 

Raised larynx •••.....••••.•... 

Increased mouth opening • • • • • • • 
Decreased mouth opening • • • • • • • 
Increased lip rounding •••••••• 
Decreased lip rounding . . . . . . . . 
Lowered and advanced hyoid bone . 

Dilated pharynx . . . . . . . . . . . . . . . 

7 subjects t ( 

4 subjects 

8 subjects 

(1) subject 

8 subjects 

0 subjects 

lo subjec_ts) trained 

lo subjects~ 
singers 
only 

These two tables show that many subjects perform an ac­

tive expanding of the vocal tract during singing, and that very 

few perform an active reduction of the resonance cavities. 

The most interesting thing is that the observation of 

lowered and advanced hyoid bone and dilated'pharynx applies to 

the trained singers only. These observations agree very well 

with those of other investigators (10), (11), who all speak 

about lowered larynx, increased resonance cavities, and lowered. 

jaw in song. 

6. Formant variations explained by the physiological changes. 

If we compare the visually- obseryed changes in the re­

sonance cavities with the formant variations in Fig. 4 we may 

put forward th~ hypothesis that Flis raised in song because of 

the increased mouth opening which influences Fl most (the point 

of maximum volume current for the main resonance of a quarter 

wave length is situated in the mouth opening) (2), (4). There­

fore the lowered larynx and the dilated pharynx do not affect 

Fl sufficiently in order to lower this formant. Only for the 

most open vowel [a:]the increased cavity in the lowest part of 

the vocal tract is able to lower 1 because the mouth is already 

fully open. 

During song the cross-$ection area of the vocal tract as 

a whole is increased. This must also be valid for the point of 

maximum constriction. According to Fant ('4) a widening at the 

place of maximum constriction causes a lowering of F2. and F3 in 
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the unrounded front vowels, ·and a raising of F2 in the rounded 

back vowels. 

F4 is lowered in all vowels 'in song because of· the 

lowering of the larynx. This lowering of the larynx (which 

probably is accompanied by a widening of Sinus Morgagni) ac­

tually causes a lowering of all the formants, but the effect 

is most pronounced at higher frequencies where the point_of 

maximum pressure in the closed part of the resonator is most 

influential upon the resonant frequencies. 

7. Trained versus untrained singers. 

A comparison between the formants of lo trained and 

lo untrained singers (material not presented here) indicates 

that FJ in the rounded vowels is higher in song than in speech 

with trained -singers, whereas the opposite is true of un-

trained singers. According to the articulatory tables we 

must conclude that the lowered and advanced hyoid bone, the 

active dilated pharynx and the lowered larynx must in some 

way be responsible for the changes in FJ. 

Again, according to Fant's calculations on the horn­

shaped three parameter model of the vocal tra~t, a widening 

of the lowest 3 cm in the vocal tract (i.e. mainly a widening 

of the Sinus Morgagni cavity) causes a raising of FJ. We may 

expect that trained singers are able (to a higher degree than 

untrained singers) to perform such an active widening of the 

lowest part ·of the vocal tract. The visible ruanifestation 

0£ such a change would be a lower~ng of the musculus geni~­

hyoideus, an advanced and lowered hyoid bone, a dilated pha­

rynx, and a lowered larynx. Most of these changes can be ob­

served ~y visual inspection of the trained singers .. 

The acoustic observations agree with that of Sund­

berg (10) who mentions that "FJ and F4 are closer in singing 

than in speaking and appear to be closer in trained voices 

than in untrained speaking voices", and with that of McGinni_s, 

Elnik and Kraichman (9), who speak about the more prominent 

FJ and F4 of trained singers (the intensity level is increased 

when the distance between the formants is reduced). 
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As previously mentioned these conclusions have to be 

verified by means of X-ray photos. 

B. Summary. 

The changes in song in relation to speech tend to de­

velop a certain voice qual_i ty and mood which is determined by 

the context and by the individual. Also; the trained singe·r 

will try to obtain the best unity of sound in accordance with. 

our (i.e. the Western World's) way of conceiving s~ng art. 

These artistic shapings of the sound influence the vocalisa­

tion. The acoustic structure of the vowels is, therefore, 

changed: there is less variation in formant levels among the 

different vowels in song compared to speech, and the first 

formant is often intensified. The analyses show an energy 

band in the acoustic spectrum between 2500 cps and JSoo cps 

common for all the vowels. 

As for the formant frequencies Flis drastically raised 

as a· consequence of the increased mouth opening in all vowels 

except [a:]. The higher formants are lowered because of the 

lowered larynx and the active dilated vocal tract, except that 

F2 is raised in the rounded back vowels because of a widening 

at the point of maximum constr~ction. The raising of FJ with 

trained singers may be due to a dilation of the lower part of 

the pharynx. 

These c~anges are most pronounced with bass singers 

singing in high-pitched chest register, and least prominent 

with tenors singing in low-pitched chest register. 
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FOURIER ANALYSES OF PHOTO-ELECTRIC GLOTTOGRAMS 

Berge Fr0kj~r-Jensen and Jergen Rischel. 

1. Glottis area versus volume velocity curve. 

According to Flanagan (2), (3) there seems to be a good 

agreement between the gl.otta1 area and- the voJ.ume velocity wave 

when operating in a constant and moderate subglottal pressure 

range 0£ _about' 4 cm H20, - the e:f:fects 0£ inertance neglected. 

It should therefore (within the mentioned restrictions) be 

possible to calculate the acoustic spectrum o:f the primary voice 

source based upon photo-el.ect'ric glottograms (but not upon the 

Fabre glottograms)*) by means of a digital computer. 

· According to Fant and Sonesson (1) simultaneous re~., 

cordings 0£ photo-electric glottograms and inverse :filterings 

seems to give nearly the same waveforms, which supports the 

theoretical cal.culations o:f Flanagan and Fant. 

2. Expected differences in the glottal waveforms of vowels 

and consonants. 

A problem o:f grea~ current interest is the possibility of 

interaction between poles and zeros 0£ the vocal tract transfer 

function and the glottal volume-velocity waveform. 

The supraglottal impedance relationships are analysed by 

Flanagan (reference 3, PP• 46-47) on the basis.of transmission 

_line theory. He finds that the driving point impedance of the 

uniform vocal tract (set in position £or the neutral refe.~ence 

vowel.) reaches maxima at those :frequencies·where the imaginary 

term of the propagation constant**) xi equals'fC/2, 31t/2, etc. 

The impedance at these maxima, which coincide with F1, F2 , etc. 

is determined as the square 0£ the characteristic impedance o:f 

the tract divided by the oral radiation impedance. It is clear 

that the driving point impedance reaches its high st maximum 

when the radiation impedance -is low, i.e. at the F 1 :frequency, 

*) This has actually been done by c. Bordone-Sacerdote & G. 
Ri_ghini, "Glottal wave detected as a high frequency modulation", 
5th Int. Congr. 0£ Acoustics (Li~ge 1965), Paper A 34. 

**) These :formulaeare based on the simplifying assumption that the 
real term is zero, i.e. the vocal tract is l.ossless. 
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where the driving point impedance is so high that tract-source 

interaction occurs (reference 3, p. 47). 
Halle and Stevens (reference 4, p. 268) Calculate the 

conditions at different first formant frequencies. They take 

the tract as a resonant circuit tuned to F1 and find by consider­

ing the impulse response of this supraglottai filter that it will 

react to the glottal wave with a pressure peak which at lo~ F 1 
values (F

1 
below 250 cps) is of the order of the steady sub­

glottal pressure. Thus the glottal vibrations will ·clearly be 

impeded at very low F 1 frequencies. 

The authors presume that this effect is counteracted by 

adjusting the vocal cords towards a more open state so that they 

can vibrate with a lower pressure drop across them. This adjust­

ment~ assumed to condition the longer duration of vowels before 

voiced than before voiceless obstruents (in English).*) 

In order to test whether the Fourier analysis of photo­

electric glottograms constitutes a usable method for empirical 

investigation of these problems we have made· a few analyses of 

typical glottograms. These are, of course, to be taken as pilot 

experiments only. 

J. Experimental procedure. 

The two sustained sounds [ ~ :] and [ z :] spoken several 

times by the authors have been recorded by means of the photo­

electric glottograph. Because of lack of a high-speed analog/ 

digital converter at our laboratory we have photographed the 

oscilloscope screen and by hand measured 281 ordinates per cycle 

from large scale photographic enlargements of two typical 

glottograrns. The ordinate values have been used as input data 

for a Fourier analysis made by computer. The computer outputs, 

partsof which are shown in Fig. 1 and 2, contain the sine and 

cosine coefficients, the phase differences, the absolute ampli­

tude, and the logarithmic· amplitude (in dB). Based on these 

outputs the line spectrums in.Fig. 3 have been drawn. These 

compare the two primary voice source functions: that of the 

vowel and that of the consonant. 

*) For discussion of this problem: see th~ article in this report 
by Eli Fischer-J0rgensen. 
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HARMONICS FREQUENCY AMP LI TUOE AMPLITUDES I 

N □~ IN CPS IN M VOLTS OECI0ELS 

DC 0 1090011833 40075 
.. 

• 1 120 7960 87701 38003 

2 240 3060 75 773 29074 

3 3 60 40070412 12019 

-- 4 480 330 45657 10049 -! 

5 . 600 140 34248 3ol3 .. 

.. - . . 
6 720 15020397 3o64 · . .. 

- 7 840 3003825 -10035 

8 g6o 4010174 -7074 

... 
9 10 80 lo 71341 -15032 

·-· . 10 12 00 4o 02491 -7090 

11 1320 lo 63957 -15071 

- - 12 1440 0o 84083 -21051 

13 15 60 0o 78087 -22015 

14 16 80 1079724 -14091 

15 1800 Oo 59086 -240 57 

16 1920 0o 98869 -20010 

17 2040 0o 59233 -24055 

18 2160 0o 6 7 564 -23041 

19 22 80 0058004 ..:.240 73 

20 2400 0037273 -2 80 5 7 

21 2520 Oo 55248 -25015 

• 22 26 40 0o 12864 -37081 

23 27 60 Oo 65609 -230 66 

24 2 8 80 0035398 -29002 

25 30 00 0o 51560 -25075 

Fig. 1 • 



HARMONICS FREQUENCY AMPLI TUOE AMPLITUDES 
Noo· IN CPS IN MVOLTS DECIBELS - ... 

oc 0 lJJ.lt, l:520~ ,,z )1 

1 120 805075991 38ol2 

2 2 40 1450 58764 23026 

3 3 60 860 4 7672 18074 

" 
4'. 480 1·4o 93 569 3o48 

·-· .. 

5 600 9o 15732 -Oo76 

6 7 20 5018039 -5o7l 

7 840 -30 07824 -l0o23 

8 960 2038402 -12045 

9 10 80 3046416 -9o2l 

10 12 00 Oogl052 -20081" 
•. 

. . . ~ .. 
11 1320 1027400 -17090 

~ - . ~ 

12 1440 1015195 -18077 
.. 

13 15 60 1031342 -17063 

14 1680 Oo 99831. -20001 
... 

15 1800 ••. lo 06320 -19 0 4 7 

16 1g20 Oo 36361 -28079 
.. 

17 2040 lo 28072 -17085 

18 2160 Oo 89 1-t3 7 -20097 

1g 22 80 0o 45730 -26~80 

20 2400 Oo 65082 -23073 

·21 2520 Oo 6 CJ 7 61 -23013 -.. 

22 2.640 Oo 4494 7 -26095 

23 27 60 0050149 -25099 

24 I 2880 Oo 33686 -29045 

2 5 ·, 30 00 Oo 74337 • -22058 

Fig. 2. 
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4. Results. 

4.1. The glottograms. 

The photographs in Fig. J show typical differences in the 

waveform of the glottal pulse. The vowel has a very symmetrical 

pulse (this is not always the case) with steep slopes, whereas 

the consonant pulse has a less steep slope in the closing phase. 

If, arbitrarily, we replace the lowest 7 per cent of the a~pli­

tude of each glottogram by a straight line (some of the slight 

bottom curvature is probably associated with transillumination 

and nonlinearity phenomena, compare reference J, p.44), the 

"open" phase (triangular portion) of the vowel pulse is 4.2 ms 

= 51 per cent of the total duration of the cycle, whereas the 

corresponding part of the consonant pulse is 5.6 ms= 68 per 

cent of the total duration of the cycle. The fundamental fre­

quency is the same in both analyses: 120 cps, i.e. the total 

duration of the cycle is 8.J ms (1.4 ms per division on the 

oscilloscope screen). - The curves shown in Fig. J do not give 

any measure of the absolute degree of closure obtained in the 

two types of sounds, so we are not making any deductions con­

cerning the degree of leakage through the glottis from these 

curves (cp., however, the curves of Danish voiced fricatives 

on p.lJ of this report).*) 

The di~ferences observed may condition a weaker excitation 

and a greater damping of formants in the consonant.**) 

4.2. The line spectra. 

The line spectra for the two sounds are shown below the 

photographs in Fig. J. 
Up to about 1000 cps (the 9th harmonic) the slope of the 

primary voice source rolls off at a rate of 12-15 dB/octave, 

which agrees well with other·measurements. Above 1000 cps the 

line _spectrum is not reliable because the dynamic range is limit­

ed to about 60 dB. In future experiments we are going to use 

some kind of high-shaping network, which may extend the usable 

frequency range considerably. 

*) See also Lisker, Abramson, Cooper, and Schvey in Status Report 
(SR-5/6), Haskins Laboratories, 1966, PP• 4.1-8. 

** )The absolute 'amplitudes for the two sounds in Fig. 3 cannot be 
directly compared, since the recordings have no calibration. 
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Therefore, a~ ·.regards these prel~minary Fourier analyses 

we can only be concerned with the lower part of the spectrum. 

In this range we can observe spectral minima at different 

frequencies in the two line spectra. With an extensive material 

it will probably be possible to determine the different locations 

of the voice source zeros in vowels contra consonants.· 

Our analyses include calculations of phase differe~ces 

among the harmonics, which have not·been used for this article. 

5. Conclusions. 

The line spectra of ou~ pilot experiments seem to be in 

fair agreement with earlier theoretical data and to confirm 

that differences between the voice source spectra of vowels and 

consonants do occur. This means that the method used here seems 

to be a usable approach to the analysis of voice source spectra 

parallel to·the use of inverse filtering. 
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VOWEL QUANTITY IN CZECH 

An instrumental study 

Per Jacobsen 

1. Introduction. 

135 

The purpose of this investigation is to examine the rela~ 
I 

tionship between long and short stressed vowels in Czech. 

Data on the duration of Czech vowels have been published 

by others, particularly Josef Chlumsky (1) and L. Kaiser (2) 

(based on research by P. Janota). A brief comparison between 

the conclusions reached by these authors and those of the 

present paper will be given at the end of the paper. 

In order to get as uniform a material for the present 

investigation as possible some preliminary investigations w.ere 

made with the purpose of determining whether the duration of 

vowels is influenced by the number of syllables and/or the 

length of a following syllable. 

Word lists of the type host,hosti,hostitel, hostitelka, 

hostitelkami were set up and the duration of the first vowel 

were measured and compared. These series of words are referreo 

to as ~-words. In a number of word pairs of the type_zubu, 

zubu [' zubu] [' zubu,] the du:ta tion oi the first vowel was mea­

sured. These examples are referred to asol-words. Lists of 

~-words and p-words together with the results of this analy­

sis are shown in Tables 1 and 2. 

As it is seen, it is necessary to consider the number of 

sy11ab1es and, to a certain degree, also the 1ength of the 

following syllable when vowel duration is to be investigated. 

In the last and main part of this stupy only dissylla~les with 

short second syllable are analysed. As the purpose of the in­

vestigation is to examine the relationship between long and 

short vowels, only words with long and short ~,£,i,~,~ in the 

stressed syllable are considered, since the opposition longs 

short is neutralized in vocalic£ and!• 

Since the following consonant may .. in:fl.uence·vowel 'duration 

all vowels are examined in positions before (1) ~aeal/liquid, . 

(2)(3) voiced and unvoiced fricatives, and (4)(5}.plosives. 
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The structure of the investigated syllables in this part of the 

study iss (c)cv(s) (Thi$ is not necessarily the case wi·th the . 
of..- and ~-words.) 

As the physical duration usually depends on vowel quality, 

the material is so arranged that long~ is compared with short 

~,long~ with short~, etc. 

The utterances were recorded in a sound treated room on 

a professional tape recorder at the Institute of Phonetics. 

The words were read in a quas·i-random order, the only restric­

tion being that words of the type ~,hosti,hostitel ••• etc., 

~,zubtt or zakop,zakop did not occur a~jacent to each other. 

Each word was read as an isolated utterance with a pause be­

tween each utterance, and the informants were asked not to 

make any rhythmic groups in their reading. 

Five informants were used: 

JL (male) born in Prague in 1943 

OL (female) born in Prague in 1943 

LM (female) born in Prague in 1944 

BU (female) born in Prague in 1944 

AKK (female) born in Danmark in 1944; bilingual (mother Czech• 
father Danish). 

The complete material consists of 1170 utterances (117 examples 

each recorded twice by all 5 informants). 

2. Recording of acoustic curveso 

The utterances were subjected to acoustic analysis by 

means of an intensity meter (KTH type) and Fr0kjmr-Jensen•s 

pitch meter and recorded on the mingograph. Four synchronous 

traces were recorded on the ink writers(!) a pitch curve, (2) 

a logarithmic intensity curve with an integration time of 2,5 

ms for female voices and 5 ms for male voices (the high-pass 

filtering in connection with the logarithmic scale conditions 

that the consonants stand out rather distinctly, (3) an in­

tensity curve (linear scale) with an integration time of 5 
and lo ms. respectively, and with linear frequency response, 

and (4) a duplex oscillogram (i.e. a combination of an ordina­

ry oscillogram and a high-pass filtered intensity curve). 

The logarithmic intensity curve and the duplex oscillo­

gram were used to delimitate the sounds before measurements 

were made. The speed of the paper was loo mm/sec. 
! I 

• 1-
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Table 1.a. 

In:formant JL OL 

Number o:f 1 syllables 
2 J 4 5 1 2 J 4 5 

pan 2o 12,5 12 19 lo,5 9 
dam Jo,5 24 2o,5 Jo,5 25 19 

demokrat lo 9 8,5 9 9,J 7 
I-et 17 12 lo 15,5 lo,J 9,5 
kr6m 26,5 21 18 15,5 27 22 16,8 16 
16k 25,5 22 15 25,5 2o,5 15,6 

bych 16 9,J 15 lo 
list 14 9,5 7,8 7 15 lo 9 7,5 
mir 25,5 24,5 28 25 
1ft 19 14,5 12,5 lo,5 21 14,5 14,5 11,8 
myt 22,5 16 14,5 24 15,J 14,5 

host 17,8 12,J 11 9,5 7 ~ .. 17 lo,J lo 8,5 6,J , 
J4 25,5 Jl,8 24,J dom 

tus lJ B,5 16,5 9,5 
muk 12 9 8,5 14 lo 9 
-

Table l.bo 

In:formant LM BU 

Number o:f 1 2 J 4 5 1 2 J 4 5 syllables 

pan 2o,J 14 lJ,5 17 lo 
! 

7 
dam 47,5 36 J2 Jo 25 21 

demokrat 11,J lo 9,J 7,5 7 5,5 
let 15 9,8 8,5 lo,5 6,5 6 
krem J8 J4,5 25,5 27,8 24,5 24 19,2 19 
lek J5 24,J 2J,8 2J 15 16 

bych 15 9,6 lJ,2 8,J 
list lJ 9 8,5 7,8 11,5 •. 8 7,5 7 
mfr 4J,5 J6,J 26 22,5 
llt Jo,8 26,8 25,J 17,5 16 lJ,8 12 ll 
my.t 36,5 27,5 2J,5 17 14,5 lJ,5 
host lJ 8,5 8,5 7.8 8,5 12,5 11 ,8 lo 9,5 
dom 45,5 J6,4 22 19 
tu~ lJ lo lo 8,5 
muk 12 9;8 7,J 12,5 lo 8 
- \ • 

. . ! . 
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Table l.c. 

Informant AKK 

Number of 
1 2 J 4 5 eyllablea 

pan 14,3 12,.8 lo 
dam 27 21 18,3 

I 

demokrat 7,J 7 6t,·6 
let 12 lo,5 8,5 
krem 2J 19,8 16,5 15,3 
lak 24,5 15,5 12,9 

bych 11 8,~ 
list lo 8,1 7,5 ·7 
mfr 26,J 19 
lit 19,8 13,5 11,5 lo 

/ myt 17,8 12,8 11 

host lJ,5 12 .9,5 l.2 9,3 
dom 28 2o,3 

tus 12,3 9,8 
muk 8 7,3 7,5 
-

~-words. Vowel duration of first syllabl.es in cs. All. five 

informants. (Averages of two r.ecordings ') 

pan - panel- Panama 
dam - dama - damami 
demokrat - demokrata -
let·- letec - letectvo 
kram - krama - kremovy­
lak - lekar - lekare 
bych - bychom 

demokraticnost 

, , 
kremovymi 

list - listu - listina - listinami 
mfr - mira 
1ft - 1f.tost - lftosti - l.ftostivy 
myt - mytit - mytina 
host-. hosti - hostitel. - ho~titelka - hostitel.kami 
d6m - doma 
muk - muka - mukami 
tus tusit 
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Table 2. 
JL OL LM BU AKK 

draho 14,3 13 17 13,5 12,5 
drah~} 
draha 12,3 lo,9 12 8 11,7 

na~~ch} 9,5 ll,5 lo,4 lo,3 _11, 6 
nasim 
nas:!m 9 lo,8 11 9,5 11,5: 

cesta 9,5 9,1 lo 7,8 11,5 
cestar 7,5 8 9,2 8 8,3 

cena 11 lo 14,3 8,8 9,5 
cenfk 9,5 9 13 7 9,5 

ryba • 9, 3 lo,3 12,8 13 lo,3 
rybam 9 9,5 lo,8 lo,5 lo,5 

syto} 8,9 8,2 8,3 6,8 7,6 
syta -

syta 7,8 8 7,3 6,5 7,5 

doma} 13 12,5 16,3 12,5 11,8 
domu 
domu 12 lo 16 12 12 

dostat 11,5 11,5 9,5 lo lo,8 
dostat lo 9 11 9 11,8 

dobro 11 9 12 11 lo,3 
dobra 9,5 9,8 12,3 9,3 9,8 

zubu 9,5 lo 12 9 9,3 
zubu 9,5 9,5 11 8,3 lo,8 

dama 24 25 36 25 21 
damach 24,5 21 33 21 21,5 

lato 17,5 20., 5 28 17,5 17,3 
letum 16,5 19,8 28,8 15,5 17,3 

l1pa 16 16,5 33 14 16,3 , , 
l1pach 15 16 29 11 16 

-
puda 2o,5 18,8 37,5 2o 21,6 
pudach 2o 15,8 34 21 16 

~-word~. Vowel duration of first syllables in cso All 

five informants. (Averages of two recordings.) 
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Table Jo 

:fricatives plosives 
nasal/liquid 

unvoiced voiced unvoiced voiced 

short panel V • draho -zakop zabal nanos nasyp nasim 
nasich ; 

long 
, 

d~ma 
, 

drahy ·zakop zabal nanos nasyp 

short cena nechat sever pace letec cedit 

long ·krema rava 
,, .., 

lekar leto - pece -
short vina bychom lyze syto syt_a lidi ryba 

sfto l{tost 
v:lna m!ra 

,,, 
i:!ze. mytit l1pa l:lbi t · long vychod 

short doma domu vosa loze c~pak voda 

long d6ma domu - - kota moda 

short suma duse tusit muze kupec muka tuba zubu 
: 

long vule zpusob 0 dukaz pud_a muze· 

Words used :for the main part o:f the present investigation (as 

it is seen, some«- and p-words are included). 
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Table 4. · Vowel duration in cso 

a e i 0 u 

JL 11,4 lo,3 9,3 11,2 9,9 

OL lo,7 lo,l 9,9 lo,9 9,2 

LM 12,1 12,1 11,4 12,5 12,4 

BU lo,3 9,o 9,o lo,7 9,4 

AKK 11,6 lo 1 2 9,6 11,4 9,9 

avera~e: 

11,2 lo,3 9,8 11,3 lo,2 

a ' :!. 6 
, 

•U 

JL 22,4 21,6 18,0 22,2 18,9 

OL 22,6 22,5 16,4 23,l 17,5 

LM 31,8 33,7 3o,2 32,1 34,6 

BU 22,o 2~,2 19,2 2o,6 18,2 

AKK 18,Z 2o 1 2 12,J 18,J 16,2 

averag-e: 

23,5 24,o 2o,2 23,3 21,1 

As mig-ht be expected the close vowels are shorter than the more 

open ones. 

The influence of' the following- consonant on vowel duration is 

seen in the following tableo 

Table .2• 
fricatives plosives 

nasal/liquid unvoiced voiced unvoiced voiced 
, 

short vowel 11,2 9,7 12,J 9,o lo,4 

long vowel 25,o 18,8 25,5 2o,2 
' 

22,o 
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The -following consonant clearly exerts an influence on 

vowel duration. V~wels :followed by unvoiced consonants .are 

.shorter than vowels followed by voiced consonants (and liquids/ 

nasals) .. 

The material is clearly divided.into long and short 

vowels. There is no overlapping at all. 

3. Conclusion. 

As to the main question raised in this paper it seems 

difficult to stipulate a permanent ratio between long and 

short vowels·o The informants' long vowels are two to three 

times as long as their short vowels, altho 2gh the average 

seems to be about twice as longo Further investig~tions are 

necessary in order to decide whether this is valid ·for un­

stressed vowels as wello 

According to Chlumsky's investigation from 1928 i and u 

are shorter than other vowels, especially shorter than ~ 0 

Long vowels were found ·to be twice as long. as the correspon­

ding short ones, and the number of syllables was found to in-. 

fluence vowel duration in the same way as found in the present 

investigation. The following consonant. does not, according 

to Chlumsky, influence the duration of the preceding vowel • 

. ~is·statement disagrees with the result reached in this in­

vestigation. Chlumsky has no co~clusion about influence of 

long·and short vowels on the duration of the preceding vowel 

(the ~-words o~ this paper)o 

L. Ka~ser quotes some measurements of the duration of 

Czech vowels spoken in isolation by 5 subjectso These measure­

ments also show long vowels to be twice as long as short·· 

vowels in ordinary speech tempo, and open vowels to be longer 

than close vowels. 

-----****-----
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ACOUSTIC CUES FOR THE 'PERCEPTION OF ACCENT IN JAPANESE 

WHEN THE ACCENTED VOWEL IS DEVOICED 

Hideo_Mase 

·o. Introduction. 

0.1. Phonologically or functionally speaking, Japanese ~ccents 

are o:f so-called "register" type. There are only two con­

trastive regi·sters, high( er) and low( er). In the standard 

dial~ct there is a distinction betw~en words (or words with 

particles) containing a syllable with a high tone immediately 

·followed by a syllable·- with a low tone, and words which con-

tain no significant :fall. In words of the :former type th~ 

syllable with high tone is said to be .accented. Both the 

place and the presence versus absence of a significa~t pitch 

drop are relevant. If, :for example, a string of segmental 

phonemes constitutes three syllables we can distinguish thre·e 

co~utable accent units: (i) the first ~yllable is significantly 

high, (ii) the second syllable is significantly high, (iii) 

there is no syllable that is significantly high: 

(i) /600/, (ii) ;060;, (iii) /000/ (o = ~yllable*). 

As there is only one significant pitch drop in a word 

the number of units that can be distinguished by accent depends 

on the nwnber of syllables. If bisyllabic words ·are combined 

with a particle so that they form tr_isyllabic. sequences, then 

obviously three different types can be distinguished as shown 

above, but if the particle is removed so.that we get 

(i) 
~ /oo/, (ii) 

✓ /oo/, (iii) /oo/ 

it is hardly possible to distinguish (ii) :from (iii) though 

is of course possible to distinguish (i) :from the others). 

*) Long nasals and voicele~s geminated consonants are not 

counted as syllables in this p~per, although they :form 

l morae of' their own. 

it 

We 



I. 

144 

may say that potentially there are three di:f:ferent types o:f bi­

syllabic words (three different underlying forms), but hardly 

more than .two different realizations. 

0.2. Phonetically speaking the pitch of the :first syilable is 

usually lower than that of the· second syllable whenever the 

accent is not on the first syllable. This is true of /06/­

words as well as /oo/-words. However, the pitch di:f:ference 

is greater, i.e. the second syllable is a little higher, in 

the :former type than in the latter·, especially i:f ·the . words 

are spoken with emphasis (Neustupny (12 a), p. 84, Han (3), 

p.·112). This difference may serve to establish a phonological· 

contrast between bisyllabic words o:f the two types for some 

speakers who either keep up or try to keep up.the difference. 

But this is probably rather rare (cp. Neustupny). It is my 

impression that there is generally no difference between (ii) 

and (iii) when words o:f the two types are spoken isolatedly. 

0.3. We shall consider briefly the major phonetic aspscts o:f 

Japanese accentuation: 

!..:_ Pitch. 

The most important cue for accent production and per­

ception seems to be pitch variation. According to Han (3) 

"a pitch rise o:f 1.9 semitones is perceived as an emic change, 

while a drop of 1.9 semit~nes is often not interpreted as an 

emic drop. This means that native speakers of Japanese are 

sensitive to a smaller pit~h rise than to an equivalent pitch 

drop, and use a wider range o:f actual :frequency change in sig­

nalling emic pitch fall." (p. lo9), "the pitch change o:f more 

than 2 semitones :functions as an emic change." (p. 128). I 

think that native speakers will be more attentive to the pitch 

drop than to the pitch rise, as far as accent is concerned, 

because the difference between fall and no :fall is phonologi­

cally contrast~ve. {Kawakami (5) interpretes the low pitched 

:first syllable- as a manifestation of an intonation.)" 

Kobayashi (6) ~ays that the degree o:f :fall is greater for 

words with accent on the first or second syllable than for 

those with accent on the third or later syllable .. In the :for-

mer case, the high pitch gives an impression o:f 'strong stress'. 

I 
I 
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I 



This. observation of his agrees to some extent with the charac­

teristics of English stresses, though the latter language is 

not a tone language. In English fundamental frequency (both 

pitch level and pitch variation) is reported to play a greater 

part than intensity. (Fry (2), Lieberman (8), Morton & Jassem 

(10), etc.) 

The observation by Kobayashi means that the pitch fall 

is gradually decreasing the farther it is :from the beginning 

of the accent unit. A similar statement has been made by other 

investigators, :for example, by Kawakami (op.cit.), but he does 

not give any quant1tat~ve data on pitch variation. Shohara (14) 

_says that only 2 % of the phrases with auditorily level tone 

have acoustically level tone. 
\_ 

,!h Intensity and duration. 

As for intensity and duration, Han {op.cit.) says 

"the higher.pitch is usually accompanied by a slight increase 
in intensity and duration .... if we keep the pitch constant, 
the change of intensity and duration does not affect the 
meaning of the word: therefore the pitch is identified as 
the distinctive feature and the accompanying intensity and 
duration as redundant :features." (p. lo4). • 

On the other hand, Neustupny (12 b) points out the im­

portance o:f the intensity factor in addition to the pitch factor. 

He says that the pitch and intensity :factors are relatively 

independent of each other, and that sometimes the intensity 

:factor determines the accent pattern, though in general "pitch 

seems to be more important than intensity" (p~ 1). I think that 

his statement should be taken with some reservation. ·He ~ives 

special mention to Fig. 4 [a rna' ta] ( the pit.eh curve is tak~n 

with a kymograph, but it seems that the intensity curve is from 

a high-speed level recorder or some other instrument) and Fig. 

ll. [ a rta 7 takana] ( taken by means of a pitch recorder). For the 

evaluation of these examples, the :following considerations may 

be relevant:· (1) Though the pitch of the first syllable in such 

a word as [a: rna 7 ta] is usually lower than that of the second 

syllable (cf. 0.2.), it may not be the high pitch of the.first 

syllable in his Fig. 4 but the clear pitch fall between the 

second and third syllable~ that is decisive for the accent per-
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ception. (2) There may be some influence .of neighbouring con­

sonants upon the fundamental frequency of the vowel, though 

Han (op. cit.) says 

"These differences are, however, minor and do not exceed 1 
or 2 centiseconds in duration and 10 cycles per second in 
frequency. These are etic differences, and they are kept 
separate from the data pertinent to the structural analysis." 
(pp. lo J-lo4). 

House & Fairbanks, in their investigation of American 

English vowels (4), say 

"In the comparisons of voiced and voiceless consonant en­
vironments, vowels in voiced environments, with few excep- ,··. • 
tions, were longer in duration, lower in fundamental fre­
quency, and greater in relative power." (p. llJ). 

In their article we find that the fundamental frequency 

of the vowel is considerably higher between [t]'s than between 

[ n J 's, whereas the intensity of the v_owel is considerably lower 

between [t]'s than between [n]'s. Accordingly, although I do 

not think the influence of the consonant upon the vowel is quite 

the same in English and Japanese, it is not improbable that the 

difference between the two consonants in Neustupriy's examples, 

viz. [n] in Fig. 4 and [t] in Fig. 11 may have a certain in­

fluence upon the following vowel, whether the influence be sub­

sidiary (or "etic.n in Han's terminology) or not. 

o.4. Devoicing of vowels. 

Of the five Standard Japanese vowels /i,e,a,o,u/, /i/ 

and /u/ are often devoiced. Han. ( 3, PP•·· 17-J4) mentions :four 

:factors which cause devoicing of vowels: 

(1) The intrinsic length of the five ·vowels: s·:tnce /u/ is 

the shortest and /i/ the next shortest of the five vowels, /u/ 

is devoiced most easily and then /i/, while the other three 

vowels are rarely devoiced. (Both of them are, of course, high 

or close vowels.) 

(2) Speech tempo: Except £or slow speech tempo, the two 

vowels are easily devoiced. Slow tempo is that which is "used 

only when the speaker wishes to be precise, or when talking to 

a child or a foreigner, or in public speaking." (As for speech 

tempo, M. Temma· (16) says in her study on the change in speech 

tempo within three generations that the first generation pro-

I 
\ 
I 

·! 



147 

duoes approximately lo to 12 phonemes, 5 syllables, and 3 words 

per second, while the third generation speaks about 16 phonemes, 

_9 syllables, and 5.3 words per second. The third generation 

speaks 31 per c~nt, and the second generation 19 per cent faster 

than the first generation. This is the case of the Tokyo dia­

lect, but almost the same_tendency is seen in the Osaka and the 

Kyoto dialects. 

(3) The pitch accent: vowels are easily devoiced eicept 

when they are •accented'. Even if they are accented, they may 

sometimes ~e devoiced. 

(4) The neighbouring consonants: the duration of the 

vowel is shorter between (generally also after) voiceless con­

sonants than in voiced consonant environments. Of the voiceless 

consonants, [s] and [SJ give the strongest effect. (Nakano (11) 

reports that in fast speech voiced consonants may sometimes be 

devoiced, and then they can contribute to the devoicing of 

vowels, for example: [ka2-to-tSo- J, [ka2-ki-za] in the genuine 

Tokyo dialect, and [biS:i-2iS:1-], [batS=1-2atS:i-J (p. 8) (note that 

[1?] = /b/, not /p/, [ka2] = /kabu/). 

A question is how the accent is perceived when the ac­

cented vowel is devoiced. (Sometimes phonological accent shifts 

occur, but this matter is out of concern here.) Han (3) says 

that "in this case where the vowel of the accented syllable is 

unvoiced, the very low pitch of the secQnd syllable seems to 

signal the "virtual" high pitch of the preceding sylla~le." 

(p. 34). 
Sugitow (15) says that in two-syllable words where the 

vowel of the first syllable is devoiced, the first syllable is 

perceived as having 'accent' when the pitch of the second vowel 

falls down very quickly, for example from 300 cps to 250 cps 

(a young female voice) after 1 centisecond. On the other hand 

the first syllable is perceived as not having 'accent' when the 

pitch of the second vowel goes down very slowly. (The informant 

is a young lady born in Osaka, but her mother was born in Tokyo. 

Accordingly, we cannot expect that this phenomenon is necessa­

rily the same in the Standard dialect. 
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l. Procedure. 

The investigation summarized here was undertaken in order 

to :find some acoustic cues :for the accent perception when the 

accented vowel is devoiced. 

1.1. Texts and subjects. 

I chose three-syllable accent units for my analysis. The 

text {written in Japanese script) consists o:f words with seg~ 

mental phonemes: /hasi/ or /kaki/ followed by a particle: /wa/, 

/ga/, /o/, /mo/ ·or /to/ with di:f:ferent accent placement.· The 

words were given in di:f:ferent orders, and both in isolated po­

sition and in short sentences~ Only the words :followed by the 

particle /to/ were used. In this environment the vowel /i/ in 

/hasito/ and /kakito/ is devoiced in speech of normal tempo. 

Both /hasito/ and /kakito/ make three commutable units by the 

di:f:ference of accent placement, namely, 

Acc. 1: /hasito/; /kakito/ {"chopstick (and)"; "oyster (and)"), 

Acc. 2:· /has:Cto/; /kakito/ ("bridge (and)"; ":fence (and)"), 

Acc. J:· /hasi.to/; /kakito/ ("edge (and)"; "persimmon (and)")., 

(/io/ is also used in the meaning "to".) 

Accent l words have accent on the :first syllable, Accent 2 

words have it on the second, and Accent 3 words have no accent, 

or, in other words, no signi:ficant drop. 

The main subject person was a middle aged professor in 

natural science, who was born and has been living in Tokyo 

(M.o.). Tw~ other subjects were born in Tokyo and Kanagawa· 

respectively, and have been living in Tokyo. Both o:f them have 

'completed university courses some years' ago (K.T., H.M.). 

M.O. recorded isolated words 11 times in t·wo sessions and 

words in sentences 6 times. Two other subjects recorded only 

isolated words 2 times. A short pause was made after the re­

cording of one text. 

l. 2. Recording .. 

The recording was done in the sound-treated studio of the 

Institute of Phonetics, University of Copenhagen, in July and 

August, 1968. 
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1.3. Control o:f material. 

In the speech· o:f the main subject M.O., some words were 

spoken with different accen~from. the intended ones by mistake. 

(In two other persons' speech there was no confusion, but one 

occurrence of /kakito/ (Acc. 2) in K.T.'s record was spoken 

with a different particle.) Bes~des, some Accent 2 and Accent 

3 words have been spoken with a voic·ed second vowel, which is 

quite natural because the second syllable is rather high-pitched 

(higher in pitch than the first syllable). Specimens in which 

it was not clear which accent had been used, were left out of 

the material. 

In order to find whether the intended accents can be per­

ceived by other persons, all the words were rearranged in dif­

ferent order and given as a listeners' test. The subjects (4 in 

all) who listened to the test words are others than those who 

spoke (except H.M.). Each subject listened two times with a 

time interval of a week. (But a Japanese phonetician who vi-

sited Copenhagen listened two times in one day.) The 'perceived 

accent' is counted positive if the agreement of the answers is 

7/8 or 8/8. 

Table 1-a. 

hasito perceived. accents 

intended accents Acc. l Acc. 2 Acc. 3 ? 

Acc. 1 21 21 

Acc. 2 19 13 (+2) l 3 
Acc. 3 22 l 17 (+1) 3 

kakito perceived accents 

intended.accents Acc. 1 Acc. 2 Acc. 3 ?· 

Acc. l 27 27 

Acc. 2 19 13 (+2) 1 (+1) 2 

Acc. 3 16 14 2 

(The numbers in i:arentheses refer to words with voiced second 
vowel~) • 

·.,__ 

Of kakito (Accent 2) spoken by K.T. only one example could 

be used in the table above. H.M. kakito (Accent 2) was spoken 

with voiced second vowel in both instances. 
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The number of words with devoiced second vowel is as 

follows: 
Table l-b. 

hasito kakito 

s. w. total s. w. total 

Acc. 1 6 15 21 Acc. l 7 2o. 27 
Acc.· 2 4 lo 14 Acc. 2 4· 9 13 
Acc. 3 4 14 18 Acc. 3 4 11 15 

(s. = words in sentences. w. = single words.) 

1.4. Registr~tion. 

Mingographic curves were taken of all the words. Some 

spectro_grams were also taken for the delimitation of segments 

(and in order to see the formant structures). Pitch contours 

of some words were also taken by means of a Schneider's Ton­

hohenschreiber. 

On the mingogram were registered (1) duplex oscillograms, 

(2) intensity curve (logarithmic, integration time 5 ms, HP­

filtering with cutoff at 500 cps, (3) intensity curve (linear, 

integration time 10 ms, no filtering), and (4) fundamental 

frequency curve. As for the spectrograms, wide-band, narrow­

band and section spectrograms were taken. 

1.5. Methods of measurement. 

All data were obtained £rom mingograms. Spectrograms and 

pitch curves made with the Tonhohenschreiber were used only to 

control the mingographic curves. 

Length of the vowel: the vowel begins at the point where 

regular vibrations are seen on the oscillogram. On the intensi­

ty curves, it begins at the rising point of intensity. The 

vowel ends at the point where the amplitude of vibrations, the 

intensity, and the fundamental frequency all go down abruptly. 

In most cases· the beginning and end points of the vowel as de­

fined above agree on the four curves within the accuracy ·of 
1±0.25 cs. Consonants· and devoiced vowels of the second syl­

lable are measured according to the same principleg The dura­

tion of the open phases of consonants has been measured mainly 

on the logarithmic intensity curve. As for the intensity, I 
i 

I 
. I 

! 
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have measured peak values only. The fundamental frequency 

curve shows a certain irregularity during the first O - 1 cen­

tiseconds (and sometimes up to 2 or 3 cs), so that the very 

·beginning point is not measured. The accuracy of measurement 

is! 0.25 dB for the intensity and! 2.5 cps for the funda­

mental frequency, provided that the measuring scales are ac­

curate. 

2 ~ Results. 

The material is too small in size to be treated sta­

tistically; in m6st cases, therefore, all pertinent data are 

shown in figures and tables. 

2.1. Words with voiced second vowel. 

These have not yet been analyzed, but they will soon be, 

together with other words such as~+ particle and turu + 

particle. According to the traditional description one should 

expect 

Acc. l: high - low - low 

Acc. 2:- low - high - low 

Ace. 3 :· low - high - high, 

but a look at the curves for~ and kaki with voiced second 

vowel before particles reveals the follow~ng tendencies: • 

Fundamental frequency: 

Acc. 1: the second vowel is high falling rather than 
mid or low falling. 

Acc. 2: the third vowel is not low but falling from mid 
to low or from high to low. 

Acc. J: the second vowel is often lower than in Accent 2 
words (cp. 0.2.above). 

Intensity: 

Ace~ l: the first vowel is relatively stronger than in 
Accent 2 and Accent 3 words. 

Acc. l & 2: the intensity of the third vowel decreases 
abruptly. 

Acc. 3: the third vowel is relatively strong, or keeps 
a certain lev~l of intensity longer than with 
Accent 1 & 2. 

I 

.. I 
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2.2. Words with unvoiced second vowel. 

2.2.1. Length. 

The subjects of my experiment belong to the second gene­

ration an~ to the generation between the second and the third 

generation. The words spoken by three subjects are between 

JO and 50 centiseconds in length. This·means that the subjects 

spoke the words with a norma1 speech tempo where devoicin~ of 

vowels occurs (cp. 0.4.above). 

The duration of words is considerably different among 

different recordings of the same person and among different 

persons. The mean value of segments and the percentual distri­

bution of segments are given in Table 2 and Figs. 2 and J, 
respectively. 

The open phase of medial [t] is usually between 1.5 - 2.5 
CS in length. It. seems that there is no great difference in 

the duration· of the open phase according to word accentuation 

or speaker. The open phase of initial [k] i~ kakito shows 

rather i~teresting results. The open phase is shorter before 

vowels with greater intensity and longer duration (e.g. the 

first vowel of kakito (Acc. 1)) than before the vowels in the 

syllable~ of Accent 2 and Accent 3 words, which are shorter 

in duration and weaker in intensity. If we measure the corn-

bined length of open phase+ vowel, the difference among three 

differently accented words with identical segmental structure 

(i.e. kakito) becomes sma11er (see Fig. 1). The reason may be 

that the first vowel occurs between two voiceless consonants 

(i.e. k - k), so that when the vowel is unaccented, the ten­

dency of devoicing of the vowel is greater for Accent 2 and 

Accent J words than for Accent 1 words. (NB.: It is quite rare 

that the vowel /a/ is devQiced completely. Cf; o.4.) 
As for vowel length, the first vowel of Accent 1 words 

tends to be a little longer than those of Accent 2 and Accent J 
words. It may mean that the accented vowel has a slightly 

longer duration than the unaccented one. The duration of the 

third vowel does not seem to differ so much. In hasito the 

third vowel is often shortest in Accent 1 words (hasito), and 

often longest in Accent J words (hasito). In kakito the third 
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Table 2. Average Length. 

Accent MO. MO. MO. KT. HM. hasito type sentence word-1 word-2 word word 

whole length 1 4o.4 4o ;8 34.6 51.3 45.3 
n. ( 6) (6) (5) (2) (2) minus 

2 39.1 32.7 48.o 45.8 initial 
(4) (6) (2) (2) consonant n. 

3 4o.6 42.1 32.5 50.0 48.8 
n. (4) (6) (3) (2) (2) 

( 

l· 8.o 7.8 6.7 9.o 8.3 
[ a] 2 5.9 5.6 5.8 6.5 

3 5.8 6.5 4.8 7.3 7.3 

1 11.9 14.7 11.3 16.8 18.3 
[St] 2 11.9 lo.5 17.5 18.3 

3 13.0 14.7 lo.8 15.8 17.5 

1 lo.4 11.5 11.o 18.5 lJ.o 
[t J 2 9.9 9.6 15.0 14.3 

3 11.3 11.4 lo.2 16.0 14.8 

1 lo.l 6.8 • 5. 6 7.0 5.8 
[o] 2 11.6 1.0 9.8 6.8 

3 lo.6 9.4 6.6 11.o 9.3 

kakito 

whole length 
1 43.1 44.6 36.1 50.0 43.0 

n. (7) (6) (8) (2) (2) minus 2 38.8 41.5 32.9 50.0 initial n. (4) (4) (4) (1) consonant 
3 38.8 44.8 36.0 50.5 43.8 

n. (4) (6) (1) (2) ' (2) 

1 8.o 7.5 6.6 7.0 5.8 
[ o.l 2 5.9 6.o 5.6 7.0 .. 

J 5.9 6.1 5.5 5.3 4.5 

1 13.1 16.3 13.1 18.o 16.3 
[k!] 2 13.9 16.4 lo.5 16.0 

J 12.7 16.8 12.5 2o.o 1 7 . .5 

1 lo.9 13.1 11.3 1.5. 5 14.8 
[t] 2 9.9 lo.8 11.1 17.0 

3 lo.2 12.o 11.o 14.3 12.3 

1 11.2 7.6 .5 .1 9 . .5 6.3 
[o] 2 9.1 8.4 5.6 lo.o 

3 lo.o 9.8 7.0 11.o 9 . .5 
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10 Acc. 1 

5 

o-+--L-...---.---...----.......__,. _________ _ 

Acc.2 

0 _,.........,....._-r---.---,..--,......__,. ____ ...._ 
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Acc.3 
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s 

0+--....-._.L-..---,,---,.---,--.---.--.----1- CS 0-+-----'-r---.---.--...,__-.--.- CS 
3 4 S f, .7 B 10 15 

Fig .. 1~ ·Lengths of open phase of initial k (left) 

and of open phase of k + 1st vowel (right). 
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vowel of Accent 1 (kakito) and Accent 2 (kakito) words is often 

shorter than that of Accent 3 words (kakito), as one might ex­

pect. The difference, however, is not great. The duration of 

the second syllable does not seem to show any significant dif~ 

ference, either. 

On the whole, what seems rather constant is that the ac­

cented first vowel of Accent l wor~s (hasito, kakito) is a 

little longer than the unaccented f~rst··vowel of Accent 2 '·and 

Accent 3 words. 

2.2.2. Intensity (see Figs. 4-6). 
The intensity of the accente·d v·owel ,of Accent l words 

(hasi to, kaki to) is a little higher than that of Accent 2 and 

Accent 3 words. Roughly speaking, the difference amounts to 

some 6 dB. The weaker vowel of Accent 2 and Accent 3 words 

tends to have its intensity peak in the first half of its dura­

tion, and the intensity falls down quickly, but not always. 
' 

The relation between the first and the third vowels seems a 

more stable feature. As is seen in Figs. 4 and 5, the relative 

intensity of the third vowel compared ·to the first vowel of 

Accent l words is smaller compared with those of Accent 2 and 

Accent 3 words. ·(r should like to emphasize here that this is 

not a comparison between the inherent intensity of /a/ and 

/o/, but a co~parison of the rel~tion between the first and the 

third vowels in each type of words.) This difference in the 

intensity relation between the first and the third vowels, to­

gether with the duration factor, may contribute to some extent 

to distinguish accent placements. 

The intensity of the second syllable is almost the same 

in all types of words·. The position of the intensity peak of 

[S¾J in hasito varies according to which part is stronger, the 

[SJ part or the [i]part. On the whole, I have not found any 

constant dif'.ference in peak distribution among the three types of' 

words, but one can observe a slight tendency for the peak in 

Accent 1 words to come earlier and fall down more qu~ckly than 

in Accent 2 and Accent )_words. The intensity peak of the 

second syllable (either the consonant part or the devoiced vowel 

part), when compared to that of·the first vowel, is lowest in· 



00 
1"' 
,.... 

I.4l 
U

l 
U

Jl___j_j_lJ 
I! 

lllllllll 

m
t:77 

u 

~

.;:.r-•·,:µ::..r, 
-~

' 
2:1·~-

ffir;_;~
+

•:f0:l~
T

.. 
-

~
--:~

R
'S

lffll1 
--

' ~ •. ~
E

ifE
~

+
r~

-zilitlm
~

ffll:tf:ii~
-~

--: 
•••• 

+
1-f 

•• 
m

i11ffljR
ffim

lM
-r-_l·•·· 

J...j ;;➔-; ----· 
· 

I-
lzjtf 

~
 

lll i i 1111 ! ii 11 i 11 i I lffH
±

tH
±

ttH
±

t±
ft±

tftl±
H

 
• 

ffi±H
tt:-fftfffE

:1~~..j~ 
.. 

tr'++ 
'+-~+t4t 

~
· 

+i--t"''+-;t!ft+ 
• 

.Ji--' 
~+l+H

ii 

---
---, 

.,. 
--~

---, 
·-·-,·--

-~
H

"M
 

i+
', 

T
 -,-l¼

~
~

~
i:(£ ~

:: ~
: 

:=
 ~~

:'. 
. ' 

-_; fJ:b ~ f:w
·' 

m
+

-
t 

'~
.: 

. :.ri.2:1·~
 

:n
i=:---~~-· 

-,t--·-•'-·---,.t•, 
--J1+-rn~,--n· 

. ..,.:C
.:.... 

•..••.• 
, ..... 

;=tr!.,....+::t:tm
,+-,.l-+.-.+++++ 

+-H
·-t--+_j 

•• 
~--· 

• 
• 

E
ffff 

j 
-~m

m
 

+fr.t-· 
.. 

•-I 
-~ 

-
~ 
~
 

_:_ 
-

., • .,.....,,.;-+
-, 

• 
-

J"t:;:i"f..l 1-i~!_; 
-• 

-• 
+

 
~
 

.=
+

-··-
.. _ 

··-
;.........:....t-~ 

. 
-i-t 

·t 
i"-~· 

,_. 
♦,-:.!, 

~ 
'+

 
~-T

.. 
-

~ 
1 

-
.., 

~ 
~
 

p
_ 

~o
 .. -+

-· 
-• 

-
+

 • 
• ·•·'.-1:-:-.+-

• 
··-' 

~ 
•<i•t;: 

... 
_ 

•• 
-

~ 
; •••• 

• 
·:i· 

•• 
-,~ 

··-r--+ 
•'-

+
.,.....,-.....,~~ 1-,-.,,+. p 

+
It 

, ........ ,. 
·-·-

,. t1· 
µ-<

~
 •·•,--,, 

◄t..-
,4,fil 

H
· 

• 
;,: 

;:J !h
+ 

~
~

I§§~
 

±
:: • ~i:=

i. ~ ~ :1 ~ jiirt~ i ~~ ii,~
 ~l ;if:.;-i ~

: ~
 ~~ :!;.:3 $t 

~
 ;:".i 

t-··i 
J ~

 ' 
': ..... i:i ~

:?." 
r ~ 

~
: 

~
-1~

 -
1 

., 
-~

+
:i-h m

:+
 

,ftf 
~ 

:~
 ~ 

... ,~
 

R
i.-4: 

~
---

➔•--
-· 

-
.... 

• ...... 
-

-
• .J. 

-~ 
~·-·· 

-
·-

-
.•• 

,.:-3 
·• 

-··· 
,-

L
-L

1 ~
 

-· 
ffi., 

.
. , 

-· 
-~

 
. .J. 

,...,; 
•➔• 

,-,-,-
-

i:r;,_.,-.:•:.,~~ 
.... 

::.n
-.;_ .... 
~:=➔~tt+'..;::-.++++ ...... .1-.7 

c,•· 
•T

ttiT
r-t:1 

•• 
IJ+ ..... 

:+
 ,....+

# 

~
)~

!t:~
i1ijt; 

"f~ ~im
)'F

 
:;~

;~
:;;ni1~

 
Jiu~

; \t~i;tfofiH
t~ 

~
H

urJ;;r;rtiit· 
:.r,_,1 ....... 

•4-'-; 
-· 

I .... -· --
.. 

.. ·-· , -
-· 

q 
p•+' 

• 
'-

L
i: 

r,-
,_n:;-

;+
+

-+
-: , ••• 

•-· 
·H

• 
, 

• 
• 

r· 
l-

T
g 

.1 
t1J ., i 1•-

rl.:.l-1 !-
,; .. :g.,• 

·-
--

., 
· 

· ::rJtf:a t.j "f j: F
.B

; .... '+~
 

r· ~ 
~,-0.~~ --~ ': •: ._:: j :.~~~:· ~'~ ~ ~ 

.. :~~:~~: :·~ 
~ ~:~ ~:.: :~'.: : ~

 :'Z
:=

 ~ :~
 ~• ~

; -
~

_: 
-. :i ~

:': ,.d,_ 
t~

 ~
J~

:; ::~
 ::~

~
 ;~

 :: :: 
,+

=
t,_ ;~

 ~ ~~ :~
 ~ ~ ~

:: 
~

-: 
~~fr~ 

[i :=
 ~ ~

-
~~-rT

• 
•:;:U

:; ·•• 
I 

•fl•r 
·-··· 

·,-·--··-::r 
,_; 

••• 
,-;~--

... ~ 
...,E

£_:,L
l::t-

_, __ ::r:;_ 
•• 

-,-·-1rtff+-'-
iil·•r··

1
·1'--<·~-,-·,·· 

1~ -
j 

--H
··m

rc+-•!-
t-t9J 

··1' -~:i[t 
+

 
~~ ht : 

• ! Jl; 
r~ ~ i : ~1 

hfH
 ~ ~ 

~ 29g 
I ~ F~ ~>~ ~

tlfi ~ ➔ ~ ~
w

 
~~ . ~ iJ 4 t ft ~ ~ 

~ 
i # t 1ff ~tt f fi fi 

t f i 
~H

{ rJ "F
. t f~

 ~~ filif+
: 

~ • · · . s 
J::'.:::-::J,!.,:-t 

.i.:µ •. 
-· 

1 
•·..+

-
• 

-
,. 

! 
·-

+-.-•T
H

 
,: 

~t 
.,... 

1+
 

t 
,+

+
 

_, ti:i:r ~
 

-
.. -11 ··-•· -H

 
• 

-
j-,.. 

-+
 

1-t 
• 

~
-

1 
+

 
I-

:)j 
.... 

,, 
u 

~ 
. 

,, 
µ 

'--
,-i-,-,. 

1:; 
i 

1rn
t. 

~ 
t"H

 
-

l 
~r,· 

... 
~

... 
~+-t 

... 
J...i 

► 
.. 

,.J-J,.1-,1 
l"""' 

t• 
-1 

. 
....H

-1 •-• ~
 

---+
+

 
.J. 

·•.., 
--

..:..., 
; 

-1 •
• 

--· 
r 

1 
....... 

~· 
• 

r-t 
1 

±
; 

½
 

.... ➔.• 
~t 

T
t-' 

..... 
I... 

·:....., 
... 

-
--r-n

1-,..i 
-t 

it 

·+
-:.,.., . 

--:-rr-:i=
t_,....,..,,~fr

1:.m
j:t 

,... 
..,. • .r 

;:;::;::nti::; 
+

,~ 
... ,... 

·n-1 
.... rnt 

=
i.l::tt.m

:t:F
 

+
!.i.:t 

~
 +

;-,.-
.... -➔-::~n , 

, 
·---;-•_.;J+ 

i~ 
1++<++++➔-++H+·H-1++•1++-➔++H-

·;;.41E
t:£:' 

·m
 

~
 ... Gf,>-++!-< 

.. -~H
•r+++: 

'-~+
+

 
~
 

r..:t!-1=.f-B
=+ 

±lli:+++ --ldil-j::t± -+ ·•++-+++•++1,++.+++++++<-++1➔+1++++,-,,~,➔.....H-++➔+-➔-++<>-++H-++++~+1-++........., 
iiH

t:1+, :..w
..w

w
..u 

1-~ 
~. t-n·A

·~ 
, • 

f 
I):-" 

-f 
i.!:!:! 

r 
_ ~
 

................ 
,., 

r+.:l~tZ
 1 

. , +H
.,. rt'+p

::::.;: .J. +j 
l-· ....... l++H

-++H
~H

,++H
-+++-t++--H

! 
_ 

_ 
, 

. 
+

· 
, '• 

I. 

0 L
J 

_ 
........... 

------
• • ---

--
_ • • ---_ • • ---__ J..J.U

-L
.. 

J..1+++➔➔+--<,++H-++++++➔-
+
+
+
+
+
+
+

♦++J__JJT .... 
!-I 

J 
f 

, 
J 

, 
! 

I I j J I I I I I I I I ' I ' 
I 

U
J...W

 u..~~~...+-+-L
 

•. ..,... ,.._. 4➔
"1-l ...... -+-1-+--+-i--+4-... 

~ 
-

~ 
IIIB

m
~rrrn1W

f:fiffilfflffifflim
W

:!H
lffi!~W

!~IW
illE

~ 
.. ,~u~.in~ 

• 
~~ 

,~
--~

-~
 

ffi~ffi~-~-
Il~ 

aW
.L

•r.-n
-H

-1 
-

"' 
Ii' 

• , • 
J 

.,.... 
n·_ 

i~t ;. .. . -" 
llillllm

llllilllllillilffliiiffiliilli~iillll1~111111"~i~tit1i~i:t~~tf~tl~ti\~111,111jii:._: 
i 

,ll 
I 

I'"' 
•I 

'Ill 
,
_
I

■
 

t 
1
,
1
1

■
1 

"'.··:•::·_:_"" 
··,. ,. 

···~
-;, 

•. t 
• tt ... 

~... 
-

-➔ 
t-

➔1 ,. 
l 

-
· 1 ....;.:.fE

lllfffffffH
JH

IT
T

ilH
fff 

t1ffi++++.J..J..++.1..j-4+--I..J+I+¼
 

+
+

+
+

+
i '+

 • 
. 

. 
' 

i . 
--• 

I, 
I·· 

I2 
I 

13 

A
ccent 1 

I 
. 

.,. 
. 

l 
11. 

llI. 
I1 

I 
l3 

I 1l 
ll[ 

11 

A
ccen

t 2 

F
ig. 

4. 
Intensity 

(P
eak 

V
alue) 

of 
hasito 

(A
) 

(B
) 

Intensity 
of 

1st 
vow

el. 

Jrd 
vow

el 
m

inus 
1st 

vow
el, 

-----
[Si] m

inus 
1st 

vow
el. 

I 2 
] 

!3 
I ll 

1/I 

A
ccen

t 
3 



~ 

1::1 

('f) 
...... 

C't) 

-.4,.J 

C: 
C'l Q) 

t---4 u ~ 
c:r: 

0 
.µ 

-•r-f ....... ~ 
ro 
~ 

c.-. 
~ 

0 

• 
-Q) .-{ 

::s 
(1) 

• ::: ~ .-{ 
r-1 0 t-...c C'\I ro Q) 

> > ~ 4-t 
.t:: ~ 0 +> 

> rtJ Q) ro r-1 
C'1 u Q) 

. +> 
~ u p.. 

fJl rtJ 
~ 

-
.-{ ::s 

>. ~ 
Ct--4 ·r-l +> 0 E ·r-l 

-
rtJ 

>. r-1 
....... ~ +> Q) 

Q) 
·r-l ~ +> 

~ 
rtJ 0 

H ~ > Q) 

~ 
+> 'O 

. ~ ~ 

If'\ H C""\ 

~ • 
b.O -- ·r-l ~ i::o 
~ --

(") 
...... 

"I:'-. 

..µ 
{:: 
~ 
!-.) 
\) 

C'4 ~ 
"'-4 

-..... 



I 
I 
·1 

1-· 
I - l 

i 
!~ i ... : 

I .i 

.l. .. 1 

I I 
I I 

· -·, --- 1 • j" l 
I I I 

I 
j. 

! 
·1· 

160 

1 I 

I 
I , 
I 

I I 
I i 

•' 

' ·1 ! 

l I 
t - r 

I-

I I 

I 
-1 

I 
I I 

I 1 

-.-l 
I I 

I ; I 
l 

I I 
I ·: _J 

I 

I 

-r 
-L-, 1 I : .1 

·., I I 
_J _J 

.,r----------r------------,--------------1. 
( fst sy II.) J j ( 211d ~yll.) O ( 3rd sy/l.) f-a 

I ! i---~i-----------r---------------+-----------1 

l 

I -1-
·----,- - -

l 
I 

_L 
I 

----! CV') 
I 

-l--
~ -- i 

-- l C: I 

-~----l - ~ 
i I c:..) 

- I c:..> 
~ 

I I 
.L -1 

N· 
10 

0 
0 

N 
10 

s 

0 
-0 

N 

/0 

s 

0 
0 

5" 

! 

S' 

l. 
I 

·- -
I 

I 
- I 

I 

CS 
10 

CS 
to 

CS 
to 

10 $' 0 

.}t-rt-T-tT. □ LI~:~ ~-t-r-t-r-'ru rr-+-r"--'-~ _-..,,_,,,, I : 

N 

5-
N' 

0 CS 
0 s 10 0 s 

10 s - l 

0 I 

Nbff 
I I 

u,□ u~ b ~.· tr 0 

N 

~ 

s s 
N 

0 GS 0 
0 S' 10 0 S' 

{0 t 0 t • I 

U LI □ ~ ~. u U U □: □ •.• 0 

N A/ 

s 
s S' 

N 

0 CS 0 CS 
0 ~ 10 0 r /0 

FEL+1-!-j--: Fig,' 6. Position of' intensity peak (hasito) 

t ·• -1- i I·. 1 
Distance f'rom the beginning ---...) and the end (~)-. 

[... - --+·- ------. . ' -. 

I I l··j ! h ·i .L 

i•r -Tr··1 ! .. l 
I - .I ___ I . ----,- ' .. -, 
! I I : ' : ! ' l----•- •· . ---•-l- - -·--- l 

I 1,' ! I l I l 
. i i I I 

I ... :---

1 

_ _.___.__~~I I L : -+ _..L...._J__l _ . L. - .. -



l ____ ..J __ 

I 

- -1 
I 

l 

I -

i -
I I 

I 
I 

I 
_j. 

t 

l 
I I 

I I 

a 

; I 

I -

N 
(0 ; 

s 

0 

"' 10 

( 1st syll.) 

10 

0 ,--#A~iLf'll-,,..___,.--.-,cs 

0 10 

S' 

0 ,-.,-..........,.LflL-,..--.-._.,..~ GS 
0 {0 

161 

ki ( 2nd syll.) 

to s 0 
_.._ ................. ~.-+,,-1,-,,-h, .. ,.o 

10 

10 fS 

fO s 0 
0 

N 

10 15 

to s 0 
0 

N 

sj s 

J,______,._~~--:s 
to t5 

II 
10 

0 (3rd syl/.') 

i I 

I I 

I I 

0 ----------CS 
() 

N 
10 

S' .. fO 

0 .--.-...-...t"L.r-,.._,.. __ __.... CS 

JI 
/0 

0 5 10 

r-r-......-f'...._.,,........._.....__, GS 
10 

I I - I . -i- . I 

1 -L-l - f _ j . j. Fig. 7. Posi t·ion of intensity peak (kaki to) 
I I I : I 

Distance from the beginnin 0 ( ) and the end (C==:J). 

_j _ _j__ L L I . L I 

l. 
I 

F I 
I 

l 
l _ 
j 

- ~ 

l 
I 
I 

J 



162 

Accent l words
1

• The intensity of [k~] in kaki to was sometimes 

too weak to be measured precisely. As a whole, it holds true 

that the peak often occurs just before the end of the second 

syllable. (The intensity peak of the open phase of k is not 

counted as the peak of the second syllable.) 

We can expect the intensity of the second syllable of 

Accent 2 and Accent J words to be almost the same, becaus:e 

there is no noteworthy auditory difference in the first two 

syllables of Accent 2 and Accent 3 words, whether the second 

vowel be voiced or not (cp. 0.2.). 

The intensity o :f the final·, i . e . third vowel was ex­

pected to be low in Accent 1 and Accent 2 words, but it was 

not. This may be interpreted in various ways: (1) the in­

herent sonority of [o] is a little greater than that of [a] 

which, however, is unlikely, (2) the intensity level may not 

contribute very much to accent differentiation after all, and 

(3) there is some kind of influence caused by the manner in 

which the text was read aloud. 

Nevertheless, it seems that the intensity relation be­

tween the first and the third vowels can distinguish Accent· 1 

words from Accent 2 and Accent 3 words. 

2.2.3. Fundamental :frequency. 

In contrast to the duration and intensity factors, the 

fundamental frequency factor shows a very positive difference 

among the three types of words. A clear difference is seen 

in Figs. 8-14. 

Needless to say, though the pitch level, high(er) o~ 

low(er), has certain fixed ranges in which it is per~eived as 

high or low, the pitch level is not absolute but relative, so 

there is a considerable difference in pitch level even in one 

single.speaker's speech, not to mention the differences among 

different speakers. 

If I may jump to the conclusion or result, I :find the 

:following tendency to distinguish the three types o:f words by 

pitch: 
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1st syllable Jrd syllable 

Acc. 1: high low :falling; 

Acc. 2 :· low high {or mid) :falling, 
sometimes, low :falling); 

Acc. 3: low high even. 

A prGb~em is how to quantify the dif£erence. In the 

words w~th vo~ced seeond vowe1, we find the following tend ne~es 

(see Fig. 8): there is no di:f:ference in pitch level of the first 

vowel between Accent 2 and Accent 3 words in these examples 

(but cp. 2.1.). Among the examples o:f Accent 2 words one in­

stance o:f hasito has a· third vowel which is not very low, but 

mid :falling. The :functional identity o:f level between the 

second and third syllables o:f Accent 3 words is not reflected 

by a phonetical identity, since the third syllable is a little 

lower in pitch than the second syllable (cp. 0.2.). In any 

case, in these words with voiced second vowel the pitch con-

tour o:f the third syllable can clearly distinguish Accent 2 

:from Accent 3 words. The third syllable o:f Accent 2 words is 

mid or low :falling in pitch, while that o:f Accent 3 words is 

high and (almos·t) even. The same tendency is seen in the 

words with devoiced second vowel. 

The di:f:ference between Accent 2 and Accent 3 words with 

devoiced second vowel seems, then, to lie in that the pitch 

o:f the third syllable exhibits a :fast and considerable drop in 

the :former type. A question is how important this :falling 

pitch is :for the perception o:f the accent. In isolated Accent 

2 words the pitch is lowered about 5 cps per centisecond within 

the :first :five centiseconds. In a :few cases the :falling rate is 

about 3.5 - 4.0 cps per. centisecond, but in this case the ab­

solute pitch level is the same as or lower than the :first vowel 

which is low pitched. Accent 3 words have a high pitched third 

vowel and the lowering o:f pitch is less than 10 cps. Mieko Han 

(3) says that "the pitch change o:f more than 2 semitones :func­

tions as an emic change" (p. l28). This may be quite crucial. 

In my material it is true o:f words with and without devoicing 

o:f the second vowel that the pitch change within the third syl­

lable o:f Accent 2 words exceeds two semitones, and ·besides the 
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pitch ends at a lower level than that of the first syllable. 

In some cases, the ·third vowel has low falling pitch. As for 

the Accent 3 words, all the third vowels have even pitch con­

tours. Their pitch levels are, except for one instance of 

hasito, higher than those of the first syllable. 

As. mentioned just above, the pitch contour of the third 

vowel is similar in words with voiced.~econd vowel and those 

with devoiced second vowel. (The amount of pitch drop is a 

little greater in the latter case~) Then, a question is 

raised: which is more important for the accent perception, 

the pitch contour of the accented syllable, or that of the 

syllable following after the accented syllable? However, it 

is evident that the relation between the accented syllable and 

the immediately following syllable is most important. Words 

with devoic.ed vowel should probably be consider·ed a ~pecial 

case (see, however, J.2. below). 

Accent l words do not seem to pose any problem. The ac­

cented first vowel is high in pitch, as well as longer in dura­

tion and grea·ter in intensity, than the third vowel. 

A little more problematic is the pitch contour of the 

words spoken ~n a sentence. The general tendency is ·the same 

as for isolated words. The pitch contours of Accent l words 

are just as clear as in the case ·.of isolated words. The problem 

is that there is no great apparent difference between Accent 2 

and Accent· 3 words, especially in the case of hasito. This 

problem has not yet been completely solved. The formant 

structure of these words may give some cues, but minute spec­

trographic analyses have not yet been done. 

2.4. Tapecutting experiment. 

Three examples of hasito with different accents were 

chosen. They have almost the same intensity level and duration 

of segme_nts. They were cut on t e tape between hasi and to 

at a point 5 centiseconds before the explosion of~ and treated 

in three alternative ways: (a) the final to was removed, (b) 

a 50 cs pause was inserted between~ and to,and (c) different 

parts of hasi and to were combined. The results of a small 



perception test (three subjects) show that 

a) when there is no final syll~ble Accent 1 is easy to per­

ceive, whi1e there is no difference between the parts of hasi 

of Accent 2 and Accent 3, 
·b) when there is an internal pause Accent·l is again easy to 

perceive. Accent 2 and Accent 3 are also perceived correctly. 

(~t so me that the tim~n~ between sylla~l s does not in£1ueno 

accent perception in Japanese. However, it is a matter of 

course that the information given bf·the third syllable is 

lost ·if the distance between the second and the third syl­

lables is too great, which fact may be reflected in the case 

of {a). 

c) when the parts are recombined at random the high pitch of 

the first syllable is. the cue for the perception of Accent l 

{cf. ·{a)) which is further confirmed by the low falling pitch 

of the third syllable (see Fig. 14, curves 1 & 2). The falling 

pitch of the· third syllable is a cue for Accent 2 (see Fig. 14, 

curves 3, 5 & 6), and the (almost) even and high pitch of the 

third syllable in addition to the lower pitch of the first syl­

lable is a cue for Accent 3 (Fig. 14, curve 4). In this small 

experiment the,perception of Accent 3 worked only with a com­

bination of the hasi of Accent 2 and to of Accent 3. The re­

sult obtained here shows the sam·e tendency as the above men­

tioned results of the whole experiment, but this should be con-
' firmed further by tests including several words; 

3. Final remarks. 

J..:.l..:. In summary, taking all the three acoustic factors together, 

the accents tend to show the following acoustic differences: 

1. The pitch factor plays the greatest role of the three 
factors. 

2. Intensity and duration may also be of some importance, 
especially for Accent 1 words. 

The result that the pitch movement in the third syllable 

differentiates between Accent 2 and Accent 3 words is similar 

to the result obtained by Sugitow (15) in her investigation of 

the pitch m~vement of two-syllable words where the first vowel 

is devoiced, though she investigated another dialect. As for 

the degree of pitch movement and the pitch of the third vowel 
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as cues, the results here agree to a large extent with Han's 

statements. 

As for the role of intensity for the accent perception, 

Neustupny (op.cit.) says that in some cases accent perception 

does not work without the help of the inte sity factor. In 

my experiment, the case of hasito in the sentence might be ex-

pl ined as a compensation, if w ·do not e formant structure 

into account. In other cases, however, e pitch mov~ment does 

not show any negative result for pitch. The pitch factor may 

be,supported by the intensity factor, but not vice versa. 

~ There are many unsolved matters, such as the evaluation 

of the area integral of intensity, the relation between 

acoustic and auditory level tone, etc. But these problems 

are of a more general phonetic character. 

In this experiment formant structures were not· analyzed. 

At the first look at spectrograms, it is hard to find the dif­

ference between three differently accented words. However, 

if minute spectrographic analyses are undertaken, other factors 

may be found which are relevant to accent perception. Meyer­

Eppler (9) investigated whispered German tense vowels sung in 

"the first five tones of a diatonic scale", and found some 

extra noises for whispered /i,e,o/ and noises in addition to 

formant transitions for whispered /a,u/. I do not know whether 

such extra noises occur in ·Japanese devoiced /i/ and /u/, which 

make the intensity higher and bring about differences in pitch 

perception. It is said that there is a difference in quality 

between accented and unaccented vowels (Onishi (13), Koizumi 

(7), etc.). Koizumi says that a certain correlation between 

the accent and the tension of muscles has been found: 

"The high pitch accent hows itself in the tense form 
of lower vowel variants [a,:), s] or higher ones [ i, u]. 
The low pitch accent shows itself in the la~ form 
of higher vowel va~iants [A,o,e] or of lower ones 
[r,u]. 11 (p.9) . 

If this phenomenon is constant there may be some difference in 

• devoiced vowels too, both acoustically and auditorily. That is, 

there may be some difference in formant structure and in audi­

tory impression. 
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NOTES ON THE DANISH VOWEL PATTERN. 

J0rgen Rischel 

The vowel pattern of. Danish exhibits several features which 

are interesting·from the point of view of general·phonological 

theory. And indeed, Danish is among the languages that have 

attracted the attention of phonologists already at an early 

time. The literature on Danish phonology will not be listed 

in its entirety, let alone discussed in detail, in this report 

(a critical survey has been given quite recently by Basb0ll in 

an unpublished thesis (2)), but it goes without saying that the 

results of the various contributions to Danish phonology have 

been utilized as a basic source of knowledge about contrastive 

and distributional facts. The r~ader may be referred to the mo­

nograph-by Martinet (14) and to the most recent paper~ on the 

vowels by Basb0ll (in this report) and by Ege (5) for additio­

nal, more or less taxonomically oriented information. Aage 

Hansen (9) is a rich source of general information.-on the 

Modern Danish language. 

The purpose .of this report is to discuss quite informally 

some controversial aspects of the Danish vowel pattern. Defi­

nite solutions to the problems dealt with are offered only 

occasionally, mainly because the morphophonemics of Danish has 

not been analyzed in sufficient detail for safe conclusions to 

be made, neither by this author*)nor in the avaible literature 

on Danish. Nevertheless, it is the conviction of the present 

author that there is a widespread interest in data on Danish 

phonology even in this modest form. To my knowledge there are 

o1ly_ two papers that deal essentially with the m~rphophonemic 

aspect, viz. Hjelmslev's paper from 1948 (10) and an unpublished 

paper by Hamp (8) held before the Linguistic Circle of Copen­

hagen in 1966. 

*). The contents of this paper are largely based ~n my prepara­

tory notes to courses in Danish phonetics (given by me at the 

University of Odense in 1967-68) and in generative phonology 

(Copenhagen, 19 68) .. 
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Both of these are of course quite crucial to the present study, 

but as might be expected the summaries available are more 

oriented towards solutions (in Hjelmslev's case: reduction of 

the phoneme inventory, in Ramp's case: positing of feature 

matrices and rules) than towards a lucid presentation of data. 

On the whole one finds that in spite of the fact that consider­

able research has been done on certain aspects of the·Oanish 

language, general information on the gross features of the 

"standard language" is not very easily accessible,· at least to 

nonnative scholars. 

1. Preliminary survey of the phoneme system. 

This repo~t will contain three main sections: firstly, a 

tentative scetch of the phoneme system in "traditional" terms, 

secondly, a (likewise entirely tentative) analysis of the 

phonemes into distinctive features, and thirdly, some scattered 

reflexions on the vowel morphophonemics. - The introductory, 

essentially taxonomic, survey is kept very brief, since most 

of the relevant phenomena are dealt with at length in Basb0ll's 

paper. (Notice, however, that he describes a local, or even 

individual, variety of Danish which differs on some points from 

the perhaps somewhat arbitrary "general •1 norm dealt with here.) 

1.1. Tentative phoneme inventory.·· 

Danish may be assumed to have ten long and ten short vowel 

phonemes: 

i: y: u: i y u 
e : 0: 0: e 0 0 (plus shwa) 
8: . ce: o: 8 00 0 

a: a 

since all of these entities are mutually commutable (or at 

least potentially commutable). 

The phonemicists have been and still are in disagreement 

about several points including the phonemic status of length, 

the interpretation of[re] , ·the interpretation of the various 

a-sounds found in Danish, and the interpretation of shwa, but 

the arrangement given here is an expedient starting-point for 

the subsequent discussion. 
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1.2. Main rules of (alleged) allophonic variation. 

The alphabet of the International Phonetic Association is 

used in this paper, but it must be said expressly that Danish 

is .badly suited for representation in the IPA.alphabet, par­

ticularly because most of the vowel are situated nearly half-

·way between the cardinal vowels,· so that narrow transcriptions 

require an extensive use of diacritic marks, and broad tr~nscrip­

tions involve a certain amount of arbitrariness in the choice 

among symbols (also compare Poul Andersen (1) and ·Hjelsmlev 

(lo)). It is necessary, therefore, to define the use of some 

of the IPA symbols in this paper: 

t:. ce, are roughly IPA eT 0T 
\ 

~ is almost mid and rather centralized, i.e. IPA~~+ 

u is roughly IPA -oT or P"1-bu t generally rather centralized, and 

nearly unrounded in·a widespread pronunciation (i.e.aT+ 

or a.1.+). __._ A more retracted (pharynge~lized) ['o] is here 

given as [-g]. 

a. is a back to central vowel of individually varying qualityo 

A more retracted (pharyngealized) a is given as [g]. 
re is rather close to IPA reo 

C£ denotes a very open rounded front vowelo 

i u t) 
,.. " " .are nonsyllabic; the last one (from underlying /r/) is 

more or less pharyngealized. 

Long vowels are symbolized as V:, and stress is indicated 
/ 

by an acute mark on the vowel V.- St0d (accentuation character-

ized by a glottal constriction or sometimes closure) is indi­

cated by ? after the vowel or consonant in which it is heard·. 

When the st0d "falls on" a_vowel, the vowel is half-long (V?). 

The exact phonetic values of consonants are of little 

concern in the present study, and these are given in a very 

rough transcription (which disregards allophonic variation of 
I 

voice and aspiration in the stops). It should be noted that the 

symbol "r" is used to denote 8: somewhat fricative uvular occur­

ring syllable-initially (the"vocalic r" is represented by the 

symbol "'D")o A narrower transcription is used in Basb0ll's paper. 
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1.2.1. Main allophones. 

The main alldphones of /i: y: u: e: 0: s: re:/ are re­

spectively [i: y: u: e: 0: s: ooi]. The corresponding short 

vowels are quite similar in quality, i.e. there is no easily 

perceptible difference in height or in "tenseness". 

The main allophones of /a: o: ~:/ are respectively [re: 

o: o:]. whereas short [ re ·o] have a. highly limited distribu­
~· 11( 

·1 \ •. 

tion; in some cases where it represents a shortened 

/a:/ ( see 1. 2. 6. bel,ow), ~d [ O] occurs in pre tonic and post-_ 

tonic sy~lables and in a few oth~r cases (~.~. [f6to]'photo', 

. [sort] 'black'), otherwise the two sounds a_re found only in 

special ca'~es where they represent shortened /a:/,/o:/ (see 

later). Some people have short [o] as a commonly occurring 

sound, but it has been widely replaced by [o] (quite commonly 

in the younger generation), so that it is reasonable to assume 

the latter pronunciation (e.g. [hol] rather than [hol] 'hole') 

in a description of modern Danish. 

The three short vowels readily avaible to be taken as 

main allophones of /a 9 o / are respectively [ a o -o]. This 

classification postulates a common lowering rule for short /o/ 

and /o/ (note that /o/ does not go with /e,0/ in this respec~), 

as well as a rule stating the difference between /a:/ and /a/.­

It is clear, however, that one must seriously consider the pos~ 

sibility of considering this lowering as a purely diachronic 

phenomenon, a phonemic shift, which the implications that -/o/ 

is lacking in most environments,/~/ is [o] in most environ­

ments, and there is an additional phoneme which is phoneti~ally 

[P]. In fact.this may be the.only tenable analysis from a 

strictly taxonomic point of view. 

Long vowels are (regularly or optionally) shortened in 

certain types of environmentso The grammatical conditions for 

this will not be dealt with in any detail in this paper, but it 

must be mentioned that the presence of shortened long vowels 

may pose awkward problems for a taxonomic analysiso- Shortened 

/o:/ is [o] in some cases but [P] in others. If, for the sake of 

"symmetry~•, [ o] is considered the (main) allophone of / o/ it 

seems imperative to formulate a morphophonemic alternation 

, I 
I 

i 
I 



·181 

rule /o.:/➔/o/ in order to account for forms like [p;:S'dn] 'on it' 

from [po?] 'on' (notice that this form is distinct from-[podn] 

'the pot' in most people's speech)~ although the quoted rule is 

phonetically vacuous in respect of vowel quality changeo See 

further 2.4. and J.5o belowo 

1.2.2. r-conditioned allophoneso 

Several of the vowels have special allophones adjacent to 

/r/.'The short close vowels are somewhat lowered-before[~], 

which is assumed here to be an allophone of /r/, and it is gen~ 

erally contended that i/e, y/0, and u/o are neutralized and 

may vary more or less freely in this_position (cpo Diderichsen 

(4)), although there seem to be some words that are invariably 

pronounced with a close vowel, and others that are invariably 

pronounced with a half-close vowelo In the same position /8 00/ 

have very open allophon~s [re ~J (of which the former closely 

resembles the main allophone of long /a:/). /a o/, both long 

and short, fuse with vocalic r -and are actualized as back 

vowels [£(:) ~(:)], cp. (f~?t] 'speed', [ t:E?nJ 'tower' (ortho­

graphically fart, tarn). 

After /r/ the vowels /e 0 & ~ a/ are lowered ~nd/or 

retracted to a greater or lesser extent~ In particular, short 

/e,,. ce a/ and long /a:/ are [re CE - a J and [ a:J. With some speakers 

of Danish (particularly in.the Cop~nhagen variety of the younger 

generation) these vowels (including long /e: 0: £:/) are 

lowered so much that it is possible to make a restatement 

in the taxonomic analysis to the effect that these persons have 

/s. ce/ instead of / e 0/, and /a/ instead of /£./ o This analysis 

probably necessitates that two additional phonemes be posited, 

viz. /~, a/. 
Since /a o/ fuse with immediatly following /r/ to form one 

phoneti~ segment, viz. [ a t> ] or [~ :£] it can be, and indeed 

has been, argued that /n P/ must be set up as extra vowel 

phonemes (cp. Koefoed (12) and Basb0ll elsewhere in this report), 

which further may·imply that "vocalic r" is phonemically a 

vowel in all instanceso 

There-are two features which I shall discuss separately 

here. Firstly one might argue that -[a P] are single segments 
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phonemically. This can hardly be maintained quite generally (cp. 

contrasting forms like 

(less commonly [park]) 

[pak] 'scum' versus [pa•k] or [pg•k] 

'park', of·which the latter can hardly 
,• . 

be analyzed as a long vowel phoneme since long vowels in words 

of this structure invariably take the st0d)o From a generative 

point of view the analysis is definitely untenable, cpo section 

J.J. belowo - Secondly one might argue that. "vocalic r" is a 

vowel also phonemically, i.e. that forms like [bre~] 'berry' 

contain a phonemic diphthong. This latter point can probably 

be de·fended with much more efficiency. In the following it is 

assumed that[p] represents /r/, but most of the discussion will 
" 

be almost unchanged even if the restatement mentioned is madeo 

1.2.J. Allophones of short /a/. 

As stated above,short /a/ may be assumed to have at least 

two allophones: [a•] or{~} in the sequences /ar/ and /ra/ 

(probably with many speakers more retracted before than after 

/r/), and [a J elsewhere o However, with some speakers of Danish 

this description does not sufficeo It is common to have a 

rather retracted (central or even back) vowel before labials 

and velars, and in eastern varieties of Danish (cp. the Copen­

hagen dialect treated by Basb0ll elsewhere in this report) this 

vowel is similar to the allophone found adjacent to /r/ (and 

before clusters containing /r/), .cp. [kaf-e] 'coffee', [tak] 
'thank'o (Other local varieties have [kaf-e]but [tak] or even 

[kaf~J, [tak]o) - If a separate phoneme/~/ is set up some of 

the a-sounds before labials ·or velars must of course be assumed 

to belong to this phoneme. too, with the perhaps disturbing 

result that slight differences in the pronunciation .of words 

with a before labials or velars must be interpreted as phonemic 

differenceso 

1.2.4. Short vowels before nasals. 

The close 1vowels [i,y] occur only sporadically before 

nasals (in words like pinje~ hymne which can obviously_ be con­

sidered "[+foreign]")o Since the opposition between [0] and 

[~J is largely confined to this position several scholars (cpo 

Ma=rtinet (14), PPo 18-19, Spang-Hanssen (15), p.66) have 
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considered the possibility of reducing t e short vowel series 

[y,0,reJ to two phonemes whose allophones are [Y 0] in most 

environments but [0 w] before nasals. By generalizing the 

lowering rule before nasals one might further postulate that 

[e] before nasals is phonemically /i/o However, with the back 

vowels this distribution does not hold~ since there· is a hand­

ful of common words with [u] before [n] , e.g. [hun?] 'dog' o 

l.2o5o Rounded front vowels before /r/ 

The distinction of [y: J vs. [ 0:] vs o [ re: J is found only 

before [r] or [u] (i. e·. in sequences containing the phoneme 
(.''"') 

/r/). Example are ( (sdy:ru] o~ normally) [sdy:u] 'steer' versus 

( [k0:rp] or normally) [k0:u] 'drive' versus ( [gre:ru] or nor­

mally) [gw:P] 'do'o An often cited series with st0d is more 

problematic because the vowel is often pronounced short: [dy?~] 

or[dy~ 9 ] 'deer' versus (d0?~] or [d.0~ 9 ] 'dies' versus [des?~] 

or [ d.ctf~? J 
vizo [y:J 

scholars, 

'door 1 o Otherwise only two vowels are distinguished, 

and [0:] ( [ ce:] before /n/ and possibly after /r/). Some 

therefore, wish to reduce this series to two phonemes 

/y ~/, /0 :/ just as the short series • (Martinet (14), ; pp.· 12-1-J ~ 
Hjelmslev (10)). Tp.e distributional relationships are quite 

complex (both with regard to st0d and vowel-length: many speakers 

of Standard Danish do not have long vowels in all of the forms 

cited above) 9 and the possibility of such restatements will not 

be considered further hereo 

1.2.6. Vacillating vowel-length. 

The contrastiveness of vowel-length in surface forms. is 

beyond dispute, at any rate in words of two or more syllables, 

cpo [vi:l~J 'rest' VSo [vil~J 'wild (pluro)'o In monosyllables 

we find instead an opposition between half-long vowels with 

st0d and short· vowels,cp. (du?] 'be of value' vs. [du] 'you', 

[l~?s] 'read (imperative)' vso (lss] 1 load 1 o (The phonemic status 

of the st0d is not at issue here.) 

-In monosyllables with vowel followed by [ 5 1[ i. u P.] many 
" " ,.. 

people have little or no distinction of lengtho In numerous 

cases there is, however, a difference of st0d (st0d "on the 

consonant" versus no st0d), which from a generative point .of 
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view signals an underlying difference of vowel quantity, cp. 

[u?5] ~ [u5,?] 'out' vs. [bu5 J 'message'. 

In those cases where short vowel phonemes and long vowel 

phonemes have different allophones, the.qualitative difference 

is generally preserved even if the vowels are all phonetically 

short, cp.(bc:.~] ££ [be:~?] 'carry (imperative)• vs. [bre1?] 

'berry'., but ot in all cases by all people, cp 0 [bre?5] or 

[bre5?] .2.!: [ba51 'begged' vs. • [ba5] 'bath'. For an interes.ting 
<. 

attempt to give a taxonomic descriptio~·~f an idiolect with 
~")• 

generalized short vowels in all o•:f _:_ thes·~· cases see Basb0ll • s 
✓ -,[ 

paper elsewhere in this report 0 

l.J. Vowels in unstressed syllableso 

In pretonic and posttonic syllables we find a number of 

distinct vowels in words of foreign origin (sofa, brutto, pari 

etco), but in posttonic syllables of the genuine vocabulary 

including productive suffixes of n~tive origin only four vowel 

qualities occur, ~izo [~ ,D,i,e] ([u] in [vendu] 'window' is quite 

exceptional). The first three of these are commutable, cp. 

[ fadi ] 'p_oor' vs. [ fada] '' (to) comprehend' vs o [ fadn] 'compre - • 

bends', whereas (e] occurs only before [ry] ([raine~] 'bill') 

where the other vowels do not occur.*) It is thus possible to 

consider this unstressed [e] as phonemically.identical with 

(i] or with [~J. 
~J can be considered a separate phoneme, a variant of one 

of the half-close or half-open front vowels, or a neutralization 

of several vowelso Unstressed [u] can be interpreted in the 

same way as stressed[n] , cp.1.2.l&.2_. above, or it can be .taken 

to be a combination of vowel plus /r/, possibly of shwa +/r/ 

so that its phonemic identity depends on the interpretation of 
[ ~ J **) 

0 

*) It can be added, though, that family names with the suffix 

spelled -ung are pronounced with[~] (also pronounced [o]~ e.g. 

Hartung ~ha: tory]. 

**) As Basb0ll has pointed out to me this latter identification 

involves morphophonemic considerations, ioeo there is hardly any 

conclusive ''surface" evidence in favour of it. See section J.J. 
below for a reatatement in generative phonological termso • 
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1.4. Diphthongs. 

There are several phone~ic diphthongs in Danish. The final 

comporient of these diphthongs is either palatal, labiovelar, o~ 

velar/pharyngeal. Examples are (ai au re~] , e.g. [maiJ'me', 
" ""' ,.. . " 

(ha~] 'sea', [ore~] 'berry'o It is hardly worth while giving an 

exhaustive list of these diphthongs hereo 

The three final components [~ ~-~] can be interpreted 

either as vowel phonemes (/i/, /u/, and /J/ or/~/) or as con­

sonant phonemes (viz. /j/, /v/, and /r/)o A hybrid solution 

with /i, u, r/ is of course £easible, ·too. It ·does not appear 

easy to argu~ entirely convincingly for any of these solutions 

on the basis ·of purely phonetic-distributional evidence ( see 

Basb011 1 s.report for a detailed account ~ithin that framework.) 

2o Feature analysiso 

In this section it will be assumed that- the table of vowel 

~ phonemes preserited in section lol• is adequateo Some different 

versions of the distinctive feature theory will be tried out 

with reference to this set of phone~es, vizo those found in 
... 

Jakobson-Fant-Halle, Preliminaries (11), Ladefoged, Linguistic 

Phonetics (13), and Chomsky-Halle, The Sound Pattern of English 

(3). These three sources will be referred to as Prlo, LP, and 

SPEo 

2.1. Length as a featureo 

Apparently the most natural way to account for differences 

like (l~:s~J 'read' versus [lss~J 'load' is to posit a dis-tinct­

ive feature of lengtho Both Prlo and SPE refer to long versus 

short as a prosodic opposition, apparently because it is based 

on the temporal relation between phonemes in a sequence, not on 

their absolute duration (in SPE no explanation is offered). LP 

suggests that oppositions of length belong to a parameter called 
11rate 11 , which also serves to account for such d"stinction as 

flapped versus trilled sounds~ 

A very common way of distinguishing between long and short 

in modern phonological work (including SPE) is to posit a 

classificatory feature "tense", whose phonetic correlates may 
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include differences of duration as. well as differences of form­

ation. This analysis does not make much sense phonetically for 

Danish since the opposition in this language is _strictly dura- -

tional and phonetically restricted to vowelso If there is a 

feature "tense'' which is relevant in the consonant system, it­

is not matched by anything in the vowel system. 

A third possibility is to assume underlying geminates: 

/ii/➔ [i": ], ·etco This solution may seem a costly one, sincfa it 

requires that all feature values of a long vowel be specified 

twice. However, it is possible to take the second member of 

these geminates as an unspecified vowel;. the unspecified features 

being specified by -a redundancy rule of the form 

j+vocalic 7 ➔ 
L-_consonantalj 

0 . 

+stress 
o.Fl 

13 F 2 

rJ 

Where F
1

, F2 ... F n are distinctive features. 

Such a rule can be formulated in perfectly general terms 

provided that there are no bisyllabic sequences of stressed 

short vowel plus short vowel (in zoologi, and the like, we must 

assess [-stress] on the initial syllable before the rule applies, 

since· here [o-o] can be heard), and no phonemic diphthongs 

(with different first and second···member) o Thus the formulation 

hinges on the interpretation of forms like (ai~n] 'own', [ha~] 
'sea'·, [brep] 'berry', whose postvocalic segment must be defined 

• "' 
as a consonant-or glide in order not to invalidate the ruleo 

Such a solution is possible and indeed correct(for the forms 

cited, but perhaps hot for all cases ·of phonetic diphthon~aj, see 

later . 

. The interpretation of vowel-length as gemination is phonetic­

ally reasonable, since long vowels are roughly twice· as long as 

short vowels _in Danish, see Eli Fischer-J0rgensen (6). 

2.2. Lip-roundingo 

The -distinction between /i e 8 a/ and the other· vowels 

is beyond dispute: the former are [-flat] or [-round] depending 

on the termin~logy, the latter [+flat] or (+roundJo LP has a 
I 
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ternary distinction of spread lips, neutral lips, and close 

rounding; it is not entirely clear to me how the Danish vowels 

should be placed along this parameter, since for example /o:/ 

and/~/ differ very much in their degree of roundingo 

2.3. Place of articulationo 

Expect for /a/ and shwa, the Danish vowels fall in two 

fairly well-defined categories: front and back, i.e., in the 

terminology of Prl o, "acute versus grave" or, accord_ing to SPE, 

( -_back]versus [ +back]. LP $,uggests that vowels may be placed in 

four or five distinct regions aJ_ong a param~ter called 0 articula­

tory place". For instance, i may be defined as postalveolar or 

palatal, u as velar, o as uvular, and ~, as pharyngeal if there 

are phonological criteria supporting this subdivisiono On the 

classificatory level there is probably no need for such differ­

entiation in Danish, although /a/ and shwa pose certain difficult­

ie which may eventually be solved by recognizing a ternary 

distinction of front-mid-back, see next sectiono 

2.4. Tongue-height. 

Phonetically speaking, Danish ·has a clear distinction of 

four degrees of tongue-height or aperture. The phonemic distinct-
~-

n e s s of four values is plainly demonstrated in the unrounded 

front series, cp. these examples from Fischer-J0rgensen (7): 

mi:1~] 'miles' [lit] 'suffered' 

[me: l ~] 'sprinkle with flour' [let] 'a little' 

[m ~-:le] 'speak' [1 e:t] 'light' 

[mce:le 1 'paint' [1at J 'loaded t; 

Extensive examp1es of oppositions among Danish vowels may 

be found in Ege (5)~ 

Prl. distinguishes "diffuse" and "compact" vowels, and it 

has been customary in more recent work to split this distinction 

into two in order to get a ternary opposition. It is, however, 

hard to see how four degrees ·of tongue-height can be distingu­

ished in this way_, since no phonetic meaning can be attached to 

a distinction between [+diffuse]. and [~diffuse] o 
+compact -compact 
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This restriction on the combinability of the two features is 

expressly stated i~ SPE, which speaks of "high" instead of 

"diffuse", and 11low 11 instead of "compact"o According to SPE it. 

is a universal constraint (entering the.marking conventions) 

that segments cannot be j+highl o 
l+low J 

It is a possible objection against this whole treatment 

that the. constraint on the combinability of "high 11 and "low" is 

not a characteristic of the speech organs of man, or at all a 

constraint on the way he uses language, but. simply· part of the 

general definition of the words "hig1:1-" and ··"low" as forming a 

contradictory oppositiono The authors of SPE, however, contend 

that "high" and "low" are different parameters and define a 

neutral tongue-position such that [+high] and [+low] both stand 

for deviations from this position, although in different di•­

rectionso 

Wang (17) has suggested a feature "mid" instead of "low", 

since "mid" can combine with "high tt to form a four-way opposition: 

/i/= /a/= j-h~gh] 
L-mid 

Wang has used this type of analysis to account for tone systems 

with four registerso However, this use is criticized by Lade­

foged (LP, PPo 67-69) on the grounds that the difference between 

[+high] and [-high] is relatively the same as between [+mid] 

and [-mid], ioeo the features cannot be defined phonetically 

independently of each other and can only be used in a purely 

abstract senseo The same objection ~ay be raised against the use 

in connexion with tongue-height unless it is possible som~how 

to define a "mid" tongue position in absolute termso 

LP suggests instead a multi-valued parameter of "auditory 

height". It is assumed that 3 values will suffice to character­

ize the vowel phonemes of any language, additional oppositions 

being taken care of by oppositions like "tense-lax". As said 

above this makes no sense for Danish, and thus the proposal of 

LP is no more adequate for Danish than the otherso - LP refers 

elsewhere to a ternary parameter "articulatory stricture" 

(normally used to distinguish stops, fricatives, and approximants 

including vowels)~. which can be made four-valued so that it 
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provides a distinction of "near vowels", i.e. vowels with a 

pronounced constriction somewhere in the vocal tract (including 

the pharyngeal region), and "far vowels" without any pronounced 

constrictiono /i/ and possibly /a/ would be "near vowels", 

/e/ and /s./ would be "far vowels", and so this parameter might 

solve the problem by taking into account the pharyngeal con­

striction of [a] o However, there seems to be nothing_ in the 

rules of the language to support a classification of /a/ to­

gether with /i/ as against /e E/, and the phonetic realization 

of /a:/ as a very advanced and not entirely low vowel [a:] may 

contradict the classification of /a:/ as "near". 

A remaining ·possibility is to rearrange the system in such 

a way that only three distinct degrees of tongue-height are 

assumed: 

i 

e 

y 

fi!J 

(S a 

u 

0 

Since /a/ is actualized with phonetic values ranging from front 

over mid to back it would be entirely reasonable to define /a/ 

as central and to account for the variation by means of fronting 

and assimilation rules. This means that a t~rna~y opposition 

ttfront-central-back" must be posited for Danish. However, the 

values "central" and "back" are not minimally distinctive in 

the resulting classificatory matrix, so it may be claimed that 

we should end up with a binary distinction "front-back" by 

classifying /a/ as [+back]o It will be shown later that there 

may indeed be some evidence in favour of this solution 0 

We can now set up a (fully specified) matrix for t4e 

vowels entirely according to the feature theory of SPE: 

as 

i e E y 0 ce a u 0 ;) 

high + + + 
low + ... + + + 
back + +. + + 
round .. + + + + + + 

This matrix is not very satisfactory, however. 

Phonetically it seems rather strange to define /e, 0, o/ 

j-highli.e. neutral, since these vowels are clearly produced 
L-low J 
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with the tongue raised to a consid·erable extent ( the vowel /c/ 
would conform better to the description of "neutral position" 

given in SPE, but /s,/ cannot possibly be [-lo.w], since there 

is then no way to distinguish /e/ from bo'th /i/ and /e/). 
Moreover, it is clear that if /a/ is [+back] this vowel 

must become [-back] in most environments by th,e operation of 

several rules. Clearly these cannot be early rules, since they 

would then make /e/ and /a/ fall together, i.e. they must;be 

preceded by another phonological rule making /a/ m_ore ~pen than 

/~/, so that the resulting difference along the vertical dimen­

sion can take over the differentiating function as soon as the 

front-back difference is deleted. But this looks conspicuously 

like a trick made with the sole purpose of avoiding -to posit 

more than three degrees of tongue-height on the systematic 

phonemiq levelo*) 

If instead we posit a four-valued parameter of tongue-height 

with values from "l" (highest) to "4" (lowest), /e/ ·and /a/ 

(long or short) are distinguished as "3" versus "4". Moreover, 

it is possible that the half-open and open back vowels can be 

given a more satisfactory treatment in this way. As stated above 

(section 1.2.lo) it is not altogether clear how the long vowels 

[o:- 0 'J and the short vowels [J t) J should be interpreted in 

relation to each other. If [o:] is defined as tongue-height "2" . , 
[J: o] as "3", and (p] as n4n, the actual pronunciations of 

forms with rounded back vowels can be deduced by rather simple 

rules. We may well symbolize[~] by /o/ (if this is convenient) 

but define it as tongue-height "3" in contradistinction to 

long / o: /, which is "2". 

*) The rule. making /a/ "extra-low" is in principle a redundancy 

rule· 

l:~~;k J 
L~round 

~ "extra-low" 

but it cannot be stated as a redundancy rule in Stanley's (16) 

sense, i.e. operating to spec-ify the input to the phonological 

component, without making "extra-low" a phonemic feature. This 

shows the fallacy of the approach suggested above. 



I 

19l 
K-) 

Similarly. [P] may be symbolized by /J/ but de:fined as "4" in 

contradistinction to·/-;;;.:: /2 which is 11'3". If ./o: / is shQrtened 

it either stays u3u or becomes 0 4 11 according to-rules that can 

be stated with reference to grammatical structure 

below). 

The matrix now looks like this: 

i e s a y 0 ce u 0 0 1,) 

height l 2 J 4 l 2 J l 2 J 4 
back - + + + ·+ 
round + + + + + + + 

I although I do not insist on this arrangement 0 

J. Morphophonemic considerationso 

The following remarks are for the most part confined to. 

problems associated with the quality ~f open vowels in stressed 

and unstressed syllables, not because these problems ~re 

necessariiy· the most interesting ones but because they con~ 

· stitute a (limited) :f.i.eld which is rather inadequately accounted 

for in current textbooks and dictionaries. 

J.l. The status of /a/. 
I 

According to the analysis outiined above /a(:)/ is the. 

only ·unroll..l.~ded vowel with tongue-height "4 u. We are thus free 

to define it as [-ba6k1: or [+ba~k] .acc0rding to which choi9e 

serves us besto It seems immediately obvious -that it should.be 

defin.ed ~s [ -back] in· the classificatory matrix, but .the problem 

is not quite simple after all. The kind of evidence that is 

particularly relevan ~--~~.~e _ can be indica te9- __ rather· briefly: 

There is in Danish a dorsal fricative or rather fri_ction-

• less continuant which appears after long vowels as more or less 

palatal or velar depending-on the quality of the vowel, cp. 

• [ e ::yc)n] or _[ e: ~dn J 'own' ·( sligh_tly old-fashioned pronunciation, 

_e:x:cept in certain comp_ounds) t [r0: yd J or [r 0 : id J 'smoke (meat 
I'\ 

or fish) 1 
, [ dre?y J or (a.re?~/ d.re? J 'day' P [to ?yJ'- or [to ?~l •train' . 

After short vowels 1t often appears ~s- the sec6nd part of a~' 

diphthong: [ ai-an] 'own' (more common pronunciation), [rui_?.] 'smoke 1 , 

[dayli] or [da~li] 'daily'o - The diphthongs given as"a~,p~" 

*) This symbolization is used in the niorphophonemtc discussion 

later in this paper but n~t in the matrices below~ 
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vary much in quality, in general Stanµard Danish the first 

component is central or rather front in the former and centraliz­

ed back in the latter, but the latter may also be heard with a 

more front £irst component, [CE~]. In the C:??enha.gen dialect the 

first component of both _diphthongs may be .. quite _ back: [ aj.· t> ~] • 

Note that the postvocalic consonant becomes [~] aft.er .tho.se 

short vowels which alternate with long non-open front vowels 

(i.e. with front vowels whose tongue-height coefficient i~ less 

than "4"),'but not after those short vowels which alternate 

with-_ long open or long back vowels o This holds. true no matter 

whether the short vowel is front or pack (cp.Copenhagen speech), 

and it is thus quite clear that the quaJ..i ty of the second 

; component is not at all determined by the surface quality of 

the first component, cp. (Copenhagen Danish) [a~(~)n] versus 

[dauli]·. This suggests that it must be an underlying differen­

ce ;f [-bac~] vers~s [+back} in the vowel (first component) that 

determines whether the following dorsal approximant appears as 

' [ ~] o_r fad when the vowel is short, . i.e. [ O¾ ,: lji] must have under- . 

ly.ing front vowels, and [au] must have an underlying _back vowel. 
6' 

The quality of t_he first component .of [ a¼ ,u~] ~mst then be de.;. 

termined by two successive rules: (1) a rule.changing the 

tongue-height to 114" (i.e. [-a .CE] )', (2) a rule .acco.rding to which· 

each vowel is ret~acted more or less depending on the idiolect 

or style of speech. 

According_ to this . analysis / a/ is [+back] in th~ ~ncl_~rlYii;i_g· 

matrix and should thus be written /a/. This implies that the 

long vowel must· be front·e-ct and. somewhat raised 

a: ➔ re: 

by a later rule, which.nevertheless is early enough to make 

fricative [y] front after this vowel if it remains long6 

As a result of these consider~tions the classificatory 

matrix may be given in the following alternative form: 

i e 8 y. 0 ce a u 0 0. 'P 

height 1 2 3 1 2 3 4 1 2 3 4 
back ... + + + + + 
round + + + + + + + 
The status of [e J is a difficult problem even within this 

arrangement of the matrix, since there is still no way to 

characterize a "neutral" vowel. 
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J.2. Phonetic diphthongs and underlying forms. 

It will be apparent from some of the examples given in 
section 3.1. that the diphthongs in -i and -u can be shown to 

" /"\ 

alternate in some forms with sequences of long vowel plus· 

palatal or velar approximanto Moreover, the dorsal approximant 

alternates. in some forms with a stop (when followed by a stop), 

cp. [sb0:y~ls~J or [sbt>~~ls-a] 'ghost• versus [sb0gt] 'haunted 

(past participie)'o In other cases the diphthongs in -u alter-
• ("I 

nate with sequences of long vowel plus [v], cpo [ha~] 'sea' -

plural [ha:v~J, which moreover may alternate with [f] (when 

followed by a stop), cp. [sdi?v] or [sdi~ 9 ] 'stiff' (with the 

derivation [sdi~n~J 'stiffen') versus neuter [sdift]o 

Such examples indicate that some of the diphthongs at least 

must be generated from underlying vowel-consonant sequences, but 

it is certainly not obvious that this is true of all diphthongs, 

or even of all occurrences of a specific diphthong. This cannot 

be discussed without a detailed analysis of the behaviour of 

vowel length (and of st0d) and of the morphophonemic relation­

ship between continuants and stops in Danisho 

The diphthongs in-~ are mostly taken to be phonemically 
" 

sequences of vowel plus /r/ (see, however, Koefoed (12) and 

Basb0ll in this report for alternative analyses). The evidence 

supporting the phonemic identification of prevocalic[r] and 

postvocalic [R] is hardly decisive as far as the inflected and 

derived forms belonging to the genuine vocabulary go, but in 

foreign words with alternating stress pattern the syllable 

division may alternate accordingly, and in such c~ses (~] -.and 

[r] do alternate, cp. [klo~ 9 ] 'chlorine' - [klor{b 9 ] 'chloride' o 

In some (now less common) varieties of Danish an r-sound (with 

a constriction.exceeding those generally found with vowels) is 

heard also in .syllable-final position ([klo?r] etc., often 

with unvoiced r); for idiolects of this type the identification 
raises no problem at allo 

Al though the evidence is· not of the same kind as that 
adduced for diphthongs in -i, 

" 
it may suffice to show that 

diphthongs in-~, too, may be generated from vowel-consonant 

sequences, the consonant in this case being /r/. 
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J.J. The two-segment status of a(;-), n(:)o 

J.J.l. Root syllabies. 

In the discussion in sectio·n 3ol. above it was tacitly 

assumed that there is no phonemic opposition between front 

/a(:)/ and back /a(:)/. However, surface forms like [gre:v~J 

'gift 1 and (ga:v-a] or) [ga:v-a] 'tan (verb)' must somehow be 

distinguished in their underlying representationso The general 

solution is to analyze the back vowel as a sequence of two 

phonemic segments; this solution is confirmed by alternations 

like 

[g?m] 
(bg?n] 

'arm' (- plur. fg:m~J ) versus [re~m-a] 'sleeve' 

'child' - plur. [b~~?n] 

Such examples further show that the second component of the 

sequence underlying[~:] is phonemically identical wit~· [""E ], i. e. 

it represents the consonant /r/o 

It was suggested earlier that[re:J may perhaps be· generat­

-ed from an un<:1erlying back vowel 0
/ a:/". If this is to work, 

the rules must operate in such way that· (disregarding the· 

problem of underlying or secondary length) 

l. a(:) ➔ re: (in some contexts) 

2. a(:)r ➔ ~P 

which would probably be fairly close to the historical develop~ 

ment. 

The long vowel [P:] can similarly be shown to represent 

an underlying·sequence of two segments, cp. the par~llel between 

(go? J 'go' 

[se?] 'see' 

- present tense [g~?] 

- present tense [se~ 9 ] 

that is, [~:] must b~ derived from underlying vowel plus /r/; 

thus the rules say (4,isregarding the status of length-in the 

·_ underlying matrix): 

1. o(:)-.>o: 

2. ·o(: )r ➔ :Q: 

Unstressed [P] in-root syllables has a multiple origin, which 

may be illustrated by a few examples: 

. i 
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(1) Some monosyllabic interjections and particles ( [nu] 
'well', (.s1>] 'now then; then; so') must be assumed to have an 

underlying si~gle segment 

( ~ ➔) 'O stressed and unstressed 

The actualization being invariant in the presence or absence 

o:f stress. 

(2) The conjunction 2.ii 'and' has a diphthong [u~] when 

pronounced distinctly*) but normally loses the second component. 

This reduction 

may be compared to a similar, fairly· common reduction in pro­

nominal forms with a¼,ai➔n,cp~ (da!/da!] 'you' (accusative) 

but often [mtda] 'with you' in the Copenhagen variety of Danish. 

(J) The preposition /adverb for has a retracted (pharyn­

galized) [~].when stressed, but the vowel is reduced to [u] when 

unstressed, cp.(sbe;nd :f11] 'harness' but [sb~d f'p vo~9 n-an] 

'hitch (ahorse) to the'carriage'. - Note that in its stressed 

form the vowel is distinct from that of [n~J, [s~J by being 

more back; this indicates that for has underlying /or/ and 

reduction 

or ➔ p. when unstressed 

(4) Present tense forms like [gE?] 'goes' - with under­

lying o: + r as shown above - may be more or less reduced when 

'he goes home', 

.o: r ➔ 12. ➔ (opt~) u when unstressed 

(5) The adverbs [vo?:?/Vo~ 17] 'where', 'how', [he?~/rle~?] 

'here', [de!t~/de~?] 'there' (the last two also occur with 

[~?~/s~?]) are reduced in unstressed position to [V12 hre~ 

dre.'E] and often further to [vu hu du], cp. der kommer nogen, 

*) The pronunciation [uy],which may be found in the official 

dictionary: Ord bog over det da·nske Sprog, is hardly current usage 

(cp. Diderichsen (4), Po55)o 
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literally 'there comes s~mebody'[QU kum?u nS:un]. 
duction 

This re-

e( : ) r ➔ ~~} (opt• )➔'0 
o(:)r ➔~ . 

is relatea to ~rocesses found in words ~ith alternating stress 

placement (see 3.3.2. below), but as a process conditioned by 

syntactically conditioned stress reduction it seems confined 

to the forms just citedo Such forms as[se?~/se~?] 'see (~resent 

tense)', [tro?~/tro~?] 'think (present tense)' do not have 

reduction to[u] no matter how much the stress is ~educed, cp. 

[han se~ dd~] 'he checks (it)', (tro~ du de] 'do you think so?'. 

It is possible that the three·adverbs should be listed in the 

dictionary with [-stress], the full forms occurring only when 

the words are emphasizedo 

J.3.2~ Sources of posttonic p. 

There are numerous instances of [u] in unstressed syl­

lables after the stress-syllable of the wordo These cases in 

which [P] is generated from an underlying matrix with [-stress] 

must be distinguished from those treated above where the weak 

stress was due to a syntactically conditioned reduction of the 

word stress. 

A comparison of monosyllabic and bisyllabic verb forms: 

'see' 

'count' 

- present tense 

" " 
[ s e ?~Is e12? J 
[t~lu] 

shows that[~] may be taken as equivalent to[~] +[iJ• Since 

the latter segment was shown above to be generated from /r/, 
we may generate unstressed [u] from shwa plu·s /r/: 

(I disregard the various problems associated with present·ten~e 

:forms: whether the m.orpheme border is before or after shwa, 

whether shwa is epenthetic, etc., since these are not immediate­

ly·relevant_here.) 

r 
! I 
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The behavio~r of the nomen agentis su fix [P] before the 

feminine suffix. [en~] may further support the identification 

of unstressed [P] as a vowel-consonant sequence, cp. 

[mre:ld] 'paint• 

[mre:lu] 'painter' 

[mre:luend]/[mre:lur~nd] 'woman painter' 

In the speech of some people the underlying /r/ is distributed 

over two syllables {as if the spelling were malerrinde ·instead 

of malerinde). The final suffix is unquestionably ·[end], cp. 

[v~n] 

[vsnend J. 
'friend' 

'girl-friend' 

so the r-sound in derivations from nomen agentis forms can only 

be explained if these contain a final /r/. 

However, it can be shown that unstressed [u] may also re-· 

present underlying consonant-vowel or even consonant-vowel--: 

consonant sequences. 

Verbs whose stems end in a consonant form their infinitive 

by adding shwa: [tsld], [mre:ld]) etc. A comparison of such in­

finitive forms as 

[tsld] •count' 

[ku:d] 'cow' 

[sndru] 'change' 

[sbre~u] 'block' 

[ ku: ( r ) P J or [ ku.: P J " slide ' 

shows that some occurrences of unstressed [n] must be generated 

:from :final. shwa .. preceded by /r/, since the 1.ast three verbs ob­

viously contain stem-final /r/ (in accordance with the ortho­

graphy: mndre, spmrre, ~).·-In order to get the correct·out­

put we must set up three rules, two of which (the last two) may 

be optional only: 

1. d ➔u/r_ ku:rd ➔ ku:ru 
2. r ➔u/v_ ( sbrer'd·· ➔)sbreru ➔ sbreuu 

('I 

If now we consider the present tense forms of the verbs, 

we find in ordinary conversational pronunciation 



[ t£ lt>] 

, [ku :-o J 
[gnisdrn] 

[sb~"Rn] 
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([ku:rn] or) [ku:~J 

It is quite common to pronounce the present tense of kue and 

the infinitive and present tense of kure alike: [ku:-o]. If riow 

we ·consider the verbs to have the same structure in their in•· 

finitive and present tense forms, we get 

ttla ➔ te.la 

kusa ➔ kusa 

ku sr~ ➔ ku :n 

ku:ar ➔ ku:t> 

ku:rar ➔ ku:n 

in a certain (colloquial) style of speech. This fusion and 

merger takes place· in other forms as well, cp. the nouns 

bu?r ➔ bu?-o 
n 

bu:e ➔ bu:a 

fu:ra ➔ fu:n 

' cage ' - pl ur. bu : re ➔ bu : t> 

'bow' " 

'furrow'-· " 

bu:ar ➔ bu:n 

fu :re ➔ ·fu :i:> 

(the output fo~ms given here are still strictly colloquial). 

In the cases above[~] was_ generated from underlying forms 

containing shwa but the status of this vowei was not considered 

further. In words with alternating stress placement it can be 

seen that postton·ic (P] alternates with stressed [e?r e:r] ··and 

·(o?r_ o:r] (partl.y also.with pretonic [:or]). This is probably 

best accounted for if one posits underlying /er/ and /or/, cp_. 

[e?dt>] (possibly [e.?tn]) •_'ether' an~_ [et~?ri,sg] 

o-r· [ ete~ 9 isg] ·' etherea;i' 

[f<igtt>] 'factor' ·- [fagt6:ru] or [fagt6:-P] 'factors' 

~d [f agt,orl?n] 'factorize' 

It is not immediately evident whether p~sttonic / er or/ become 

[c}] via a reduced common form or by lowering and retraction 

rules, i.e. whether 
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er} post tonic or ➔-ar·. ➔ P 

or 

post tonic 

Poul Andersen (lb, p.82) has pointed out that words with 

underlying full vowel in a posttonic syllable may be distinct 

from similar words with underlying shwa if the vowel is pre­

ceded by a stop, cp. 

fakt+-ar ~ f agdt> 

faktor ~ f agtlJ 

'gestures' 

'factor' 

since the preceding stop is a~pirated or not according to a 

gradatio~ rule which must be formulated with reference to 

several factors including the quality of the immediately fol­

lowing vowel (Poul Andersen formulates the relationships rather 

differently: he considers words like faktor as phonological 

compounds: 1 fak 1 tar). 

If we have the same underlying consonants in the two words 

above (and it is not unreasonable to assume that we do), it 

seems clear that shwa must be phonologically distinct from the 

full vowel /o/ in the underlying matrix (the example might 

su~gest that the consonant quality is a matter of morpheme 

border, but it is not that simple), unless words like ·faktor 

are marked as [+foreign] in the dictionary. In words with under­

lying /er/ the aspiration of the stop before [t>] does not seem 

to be used very consistently:~ is [e?du] rather than 

[~?~~] in ordinary usage, so the evidence against a common 

underlying matrix £or /e/ and shwa is not as strong. 

Words with underlying /or/ may be assimilated to the 

native vocabulary and pronounced with unaspirated stop before 

[t>], e.g. [dpgdp) instead of [dpgtp] 'doctor'. In a case like 

this the surface form has been reinterpreted and assumed to 

contain underlying shwa, which is evident from the formation.of 

a secondary plural of native type: 

like 

[d11gdt>] 
[m~: lP] 

plural [dugd-o'O] 
" [ moo: l 'OP] 
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as against the "correct" inflection 

. [ dugt-o·] - plural [a.ugt6:rp) 

3. 4. Al tern:a tion :full vowel~ shwa. 

/e/ and to some extent also /e/ frequently reduce to shwa 

when the stress is reduced. The problems raised by this alter­

nation are less complex than those associated with unstressed 

[o], and a :few typical examples may suffice to give an ide~ of 

the pattern: 

( 1) "Small words" like [ de J 'it', [ a.em] 'them• have the 

vowel reduced to shwa ih enclitic positions .[da,a.am], cp. 

[red a san ?t J 
[fodam en?] 

1 is it true? 1 

'get them in!• 

{2) In foreign words [e e] alternate with shwa in unstres­

sed syllables, most regularly in noninitial pretonic syllables. 

The underlying form is clearly seen in words with alternating 

stress placement, e.g. 

'phonetician,' versus [fonetik]/[fonat:!k] 

It is clear that this phenomenon is related to the alter­

nation between [e (: )r] and [u] discussed above, al.though the 

distribution ·is not the same. The generality of these alterna­

tions between [e(:)] and the reduced vowel qualities point to the 

identification of shwa with /e/ in terms of classificatory 

f~atures as a reasonable solution. 

I~ colloquial {particularly "non-educated") speech also 

other vowels vacillate or are replaced by shwa in non-initial 

pretonic syllables {in connection with a• general assimilation 

of the word to the native pattern). This is typically found 

with /a/ followed by /r/: 

apara?t ➔ abara?t ➔ abara?t (.2£.abur6.?t) 

The pronunciation with [ a J. is given by Martinet ( 14, p. 22) 

as the normal one but by Hansen (9, P• 39) as substandard speech. 

- I presume that all the pronunciations in the series above can 

be found in contemporary Danish usage. 

Ii 
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Conversely, we find (sporadically) a shift 

e,.;) ➔ a 

when_~~jacent to /r/, cp. 

par-ante?s ➔ parante?s ➔PQQnte?s 

J.5. Some further remarks on length. 

Although length is unquestionably phonemic in Danish· the 

~elationship between underlying ,quantity and phonetic length 

is not a simple one-to-one correspondence. A glance at paradigms 

of inflected forms reveals that both·vowel lengthening and vowel 

shortening rules seem to operate in Danish: 

lengthening takes place typically before a voiced approx­

imant that is followed by a vowel, cp. (ha~] 'sea' - plural 

[ hre: v~J , [gl~6] 'glad' - plural [ glre: ~ ~ J , 
shortening occurs both as a process conditioned by the 

internal structure of the word and as a process-conditioned by 

the syntactical relationships among wordso There are two main 

types of intra-word conditioned shortening: 

la) before certain suffixes with initial consonant, eogo 

neuter or past participle /t/, long vowels are shortened in 

some cases, cp. [sdi?v] (or more commoniy [sdi?~, sdi~?]) 

•stiff' - neuter [sdift]. The r~le capturing this alternation 

between long and short vowels must be stated differently for 

verbs and adjectives (cp. [ly:s~J 'give out light, publish the 

banns for somebody' - past part. (ly?sd] versus [ly?s} 'light' 

I· --neuter [lysd]), and also for derivations from such words (cp. 

[ly:snen] 'banns' versus [lysnen] 'dawn, clearing'). Moreover, 

the application of the shortening rule is to some extent de­

pendent upon the quality of the vowel. 

(b) As mentioned in 1.2.6 above long and short vowels are 

not consistently distinguished in monosyllables containing a 

postvocalic voiced approximant. We may speak here of optional 

vowel· shortening ([sdi?v, sdi?~] ~ [sdi~?J being an example of 

this). This phenomenon can be taken care of by a late rule. 

(According to Aage Hansen (9), p. 87 the individual vowels 

behave somewhat differentiy before[6]; however, the descrip­

uons he gives do not altogether correspond to the usage familiar 
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to me.) 

Finally, vowel shortenin:g may occur in the first part of' 

compounds and conditioned by stress reduction,cp. J.6. below). 

A paradigm like [ba ~] 'bath' - plural [bre: <Sa J can be de­

scribed as a Cfl.S.e of' vowel lengthening in "open syllable" under 

the conditions summarized aboveo The ver~ [bre:~a] 'bathe' ·with 

its preterite and past participle forms [bre:b(a)ba], [bre:b(a)t] 

can apparently be explained in the same way, as derived from 

underlying forms with short·vowel. However, the imperative of' 

this verb is ~bre.?b], which rather points to underlying long 

vowel in th_e verb o Thus it may seem ·tha t vowel-length • is genera t­

ed by a simple rule in plural. forms ~ike [bre: b-a] but is·.-·-due. to a 

stem formation feature of' length in infinitive forms like 

[bEE : 6-a] o 

There is, however, some evidence that the behaviour of' the 

imperative is due to special formation features and thus should 

not be taken as decisive in assessing the underlying quantity • 

. It is necessary here to point to the fact that st0d, too, 

functions (on the surface) to distinguish imperative forms from 

otherwise phonetically similar noun forms, cp. the noun [sbel] 

'play' ( def'in~ te form [sbel 9 ab] ) versus the impera ti v.e [sbel ?] 
'play! ' ( inf'ini ti ve [ sbel c)] ) • 

On the whole the quantity problems are too complex to be 

handled in this brief' papero 

3. 6. The guali ty of shortened o ·: 

As mentioned in 2o4. above /o:/ may appear with two dif~ 

ferent qualities when it is shortened. It will be apparent from 

the remarks below that the distribution of' these can be put_into 

rule f'or.m without too much difficulty. 

(1) In combinations of' vowel plus voiced fricative or 

"approximant" the vowel may be alternatively short {see 1.2.6.), 

but the quality o( /o:/ (half-open, i.e."J") is retained: 

[ vo ?~] or [ vo 6 9 ] - •wet • • 

(2) When shortened hef'o~e suffix /t/, however, the vowel 

is opened to "4": 

• [vo?a:] - neuter [v-ot]. 

- -- -------------'------------
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{J) When the shortening is otherwise conditioned, the di­

stribution of the two qualities, "J" and "4", is at first sight 

confusing. There is certainly much individual variation, and 

Poul Andersen (1, Po JJ8) describes the variation as if it were 

entirely a matter of usage: most people have[~], but some have 

[n], when a long~ is shortened because the word containing it 

occurs "in a special position in the sentence or in compounds". 

It is, however, my impression that there is a regular alter­

nation between the two short reflexes in the usage of probably 

most speakers of Standard Danish, and this regularity is inter­

esting because it is not - as might be expected a matter of 

"stressedtt versus "unstressed)' position but rather a matter of 

grammatical type. 

Put briefly, it holds true for the usage most familiar to 

me that (A) monosyllables (essentially prepositicnsor auxilary 

verbs) which have their vowel shortened before the word they 

govern,retain quality "3°, whereas (B) such words occurring as 

the first part of a compound exhibit a shift "J" ➔ "4" if the 

vowel is shortened. 

_syllables.*) 

Thus (A): 
-----

[ta d( g)n :po1] 

[pod( a) n] 'on 

[p;, den?] 'on 

but (B): 

The latter is true particularly-of open 

'put it on• 

it' (less commonly: [:pl.id( a)n] i.e. like 
patten 'the pot') 

that one' ( n . . [pu dfu 9 ]) 

[p-6men?a] 'remind' 
[p'Ol:t ?5gli] 'reliable' 

Aage Hansen (9, • p .. 25) clai~s that bla_gra 'blue - grey'_, blalig 

'blueish' should be pronounced with the closer sound, i.e.[~] 

in the first syllable. Such pronunciations are quite alien to me. 

(4) Note that [~] occurs as an unstressed representation of 

underlying /or/, which thus (in the usage described here) remains 

distinct from shortened /o:/,. cp. 

*) I disregard here a number of compounds like badsmand, rads­
medlem, which do not follow a fixed pattern. 

- \: ,. 
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for de frersdd ➔ fudd f~usdd ,.. 'firstly' 
f~: de g jor?t. ➔ f~a.d g jou?t 

n 'have it done! ' 

4. Final remarks. 

As stated in the beginning this paper does not contend to 

give a definitive account of any major aspect of Danish phono~ 

logy. The main problems, viz. the st0d, vowel-length, uml~ut 

and ablaut, and the relationship between stops and fricatives, 

have on purpose been left almost fully aside. Nevertheless, 

it seemed to me worth while to discuss some features of the 

vowel system within the f~amework of modern feature and rule 

·theory, especially because this account can be contrasted direct­

ly with that of Basb0ll, which, as an experiment (less so a mani­

festation of Mr. Basb0ll's personal preferences!)i he has kept 

as rigidly within the limits of taxonomic phonemics as practi­

c~lly possible. It may be of some interest that the results 

obtained by the two approaches agree on many details, after allo 

----------******-------~--
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