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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 1lst, 1968,

Instrumentation for Speech Analysis,

1 Fabre-Glottograph (see this report, pp. 1ff.).
* 1 Kay-Electric Sona-Graph, type 6061A,

* 1 Philips Stroboscope, type PR 9103.

Instrumentation for Visual Recording,

* 1 Tektronix Oscilloscope, type 502A,

¥ 1 Briiel & Kjer Automatic Frequency Response and Spectrum
Recorder, type 3332.

Tape Recorders.,

1 Lyrec Professional Recorder (stereo, speeds 7.5" and 15").

* 1 Movic Professional Recorder (stereo, speeds 33" and 7+5")

Microphones.

1 Briiel & Kj®ar 1" Microphone, type 4131/32.
1 Briiel & Kjer 1/4 " Microphone, type 4135/36.

Amplifiers,

1 Briiel & Kjer Microphone Amplifier, type 2603,



General-Purpose Electronic Instrumentation.

1 Briiel & Kjer Piston, type 4220.

1l Claude Lyons AC Automatic Voltage Stabilizer, type BTR=5F.
*#)1 Brilel & Kjar Vacuum-Tube Voltmeter, type 24o9.
*)1 Radiometer Vacuum-Tube Voltmeter, type RV 23b.,

1 Taylor Transistor Tester, model 44,
*)1 Stabilized Rectifier' (6,3V, 150V and 3ooV).

OQutfit for photography.

1 Telford Oscilloscope Camera, type 'A',(Polaroid).

Projectors.

1l Voigtladnder 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 1968,

e Elementary phonetics courses.,

One-semester courses (two hours a week) in elementary
phonetics (intended for all students of foreign 1anguages)
were given by Hans Basbell, Hans Peter Jergensen, Niels Knudsen,
Mogens Baumann Larsen, Jergen Rischel, 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
500 students in all).

Py Practical training in sound perception and transcription,

Courses for beginners as well as courses for advanced
students were given through 1968 by Jargeh Rischel and Oluf
M. Thorsen. (The courses form a cycle of three semesters with

two hours a week.)

3.' Instrumental phonetics,

Courses for beginners as well as courses for more advanced
students were given through 1968 by Eli Fischer-Jergensen and
Borge Freokjzr-Jensen., (The courses form a cycle of three se =

mesters with two hours a week.)

b, Phonemics.,

The standard courses (phonemic method and trends in phon-
emic theory) were given through 1968 by Eli Fischer-Jergeﬁsen
and Jergen Rischel. In addition, Jergen Rischel gave a separate
course in generative phonology. (In total, the courses form a
cycle of three semesters with two hours a week, the subject of

~ the third term being chosen freely.)

T QOther courses.,

Eli Fischer-Jsrgensen lectured on diachrohic phonetics

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 Fischer-Jorgensen gave a course in the preparation of

~material for perceptual tests,

Borge Frekjer-Jensen gave a course in elementary electro-
nics and acoustical physics.
Moreover, the students followed courses in Danish, English,

French, and German phonetics at the University.

6. Seminars.,

The following seminars were held in 1968:

Amanuensis Niels G, Davidsen-Nielsen: sp,st,sk in English.

Professor K.N. Stevens (MIT) gave an informal account of
some problems in artibu;gtory and acoustic phonetics.

Dr. odont, Folke Strenger (Stockholm): Physiological
investigation of nasal vowels in French,

Professor Eli Fischer-Jergensen: Interference among French
and Danish stops in the speech of a bilingual.,

Hideo Mase, M.A.: The Japanese sound system.

Professor M, Onishi (Japan): The phonetic system of
Japanese and its special features,

Stud, mag. Hans Basbell: The phoneme system in a variety of
Copenhagen Standard Danish,

Fil, dr. ,Bjérn 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
institutions by members of the staff,

Eli Fischer-=Jergensen gave a lecture on the murmered voiela
of Gujarati at the Royal Technical High School in Stockheolm
(cp. ARIPUC 2, pp. 35-85). ]
Jergen Rischel participated in the Annual Meeting of the
Societas Linguistica Europaea in Kiel,




CONSTRUCTION OF A FABRE GLOTTOGRAPH

Borge Frekjzr-Jensen and Poul Thorvaldsen

Introduction.

In the last decade a good deal 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 (3), and recently we have finished the prototype of an
electrical glottograph according to the principles of Ph. Fabre
(1), (&), (5), (6), (7).

- The photo-electric glottograph registers the opening square
of the glottis which probably corresponds very well to the
primary voice source 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
thyroid 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 pressure variations in the pharynx
both of which influence the glotfograms. Conclusions are thus
more difficult when based upon the Fabre Glottograms than when
based upon the photo-electric glottograms (2).

The construction of both types of glottographs has enabled
us to make comparisons between the two instruments in order to
see to what extent it is possible to use the less precisely
registering Fabre Glottograph instead of the better photo-
electric glottograph,

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 placed on each side of the thyroid




cartilages. When the vocal cords vibrate they modulate the
current between the metal plates., The modulated high frequency
= signal is rectified, filtered and amplified, and the resulting
DC-signal which corresponds to the variations in the electrical
impedance in the glottié 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 requirements

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.000 cps (see Fig. 3); :

(3) should have a low impedanced output of a few volts
|
| which would faciliate the matching to different

recorders.

L, Survey of construction. (Fig. 4.)

The generator oscillates at the frequency 300 kcps. The
generator consists of three stages, - a modified Hartley

osciilator, a buffer stage, and an emitter follower.

300 kcps = 10 keps
e B _é Mﬁ €2 g B lowpass [— Ao B
+ buffer 7 Si? o | detector filter amplifier
v : :
: Qutput A
Output B o
Output C o— time

-
constants

Output D o—j

Fig. 1.
Block diagram of our Fabre Glottograph.



The changes in glottis impedance during fonation are sensed

by two balanced electrodes placed on both sides of the laminae
thyreoidei (Fig. 1). By balancing the electrodes it has been
possible to cancel out interferences from electro-magnetic
fields such as our local broadcast station.,

Some 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 tissues between the elec-
trodes and the electrical series—fésistancé 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 glottis 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 for 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,

AO 3 ll R e ) i
ZG at 300 kcps TR o ua C
= 100 - 3130852
Glofttis —I—
BO— > *{ Rg | ! T
Fige 2.

An electrical analog simulating the complex impedance of the .
larynx. (Subject Poul Thorvaldsen. Size of electrodes 2 cm? each.
Conducting jelly has been applied to the electrodes,)
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The resistors called Rp agd Rg are represented by short-circuit-
ing and resistive fat tissues which reduce the signal level,

The balanced output from the glottis 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 transistor are limited to a variation between %8
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.,000 cps lowpass filter and
an integrated amplifier (Philco type PA7709C). The input of this
amplifier is also 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 drive. 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 electronic circuits
from the electrodes to the output terminals is shown in Fig. 3.
The frequency response has been controlled by means of a 300
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 full frequency range and the other two having different
time constants in order to stabilize the physiological varia-
tions of the zero level.

The stabilized voltage supply delivers Y15 volts for the
amplifier stage and for the reference voltages, whereas the

generator unit and detector work at +80 volts.,
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Frequency response of the glottograph without the final filters.
The level variations from DC to lo.000 cps are below o.l dB,

(50 dB scale). Above lo.000 cps the response falls at a rate of
18 dB/octave. The spectrum analyzer is not able to analyze
below 20 cps.

Obtained specifications:

Oscillatbr frequency?! 3o00.000 cps.

Generator impedance: 50 ohms,

Generator output, loaded throat electrodes: 0.8 volts RMS,
Generator output, unloaded throat electrodes: 1.6 volts RMS,
High frequency current through larynx: 15 mA RMS,

Voltage amplification of the DC amplifier: 180 times = 45 dB,

Mains supbly: llo-130 volts or 220-24o volts/50-60 cps.




SN S SOV S,

- g -+ - o . -4
- - g B - + O = i_~ e - _;
{ ! \ !
= o g, | _ -© _O - Ot -~ o .
! _ Pl i _
s T ! ER N 1 1 1 g !
i s i ! |
s 3 i | = I il 4 4 e i R , - T
S | ! |
P | ) R P | - L.A-nxv = S = P £ . 1
¥} b .
+ . e N X A S8 & > s -~ = a
! ! 1 ;
T = ¢ 4 - . £ fod i) ) D B | -
| | _
is <7 | { S e L= iy <1 g‘ i
W = " 1o ! m
. S ——— e — - 4 ot =t el - — - —- —f— 3 -
; S | !
O Y B 02 4 14 I R bl P RS oo i R e
- (_ = Wk B le' = SRS - Ifw % ! Skaty B P s o - 4 AL
1 t { i "
Pl ii"tlllu.lvl*vlfblnlh e g 4 L YL e - - -
_. i { w i
— -t X —4 - e -
H | ! ! i
3 ; o B L kol el SRAS bl ‘. { ~
, . | i
| L)
1 1 i {
_ S
d ..
|
i
|
e ) L B e s e =

N

h




*sandano

i e 5 ¥ 4

IN0J 8Y3 JO SuOoT3edfJroadg Q

ap- 9¢
SWY AW [/
ST

sdox o1 - sdo g0°*0

ap 9§
SWY AW .
s MN = 1

sdoy oL - sdo z|

“gP 9¢

SWI Am /

sdox oL - 24

ap €9

SWY Am /

sdo3y 0L - Da

mmﬂoﬂm

AIIIHmNM.wOH.Opv

efuex oTweUA(
no

¥ g = Am

andgno 3 a8ej3Ioa

asTOoUu pejeadajur

(gap S¢°0-)
a8ueax Aousnbaay

no
sdo oot=3 **"%u=Ty

SWd VI Zh°0 SWY vm GL°0 SWY vu #°2 SWY vu 06 jusaand j3ndjno °*xey
sdo oot=3 ‘*"%y=Ty
SWd A 2°% SWI A 2°% SWI A 2°1 mZﬁ A 0°€C 28e3T0A 3ndzno °*xepR
swyo O suwyo O surgqo Q msaw 0 souepadwT peOT °*UTW
suryoy Ol swyoy 9°¢ swgo 00% suyo Q9 souepaduT 3ndangQ

0 3nd3ng 0 3ndang g 3nding v 3ndang




As for the results obtained with the above described Fabre

Glottograph see the article in this report:"Comparison between

a Fabre Glottograph and a Photo-electric Glottograph",
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COMPARISON BETWEEN A FABRE GLOTTOGRAPH AND‘A PHOTO-ELECTRIC
GLOTTOGRAPH

Berge Frekjer-Jensen

l. Introduction.

In this article are published a few preliminary results
from the test of our Fabre Glottograph and comparisons between
our photo-electric glottograph and the Fabre Glottograph.
Glottograms of most of the Danish consonants are compared with
the airflow curves and the oscillograms, and the three-dimen-
sional type of vocal cord oscillation is shown by comparing the

curves from the two types of glottographs. *)

l.1. Airflow registration.

Some simultaneous recordings of the airflow (trace no.l),
the electric impedance of glottis (trace no.2), the square area
of the glottis (trace no.3), and the acoustic oscillogram (trace
no.,4) have been made for this article. The airflow recordings
are made by means of 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
for the illustrations in this article. A raising of the airflow

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

l.2, Photo-electric glottogram.

The photo-electric glottogram shows the square area
between the vocal cords in a horizontal plane., The photo-electric
glottograms have a well 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 of a certain degree of tramsillumination of 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 (1ight

*) Both types of glottographs and the Electro Aerometer used
for this article are manufactured for sale by B, Frekjer-
Jensen, Vestre 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 plastic tube and by glueing the free end of 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 possible to pick up the light in the pharynx without
serious interference from the articulatory movements. Only when
articulating the most open vowels[a:] and [p:] 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 (3). These undesirable physiological changes
cause a very Jjumpy 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 msec, 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 seems 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 use 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 shapes 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., Thel
frequency response of the microphone has been electrically
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,

AP Danish tenues and mediae.,

The table Fig. 1 shows the Danish consonants ptk and bdg
in nonsense coﬁtext: [Cpe], [ets] ' [Bka] , and [698], [egs],
[ege]. As earlier stated (1), (2) 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 thevtenues 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 (airflqw 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 is
syncronized with the maximum opening of glottis. - Wifh some
speakers the explosion phase seems rather to coincide with the
maximum opening, see the curves in reference'(B). - 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 ohly a little 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 speakerlBFJ) is one of opening glottis during the
ptk'—-stop closure and fully open glottis during the ptk-aspiration
versus medium opég_glgttisrduring the bdg-stop closure followed
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by closing glottis in the Qgg-expldsion phase. (Compare 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 Glottogfaph probably rather illustrates what happens
during the closing phase in the vertical contact area between
the mucous membrane of the vocal cords (compare the two glotto-

gram traces during the closure between the words.)

3. Danish [ £] and [s].

In Fig. 2 a very intereéting 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 should 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 quite constant for this subject.
Further investigations have to be made before a possible hypo-
thesis concerhing 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 [6] shows the difference of phonation
between voiced consonants and surrounding vowels. The electric
impedance of the glottis is considerably raised during the <’
articulation of [5] y, 1.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 quttograms). Once again we
may conclude that the two types of glottograbhs deliver two
different sets of parameters concerning the working conditions

of the human larynx.
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Photo=electric
glottogram.

Fabre glottogram.
(electric impedance)

Vowei[eﬂ, spoken by subject BFJ. Chest register, medium voice
effort, fundamental frequency 120 cps.

Fig. 3.

5. Recordings of the primary voice source cycle.

Fig. 3 shows a polaroid phot6 of simultaneous recordings
made by the two glottographs. The photo is a good illustration
of how we can get information  about the three-dimensional
opening and closing movements of glottis.

If we compare the slope of the glottal cycle in the Fabre
glottogram (the lower trace) with the photo-electric glottogram
we can only explain the different forms of the two simultaneously
recorded curves by assuming the explosions (excitations) as a
slowly opening movement starting from below and moving upwards.
When it reaches the edges the vocal 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 6ther, 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 functiqn do not
shoy this three-dimensional type of oscillation,
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CONSTRUCTIONAL WORK ON A FUNCTION GENERATOR FOR SPEECH SYNTHESIS

Jorgen Rischel

Ly General status of speech synthesizer project.

As mentioned briefly in last year's Annual Report (6% a
formant-coded speech synthesizer is 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, formant 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 simply by varying the
bias voltage applied to the diodes. A sufficient range of fre-
quency variation for the individual formants is obtained by let=
ting the circuits resonate at rather high frequencies, the fre-
quency spectrum of the voice source pulses being shifted cor-
respondingly by a heterodyning process. This, of course, in-
volves the use of a modulating and a demodulating system (com=-
mon to all formant circuits). In order to obtain good amplitude
and phase linearity down to low frequencies we have designed a
transformerless double-balanced modulator, which seems well
suited for the purpose. '

The new version of this whole system is not yet ready for
use, so it would be entirely premature to give any circuit de-
tails., (Our "phonetic" experience is limited to the old model.)

Similar circuits (but including antiformant filters) have

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
relationehips taken‘care of)., This means that the level of each
formant can and must be controlled independently by the experimen-
ter. Our newly constructed formant circuits include voltage con-
trolled attenuators exhibiting a linear relationship between con-
trol voltage.and output level over a 30 dB range. The freedom of
control thus offered is crucial for some kinds of experiments,
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 nonlinear circuits, possibly a "potential field"(7). However,
since the formant filter systeﬁ and the function generator are
functionally independent units it would also be 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 thet functions by now can deliver eight
independent voltage functions which 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 we have no immediate intenfion
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 synthesize sound sequences at
different information rates (Wfine.surgery" and "synthesis by
rule" being the extremes).

The function generators most widely used with anélog syn-
thesizers are in a sense simple 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) into an electrical control signal,
and ideally, the traces painted by the experimenter should be
exact replica of thé formant movements etc. to be synthesized.

Our function generator belong to another category of devices

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 of 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 “stéircase 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,vsince 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 generator was designed independently
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 cés or
decibels depending on the parameter. The staircase voltage is
produced by setting each potentiometer to the appropriate vol-
tage and scanning the whole series by means of a multiplexing
system. This approach is supposecd 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).A Changing the settirg
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 a single portion of the sound
sequence is to be changed. With our function generator this can.
be accomplished witﬁin 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 sequence 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 ﬁurpose). The actual multiplex-
ing is obtained by alternative biasing of diodes as scetched in
Fig. 1.

l reference
potential

% — parameter 1

parameter 2

g2

X |

A —— - — —

START
PULSE — | gate ?  gate gate [
time [sect. time|sect. +time|sect.— —-— — ‘
no.| 1 no.| 2 no. ‘
"Fige 1.

It may be argued that a function generator of this kind
copies some of the properties of a digital generator (either in
the form of a flexowriter or in the form of a small computer)

without sharing other of its virtues, such as complete tempera-
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ture stabilityy*kxtreme versatility and storage capacity, and
appropriateness for other purposes than synthesis. It should

be noted, however, that the analog function generator is in
severai 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 synthesizer 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 to 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 some 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 analysis-synthesis techniques,
but for our purposes is must be immediately discarded because
the number of potenﬁiometer 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 exception of obvious
cases like silent intervals). |

3) 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, wa, ua could be represented by essentially
the same stored configuration of parameter values, the differen-
ces in transition rates being brought about by wvarying 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 rate may change from one part
of a syllable to the next, Thus a full exploitation of this
method 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
particular 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 experimenter.

4) Finally it is possible to design thé smoothing circuit
in such a way that a greater or lesser "overshoot" in the vol-
tage step function speeds up the transition from one target

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, sinde 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. below).
Solution "3" above (i.e. parametric control of 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 difficult
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 pheﬂomena 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 are 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.

e 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 transitions 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:

W b et Ve TR T NE

(exponential) ‘ ("rea1l")
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A particular inconvenience arising with the use of RC circuits
is that theoretically the target values are never reached. The
transient time must be defined as the time it takes for the
slope to reach 63 per cent of its final value (or rather 63 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 because of the
switching problems and because of time lag phenomena. The in-
convenience caused by the wvariation of delaf time with filter
cutoff frequenc} may be serious if an exact control of the tem-
poral relationships among the events is required.

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 genefate a formant tfansition by combining two or sever-
al such linear slopes to give 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
‘experimental set-up the slope-shaping circuit is terminated by a

buffer amplifier, which by the addition of a few components can

be ehanged into a simple (active) lowpaas filter. If a sufficient=

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. 3 below is shown without
this additional filtering in order to exhibit the linear slope
more clearly, whereas the oscillograms shown later in this paper

are representative of the voltages after filtering.

Theoretically the simplest way to produce such oblique slopes

is by linear interpolation betﬁeen values specified at discrete
points in time. This épproach 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 method every constant-voltage segment of
the input function (the voltage delivered 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. 3 (next page) is taken as a crude approxima—
tion to the first formant movement in a sequence like dad,it is
seen that this CVC sequence can be synthesized by means of three
segments, Each of these comprises a transition plus a follow-
ing steady portion (the latter may, of course, be absent if the
tranéition is made equal in duration 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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Trapezoidal voltage functions like the one shown in Fig. 3
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:

e
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DeClerk et al. (2) have proposed the use of conventional inte-
grators (as in the production of the curvé iﬂ Fig. 4) for shap-
ing the 6ontrol volfages of a terminal analog synthesizer.
Electronically, this method is attractive because of its relative
simplicity. However, it will be obvious from Fig. 4, and still
more from a comparison of the curwves "eb" and "ed" in Fige '5
‘(next page), that the method is not immediately attractive from
the point of view of the experimenting phonetician. In order to
generate a given voltage function by integration one must ob-
viously specify the first derivativé 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 "eb" and "ed".of Fig., 5 at time "tz" shows that
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
scales cannot be calibrated in cps or decibels if the voltages
are to be integrated, since the voltage level at a givén 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 "ea" and "ed" of Fig. 5 (for clarity
the latter has been projected on the former and shown by a dash-
ed line), except that here the transient time “fi" is assumed
constant in order to simplify the exposition. The points "tl",
"tz", 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 "t_." and "t2")is of

duration Ti‘(whereas the other segments lait longenﬁ In this
way the rising transition has been given a certain curvature,
The conversion of ' into e4q is not a simple matter elec-
tronically even if the transient time 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 experimental circuit can be stated

by reference to the "Processed Input" curve "ec" of Pigiihi
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The input voltage "ea; is led by two different paths to 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 "compensating circuit".
The voltage function after passing this resistor is in the shape
of "ec". The other path contains a simple voltage divider, so
that the voltage function entering the integrator by this path
equals one half of "ea". The integrator is designed in such a

way that 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 "ea" across the series resistor (this previous
value being stored in a memory circuit); II) as soon as the
horizontal state of the output voltage has been reabhed the
memory circuit immediately switches to the actual value of "ea"
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
voltage 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 T&). In the integrator a con-
stant comparison between input and output voltages takes place,
and the moment the output voltage equals half the instantaneous
value of "ea" the integrator is stopped and the output voltage
remains constant until "ea" aSsgmes a new value. Thus the out-
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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Electronically, the basic unit of the integrator is a high
gain transistor whose emitter is connected via a suitable re-
sistor to the input terminal where "ec" occurs, whereas the base
18 connected directly to the mid point of the voltage divider
across which "ea" occurse. The‘outputﬁis taken across a capaci-
tor connected between collector and ground. Unfortunately this
integrator can function only with one polarity of the dinput step
function (with steps of the opposité polérity the outpﬁt just
follows the input though with some  distortion). In order to
obtain the same behaviour toward voltége steps of both polari-
ties (cp. Fig. 3 above) it is necessary to have two complemen-
tary integrators and to combine their outputé in a mixing cir-
cuit which at any instant selects the most slowly changing vol=-
tage. As shown by Fig., 3 satisfactory results can be obtained
in this way but certainly at a price. -

The transient time is determined by the wvalues of R and C
in the integrator.. By means of electronic switchgs it is pos-
sible to change the wvalue of R from one event to-the next.,. In
the case of vowel formants a moderate number of different.values
vof ti over the range 10 - 100 ms will certainly suffice.

Fig. 6 (preceding page) displays the three "dimensions" in
which. a control parameter can be varied according to the sugges-
tions given above. It remains tq_be tested whether this three-
dimensionality is a sufficiently attractive feature from the

point of view of the experimenter to warrant its existence.
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THE PHONEME SYSTEM. OF ADVANCED STANDARD COPENHAGEN
Hans Basbell

145 = . Introduction.

The purpose of this paper is to give a phomnetic and
phonemic description of Advanced Standard Copenhagen (ASC),
For this description I shall use a taxonomic precedure with
two operationally defined levels between the phonetic tran-
scription and the pltimate phonemes, viz, the levels of pre-

phonemes and of phonemes (see section 2.2.)°

3 S What is ASC?

ASC (with a perhaps not teo lucky term) is the language
spoken by a large group of the younger generation in Coﬁenha-
gen, whose language is normally  considered to be a variety 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 described by Jespersen .(9), Uldall (15),
Martinet (ll), and Hjelmslev (8); the language described by
Rischel (this report, pp.177ff) is intermediate between CSD
and ASC, (see also Diderichsen (3), Hansen (5), end 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 bfrthe upper class in the northern}parts of
Cepenhagen. e | : )3

The analysis is based mainly upon my own speech, Thus it -
is hardly quite valid for ASC in general since probably every
individual has his own phonemée system (sounds which in the
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 parenfs, others
from our playmates - who may use different phoneme-manifesta-

tions - etc,).
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1.2, Some phonetic differences between ASC and CSD,

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 distributio-
nal 1imitatiqg§ in ASC, and I shall therefore refer to the ruleé
of section 4,1.1. in the following survey of the main phonetic
dif;;rences between CSD and ASC,

(1) Whereas CSD has forms like neden, ngdden [Ine-96n |n969n]
: [}

'the distress', 'the nut', sted-vocoids never appear before &
in ASC, i.e. both forms are pronounced [thzﬁqg] in ASCv_(cp.
rule (6))4 : :

(2) The voiced velar or postpalatal fricative [7] (which accord-
ing to Martinet (11) manifests a separate phoneme /h/) has
merged with other phonemes (and in some cases, particularly

*)

after narrow vocoids,’,with zero). Its velar variant, which in

DS OO -5 A ey

MCSD_;;éurs after back.vocoids and[Bj-, has‘merged in AéChﬁith
the postvocalic manifestation of /v/ (in CSD the words iég
[‘lo-”x] 'cover' and igx![lla°qv 1102y **)] 'promise' (im-
perative) are kept apart, whereas in ASC both are pronounced
['1og9] ). 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[lbalje , |§alye] 'tub',

' gibbet' do not rhyme, but they do in ASC: [lbelje, ldelje] ).

It should be noted that when the phonetic diphthongs arising by
the change of CSD[YJ to ASC[I] or[u] occur in stzd—syllables.
the sted is always on [;] or[g] ’ whereas[YJ in CSD can never

have sted.

*#) 1In this paper the terms 'vowel-consonant' (used in a func-

tional sense) and 'vocoid-contoid' (used in a phonetic sense)

will be distinguished, as suggested by Pike (12).
**) In Rischel's broader transcription, phonetic[-I ,-y]

are rendered as [-}:-2] .
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The result is that these forms must be analyzed phonemi-
cally differently in CSD and ASC. E.g. according to Martinet
(11) the opposition between such forms as CSD leg [fla—EQ]
'game' and i&ﬁ[lla°97] 'layer' involves phonemically vowel
length and the last phoneme, whereas the difference in vowel
quality is not considered distinctive, In ASC, on the other
hand, the words are pronounced ['la;°] and ['l&;VJ s Leos sthe X
only phonetic difference is in the vowel quality which must

then be phonemic.

(3) The 'colouring' (i.e. opening and retracting) effect on

the vocoid of preceding[B] is much stronger imn ASC than in

CSD; the most important effect of this opening is that CSD /ey %
and / @i/ merge with CSD /€:/ and /®i/ after [F] in ASC (e.g.

CSD tre, tre ['thye+?, |th¥e+?] ‘'three', 'wood' are both

[@sh§€°°] in ASC, and CSD rebe, brale['Bz~§9 930319] 'reveal',
'roar' have the same vecoid in ASC: ['Bm:pa lbse:la]) .

(cp. rule (3a)).

(4) The contoid DH]never occurs post-vocalically in ASC (cp.
Koefoed (lo) and Andersen (2))° Corresponding to CSD-forms with
short or long /a/ or /o/ plus /fr/ (e.g. CSD var, bort [lvqg,
|?p%t] 'was', ‘'away'), ASC-forms always have pure vocoids

[a(:), () J(e.g. ASC yar, bort [lva, Ipp:d] ). The ASC-vowels |
a and ¥ resulting from this change are short in word final po=-
sition (except in the word far[!fa:] ' father ') and 1oné in

all other positions, i.e., they do not participate in the
quantity-opposition (but cp. paragraph (5) below); CSD-forms
like,bére,borre [‘gn:ya ’ 19939] 'stretcher', 'cockchafer' are ‘
both [IBP:p] in ASC. RS

¥

Corresponding to combinations of other vocoids +[B] in CSD,
ASC has phonetic diphthongs ending in [ag;](see sectiﬁn
4,4.;_cp. rule (2a)). When such forms are affected by sted, it
normally is on the vocoid in CSD (e.g. ser [Ise~9§] 'sees'),
but in ASC it is always on [p] (ser [!sep?] ) (cp. rule (2b)).
In unstressed syllables, CSD distinguishes between [GE E9 BQB]
(CSD gnister, gnistre,gnistrer [lﬁnisgey IdniS@BO 'éniS@?eB]

‘sparks', 'sparkle', sparkles'), whereas ASC maximally distingu=-

ishes [P ¥D](ASC gnister, gnistre=gnistrer [!dnisdp 13nisdwp]);
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after vowels, ASC has only [D] (CSD tuer, ture, turer ['thu:ay,

lthusse , 'thu:BQB] 'tufts', 'trips', 'gads about' are all pro-
nounced [lqshu:D] in ASC).

(5) Whereas the short /a/ in CSD has three bound variants ([a]
before or after [¥] (e.g. var ['vag] )» [a-] otherwise before
.velars (e.g. lang ['la—g”] 'long'), [a] before dentals, labials
and zero (e.g. ;ggg,igm,gg [llan°, llam® , |@a] 'land', 'lamb!',
‘when')), the vocoids in e.g. lam,lang and var are identical

in ASC ([llam°, |1Q09,1VQ] ); this change has the effect thatb
[a] (but not [p] ) in ASC participates in the quantity opposi-

tion (e.g. ASC lamme,larme [|1ama ,Ila:ma]'paralyse'}gnamanobeq
(cp. paragraph (4) above and rules (4a) and (4b)).

(6) In CSD it is generally assumed that there is an allophonic
variation between short [i] and [e], [y] and [e] , [u] and [o]
before /r/ (cp. Rischel in this report, p. 181); no such over-
lapping is found in ASC, '

Because of these and other phonetic differences between
ASC 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-
tributions 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 most linguists will probably find out-of- day)
superior in any way to generative phonology. On the contrary,
an ordered set of rules will undoubtedly in many cases account
for the llngulstic data in a simpler way than my analysis does,
Above all, this would be true for an over-all description of ASC,

I use a taxonomic procedure mainly in order to facilitate
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 entities clearer than
has sometimes been the case in Danish phonemics,

In this analysis, stress (section 3.) is handled before the
establishment of the prephonemes (sectlon L, ) whereas length
and sted are handled afterwards (section 5.1. ), although both
stress, length and sted will turn out to be accents. The reason
for this procedure is that ‘phonetically vowel length and sted
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
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they are properties (i.e. the prephonemes) have been set upj
stress, on the other hand, is phonetically a property of the
syllable (involving problems of syllable boundary, etc.) and
may therefore be handled apart from length and sted.

2isl% Analytical criteria.

I use Harris' (6) distinction 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‘strlng
of morphophonemes (dlsregardlng free variants in both cases)
E.g. the two words tre 'three' and trz 'wood' are both pro-
nounced ['dsh38'°] “and are thus represented by the same chain
of phonemes (cp. section 1.2., paragraph (3)), but there is
commutation between compounds like trefod ['dsh38|f06°] 'tripod!’
and trafod [ dShH& fod?| 'wooden foot'; i.e. the simplex words
tre and tra, although phonemically identical, are morphophonemi-

In accordance with the taxonomlc procedure used in thls
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 Rischel (this report pp.l77ff) 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 sound can manifest different phonemes in different
phonemic environments (e.g. the sound [&J can manifest either
@ or &, see section 5% T W
~"""The material 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 already 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 Jjustified 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' - but 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 contlnuous
flow of speech. But the problems involved in the phonetlc‘
transcription will not be discussed here. !

The phonetic transcription is, of course, a narrow one;
e.g. the initial aspirated plosives are transcribed [bh dsh ¢h ]
which is phonetlcally more correct than the normal transcrlp-
tions [p 1 kb } The consequence of this transcription is
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that e.g. [@h] must be considered the manifestation of a cluster
of prephonémes /bh/ (see section 4.3.) and not of a single pre-
phoneme /p/ (e.g. in the word pande ['bh&ne] 'pan', [b] is
commutable with e.g. [Q] (kande ['§h@&ne] 'can'), and [h] with
e.g. [1] (blande ['bl&ns) '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 [6] to a bound variant of /a/
(proposed by Uldall (15)) is for the same reason not possible in
the present analysis,

The prephonemes are commutable units established by a clas=-
sificatory procedure starting from minimal sound segments, Mini-"

/~mal sound segments are the smallest parts into which the sound
chain can be divided under the condition that each sound 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 phomnetic
similarity (and pattern congruity), and sounds which occur
in the same (or partially the same) environments but are never
commutable are also identified. 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
establishing a phonemic opposition (e.g. the sounds [0:] and
[Gi] belong to different phonemes although no minimal pair can
be found, see section 4.1.)., Consequently, if I say that two
sounds are 'commutable', this does 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 4.3.). _

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-
neméf.leyc,) are kept distinct throughout the analysis (eege D
Ry 4% /.

' The phonemes are obtained by extracting the 'suprasegmental
phonemes' - i,e., the accents - from the chain of prephonemes,
and then reducing the remainder by means of the mentioned crite-
ria of phomnetic 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 section

6.1,
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30 Stress.

There are two phonemically distinct degrees of stress in
ASC: strong and weak stress. Every word has one syllable with
phonetically primary stress, i.e, phonemically with stress
accent,

Phonetically secondary stress, e.g. in forgdrd [‘fb:lbb-ql
'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
sense)(i.e. phonetically more than one secondary stress), there

is no phonemic difference in stress between these latter syllab-

les (e.g. in slotsforgérd[lslAqslfp;lanoOJ 'forecourt of a
castle'). :

The relevance of strong and weak stress can be shown by /
commutation pairs like forgdrd {‘fp:ign-Q] , forgdr [fD‘éD-”] f AV}
‘perishes', phonemically/ 1for?gor, for?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 oﬁpositions like plastic,plastik
['bhlesdig bhlelsdid].)

Word and syllable are here taken as axiomatic ‘entities.

In this paper stressed syllables are said to have stress
accent, whereas the unstressed syllables have no stress accent,

*) The length of the vowel p is nQVQerEQﬂﬁmic,?nWASQLM, =

I

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

in question, are explained in section 5.1.3.)
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4L, From phonetic transcription to prephonemes.,

4,1, Prevowels,

Five stzd-vodoids appear as isolated words with different
meanings in ASC, and they thus manifest differeht prevowels:
[li.q’ IQ.‘?, l I l

o

@ 'island', & 'small river', ar f'year'. A number of other sted-

2*°?, 0°%, D‘”] i 'in (adverb)', ar 'cicatrice!,

vocoids also occur in isolation but only as names of letters:
['e-‘?, leo‘?’ l |y.9, | I

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

®e*?, u*?, 0'9]; since they are commutable
manifest prevowels., o

Two other sted-vocoids appear in ASC:[G'°] is only found
after F- (££g 'seed', brel '?oar', etc.) (and in foreign words
before -n (obsken'obscene“)); [g-”] is excluded in these posi-
tions, and I therefore regard [@°°] as a bound variant of the
prevowel 0-9;[Eo°] is found only before unstressed [D],e.g. in
the verb udgere 'constitute', and there is commutation between
[¢+?] and [G-ql (but only in quasi-minimal pairs like udkere
[lua|§ho-qp] 'cart out', udgere [lublém-°n] ) I regard [E+%]
as manifesting the prevowel €°*? (the roots in which [€t] - and
in some types of compounds [¢°°] - is found, are listed below
in the present section),

The system of sted-prevowels in ASC is then:

] e 3 y.‘? ! ue?
e o°°? 0*?
8.‘7 (E"? g o.‘?
‘aQQ’ 00‘7 '009

Long vocoids cannot form words by themselves in ASC; but
in other positions they are commutable with sted-vocoids, and
they are therefore manifestations of prevowels (e.g. ['séu:b&
'Séu-VDb]skuret 'scoured (past ptc.)' versus 'the shed'),
The following long vocoids can immediatly be shown to manifest
different prevowels: [i:, e:, €3, @:, a:, yi, 03, us, 03, 93, s ],
Two other long vocoids are found in ASC: [wa only appears
after ¥ - (rgbe 'reveal') and before -n (hone 'hen'); [o:]does
not appear in these positions, and [m:] can therefore be regard=-
ed as a bound variant of the prevowel o:.[m:] is only found be=

fore unstressed [D]; we have no minimal pairs for the opposition
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[0:]:[@:] (but we have for [y:]:[z:] and [y:]:[G:] ), but the

material clearly shows that the gap is accidental:

(1) [—y:n] dyre,fyre,hyre,lyre,myre,nyre,styre,syre,tyre. %

(2) [—g;n] fere,heore,kore,more,plore,skere,slore,ore,

(3) [-E;D] dere,gere,rgre,smere,snere.

The system of long prevowels is then:

& A u:
e: @: ' oz
& E: o B
&3 as k3

(Both the system and the mentioned manifestation rules corres-
pond exactly to those of the stod-prevowels.)

A few short vocoids can form words by themselves. in ASC:
[Ii le (‘AJ] I'you' (plur.),d , (eg 'and') (the last example is
dubious in‘stressed position); these are, therefore, manifesta=-
tions of prevowels., Other short vocoids are commutable with
these and with each other: [e SIy 2 U2 D] and thus manifest pota
‘prevowels,too‘

Two other short vocoids are found in ASC: [@] and [€] .
Except for the position before [-Q°L nevervmore than two of
the four short rounded front vocoids occur (in contrast), as

shown in the following table

-N D -X
- [e]:[c] - [v]:[e] O
X- [o]: [w] [7]:[=] [7]: o] |
where 'N' means 'nasals' (before -7 only [ﬁ] occurs) and 'X'
means 'other phonemes',

I.,e. if the position before[ -291 could be disregarded,
the number of prevowels in the short round fromnt-series could
be reduced to 2, with the following manifestation rules:
y is manifested by [®] in the context ®¥-N (e.g. grxnt[‘éﬂ&n°§]
‘grunt'), by [@] before -Nwhen no ¥ precedes (eege skynde (glg)
['sézna] 'hurry'), by [y] elsewhere (e.g. syd [‘syé] 'south');
¢ is manifested by [€] in the context ¥-N (e.g. gren [lﬁymnq]
'green') and before =1 (without sted) (e.g. smer [rsmﬁp]'butter'),
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by[w] after K- when no N follows (e.g. ryste [“stge] 'shake!')

and before -N when no ¥ precedes (e.g. sken [rSGQH?J 'beautifull), "
and by [0] elsewhere (e.g.kyst [léhosg] 'shore').

(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, der,der

['@ygi .|§¢9°, |§GE°] 'animal', 'dies', 'door', and we thus‘haveA
3 prevowels in this series:y , ¢,E; i.e. the above-mentioned re-
duction is impossible for ASC,

We cannot, however, completely avoid partial overlapping
in this series: ;

y is manifested as [v] (e.g. sya [!sy8]).

¢ is manifested as [@] after - (e.g. ryste [l!mwsdes]),

as [¢] elsewhere (e.g. kyst [léhzs@]).
E is manifested as [m] before =N when no ¥ precedes (e.g. :

»ékaﬁ'[lséanJ), as (& elsewhere (e.g. smer , gren [lsmmp,éyaﬁé])

(cp. section 4.1.1., rule (5)).
Before d , the following short rounded back vocoids are
| o
found: [u 0 2 2] (gud,fodre,bdd,od [ gué,lfoﬁyb,|9069'|A6]

'god‘,'feed','boat','point'). [n] is excluded in this position,
and I therefore regard[A,o,O] as manifesting'respectively D
A, and 9 in the position befored (i.e. the manifestations of
short prevowels before d have thé same quality as the corres-

ponding long prevowels).

The system of short prevowels is then

8B O © K
e R 8 <
g b 0 ¢

Each of the 36 prevowels that have hitherto been set up is
commutable with all the others, with one important exception:
there is no commutation between [p] and [P:]; these are bound
variants ( Dp]appearing only in word final position (e.g. vor
['vp] ‘our') where [D:]is excluded). Consequently there are

only 35 prevowels. [p:]occurs in no position where short pre-
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vowels are excluded, but [D] occurs finally in monosyllabic

words where generally no long prevowels appear (except in one
word far [fa:] ‘father'); it therefore seems preferable to ex-
clude ©: from the long prevowel system and to retain P in the

short one, rather than vice versa,

4,1.,1. Distributional limitations of the prevowels,

There follows a list of the main limitations in the distri-
bution of the 35 prevowels (in stressed position) (in these
rules 'long' means 'long or sted-'), '

I do not pretend that none of the combinations excluded
by the following rules ever occur in actual 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 ébsolute
as they might seem to be : e.g. rule(ld)might cover i as well,
if it were not for the word linje [rlinje] 'line'; and the
pronunciation brynje [‘bBynje] 'coat of mail' can in fact be

heard as a variant of the normal o¢one [‘bywnaa]

qugg) QMut;ig prevowels are not found before [0]. : fg;f;_
(1p) D is not found before [n].
(1¢) i,y,u are not found before [n] or [m]
(14) y is not found before [n] ‘ Arede S
(le)%& u is not found before [n]+¢ontoid. 1/
Q (2a) a,P are not found beforé [Q].
c/(2b) Long prevowels are not found before [Q].
(3a) e,e: are not found after [H]
(3b) & is not found after [B] except before [6] (e o
grzde ['§pm:po] 'cry’
(4a) & is not found before labials and velars except after
[#] (e.g. rem [ ¥2m?] 'strap').
(4v) a is not found before dentals except after [B] (e.ge
rat [ Bad] 'steering wheel' ).
i - = =17 '
S R sl W | S
(6) Sted-prevowels are not found before non-syllabic [5],
(7a) Short prevowels are not found before [ga],
(71) Short prevowels are not found immediately before an

unstressed vocoid or a syllabic contoid.
It should be added that there is never commutation_between

p+?C and PC? (where C is a contoid) (e.g.['s@n-°m] and
a2
Ohe

g1 € o :
J
Ll C-F et g
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['s@nm”] 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

%)

in these syllables are short vocoids, but the rounded front

word no sted-vocoids and no long vocoids occur, The syllabics

vocoids only occur in foreign words (like dynamit [@ynmlmid]
b )

'‘dynamite'). These unstressed short vocoids are identified with

the corresponding stressed ones of the same quality, i.e. mani-
festations of short prevowels,

The syllabic segments of unstressed 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 analysis the short prevowel and the weak precentral
in question will be identified as the same vowel, see section

5.20

L,2., Weak precentrals.,.

In unstressed syllables after the last stressed syllable
in the word the following syllabic vocoids occur in native
words:[i,e,e,b,u] (e.g. in hyppig 'frequent', madding 'bait’',
hyppe 'hoe', hypper 'hoes', vindue 'window'[lhybi, lmeden,
Ihyge, 'hypn, lvenéu] )o (In foreign words also[&,o,a] occur,
e.g. in kvota,cello,centrum ['éhvo:gsh&, l5810, |s€n@3h§am].)

Apart from [e]these vocoids are commutable (except [0] and [o]
which are bound variants, [O] occurring only in open syllables
and [a] only in closed ones). As [e] occurs only before [g]
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 fhe 'weak
precentral-hierarchy' different from those of all the other '

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

Furthermore, five syllabic contoids occur in ASC: [l m
'

n U 5 ] (e«gs in mandel'almond', lampen 'the lamp manden

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

*) Except in a few foreign words of the type maleri [mm'ln 31.9]

palnting



b5

[Imanv;,|1qm§@,Im&n”g,llaﬁp,ihu°95§ ] ). They never have sted.
D?] and [?] are only found after [2] and[§], respectively,
and are in this position in free variation with [?] . [m] and
[0] are therefore considered to be variants of[n]. . :
[.}, n, 9 ] are all commutable with each other and with the
syllabic vocoids [i,s,u’b].
Now a hierarchy of the weak precentrals can be set up as

follows:

~ ;
occurring in unstressed posttonic Lth level: u

syllables in native words

~

never occurring after hj 3rd level: e 7f

occurring after &

< o - '

never occurring in 2nd level: i

< syllables with

4 obligatory sted

never lst level: o D

occurring

in sted-syllables DI ?
¥ ] .

- ~ .

The'definition' of a level applies to all lower levels as
well, Each level is fully specified by the definition of its own
level and the negation of the definition of the level just below
(the neéation is formed by deleting the word 'mever' if it oc-
curs, and by inserting the word 'mever' if it does nof océur);
e.g. the third level is defined as comprising the weak precen-
trals which 'never occur afterh but occur after 8 ', and which
'occur in syllables with obligatory stéd', and this can only be

e (e.g. in maddingen.["m&de@?? ] ' the bait'),

4,3, Preconsonants,

Initially, the following 13 commutable contoids occur:
[ ?,q’géh,m'n,l’ﬂ'j,f,V,S,S ]0
[d ]is only found before Eh] where f@] is not found;

[gs]ana [@] 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 vdicing phonologically relevant. A

Finally, the following ten sted-less commutable contoids
are found:[?,é,a,m,n,g,l,é,f’s] (final [S] is only found in
foreign words). In utterance-final position these contoids are
often aspirated and devoiced. In intervocalic position in' simple,
native words we find the same inventory as in final position.
(Intervocalically [f] occurs as a stilistically conditioned
variant of d, i.e. in rapid colloquial speech,)

Furthefmore, the following five sted-contoids occur in ASC:
[m? n? n.° 19-69] « They are commutable with each other and with
all the sted-less contoids.

By identifying phonetically identical final and initial
contoids we obtain the following eight preconsonants occurring
both initially and finally:d 4@ g m n 1 f s . The follow-
ing five contoids occur only initially: h ¥ j v § (but if
we include the foreign vocabulary, § occurs both initially and
finally). The following seven contoids occur only finally: 7
5 m? n? n? 1? 3% fhére is no possibility of identifying
any of these with h- ¥~ j- v- or §me

4,4, The phonetic diphthongs.

A great number of phoneticdiphthongs occur in ASC, all
ending in [-I, -y,-R ] or [-;9,-99;—991. In one-syllable words
their first component is always a short sted-less vocoid, in
other word types also long vocoids and sted-vocoids occur in
this position. The vocoids occurring as the first componeﬁt of
the qiphthongs can be identified with the corresponding mono-
phthongal manifestations 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 pgrallelism between long prevowels and diphthongs implied
by this énalysis is contradicted by the fact that no long pre-

vowels occur finally in one-syllable words (except in the word

férlfda) whereas sted-less diphthongs do occur here (e.g. in tej
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‘clothes', hav 'sea', smer 'butter' [‘gshm;’lhqg' l'smt‘::'ge‘-_l g
On the contrary, these sted-less forms correspond exactly to

: ; : - *
combinations of short prevowels + certain preconsonants )

/

as in man 'one', til 'to', gud 'god' [Im&n,lgsheLléuaj. /

‘We therefore consider the second components to be manifestations
of preconsonants, i.e, we identify-I with ]J- (belonging to the
preconsonant j),~—u with v-(belonging to the preconsonant v ),-
and - R with H-(belonging to the precomnsonant r). We must then
recognize three further only-final preconsonants, i.e.— j?,-

-v?-r? '(manifested ~as [- I? -y® -p?] ).

4,5, The inventory of prephonemes.,

The inventory of prephbnemes has now been found, viz,

35 prevowels:

12 sted-prevowels:

ic? y.q u"?
e+?: ge? o.‘?‘
a.‘? E.‘? 3.‘7
®ee? Qe ? Pe?

11l long prevowels:

i v us

3 o: 03
g: E: o8
@ as

12 short prevowels:

vy u

N

@
1]
a

ﬁf’)(‘DP.‘»
83 b O

*) I.e. preconsonants which after the reductions in section
5.1 turn out as consonants able to occur immediately after
the vowel in syllables having the sted accent but not the

length accent,
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8 weak precentrals:

PPt & 4ea
U ' '

23 preconsonantss:

Initially and finally 11:

booQsgmn ;1 £ g0 Y

Only initially 2:
h

Only finally lo:
) 3 m? n%? n? 1° 3?2 r° j‘? v?

In total, 66 prephonemes,

5. From prephonemes to phonemes.

Hele mAccents.

- 5.1.,1. The sted accent.,

There is never more than one sted 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 sted is therefore consi-
dered as an accent belonging to the syllable as a whole, This
means that m? n? n? 1% 0% r? j? v? are bound variants of 1,1,

7 1,9, T, j, vV occurring in sted-syllables. (These eight consonants
are the only phonemes found immediately after short prevowels

in syllables having the sted accent, i.e. (after the reduction
made in section 5.1.2.) immediately after the vowel in syllables
having the sted accent but not the length accent (cp. section
bob,).)

Half-long vocoids are now reduced to bound variants of
long vocoids, conditioned by the occurrence in sted-syllables
(v- and v: being in complementary distribution); this analysis
is confirmed by the similarity of the manifestation rules for
sted-prevowels and for long prevowels, But we must then restate
p: as a long vowel, cp. the opposition between » and P: in vor

‘our', var 'spring' ['vp lvp.?].

5.1.2. The length accent,

The systems of long and short vowels now exhibit the same
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numbef of units and the same pattern. We shall briefly discuss
the possibility of reducing the two 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-
Sndd) )

If we were to interpret the long vowels as consisting of
two identical short vowels, each 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 belong 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 @), 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. DBut 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
phonétically the most satisfying description, but length is
then a new phonemic entity which.can be taken in several senses:
(1) as a segmental phoneme /:/ with a number of bound variants,
[#] after /=/ etc. /i/ is then commutable with consonants
and @ (cp. that /:/ can never form a syllable by itself);

(2) as an entity characterizing the vowel, i.e, as 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 an accent, But it
should be noted that a reduction of long vowels to two
identical vowels or to.short vowels Plus h would belong

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

of practical consequence in so far as the phonemic nétation

and the manifestation rules will remain the same;

(3) as an entity characterizing the syllable, i.e. as an accent.
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 sted accent but
unlike all segmental phonemes (the same loss of sted and: length
occurs in connected speech when a syllable loses its stress),

I therefore choose solution (3), i.e. vowel length is accent-

ual.

5.1.3. The accentual system of ASC,

No unstressed syllables can take the length accent.

The only unstressed syllables with obligatory sted are
those with the weak precentrals e and u, whereas those with
the weak precentral i can have facultative sted (esge in

maddingen; vinduet; hyppige [!me8en?n lvengu-?§ 'hyhi-%s or

'hy?ia] ). This sted may be considered purely automatic, i.e.
non-phonemic, according to the following rule: an unstressed
syllable with the weak precentral e or u before an unstressed
syllable with @ 1 n or 3 (i.e. the weak precentrals on the
lst level (section'h:Z.))héve obligatory sted; and an unstres-
sed syllable with the weak precentral i has facultative sted
under the same conditions. Now only stressed syllables can
have phonemic sted, i.e. a steod accentj the sted 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 syilables
with length and/or sted accent).

According to this analysis there are four types of stres-

sed syllables:

long non=-long
2, []mae”?n] /%% men/ . [‘m&n;?] /bmaen/
puad man 'conjure'(imperative) mand 'man'
i [lme:n(e) ]/ imen(e)/ *) ' ['men] /'men /
non-sted
mane ‘'conjure' man 'one'

Cp. the scheme of Ege (L.

A*) The location of the syllable border is not considered here,
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5.2, From weak precentrals to phonemes.

The weak precentrals in native words are } n § 2 pilieu
(section 4.2.); the weak precentrals © i e u are identified
with the vowels D 1 e u, the only difference being the absence
versus presence of the stress accent., o should not be identi-
fied with stressed & or 0 because ® and o occur as weak pre-
centrals commutable with 9 in foreign words; nor should we
identify © with stressed 0 or Q,because the weak precentfal o]
can vary in the whole range [A—D-a J. Is it reasonable to
identify © with one of the other stressed vowels, i.e. Yy,

@, €, or & ? The simplest solution is an identification with
€ which permits us to state the rule that Y. 2, €, i.e. the
vowels of the rounded front series, are never found in un-
stressed syllables in native words,

The remaining weak precentrals } n @ cannot be identified
with any of the other syllabic phonemes, i.e. the vowels; we
shall not identify sYllabic with non-syllabic phonemes, and

% g @ are therefore separate phonemes, i.e., weak centrals.

5,3, The inventory of phonemes,

The resultant phonemes of ASC are:

12 vowels

y‘

i u
e (] 0
' e & o)
& Qa P
3 weak centrals
i
]

-B

s

15 consonants

Both initially and finally 11:
P &4d g mnl £f s » j v
Only initially 2:

h. ¥
Only finally 2:
) o)
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In total, 30 phonemes plus 3 accents: stress, sted and
length.

6, From phenemes to ultimate phonemes.

6.1, Criteria for the reductions,

To reduce the number of phonemes a further operation must
be used, i.e., dissolving one sound into two simultaneous com=-
ponents each manifesting an ultimate phoneme. This presuppo-
ses, of course, that the sound is not commutable with the suc-
cessive manifestation of the two ultimate phonemes,

If we make no complete analysis in distinctive features
(or simultaneous components é la Harris), we are in lack of
safe phonemic criteria telling us where to stop these reduc-
tions. I shall, therefore, make only few of these and only in
cases where it leads to a clear simplification in the phonemic
description of 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 Xxyz can only exist if 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 tel=-
ling us where to stop the reductions of the phoneme inventory,)

First, the criterion of "maximally differentiated allo-
phones" is used; i.e. when particularly distinct pronunciations
are required, e.g., in the presence of noise, some sounds (e.g.
[1 n 6] ) can always be replaced by certain other sounds

z[él.gn gb])(their "maximally differentiated allophones")
which do not otherwise occur together, If the "maximally dif-
ferentiated allophones" are groups of sounds where each sound
is the normal manifestation of an already established phoneme,
a clear simplification of the description as a whole can be
obtained by analyzing the "maximally differentiated allophones"
instead of the sounds in question (see below).

R The reductions.,

(1) 1 n % to €1 en €3, [el on 28] are the "maximally dif-

ferentiated allophones" of [l n @] (only occurring in un-
stressed syllables and manifesting the phonemes : p.@). As
[91 is the normal manifestation of the vowel € in unstressed
syllables, and [1 n d] of the consonants 1 nd, syllabic 1 n 9
are reduced to the ultimate phoneme groups €l é&n & (in un-

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

(2). a: _to ar. Until this reduction is made a is never found
before r, and the word far [!fQ:J 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 var, far [lva ,'fg;] are accounted for as /lva /versus
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/Ifa?/ . Furthermore, oppositions like pak, park [lbhag
|9ha:§] 'mob', 'park' are now /\bhag/versus /!bharg/ etc., so
that we can state the important rule that no long sted-less
vowels occur in monosyllabic words. Thus, in monosyllables

the length accent presupposes the presence of the sted accent,
but not inversely. After the present reduction , a is the

only 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) © to or. P occurs with the length accent in sted syllables
onlyﬂ*%nd after the application of (2) P and D are the only
phonemes which never occur before r, After reduction (3),
vowei phoneme with a peculiar distribution (D) has disappeared,
and another vowel (o) has been given a more normal distribu-
tion; the opposition vor, var [lVD lvp-9] which before (3)
involved both length and sted, is now /!vor/ versus / *vor/,
i.e, it involves only sted.

(4) § to sj., In ASC as a whole, both [§] 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 yithout complicating the distributional

description of s,

6,3, The inventory of ultimate phonemes,

The system of ultimate phonemes in ASC is then:

1ll vowels:

Jy

i u
e %] o]
158 & )
& a

14 consonants:

Both initially and finally 11:

b d g m ,n 1 2 &iydi g

*) Cp. the reductlon at the end of section 4,1,
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Only initially, 1 consonant: h
Only finally, 2 consonants: n o}

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

and sted.

- W W e
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ENGLISH STOPS AFTER INITIAL /s/ *)

Niels Davidsen-~-Nielsen

l. Introduction.

After initial /s/ the English stops presenf difficulties
which are both phonetic and phonemic, With the former it is a
question of the exact articulation and phonetic properties of
these sounds., 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 of view a sound may be included under either of two
phoﬁemes with equal justification, 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/. It is
the object of this paper to examihe whether this preference is

phonetically Jjustified,

2., A perceptory experiment., **)

In order to investigate whether the stops after /s/ are
auditorily closer to /p,t,k/ or /b,d,g/ a perceptory experiment

was carried out,

2,1, The first part of this experiment consisted in letting
native speakers of English identify a number of words which

begin with sp, st, sc but whose initial [s] had been removed,

*) This paper is an abbreviated version of an article in the
special DanisH issue of "English Studies" (to appear in 1969).,

I am indebted to professor E, Fischer-Jergensen for her kind

assistance and many valuable suggestions,
*%) For American English the results' of this experiment are
supported by two previous investigations: Lotz, Abramson,

Gerstman, Ingemann, Nemser (4) and Reeds & Wang (5).




The following words were selected:

L T ILX
spear pier beer
spat pat bat
steam team deem
sty tie ~dye
scold cold gold
score core gore

The words were inserted into sentenées and recorded by four

~ persons (two English and two American) at a tape speed of.
fifteen inches per second, The test words from column I were
then cut out of their environments. In the six words thus
isoléted the initial[s] was removed., By hand, the tape was
moved slowly past the play-back head and was subsequently cut
immediately after the frictioﬁ of [S] had ceased, i.e. during
the first part of the following stope.

The perceptory experiment consisted in letting 32 test
persons'(2h English and 8 American) identify 52 recofdings of
these six truncated words, 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 heard.,

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 II, It turned out that the
words with sp were identified more consistently than the words
with st and sc.This is shown in the following bar chart:
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