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PREFACE

This is the first number of a planned series of annual reports
from the Institute of Phonetics at the University of Copenhagen,

In the future we hope to send out a report each year in February
covering the preceding calendar year, This first report, however,
covers not only the year 1966, but also work done in earlier years
by the staff members,

The Institute of Phonetics did not come into existence as an
independent institute until December 1966, and the Laboratory for
Experimental Phonetics was inaugurated about the same time. The ;
present report thus comprises what may be called the "prehistoric
period" of our Institute.

The reports will contain brief surveys of the courses given
in the preceding year, and longer surveys of the research undertaken,
in so far as it has reached a certain degree of completion. Work
in progress which has not yet given clear results will be mentioned
more briefly. Papers already printed elsewhere will only be men-
tioned in the list of publications, except when they have been pub-
lished in Danish, in which case a short summary is given.

This first report contains a general introduction about the
conditions of phonetic studies at the University of Copenhagen, and
a survey of our instrumentation, In later reports only instruments

purchased or built in the preceding year will be included.

Eli Fischer-Jeorgensen
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I NTRODU C TREQWN

The Conditions of Phonetic Studies
at the University of Copenhagen

- a Historical Sketch,

A, Teaching.

The teaching of phonetics has a long tradition at the University
of Copenhagen. Vilhelm Thomsen lectured on general phonetics from
1881, and Otto Jespersen continued these lectures in 1895. In the
same year Jespersen started lecturing on English phonetics., French
phonetics had been taught already from 1890 by Kristoffer Nyrup, and
in the following decades, primarily due to the influence of Otto
Jespersen, special courses in the phonetics of other languages were
introduced., Thus, for the last 40 - 50 years courses in the phonetics
of the particular languages have been given regularly to all students
of Danish, English, German, and French, and phonetic knowledge has been
required for the exams,

The courses in the phonetics of individual languages included
also an introduction to general phonetics, and from 1905 to 1939 no
separate courses of general phonetics were given. In the year 1939,
however, Louis Hjelmslev started again a separate course in general
phonetics, and from 1943, when a lectureship of phonetics was
established, these courses were given every year, In the beginning
they were attended by a modest number of students, but the number of
participants increased gradually, and now almost all students of
foreign languages (approximately 500 a year) take a course in general
phonetics, normally in their first term, The course comprises 3o
hours in all., The students are divided inhto groups of about 25, and
taught by the staff members of our present institute, ( For students
of Danish the general phonetics is incorporated in the course in
Danish phonetics,)

The course in general phonetics is followed by courses (1-2
terms) in the phonetics of particular languages. These courses are
administered by the various language departments (in continuation of
the older tradition) and not by the Institute of Phonetics, but there
is normally a close cooperation between the teachers of specific
and general phonetics, and several of the teachers have had a training

in general phonetics,
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In addition to the elementary course in general phonetics
intended for all students of foreign languages, special courses
for advanced students have been given since 1943. These courses
were, for instance, attended by those who had chosen a phonetic
subject for their MA thesis. Since 1960 a so-called cand.art.
degree in phonetics was established, The preparation for this
degree is planned to take two years of full time study. Four
candidates have passed this exam up till now, and ten are preparing
for it, - It is now (since January 1967) also possible to take an
MA in phonetics. The study for this degree will take approximately
six years.

The regular courses for the cand.,art,-students now comprise
(i) phonemics (ii) practical training in sound perception and
production, and phonetic transcription, (iii) experimental phone-
tics. PFach of these courses comprises three terms with two hours
weekly. Moreover there is a two-term course in statistics, and
various more occasional supplementary phonetic courses, Moreover
there are seminars for postgraduate and advanced students,

From 1943 to 1953 all instruction in elementary and advanced
phonetics was given by the lecturer in phonetics, From 1953 practi-
cal training lessons for beginners were given by teaching assistants
(paid by the hour). In 1958 these assistants took over all in-
struction for beginners. It was not until 1963 that another perma-
nent post was established., Further posts were obtained in 1965
and 1966, In 1966 a chair of phonetics was founded.,




B, Research Possibilities.

The first vowel synthesizer was built in Copenhagen as early
as 1781 by C.G.Kratzenstein, but it was not until nearly two centuries
later that the University obtained a first grant for phonetic instru-
ments. In the meantime some cxperimental work had been started more
privately. The well-known comparatist Karl Verner made some acoustic

vowel investigations in the eighties of the last century, and at the

same time Georg Forchhammer worked with a phonoscope. - But Otto
Jespersen was not interested in instrumental phonetics (although he
worked for a time with Rousselot), and this was probably the main
reason why the University did not obtain a phonetics laboratory. In
the early thirties of this century Poul Andersen and Svend Smith re-
ceived a grant from the Carlsberg Foundation for a kymograph and a
Meyer-Schneider pitchmeter, and for a short period of time these in-
struments were placed in the University.

In 1933 a "room for phonetic exercises",; later called "phonetic
laboratory", was established at the University under the direction of
professor W. Thalbitzer and from 1939 under the direction of professor
Louis Hjelmslev:, This, however, was not a laboratory for instrumental
research, but simply a small room equipped with a grammophone, a col-
lection of records, and a few booksi( An application for a real phone-
ticslaboratory was sent in by professor Hjelmslev in 1939, and again
in 1940, without any result, In 1956 an Institute of Linghistics and
Phonetics was established with professor Hjelmslev as a director;

The classrooms of the institute were equipped with tape recorders and
grammophones, and there was a special room where 8 students could
listen to records or tapes by means of headphones, - Instrumental
phonetic research had, however, to take place in other institutions., -
In 1943 the Institute of Speech Pathology (which is not part of the
University but belongs under the Ministry of Social Affairs) got

a laboratory of experimental phonetics, This laboratory was established
in close cooperation with professor Hjelmslev, and it was agreed that
it could also be used by the Institute of Linguistics and Phonetics, -
In 1953 the University received a Kay Electric sonagraph from the
Rockefeller Foundation, and this was placed at the Institute of Speech
Pathology, and used by both institutions. Moreover various students

and teachers from the Institute of Linguistics and Phonetics had
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occasion to work at the Dentists'! High School (with palatography and
X-ray), at the Cardiographic Laboratories of the University Hospital
and the Copenhagen District Hospital in Gentofte (particularly with
pressure measurements), and at the Speech Transmission Laboratory in
Stockholm, Eli Fischer-Jgrgensen had also the opportunity to work for
some time in 1952 at the MIT, and Jergen Rischel at the Communication
Sciences Laboratory of the University of Michigan (in 1962), and both
visited the Haskins Laboratory in New York for a short time.

In the long run it was, however, very unpractical that the
University did not have its own laboratory, The difficulties were
augmented by the fact that the laboratory at the Institute of Speech
Pathology, which from 1958 was directed by dr,., Svend Smith, intensified
its own reaearch work, and the space was too limited to be used by two
institutions., In 1958 some rooms in the basement of 13 St. Kannikestre=-
de, where the Institute of Linguistics and Phonetics was housed, became
vacant, and an application was sent in immediately, It took, however,
8 years before the money was granted and the rooms repaired, but in the
meantime we succeeded in getting some money for instruments. In 1961
we bought a mingograph, an intensity meter, and a pitchmeter, and in
the following years some supplementary equipment:s This was placed
provisionally in a small room in the first floor which needed repairing
very badly, and which could only be very insufficiehntly heatedi In
spite of the bad conditions a good deal of instruction and research
took place here during the years 1962-65,

It was thus a very great progress when, at the end of November
1966, we could take six small rooms in the basement in use as a labo-
rai!:ory of experimental phonetics, Shortly afterwards the Institute
of Linguistics and Phonetics was divided into two separate institutes,
an Institute of Linguistics with professor Gunnar Bech as a director,
and an Institute of Phonetics with Eli Fischer-Jeorgensen as a director,
Both institutes are housed in the same building inl3 St. Kannikestrade.
The Institute of Phonetics has now at its disposal: an office, four
studies for teachers, a listening room (which also functions as a
library), and the six laboratory rooms. - It shares two classrooms
with the Institute of Linguistics and the Institute of Danish Dialecto-

logy.

Eli Fischer-Jorgensen




INSTRUMENTAL EQUIPMENT OF THE LABORATORY;

The following is a list of the instruments that were in working

order or near completion by January lst, 1967,

i

3.

Instrumentation for speech analysis;

1 Kay-Electric Sona-Graph.

"Trans Pitchmeter",

1 Intensity Meter (dual channel, with active, variable highpass

and lowpass filters).

Electro Aerometer, design Sv, Smith & B. Frekjar-~Jensen
(dual channel for ingressive and egressive air).

Air-Pressure Manometers, type 5734 High Fidelity Blood Pressure
Transducers, Electro-Physiological Instruments, Ltd., Edin-
burgh (employing RCA pressure tubes), A home-made DC ampli-
fier is used with the manometers,

Segmentator, model IPO (Eindhoven),

Palatoscope with complete outfit for palatography.

Meyer-Schneider pitchmeter,

Instrumentation for speech synthesis.,

1 Provisional Vowel Synthesizer (see this report p. 15 ).

1 Larynx Spectrum Generator.

Filters,

1 LC Highpass Filter (with stepwise variation of cutoff freguency).
1l Active RC Lowpass Filter,
1 Heterodyne Bandpass Filter (see this report p. 13 ).

Instrumentation for visual recording.,

1 Elema Mingograph 42 (4 channels).
1 Oscilloscope, Solartron type CD 1400 (dual beam).
1 Oscilloscope, Telequipment (single beam).

1 Kymograph (with electro-motor).
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Tape Recorders,

2 Lyrec Professional Recorders (mono, speeds 71/2" and 15").,

3 Revox Semi-Professional Recorders (stereo, speeds for one of
the recorders 33/h" and 71/2", for the others 71/2" and 15"),

7 Tape-Recorders for general practice work (Eltra, Tandberg,
Philips).

Gramophones.,

1 Gramophone, Delphon (mono, Ortofon pick-up).
1 Gremophone, B&0 (mono, Ortofon pick-up).
3 Gramophones, HMV (Ortofon pick-ups).

Microphones,

1 Neuman Microphone KM 56,
1 Sennheiser Dynamic Microphone MD 21,
4 Crystal Microphones of various brands,

1 Altec Microphone,

Amplifiers,

1 Laboratory Amplifier (mono/stereo, with matching for different
impedances).
1 Telefunken Microphone Pre-Amplifier,

4 Headphone Amplifiers for use with gramophones,

General-purpose electronic instrumentation,

Oscillator, Hewlett & Packard type CD 200,

Function Generator, Wavetec VGC III (0,003 c/s - 1 Mc/s).
Frequency Counter, Rochar type A 1360 CH (5 digits).
Briiel & Kjaer Vacuum-Tube Voltmeter type 2409.

Heathkit Vacuum-Tube Voltmeter type V=7A,

Universal Meter, Philips type P 817,

Resistance Decades, Danbridge.

Condenser Decade, Danbridge.

W F WHEKMRPBR @B B

ly).,

(Additional oscillators, rectifiers, etc., for special purposes.)

Stabilized Rectifiers (0—20 V, 5-30 V, and 150-300 V, respective-
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Outfit for photography,.

1 Minolta Camera SR-1 (with various accessories),
1 Complete outfit for Teproduction (including 1 Liesegang
UNI-RAX with frame).

Projectors,

1 Liesegang Epidiascope.
1 Leitz Projector for slides,
1 16 m/m Tone Film Projector, Bell & Howell "Filmsound 64k",

2 Overhead Projectors with accessories,




LECTURES AND COURSES IN 1966.

Loy Elementary phonetics courses.

One-semester courses (two hours a week) in elementary pho-
netics (intended for all students of foreign languages) were given
by Berge Frekjzr-Jensen; Hans Peter Jeorgensen, Jergen Rischel, W.W.
Schuhmacher, and Oluf M| Thorsen!. There were 4 parallel classes in
the spring semester and 15 in the autumn semester (ca. 500 students
5 &t all).

2. Practical training in sound perception and transcription.

Courses were given through 1966 (two hours a week) by Eli

Fischer-Jergensen (the courses form a cycle of three semesters).

6ir Instrumental Phonetics.

The courses form a cycle of three semesters with two hours
a week,
l. Spring semester: Methods for the investigation of intensity
and fundamental frequency.
2. Autumn semester:(a) Physiological methods. (b) General

introduction and spectrography.

The courses 1 and 2 a were given by Eli Fischer-Jorgensen
in cooperation with Begrge Frekjzr-Jensen, 2 b was given by Eli

Fischer-Jgrgensen.,

e Phonemics.

A course in phonemic theory (two hours a week, continued
from the preceding semester) was given in the spring semester, and
a more practically oriented course in phonemic analysis (also two
hours a week) was given in the autumn semester. Both courses were

taught by Eli Fischer-Jeorgensen and Jergen Rischel in cooperation.
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5 Seminars.,
The following seminars were held in the spring semester:

a. Jargen Rischel demonstrated a provisional device for vowel
synthesis,

b Docent Sven Ohman (Stockholm) reported on recent research
‘on the parameters of vowels,
The following were held in the autumn semester:

Cly W. W, Schuhmacher reported on the neuro-physiological
theory of vocal cord vibration,

d. Dr, V. Ondralkovd (Prague) reported on her research with
a glottograph of the type designed by Fabre,

e, Professor Roman Jakobson discussed the problems of a
distinctive feature analysis of Danish,

6.4 Staff-classes with guests participating,.

=1 Docent Sven Ohman reported on his electro-myographic
measurements on lip-muscles,

b,

Beorge Frekjer-Jensen and Jergen Rischel demonstrated some
newly constructed equipment (respiration corset, vowel
synthesizer),

Professor, Dr, Eva Sivertsen (Trondheim) and Professor,

Dr. Svend Smith (Hamburg) participated,
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THE RESPIRATION CORSET.

Berge Frekjesr-Jensen

In the days of the kymograph the respiratory movements were
recorded by means of a pneumograph, This apparatus consists of a
rubber belt containing air, During the respiratory movements of
the chest or stomach the air in the belt was compressed and the
pressure wave was conducted through a rubber tube to a kymographic
recording device,

The apparatus has also been employed for investigations of
the activity of the chest and stomach during speech,

We have under work a more up~-to-date version of this instru=-
ment., Two coils,which function as primary and secondary coils of a
transformer, are mounted on a springy belt placed around the chest
of the subject in such a way that the distance between the coils
varies with the circumference of the chest. A 10 kc¢/s transistorized
oscillator supplies an ac-voltage to the primary coil., The secondary
coil picks up the oscillations, the amplitude of which is proportional
to the square of the distance between the coils, This voltage from
the secondary coil is amplified in a three-stage transistorized
amplifier with negative feed-back, which is made logarithmic by
means of two silicon diodes in the feed-back loop., In this way it

is possible to get an amplification, where the output voltage
— © \ I
Voutput = & * VY Viapus

in the desired range (11 cm variation of the distance between the
coils). After the logarithmic amplification the 10 kc/s signal
is rectified, and the output consists of a voltage, which is propor-

tional to the circumference expansion of the subject's chest,

If we want to record the respiration movements of both the
chest and the stomach it is necessary to use a system with two
channels, In order to avoid interference between the coils of the
two channels we employ different carrier frequencies for the two
systems and employ tuned amplifiers. Frequencies such as 9 kc/s
and 12 kc/s are suitable for this purpose, A block diagram of the
whole system is shown in Fig,., 1. The circuit diagram for each

amplifier is shown in Fig, 2,
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A visual recording device such as the mingograph or the
oscilloscope may be coupled directly to the logarithmic amplifier,
If we want to record the respiratory movements on a device which con-
sumes effect, we can take the output signal through a specially con-
structed dc-amplifier, This transistorized amplifier gives a current
amplification of 40 dB, and a voltage amplification of about 2 dB,
depending on the input impedance of the recorder, (An example of such
a recorder is the Siemens "Oscillomat", which has 16 channels., This
instrument writes on UV-sensitive paper with light beams whose move-
ments are controlled by small galvanometers with frequency responses
up to 15 kc/s).

The instrument is under work. The electronic part has been
finished, but some work still needs to be done at the belt in order to

find the best way to fix the coils,

|
Oscillator Log. amplifierip..ti- dc-
fier - e N
9 kc/s tuned to 9 kc/ amplifier
i
1 1
Mingograph Oscillomat
2 2
A N
Oscillator Log. amplifier|gecti-| | de-
fier [ it
12 kc/s tuned to 12 kc/ amplifier
25 volts 20 volts +7. «Z.volts

PAS T A /N

Stabilized

Voltage supply

220V ac—r

Flg. i

Block diagram of the two~-channel Respiration Corset.
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HETERODYNE FILTER,

Jergen Rischel

A versatile bandpass filter has been in preparation for one and
a half year, It functions according to the heterodyne principle, which
has been utilized for this purpose by Fant (1), i.e. the entire audio
signal is transposed (by successive modulations) to two different high
frequency bands, and the highpass and lowpass filtering is carried out
by filters operating at fixed frequencies adjacent to these frequency
bands, This method makes it possible to obtain a sharp filtering with
continuously variable cutoff frequencies, since the exact location of
the high frequency bands relatively to the filters can be varied by
changing the carrier frequencies of the modulators (i.e. by tuning two
oscillators).

A problem with this kind of filter is that it is expensive anua
difficult to build. However, most of the ingredients are circuits in
general use in carrier telephony. It seems, therefore, an attractive
solution to try to compose a filter almost entirely of commercially
available equipment of this kind, ©Systems for carrier telephony include
2 number of sharp filters serving under normal circumstances to separate
different telephone "channels" (or groups of channels) occupying the same
line and differing only in frequency. By using one such channel and
tining the carrier oscillators off their proper frequencies one can
r=duce the transmitted frequency band by highpass or lowpass filtering,
de hawve been - and still are - experimenting with this kind of solution.

In 1965 the Danish Post and Telegraph Department generously
deposited with us some equipment manufactured by Siemens & Halske Ltd,
(a11 transistorized) for our experiments along this line, In principle
the setup came to work well, but the inherent bandwidth limitation of
the carrier telephony system (transmitting only the frequency band
300-3400 c¢/s), which was difficult to do away with, obviously makes it
inadequate for several purposes, In December 1666, however, the said
‘mstitution lent to us a moculator (also manufactured by Siemens &
‘lalske) designed for transmission of the entire speech range (50-10,000
c/s), and this is now being incorporated into the setup. It is our in-
tention that the filter shall - in its ultimate form - allow us to filter

out any portion in the frequency range 50-1G,000 c/s.

References:

(1) G. Fant, The Heterodyne Filter (Stockholm, 1952).
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INSTRUMENTATION FOR VOWEL SYNTHESIS.

Jorgen Rischel

I. Preparatory work.

General presentation:

A vowel synthesizer employing a heterodyne system was built
by this author in 1965-66. The apparatus grew out of somewhat random
experiments as a device for demonstrating synthetic vowels, and it

will not form part of our permanent instrumentation for research
purposes. Iowever, the experience gained from the experimentation
will be utilized in the planning of a more advanced synthesizer.
In this report, therefore, I shall present the essential features
of the apparatus, and the particular problems that have been conx=
sidered in connection with the heterodyne technique employed.

The synthesizer is a rather compact unit comprising five for-
mant generating circuits plus a bass-boost network. A voice genera-
tor is connected externally.

In making this provisional setup I strived to obtain an
optimum of versatility and simplicity of operation in the synthesis
of steady<state vowel sounds,

(a)As for versatility it was considered desirable to be able

to control the frequency, bandwidth and intensity level of each for-
mant separately. Various arguments can be given in favour of this.
In phonetics teaching it is obviously useful that it can be demon-
strated how the individual formants (taken as peaks of energy in the
spectrum) contribute to make up the phonetic quality of the sound,
and it is also useful in connection with auditory tests to provide
for the possibility of manipulating the formant levels or of chan-
ging the number of formants (e.g. to perform one-formant or two-
formant synthesis). In principle this is possible with the present
device (although the faithfulness of sound production may not be
entirely adequate). Formant frequencies are continuously variable
over a calibrated range representative of adult (male) voices. For-
mant bandwidths are continuously variable over a (roughly) cali-
brated range of some 50 to 150 c/s (different for the different
formants). Formant levels are continuously variable over a cali-
brated range of O to -60 dB and can further be turned down to zero

Ohooﬂmg"),The correct setting of formant levels presupposes, of course,
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a knowledge of the spectrum characteristics of the wvoice source
employed. On the other hand, variations in formant levels can in
principle be used to imitate particular voice characteristics,
Variations of bandwidths and levels also make it possible to imitéte
nasalized vowels and some frictionless consomants with a certain degree
of realism without the aid of additional circuitry (see below on
"F 5 n) .

The above considerations imply. that the speech-wave is
generated by adding the contributions from the individual formant
generators, i.e, the electronic formant filters are connected in
parallel, not in a series (cascaded) arrangement.*)

(b) Simplicity of operation is in a sense the opposite of

versatility. A synthesizer with parallel connection of formant filters
does not have the limitations imposed on human speech by the vocal
tract anatomy, and thus a large amount of information on different
parameters (16 in our setup) is necessary for correct simulation of

a given vowel sound. A cascaded arrangement of formant filters re-
produces more directly the transfer characteristics of the human vocal
tract and is likely to be superior in high quality speech simulation,
cp. the instructive comparison of the two types by Cooper (1). The
relative merits of parallel and cascade synthesis of connected speech
are still debated, see Flanagan (2).

If the necessary information is present, however, our present
synthesizer is easy to operate., Although it was designed for steady=-
state synthesis only, it was considered essential that each formant
be contiﬁuously variable over its whole frequency range, and that
its true frequency location be directly visible on the scale. This
is not generally true of simple vowel synthesizers., A frequency varia=-
tion is most easily achieved by a stepwise variation (by means of
switches) of the capacitors in each resonant circuit, and this is pro=-
bably the method that is mostly used for the restricted purpose of vowel
synthesis. However, it is a drawback of decade switches that the whole
formant range cannot be shown in a sweep, and it is a more serious
*) It must be added here that the heterodyne technique employed in
our experiments dictates the use of a parallel connection of formant
filters, It cannot be used with a series arrangement, even though

such an arrangement might be preferred for several purposes,
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drawback that the scales must be calibrated in capacitance wvalues
(microfarads, nanofarads, etc.) rather than cycles per second,; so
that the frequency location of a formant cannot be determined (if
only approximately) without the use of additional measuring appa=~
ratus or of detailed nomograms showing the capacitance/frequency

relaticnships.

In our synthesizer the formant frequency variation is at
present achieved by means of variable capacitors. The range of
variation with these is sufficient only at relatively high frequen-
cies. This has been accounted for by heterodyning the entire signal
from the voice source with a sine wave of fixed frequency, thus
moving it to a suitable high frequency range, within which the for-
mant filters (resonant LC-circuits) are tuned, and modulating back

afterwards to the original low frequency location.

The heterodyne method was adopted not only witihh the pur-
pose of using variable capacitors but also because it seems poten-

tially applicable to synthesis of connected speech, if adequate

means for capacitance variation be found. Experiments with BA 1lo2
capacitance diodes (controlled by a negative DC-voltage to give a
varying capacitance)inserted in one of the formant circuits of the
present device gave a promising result, indicating that formant
frequency variation can be accomplished in an extremely simple
fashion by applying a DC control voltage directly to the resonant
circuits. Admittedly, this simplicity of formant frequency control
is obtained at the expense of a fairly elaborate system of modula-
tors and filters in the synthesizer. It should be added also that
the variation of formant frequency with DC voltage will not be linear,
We are going to investigate intc this problem.

An interesting property of heterodyne synthesizers is that
a resonant frequency can be changed not only by changing the compo-
nent values of the resonant circuit but also by changing the fre-
quency of the sine wave from the carrier oscillator. A possibility
which is at least theoretically interesting is to use separate hete-
rodyne systems for the several formants. Each formant filter could
then be kept at a fixed resonant frequency, and the formant frequency

variation would be achieved by changing the frequency of the carrier
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belonging to that particular formant generator., However, this method
would probably be more complicated than others in current use,

The heterodyne approaches discussed here are essentially
different from that described by Lawrence as early as 1953 (3). In
his parametric artificial talker a formant-like wave train (i.e.

a decaying sine wave recurring at a rate corresponding to the funda-
mental frequency) is generated at a fixed frequency and distributed
to the proper frequency locations of the individual formants by
simultaneous heterodyning processes, The synthesizer described

by Pohlink et al, (6) is more similar in type. However, they apply
the signal directly to the formant filters and only modulate after-

wards (Fo being synchronized by the carrier),

Technical outline of the heterodyne synthesizer:

A block diagram of our provisional synthesizer is shown in
Fige 1. The signal is applied to a double~balanced modulator
which delivers an output consisting of two sidebands located around

%3

(15 to 20 kc/s) is used for the transmission of the signal, Via a

a suppressed carrier frequency of 15 kc/s. The upper sideband
step~down transformer the output from the modulator is applied to

the formant filters, which are series resonant LC-circuits of high

Qe The formant filters of odd number are fed from one transformer
coil, those of even number are fed from another with phase reversal,
Thus a combined response without zeroes at the cross-over frequencies
(i.e, without antiformants between the formants) is obtained (cf.
Weibel (4)). The "standard reference vowel" response of the whole
system is shown in Fig, 2, (The comparison of envelopes obtained
with parallel synthesis and with series synthesis given in Flanagan

(5) presents a radically different picture for parallel synthesis

%)

difficulty in obtaining narrow bandwidths of variable resonant

This frequency appeared to be a reasonable compromise between the

circuits at high frequencies, and the difficulty in obtaining the
high impedance necessary for the application of variable capacitors

or capacitance diodes at low frequencies,
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because obviously no phase inversion was used. )

"F5" covers the entire frequency range (in steps) and
can be connected in phase with either the odd or the even formants.
It can thus be used to simulate nasality or the like, if placed at
a low frequency,

The combined output from the formant generating network
is high-pass filtered at 15 kc/s (to remove remnants of the lower
sideband and possible distortion products) and demodulated in a
second double-balanced modulator, The low-frequency output is
low-pass filtered at 7 kc/s and mixed with the (phase-correct) out-
put from a low frequency boost channel (consisting of an LRC low-
pass filter followed by a variable gain amplifier), which takes the
signal directly from the input. (By this procedure the effect of
nonlinearity originating from imperfect filtering in connection with
the single-sideband modulation is reduced, and correct low-frequency
response is obtained,)

Attempts to produce vowels of well-defined phonetic quality
with the synthesizer have been reasonably successful considering
the fact that we have not had a really adequate signal source at our
disposal. This will be provided for in the nearest future,

~<

Although the accuracy of the carrier oscié;lator is of
course crucial, the synthesizer is reasonably stabié in operation,
Noise is kept at a low level, even though no particular care has
been taken in the layout, The high signal-to-noise ratio easily
obtainable with this type of synthesizer may be a feature worthy of
notice,

When the provisional synthesizer was first constructed,
economy had to be a governing factor in a pilot study of this kind,
and low-cost components were accomodated wherever possible. Lately,
various improvements especially of the modulating system have been

incorporated,

2, Plans for future work,

In October 1966 the Institute received a grant from the
Danish Technical Research Committee as a financial support of our
acquisition of instrumentation for synthesis and filtering of speech.,
We are at present purchasing various measuring instruments, and in

the near future we shall investigate into the principles to be fol-
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lowed in the final choice (design or purchase) of a parametric

(formant coded) synthesizer,
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PRELIMINARY EXPERIMENTS WITH THE FABRE GLOTTOGRAPH,

Eli Fischer-Jergensen, Borge Frekjer-Jensen, and Jorgen Rischel

In November 1966 we had the opportunity to work with F., Fabre's
glottograph for a week thanks to a visit by Dr., J,., Ondrdlkovd, super-
visor of the Phonetics Laboratory of the Academy in Prague.

Dr. Ondrddkovd gave a lecture on her work with the glottograph,
and brought with her the instrument belonging to the laboratory in
Prague, which we were allowed to keep for a few days after her
departure,

The Fabre Glottograph measures the electrical resistance in
the larynx, and can, in principl®, be used to record either the
vibratory movements of the vocal cords during the production of
voiced sounds, or the slower variations observable in sequences of
sounds .,

As we had at that time no means of photographing the vibrations
from the oscilloscope screen, we concentrated on experiments with
slower movements, i.e, the gross variations in level of the curve
in consonants and vowels, which could be recorded directly from the
glottograph on the mingograph.

The plates of the glottograph in question were 3 cm high and
1 cm broad (effective area about 2 cmz). They were in most of the
experiments mentioned here below placed according to the directions
of Dr. Ondréddkovd on either side of the throat, so that they reached
somewhat above and below the glottis. The curves were recorded at a
paper speed of 100 mm/sec., They were, in various instances, com-
bined with simultanceous recordings of air flow (Electro Aerometer)
and recordings of intra-oral pressure (Manometer).

The Fabre Glottograph has appeared in several slightly different
designs (1),(2),(3) based on the same principles. The main problem
in designing this apparatus is to obtain a stable zero-line., Firstly,
it is very difficult to keep the contact resistance between the
glottograph plates and the skin constant. Variations in contact
resistance are mainly caused by ultra-slow variations in skin
humidity, and it is hardly possible to overcome this problem.
Secondly, we observed that the zero potential varied due to proper-
ties of the electronic part of the instrument; it should be possible

to remove these fluctuations rather easily.,
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The glottograph we tried operated in the following way:

A high frequency alternating voltage is applied between the con-
tact plates, which are connected to the input terminals of an amplifier
in such a way that an increase in current from one plate to the other
reduces the signal., After amplification the high frequency signal
(modulated by the variations in plate-to-plate current through the
throat) is detected, and via a high-pass filter with a very large time
constant (4 sec.)* the output is recorded on the mingograph., The re-
sulting curve is considered to indicate the degree of electrical re-
sistance in the glottis.

The instrument has the great advantage of being without any
inconvenience for the speaker, as he is not able to feel the weak
alternating current passing his throat. It is, however, a problem
whether the glottograph, in its present form, gives a reliable record
of the degree of opening in the glottis, or whether other factors in-
tervene to cbscure the picture, Such factors could, e.g., be voice
modulated variations in the electrical contact to the skin, the gross
movements of the larynx, the conditions of the pharyngeal cavity (in-
ternal circumference and humidity), and contraction of the muscles

above and around the larynx,

2

2,1, A good many of the phenomena observed can easily be interpreted
as conditioned by the degree of opening of the glottis,
This is true of the curves of Danish consonants. The Danish

consonants p t k b d g f s h v were recorded initially in a syllable

in small sentences of the type: "det er falle, det er palle" etc.
[de: 'falo de: 'palg]'it is Falle, it is Palle'). These sentences

(except those with k and g) were <poken 6 times each by JR and all

were spoken 8 times by OT. - It was very clear that £ s p t k showed
*) For recordings of vocal fold vibrations the apparatus was pro-

vided with an AC amplifier (including a high-pass filter with a time
constant of 25 msec., which would give a more stable zero-line). For
recordings of slower movements a separate channel had been incorporated
2t *the Speech Transmission Laboratory in Stockholm (3). Because of
insufficient information about the instrument we have not tried the

original channel (with short time constant).
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a higher rise of the curve (possibly due to higher resistance) than
bdg (cp. Figs. 1, 2, and 3), but all of the just-mentioned consonants
have a higher curve (i.e. electrical resistance) than the surrounding
vowels; h is relatively high in OT's curves, lower in JR's, Danish
fs are voiceless and spoken with open glottis, ptk are aspirated, and
it has been found by endoscopic examination that the glottis opens
widely during the closure of P and closes slowly during the sspiration.,
The glottogram also shows a rise ~ fall with a turning point at the
moment of explosion., Danish bdg are also voiceless, but endoscopic
investigations have shown that b is spoken with closed or almost
closed glottis, - h is characterized by a strong air stream and there
is a good agreement with the air flow curves, but, particularly for

h and v, not with the curves of intra-oral pressure (see Figs. 1 and
2).

242 Similar short sentences with stops only were spoken by three
French subjects (SRO, P, and CHH). Endoscopic examination has shown
SRO to have a slightly open glottis in p. She has less difference
between ptk and Egg than the Danish subjects, For the other two no

endoscopic examination could be made, CHH is bilingual and has

also spoken the Danish sentences (with aspirated ptk). Her Danish
labials are relatively low compared to those of the Danish subjects,
but the dentals and velars are higher, The unaspirated French p and

t are lower than the Danish sounds, but this is not true of k.

2.3. Three Danish subjects have spoken the syllables a?a and aha
a number of times, The curves show a fall for ? and a rise for_B: -
A few words with "sted" (phonetically creaky voice) show a drop for
the steod. The curve rises between words and sentences to a high

position of rest,

2k, A Gujrati speaker (RD) has spoken a series of normal and
breathy vowels, The latter show slightly higher glottograms and
stronger air flow than the normal vowels. This is what might be

expected,

Vo Finally a German subject (WS) has spoken a series of words
with different German vowels. For the front unrounded vowels the
lax vowel [1] shows more resistance (and stronger air stream) than
@:l[eﬂ, and [g:],which is in agreement with E.A, Meyer's theory

that the glottis should close less firmly in lax vowels. For the

rounded vowels, however, the relations do not hold,
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All this can be explained by assuming that the curve re-

flects the degree of opening of the glottise.

bi A series of other differences observed in the curves can,; how-

- ©

ever, not be explained in this way.

3.1, All the French subjects show higher resistance for velars

than for dentals and labials, The same is true for CHH's Danish
curves, but a similar difference is not found for the Danish subject
0T, This difference can hardly be due to differences in the open-
ing of the glottis, but may perhaps be explained by movements of

the whole larynx. The larynx is moved upwards when the tongue is
raised to the top of the palate as in k and g, and this seems to

influence the glottogram,

3.2, Very strongly voiced b,d,g spoken by three different Danish
subjects show a definite rise in the curve of the stop. In these
cases one should rather expect the larynx to go down (and this can
also be directly observed). It is not very probable that both a rise
and a fall in the position of the larynx should cause the glottogram
to go up. ~ In the case of the strongly voiced bdg there is also

a distention of the pharynx, which might influence the glottogram,

FetBiu Various persons (0T, JR, EFJ, WS, RD) have spoken series of
ifferent vowels or series of words with different vowels. There

is a clear tendency for narrower vowels to have the glottograms at

a higher level. This is particularly true of u and y. - It is

rather dubious whether this could be due to differences in the glot-
tis, particularly as the differences in the glottograms are very pro-
nounced. One might rather think of differences in the parynx. Here
again, as in the voiced bdg a certain distention of the pharynx in
the narrow vowels may play a role,

The role of the pharynx can be made probable by the obsexr.-
vation that ir the upper part of the plates is covered with isolating
tape, so that only the part situated below theglottis is accessible
to transverse current, the rise in voiced bdg does not take place
(tried on JR) whereas this rise is very pronounced when only the
higher part of the plates is used., The difference between the

vowels is also less clear when only the lower part of the plates

3.4, Most of the persons used in the experiments pronounced the

1

short sentences cn a rather le el tone, but with a slight rise on
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the syllable with a (de: 'pal® ). On the glottogram a is in almost
all cases lower than e (which may be due to the vowel quality, or

to tone, or to intensity): But one subject (P) has spoken the sen-
tences once with falling and once with rising intonation, and one
more Danish subject (BST) has spoken the French sentences with fall-
ing tone, In the sentences with falling intonation, there is a
very strong rise of the whole curve, whereas there is a strong fall
in the curves with rising tones If this has anything to do with
raising or lowering of the larynx, it would show (as in the strongly
voiced Eﬂﬂ) that the glottogram goes up when the larynx goes down,
since persons not trained in singing generally tend to raise their
larynx when the pitch is raised, In the sentences with rising
intonation spoken by P, the whole glottogram goes down, but the

stops (and particularly k and g) show a very pronounced rise,

This type of glottograms thus raises a long series of
questions. Probably various factors influence the glottograms
at the same time. For the purpose of measuring these changes it
would be more appropriate to use smaller electrodes placed at well-

defined places,

It is now our intention to build a glottograph according to
the principles used by Ohala (4) and others (5), (6) (i.e. measuring
the amount of light passing through the glottis) and to attempt to
throw light on some of the problems mentioned above.by comparing

the two types of glcttograms,
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PHONETIC ANALYSIS OF DANISH STOP CONSONANTS.

Eli Fischer-Jeorgensen

In the beginning of the fifties the author started an
analysis of Danish stop consonants. Some of the preliminary
results of the acoustic analysis were summarized in an article
in 195%4.(1). In the following years the study was concentrated on
the difference between the two stop series ptk and bdg, which
was examined from articulatory, acoustic and auditory points of
viewi Material from other languages as well was included for
comparison. - In 1958 a rather extensive bulk of material had
been collected, and I had planned to work all this material
together in a monograph on the fortis-lenis problem with special
reference to Danish. This plan was, however, interrupted for
several years due to illness, and some of the methods and results
are now more or less out of date., - It is my intention now to
take up single aspects of this problem in a series of shorter
reports and articles. For the moment I only want to give a very
brief summary of the main results of the earlier investigations.

In Danish the two series of stops'gﬁg and.ng are dis-
tinguished only under very restricted conditions. The exact
definition of these conditions raises various problems, but in
a brief formula (which presupposes the delimitation of struc-
tural syllables) it can be stated that they are only distinguished

initially in a syllable. In this position ptk are aspirated (and

_E is affricated), bdg unaspirated, and both series are voiceless.
Finally before a ﬁgg;e aspiration is optional and non-distinctive,
and the stops are normally voiceless, at any rate at the end.
When occurring medially they are unaspirated, and voicing depends
on the preceding sound. After voiced sounds they are often fully
(but gemerally not very strongly) voiced, the extension and degree
depending on the tempo of speech and on individual factors,
According to the most common phonemic interpretation the dental
and labial stops in medial and final positions are considered as
members of the phonemes /t/ and /k/, whereas the fricatives
[6]and[j],which do not occur initially are considered as mani=-

festations of /d/ and /g/. -- We are here mainly concerned with
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the stops in initial position.

In articulatory terms the difference between ptk and bdg
can be characterized as follows: ptk seem to be produ;gg with-—_
wide open glottis during both closure and aspiration, whereas
bdg are produced with a closed or only slightly open glottis
(this assertion is based on preliminary endoscopic investigations).
The intra-oral air pressure during the closure is slightly higher
for ptk than for bdg, but the difference is only about 4-8 per
cent, and most of this difference is due to a certain rise of the
air pressure during the closure of ptkj but the air stream from
the mouth after the explosion (measured by means of an aerometer)
is clearly stronger in EEE than in ng. - The 1lip pressure on the
other hand (measured by means of a rubber bulb) is generally higher
for b than for p, and the tongue pressure seems higher for d than
for t; the subjective sensation of organic pressure is in égreement
with these findings. The duration of the closure is longer in bdg
than in ptk, the difference being slight, but significant. It is
particularly clear for E compared to 3, f having a shorter closure
and a longer aspiration than p and 5.

As for the acoustic intensity it is quite clear that the
aspiration and affrication noise of 225 is stronger than the slight
aspiration that may be found in ng, but no clear difference has
been found between the intensity of the explosions, which on the
whole have a wide range of wvariation. It is, however, evident
that t has a weak and short explosion (weaker than that of d)
followed by a strong fricative phase, which is clearly disf;nguish-
able from the explosion by the frequency of the noise. - Formant
transitions to a following vowel are longer after bdg than after
Pptk. This may simply be due to the fact that most of the trans-

ition after ptk takes place during the aspiration.

Thus in regard %o duration of closure and intensity of
organic pressure 925 seem to behave like fortes compared to ptk,
but in regard to duration of the open phase, speed of air st;zZﬁ
and intensity of aspiration noise ptk are stronger than bdg. Only
if aspiration is considered as part of the fortis-lenis opposition,

not as a separate opposition, can ptk be considered as fortes in

Danish,

From the auditory point of view the decisive difference
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between 235 and Egg lies in the aspiration. Tape cutting and
splicing experiments have shown that an exchange of the explosion
phases of p/b t/d k/g has no effect on the perception, and that

a pause between explosion and vowel is not sufficient for the
perception of 225, there must be aspiration noise present.

Tests with identification of foreign stop consonarts in
meaningsless monosyllables cut out of words show that Danish
listeners normally identify unaspirated voieeless stops (in Dutch,
French, Hindi) as bdg, whereas voiced aspirated stops (Hindi) are
normally identifiég_;s_gigf ~

In later reports and articles a number of these points will

be treated in more detail with documentation and references.
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THE DANISH LONG VOWELSY

Borge Frokjer-Jensen

This paper presents part of an analysis of the Danish long
vowels in stressed position which was made in 1959/60. The paper
summarizes an earlier article in Danish (l).

The investigation took place at the phonetics laboratory
of Dr. Svend Smith at the Institute of Speech Disorders in Hellerup,
where the Sona-Graph of the Institute of Linguistics and Phonetics
was placed at that time.

25 subjects were recorded: lo male speakers, 9 female
speakers, and 6 children. In order to avoid mispronunciations, all
the recordings were played back twice to the speakers, after which
I also carefully have controlled the recordings myself. Because of
the small number of subjects it was considered important to choose
speakers without speech defects and with a pronunciation which by

most Danish speakers would be estimated as correct and good Danish,

The linguistic material:

The following long vowel phonemes occur in Danish: /i:/ -
/e = [g:/ = [as/ = [fyi/ - [o:/ - [/@:/ = fai/ - [o:/ - [o:/. AL
these phonemes were analysed in stressed position in the most
common Danish word type, the bisyllabic structure: 'CV-Cg. It was
considered preferable to use words beginning with /h/ in order to
avoid influence in the beginning of the vowel from the preceeding
consonant or word. Thus all the vowels occur under the same test
conditions, i. e. /h/ + long stressed vowel + unstressed syllable
with 9. Unfortunately it is not possible to find a series of words
with commutation between all the Danish long vowel phonemes.

The vowel.[a;] which is a combinatory wvariant of the /a:/-
phoneme before and after /r/ was included in the analysis.

The following series of words were chosen for the analysis:

hine ihi:ng] hyre [hy:yej hule [hu:la]
hede  [he:%9) | here [ho:us] hove [ho:va]
have [he:ve] ' hoene [hw:ne] hane [ho:ne]
have __[ha:ve harve . [ha:ve]

*¥) Part of a thesis for the cand.art sdegree, (See also pe 4Fed
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The Danish long narrow vowels are not influenced by /r/,
therefore the vowels in the examples "hyre" and "here" do not
represent particular variants as for the /a:/-phoneme.

Loo words were recorded on the tape recorder, and the
long stressed vowels from these words were analysed on the spectrum

analyser ("Sona-Graph") to determine the formant frequencies.

The formant frequencies:

On the basis of 1o subjects I have found the following

average formant frequencies for male speakers:

b [/ Jes/ [fes/ [fash Jas/ [yl [fes/ [fwi/ fusf foi/ [fo3d
Fl 233 277 1356 512 685 24o 305 380 254 348 413
F2 2123 2087 1968 1741 1139 1846 1628 1552 720 750 866
F3 3009 2713 2480 2282 2458 2037 2013 2031 2121 2260 2193
Fu 3327 3388 3370 3416 3450 3172 3151 3151 3247 3116 3172

(Average of the vowel formant frequencies in Danish for male speakers).

It is often very difficult to determine the formant
positions of F, and FI+ from spectrograms of the back wvowels
/us/, /o:/, and /2:/ because of the very weak energy in the
upper part of the spectrum, and very often the upper formants
do mot appear at all. In the formant frequency chart F3 and Fh
of /u:/ are thus based upon 4 subjects only.

In an article by Dr. Svend Smith (2) the formant
frequencies of the Danish vowel sounds are given for the first
time. The findings of Dr. Smith were based upon direct liste-
ning to thé formants by ear and controlled with the aid of a
Siemens Tonfrequenz Spektrometer.

I have found that these formant frequencies are in
rather good accordance with the frequencies from my investi-
gations and corresponding analyses made by Eli Fischer-Jergensen.
The differences are small, but they are nevertheless clear,

Dr. Smith has explained that the reason may be traces of Hellerup
dialectal pronunciation in his speech, This is probably true of

the rounded back vowels., If, however, we examine more closely
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the relations between the formant frequencies of Dr. Svend Smith
and my subjects, we may observe that

(1) Fl is higher in all vowels spoken by Dr. Smith,

(2) F2 is lower in the front vowels, and

(3) F, is higher in the back vowels.

This is an interesting result, because it must mean that
Dr. Smith during his pronunciation kept an intensity level in the
phonation which was higher than the intensity level of normal
speech.
(For further explanations: see the next article in this report:
"Changes in formant frequencies and formant levels at high voice

effort").

The analysis has given the following formant frequencies

for female speakers and for children's voices:

/is/ [es/ /e3/ [Jai/ [az/ [yi/ [/es/ Jw:/ /fas/ [o:i/ [o3/
Py 278 345 413 572 808 247 346 413 290 371 432
F, 2587 2555 2415 2145 1327 2041 1850 1817 797 778 968
Fy 3397 3161 2984 2898 2885 2383 2317 2537 - (2660)(2612)
F), Loll ho82 4132 4118 3856 3685 3685 3656(3755)3749 3757

(Average of the vowel formant frequencies in Danish for female speakers).

/iz/ [es/ [e3/ /as/ [fas/ [ys/ [es/ [ei/ /wui/ [osi/ [os/
¥y 304 407 479 553 985 281 413 478 305 413 U461
Py 2921 2571 2575 2347 1479 2181 1873 1831 794 875 981
FB 3522 3287 3291 3043 2721 2605 2599 2682(3155)(3600)(3160)
F, | 4427 4383 4339 4314 3997 3863 3932 4o18(3900)(3915) 3933

(Average of the vowel formant frequencies in Damish for children's voices).

The last table of the vowel formant frequencies for
children's voices is not statistically relevant because the
material was too inhomogeneous. The table is only based upon 4

boys and 2 girls from 9-13 years old.




Accuracy: 374

The formant frequencies are subject to some uncertainty.
It is not possible to read the spectrograms with an accuracy of
more than = 15 c¢/s. Furthermore the frequency response of the
Sona-Graph may cause some shift in formant frequency if it is
not quite flat., All analyses in this investigation were made with
the "high-shaping" frequency response of the Sona-Graph. This
means that all first formant frequencies probably are o - 25 c/s
lower in real speech than the analyses state. Taking the accﬁracy
of reading into consideration I suppose, without having done any
experiments on the uncertainty, that the real frequencies of the
first formant are o - 3o c/s lower than the charts indicate, and
that the uncertainty for the other formant frequencies is in the

order of = 15 c/s.*)

Difference between male and female formants:

The cavities of the female vocal tract is smaller than
the cavities of the male vocal tract. That means: the female for-
mants must be higher than the corresponding male formants. Gunnar
Fant has pointed out (3) that the female formants are on an
average 17 % higher than the male formants, and the investigations
of Chiba and Kajiyama (4) show that the female vocal tract is
15 % shorter than the male vocal tract.

On the basis of my material I have calculated the average
difference in percentage between the female and the male formant
frequencies and found it to be 16.1 %. Similarly, we find an
average difference between the men's and the children's formant
frequencies of 24,9 %. The greatest differences appear between
the formant frequencies of the unrounded front vowels, and the

smallest differences appear between the unrounded back vowels(S).

The phoneme areas:

Vowel diagram no. 1 shows the phoneme areas for standard
Danish based on recordings from lo male subjects. Fl and F2 are
plotted into the co-ordinate system along the vertical and the
horizontal axis, respectively. Envelopes have been drawn around

the different phonemes and the variant [a:] . You find lo dots

—————————————————————————— - — -

*)A presentation of the sources of error by sound spectrography

based upon analysis of synthetic vowels is made by B. Lindblom (6).
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in each envelope, one dot from each of the lo recordings of the
subjects.

For each phoneme envelope I have calculated the mathema-
tical average frequencies for Fl and F2 and plotted these ave-
rages into the phoneme envelopes. All the average phonemes have
been connected by lines. In this way we get a vowel triangle
which is very similar to the well-=known vowel triangle based on
articulatory and auditory principles.

The mel-scale has been used in all the vowel diagrams
in order to give a depiction which corresponds better to the
auditory aspects of speech than does the linear frequency scale.

We observe that the phoneme areas are badly defined
because of the overlapping between /i:/, /e:/, and /y:/, and
further between /e:/ and /€:/. That means that we find Fl/F2
combinations in Danish which may be perceived e.g. either as
/i:/ or as [Je:/.

It is not certain that we still have overlappings between
the areas if we take the formant intensity levels in account, or
if we consider F3 and Fh’ but unfortunately it is very complicated
to depict all these parameters in a two-dimensional vowel chart.

It is interesting to notice that the subject who has the
best distinction between the phonemes, is a professional speaker
at the Danish Radio.

Vowel diagram no. 2 shows the same phoneme areas for 9
female speakers, Notice here the great variability of the
/a: - a:/ phoneme in Danish.

Vowel diagram no. 3 depicts the phoneme areas for 6

children's voices.

- ———————————— -~ ——— -

In vowel diagram no. 4 the phoneme areas of the male and
female speakers are combined. It is interesting to see that the
male and female front vowels are almost separated in this vowel
diagram. For the back vowels the merging is more marked, but still
we observe that the female speakers have a higher F2 than do the
male speakers,

If the children's phoneme areas had been plotted into
the same vowel diagram (no. 4) you could observe a total separa=-

tion between the corresponding phonemes of men and children.
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The phoneme areas for one speaker:

One subject has spoken the eleven bisyllabic words with
long stressed vowels 1lo times over a period of one year. The
results are given in vowel diagram no. 5 based on the following

average formant frequencies:

1 Jiz/ fes/ Je:/ Jai/ [azi/ [vi/ [e:/ [w:i/ [us/ Joif [ai/
Fl ‘ 274 320 423 557 757 263 356 466 295 1390 502
|

2187 2112 2068 1880 1139 1898 1599 1572 768 732 880
2988 2755 2604 2449 2641 214k 2103 2184 2156 2550 2483

F, . 3390 3367 3307 3330 3530 3547 2962 3108 3093 3061 3013

(Averags of the vowel formant frequencies for 10 recordings spoken by
: ‘ one speaker).

The 16 recordings were, furthermore, spoken with different
intensity levels. Théy therefore tell us a good deal about the
variability in vowel articulation of the human voice. We may see
that the phoneme areas are rather small (the variations in inten=-
sity level and the long time intervals between the recordings

‘being taken in account). Overlapping of any importance only
occurs between the phoneme envelopes of /i:/ and /e:/. If F3
were taken in consideration (in a sort of three-dimensional
pattern) the overlapping areas would be diminished because F3 of
/i:/ is spread out in the frequency range 3165-2665 c/s, and FB
of /e:/ is spread out in the range 2920-26L4o c/s, but we still

have some overlapping.

qurections for FB: S

Gunnar Fant (7) has suggested a mathematical formula
which combines the effect of F2 and F3 into one formant:

Fé- Fl

F,'=F, + 1/2 (F, - F
3 F.< F
s B

2 2 2)

The application of this formula probably depends on the
vowel system under- consideration. The correction of F2 may per-
haps be used with advantage in vowel systems such as the Danish

one, which has both rounded and unrounded front vowels. We get
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a better differentiation between the phoneme envelopes in the
pairs /i:/ - [y3/,/e:/ - /o:/, and [fg:/ - /wi:/ when using this
formula.

I have tried to calculate the F2' formant frequencies
from the last vowel diagram, no. 5. These calculations are used
in vowel diagram no. 6 which represents the same recordings as
diagram no. 5, but in diagram no. 6 both the normal phoneme

envelopes and the F,_,-corrected envelopes are drawn. We see the

differences most clgarly between the pairs /i:/ - /y:/ in the
two depictions.

It is, however, dubious whether the advantage we obtain
by using this correction for F3 is worth the time we must use

for calculations om a large amount of material.
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CIHANGES IN FORMANT FREQUENCIES AND FORMANT LEVELS AT HIGH VOICE
EFFORT.

Borge Frokjzr-Jensen
In combination with the study mentioned page 34 ff, in this

report an acoustic study has been undertaken to illustrate how an

increase of voice effort affects the spectral composition of vowels.

The analysis comprised 20 subjects, who all were able to shout

(not everybody can increase the voice effort to a "real shout"),
All the subjects were recorded on tape when reading a word list
containing the Danish long vowels in stressed position in two-
syllable words of the type /hV-C3/. Some of the subjects were re=-
corded when reading the words with a higher degree of voice effort,
and they were all finally recorded while shouting the wocrds from
the 1list.

The absolute sound level pressure was not observed during
the reccrdings because of lack of equipment for that purpose, and
the investigation should therefore be considered as preliminary.
The speakers started the recordings with what may be called normal
speech level., Then the voice effort was gradually increased to
shout by some of the subjects. The remaining subjects only shifted
between talking and shouting. The shout level varies for different
speakers. Some persons can shout with an absolute sound pressure
level of 70-80 dB, whereas others are only able to shout with a
level of 50-60 dB, or not able to shout at all.

In a future investigation I should like to fix wvarious
speaking and shouting sound levels, e.g. 30, 40, 50, 60, and 70 dB
re 0,0002 dyn/cmz, and only subjects able to phonate and articulate

all +the vowels at these levels should be included in the investi-

ot

gation.,
The entire material consists of 319 spoken vowels and 220
shouted vowels., During the recordings I took notes concerning the
vosition of the larynx and mouth opening. All recordings were ana-
lysed on the Sona-Graph with the purpose of finding relations be-
tween changes in formant frequencies and changes in formant levels.
The high-shaping filter of the Sona-Graph was used, and all the

vowels were analysed with both narrow band and wide band filter,
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and several of the measurements were controlled by means of narrow

band section sonagrams.

A, Directly observable changes in the articulation:

When the subjects increased their wvoice effort the follow-
ing articulatory changes were cbserved:

1. The larynx may be either raised or lowered during a shout, Most
people raise their larynx when shouting, but singers appear to
lower their larynx when the intensity level is increased.

2, Higher intensity level is accompanied by a stronger contraction
of the muscles of the larynx and pharynx. The muscles of the
floor of the mouth (musculus mylohyoideus) is more contracted,
too, i.e. the mouth is more open,

This causes a better acoustic impedance matching between the
mouth cavity and the air outside the mouth: more sound energy
is transmitted to the surrounding air, and the damping is re-
duced. As for the "Radiation Load at the Mouth" see reference
no. (l).

3. This impedance matching (A2) is probably improved by pulling

the tongue backwards.

B, Changes in formant frequencies:

1. The above-mentioned changes in articulation influence the formant
frequencies, and for all male voices, female voices, and chil-
dren's voices separately, I have calculated the mean values of
the formant frequencies both in normal speech and in shout,

In the diagram shown below I have indicated whether the
formant frequencies in shout are higher (+) or lower (-) than
those for normal speech. The three symbols in each column indi-
cate the direction of change for male voices, female voices,

and children's voices, in that order.

i: e: € a: as y: o et u: o: Q3
Fl +++  +++  +++  +t++ =++ ++= 4+ 4+ e+ e+ e+t
F2 ——— mmm mmm mmem 4 e meme ==t 4+t b+ttt
F3 ——— mmm m—= 44— 44+ +++ A+ ? 0 + 4=
F4 et et e Sl b Rt T L A T
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The diagram shows that:

Fl
F2

F3

Fl4

is raised in all vowels in shout as compared to speech.

is raised in the back vowels and lowered in the front vowels
(this lowering is more pronocunced in the unrounded than in the
rounded vowels).

is raised in the rounded front vowels and lowered in the un-
rounded front vowels.

The material is too restricted for anything conclusive to
be said about the back vowels; but possibly they follow the
front vowels in the separation of rounded/unrounded.
follows F3 to a certain degree, but is probably individually
conditioned by the subjecti

Some of these variations are shown in vowel diagrams "7" and

ugn (which are taken out of a larger set of diagrams).

Diagram no. 7 shows the male vowel patterns in normal speech and
in shout, Only the calculated average frequencies have been
plotted into the diagram., The averages are normal arithmetical
mean values measured in c¢/s (it would perhaps have been more
significant to calculate the average of the formant frequencies
represented in terms of the mel scale).

The main tendency to be observed is that the vowels are
moved in the direction towards a more open and more central
articulation at higher voice effort. Vowel diagram no. 8 for
female speakers shows this tendency more clearly. In spite of
these changes in phoneme areas when the voice effort is increased,
all the shouted vowels utilized in this investigation are clear-
ly identifiable. (The badly identifiable shouted vowels were
omitted from the investigation during the tape recordings.)

Besides the changes in the formant pattern we can observe
a change in the fundamental frequency. The fundamental frequency
goes up when the intensity level is increased, sometimes the
fundamental frequency is one octave higher in shout than in
normal speech. This connexion between intensity level and fun-
damental frequency has been observed before (2).

The formant structure becomes less regular because of many
small uncontrolled contractions of the muscles in the speech

organs.
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Changes in formant levels:

On the basis of the present material it is possible to

measure the relative changes in the spectral distribution of

energy when the subjects change their wvoice effort.

1.

The spectrum above 2500 c¢/s is intensified and the spectrum
below 1500 c/s is weakened., The frequency limits depend upon
sex and age.

As a result of (Cl) the harmonics in the range of the first
formant may be reduced in intensity level in relation to the
rest of the spectrum. In some cases Fl does not show up at all
in the sonagrams,

I have measured a 15-20 dB reduction of L1 (level of Fl1) in
relation to the remaining part of the spectrum, (3)

F3 and F4 often contain more than half of the total energy
(F5 is often prominent, and may even be the strongest formant) .
The auditive result should be that the energy center of the

upper formant areas thus moves upwards.

A few sonagrams illustrate this:

5.

The next page shows sonagrams of the Danish words "hede"
[he:6g] and "hule" [hu:le] . The first sonagram [he:69] is
made from the recording of a female voice at normal speech
effort. Fl1 is clearly most prominent; F2, F3, and F4 are all
considerably weaker,

The next sonagram shows the word [he:ée] shouted by the
same speaker, It is highly conspicuous that Fl1 does not show
up at all in this sonagram of shout, and that the higher
formants F2, F3, and F4 are very strong and well defined.

The second sonagram of the word [hu:le] shows the same
shift in spectral energy. In normal speech nearly all the spec-
tral energy is concentrated in Fl., F2 is barely visible, and
the same is true of F3. In the sonagrams of shout F2, F3, and
F4 are stronger than Fl1.

The change in energy distribution of the shouted vowels is
mainly due to a shift in poles and zeros in the primary voice
spectrum (4),(5),(6),(7),(8). However, we are not yet equipped
with instruments for acoustic investigation of the voice source

(inverse filtering).
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I have only shown a few of the most typical modifications
that can be observed from my material, Other featurcs of interest

have not been investigated in sufficient detail for presentation,

D, Conclusion.

1. Becausec of the upward shift (see section B) of Fl and the down-
ward shift of F2, the vowel quality of the front vowcls changes
in the direction close —> open, whereas the back vowels, because
of the constant reclation between Fl and F2,
from the quality associated with male voices to that of female

change perceptually

voices and ultimately to that of children's voices,

2. Because of the shift in intensity level (sce scction C) with
the upper part of the spectrum cmphasized and the Fl-region
weakened, we must get a perceptual changc of the vowel gquality
in the dircction open —3 close for the front vowels; whereas
the back vowels will only get a brighter timbre,

3. In spite of the fact that both the formant frequencies (de-
pendent on articulation) and the distribution of energy in the
spectrum (dependent on primary voice source) arc changed, the
vowels are cleérly identifiable,

The nearest cxplanation scems to be that the changes in
articulation arc oppositely directed to the changes in voice
source spectrum in such a way that the outcome of the two

changes is that the identity of the vowels is preserved,
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STUDIES OF THE PROSODIC PROPERTIES OF DANISH WORDS.

Jorgen Rischel,

The prosodic features characterizing Danish word structures
are being analysed., It is to be examined in detail for Standard
Danish how tonal contours, sted, etc. serve to signal on the one
hand the syllable number (and the structure of syllables), on the
other hand the grammatical structure of the word, An acoustical
analysis is made alongside with a structural study of Danish word

phonology.,

Acknowledgements:

My Nordic studies are supported by a subvention from Ludvig

F. A, Wimmer's Legacy,




56.

STUDIES OF DIPHTHONGS IN FAROESE,

Jorgen Rischel

A synchronic and diachronic description of the vowels and diph-
thongs in Faroese is in preparation., Some general considerations will
be presented in this brief report, Previously, a survey of the sounds
in Faroese has been published in Danish (1), and an article on the
long and short wvowels (presenting some spectrographic material) ap-
peared more recently (2), It has been shown in these articles that
there is in Faroese no simple phonetic one-to-one correspondence be-
tween long and short vowel units: most of the long units are either
clearly diphthongal or intermediate between the short ones in their
phonetic quality., The structural analysis poses serious problems,
which I hope to discuss in a future. paper,

The true diphthongs in Faroese seem to constitute three groups,
viz, I, diphthongs ending in a narrow palatal glide: [gi, ai, vis oi],
IT. diphthongs ending in a narrow velar glide: [uu, Qu/@u/bu] (with

dialectal variation), IIT, diphthongs ending in a very open vowel:

[sa, oa], Diphthongs of group I occur both long and short; these
are (except [gﬁJ 0ld diphthongs., Most of the other diphthongs origi-
nate from long vowels, and some of these present developments that
are at first sight quite puzzling. However, a pattern of development
emerges.,

We can postulate two tendencies in the development of diphthongs
in Faroese: a. a tendency for open vowels to become opening diphthongs
(diphthongs of group III originating from 0ld Norse é, 2, a and from
4, respectively), b. a tendency for close vowels and closing diph-
thongs to move from front to back or from back to front, old front

vowels becoming back-front (0l1d Norse i, ¥ became [ vi ]) , and old

back vowels becoming front-back (0ld Norse ¥ became Modern Faroese

[wu ] or rather [Yu]L This occurred also with diphthongs with a more
open first vowel (EX or oy became [gi)), although with ei and é it
took place only in some dialects (gi to [Qi], é to [wu, gu]). -
Somewhat apart from the rest, old au has become [gi],

It is the primary purpose of the continued study to determine
more exactly the phonetic quality of the diphthongs in the major

dialects of Modern Faroese and thus to test the phonetic validity
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of the classification of the diphthongs suggested above. This is
further to support the generalizations made about the developments,
Scholars writing on the sound history of Faroese have generally
taken each vowel or diphthong per se and have strived in vain to
"explain" the peculiar developments of the individual vowels or
diphthongs (especially i> [Ui]). It seems to this author that no
explanation can be hoped for unless we test the possibility of
writing the developments on a common formula, This, however, de-
mands a close examination of dialects. The "standard language",
which has been the basis of most writings on the subject, presents
a rather mixed picture, and only by studying the vowel patterns

of some of the more peripheral dialects can one hope to disclose
the systemic features in Faroese diphthongization and thus get a
valid starting-point for explanations. A hypothesis that must ob-
viously be tested says that the diphthongization of long vowels

was forced upon them by the quantity shift, since the short vowels,
when lengthened, might otherwise coalesce with the old long vowels,
It can be shown that the conditions were essentially different from

those of Icelandic, for example,
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MURMURED (BREATHY) VOWELS IN GUJRATI,

Eli Fischer-Jgrgensen

An investigation of Gujrati breathy vowels is in progress,
A preliminary result is that these vowels have a stronger airflow
and that their acoustic spectrum shows an increased intensity of
FO compared to F1, A more detailed account of the results will

be given in the report for 1967,
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ANALYSES OF FRENCH ACCENT.

Bgrge Spang-Thomsen

A series of French sentences, composed by the present contributor
and spoken by three French subjects, has been analysed at the Institute.
The vowels in cue words were measured with regard to spectral composi-
tion, duration, intensity, and fundamentai frequency. This material is
to supplement the data published in an earlier article on French accent
(1). The vowels occurring in the original material were both stressed
and unstrecssed and both short and long. The short vowels mostly ap-
peared in open syllables, and when occurring finally these were very
difficult to measure since it could not be determined how much of the
final phase recorded by the instruments is actually perceived by the
human ear, The supplementary material is composed in the same way,
but now all the short vowels occur in closed syllables, so that they
can be delimited, Furthermore, the unstressed syllables of the new
material are distributed in such a way that the subjects have teen pre-
vented from pronouncing them stressed by mistake, as it sometimes hap-
pened in the original material,

- A series of spectrograms (wide, narrow, and cross-sections) of
a selection of sentences from the gramophone records belonging to
Mme Léon's French Pronunciation Exercises (2) has been taken at the
Institute, This material is intended as verification of the points
of view advanced in a recent article (3) in the tome II, fasc., 1, of

the Revue Romane (Copenhagen,1967). In this article it is claimed that,

contrary to the traditional view, the accent of French is a word accent
which is not bound to the final syllable. This implies that the so-
called mute e should be regarded as a neutralisation of all the other
vowels in the unaccented position. This view is tenable only if the
appearance of mute e in accented syllables is excluded. ilowever, some
phoneticians count with a mute e even in this position as something dif-
ferent from /e/ and /®/. #Yc hope to show on the basis of the material

under analysis that only /e/ and /®/ are found in the stressed position,
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FEATURES OF THE ACOUSTICAL AND PHYSIOLOGICAL STRUCTURE OF THE
FRENCH NASAL VOWELS. ¥*)

Ole Kongsdal Jensen

The purpose of this work was to examine the validity of the
general opinion on the articulation of the French nasal or nasalized
vowels, as stated by Maurice Grammont in his "Traité pratique de
prononciation frangaise", p. 55 (Paris 1958). This I have done part-
ly by resuming and comparing the results of former investigations
of the subject, partly by doing instrumental work.

All scholars,except Durand (1), agree in finding that the
first formant of nasalized vowels is weakened compared to the Ifirst
formant of the corresponding oral vowels, and the same is often
found to be true of the higher formants, too. Morecover, many investi-
gators find that nasal formants are added at loooc/s, 2000 c¢/s, etc.,
which can also be found in the nasal consonants. Delattre (2) and
Fujimura (3) find a nasal formant at some 250 c/s., Fant (4) is of
the opinion that "the intensity reduction of the first formant is
the major perceptive cue for nasalization."

My own work was done in order to compare French nasal and
oral vowels in similar surroundings, and further to search for
acoustical features shared by nasal vowels and nasal consonants.
These investigations were made during 1965.A material of 95 french
words with nasal and oral vowels: [e], [a] , [a], [e] : [l [0] »
[3}; [E}, [&], [a],[ﬁ] (the narrowest oral vowels were of no value
Hor comparison) in stressed position and in different surroundings
(e.g. hais: hein, c'est: sain, mais: main), plus 6 phrases with the
same vowels for control, were recorded - twice for each person - on
magnetic tape (BASF LGS 35) with a Lyrec tape recorder; 4 French
male subjects with an acceptable Paris accent were used. (With my
present experience, I should prefer fewer words and more persons
and recordings for greater statistic certainfya) - Afterwards, the
second recording of each person was analysed acoustically by mecans
of the Sound Spectrograph (Sonagraph). Wide, narrow, and sectio:i:

*) MA - thesis completed in February 1966,




60.

spectrograms were taken of all vowels, Furthermore, I made double
flow-graphs (mouth and nose air-flow) of a restricted material

(27 words), using the Electro-Aerometer constructed by Svend Smith
and Beorge Frakj&r-Jensen.*) 4 subjects were used for this recording:
the first and third of the men from the acoustical recording, plus
two French women with the same linguistic characteristics. I made

a tape recording of what was said into the aerometer for control.
Here, too, two recordings of each person were made - each with the
words in two different orders to minimize the influence of rhythmi-
zation (one of the women said the 95 word list twice), and the se-
cond recording was measured.

On the spectrograms, I measured Fo and the first 4 vowel
formants, plus extra resonances of interest (not always visible).
I compared the spectra of the oral and nasal vowels, also obser-
ving how they develop in time. For one single vowel I took cross-
sections at different sampling points.

To visualize the particular quality of the nasal vowels,

I plotted them with the oral vowels in a two-dimensional chart
(mel scale), with F1 and F2 as coordinates. It is seen that [é]
and [E] lie close together around [m] with a tendency towards [a],
[@] tends towards [0] , and [8 ] lies between [o] and [o] (cp. Fig.
1, which represents one male informant).

From the acoustical analysis I conclude that the following
acoustical features separate the French nasal vowels from the oral
vowels:

1. F1 is weakened (sometimes not in [Q] ).

2, The low formant Fu appears at about 200 c/s; it is
probably equal to the first formant N1 of the nasal
consonants,

3. The other formants are weakened, especially F3.

4, Extra formants may occur at about looo c¢/s and 2000 c/s,
sometimes at 3000; they are probably identical with
N2-N4 (4) of the nasal consonants; these formants are
generally weak.

*¥) The air-flow opens a rubber valve, through which a light beam
hits a photo-electrical cell, and the current from the cell is

amplified and recorded on a Mingograph,
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The degree of nasalization is generally constant in
isolated vowels (except that [6] often changes). In
context, however, the degree of nasalization increases
from the beginning of the vowel to the end, so that

the vowel probably often ends in a nasal consonant -

in final position [N] , before an occlusive a nasal
consonant with the same point of articulation as the
occlusive (3). After an occlusive one can often see an
oral phase in the first part of the vowel, and the
features mentioned (1.-4.) appear after some csecs. The
features found in the nasal vowels are also seen in
oral vowels adjacent to a nasal consonant, only to a
smaller degree, and especially in the part of the vowel
that is close to the consonant.

For illustration I tabulate the average formants

for subject no. 3:

FO: average: 109 cps; variation: 93 c/s - 143 c/s.

Vowel

Fu F1 F2 F3 Fi4

[e]
[a]
[a]
[¥]
[a]
[o]
[2]

[€]
[d]
[&]
[3]

(193) 514+ 1798+ 2619 3728
(190) 752+ 1453+ 2449 3657

? 705+ 1244+ 2415 3662
((1271)) 334+ - 2429{+) 2162 3262
(c.200) 531+ 1429+ 2356 3452
(175) 390+ 815 2290 (3286)
(188) 518+ 1105(+) 2410 3460

208+ 629 1518(+) 2732 3649
197+ 601 lo54(+) 2283 3532
219+ 586 1359+ 2455 3516

218+ 514 933 2118(?) 3248
(2833?)

+ means a relatively strong formant, (+) means a weaker formant.

Formant frequencies in brackets are uncertain,
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As for air-flow, I recorded the expiration and inspiration
by the nose, the expiration by the mouthj and the vibrations of
the vocal chords (oscillogram from a throat microphone) at a speed
of loo mm per sec. The extension of each vowel was determined by
comparing all four curves, and I measured the middle height of
the two expiration curves above a zero line drawn between the
lowest points of these curves. Examples are given in Fig. 2.

As these measures are relative, I invented the factor g
= the ratio between nose expiration and mouth expiration for a
given sound., With a certain reservation, g expresses the relative
degree of nasalization. As expected, g is very low (practically
zero) for the oral vowels, and many times higher for the nasal
vowels - when g of the corresponding oral vowel has any positive
value at all, that of the nasal vowel is mostly lo-20 times higher.
The g-values of oral vowels may be due to a general "nasal" pro-
nunciation, except in very open vowels (see later). In nasal sur-
roundings the g-value of oral vowels are often higher than in
"pure" oral vowels.

For illustration I give the g-values of subject no. 3:

Vowel q g (normalized)
[E] 0,86 (0.87) 1.0 (1,0)
[&] 0.97 201% 1.12)
[d] 2.1 (1.6) 2.4 (1.8)
[5] 2.8 (1.14) 33 (1+3)

The numbers in parentheses are based upon the entire vowel, the

others on the nasal phase only (if such a "phase" occurred) .

The result of the physiologidal part of the investigation
can be expressed as follows:

In the articulation of Paris-french nasal vowels, the
velum is lowered, either before or simultaneously with the onset
of wvoice. [6] (and sometimes [a] ) is more strongly nasalized
than the others (maybe this has something to do with the small
mouth opening in [5] ). Oral vowels before nasal consonants are

slightly nasalized towards the consonant; the same is probably
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true after nasal consonants, and, in any case, between two nasals.
In the open oral vowels, the velum is supposed to touch the back
wall of the pharynx rather loosely, so that the passage to the
nose is not entirely cut off,

I should have liked to supplement these investigations
with an examination of synthetic vowels; however, this has not
been possible; but I can refer to the results of Delattre (5),
House & Stevens (6), and Fant (4).

The final result of the work can be resumed this way:

The nasal vowels of Paris French are presumably produced
with the glottis, the tongue, and the jaw articulating as in the
corresponding oral vowels; There is, however, a lowering of the
velum which causes complicated changes in the vowel spectra, the
main elements of which are a reduction of Fl, the appearance of
Fu at about 200 ¢/s, and the extra formants, especially at looo
c/s and 2000 c/s; these three features are probably mainly due to
the nose-pharynx cavity (3). The most strongly nasalized vowel is
[6] , after that follows [§] , then [g] and [g]. In the final
part of the vowel, the vowel formants often disappear; maybe the
word then ends with a uvular nasal consonant [N] , maybe it is
just a result of the relaxation of the articulatory organs. The

nasal element is different for the different nasal vowels,
inasmuch as their degree of nasalization is different. - As for
the timbre, [E] and [@] are close together between [g], [%] , and
[a], [@] coincides almost with [0], and [0 ] lies between [0] and

S B

So, Grammont was not quite wrong!
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Table for comparison of different studies on nasality.

———————————————————————————————— W - - ——— W W ——lh ——— - ———

Feature Joos Smith Durand Delattre House Fujimura Fant Ego
F1(+) - + + + (+) o 3
F2,o0ften

(£)" o+« : (+) s (+)
F3(+)" + + + + +
*4+ or ° B (+) ? (+)

subject4
Fu + + + P +
Fx1l looo + + (+)cons., ? ? ¢ (+)
Fx2 2000 + + ? ? + (+)
F+500 S
F+900-1800 + + (+) .
subject 4
x. 7500 +
(+): weakened. +: extra strong. ‘s rises. ' : descends.
Fx: extra formant, F+: anti-formant,
References:
(1) M. Durand, "De la formation des voyelles nasales", Studia Linguistica
VII (1953), pp. 33-53.

(2) P. Delattre, "Les attributs acoustiques de la nasalité", Studia

Linguistica VIII (1954), p. 1.

Hattori, Yamamoto, Fujimura, "Nasalization of Vowels in Relation to
Nasals", JASA 30,1, pp. 267-274,

G. Fant, Acoustic Theory of Speech Production (Haag, 1960).

Delattre et al., "An Experimental Study of the Acoustic Determinants
of Vowel Color", Proc, VIIth Intern.Congr. Ling.
(London 41952),

House & Stevens, "Analog Studies of Nasalization of "Vowels",
Journ, of Speech and Hearing Disorders 21 (1956),
pp. 218-232,
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VOICE ASSIMILATION OF STOP CONSONANTS AND FRICATIVES IN FRENCH
AND ITS RELATION TO SOUND DURATION AND INTRA«ORAL AIR-PRESSURE.*)

Oluf M, Thorsen

The phonemes examined are the consonants participating in

the correlation voiceless:voiced cor tense: lax:
(1) pt (k) £s §*¥)
(II) b d (g) v z 3

The difference in voicing is the most characteristic audi-
tory feature; but as this distinction is neutralized in groups
consisting of I + II or II + I through regressive assimilation, the
linguistically relevant difference is generally considered to be one
of force of articulation., This can only be true if the force of
articulation of the consonant is preserved in spite of the voice
assimilation, which is the opinion held by most phoneticians of
French, (1).

The investigations, here presented in a short, preliminary
form, were made in 1956-57 in the Cardiologic Laboratories of the
University Clinic, Copenhagen, and of Gentofte County Hospital, under
the supervision of Eli Fischer-Jorgensen,

The French stops and fricatives were examined in respect to

l. voicing

2, intra-oral air-pressure
3. lip-pressure

4, duration

5. duration of the preceding vowel,

*) Thesis work for the cand, art,-degree, completed in July, 1962,

**) /k/ and /g/ are excluded, because it was impossible to obtain
curves of intra-oral air-pressure during these sounds from

the unexperienced subjects,
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Intra-oral air-pressure was picked up by a polyethylene tube
(7 cm long, outside diameter 1,5 mm, bore 0,8 mm) inserted into the
mouth behind the point of articulation and connected to an electrical
condenser mancmeter (2), The outputs from the manometer and from a
throat microphone were recorded on photographic paper (speed 10 cm
per sec) by means of an Elema oscillograph., Simultaneously, these
curves were visible on a cathode~ray oscilloscope. A small rubber
bulb (19x12x8.5 mm) connected to the manometer was used for recording
of lip-pressure. All examples were recorded on tape, and wide-band
spectrograms were taken of many of the recordings in order to assure
correct segmentation,

Subjects were five Parisians, one girl (MC) and four men
(MN, GS, GV, JT), 20 to 31 years old,

The material consisted of 147 short phrases or sentences,
like, for instance, "la robe de ma femme', "la robe te va mal",
"1'Europe de nos jours", "1'BEurcpe te rappelle", spoken 3 to 4 times
by each subject: 20 examples with single consonants in different
positions, lo3 with the consonants in groups (I R TSN 3 N R FERC SR P
IT + II), and a list of 24 examples with /p/ and /b/ (for lip-pressure

measurements),

1. Voicing,

Voicing was measured on the larynx curve (i.e, the oscillo-
gram from the throat microphone) and on the air-pressure curve, The
start of the consonant can be identified by a sudden rise of the air-
pressure curve, plus a disturbance of the vibrations on the larynx
curve,

In unvoiced postvocalic single consonants, the vibrations
continue into the beginning of the consonantal phase, The mean
value for 154 single consonants, initial or final in the stressed
syllable, was 2,7 cs.

A voiced intervocalic consonant is normally 100 per. -cent
voiced, - among fricatives there were scattered examples of incomplecte
voicing., In final position before a pause all voiced stop consonants
are normally 100 per cent voiced, whereas fricatives normally have
an unvoiced ending phase - in several cases these are only 40 per cent

voiced, sometimes even less,

I Unvoiced groups.,.

There were a few examples of insertion of [g] in groups
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of IT + I, all resulting in non-assimilation of the voiced consonant,

The voiced beginning of unvoiced groups (I + I and II + I)
was compared to the duration of the preceding vowel (phonemically
short and long vowels were treated separately; the figures given
refer to short vowels). It came out that in groups I + I the voiced
beginning, measured in percent of the duration of the first consonant,
decreased with increasing duration of the vowel, and the same was
true of ITI + I up to a certain point: when the vowel exceeded a
duration of about 4 cs, the effect was the opposite, so that now
I (+I) and IT (+I) became more and more different, In every example
these findings were compared to the duration of the consonants, the
length of the sentence, the distance from the final stressed syllable,
and the syntactical structure, The following interpretations, which
have to be tested on a larger material, are proposed:

The increase of the percentage of voicing in both I (+I) and
assimilated II (+I) as the vowels (and the consonants) get shorter,
due to longer test sentences and less stressed syllables, I explain
as an increase of the assimilatory power of the preceding vowel at
greater syllabic speed (3).

The increase of vowel duration beyond 4 cs seems to depend on
the syntactical structure of the sentence, and the diverging be-
haviour with respect to voicing of I (+I) and II (+I) in these cases
is therefore interpreted as an influence of secondary accent: an
increase of stress on the preceding vowel (or a reduction of stress
on the following vowel)putSthe first consonant of the group in a
stronger position and makes consonants of type II more able to resist

the assimilatory influence of the second consonant,

1.2, Voiced groups.

Insertion of an [9} did not occur: in groups of stop plus
stop or of fricative plus stop, but in groups of stop plus fricative
it appeared in 35 out of 199 examples, Usually, the result of pre-
serving the [e] was that the consonants retained their original glot-
tal articulation, but in /pez/, /po3/, and /pev/, all variations of
glottal articulation were found: no assimilation (1 ex.), regressive
assimilation in spite of[e] (11 exx,), reciprocal assimilation across

the [g] (3 exx.), and 4 cases of intermediate types.

Voiced groups without [g]. The surprising result in this sec-

tion was the high percentage of examples showing disturbance of the
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vibrations or partial or complete absence of voice in groups of
IT + II. The following list shows the frequency of occurrence of

instances in which the consonant group was incompletely voiced:

it # X1 I + II
stop plus stop 7% 11%
stop plus fricative 31% (!) 25%
fricative plus stop 45% (1) 42%

(Examples of fricative plus fricative were too scanty to give re-
liable percentages.)

It is true of these groups that if the first consonant
is partially unvoiced, and the second voiced, it is always the end
of the first consonant which is unvoiced, never its beginning, as
claimed by Grammont (4). This seems to indicate that regressive
voicing assimilation, rather than being an anticipation of vibra-
tions, is a continuation of the vibrations of the preceding vowel,
brought about by the laxness of the following consonant (5). But
any effort to give detailed explanations of the assimilatory
mechanism in groups of I + II is hampered by the irregularities

in the II + II groups.,.

2e Intra-oral air-pressurec,

2.1. Consonants in positions where they are not susceptible to

voice assimilation,

a, Single Consonants, Intra-oral air-pressure is primarily
determined by the degree of voicing: when the type II consonants
are fully voiced, none of the subjects shows any overlapping between
corresponding type I and type II consonants. All cases of over-
lapping are due to partial devoicing or weak amplitude of wvibrations
in the voiced sounds. /p/, /t/, /a/ have the highest pressure,
next come /f/ and /§/, then /z/, followed by the other voiced con-
sonants /b/, /4/, /v/, /3/. 1In stops and labial fricatives, the
pressure of the type II conscnant is normally 50 to 70% of its type
I counterpart, in s/z and 5/3 the percentage is higher,
b, Second consonant in groups. Same results as above for 2,1l.a.
c. First consonant in groups of I + I and II + II (i.c. no as-
similation),
In this section there was some overlapping that could

not be explained by deficient voicing, It turned out that the
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relatively high pressure of the voiced consonant always occurred
when the preceding vowel was less open than that found before the
corresponding unvoiced consonant (the test sentences did not consti-
tute minimal pairs). A re-examination of the entire material showed
that the air-pressure is indeed higher the closer the preceding vowel
is. As a close vowel has a higher air-pressure than an open vowel

it seems that this difference is somehow carried on through the rest

cf the syllable,

2.2, Intra-oral air-pressure and voice assimilation,

Comparing all the four combinations of conscnants, the find-
ings mentioned above were confirmed: when preceded by vowels that did
not differ in aperture, I(+I) and II(+I) had the same (high) air-
pressure and II(+II) and I(+II) had the same (low) air-pressure., If
the vowel before I + I was more open than the vowel before ITI + I,
the air-pressure of II(+I) was higher than that of I(+I), and so forth,
The inevitable conclusion of this seems to be the following:
when voice-assimilation in French is total,; it is accompanied by a

total assimilation of the intra-oral air-pressure,

3., Lip-pressure,

Lip-pressure is more difficult to explore than air-pressure,
The rubber bulb hampers the articulation and must be kept very steady.
Some of the subjects had great difficulties with this. As the diffe-
rence in lip-pressure between /p/ and /b/ is smaller than the dif-
ference in air-pressure, there was a good deal of overlapping,and
only two of the subjects(GV & JT) made a sufficient number of usable
recordings. Furthermore, it turned out that the lip-pressure was
smaller after rounded vowels than after unrounded vowels, This in-
fluence was not foreseen in the choice of examples for consonantal
groups, so that comparison can only be made between unvoiced and
voiced /p/, and between voiced and unvoiced /b/.

GV & JT showed a statistically significant difference between
/p/ and /b/ in most positions, and in the consonantal groups the
result was in most cases a lower pressure for voiced than for un-
voiced /p/, and a higher pressure for unvoiced than for voiced /b/.
I.e., it seems very probable that voice assimilation is accompanied
by an assimilation of lip-pressure as well, but it is impossible to
decide on the basis of the present data whether this assimilation is

total or partial,
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4, Consonant duration.

4,1, Single consonantss.

Voiced and unvoiced consonants occurring in the same position
show a great difference of duration with practically no overlapping:
unvoiced consonants are longer than their voiced counterparts, the
difference being greater in fricatives than in stops! For stops in
non-final position, the difference in the length of the closed phase

was not always quite clear, but the total length was unambiguous,

4,2, Consonant groupsi

In the examples with consonant groups/ several sources of
variation disturbed the comparisons to such a degree that an unvoiced
group was sometimes shorter than the corresponding voiced group. So
I had to examine the influence of the following factors:

a. rate of speech,

b, emphasis,

c, the distance from the final stressed syllable,

d. sentence rhythm,

e, the number of syllables and sounds in the example,

a, The subjects were asked to keep a constant rate of speech,

b. A consonant is prolonged under the effect of emphasis, but
emphasis did not occur among the examples with consonantal groups.

Ce A consonant group preceding the final stressed vowel was longer
than the same group placed before the penultimate vowel. When
occurring before the antepenultimate vowel the group was always
shorter than before the stressed vowel, but sometimes longer than
before the penultimate.

d., The existence of secondary stress in French, which was doubted by
Marguerite Durand (6), became evident from a comparison of the
duration of the consonant groups in different syntactical positions,
Ceteris paribus, a group consisting of the last consonant of a
noun plus the first consonant of a postposited adjective was longer
than the same group occurring medially in a word, and also longer
than the same group found between the elements of compound words
and between adjective plus nocun, But if the postposited adjective
was monosyllabic, a certain loss of stress sometimes appeared,
These findings, and others, were corroborated by measurements of
the vowels, and of each consonant in the groups in so far as

delimitation was possible,




74,

e, In rather short utterances like the onés used in this investi-
gation, the subjects will héve a tendency to shorten the sounds
in inverse ratio to the number of syllabless But also the number
of sounds in the syllable has an influence on the sound duration:
in particular, the consonant group was longer before a short
stressed open syllable than before a long stressed vowel plus

consonant or before a stressed vowel plus two consonants,

4,34 Consonant duration and voice assimilation,

Taking into account the abovesmentioned factors, first
comparing examples under equal conditions, and then weighing the
different conditions against each other, I obtained the following

results for the duration of the consonantal groups (all groups, all

five subjects)!
I + I 1longer than II + I

IT + I 1longer than I + II
I + II longer than II + II (?)
The differences between unvoiced and voiced groups were greater than
the differences between assimilation and non-assimilation, especially
in voiced groups.
That the second consonant is not exclusively responsible

for the differences, will appear from the data about the first conso-

nant in the group., Exact delimitation was possible only in part of

the material (MN: in no cases -, GS & MC: only for p/b + s/z,

GV & JT: practically everywhere), The duration of the first conso-

nant in the group under maximally similar conditions of rhythm gave

the following results:

a, I(+I) longer than II(+II) (and (I+)I longer than (II+)II),

i.e, the difference between I and II in non-assimilation groups
is clear, :

b, II(+I) longer than II(+II) in about 75 per cent of the cases
where the durations could be measured and compared directly,
i.e., IT is longer when devoiced, The second consonant makes
the difference between II+I and II+II even greater,

C4 I(+I) versus I(+II): the very few directly comparable cases
show no clear difference and might indicate that voiced I is
not assimilated as to duration, The second consonant brings
about a difference in the duration of the entire group: I+I is
longer than I+IT,

d, I(+I) longer than II(+I) in all comparable cases, i.e.,, the as=-

similation of II is only partial,
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e I(+II) longer than IT(+II) in practically all comparable cases,
i,e.,, if therc is any assimilation of I, it is not total,

f. IT(+I) longer than I(+II) in about 60 to 65 per cent of the
directly comparable cases, i.cé, there is a slight tendency for
unveiced ITI to be longer than voiced I, This suggests that
a greater number of examples utider item ¢ might have given a

more pronounced shortening of voiced I.

Hie Duration of preceding vowel,

Before a single consonanty

In absolutely final position thec vowel was longer before
voiced than before unvoiced consonant, with no overlapping at all,
except for p/b; t/d, f/v in the recording of GS, and t/d, f/v in the
recording of MC, and longer before voiced fricative than before voiced
stop.

Before a consonant group.

The examples with consonant groups were chosen primarily for
the investigation of intra-oral air-pressure, and usually the same
vowel was repcated before the same consonant, whether assimilated or
not, but a different vowel was found before its partner in the cor=-
relation, Moreover, as in the case of consonant duration, secondary
stress influenced the vowel duration, Thus the directly comparable
cases were not as many as might be desired, Nevertheless, they clear-
ly showed that sonorisation prolongs, and desonorisation shortens,
the preceding vowel by about 1 to 2 cs. Owing to the above-mentioned
deficicency in the material, the difference of vowel duration before
I+I and ITI+IT is difficult to determine: it seems to be about 2 to
3 cs - and nothing can be said as to whether the assimilation is total

o partial,

6., Conclusion,

The most important result of the present study has been to
demonstrate that rcecgressive voice assimilation in French stops and
fricatives is accompanied by an assimilation of

(1) dintra-oral air-pressure

(2) 1ip-pressure

(3) the duration of the assimilated consonant
(4) the duration of the preceding vowel.

This implics that the traditional theory, according to
which the assimilation is limited to voicing, is incorrect,

There is still the possibility left that the so~-called
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"force of articulation" which is said to be preserved in spite of the
voice assimilation, has nothing to do with intra-oral air-pressure, nor
with lip-pressure in the way it has been examined here, It is conceiv-
able that the slight shortening (lengthening) of the vowel together with
the slight lengthening (shortening) of the assimilated consonant is in
some contexts a sufficient perceptual cues Another possibility to be
considered is that the alleged difference in articulatory force may come
cut if other methods and instruments be used, Maybe, though, that the
difference in force of articulaticn claimed by so many phoneticians of
French, is something that is felt by the speaker, but nof communicable
to the listener - and maybe the all-important factor in the question

of assimilation in French is the context, whether linguistic or extra-

linguistici No Frenchman would misinterpret [1gr3bd9n03u:r] or

[largptavamal] 3 but maybe he would misunderstand the intended meaning
of [zevj&tparle] ([t] = 'te' or 'de) if he misunderstands the situa-
tion,

There is a lot of investigation to be done, especially in

the field of perception tests,
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ACOUSTIC ANALYSIS OF TENSE AND LAX VOWELS IN GERMAN.*)

Hans Peter Jergensen

For more than half a century it has been discussed what
is meant by the terms "tense" and "lax" vowels. With the exception
of a paper by A.L. Fliflet (l), who does not measure formant
frequencies but rather estimates the different general appearance
of the spectrograms, I am not aware of a published analysis of the
acoustic differences between tense and lax vowels made with modern
apparatus (e.g. the Sonagraph). The main purpose of the research
summarized here was, therefore, to attempt to find relevant diffe-
rencés between the acoustic patterns of the tense and the lax vowels
in modern German "Hochsprache" with as exact measurements of their
formant-frequencies as possible.

The vowel-system of German is usually considered as falling
in two groups: 8 "long" and 7 "short" vowel phonemes., In IPA tran-
scription these may be rendered as follows:

) ) %5 U i o
1%}

. U
: o3 € 5

g

It is usual to symbolize the latter set of vowels in

German as follows:

(rT) 1y
>

o ld Q/\</
o’ g’

These symbols will be used in the following.

Vowels of group I are usually long, those of group II are
always short. Vowels of group I may, however, be short (e.g. ['zi:}
but [zi 'kbmt] , but they remain distinct from those of group II.
*This paper is a brief account of a thesis work (cand.art. degree
in German and phonetics) which was carried out at the Institute
of Linguistics and Phonetics in 1964. The material will be published

in a more detailed form,
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A more significant difference seems to be, therefore, the tense/
lax-difference, vowels of group I being always tense, those of
group II always lax.

(It is doubtful if there is a tense/lax difference between
[a:] and [a] , and an opposition of this kind will not be considered
in the following.)

Briefly the main theories about the tense/lax-problem
viewed from the articulatory and acoustic aspects may be described
as follows:

(i) There is a difference in the tongue-form: vowels of group I
have a convex tongue-form, those of group II have a more flattened
tongue. (2)

(ii) The lax vowels (II) always have a lower tongue-position than
the corresponding tense vowels (I) (e.g. [i] (bitten) lower than
[i:] (bieten), [¥] (Hiitten) lower than [y:] (hliten), etc. (3)
(iii) The lax vowels have less tension in the articulating part of
the tongue than the tense ones.(This has given rise to the termino-
logy tense/lax. But =3 far as I know, this difference has never
been examined instrumentally for German vowels, for instance by
means of electro-myography.)

(iv) The consumption of air is greater in the articulation of lax
vowels than in the articulation of tense vowels, this being caused
by a lesser tension in the vocal chords in the articulation of the
lax ones. (4)

(v) By visual examination of spectrograms of German tense and lax
vowels Fliflet (1) claims that there are general differences in
the appearances of the spectrograms, such as a more equal dispersion
of intensity throughout the spectrum in the lax than in the tense
ones, and furthermore blurred formant contours and a less regular
formant structure in the lax compared with the corresponding tense
vowels, and a couple of other differences. Summarizing Fliflet
claims that the lax vowels exhibit a general indistinctness oxr
blurring of the features that normally serve to define the quality
of a vowel.

(vi) According to the views of Roman Jakobson, Gunnar Fant and
Morris Halle (5,6) the tense/lax difference can be described in
terms of articulation as a greater tension and deviation of the

vocal tract from the 'meutral position' for group I than for
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group II, and acoustically as a higher overall intensity thrdughout
the spectrum and a greater deviation of the formants of group I
away from the formants of a vowel pronounced with the tongue in

the 'meutral position'.

My intention was to measure the exact formant frequencies of
the tense and the lax vowels and on thebasis of the formant values
to try to find out if and how the formant frequencies differ be-
tween the two vowel groups and, furtheron, perhaps to be able to
conclude something about the way of articulation. I partly used
spectrograms of German vowels (in words) spoken by native speakers
and made by Eli Fischer-Jorgensen (though primarily made for other
purposes)‘and partly measured formants on spectrograms from a ma-
terial especially made for this investigation. The latter material
consisted of German vowels in words spoken by native male speakers
from the northern part of Germany, where the tense/lax-difference
is regarded as being most marked.

Six such speakers were recorded on tape each pronouncing
the 15 vowel phonemes six times (in natural words). Among these
six speakers I chose four, having the best voices for spectrography.
My first problem was to find words in which the vowel formants
were minimally influenced by the consonantal surroundings. I made
two lists each pronounced twice by the speakers: A: [h]/O + vowel +
labial consonant for the back rounded vowels and [h]/O + vowel +
dental consonant for the front vowels and for [a:] and [é] , and
B: [h]/0 + vowel + velar stop.

A: The dental consonants should minimally influence the second
formant of front vowel, and the labials should minimally influence
the second formant of back rounded vowels, B: The velar stops
should not heavily influence the formants, because the place of
articulation differs according to the preceding vowel, The words

were thus of the types A: hiessen, hiiten, hupen, hissen, Hiitten,

hupfen, etc. and B: Igel, Hiigel, Huker, Hickel, Tlicke, Hucken, etc.

The presentation of vowels in an acoustic chart raises a
difficult problem for languages with both rounded and unrounded

front vowels., It is not adequate just to plot F, versus F2 s LS

1
F,, seems to be of importance for the distinction between rounded

3

and unrounded vowels. One must somehow take F3 into account, I did
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so,using Gunnar Fant's formula to calculate the "effective F2":

F,' = F2+1/2(F3+F2) Fa=F1  but apparently without obtaining a

F3-Fl
significant improvement in the separation of the vowels, For the
back rounded vowels I preferred not to use the formula, Fl and F2
(respectively F2') were plotted in a chart using the 'mel'-scale,
which is nearly logarithmic above looo ¢/s and linear below looo
c/s.
Fig. 1 shows the Fl versus F2 plottihg for one person.

(For the front vowels and the a~sounds the x-axis represents the
F,'=value, for the rounded back vowels the x-axis represents the

2
F_-value. The y«axis always represents Fl-values). Each dot stands

fir one vowell In some cases the values of two samples were iden-
tical and are thus marked with a small figure (2).

Only for [&]/[o:] and [ai]/[é] you find true overlapping,
and only in the case of [at]/[a ] the overlapping concerns corre-
sponding vowels from different groups, (The position of[g:] quite
close to [e:] reflects the frequent merging of[g:] and [e:] in the
northern part of Germany)4

In a vowel-chart like thisy F, seems to represent in arti-

1

culatory terms the degree of opening (the higher F the larger the

l,

opening), and F, to a certain extent represents the place of arti-

culation, frontzvowels having a rather high F2 (Fz') and back vowels
having a low F2. The vowels of group II are all placed lower than
the corresponding vowels of I, which is without doubt caused by a
lower tongue-position. For instance [1 ], [&] and [ﬁ] are not only
lower than [i:] ’ [y:] and [u:]; they are in fact found on the same
F,-level as [e:] , [o:] and [0:] , or even lower (cf. Fig. 3).

Another obvious difference between the two groups of vowels
is the centralization of the lax vowels in proportion to the tense
ones, [1] and [¢] being to the right of [i:] » [e:] and [e:] and
[u], [6] being to the left of [u:] and [0:] . Because of the
placing of the rounded front vowels in between the other groups on
the x-axis you cannot speak of a centralization (in that sense) of
the lax [y ] and [5] in proportion to the tense [y:] and [o:].

What could this general centralization (see also Figs. 2
and 3) be referred to in articulation? It is clear that it might be |

possible to regard it as an expression of less accurate articulation.}

The lax vowels do not reach the extremes of articulation as the tense
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ones do. Compared to this they approach the 'neutral tongue posi-
tion', perhaps because of a certain laxness in the tongue-muscles
involved.

Fig. 2 shows the average formant-values for one person.
They naturally show the same tendencies as described above, maybe
even clearer.

Fig. 3 is an illustration of the average formant-values for
another person. The same tendency of lowering and centralization
of the lax vowels compared with the corresponding tense ones is
obvious.[1] and [u] even lie somewhat lower than [e:] and [o:]!
This fact seems in a way to prove E.A, Meyers results based on his
method of plastrography (3). The degree of centralization is almost
the same as in Fig. 2 (less for [1] and more for [u]). It is of
importance to mention, comparing Fig. 2 with Fig. 3, that it is
not the exact placement of each vowel in the chart, but rather the
relations between the vowels that seem to be important: Fig. 3 has,
for instance, [1] and [ &] almost in the same F,'-area where Fig. 2
has [i:], [e:] and [g:], but Fig. 3 has still higher F,'-values
for [i:}, [e:] and [5:], and thus the relations between the vowels
look almost the same,

To sum up: the acoustic data plotted in the charts pre-
sented here seem to be the acougtic result of an articulation, by
which the group II-vowels approach the 'meutral tongue position'
(i.e., are centralized). This is perhaps due to a certain laxness
of the tongue-muscles, But to prove a connexion of this kind more
detailed investigations both of the articulatory and the acoustic

phenomena are obviously necessary.

References:

(1) A.L. Fliflet, "Gespannte und ungespannte Vokale",
Studia Lingustica 1963.
(2) H. Sweet, A Primer of Phonetics (1892), p. 18.

(3) among others: E.A., Meyer, "Untersuchungen iliber Lautbildung"
Die neueren Sprachen 191o, )

(4) E.A. Meyer, "Das Problem der Vokalspannung",
Die neueren Sprachen 1913,

(5) Roman Jakobson, Gunnar Fant and Morris Halle, Preliminaries
to Speech Analysis (1952).

(6) Roman Jakobson and Morris Halle, Fundamentals of Language (1956},
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RESEARCH ON THE PHYSIOLOGICAL CORRELATE TO THE TWO VOWEL TYPES
IN GERMAN,

We Wo Schuhmacher

The occurrence versus non-occurrence in open and closed syl-
lable divides the category of the German vowels into two classes:
one type occurring both in open and closed syllable, and another type
occurring in closed syllable only. The purpose of the research re-
ported here is to find the physiological correlate to these two types,
our hypothesis being that the functional criterion has some physio=-
logical counterpart,

The vocoids manifesting the two vowel types have often been
defined as "tense" and "lax", The two attributes should then refer
to different degrees of tongue tension, in accordance with the tradi-
tional conception dating back to Bell's and Sweet's opposition "mar-
row - wide",

A pilot study was carried out to verify or falsify Ernst A,
Meyer's conclusion from 1913 that "bei den gespannten vokalen eine
stdrkere pressung der stimmbidnder und ein verhdltnismidssig geringerer
atemverbrauch stattfindet als bei den ungespannten vokalen" (1).

We recorded sub- and supraglottal air pressure and oral air flow
(plus the oscillogram from a throat microphone) on a A4-channel Mingo-
graph during a subject's articulation of the 15 German vowels, The
vowels were pronounced in the following consonantal environments:
/i-1/, /v-1/, /e-1/, /1-k/, /b-t/., 1In our laboratory setup sub- and
supraglottal air pressure are at present picked up by means of mano-
meters of the type manufactured in Edinburgh. Each manometer is con-
nected to a rubber tube which is passed through the nose: one tube
goes into the pharynx, the other - with a balloon at the end -~ in the
oesophagus, i.e, the subglottal air pressure is measured indirectly
according to Ladefoged's method. The mean air flow is measured by
means of the flow meter (aerometer) constructed by Svend Smith and
Borge Frekjer-Jensen,

On the basis of 150 recordings (each vowel pronounced 10 times
by the author) the following preliminary results can be stated:

Our experiments verify Meyer's result in that we have found a
difference in the mean air flow (l 1/3 times higher for the lax vocoids

manifesting the vowels occurring only in closed syllable -~ a slightly
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lower figure compared with Meyer's 1 1/2 times higher ratio), and no
difference in the subglottal pressure. On the other hand, the tense
vocoids (manifesting the vowels occurring both in open and closed syl-
lable) are characterized by the supraglottal pressure being 1 1/2 times
higher than that for the other vocoids. As the tense type is characte-
rized by a higher supraglottal air pressure and a lower mean air flow
at the lips, we must assume a greater resistance somewhere in the vocal
tract in between,

In order to investigate a possible correlation between mean air
flow and abduction-adduction of the vocal cords Fabre's glottographic
method was also tried in a brief experiment, The morphology of these
glottograms is, however, complicated as we are far from knowing exactly
what we measure (see this report, p.22ff). Measurements by means of
the type of glottograph recording the amount of light passing through
the glottis from a light source are planned,

As possible future methods one might think of the application
of radio-isotopes in order to get information about the air passing

through the glottis, and of high-speed cineradiographic technique.,

eferences:

(1) Ernst A, Meyer, "Zum Problem der Vokalspannung", Die neueren
Sprachen (1913), pp. 65-86, 145-171,
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PERCEPTUAL DIMENSIONS OF SPIECH SOUNDS.
Eli Fischer-Jorgensen

A closer investigation of the perceptual dimensions of speech
sounds must be expected to throw some light on the general laws
governing the structure of phonemic systems, the general tendencies
of sound development, and the facts of sound symbolism. The closer
we come to central processes the better will we understand the essen-
tial characteristics of speech,

Starting from Roman Jakobson's hypothesis . that vowels
are perceived in two dimensions (corresponding to the normal F2 - Fl
diagram) and that these dimensions are closely related to the colour
dimensions bright~dark and saturated-non-saturated, the author car-
ried out a number of tests in the years 1949-51, 1952-54, and 1964-65
(with generally from Lo to 200 students without previous phonetic
training participating in each test) asking the subjects to group the

Danish long vowels 1i: y: u: e: o: 0: E 8, By oS ke ol

in three groups (bright-neutral-dark or saturazgd—neutral-;;hs;;hrated)
and (in later tests) according to a seven-point scale, A number of
other adjective-pairs were also tried out using the seven-point scale,
(1 a) bright-dark, pointed-blunt, hard-soft, light-heavy, thin-thick,
(1b) narrow-broad, small-big, tense-lax, close-open, (2) tight-loose,
compact-diffuse, and (3) flat-round, but in most cases only with the
vowels i y u g @ 2. Moreover, subjects were asked to match
each of the vowels with one of a series of nine achromatic colours,

and with one shade from a set of colour charts comprising 11 different
hues each represented by an Ostwald colour triangle containing ten dif-
ferent shades of brightness and saturation,

The testing conditions were mostly so arranged that an auditory
reaction was favoured, but several of the experiments with seven-point
scales were made both with conditions favouring an auditory reaction
and with conditions favouring a motoric reaction, The results of these

two series showed only slight differences,

Roman Jakobson, "Kindersprache, Aphasie und allgemeine
Lautgesetze", Sprdkvetenskapliga Sidllskapets i Uppsala
Fdérhandlingar 194o-42 (1941),




The main result was that there seems to be a dominating per-
ceptual dimension which, when compared to the traditional vowel tri-
angle, can be said to run obliquely downward from the upper left corner
(i) to the lower right corner (D), corresponding approximately to
2 - Pl, This dimension is covered by the adjectives mentioned under
(1), but in such a way that the first 4 pairs (1 a) show a somewhat
stronger dominance of F2, A second dimension covered by compact-diffuse
and tight-loose is found to be more closely correlated with Fl (but in
the sense that i y u were considered as tighter and more compact than

the group g (¢ p with i as the most compact vowel). For saturated -

no clear answer could be obtained., Answers to flat-round

0

non saturate
were only elicited for the six-vowel group giving the order iféfﬂ“g?ﬁg‘
An interesting detail of the results is that the two variants
included in the vowel list (namely [Q;]and [D:] which are variants of
[&{]and [0:] respectively before /r/=-aq also after /r/), have their
separate placings, a being often rather far removed from . This
seems to indicate that subjects confronted with isolated -vowels may
be inclined to react to them as sounds, not as phonemes., The results
should thus probably be in better agreement with the general symbolic
values of sounds than with the distinctive features of the given
danguage, T
A somewhat longer summary of the results will appear in the i
Proceedings of the Seminar on Speech Production and Perception held in
Leningrad in August 1966, and in the Festschrift for Roman Jakobson,
A detailed account with documentation will be given in a book to be
published by the Philological Society in London,
Further tests involving pure similarity judgments according to

#)

A much more restricted number of tests have been applied to

the methods used by Gote Hanson are in preparation.

consonants, A major preliminary result is that a grouping of the con-
sonants according to manner of production seems much more obvious to
cts

“he subje than a grouping according to place of articulation, It

is also found that the subjective similarity between consonants (e.g. 1

H

between p, t, and k) varies according to the following vowel,

%) Ccpe. ©e8e The Scand, Journal of Psych. 4 (1964) and 6 (1965).
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BZPERIMENTS WITH SHARP FILTERING OF DANISH AND GERMAN VOWELS,

Eli Fischer-Jorgensen and Jergen Rischel

Some three years ago we started some experiments with sharp
highpass filtering of vowels, These experiments were first under-
taken in order to throw light on a problem that had arisen in spec=-
trographic measurements, viz, the difficulty in determining the exact
Fl1 peak in spectrograms of vowels with a pronounced "subformant", i.e,
an intensity concentration below the first formant pole (perhaps due
to nasal coupling or the like)., This low-frequency peak, which is
often found in German lax vowels, may or may not merge with the F1l
envelope, partly depending on the Fl1 location, and thus raises a
methodical problem in sound spectrography., In cases where the Fl
envelope is Jjust broadened we face the problem whether to try to
determine the actual pole frequency (which cannot in principle be
done in any simple fashion with our present methods) or whether to
take the centre of gravity observed on the spectrogram (which will
be inconsistent with the principles followed in all cases where the
subformant is distinguishable from Fl).*)

The error that can be introduced when Fl1 is measured in the
presence of a merging subformant, is appreciable, It has, however,
been generally claimed that the ear is not very sensitive to diffe-~
rences in the low-frequency region of the speech signal, In order
to evaluate whether the contribution of low-frequency energy to the
vowel guality is negligible, we have prepared a rather extensi#e
material consisting of Danish and German vowels, long and short;
occurring in contexts and isolated, with sharp highpass filtering

at different frequencies. The cutoff frequencies used for each vowel

*) A comparison with standard spectrum envelopes for different types
of vowels suggests itself in such cases, - A number of precision
analyses of vowels synthesized by JR on OVE II and analysed with the

51 channel analyser were recorded at the Speech Transmission Laboratory
in Stockholm in 1965, see STL-QPSR-3/1965, pp. 25f, Envelopes drawn
from these spectrograms and provided with indications of the actual
pole frequencies will probably be useful in defining the shape of

Fl proper in our natural vowel spectra,




90.

are (approximately) 200, 250, 340, 400, 500, 630, 800, and
1000 c¢/s. (With narrow vowels we did not use the highest cutoff
frequencies, since the experiment was to throw light on phenomena
associated with the Fl1 region only.)

A preliminary listening made by ourselves clearly indi-
cated that the distribution of spectral energy below some 200 c/s
does indeed not contribute to define the phonetic quality of the
sound, Certain other results concerning the quality of vowels with
removal of a greater or lesser portion of the Fl region are sug-

gested,




AUDITORY INVESTIGATION OF GERMAN TENSE AND LAX VOWELS,

Eli Fischer-Jergensen

It has been maintained (eig. by E.A. Meyer and by R.M.S. Heff-
ner) that in spite of the fact that the short German vowels T v U
often have a lower tongue position than long.f 2 o (and, as i; ;;p;Ars
from Hans Peter Jorgensen's acoustic investigatio;s, also a higher F1)
they are normally perceived as sounds of the iy u-type. - Now it
can be argued that people who hear them as.i.z u-sounds may be in-
fluenced either by the spelling or by the status of these sounds as the
highest short vowels of the vowel system, and that people who have not
got this knowledge hear them as sounds of a more open type. In order
to test this hypothesis German long and short vowels (spoken by the
same persons as those used in the acoustic analysis by HPJ) were cut
out of words so that the central part (with a duration of 6-9 cs) was
used and transitions avoided as far as possible. These vowels were
combined into a test, which also included Danish vowels: The vowels
of each subject were presented as a special group of vowels in the test,
to prevent interferences between different subjects with different re-
lative formant positions. For each subject the order was random, =~
The test tape was presented to two groups of Danish students (each com=-
prising about 4o subjects) and one group of Danish phoneticians (1o
subjects). As the students did not have sufficient training in cardi-
nal vowels, all listeners were asked to allocate each of the vowels
they heard to a position in a two-dimensional diagram containing the

Danish long vowels

The answers were in close correspondence with the acoustic

measurements, T Y U were heard as slightly higher than e o o for the

subject HL who had rather close _I_ YU, and as lower tha_n_e 2 o,
and often somewhat centralized for the other subjects,

In some cases the vowels had been influenced strongly by sur-
rounding consonants, not only in their marginal sections close to the
consonants (in the form of transitions), but also in the central section
which was cut out and used in these experiments. This happened for vy
and 5 between dentals (relatively high F2) and for E.between.l and_g—
(reiztively low F2). 1In such cases both‘g and I were heard as front

rounded @ or (,
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Similar results have been obtained in a previous test with
some Dutch and English vowels (e.g. u in "soot" when isolated was
heard as[@] |

It is intended to use the same test tape with German

listeners, The results will be published in a somewhat more detailed

form later,
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Eli Fischer-Jeorgensen
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3.
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12,
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Dialektgeografiens betydning for opfattelsen af lydfor-
andringer (The Contribution of Dialect Geography to the
Conception of Sound Law). Tyske Studier I (1934), 96 pp.

"Subjektive und objektive Lautdauer deutscher Vokale"
Archiv f. vergli Phonetik IV (1940), pp. 1-20)
to be reprinted in Phonometrie I1I).

"Les og fast tilslutning" ("Close and Open Contact")
(Nordisk tidsskrift for tale og stemme V (1941),
pp. 41-69, German Summary BCLC VII} pp. 11-13)

"Phonologie" (Archiv f. vergll Phonetik V (1942),
Uebersichtsberichte pp. 170~200; translated into English
(1951) and mimeographed for the use of the Summer Insti-
tute of Linguistics, Oklahoma)s

Almen fonetik (General Phonetics) (mimeographed 1948),
153 pp. Printed (1960), second edition (1962), 134 pp.
(English version in preparation: "Introduction to
Phonetics"),

"Dutch (Specimen)" (Le maitre phonétique 89 (1948),
pp. 5-8 (in cooperation with J.G.,. Talma-Schilthuis).

"Danish Linguistic Activity 194o0-45" (Lingua II (1949),
pp. 95-109).

"Kenneth L., Pike's Analysis of American English Intonation"

(Lingua IT (1949), pp. 1-13).

"Remarques sur les principes de l'analyse phonémique"
(Recherches structurales, Travaux du Cercle Linguistique
de Copenhague V (1949), pp. 214-234),

"Om stemthedsassimilation" ("On Voice Assimilation")
(Festskrift til L.,L,Hammerich (1952), pp. 116-129),.

"Hollandsk grammatik I, Lydlzre" ("Dutch Grammar I,
Phonetics") (part of Annie Holck Justesen: Hollandsk

grammatik (1952), pp. 13-50).

"On the Relational Definition of Phoneme Categories"
Acta Linguistica VII (1952), pp. 8-39).
Reprinted in the Bobbs Merrill Reprint Series).

"The Phonetic Basig for Identification of Phonemic
Elements" (Journal of the Acoustic Society of America

24 (1952), pp. 611=617). |




14,
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19.

20,

21,

22.

23.
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"Acoustic Analysis of Stop Consonants"
(Miscellanea Phonetica II (1954), pp. 42-59).

(To be reprinted in Readings in Acoustic Phonetics
(MIT Press)).

"Om Vokall:ngde i dansk Rigsmal" ("on Vowel Length in
Standard Danish") (Nordisk tidsskrift for tale og stemme

(1955), pp. 33-56).

"The Commutation Test and its Application to Phonemic
Analysis" (For Roman Jakobson (1956), pp. l4o-151).
(Reprinted in the Bobbs Merrill Reprint Series).

"What Can the New Techniques of Acoustic Phonetics
Contribute to Linguistics?" (Proceedings VIII Intern.
Congress of Ling. 1957 (58), pp. 433-478).

(Reprinted in Psycholinguistics, 1961).

"An Flectrical Manometer and its Use in Phonetic Research®
§E.F.-J. and A. Tybjerg Hansen, Copenhagen, Phonetica
1959), vol. 4, No. 1, pp. 43-=53). T

"Die Bedeutung der funktionellen Sprachbeschreibung
fiir die Phonetik" (Phonetica, Suppl. ad vol. 4 (1959),
PPe. 7-28) .

"Some Remarks on the Function of Stress with Special Re-
ference to the Germanic Languages" (Actes du congres
intern. des sc. anthropol., Bruxelles (1948,

printea 1961), pp.86-88),

"Beobachtungen liber den Zusammenhang zwischen Stimm-
haftigkeit und intra-oralem Luftdruck" (Zeitschrift fiir
Phonetik 16 (1963), pp. 19-36).

"Phonometry" (Phonetica 11 (1964), pp. 144-154),

"Sound Duration and Place of Articulation"
(Zeitschrift f. Phonetik (1964), pp. 175-207).

"Form and Substance in Glossematics" (Acta Linguistica
Hafniensia X (1966), pp. 1-33).

About 40 reviews of phonetic books in

Bulletin du Cercle linguistique de Copenhague IV-VII
(1939-46)

Acta Linguistica II, III, V, VI, VIII (1940-60)

Nordisk tidsskrift for tale og stemme VI-VII {19L2-4l)

English Studies (1950 and 1952)

Studia Linguistica IV (1950) 1

Le Maitre phonétique No., 99 (1953)

Phonetica 9 (1963).

Contributions to the discussions, Proc. 4. phon.congr. Helsinki (1961),

PP. 598 and 60l, Proc. 5. phon.congr, Minster (1964),
ppP. 214-230, pp. 509-559.

Obituaries Acta Linguistica IV (1965) (Louis Hjelmslev and Paul |

Diderichsen).
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"ber die phonematische und morphophonematische Funk~
tion der sogenannten Worttdne im Norwegischen" (Zeit-

schrift f, Phonetik 13 (1960, published 1962), PP-
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"On Functional Load in Phonemics" (Statistical Methods
in Linguistics 1, pp. 17-23).

"Morphemic Tone and Word Tone in Eastern Norwegian"
(Phonetica 10 (1963/64), pp. 154-164),

"Stress, Juncture and Syllabification in Phonemic
Description" (Proceedings of the IXth International
Congress of Linguists 1962 (1964), pp. 85=93).

"Toward the Phonetic Description of Farocese Vowels"
(Frédskaparrit 13 (Thorshavn, 1964/65), pp. 99-11i3).

"Recording of Synthetic Vowels and Their Spectral
(Quarterly Progress and Status Report, Speech Trans-
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Review of H, Pilch, Phonemtheorie (Acta Linguistica
Hafniensia IX (1965/66), pp. 204-214).

"Phoneme, Grapheme, and the "Importance" of Distinc-
tions: Functional Aspects of the Scandinavian Runic
Reform" (Interim Report No. 1, Research Group for
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Phonetic Introduction and Transcriptions in Halfdan
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van Visueel Taalgebruik binnen een Groep Dove Kinderen,
Vol. I-II (Word 12 (1956), pp. 454-468).

2. Review of Maria Schubiger, English Intonation. Its Form
and Function (English Studies XLII (1961), 2 pp.).

3. "L'accent en frangais moderne. Quelques expériences
sur sa manifestation phonétique" (Etudes romanes dédides
2 Andreas Blinkenberg = Orbis Litterarum, Suppl. 3
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3. Compte-rendu de G, Straka, Album phonétique (Phonetica
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correction phonétique (Moderna Sprdk 1966, pp. 77-79).
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