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INSTRUMENTAL EQUIPMENT OF THE LABORATORY 

BY THE 1ST OF JANUARY, 1970 

1. Instrumentation for speech analysis 

2 Sona-Graphs, Kay-Electric, type 6061 A 

2 amplitude display/scale magnifier units, 
Kay-Electric, type 6076 A 

1 contour display unit, Kay-Electric, type 6070 A 

1 fundamental frequency extractor ("Trans Pitchmeter") 

1 intensity meter (dual channel, with active variable 
highpass and lowpass filters) 

1 electro aerometer (dual channel for ingressive· and 
egressive air) 

2 air-pressure manometers, Simonsen & Weel, type HB 66 
(modified) 

1 photo-electric'glottograph 

1 Fabre-Glottograph 

1 palatoscope with complete outfit for palatography 

1 ·segmentator, model IPO (Eindhoven) 

1 Meyer-Schneider pitchmeter 

1 stroboscope, Philips, type PR 9loJ 

2. Instrumentation for speech synthesis 

1 provisional vowel synthesizer 

1 voice-source generator 

1 larynx vibrator with power supply 

3. Filters 

1 LC highpass filter (with stepwise variation of cutoff 
frequency) 

1 active RC lowpass filter 



III 

4. Instrumentation for visual recordings 

1 mingograph, Elema 42 (4 channels) 

1 mingograph, Elema 800 (8 channels) 

1 kymograph (with electro-motor) 

1 automatic frequency response and spectrum recorder, 
Brfie1 & Kjmr, type 3332 

1 oscilloscope, Telequipment (single b~am) 

1 oscilloscope, Solartron,type CD 1400 (dual beam) 

.1 oscilloscope, Tektronix, type 5o2 A 

2 oscilloscopes, Tektronix, type 564 storage 

1 dual-trace amplifier, Tektronix, type 3Al 

1 four-trace amplifier, Tektronix, type 3A74 

1 dual-trace differential amplifier, Tektronix, type 3A3 

1 time-base, Tektronix, type 3B3 

1 time-base, Tektronix, type 2B67 

5. Tape recorders 

1 professional recorder, Lyrec (stereo, speeds 7.5" and 
15") 

2 professional recorders, Lyrec (mono, speeds·7•5" and 
15") 

1 semi-professional recorder, Movie (stereo, speeds 
3 3/4" and 7.5") 

3 semi-professional recorders, Revox (stereo, speeds 
3 3/4" and 7.5") 

1 portable semi-professional recorder, Uher, type 4000, 
stereo 

4 recorders, Tandberg, type 92 SL 
' 

1 recorder, Tandberg, type 7, stereo 

6. Gramophones 

1 gramophone, B & 0 (mono, 0rtofon pick-up) 

3 gramophones, Delphon (mono, 0rtofon pick-up) 

7. Microphones 

1 microphone, Neuman, type KM 56 
1 dynamic microphone, Sennheiser, type MD 21 

2 crystal microphones, of different brands 



2 microphones, Altec 

l l" microphone, Brilel & Kjrer, type 4131/32 

1 1/4" microphone, Brilel & Kjrer, type 4135/36 

1 larynx microphone 

8. Amplifiers 

l microphone pre-amplifier, Telefunken 

l microphone ampli:fie·r, Brilel & Kjrer, type 2603 

l laboratory amplifier (mono/stereo, with matching for 
:for different impedances) . , 

9. Loudspeakers/headphones 

7 di:f:ferent loudspeaker systems 

5 headphones, AKG, type K 58 

lo. General-purpose electronic instrumentation 

1 oscillator, Hewlett & Packard, type CD 200 

1 :function generator, Wavetec VGC III (o.ooJ c/s-1 Mc/s) 

1 :frequency counter, Rochar, type A 1360 CH (5 digits) 

2 vacuum-tube voltmeters, Brllel & Kjrer, type 24o9 

1 vacuum-tube voltmeter, Heathkit, type V-7A 

1 vacuum-tube voltmeter, Radiometer, type RV 23 b 

1 DC millivoltmeter, Danameter, type 2o5 

1 DC nanoammeter, Danameter, type 206 

1 universal meter, Philips, type P 817 

l transistor tester, Taylor, model 44 

1 Piston-phone, Brnel & Kjrer, type 4220 

1 component bridge C/L/R, Wayne Kerr, type B 522 

1 AC automatic voltage stabilizer, Claude Lyons, 
type BTR-5F 

4 resistance decades, Danbridge, type DR 4 

1 condenser decade, Danbridge, type DK 4 AV 

6 stabilized rectifiers 

Additional oscillators, rectifiers, etc., :for special 

purposes 

• t f ' 



11. 

12. 

13. 

V 

Outfit for photography 

l Minolta camera SR-1 (with various accessories) 

l complete outfit for reproduction (including 1 Liesegang 
UNI-RAX with frame) 

1 Telford oscilloscope camera, type "A" (polaroid) 

Equipment for EDP 

1 IBM 29 punch card machin~model A 22 

(has been granted to the laboratory on the -lst of 
October, 1969, and delivered from IBM in February, 
1970) 

Projectors 

1 Liesegang epidiascope 

1 Leitz projector ~or slides 

1 Voigtl§nder Perkeo Automat - J 150 

1 16 m/m tone film projector, Bell & Howell 
"Filmsound 644". 

2 overhead projectors with accessories 

---------------------------~---
Some of' the instruments belong to· The State Institute 
of Speech Disorders, Copenhagen. (Referenc_e: the 
instrumentation list in ARIPUC vol. 3.) 
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LECTURES AND COURSES IN 1969 

1. Elementary phonetics courses 

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

phonetics (intended for all students of foreign languages 

except French) were given by Hans Basb0ll, Hans Peter Jorgen­

sen, Mogens Baumann Larsen, and Jergen Rischel. There were 

J ·parallel classes in the spring semester and lo in the au­

twnn semester (about Joo students in all). 

Two-semester courses (two hours a week) in general and 

French phonetics (intended for all students of French) were 

given by Ole Kongsdal Jensen, Karen Landschultz, and Oluf 

M. Thorsen. These courses were given for the first time in 

the autunm semester 1969, and there were 9 parallel classes 

(slightly less than 200 students in all). 

Practical training in sound perception and transcrip-

tion 

Courses for beginners as well as courses for more ad­

vanced students were given through 1969 by Eli Fischer-Jor­

gensen, J0rgen Rischel, and Oluf M. Thorsen. (The courses 

form a cycle of three semesters with two hours a week.) 

Instrumental phonetics 

Courses for beginners as well as courses for more ad­

vanced students were given through 1969 by Eli Fischer-Jor­

gensen and Berge Fr0kj~r-Jensen. (The courses form· a cycle of 

three semesters with two hours a week.) 

4. Phonology 

The standard courses (phonological method and trends 

in phonological theory) were given through 1969 by Eli Fis­

cher-Jorgensen and J0rgen Rischel. During the third semes­

ter of the cycle, Jergen Rischel lectured on the syllable. 
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(In total,'- :the courses f'orm a cycle o:f three semesters with 

two hours a week, the subject of' the third term being chosen 

freely.)) 

s. Other courses 

Eli Fischer-Jergensen lectured on diachronic phonetics 

through the spring semester (in continuation of' her 1ectures 

on the same subject in the autumn of' 1968). 
Jergen Rischel lectured through the spring semester on 

methods and instrumentavion for generating synthetic speech. 

Berge Frekj~r-Jensen lectured on Chiba and Kajiyama's 

book The Vowel through the autumn semester. 

Berge FrekJmr-Jensen also gave a course in elementary 

electronios and another course in mathematics for phoneti­

cians. 

Hans Basbsll gave a course in Danish phonology. 

Moreover, the students f'o1lowed courses in English, 

French, and German phonetics at the University. 

6. Seminars. 

The following seminars were held in 1969: 

Lecturer Jergen Rischel gave a critical survey of Peter 

Ladefoged, Linguistic Phonetics (1967). 

Professor M. Romportl (Prag): Methode der phonischen 

Analyse der Sprache. 

Dr. Eva G4.rding (Lund): Sandhi in Swedish. 

Professor Peter Ladefoged {University of California): 

The phonetic capabilities of Man. 

Professor Gwmar Fant (Stockholm): Vowel theory {recent 

observations on resonators and perception). 

Professor o. Fujimura (Tokyo): Recent experiments on 

sound production with a demonstration of a colour· film 

of larynx. 
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Professor Ilse Lehiste (University of Ohio·): Tones and 

intonation in Serbo-Croatian. 

Stud.mag. Lars Brink and stud.mag. Jern Lund: The pro­

nunciation of Standard Copenhagen 1840-1955~ 

Professor Janies Mccawley (University of Chicago): Ac­

cent in Japanese dialects. 

Participation in congresses and lectures at other in-

stitutions by members of the staff'.,_ 

Eli Fischer-Jorgensen visited the phonetic institutes 

at Bonn and Mtlnster and lectured at both places. 

Eli Fischer-Jorgensen and Jergen Rischel participated in 

the International Conference on Nordic and General Linguistics 

in Reykjavik. Jergen Rischel gave a paper on "Consonant Gra­

dation: A problem in Danish phonology and morphology". 

Berge Fr0kj~r--Jensen participated in the XVII Northern 

Congress of OtGlaryngology in Elsinore and gave a paper on 

"Comparative tests of two different types of glottographs"• 

Jergen Rischel participated in the Annual Meetinc of 

the- Societas Linguistica Europaea in Vienna •. 

Hans Basb0ll and Jergen Rischel participated in the 

First Scandinavian Summer School of Linguistics in Stockholm. 
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AN ATTEMPT TO REGISTER LIP PRESSURE AND LIP ROUNDING BY 

MEANS OF THE ELECTRO-GLOTTOGRAPH1 

Carl Ludvigsen 

From a phonetic point of view a simple, reliable 

method for registration of lip pressure and lip rowiding 

would be of great interest. In order t0 investigate whether 

an electrical impedance measurement is a useful tool for 

this purpose, some preliminary experiments have been 
2 

carried out. 

As an attempt to measure a variation of electrical 

impedance related to the lip pressure, two electrodes were 

placed at the middle of respectively the upper and the 

lower lip. These electrodes will be referred to as the 

A-electrodes. Two other electrodes, the B-electrodes, were 

placed in each corner of the mouth (at each conjunction of 

the lips). The B-electrodes were intended to give inform­

ation about the roundness of the lips. Simultaneous recor­

ding of the two impedances was obtained by using two elec­

tro-glottographs. 

In order to be able to interpret the output signals 

of the two electro-glottographs it is necessary to know how 

these output signals are related to changes in the impedan­

ce of the measuring object. This relationship is generally 

not simple. However, when the reactive part of the impe­

dance is time-invariant, the level of the output signal 

~----------------------------------------------------------
l)J The electro-glottograph was described in the Annual 

Report of the Institute of Phonetics, University of 
Copenhagen, Vol • .3 (196,9 ), P• 1-8. 

2) B~rge Fr0kjrer-Jensen and J0rgen Rischel have parti­
cipated in various phases of the present work._ 
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depends 1inearly upon the change in impedance, i.e. the 

change in resistance. As the impedance between two elec~ 

trodes placed on the lips is approximately resistive (Ohmic) 

at the.frequency of 300 kcps, the output signal of the 

electro-glottographs is simply a measure of the resistance 

difference R (t) - R
0

, where R(t) is the momentary resi­

stance between the electrodes, and R is the resistance 
0 

corresponding to zero output level. 

The resistance between two electrodes placed in the mid-

sagittal plane on respect. the upper and the lower lip 

The resistance between the A-electrodes depends pri­

marily on whether the lips are separated or not. When the 

lips are pressed together and suddenly separated, the 

resistance between the electrodes changes discontinously. 

This feature may be of interest as it provides a method 

for registration of the exact moment of lip separation. 

However, this great change in the resistance may mask other 

relevant information and should therefore be avoided in re­

gistrations for other purposes. This can be done by intro­

ducing a strip of plast folio between the lips. The re­

sistance between the electrodes is no~ mainly determined by 

the configuration of the lips. Thus, when the lips are se­

parated, the resistance will mainly depend on the distance 

between the lips, and when the 1ips are c1osed, the lip 

pressure will be the main factor influencing the magnitude 

of the resistance. Furthermore, the distance between the 

corners of the mouth will influence the resistance slightly. 

This position of the electrodes seems to be useful when 

comparing degrees of pressure related to bilabial stops and 

nasals. 

The resistance between two electrodes placed in each 

corner of the mouth 

The resistance between the B-electrodes depends pri-



marily on two parameters: 1) The distance between the cor­

ners of the mouth and 2} the distance between the lips 

{measured in the mid-sagittal plane). If' the distance 

between the lips is kept constant, the resistance between 

the electrodes will increase as the distance between the 

corners of the mouth increases·. A similar increase in 

resistance will take place if' the distance between the lips 

increases while the distance between the corners-of' the 

mouth is kept constant. It should be noticed that the B­

electrodes are not placed in the symmetry plane of' the 

mouth orifice. Consequently, the two possible paths of' 

current, namely through respectively the upper and the 

lower lip, are not identical. If' the resistance in the 

upper path of current is called¾ and the resistance in 

the lower RL, the resistance between the B-electrodes is 

1¾fL/ (Ru,+ RL),. If' now l¾J, F RL, the influence of' the smal­

lest of the two resistances will dominate. This might ex­

plain the diff'erent registrations obtained with the A- and 

B-electrodes. Simultaneous recordings obtained with both 

A- and B-electrodes will give information about the 

position of' the lips ·from which the degree of rounding 

of' the lips may be determined. 

J. ecording of labiograms 

Recordings utilizing the A- and B-electrodes were 

made in order to verify and elaborate the considerations 

given above. Five subjects spoke a sequence of' nonsense 

words, and recordings were made on the mingograph. 

Fig. l shows the difference between labiograms re­

corded with (Fig. lB) and without (Fig. lA) plast folio 

placed bet1veen the lips of 1 the subject (JR) 0 The labiograms {A) 

were recorded with the A-electrodes. Simultaneous recor­

dings of' oscillogram (osc), fundamental pitch (F.P.) and 

oral pressure (o.P.) are shown. The abrupt changes in the 
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1eve1 of the·1abiogram Fig. 1A compared with Fig. 1B should 

be noticed. The moment of lip closure is well defined in 

Fig. lA, while the labiogram in Fig. lB seems to give more 

information about the position 0£ the lips. Note that the 

labiogram scale has been changed from Fig. lA to Fig. lB. 

The labiograms shown in Fig. 2-4 were all recorded with 

plast folio inserted between the lips of the subject. 

Fig. 2 shows A- and B-labiograms for two different 

subjects, (PT) and (CL). The two sets of labiograms are 

almost identical and indicate that the measuring method 

is reliable. It appears from the figures that the B-labio­

grams give more information about the identity of the 

vowels than do the A-labiograms, and that the level of the 

B-curve is correlated to the degree of rounding of the 

vowels. 

Fig. J shows A- nd B-labiograms of a bilabial stop 

consonant before stressed and unstressed vowels. It should 

be noticed that the electrical resistance related to the 

consonant is smaller before stressed than before unstressed 

vowels, indicating a greater lip pressure of the consonant 

before stressed than before unstressed vowels. 

Fig. 4 shows labiograms of the _two sequences of 

nonsense syllables bibybuba and titytuta. Fig. 4B shows 

that the influence of the position of the tongue is negli­

gible. Thus the difference between the two labiograms is 

caused exclusively by the different distance betw~en the 

lips. (It is supposed that the distance between the cor­

ners of the mouth varies identically in the two words.) 

4. Final comments 

As labiograms have to be recorded from the DC output 

jack of the glottograph, special attention mus·t be paid to 

the possible drift of the zero-level. As one might expect, 

it turned out to be very difficult to fix the electrodes 

on the lips. Artifacts may be recorded i£ one or more of 



5a 



f'H
H

ri
-i

:·
 

fr
>-

+±
~,

."
ft

t' 
·:

··1
t,

·1
··!

 ,·
-

·-
;/

-~
''t

+r
·r

!'-
·f

·';
--

• 
'·e

t·
·.·

/ 
r'

+•
r.

'·'
·J

·lj
,·~

-;
,.p

.t
-·

·~
H

~-
-.

-•
+•

r1
•1

 
. ,.

t:;
:.~

· 
...

 .'
.~

i-
,-

•.
 

:0
:•

· 
,,.

..,
,..

 
r 

_·
tc

~ .
. :r
r.

;,.
 

rn
: 

.!
.'-

J·
/:c

r,
·-

-•
i.:

::,
·J

·1
.·i

:.q
 ·+

· 1,~
,·•

1-
;! 

•.
 •q

t.t
t;:

n•
 

·r
++

t-
~ 

.,_
,_

., 
.,:

i,,
~ 

•j
,..

-t
-·

--
, 
r·

-<
-f

-i
-·

. 
,·-

'-
;;

.P
i-

.. :
..)

._
:_

.,~
-:

...
•·

+:
' 

._
1:

._
 

--
-<

,+
~

...
:.:

. 
tr

-1
· 

w
t :~

rh
l~

td
~:

~i
r\

;}
 

;;r
:li

J;
;f P
,;t

~
w

-\
 

:l'
 f:

~
 J;
 

"1
~ 

, 
r 

• 
-,

 ,f
.'1

''4
"'

 
:i

 ,s 
e.

:1
,t

l 
.,,

i-
. f

L
[ 

· 1
< ,.

 ,,,
 'I'

+
~

·,,
 

t. 1
 

Jr~
~~ 

it ·
;;~

i~
~

~
t 

c~
d;

~
~

tT
T

t~
:1

J:
{1

12
t~

11
~

cj
;\'

IJ
/tz

;:-
j~

 
]t

'. 
~8

1
1t 

., . ,i .
.. l.

 ~
 .,.

•·
r ·J

· ; .,
.

1 J
~

r·
F

~
.~

 
.,.

,.,
f .. ,.

~ 
'J

 ·H ,
. {

 
..r

+
.. 

i-:
-[

,..
 

• 
i-;

 

}(
:~

-~
-:

~
 

Je
.+

m
f~

t~
: 

:·;
 ./~

.!.
 

:T
~

:{
fF

}E
r·

1 ;;
{-

·~
tf~

:I 
.:·

 
.. :f

? r
p~

~1
➔
 \~-

C
 

fr
:, 

!;
j 

1 l'
 

tl'
 
l 

' 
', f

-4
., .

 r" 
.r

w
:Y

lm
: 

' f
';

't
l_

C
:,

-,
 ' t 
ff'

 r
'"

 I 
' 

":
: 

ru
t~

~
: 

~
r~

~
~

]\i
:t 

~
0:

~
~

L:
ilt

f 
}r

@
:~

{f
 

~~~
nt -

~
ki

z:
Lu

'.~
 

~i~
 

::
.,,

f!
m

tt
,J

,-
:l

-m
-1

fl
>t

1m
llr

·. 
l. 

'' 
Li

, 
Jr

~
r:

df
-:

(t
=

F
i 

f·•
r~

, 
';1

S
r>

:l·
.t.

tJ
:l·

:r
( ,

,::
: 

ltt
f ur

U
+

{I
B

li-
tit

f 
tt:

:1
1d

 .. ~
:, 

, .
--

· •·r
:,

<1
· 

,::
.;:

t:1
 

.. •·
··1

I•
 ;.
.)

 • 
; ~

h:
t +

~1 --
!'.

f''
 ,

· 
~

i; 
n 

i :
; -

~
 

ct
}i

l l·'
.~

 ir
t }Jl

B
:F

rJ
ite

,T
 

"-
~

i .. J
V

T
I~

tL
 

i1
m1 ~

1d
~

![T
1n

;h
.r

0~
 

.m
r 

ti 
,I 

, " 
. )

-,
~

 
,,+

 "
,, 

r+
+,

 (
\ I

 
"~

"' 
',L

' ,
,,c

r,
 ' -

,~
 -•
I l "

f.
 ~

-J
; ,-µ

., 
'r

, .
'.1 'fl

 
qt

1;
. 

ffi
} 
1!

li ½
 )J

 :U
:P

~
l{,

~
iii

 
·: .

:;-
i..

:ir
:·

1 ;::
:-

t. jj,l
r(

} 
~

:l~
U

~
;_

! 
' .•

 :t+
· :'l

i r
1r

r :l .
. ~

t1
:U

 
rr

t,,
f,-

•.
'. 

•,
·r

f.·
 .

,~
"]

·l·
H

·q
·,.

.1
·L

h~
.t1

,r
-,

·· 
~

-/
t! ..

.. 1~
.i:

1 
_+

 I
 .

:f
l,·

w
~ 

,f
,j,

tt
 •

·1
 

§i
kL

I1
t 

.1
:f

f' 
+

I)
 1f
k-

~:
1H

·it
w

~c
t1

: 
:~

· :1
J:

,=
· 

II
Jl

fh
i· :(;

l~
1 

j]
J.

jif
f\

.r
rr

i~
Jt

 
tf

a 
0 -:

-r
t' 

r •
 :-

, 1
,. 

,. 
• -

L
:-

1-
•·

1.
.-

,,-.-
.,~

.

1··1
•i

q1
-h

-
t-

T
T

 
--

~)
:l~

µ·
s 

i1
H

v-
;-

·:
·r

·''
f 

-~
 rf

.T
f 1

'1
 1

1·
1+

 
W

~
U

lf1
?J

x.
Lt

t;i
~

J:
::.

~
 

}r
/s

,~
 ;1

Ir
.t~

1/
.r

ul
·;~

t:_
 

:-
i:J

 j+
.J

.1 \"
-
!f~

 -1
1 

::r
·~

• 
j1

P
H

-;
;T

T
}-

•lt
j. 

,-
+

r,
 

,. 
·m

a-
·!·

i·•
·r

-:
,.,

Jh
r 

.J
.,1

-•
·lc

1:
l 

;i:
· 

•:
T

-f
ftt

d·
r 

lr-
,-

1
1 

~
: ~ , _

_ .:\
ttf

j¾
·~

~
}t

.i~
vt

t~
):

 
~

~
~

t~
;~

3t
L1

f 
~

-
1 

!~
af

~
:t t~
 \:

 ..
. l;\
l~

Ir
ttf

 
f if

rh
+

 4:
 

:.1
.:J

~
l,n

:: 
';-

,-
,-

i fj 
!:

=
,l;

 
tii

;:h
±

 flu
t1

:i-
:_

f 
f1

:1
ft

;I
tn

.t-
;;.

 '.J
:i!

-y
 JT

+
l t

+
!-

: ·:
 l:t

4.
·~

r.
Jt

rr
[L

 Ju
 

*~
 1 ls:"

' -tl
:U

: 
-t

.-
tft

.~
]!-

f7
 

}1
=

;,g
\ 

}t
i; 
U

t~
 

f1
 ·~

t4
 :f

b1
1-fh
 i

. ;
. F

fff
f"

f: 7 k
i 

➔ ., iH
W

IJ
tl,

 
: ,I

,, e
-c

f>
Jh

+
H

-f
f: .I
 Hffil ti

-R
-H

 ill
",

 
'!,

 ttJ
t+

.f
H

fs
-

M
, 

:t
ri

::
tf

;1
:1

1"
tf

JT
T

T
-'

H
. 

rl
' ~

. ·_
ff

m
':-

' 
f-

lr
_-

_r
 

..•
 

T
J1

1 
.•

 
•.

·r
·+

rn
···

 ~I
T

..'
.t

fF
 

.. ·,
'.·

1·
. L
f' ..

 ::
·.l

IT
T

' 
.. 

u 
+_

'-
~r

~_
-i

-:
i· 

d
.·~

.t
.+

+;
,l·

t-
J-

1-
, 

P
i•

. 
t·

.H
+H

j·.
t-

·i·
·•

·i.
-l

H
, lt

j.J
't•

 
ftf

aY
.{

ti~
l,.

ttm
.ti

:ii
-~

 
l?

ii.
 '-1
t!t

:fi
=

g:
Ji

tr
: 

~
: .li

-.
/ iff

:~
lil

iil
l:F

 
::.

 ~~
y 

:fa
JP

rit
 

·i-
tF

'i~
 ·11 i1

.tt
 

~
iH

.·f
,.1

-,
Lt

:,.
!:~1 .:[

.-
ui

t\.
·ti

::.
r~

; 
tti

.fu
i-1

·1
b+

•:
 flH

 B
:F

-t
.F

fl}
; r

i;.
E

li .•
• F

.t-
.l'

.•
1-

.-
r;

i~
.­

iL
'~

 
-·

·-
· '.

 ~:
:}

:w
: ·tt
L

 ..
 :: ..
 Y
lli

:t-
3.

H
:E

,~
:~

~s
:::

±
-

··.
,t

1
·~

JQ
+

L
,f

~:
!+

· ··;
. 1 ·

-1
 ·\

i+
;-1 ·1

· 
!J

l 
,,'

-.
'J

' 
.. 

'J
 .

J·
.C

 
U

,a
.b

.,,
,. 

<
 

\·f
·-

'·'
~

·'·
,··

f 
••

••
• 

,:;
-;

:r
•r

i•,
·+

~
·.·

· 
'••

;·b
i 

f 
~,

-1
-.

lT
 

1~
·r

 
+

tf 
~
 •

 . 
.-

')t
'·:

J 
;_

t 
-~

·' 
l 

'..
;."

_ 
. :

-
~·

, .~
 'I

 
h 

:~
,.\

 
I 

;.f
.-

. 
-l

' 
,· 

·-
iN

-
'' 

',.
 : 

:t.
 ~

-
-:

~~
f°

/;'
 , '

:·,
. 

u.
,J

. 
•~

 
.,1

, 
·H

tft
''•

· 
·ii

·:·
•.

:;.
 

'il
·-

· 
·•

 ,
' 

·•
·.:

:L
:; 

·1
,-

t:,
_i

::.
'·f

-1
· 

~
 

·J
t 

·il
.::

LL
:·;

j:g
· 

.l:
.:1

. 
~

:i:
:t•

 
-

; 1
!"

'."
IT

T
, ,. 

p·
•t

&
 

.. 
,~

~1
r,

;: 
·~

 
,.,

:r
r .:-

· ,:t
· .

 -;~
H

, 
r:

-·
. ,

·-
.:,

--
• • 

1
1+

 
l'·

 
, 

,. 
.•

 :r
 ,J 

'··
-J

'i 
I 

,::
l[-

: 
'-'

,-
~

1
1 ·1

 
.!

 •
• 
(1

1•
-l,

•i,
••

·r
•'P

···
,•

1 ,·
H

-r
', 

I 
;,1

 
r:

,h
t..

*•
l·.

ct
.~

·1
L

l::
!-

f4
:~

i -·
 . : :

i:8
1=

\ 
'.+

: 
~ -

~:
:: .•
 .-
~ ,·:

w
. fJ

..\
 ~:
s 

:·.
-:

--
:H

-t
:2

~ 
•:

-r
 
.#

 i:
ii~

f:
:~

+
%

8 ,~
h 

,t.
11

~
, 

.t.
.1

.,.
,lv

·•
.i 

••
 11

,}
' 1'·'-

<
l''

.·'
'·f

'··
''·

~-
,.1

.j.
,[

 
1•:-r➔ff¥

·. ,g
W

+
!~

·'c
t·H

•;
' 

"'
fl

·-
'1

r~
+

1:
f1

··'
·· 

' 
r 

c 
• 

• 
,. 
\iJ

'·'
 •

 
. ' f

f J·
 · •

 
H

 
f-

~ 
•' 

·''
' 

••
 •

 ,
.,.

 
-!

-J
 

Lf
+

f:1
-,

; 
I·'

 
~-

-1
1·

· ~ 
• 

·' 
--

r+
1 

·r
• 

·I
 ; •

· 
P

.i'
 

.•
 

) 
h4

11
;i-

4.
 r:L

;r
 

lh
'-·

 
-

, 
; 

IL
/,.

 
+

--
-.

 
, 

••
. ,.

~1
t~

r.
~ 

.-
-~

.r
b:

·'·
 +i

_.
;i_

-

,q
1:

·1
:' 

1 •
 'f ,

",
 ,tl
0/

m
el

lil
0i

 
i~

 1r
;z

j}W
~

1 ~
P

ii:
 .•
 : n
1;

r:
 

'.!
W

 
;

.;,
q_

 
!1

 
,.I

 
1_

.f1
1-

l•i
·l_

1-
_ 

J 
I ..

 ,-
r,

, 
r-

F:
_ ,'1

 
·,:

 
t,,

.,_
·r

-
' _

_ f. 
T

'-l
 __

 
·r

+
,1 • 

~
.'1

·, 
,'-

t··
 

•i
 

••
 

Ir
r•

·' 
•''

[ 
·· 

•;
-1

, 
t1

t-
.. 

f 
,.,

. 
;,➔

·••
•-.

-,!
"J 

_:
!;

, 
,.,

 

' 

.1
.r

1'
. 
~
 •••

 ~ •
 ...

...
. tf
i-

"•
-.

 __
 

••
 .

v~
·.f

f-
,-

.-
'.)

, ·~
.-

~
 

.•
 _,

_·
 

--
-,

.,.
if

'~
 r

.;,
.':

f.
;~

.:.
 

• .µ
.~

-1
-~

-:
:::

, 
1·

:1
:: 

-
' 

: 
..

 ·.r
~

.:(
 l·:

 •.
 'fl

 
, ·+

: d
 '; (

} .:
f :

f!.
f~

1t
fl;

J 
J 

+
,·J

-;
-'-

••
 ..

 "f
 ,.-

}.
\-

••
1~

· 
ls

-t
.f-

J.
,:;

-}
-4

t·l
•·

r,
-,

 
•J

t· 
'tT

·~
,J

.',
 

q;
=

~
, 

~ 
• tt

: ·
:·:

:: ·)
. /:

:~
/¥

~
Jj

Jl
:fJ

 
•.

. t:.\
·~

 
r,

·lt
 ·I

·, 
j· 
J~

: .. ·
 

11
~-

' 
'-·

 
.if

i}-
' 

·: 
Jr

1,
 

'-1
 

b.
 

1 ·, 
'·h

1 
·; 

• ,
·H

-_
._

t·.
 

l-
: _

_ :J 
• 

-~
J.

 
1.

. 
' 

. 
-'-

; 
::-

-
1~~

 ..
. ~l
; 

:•
_-·

 ~
· 

·· 
r 

-~
· .

.-,·
 .i

::
t-

:r
n

 

fil..
..

,_
•t

-♦
· 

.-
,~

-
__

 ;.
 

-<
.!.

-.
 • 
...

:.L
-,

 -
1-

--
J 

.•
••

• 
...

,.,
. 

I-
+

L.
L;

.. 
! 

• 
. 

' 
: 

~
~
t
 ..

 :, 
' 

.. 
,.1

 r-
•I

 
• 

r•
li•

 
I 

: 
., 

'• 
; 

• 
• 

t 
r 

~-
:,:

 .
.. \

,1
: 

.. 
'; 

·r
 
'~

l 
!-

,,-
~

);
,.L

-L
;~

I I 
L·

U
i .. H

1:
h.

,, 
· 

_r
t-

-·
~ 

:-
J-

1.
> 

►-
7t

 
.!

:i
~1

 
• 

.t
,~

-:
--

, 
.. i7

"[
·!

:-
-~

-r
 

...
 ; ..
 -
; ::

1-
:~

::
 

·L
 l·

, l-H
 ,

. 
''·

 •
 r,

 r 
'I;

;-
: t

' 
r 

•:
··~

·,.
 • 
d 

1 
, i

 I 
: '

7~
i' .

' 
. 

, 
,.,

· 
J 

··J
, 

••
·t'

i''
 

·1
1
•t

 C
' 

i.;
.,'

. 
;I,

'.-
...

 
: 

••
 

'.11
: 

••
 

I 
~
 i

 
• 

.,,
., 

·' 
j _

_ 
1-

~
 
f ·

rJ
., 

-'7
1 ..

...
 ...
,..

._
,_

tf
r•

"·
 

·-
-

+
 

1-
:..

.. 
...

,..
 -·

""
'lr

:-•
~n

:-
+-

-+
-•

r:
. 

• 
:ir

t\,
 

1.
:/ 

>
; i\

: 
.::

::·
:t+

 
>

lL
r1

t 
L~

J.
f;C

~
••

 
1:

h 
ilu

; 
Jq

li.
 

...
 _i

£·
 1~

r
1 H

L
_:

_,
_ 

-4
-f

 
,.,

.I
..J

.!
,t.

 
-+

.J
. 

~
t..

. 
:..

.:.
.. 

., 
i-:

.J
 ~r,

.!
--

·t•
-J

•J
+

t 
~-

H
-

:J
--

~ 
·L

 
~

:i~
 

'•,
;;,

' 
I.'

. 
. 

q 
u 

r-
'.:

 
: 

t·J
-1

·.
1
n:

 
. 

;r
;,,

 
1 

' 
<

·'·
' 

'i 
·' 

: i
 :.

 ,
 ·,

_ 1.
 j 

, I
 ·

: t
.}

 
_r

 ;-
f~

·-
· 

·-
.'.

 ! •
. j'f

 
•.

·.•
 

'' 
:•

· 
'• 

•.
 

·j 
O

 
:._

1 u.
1

1 _J
 t 
1_

,~
. f.·

 
•t

l:.
,)

. 
:, 

._
,.j

...
 1+

:4
.t.

 
~ .

 .)
...

,. l,
...

.. 
! 

'il
 

.:.
:,_

~~
 ••

. 
.;.

 . 
,~

 
' 

j' 
f 

I' 
.c

4J
. 

+
,,-

t>
 ,

 r
t+

~.
+

~ 
r,

~
_·

.~
•:

 •l
r1

,H
:i:

 
•.

 :-
•·

1·
 .fi
l 

·,_
tr

' ·
.l•

_t
i_

 
-.

i\·
:. 

1 n~
+

1_
t, ·

_,
ii·

 
r;

tr
 ·

.1
 i_

·fi
._

n ,
:,i

').
J,

 
i 

., 
,. 

• 
.. 

\f.
 

'·!
'I 

1 
, 

• 
,: 

,: 
r,

·1 
.i,

 
• 

,, 
' 

T
 •

• 
• 

1.
•·

r:
:. 

1 
.f;

r:
 

.1
 

+
,.:

l. 
l. 

•:
+

 -
~.

1-
1-

,-
-l

t•
 i~

-
...

,..
 .

J.
,.;

. 
+

.f
 r

r-•
 .. +

-:
 -+

-·-t
-i

-½
-l

 +
..-

.f
fW

 
. L 

, 
:-

r t.
 

'.J
i'.

· 
!"

 · 
·;:

 ::
 • (

,.·
 . .-

, .·
·,.1 \ 

''.
:·.

'·H
 H

(r
.' 

: ..
 ;:

: 
1!

/-
U

;-'
; 

. 
:.]

 ,:
·(

 .. 
U

:. 
t .

.. ~ 1,
 

• 8
-H

-h
fl

..L
,..

E
 

,,+
 ;tt,

 
Jf

u
 

tr
t 

+-
r,

f c+
 ~>

,1
H

« 
t,

,.i
-:

-,
.lJ

_,
_,

 

...
.,-

.. 
• 

• ..
,..

,_
, .

. :j
:i 

.. ill
•-..

. ~,:
r.

-:
-

...
.. -r
~

;+
--

-1
--

t··
-

...
...

...
 

1·
· I • + 

••
 

ii:
.1

-,
 

·'"
!··

 
f :,

_·
.t

 ·r
·'-

-•
,_

"'
.t

'.:
f-

f;
 ·.

, 
,·'

!-
. ''U

-l.
·, 

·: 
.•

 
'J

tf
 

'"_
·~

,_
 •"
::

t·'
 

, 
"+

'"'
('"

'.·
.. 

-_
·-

.~
·. 

f 
·1

 
.•

• ,
_.

 

t:i
 ;11

:~1 :f
~

~
ftt

iif
;' 

,,~
;~

ft
'fF

 
'~

: •
· :·s

:,f
: _

-t-t
-;'

~
t~

+
 

48
-i

~t
~.

&
:-

:-
L

fi
±

::L
.. ..

 H
 

'.d
-~

·..
.r

+
f.J

 
T

ri-
--

· 
• l

 l.. •• .
,.i

..-
• _

_ 
).

,.;
,=

L-
--

f.-
i:i

-
lr

J:
 i, 

1·
~

r.
J~

·~
l:;

t:~
.[1

:· 
...

 ,::
.;.

.-
::·

:
1 H

IJ
1f

th
•r

 f 
·t 

~·
.o

.t
-.

 
·:2

-~
J·

 ·:
•n

;r
;t;

_~
~

 
.. t. 

~t
,..

 
._

, 
r.

 ;-r-,
.+

•-
'-r

t 
-.

.W
. ~

-
...

.. t:
-'-

tt
-·

···
 

' 
.,.

...
.,.

 -~
·1

-!
;;

;:
···

. 
--

-+
i➔
 .. --

.:
J~

:t
-

F
.J

t;.
 

l"
 · 

· •:
 : ,:
 1 ;

ft U
ifr

:.;
) ., ;
 ~
: ;:

 . f.
 ff@

/if
 :J
 :;J

k ;'
 '::

 .: :
t ;

~
:: ;· :
· 

· 
,· 

· f'"
k'

-
-~

 lf:
1 

~ 
~

-~
~

:!(
\-

-!
 

••
• ...

.:d
. 

-,
.-

:•
:1

·~
l-j

-t
4l

~
::-►:!ft

. ~!iF
:-

1}
1 

__
 

. _
_ \.

h~
--

K
 

.. 
~

.y
. :-
_'

 
;.·

.1
:-

L,
.tt

--
f-

--
·-

1·
·.;

.~
--

<
j 

1-
'-1

--
~

 
;r

",
 •

• '
(\

 
} 

"':
?t

-7
t·.

, 
I -

.:.
1"

 '1
1.

 r r
 E

.; 
~ ·

1·
, -~
,-:

{~
·' I

-
nJ

.; 
=

:t·
 J

' 
• ,

·, ~
1 ·-

,.-
,.L

 '-
:i 

. : 
-~

:1 
·~

-,-
zf

-~
 }~

,lw
.l;

 
:~

t"
~-

:.±
t,I

t-
t4

+
f:

i.,
,.,

 
:-

·\-
p\

 
·.·

.:+
-'.

-~
;-

~_
:..

;.~
f~

;.~
.:.

~ 
ti

-r
;I

~{
·' 

, •
• ' 
\J

i:
't+

 ,,·
, ( 

I(
F

{·
 

-c
::

h
i·,

 .L
t"

j!
1 
~
~
~
 

1'
 

If
 

l 
• 

tr
~J

_ ~
if

:.~
 ~~

11
 

l~
~~

~t
 · 2

11
~~

:; 
~;

ii~
·+

tr
-~

f:
:~

::.
 

· F
-r

.r
·_

.t.
~~

-~
~t

+
'.·

,-
r 

..-
:-

:.J
;~

 
.•

 J 
.. 
➔

.J ..
 .; 

'l 
...

 ~
lfr

 
+

·•
···

•-
·'-

l:j
_:

l.•
+

-t
 

--
-:

U
-P

 1
., .. 
:1

, .. ~
 .. 

t!,
 

'·-
·-

.•
.. r 

.I 

'i:
If

' ~}
]J

 ::~
 

~t
-F

i{
1!

J 
+

ffr
t1

1~
~

{J
J[

t 
J~

~
f3

E
[J

fJ
tJ

tJ
}1

T
ff{

·t+
~

 
:=

~
J 

l+
,-

, 
; 

...
.. 

•.
• 

.. 
1,

.r
-•

,._
•-

1 ™
.· ,_·,r

t 
•1

r_
?

_;
···

·"
i-

·t
.,·

r·
,_

· ·+
•-

.t
·· 

_,
·_

·.L
,_

f 
__

_ 
.t

·· 
...

 
,_

. -
-~

--
::

t:
:l

_,
_·

.,·
-+

+-
. 

b
 .·

.'_
J:

., 
•.

 ·.·
: 

.:
.:

rr
r .,

.,·
. 

::
rF

;:
 ! 

j 
·1

:-
r-

rr
..-

, 
.. :

 1
·':

; . .
r:

c'
:i

.·,
s1

:C
~:

ib
:,

,;
·;

~ 
•.

 
·t

" _
, ..

...
. '.'

'.-
-,

t~
_,

::
:

1 :t
:1

:t
 t

1
. 

:2
 

.. 
: 

i:,
,; 

r.
!_

,;
p

,_
,h

-~
fi

--
~i

·;
.· 

1f
i 

,.!
ct

. 
·:}

 
:_

:_
:-

. ~
J;

:/
t~

::
.:

-:
:-

r±
:r

 
;.

_r
-t

~J
<.

 
~,

~q
.~

-j
:t

-H
·t

-·
_.

-:
~:

J·
~ 

:.
l~

:~
-·-
. 

~ 
.ti

+
1r

 
·, 
f-

,,J
·,1

1 •·l-
r-

-
,H

±
 

• 
,.,

 
-'-

:·•
±

 -j-
-<

;-
! 

+
t· 

+
:-

'-F
-H

 
I 

,-
,jt

•·
I;-

. 
•.

· ,.
1-

1-
-' -J

 
. t

,· 
.-

. 
.t .

. · 
r 

iif
oi

 
11

!fr
?~

~
[1

fil
r~

 
••

 1#
a~

ilf
u~

ffi
lm

ffi
~

~
f 

)~
i~

11
]if

f 
~J

'. 
:-

+-
~c

;.
l:

.L
l-

i-
-+

-·
·r

~-
+~

~ 
.. ~
 ...

...
 +.

-t
··,

 +
··~

+
-.. 
--

--
f 

;:
':l

j p:
fJ

:L
i:

,.~
 

I 
, 

:_
I;

 r: 
L

'+
':·

! >
 

;:.
 } 

•.
U

.ll
.L

,.:
...

~.
L

c 
L

:.
. ••

 U
.U

...
,l:

u
i.;

:L
'..

L
l.L

L
 

...
 L

L
L

L
:.

.\ 
• .

1.
cl

.;
_=

-r
.a

: 
.. 

rr
:-

ill
]·

 
-~

1#
rl

-+
 

,.p
~ 

+
 f •

. 
t·

 
•1 4

~~
;,

:i
.4

~ -
:t

;:
::

.'-
:-

-c
f.

 
_,

 
.. _

_ 
t-

•c
,._

4,
, 

f:1
.1

f;·
H

]t:
~

1c
6,

J.
·,,

.,J
'.!

:,~
ll.

f
1 ~

)i~
t 

.. 
, .

...
...

...
. 

, .
...

...
 

, 
...

 
, _

_ 
• 

i" 
~

.,.
,,_

 
· 

,. 
d 

., 
"'

 ,
 

. ;-
• .

r_
.:·

.'i
' :1

ff
-

. 
f:

 '7r 
·~

t 1
':t

m
fr

f:~
~

~
~

§~
~

~
tlf

 
IT

T
i~

t-
~

 
~

I 
-;

. 
·d

-'
•·

+·
\t

 
·>

,' 
·' 

'tf
.:

-,
.· 

·1
-l

•.
-•

••
 

·•
··;

· 
i1

-,
4j

 
tj

tH
·:

· 
·\f

t­
.. 

'"
 ..

• 
j 

_.
_-

.,;
:t

 
:;

 r.1
".

"1
--:::

:i:
:-•.
 ,.

Ji
tt

-:
. 

. 
~-

·t
·-

~:
1

• 
·.;

:r
1.

~:
.h

_1
..~

:~
i 

;.
r;

r 
• 

:t
:r

:-
-

~,
-1

+~
 

••
••

 
! 

ff
_:

.i.
, :

t1
1:

r:
h'

·"
tf

+
l-

'l 
•1

1 
.u

.c
+

-"
••

•b
.·;

-_
:_

t 1, .
.. 

-l
-' ~

-·
 

-~
,-

...
 " 

~
rn

-,
 ·(
+

1+
:r

:r
~

 . .
,:;

:;:
tr

..t
.d

+
0-

t~
~

 
r.

~t
'\ 

··!
T

1 ·•
·~

·-
1-

r:
r,

: 
:r

1:
:t-

<
r·

 
:-

·1
'· 

.-
, 

••
 ,T

, 
,.,

.,.
,.,

.,,
...

.,,
::L

f~
• t=

i=
tr

~.
-

r1
):

B
J.

:!
.: c

·r
f)

.t.
;.;

-l
c ;

.q
:c

~+
 ,,-

\ 
,,t

,m
t,,

,~
~

I 
-:

,1
 

;.
.,i

y.
:1

~1
~ 

F
 ~

:. ·:
-+

+
, ·' l

 

±
-'-

T
:.

:l
f 

i=
t-

:t
-1

1-
~µ

, 
:1

i:
4~

• 
·':

:i
:~

 
rl

 
*~

;J
l:

_l
 

., 
• 

' 
_.

j.:
::

_t
,:

(:
;:

.· 
'.i

.j'
..~

•·
 .:

_;
 

+-
r.

-•
-s

 f 
+,

T
,t

'-'
,· 

~·
rr

11
 

i:!
[·r

➔
>-
H•
Ci
•-
if
··
I-

.,,
. 

::
J(

r-
1 

·'~
H

 ;.,
 . 

•.
 

+\
·t

·,i
.''

 
:r

.r
•·

 
' 

, 
-·

 .
_ 

·>
, 

_ 
,~

, 
~0

fo
w

i1
1t

~•
-~

j~
{f

f-
~~

~f
 

fi
f;

#t
fd

jtt
~~

;r
;P

->
~J

J)
½

~~
f 

f-
~

it~
*t

 
t+

c,
1:

.,.
1.

 
r.

,-
,.,

.\1
 .1

,,1
. 

•.
, 

.. 
,.,

.,,
.; 

.f
!J

, 
·:"

~•
' 

.,2
_,

.f
..J

-t
r·

!•
i··

 
1·

,l_
-·

--
:

1 .
T

.t
.d

 
.~

 
'.,

 
I.

 
·-

1L
· 

·I
•·

>
-·

' 
-,

Jt
 

;.
.L

.i'
,l.

-i
--

• 
-4

-~
 

...
. ,..

. 
h;

-~
 -

t•
 

..;
..,

-.
.i.

.,.
. 

~~
i,.

.-
!-

{.
4~

...
.,.

 
1~

i 
.-

.._
.~

 
...

.. 
•-

·-
-

-~
r-

-r
 

w
••

•·
. 

--
r,

 
-.

L
-.

1'
 

• .
_.

 
~.

r-
!:,

t ,
rf

ril
ll!

., 
• ._

/.l
p.

H
tr

!•
 

ht
T

 -
1·

,-
ft,

···
···

ij~1 -,
·.1

--
J-

, 
••

 _J
tr

t. ':J 
-

T
 

J 
cP

 
~

.i+
h+

 
·1

 
'\i

t t·
~

JW
 '' i
jl{

m
E

:~
~

1 J.
t?

j1
~~

 
Ji

l~
• 't1

p!
N

:"
u/

·:·
~

:-
~

tti
ih

~
·f+

.:J
J;

tt•
i1

r·
1 :~

J~
~

~
f-

+
T

1•
•·

l• 
·l·

 +
H

· 
:-

,:•
i·+

1J
-iff
il.

 
I,(

 
'·1

J 
.\.

f+
:-

-'·
,.1

 
\ 

••
 rr
 

:; 
.1

1·
;,1

 P
"T

:,1
-l,

1,
,.1

'· ~
 +

· 
I 

' 
;.:

 
t·-·

1·
 

,(
·;i

:·.
· 

·,-
'-r

'-,
T

 
·, 

r·
; 

., 
,, 

...
...

 ,.,
.c

 
l··

f 
•'·

ii 
•.

 
···

t'1
·•

·r
 l

f 
., .

. ,
 .

 r1
··,

··'
 

· 
1·

··-
' .

• 
' 

. I
 

,..
 

• 
, 

.C
L.

 
·H

·, 
••

 ..
. 

·-
• 

: 
-'-

•·
;-

!-
• 

• 
•.

 
1-

. 
-,

-
, 

• 
L,

. 
·I

 ·t·
tt;

r,
4;

.1
+

· .:.
:i:

( ,_
 · ,
.;.

 -'·
, 

· 
':'

 
'· ·

 
'i-

·I
,,.

 
·' 

•:
 

• 

m·~
r-

.il
}~

,1
r1

:
1 ~

-L 1~ :·
-d

 .r
rn

 i: 
--

I:r
1i

ill
E

~
-·

; 
?t
1:· _

1 -.
.:f

 
:~

§D
~

i 
c.

12
: 

:ii
=

\ 
m

n ..
• t:-1

,,T
·'·

•·
· 

i•'
 

:i 
: i

f' 
...

 , h
 
·f?

-M
--

-~
-

••
 , '.
: r

_t
+

-n
tr

-,
 

, I 
-

i'.
-4

 
·. 

'l-
1 

''•
 

'r'
 

; 
·r

--
•:

j;f
-'.

· 
·m

~
 

.;t
l:~

~
; s

.fi
-U

i 
.. ~

.'.
/i H

4 ~
I!

 • 1
fil

l~
~

~
 

J;
1.

0f
 Jl
ff 

c'
.-

~
 Li

. ::.
r ·~

· <~
} 

~
LJ

 
•.

 ' 
Ji

J~
l·?

 
fh

_ .r
tjh

!, 
,. 

tr
.-

•·
·· 

l, 
• 

i-.
 

11
·,1

 
'T

,1
1·

 
;-

. 
· 

··'
 •

 ·· 
• f

-f
t 

-'-
,··

-: 
. 

. ..
 ,·.

 -,
.f

' ;t
·. 

,.,
.,.

 0
.-

f 
·r

 
,.,

. 
, 

, 
t'.

_•
·-

t:
;·

r:
i-

··!
.1

··:
 

t:
:t

. 
, _

_ x1
• 

-~
··:

'; 
'J

.-
~l

 
·t

H
:_

-
{r

::
r.

···
·:

 'i.
'.+

.-
<

.-
-·

:_
-·

· 
·'J

;.
 i

-1
.··

·. 
~:

·:
~-

~-
::

-r
_.

.:
,t

::
:_

;:
i. 

•·
.·~

~
\ ~ 

.-
. 1

 
••

 !
~t

-•
 

tti
li~

 :tP
 }}
}r

1t
±

1 J
1t

 ~!
11

 
-:

~
:1

::'
 

:~
 !f:

: tl~]
: ·r
t:~

i.}
l.~

~
 

,: ·
t .l

 '
],

-~
;.

 ~t
;f

 
W

F
[I

\ ,!:
f-

1·
'··

 
,·j

fit
•·

<
·'+

: 
.,,

-T
r.

,r
 

,.1
. 

H
'•1

,}
~

l-i
-t

(,
. 

;•
,·•

· 
•;

r 
;f

 
il:

···
 

1r
t':

 
,, 

: 

~
, 

if~
 rh

: i) A
f i ~

i: }1
f l~

ll .i:~
~

1:
 

1 ?
1 Qj

'",
 

;~
 !~

?~
 

'•~
~

 
··[

lJ
rr

 
~.

 ~:
:~

I 
E

lJ
 V
~?

::.
lS

J 
f r

=
1t

tH
 

;1
._

:E
? 

t 
_J

!}
 • ~
JJ

l,l
 _~

!•
-~

.tt
. 

E
h;

.;-
:;~

,-
~.

J'
.~

 
W

-+
~1

1,
·~

ti-
-'T

T
lh

, 
.@

I·,
' 

H
t, 

-1
-4

:j·
' 

j.,
,, 

,, 1 .. _
J,

:T
 

! 
•I

 
• 

.1
!'.

f,
,.,

. 1 
~ ~

t•
!·'

'· 
•:

 .
...

 , 
•t

;lt
r,

·'·
1·

..'
.r

,J
l',

 
.•

#1
'.,

,, 
,.·

·.r
,,:

;;i
.,1

-:
-1

·1
 

:/[
. 

ij.
1i

·;·
·l~

J.
; 

. .f
t· 

-:
_;

·,:
t;,

 
.r

'·t
Jc

cj
.';

,_
,J

r 
::·

·· 
·1

7-
r 

. 
·.·

·_
, 

~ 
'{

·J
:, 

., 
q,

 .
. k

·;.
 

r~
t 

;, .
. 

,. 
.. 

i-
lc

Ll
±

,· 
,,.

 r
 

.. 
', 

;t'
-,

 
,:,

-H
I 

.. 
. 

• 
·1

-1
 

[ 
L 

,1
 
J·

 
:,.

, •1
 ':

r-
:;-

:-
a1

 •t;
 

:"
-:

f, ·,
.. '

7·
tt 

.. , 
t· 

!-
t'•

t 
➔ 

'.;
 

I•
 

...
 1-

:-
,.'

 
-,

~ 
.. 
t ..

.. -"r
f'\

,.t
:'-

-
:~

-~
t:t

r 
-:

-·
.•

-·
 ...
. 

, ..
. 

• /
 

r 
.; 

rl
_ 

+
.. 
t-

:1
· 'H 

; 
"[

t' 
I 

I 
~ 

, 
t 

., 
:•

 ·,
-;

; 
[ 

>
 f

.;L
· 

• 
I'.

 
i•

1•
 l-t

 1
 i

 I 
•' 

'§
 
..u

 
;. 

';r
 

! •
" >

 .
:.•

 '.
·-

' 
. 

l 

tr
S:

 
:.

.·~
it

 
!'

ti
.,:

 -lw
. .. j 

~~ 
~l

-:
+f

 .' :
. ~ 

~~
-;

 ~f1
 d

 1 J
.1

.:
~ ·.:
 ~ ~
~ 

,_
µ[

_ ,·_
 

r 
~~.

 !~
. 

r-
--

1

i.J
._

 '
-.

ri
·~

~ ,·;
 !

 j 
·u

~:
: 

.i.
~t

, 
µ _

_ 

l'F
ft 

! }
11

.ir
1.

Jj
it1

~
{''

Ii'
! 

i; 
11

#:
;·)

' 'J
G

'f;
:1

 
:J

 n1
,.B

,,1
-tr
,r

,, ~j~ ,
{i"

' \,
i~

rjt
hl

! I!: 
t 

1:
:ft

 
H

-i~
-,

-,
! 

iJ
~

j 
••

 i!
t 

:.L
1.

 rJ
Y

' ·,
 Li

.'·
-i'

 ;·;
_ k

!:{
Lt

~
-H

ilL
., 

~ -
~~

-J
ili

1.
.E

::.
f,

..,
 

. r
n 

I 
t-

t: • 
: r: 

,,.
, 

\J
t et
 



6 

the electrodes is not in proper contact with the lips. 

A special aspeot of this problem is that the contact 

resistance between electrode and lip seems to depend on 

where the electrodes are placed. Thus the contact 

resistance seems to be somewhat smaller in the corners 

of the mouth than elsewhere on the lips. This might 

explain why the B-electrodes are more sensitive to the 

rounding of the lips than are the A-electrodes. 

Fixing the electrodes on the lips does not influence 

the articulation seriously, but the plast folio between 

the lips is somewhat disturbing and may, for example, 

cause the bilabial stops to be somewhat af'f'ricated. 

Conclusions 

From the recorded labiograms as well as from the 

theoretical considerations given in this article, it is 

obvious that neither A- nor B-labiograms show the lip 

pressure or the. rounding of the lips. The levels of the 

labiograms depend, as mentioned earlier, on several 

parameters; some of these may even be unknown •. In order 

to interpret a change in level on a ~abiogram it is 

necessary that _this change is caused by the variation of' 

one parameter only, e.g. by lip pressure. However, 

the labiograms give a great deal of information concerning 

the position and movements of.the lips. This information 

might be used to throw light on other features than lip 

pressure and rounding of the lips. Our main problem, then, 

is to extract this information from the labiograms or 

maybe to find a placement of the electrodes that especially 

emphasizes the features to ·examine. 

The main purpose of this article is to introduce 

the method of' measuring lip movements by means of' the 

• 
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eleotro-glottograph, and the investigations should be re­

garded as preliminary. A more extensive series of experi­

ments is a necessary prerequisite to a more satisfactory 

interpretation of the labiograms. 
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CONSTRUCTION OF A SEGMENTATOR 

Poul Thorvaldsen 

Introduction 

After having used our present segmentator with rather 

unsatisfactory results, the requirement for a segmentator 

with a more accurate time certainty ~ith respect to the posi­

tion of' the segment arose. The development has gone on for 

a couple of' months, and is now so advanced that it is possible 

to say that the principle will hold. 

The principle of' the segmentator 

The segmentator consists of' three principal components: 

a dual track loop-taperecorder, a programming unit and a gate. 

The taperecorder is a Movie professional recorder taken 

over from The State Institute for Speech Defectives, Copen-

• hagen. 

The programming unit consists ·of' an astable multivibrator 

connected to an electronic counter via a logical network of' 

TTL integrated circuits from Texas Instruments. To the counter 

are coupled selectors by the help of' which it is possible to 

select the position, duration,and shape of' the wanted seg-

ment, just as the duration of' the recorded sequence. The 

last mentioned selection is necessary in order not to exceed 

the maximum tape capacity determined by the length of' the loop 

and the tape speed. 

The mode of' recording is as follows: 

A push on the knob "Record" (see Fig. 1) will start the 

multivibrator (frequency 1 kcps), reset the flip-flops FF 1 

and FF 2, reset the counter, lead the multivibrator signal 

to the record head of track 1, lead the input speech signal 

to the record head of' track 2 by means of' the relay and turn 

on the control lamp for recording. When the counter has 
I. 
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counted three pulses, it will give a stop pulse to FF 1, which 

generates a start pulse of three msecs duration (see Fig. 2). 

When the counter has counted a number of pulses corresponding 

to the time t, selected by the sequence duration-selector,~ 

stop pulse will be led to FF 2, which stops the multivibrator, 

switches off the connections to the record heads and turns off 

the control lamp. By means of this lamp_it is possible for 

the user to control whether all he intended to record has 

actually been recorded. 

The different pulse signals as a function of time are 

shown in Fig. 2. 

The mode of operating when playing back is as follows: -

When a start pulse from the playback head of track 1 

reaches the.start pulse-finder,a pulse from this unit will 

reset the counter. When the counter has counted a number of 

pulses corresponding to the time u, selected by the start 

segment-selector, a pulse will switch on the flip-flop FF J. 
After having counted a number of pulses corresponding to th~ 

time v, selected by the stop segment-selector, FF 3 will be 

switched off. The envelope of FF J will be synchronous with 

the wanted segment of the recorded speech signal of track 2. 

In order to avoid a click in the loudspeaker when the 

speech signal is switched on and off, the envelope is shaped 

before being led to the gate. The shaping circuit is of the 

type briefly mentioned in "Constructional Work on a Functional 

Generator for Speech Synthesis" in ARIPUC J. 
As the need for shaping depends on the character. of the 

investigation, a selector is supplied which enables the ex­

perimenter to change the slope. 

The pulse signals as a function of ·time are shown in 

Fig. J. 
The gate is shown in Fig. 4. It is seen that the gating 

element consists of a diode bridge. As the bridge needs a 

symmetrical control signal in order to hold the DC-level, a 

phase-splitter is put in front of the gate. 
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. Pulse signals when recording. , 

--~------- . . . . . A 

. . . . . f7J1JlfL__ 8 

------'"''----- . . . . . C 

---•.• ... D 

------------ . . . . . n 

,------- ..... 
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Pulse signals when playin9 back. 

• • . . f1JlJlJl.fUl . . H 

• . . • . • J 

f- l/ •I 
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Figure 3. 
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By the help of the shown selector it is possible to se­

lect between full (45 dB), partial (15 dB), and no damping 

of the unwanted part 0£ the speech signal. The partial damp­

ing-mode can be convenient when determining the position 0£ 

the segment, which is adjustable within 1 msec. The maximum 

segment length is 9999 msecs. 

• I 



NOTES ON THE PHONOLOGY OF DANISH IMPERATIVES WITH A. 

DIGRESSION ON VOWEL QUANTITY1 

Hans Basb0ll 

1. Introduction 

The purpose of the present paper is to give a brief pre­

sentation of some facts concerning the phonology of Danish im­

peratives, both from a taxonomic and (mainly) from a genera­

tive point of view. 

I shall be concerned with the phonological shape which 

the imperatives have if they do at all occur (the modal verbs, 

which never form imperatives, ·are, of course, left out of con­

sideration), but not with the extent to which these imperatives 
' are actually used or avoided in normal speech, for semantical 

or other reasons (cf. section 2.2.2. for some imperatives which 

are often avoided for phonological reasons). 

In section 3.4. the vowel quantity of some related nouns 

and verbs is compared. The implications of this material for 

the imperative are discussed in section 3. 3. 
It should be emphasized that the present paper does not 

attempt to give explicit rule formulations or other definite 

solutions, since it is my conviction that too little is known 

as yet about the generative phono1ogy of Danish (at least to 

the present_author) to make such attempts succesful. The pur­

pose is the more modest one of presenting some data and pro-. 

blems which may be relevant to later, more explicit, formula­

t'·ions. 

1) I am indebted to Eli Fischer-Jergensen and Jergen Rischel 
for valuable comments on a first draft of this paper. 



1.1.· The language under consideration 

The language described here is a rather conservative va­

riety of Standard Danish, close to the norm described by Jes­

persen (lo), Martinet (11), and Hjelmslev (9), generally in 

accordance with the pronunciations found in Ordbog over det 

danske Sprog. Rischel (13) often gives two or more pronunci­

ations, and generally the more (most) conservative of these 

corresponds to the norm described here. 

It should be noted that this "Conservative Standard Da­

nish" (CSD) is clearly different from "Advanced Standard Co­

penhagen" (ASC) as described by Basb0ll (1). In section 4.of 

the present paper a very brief survey of the imperatives in 

ASC will be given. (A summary of the main differences between 

CSD and ASC is given in the said paper (p.·34 ££).) 

1.2. Phonetic transcription 

I use a rather broad phonetic transcription much like the 

one found in Rischel (13). The reader is referred to his pa­

per, both £or a definition of the IPA_ symbols used in the 

transcription (p. 179), and for a survey of the phoneme system 

and the main rules of allophonic variation (p. 178 ff). 

1.3. The material 

The material includes all imperatives found in S0rensen 

(15). In some cases, other sources have been consu1ted, too, 

especially dictionaries and Hansen (6 and 8). 

2. Danish imperatives from a taxonomic point of view 

In most textbooks on banish, the imperative is said to 

be identical to the stem of the verb, e.g. Diderichsen (5, p. 

64). This is true £or the orthogr~phy, and also £or the pro­

nunciation as long as the st0d is kept out of consideration 

{cf. section 2.2. below}. 

The stem is found by subtracting final shwa (if there is 

any shwa, see below) from ,the infinitive, cf. the following 

section. 

I 

I 



2.1. The infinitive 

Danish infinitives all.end in a vowel
2

: either in shwa 

([~]) or in a long or short "full" vowel (in accordance with 

the tradition, I consider all st0d-vowels as being phonemi­

cally long; the term "full" vowel denotes all vowels except 

shwa). 
All verbs whose stem ends in a consonant or a diphthong 

have infinitives ending in shwa. 

Verbs whose stem ends in a vowel have infinitives iden­

tical to the stem or ending in shwa. This depends partly on 

the quality of the stem vowel. If it is u, the infinitive 

ends in shwa (exception~ (du?] 'be good 1). If it is i, some 

infinitives end in shwa (~ 1 lceep silent', kvie (sig) 

'writhe',~ 'wait', svie 'smart',~ 1 suck 1 ), others in [i?] 
(fri 'woo', !:1 1 tack', ,tl 'strain', _Yi. 'marry' - [gi ?]is dis­

cussed below). If it is~, the infinitives seem to end in 

shwa, but we have only got two marginal examples {a 1 e 'caress', 

bejae 's~y yes to' - [ hre? , tre?] are discussed below). For 

all other vowels, the infinitive is identical to the stem. 

Thus Martinet's statement (11, 4-9) that "les infinitifs 

danois ne prennent pas le~ desinence caracteristique de ce 

mode, lorsque le theme verbal se termine par une voyelle" is 

not correct, but his argument (for interpreting the diphthongs 

as combinations of a vowel plus a consonant) holds true be­

cause stems ending in a diphthong always have infinitives ~vith 

shwa. 

Phonemically, there is neutralization between long and 

short vowel before sh-wa. In all cases where the stem vowel 

appears word-finally it has st0d and thus must be considered 

long, and I shall therefore consider the stem vowel before shwa 

as being phonemically long in all cases. Examples are the 

2) The infinitives ending in a long {voiced) consonant, 
e.g. kalde [ kal:] 'call' { only i:11 rapid speech) , are 
phonemically to be interpreted as consonant plus shwa 
( /kal-a / ) • 
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adjectives !U:, nye [ ny?., ny ( : ) • 'c) ]' t·new' and .f!;i., :frie [ :f B' i ? • 
f'Hi(:) d] 'free' (and the sideforms of the infinitive vi/vie 

and di/die; the rare forms~ and di are mentioned by Hansen 

(6, p. 53 and 8, vol. III p. 66)). The imperatives are under 

discussion and should therefore not be used as an argument here. 

Three verbs should be mentioned apart from the others be­

cause they have three different infintive forms: give 'give', 

~ 'have''· and tage 'take', pronounced [ gi :v~ , gi ?, gi] , 

E hre:v~ , hce?, ha] , and [tre:y~, tre?, ta J , respectively. The 

normal pronunciations are those with st0d-vowel. [gi, ha, -ta] 

are the only infinitives which in stressed position end in a 

short "full" vowel (in unstressed position all vowels may lose 

their lenghth and/or st0d). 

The verb klrede 'dress' is either pronounced.(kle:5.) or 

[kle?J(with the corresponding two pronunciations [kle:5v] or 

[kle?H]in the prese~t tense). Similar side:forms are found in 

the verbs be(de), re(de), li(de) 'pray', 'comb', 'like'. 

2.2. The imperative 

The imperative of a verb is phonemically identical to 

the stem except for the.fact that the imperative has st0d when­

ever the stem has "phonetic st0d-basis" (c£. section 3.2. be­

low for another type of st0d-basis). 

Only syllables with a certain amount of stress can take 

the st0d, but all stem syllables (which are the ones conside­

red here) have got this amount-of stress (normally primary or 

secondary stress), except when the word in which they occur 

is in unstressed positionJ the latter case is disregard~d in 

the present paper. 

Syllables with a long vowel always have phonetic st0d-ba­

sis (if st0d occurs it falls in the vowel). Syllables with a 

short vowel have phonetic st0d-basis only if the vowel is im­

mediately followed by a voiced consonant (which may or may not 

be :followed by additional voiced or voiceless consonants), i.e. 

by[;6 ·'i B'.·l·m n 'J J (if st0d occurs it falls in this consonant). 

The i- and .!!,-diphthongs also have phonetic .st0d.-basis (if st0d 

occurs it falls in its second member, cf. that they are nor­

mally interpreted as a short vowel plus /j/ or /v/; thi~ inter-



pretation is used in the present paper). 

The above-mentioned term "voiced consonant" should be 

taken to denote a class of phonemes, and not as being a purely 

phonetic description {in the case of£, however, the following 

consonant must be taken into consideration, cf. section 2.2.1. 

below). Word-final£,~ etc. in st0d-less syllables are often 

partly or wholly devoiced (e.g. par, ill!!. [pa~, ho~] 'pair', 

1 hole 1 ), but these syllables nevertheless have phonetic st0d­

basis as shown by the imperatives par, ill!!. [paI:f?, hol ?_] • 

As an example of the formation of the imperative, let us 

consider the verb give. Corresponding to the three forms of 

the infinitive [gi:v~, gi?,, gi] we have the three imperatives 

[gi?v, gi?, gi]. 

Two verbs are exceptions to the rule that all imperatives 

with phonetic st0d-basis (in the sense defined here) have st0d, 

viz • .!£2.fil, g0r [kvm, g~I:f] 'come', 1 do 13 • (According to the gene­

ral scheme these imperatives should be*[kum?, g~~I:f] , cf. the 

infinitives [kvm~, gm:B~].) Probably no purely synchronical 

explanation of these exceptions can be given, but ~ischel· (12) 

has pointed to the'fact that these forms are often used in un­

stressed position, and in this position~ and vowel length 

are normally lost. 

2.2.1. Verbs with stem-final r + consonant 

The verbs with stem-final£+ consonant pose special pro­

blems. I shall only give a very rough sketch of what I hope to 

be the main .facts (in accordance with Hansen (7, P• 75 ff)); 

the practice of Ordbog over det danske Sprog is, however, ex­

tremely complicated - and probably inconsistent - on this point, 

cf. Diderichsen's detailed discussion (4, p. 62 ff). 

In the norm described here,£ after a short vowel is un­

voiced before£,~, and written~,~, li• Such syllables do not 

3) Before the encli tic variants [ ~n, a5 J of ~, £tl fde;n? ., 
de] 'it', monosyllables with phonetic st0d-basis a ways 
have st0d, e.g. [ •g~11?~] (or [ •ge21td~J )-. ~do it""\imperative 
or present)', but this phenomenon has nothing to do with 
specific grammatical forms, e.g. the imperative, see Hansen 
(6, P• 115 ff). 



2o 

have phonetic ~-basis, of. the absence of~ in imperati­

·ves like styrt, verf [ sdYBd , v e Bf] 'overthrow', 'throw'. On 
0 0 

the other hand,£ before other consonants, including written 

~, &, K,is voiced, and such syllables have phonetic st0d-basis, 

cf. the ~ in imperatives like myrd, hverv [ myB9 d , v eB? v J 
•murder', 'recruit'. 

There are commutation pairs like vrerten, verden [ v e B d ~n 
• • 

v e H.d ,fn·] ·, the host', 'world'. Phonemically, this may be a 

difference between /rt/ and /rd/ (after[~] also [t] is heard, 

but never after [B] ), or between /~/-and /r/.~ 

The first solution, which is in fact the common one, is 

in disagreement with the well-known statement (first mentioned 

by Uldall (16, p. 56 f), and discussed in detail by Martinet 

(11, 3-5 ff)) that there is neutralization [p/b] [t/d] 

and [k/g] before shwa. This argument is decisive for Martinet 

because he considers /'6/ and /y/ (whic·h generally are in op­

position to [t/d] and (k/g], respectively, before shwa) as be- . 

ing separate phonemes, and he concludes that if the opposition. 

verden: vrerten were general in Danish (what he refutes) it 

·must be a distinction between a voiced and an unvoiced £-pho­

neme (11, 3-Jo). 

This distinction between two £-phonemes would permit us to 

state the needed addition to the rule for phonetic st0d-basis 

of section 2.2. above in a simple way: /r/ belongs to the class 

of phonemes that constitute st0d-basis together with a prece­

ding short vowel, whereas / 0/ does not. [BJ before f and~, 
0 

where there is no opposition 

identified with /r/, whereas 
0 

to [BJ , is then of course to be 

word-final£ (which may have any-

thing between voicelessness and full voicing) is identified 

with /r/. {In ASC these words behave differently, cf. section 

4. below.) 

If, on the other hand, [t-] and [-d(-)] are r~duced to one 

phoneme /t/, and [d-] and [- ~ (-)] to /d/ (and similarly for 

[k-] and [-g(-~, and for [g-J and [-y(-)]) - as they have nor­

mally been in Danish phonemics - Martinet's argument is no lon­

ger valid since there is then opposition between /t/ and /d/, 

and between /k/.and /g/, in the position between a vowel and 
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shwa. Thus it seems to be the simplest solution not to intro­

duce a new phoneme (/r/),but to let the distinction between 
0 

vrerten and verden be one between /rt/ and /rd/ where /d/ is 

manifested by a stop (and not by a fricative as when occurring 

between a vowel and shwa). It should be added that /g/ is ma­

nifested by a fricative in the cluster /rg/, and that the di­

stinction between /p/ and /b/ after /r/ is similar to that be­

tween /t/ and /d/ (e. g. torpen, Torben' [ t D H b ~ n , t PH b d nl-' 4 0 

'the thorp', '(a boy's name)) • 

If the above-mentioned reduction is accepted, the formu­

lation of phonetic ~-basis of section 2.2. above must be mo­

dified like this: (1) Syllables with a long vowel have phonetic 

st0d-basis; (2) syllables with a short vowel immediately fol­

lowed by one of the phonemes /d, g, 1, m, n, ~ , j, v/ have 

phonetic st0d-basis; (3) syllables with a short vowel immedia­

tely followed by /r/ have phonetic ~-basis unless the /r/ 

is immediately followed by one of the phonemes /p, t, k, f, s/. 

2.2.2. Final consonant clusters 

It is well known that Danish imperatives often have final 

consonant clusters which do not otherwise occur word-finally 

but only word-medially in Danish (between a "full" vowel and 

shwa). This is the reason why imperatives are generally ex-, 
eluded from the material when the permissible final consonant 

combinations are set up, e.g. by Martinet (11), Uldall (16), 

and Vestergaard (17). I quote Uldall on this point (p. 56): 

"imperatives have been left out, because in these forms groups 

occur which are not otherwise permissible in the language (e.g. 

in slobr, klatr_, vekl ). The conclusion is that the imperati­

ve is normally formed by substraction." 

Jespersen (lo, p. 172 ff) does. not exclude the impera­

tives explicitly, but he only mentions imperatives in three ca­

ses, all- in parentheses ( [ bn] in ~ 'witness', [5m] in r0dm 

'redden', and [1n] in skeln 'distinguish'). Diderichsen (3) 
includes imperatives in the material. 

I shall not try to make any systematic (not to say exhau­

stive) classification of these clusters {and they will not even 
---------------------------------------------------------------4) Eli Fischer-J0rge~sen has· suggested this point. 
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be enumerated), but I wish to make a ·:rew tentative remarks con­

cerning the more important types. 

(1) Some :final clusters do not constitute any di:f:ficul­

ties :for Danish speakers, although they are not :found word-fi­

nally in native words outside the imperatives (some :foreign 

words pose similar phonotactic problems as the imperatives). 

This is true :for e.g-. [b n] , [b m] , and [ln] (c:f. vidn [vib?n], 
r0drri [B0b ?m], and skeln [ sg e l ?n] , the .three imperatives mentio­

ned by Jespersen); these imperatives are always pronounced as 

true monosyllables (otherwise Vestergaard (17, p. 60)). The 

reason probably is that they are in agreement with the order 

relations :for :final consonants, according to which voiced :frica­

tives appear before nasals (Vestergaard 17, P• 56)), and li- • 

quids appear before nasals, too (Vestergaard does not state this 

latter rule, but it can be deduced :from his diagram (ib.)). 

(2) The clusters which conflict with the above-mentioned 

order relations :for :final consonants :fall into two groups ac­

cording to (a) their agreement with or (b) their violation o:f 

the basic order relation that voiced consonants appear before 

voiceless ones (initially the relation is, o:f course, the re­

verse). Vestergaard (17) states this as an order rule among 

many others, but it seems to be o:f a more :fundamental nature 

(c:f. the treatment o:f the imperatives below; the postvocalic 

voiced consonants are crucial to :formulations o:f the appearence 

o:f st0d; and Danish speakers react much more violently to con­

:flicts with this rule than to conflicts with the other order 

rules). 

{a) Final clusters that conflict with at least one or­

der relation,but not with the 'voicing rule'. Such clusters 

are e.g. [mH], [ml], [nl] , as in the imperatives t0mr [t CBm?il] 

'carpenter', vriml [ v B' em ? 1] 'swarm', and handl [han? 1] 'tra­

de'. These are either pronounced as true monosyllables, or as 

dissyllables, thus coalescing with the nouns t0mmer [toom?p] 

'timber' , vrimmel [ v B' ~ m? t] 'swarm' , and handel [ban ? f] 'tra­

de'. Similarly, the imperative logr [ lpy?H] 'wag' may be 

pronounced either as a. monosyllable or as a dissyllable rhyming 

with kogger [kpy?p'J 'quiver'. (Hjelmslev (9) interprets those" 

nouns as being "ideally" (i.e. ,._ with a gross approximation -
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morphophonemically or in their underlying form) monosyllables 

because of the st0d.) 

The cluster [b H], as in ~ [h·g!) ? HJ 'honour!' pro­

bably belongs here. It conflicts with Vestergaard's rule that 

liquids appear before fricatives (17, P• 56), but this rule is 

somewhat dubious because of the important "exceptions" 

and [ 1;tl J which are much more stable -than the reverse clusters 

[ ly J and [ Iv] . It may be more correct to say that [ 0 HJ does 

not conflict with any order rule but that it does conflict with 

the principle that two members of the same "order class" do 

not combine, [ ~ J and [ 11 ] being otherwise vowel adjacent (it 

is hard to say whether [ 5 11 J or [ H b J is the more "unnatural" 

combination). 

(b) Final clusters that violate the 'voicing rule'. 

-Examples are [ t H] , [ kl J ·, [ sn J , as in the imperatives kla tr 

'climb', pukl 'swot', _and visn 'wither' (notice that the three 

imperatives mentioned by Uldall (16, the quotation above) as 

an argument in favour of excluding all imperatives. from the di­

stributional material, all belong to this group). These are 

normally pronounced as dissyllables, thus coalescing with the 

nouns klatter [ kladp J 'blots 1 , pukkel [ pog! J 'hump_', and the 

adjective vissen [ vesn J 'withered'.• If, however, they are pro-
• 

nounced as monosyllables, the last consonant is devoiced, thus 

obeying the 'voicing rule' : [ klad ~] ,[ pog¼J ,[vesIJ J ( these 

pronunciations are quoted by Rischel (12)). 

3. Danish imperatives from a generative point of view 

3.1. The problem 

A basic problem concerning the Danish imperatives from 

a generative point of view has been formul~ted by Rische! (lJ, 

· P• 2o2), who also suggests where to look for a solution: 

"A paradi,gm like [ baO J 'bath' - plural [ bee: b ~ J can be 

described as a case of vowel lengthening in "open syl­

lable" under the conditions summarized above [i.e. "ty-
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pically before a voiced approximant 5 that is followed 

by a vowel, cp. [ ha};¼ J 'sea' - plural[ hee:v'd] [ gla~ J , 
'glad' - plural [glee:b~J "(13, p. 2ol). ]. The verb 

[ bee:b~] 'bathe' with its pre~erite and past participle 

:forms [bee:b (. )0 ~ J , [bee: b ('d )t ] can apparently be ex-

plained in the same way, as derived :from underlying :forms 

with short vowel. However, the imperative o:f this verb 

is [bee?~ J, which rather points to underlying long vowel 

in the verb. Thus it may seem that vowel..length is ge­

nerated by a simple rule in plural :forms like [ bee: b ~ J 
but is due to a stem :formation :feature o:f length in in­

:fini ti ve :forms like [ bee i ~ e1 J . 
There is, however, some evidence that the behaviour 

o:f the imperative is due to special :formation :features 

and thus should not be taken as decisive in assessing 

the underlying ~uantity. It is necessary here to point 

to the :fact that st0d, too, :functions (on the sur:face) to 

distinguish imperative :forms :from otherwise phonetically 

similar noun :forms, cp. • the noun [ sbel J 'play' ( de:fini te 

:form [ sbel? ~ b ] ) versus the imperative [ sbel? J 'play'. 

( in:fini ti ve [ sbel e1 J ) . " 
Rischel's two proposals :for the :formation o:f the impera­

tive will be discussed below in section 3.3.,· but this discus­

·sion presupposes a c_onception o:f the st0d :from a ·generative 

point 0£ view which will be stated briefly in the :following sec­

tion. 

Phonological st0d-basis 

In addition to the phonetic st0d-basis discussed in sec­

tion 2.2. above, one may de:fine a "phonological st0d-basis". In 

general, the problems concerning st0d (and quantity, c:f. sec­

tion J.4. below) are much too complicated to be taken care o:f in 

this paper, and I shall only roughly sketch what I understand 

by. the term "phonological st0d .. basis". 

------------~--------------------------------------------------
5) On this point ·Risch_el dis_agr~es witµ Hj el~slev ( 9) who 

postulates a vowel lengthening before all single conso­
nants :followed by shwa (c:f. section J.4.1. below). 



It was mentioned in section 2.2. that some syllables do 

not have~ when they occur as stressed monosyllabic words, 

although they have phonetic ~-basis, e.g. hul, par,~, 
6 . . 

~ , ~' ~' t0j, f'og [ hol, paH, vE;n, ham, ba~ , ha~' 

t-P,¼, f'oy] 'hole', 'pair', 'f'riend', 'him', 'bath', 'sea', 

'cloth', 'blizzard'. In f'oreign (French) words.also word-f'inal 

[ ')] occurs in ~-less syllables, e.g. in~ [ b-P')] 'voucher'. 

These st0d-less monosyllables with phonetic st0d-basis all have 

short ~1 plus a single "systematically" 7 voiced consonant. 

When the :final consonant in question _is :followed by other 

consonants, the syllable has~• (Two st0d-less words which 

normally end in [ 1 ] may, however, end in [ 1 v] in very .formal 

or. perhaps somewhat artif'icial speech:~, gulv [s0l{v), 

gol{v) J 'silver', ':floor'; note, however, that.!:! in these 

words is normally.retained before shwa: gulve, fors0lve [ golv~ ... 

:f p HI s0l ?y ~]':floors 1 , 'silver-plate (verb)'). The domain o:f 

this ~-basis rule does not exceed morpheme boundaries, er. 

~ [ tals] ,genitive o:f ~ [tal] •number' as against hals 

[hal?s] 'neck' (this di:ff'erence may be explained by some sort 

o:f juncture in the f'ormer case). 

A final consonant with st0d which is not :followed by 

other consonants can sometimes, as shown by Hjelmslev (9), be 

considered a mani:festation of an underlying consonant cluster, 

e. g. in ~, skyld [ mar.i?, sgyl? J 'man', 'guilt', c:f. the de­

ri va ti ves mandig, skyldig[ mandi, sgyldi J 'manly', 'guilty' 

. ( the deri va ti ve is -~ and not -dig, cf'. s0vnig [ s a, ~i] 'slee­

py', derived f'rom ~ [ s a,~ ?·n] 'sleep'). • This is never the 

case :for :final 1, ll etc. in st0d-less monosyllables. 

These :facts may be generalized so that st0d occurs auto­

matically in stressed monosyllables with underlying short vo­

wel plus a consonant cluster (including geminates) whose :first 

member is one of the voiced consonants mentioned above,·i.e. ~' 

6) 

7) 

Final [m] occurs in st0d-less monosyllables only in pro­
nouns and the imperative ~ [ kt>m]. .• 
By this term I mean that the consonant in question is 
[+voiced]in the completely filled (i.e. redundant) matrix 
which is input to the phonolo~ical rules (i.e. after the 
redundancy rules have applied). 
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~, fil, ~' y, ~' ~' £ (i£ ~ is not taken to be a segment distinct 

£rom £ (c~. section 2.2.1. above), the clusters £,E., rt,~, rf, 

£2. are exceptions to the rule). Furthermore, the~ occurs 

automatically in stressed monosyllables with an underlying long 

vowel. In the following, these two types of syllables are said 

to have phonological st0d-basis. (An interpretation very much ---, 
along these lines was first proposed by Hjelmslev (9).) 

It is clear that the st0d must be assigned at an early 

stage of the derivation since it is dependent on the mor:pholo­

gical structure (which may be expressed by means of junctures) 

and latent consonants. 

Although I do not a priori exclude the possibility that 

the st0d may be introduced at various stages of the derivation, 

I shall in the following presuppose that the st0d is predic­

table from the underlying form, i.e. only syllables with phono­

logical st0d-basis have st0d. This st0d occurs in all syllab­

les with phonological st0d-basis with certain exceptions, no­

tably when they occur in unstressed position, before shwa, and 

as first part 0£ compounds and certain derivatives (e.g. male, 

malmand, s0vnig [m ;;> :1 ~ , 'm;;) :1
1 
man? , s (e~i] 'measure (verb) 1 , 

'goal-keeper', 'sleepy', cf. ma.l, s0vn [ m;)? 1 _, s a, ~? n] 'mea­

sure (noun), goal', 1 sleep 1 ). 

Some proposals which modify the concept of phonological 

st0d-basis stated above are mentioned in the following section. 

3.3. The imperative 

The nouns~' spil (ba~, sbel] 'bath', 'play' are obvi­

,ously related to the verbs bade, spill e [ bre: (5 ~ , sbel g J 'bathe' , 
1 play 1 , imperatives [ bre?(5 , sbel? J . There seem to be several 

possible ways to explain the relation between these forms. 

(1) • As proposed by Rischel (section 3.1. above) the noun 

and the verb stem may have the same underlying form, viz. en­

ding in a short vowel plus a single consonant, and the vowel 

length of the plural [ bre: 58 J of the noun and in the forms of 

the verb [ boo: ~g ] except the imperative are explained by means 

of a vowel lengthening rule in open _syllable. According to 

this proposal the imperatives [ boo?~ , sbel?] are formed by a 



special stem formation ru1e which in some verbs (e.g.~) 

geminates the vowel, in others (e.g. spille) geminates the 

:final consonant (I use the terms "lengthening" and ''gemination" 

synonymously). 

(2) Another possibility, brie:fly suggested by Rischel 

(section 3.1. above), is that the vowel length in the verb 

[bre:5~] is due to a stem :formation :feature o:f length. Thus 

the imperative [ bre'l 5] is identical to the verb stem in the 

underlying representation, and we may conclude that also the 

imperative [ sbel?]is identical to· the stem o:f [sbel~], i.e. 

spille is derived :from the noun [ sbel] by means o:f a stem :for­

mation :feature which geminates the :final consonant. 

The :fact that the vowel ·quantity o:f the in:finitive and 

the imperative is always the same {on the sur:face) (except 

g0re, g0r) speaks against assumption ( 1). On the other hand, 

in all cases where a verb and a plural ending in shwa are both· 

:formed :from the same (st0d-less) noun with an underlying short 

vowel plus a single :final (systematically) voiced consonant 

{without any vowel shi:ft), the vowel quantity of the verb and 

the plural is the same. This suggests that the vowel length 

o:f e.g. the plural and the infinitive[bre:5~Jis in fact the 

same phenomenon (as it is according to hypothesis (1)). This 

might lead to a third hypothesis. 

(3) There is on_e phonological rule which - under cer­

tain conditions and in certain words, see below - lengthens 

vowels {a) in open syllables and (b) in imperative forms; or 

which lengthens the vowels in question in open syllables, a:f­

ter which the final shwa (of the infinitive) is deleted in 

imperative :forms. This is, however, in disagreement with my 

presupposition on the st0d (section 3.2. above: the st0d is 

predictable from the underlying :form) since according to hy­

pothesis (3) the ~-rule would have to apply after the men­

tioned vowel lengthening rule (it may of course be the pre­

supposition which is wrong). Furthermore, a rule would be 

required to lengthen the consonant in e.g. the imperative 

[sbel?] before the ~-rule applies. 

(I shall not discuss whether the st0d-rule could be an 



28 

'over-all rule' applying whenever certain conditions are :ful­

:filled. Another possibility, which is also in disagreement 

with the claim o:f section J.2. above that only syllables with 

phonological st0d-basis have st0d, is the :following: st0d is 

assigned to all syllables which should have st0d according to 

the morphological structure o:f the word in which they occur 

(e.g. to the root syllable o:f a complex verb {a:fspille, udg0re 

etc.), to the imperative·, and to a monosyllabic noun be:fore 

the de:finite article). The st0d could be removed :from syllab­

les without phonetic st0d-basis by some so~t o:f output-con­

straint. According to this proposal, the concept o:f phonolo­

gical st0d-basis de:fined in section 3.2. above would be rele­

vant only to certain word-types, notably the (stressed) mono­

syllables.) • 

Under the mentioned assumption about the st0d (o:f sec-

tion J.2. above) I have :found one argument which strongly speaks 

against proposal (1) and in :favour o:f (2). Verbs like spille, 

sm0re [ sbel ,e., sm ce: H ~ J 'play', 'butter ( the bread)' should 

according to (1) have underlying short vowel plus a single 

(systematically) voiced consonant, i.e. no phonological st0d­

basis, c:f. the nouns spil, sm0r [ sbel, smceH] 'play', 'butter'. 

However, as the second part o:f complex verbs they always have 

st0d, e. g. a:fspille, besm0re [ ' a ~ 
1
sbel? ~ , be' sm a, ?He)] 'play 

back', 'smear'. 

The same is true o:f the two verbs whose imperatives have no 

st0d although they have phonetic st0d-basis, viz. komme, g0re 

[ k p m c) , g ce. : H c) ] ( imp era ti ves [ k 'D m, • g a, BJ ) , c£. bekomme, ~­

g0re [be 1 kp m ?~, 'u ~. gce?H~J 'get', •consist o:f'. These 

st0d-:forms suggest, together with the :fact that all other :forms 

o:f these verbs ( except the present g0r [ g ce H] ) seem to have 

st0d under the same cqndi~ions as other verbs (c:f. the prete--

ri te .!f.2fil. [ k pm?] 'came' and the past participle gjort [ gjo ?ir d] 
'done'), that the verbs komme and g0re have underlying :forms-

with phonologica~ ~-basis, and that the imperative .!f.2fil. and 

the imperative and present g0r are marked as exceptions in the 

lexicon. But this argument is only valid i:f .·my assumption 

abo~t the st0d is valid (section 3.2. above), and I shall leave 
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the question open here. 

Another argument which ~eems to speak in :favour o:f (2) 

is the :first vowel o:f the noun badning which may be long and 

always has the quality o:f the long vowel: [ bre(:) 6 nelJ]'bathing 1
• 

(Rischel has, however, mentioned the possibility o:f deriving 

it :from bade+ning, i.e. with lengthening.in open syllable and 

shwa-deletion {oral communication).) 

I shall not make any definitive choice between the hypo­

theses in question, but I think there are better arguments in 

:favour o:f (2) than o:f (1). 

One might ask why the verb is :formed :from the noun by a 

stem :formation :feature o:f length, and not the noun :from the 

verb by a shortening "stem rule". The reason is that we can -

in the cases under consideration here - give certain rules 

:for the derivation :from noun to verb but not the other way 

round: e.g. the verbs corresponding to the noun spil [ sbel] 

(with underlying single~) and the noun spild [sbil?] 'waste' 

{with underlying geminated ~) both have (surface and under~ 

lying) short vowel and, according to hypothesis (2), under­

lying geminated 1 ( [sbel~] and [sbil~J 'waste', respec­

tively, which have exactly the same st0d-possibilities in all 

:form~); and similarly the verbs corresponding to the noun 

~ [ bab] {with underlying short vowel) and the noun £2.g_ [B0?6] 
'mess' (with underlying long vowel) both have (surface and, 

according to hypothe-sis (2), underlying) long vowel ( [ bre: 6·-a] 
a.nd ['Ho: ~ ~ J , respectively)• 

According to hypothesis (1), the following section J.4. 
on vowel and consonant lengthening is directly relevant to the 

:formation o:f the imperatives; according to (2), the relevan.ce 

is only indirect, viz. :for the stem :formation o:f the verbs and 

not specifically :for the imperative :forms. I shall use the 

vague terms "vowel and consonant lengthening (or gemination)"· 

which may be taken to be a phonological rule or a stem for­

mation rule according to the hypothesis in question on the 

:formation of the imperative. 

Since alle imperatives with phonetic st0d-basis have 

st0d {except 1£2.m_ and g0r, cf. the discussion above), either 

one or the other lengthening rule will apply to all yerbs de-
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rived from words with underlying short vowel plus a single 

voiced consonant, e.g. [ bce:,t, J has vowel lengthei:iing and 

[ sbel ~ J has consonant lengthening. 

I:f the underlying vowel of the related noun is long 

(hane : [ ho:n~] 'mock', derived from han [ h ;>? n] 'scorn'), 

or if the postvocalic voiced consonant (of the verb) is·:fol­

lowed by a consonant (hilse [ hils e1] . 'gre.et'), neither of the 

lengthening rules need apply ( the imperatives are [ h~? n] and 

[hil? s J ) . (I:f it turns out to give a simpler description, 

one may let the vowel lengthening rule apply in the :first case 

and the consonant lengthening rule in the second case since· 

they will then apply vacuously, in the second case without any 

complications at all.) 

Infinitives with (sur:face) long vowel plus an unvoiced 

consonant are never derived from words with a short vowel, and 

thus they probably all have underlying long vowels (they are 

often derived :from monosyllables with long vowels, e.g. mase 

[mce: s~] 'toil' :from ~ [ mce?s J 'bother (noun) '). Thus nei­

ther o:f the lengthening rules need apply to verbs whose (:firstj 

postvocalic consonant is unvoiced (but they might apply vacu­

ously, c:f. above). 

3.4. Vowel and consonant lengthening 

The following problem remains: to which verbs derived 

:from monosyllables with underlying short vowel plus a s~ngle 

voiced consonant does vowel lengthening apply, and to which 

verbs does consonant lengthening apply? This question is in­

timately connected with a more general one: before which con­

sonants does vowel lengthening occur at all? It goes without 

saying that this general question can by no means be answered 

definitively in this paper, but I shall give a brief survey 

_o:f some material which must be taken into account. 

Our :focus o:f interest will be the relation between the 

(surface) vowel quantity o:f the infinitive (imperative) and 

o:f the word (generally a noun) it is derived :from (or related 

to). 

A summary o:f the vowel lengthening tendencies is given 

in section 3.4.1.6. below. 

\•I 
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3.4.1. Vowe1 1engthening 

Be:fore we examine the material, a :few pre1iminary re­

marks will be necessary. 

Firstly, our material is limited to st0d-less monosyl-

lables ending in a voiced consosonant ( inc_luding [ i ] . and [ }¼] ) • 

Thu~ an example like sp0g [ sb p ~? J I joke 1 , cf. the verb sp0ge 

[sb0:y~] 1 joke 1 8 , is not taken into account, because it in­

volves not only vowel ~engthening, but also consonant shorte­

ning (i:f our concept o:f phonological~ -basis (section 3.2.) 
is accepted), and a "consonant shi:ft". 

I 

Secondly, :forms whose vowel quality di:f:fers (phonemical-· 

ly) :from that o:f the in:finitive will not be taken as decisive 

evidence :for vowel lengthening·o:f the infinitive; e.g. neither 

the noun ~ [ sgu6] 'shot' nor the participle skudt [ sgud ] 

'shot', nor the preterite ~ [ sg0 ?6 J 'shot' will be taken 

as decisive :for whether the vowel of skyde [ sgy: 6~ J 'shoot' 

has been lengthened or not •. As shown by these and many other 

examples (which often seem to give contradictory results), the 

inclusion o:f such material would presuppose a general exami­

nation o:f ablaut and umlaut in Danish which has not been un­

dertaken so :far. 

Thirdly, special problems arise in the noun declension. 

The noun :fred [ :f B' e c5 ] 1 peace' has the de:fini te :form :freden 

[ :f H e? b ~ n J , whereas ~ [ b H e 6 J 'brink I has the definite 

:form bredden [ blt e b? ~ n ]. It is not possible to explain this 

di££erence by a distinction between underlying long and short 

vowel, since there are also nouns with surface length in the 

indefinite :form, like~[ e ~ b J 'oath' (definite ~[e?6~nJ), 
and these obviously have underlying long vowel. How this pro­

blem should be handled in a gen~rative grammar o:f Danish is an 

open question which will not be discussed in the present pa­

per. 

8) The pronunciations [ sb0 ? y J and [ sb 1) ~ ~] also occur, but 
more rarely in the norm described here. 
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Be£ore m, ~'and~' there are no examples of vowel leng­

thening. The case be:fore the remaining voiced consonants, i.e. 

n, _£, ~, t, and I, will be descussed separately (the question 

whether~ and I. are primary segments or derived from d and K, 
is discussed in Rischel (14)). 

3.4.1.1. Vowel lengthening be:fore n 

Generally, there is no vowel lengthening be:fore n (c:f • 

.Y.!ll!, venner [ v ~ n, v ~ n P] ':friend 1 , 1 :friends 1 ; ~, s0nner 

[-.$ cen, s cenP] 1 son 1 , 1 sons 1 ; !.!!!, fortinne [ ten, :f-OH 1 ten?~] 'tin 

(noun)', 'tin (verb)' J tran, trannet [ t Han, tH an~ b] ' ( whal·e) 

oil 1 , 1 oily'). 

In some cases, long and short vowels are found in both 

mono- and dissyllabic forms; but this should not, o:f course, 

be taken as a proof' o:f vowel lengthening ( c:f. gran [ gH an, 

g H a ~n, g Han? J 'spruce' , plural [ g H. a '?n 1) , g Han ?1)] ; sp~n 

[ sb l> n, sb ;> CZ n] 1 chip' , plural [ sb 1) n P , sb J : n 1)] ) • 

Two words might be taken as evidence o:f vowel lengthe­

ning be:fore a,(Hjelmslev 1 s example (9, p. 2o): ~' hane[han, 

[hre:n~] 1 he', 'cock' should be disregarded - there is absolute-

ly no need to consider these two words related). One valid 
• l 
example is vane(v~:n~J 1habit 1 , obv,iously related to Y!!!! [van] 

which is only :found in the locution pleje van 'use to' (the 

related verb vrenne [ v en~ ] 'habituate' has a short vowel in 

a11 forms). The other is the somewhat old-fashioned verb trine 

[ t B' i :n -a] 'stalk', obviously related to the noun· trin [ t Hin] 

'step' ( the ra~e pronunciation [ t H i ~n] is also :found, cf. that 

the de:fini te :form is either [ t H in?~ b J or [ t Hi ? n ~ c5]). 
This is -the only example where a verb seems to be :formed 

by vowel lengthening be:fore B, but the example is not at all 

convincing, partly because the rare :form [ t Hi ?n] also exists. 

(Rische! has suggested that the di:f:ference in vowel length be­

tween the ri:oun [ t Hin] and the verb [ t H i :n ~ J may be explained 

as a case o:f ablaut like the one between the noun 12B£! [ bub J and 

the verb byde [by: r> ._ J , both meaning I command'.) 

As stated above, vowels are generally not lengthened be­

fore a, and the verb :fortinne [ :fl) H I ten?~] is :formed by conso­

nant lengthening. 
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3.4.1.2. Vowel lengthening before r 

In some cases, vowel lengthening seems to occur, maybe 

{partly?) depending on the vowel in question, but the material 

is too limited :for safe conclusions to be drawn :from it. 

~ and m seem to be lengthened before£(~,~ 

[ v -g H , v l) : H -a] . 'our' ; :for, ~- [ :f-g H , :f TJ : B' ~ ] , e. g. 

in tage sig :for = :foretage sig 'undertake,'; ~' sm0re [ sm(EB' , 

sm W: H ~] 1 butter (noun)',. 'butter (verb)' j g0r, g0re [g c» B , 

g a?: H ~ J 'does', '(to) do', but g0r is an exception, c:f. 

section 3.3. above). {Note, however, that the definite :form 

o:f h0r [ h QJ H ] 'flax' is [ h '2 H ? ~ n .. J without lengthening, 

like ~, sm0rret [ sm<1 H , sm (EH? ~ ~ ] 'butter', 'the 

butter'.) 

i, z, ~,and~ do not seem to be lengthened before £ 9 

{.!£, irre [ iH , ii; ~ ] 'verdigris', 'become coated with 

verdigris 1 ; fyr, :fyrre- (~ etc.) [ :fy H , :fy H ~( ~-~&~)] . 
':fir' , 'fir ( tree etc. ) 110 ( de:fini t e :form :fyrren ( :fy H 9. 9 n J) ; 

par, parre [ p a H, P a H ~J 'pa 11·r (noun)', 'pair .(verb) 1 ·(d~finite 

:form parre t [ p a B ? ~ b ] ; c :f. kar, karre t [ k a H , k a H ? 'd b ] 

'vessel', 'the vessel'); jer, jeres [ j €.H , j e H -a s J 'your' 

( c:f. ~, boorret [ be H , be H ? ~ b] 1berryt, - 'the ber.ry' and. herr 

(short form of herre), herren [h~B, (h eH,c>,) h ~ H -an] 'sir', 

'the gentleman')). 

Thus s m0 re [ sm C2 : B ~ ] is the only verb whose in:fini-

tive seems to be formed by vowel lengthening before r (still 

disregarding voore). The verbs ~' parre_ [ i B.~ , p a H -a ] 
are :formed by consonant lengthening. 

A special problem concerning the imperative ·t0r [ tm H "'] 

1 dry' o:f the verb t0rre [ ~ (I H ~ J should be mentioned here. 

---------------------------------------------------------------
9) The verb :forms ll, ~, ~ [ E 'it ~-VQ ~ , ve :.Y ~ J 

1 is 1 , 'was•, 'be' are not taken into account. 

lo) This example should not be taken as decisive, however, 
since fyrre only occurs as 'first part o:f compounds where 
there is a general tendency toward vowel shortening. 



This verb is derived from the adjective~ [ ta, ?1:r] which 

seems to have an underlying short vowel {and a geminated £ to 

explain the st0d), since its_ definite and plural forms both 

are t0rre [ t m lf -a ] (like the infinitive of.' the verb).. Like­

wise, the adverb ~ [ f.' ce '? B' J 'before' {comparative) may 

have an underlying short vowel, cf.'. the superlative f.'0rst 

[ f.' a, JJ sd] 'at first'. The £ of.' [ f.' ce ~ B' ] would then be an 
0 

underlying geminate (to explain the st0d); thus~ (compara-

tive) would have the stem "f.'cer" plus- the crimparative f.'lexive 

"r" • 
This would, however, presuppose a rule which lengthens 

the vowel, probably applying only to these two words. And 

since the adjective and the imperative~ are distinguished 

on the surface ( as [ t ce '? B' ] • versus [ t ce H ? ] ) , the men­

tioned rule should apply only in the context [ + verb] or the 

like. Since this is _a very artificial kind of.' rule it may be 

the simplest solution to account f.'or these alternations in the 

lexicon,· but I shall leave the question open here. 

3.4~1.3. Vowel lengthening before v 

The words in question are those with the final st0d-less 

diphthongs [ a~] and [-P ~ J. 
Three of these seem to have vowel lengthening(~, have 

[ha~, hre:vg] 'sea', 'seas'; trav, trave [ tB' a~, tlf a :v ~J 
'trot (noun)',' trot (verb)' J ~' ~ (_l_t>~, l;, :y~] 'law, praise 

(noun)', 'laws, praise (verb)'). (Since the definite forms are 

ha vet, travet, loven [ hce? v -a b , t B' a ~ ? -a b , 1 ;> ? v ~ n ] , re~· 

spectively, it might be questioned whether the basic form of.' 

hav and 1.2.Y. has underlying short or long vowel; but as men­

tioned in section 3.4.1. above, we disregard the definite :form.) 

One word, however, has definitely no vowel lengthening, 

viz. tov, tove [ t-p ~, t t> ~-a] 'rope','ropes' (definite form 

tovet [ t l) ~ 9 ~ ~ ] ) • 

The remaining ones have short vowel in the definite form, 

and tney do not :form plurals different :from the singular forms 

(.!ll, ~' Is.Y., .!:2.!,, behov [ 1 a~, n a ~ ( ? ) , JI a !:! , B 1) ~ , 

be'h"'P~] 'lichen', 'hub', 'amber', 'rapine', 'need (noun)'; 
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the last example shows that the rule that stressed syllables 

with the prefix be- have st0d i:f they have phonetic st0d-basis, 

is confined to verbs and deverbatives (e.g. participles used 

as adjectives, c:f. beharet [ be'h 'D 'l H ~ ~ ] 'hairy' and ha-

~ [ h v : ir Q O ] 'hairy ' ) ) • 

The two verbs in this material are thus :formed by vowel. 

lengthening ( imp era ti ves trav, .!.2.Y:, [ t H a ~ v, 1 ;) ·? v ] 'trot', 

'promise'). 

The word bogstav [ bogsdre~ J 11 . 'letter ( o:f the alphabet)', 

plural bogstaver [ 'bog
1 

sdre ? v 't>] , should be mentioned. Its 

second syllable probably has an underlying long vowel since 

its phonetic quality throughout the paradigm is that o:f the ·long 

vowel, c·f'. ~' ~ [ ha~• hre:v • ] • The reason why this 

syllable has no~ in the indefinite singular form should 

then be that it has no stress; a similar shi:ft between un­

stressed and stressed syllable (in indefinite singular versus 

all other :forms) seems to be. :found in words o:f the type mad-

ding, maddinger [ ma(> e ') , ma(> e 'J ? 'D ] 1 bai t', 'baits', where 

the a:bsence o:f ~ in the first case can only be explained 

by the absence o:f stress {the st0d in the second case might, 

however, be explained as an automatic phenomenon occurring in 

all derivatives in -ing). 

3.4.1.4. Vowel lengthening be:fore (> 

There is a rather large number of' st0d-less monosyl­

lables ending in~. Whether vowel lengthening be:fore ~ occurs 

(in open syllable) seems to be highly dependent on the vo-

wel segment in question. 

It might be pointed out here, too { c_f.. Rischel ( 14)), 
that there is only one adjective in the material - glad, glade 

[gla ~ , glre: (> ~ J 'happy' (all other adjectives with :final 

~ have a long vowel) - and a couple o:f adverbs and other "small 

words" (!!:!!, hvad, ~' ~, .!!.ig_, gid [ a~ , va O , ve r> , m & ~ , 

hi r> , gi (> ] ) , all the remaining words being nouns with a de-

--------------------------------------------------------------
11) A side:form. [ 'bog 

I 
sdre? v ] also occurs. 



finite majority for the neuter gender (most of the nouns with 

facultative ~ are of the common gender, viz. bred,~' ,2S;, 

gl0d, n0d [ b If e b (?.) , b Ii 1' ~ ( 'I ) , 11 !) ( 9 ) , gl0 ( i ) l) , 
n 0 ( 'l) <5] 'brink', 'sting', 'point', 'ember', 'nut' (notice, 

however, that st0d [ sd0( ?)<5] is neuter)). 

When the vowel is~, definitely no lengthening occurs 

(l.2,£, lodder [ l 1> ~ , l_ l) l'l t) J 'weight', 'weights'; skod, 

skodde [ sg t) e , sg ll e ~ ] 'stump', 'top ( a cigarette)' ; brod, 

brodder [ bB t) e (? ), b B' t> (') t? ] 'sting', 'stings'; ,2£, od­

~ ['P l).(? )~, p 6 t> J 'point', 'points'; all the mentioned 

nouns plus flad, trad [ flt) e , t B t> 6 ] 'float', 'foot lever' 

have short vowel in their definite form (the latter two are 

related to the verbs flyde, troode [ fly 1 6 ~ , t B' & : 6 Q] 'float', 

'step', respectively, but as mentioned above we shall not use 

forms with (phonemically) different vowels as decisive evi­

dence for the underlying quantity of each other)). 
12 All the words with~ which also occur in open syllable. 

have vowel lengthening (e. g. had, hade [ ha!> , hoo: 6 9 ] . 'ha-

tred', 1 hate 1

; fad, fade' [ fa 6 , foo: !) ~ ] 1 dish 1

, 'dishes'), 

also in their definite forms. 

The words with~,~,~, z, and~ have vowel lengthening 

when the vowels occur in open syllable (their definite forms 

have sometimes long, sometimes short vowels, e.g.~' budet, 

bude [ bu ~, bu ~ 6 ~ d, bu: ~ ~] 'messenger', 'the messenger', 

'messengers', versus~. buddet [ bu ~, bu~ 9 ~ d] 'command(s) 

(noun)', 'the command'). Vowel lengthening in open syllable 

also applies to words with i, except spid, spidde [ sbi l) , 

sbi e ~ ] 1 spit {noun) '-, _ 'spike (verb) ' . 

Thus it seems that verbs derived from nouns with under­

lying short vowel and single~ are formed by consonant lengthe­

ning if the vowel is ~ ( imperative skod [ sg l:> 6 ? ] 'top ( a 

12) I.e. before a single consonant followed by shwa; there 
is evidence, however, that definite forms of monosyllab­
les (e. g. 0llen [ 01 ? ~ n ] 'the beer'), and plurals 
whose stem has st0d in that form (e.g. 0ller [ 01 ? 1)] 

'beers'), should be interpreted as being {systematically) 
monosyllables, cf. Hjelmslev (9). 
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cigarette)') and in the case o:f the verb spidde (imperative 

spid [ sbi ~ ~] 'spike'). If the vowel of the noun is short 

.e.,~,~'!!!.., or.!., the verbs are :formed by vowel lengthening 

(except spidde) (e.g. the imperatives~'~' tilsted, ~' 

.!2i:.9:, [ mre'? t) , sme? ~ , 'tel
1 

sd& 'l ~ , sd0 '? ~ , bi -Z 5 J ':feed', 

':forge', 'allow', 'push', 'bite'; c:f. the nouns~'~' 

sted, st0d, .!2i:.9:, [ ma a , sme ~ , sd E; ~ , sd0( ?) b , bi~ ] 
1 :food', 'smith', 'place', 'push', 'bite'). There· .are no examp­

les o:f verbs 1vith ~ or z, but such :forms, too, would probably 

have vowel lengthening i:f they did occur (c:f. above). 

3.4.1.5. Vowel lengthening be:foreJ 

There are very :few st0d-less monosyllables in I.• Some 

of those have vowel lengthening in their definite :forms (e.g. 

rug, rugen [ B' u(~) T , B u ? y ~ n] 'rye', 'the rye'), others 

have not (e. g. skrog, skroget [ sg H 1:> y , sg H 1) y ? ~ ~ ] 'hull 1, 

'the hull'). 

I have only found one valid example (albeit a rather 

marginal one) o:f vowel lengthening in open syllable, viz. fjog, 

:fjoget [ fj p y 13 , :fj o: y ~ ~ J 1:fo61 1., ':foolish'; but skrog, 

skroget 'poor thing', 'miserable' has no lengthening ( [ sg H p y , . 

sg H 1) y ~ ~ J ) . 
The only verb relevant to ou:r discussion is f joge 

[:fj ;> : y ~] (e.g. in :f,joge rundt 'make a fool of' oneself'), 

imperative [ f j :~\ ?. ·T ] , which seems to be :formed by vowel 

lengthening. The same ma'y' be true o:f the verb tage [ tm: y 9 , 

tre ~, ta] 'take' (imperative tag { tre ? y , tre? , ta] ) , re­

lated to the noun~ [ tre ~ Y, t ay] 'grasp'. 

3. 4 .1. 6. Summary of the vowel 1 engthening tend enc i .es 

Before we drown in details, let me briefly summarize the 

vowel lengthening tendencies stated above. 

It should be kept in mind that we have only examined the 

dissyllables with a single intervocalic consonant derived :from 

---~---------------------------------------------~------------
13) This is the pronunciation given by Ordbog over det 

danske Sprogi but also [ :f jo y J and [ :f j J y] are 
heard. 
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~-less monosyllabic words with final voiced consonant (be­

cause it is certain that these monosyllables have underlying 

short vowel and a single final consonant, if our concept of 

phonological ~-basis is accepted at all). Furthermore, 

all cases where the vowels in question are of (phonemically) 

different quality have been disregarded. For a general dis­

cussion of quantity, other kinds of material should, ~f 

course, be taken into consideration, too. 

With these reservations, it seems as if the verbs de­

rived from monosylla_~les with underlying short vowel plus a 

si~gle ~ or i always have vowel lengthening (there was only 

one marginal example with I (imperative fjog [fjo?y] ), but 

since word-final 1 never has st0d, we can _be sure that i 
belongs to this group). 

If the single consonant is£ or~' vowel lengthening 

sometimes occurs. The open rounded vowels, i.e. d and~, 

seem to be lengthened before £• ~ is the only vow·el which is 

not lengthened before~. It seems surprising that the ten­

dencies for a given vowel to be lengthened or not before£ or 

~ look exactly reversed. Eli Fischer-J0rgensen has suggested 

that the lengthening of~ before£ may be due to the fact that 

their place of articulation is practically the same (phone­

tically, syllable-final£ is often pronounced [R] ). And since 

~ does not occur before 6 at all, the discrepancy between the 
- /I -

lengthening tendencies before rand~ is maybe only apparent. 

(It may be questioned whether~ ~nd ~ are phonemically distinct 

(a survey of the relevant material and a discussion may be 

found in Basb0ll (2)); if they are not,~ is lengthened both 

before£ (sm0r, sm0re [smmH, smm:Ho] 'butter {noun)', 

~butter (ve~b) 1) and! (st0d, st0de·[sd0(?)~,-Sd0:~a] 'push 

(noun)', 'push (verb) 1 ).) 

On the other hand, the material is so limited that some 

of the tendencies we have found toward·a dependency between 

the vowel quality and the ability of lengthening in open syl­

lable may be rather accidental, b_eing due to- lack of sufficient 

data. 



3.4.2. Consonant 1engthening 

Verbs derived from monosyllables with an underlying short 

vowel plus a single (systematically) voiced consonant are 

formed by consonant lengthening if they are not formed by 

vowel lengthening (cf. the preceding section). Consonant 

lengthening thus applies if the co_nsonant is .!., ..i., !!!,, or !! 

(on the verb trine, cf. section 3.4.1.1. above), and _some­

times when it is~ or£ (see above). 

4. Appendix. Imperatives in Advanced Standard Copenhagen 

One difference between Advanced Standard Copenhagen (ASC; 

cf. the references given in section 1.1. above) and the Conser­

vative Standard Danish described in the present paper (CSD) is 

that the postvocalic r is pronounced [R] or deleted {viz. af­

ter [a] and[~] ) in ASC. This is probably a reason why many 

imperatives, which irt CSD end in [B] p~us an unvoiced conso-
o 

nant and thus have no st0d-basis, ~ave st0d in ASC (the voic-

ing of the£ is at least a necessary condition for it to have 

st0d). Examples are spark 'kick' (CSD [sba~g], ASC [sba?g]), 
styrt 'ove~throw' (CSD [sdy~d], ASC (£dy~?d] ), skrerp 'sharpen' 

(CSD·[sg€fb], ASC [sgre~?b] ), and mors 1morse 1 (CSD [IDPfB], 

ASC [mP?s] ). This tendency is not, however, completely carried 

through in ASC (e.g. mrerk 1 remark 1 , CSD [m€fg], is [mm~g], 
less often [mw~?g], in ASC). 

If this tendency is carried through, the result will be 

that£ then belongs to the class of phonemes which always have 

phonetic st0d-basis together with a preceding short vowel, and 

phonological st0d-basis together with a preceding short vowel 

and a following consonant, i.e. the rules for ~-basis be­

come considerably simpler (both because the st0d-basis may be 

formulated without regard to vowel-remote consonants (cf. the 

clusters /rp, rt, rk, rf, rs/ in CSD), and because the class 

of phonemes constituting ~-basis together with a preceding 

short vowel will simply be those which are [+voiced]). 

But the main difference between ASC and CSD is - at 

least as far as the imperatives are concerned - that in ASC 

all st0d-syllables with final[~,.~• i, ~] (corresponding to 
,\ 
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CSD £,~or I,~ or I, and!) have a short vowel and st0d in 

the :following segment. This makes the description o:f the im­

peratives more complicated :from a taxonomic point o:f view {c:f. 

bad, bade [bre6?], [bre:6.J 'bathe (imperative)', 1bathe (infi­

nitive)' with different vowel quantity). 

From a generative point o:f view, there seems to be at 

least two possible ways o:f describing this phenomenon: 

(1) All imperatives o:f verbs derived :from monosyllables 

with underlying short vowel plus a single (systematically) 

voiced consonant except nasals and 1 are formed by means o:f a 

stem :formation feature o:f consonant lengthening. 

(2) Imperatives are formed in the same way as in CSD, 

and there is a later rule (that will be needed anyhow) which 

moves the st0d from the vowel to the following consonant i:f 

the latter is [+voiced, -nasal, -lateral]. 

It should be noted that alternative (1) does not remove 

the difficulty of explaining what vowels are lengthened before 

what consonants in what position; e.g. the di:f:ference between 

slid, slide [sli~ , sli:6.j 'bother {noun)', 'toil (verb)' 

and spid, spidde [sbi6 , sbi6.] 'spit {noun)', 'spike {verb)' 

is still to be explained. 

I shall leave the choice between the alternatives open, 

but only· emphasize that the grammars o:f ASC and CSD cannot, of' 

course, be looked upon as independent o:f each other. 

•I,.\ 
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CLOSE AND LOOSE.CONTACT ("ANSCHLUSS") WITH SPECIAL 

REFERENCE TO NORTH GERMAN l 

Eli Fischer-J0rgensen 

and Hans Peter J0rgensen 

1. Introduction 

North German is generally assumed to have a difference in 

contact (Anschluss, Silbenschnitt), .short stressed vowels be­

ing described as having close contact (festen Anschluss, 

scharf geschnittenen Akzent), long and unstressed vowels as 

having loose contact (losen Anschluss, weich geschnittenen Ak­

zent). 2 

E. Sievers (26, p. 222 ff) was the first to give a de­

tailed description of the difference: "Hier wird der Sonant 

bei den kurzvocaligen Wortern (voll, kamm, fass, hat, sollt 

etc.) durch den folgenden Consonanten in einem Moment abge­

lost, wo er noch voll und kraftig ertont (unmittelbar hinter 

dem Silbengipfel), der jahe Absturz der Exspiration fallt in 

den oder die silbenschliessenden Consonanten, die daher kraftig 

beginnen, aber mehr oder weniger abrupt endigen; bei den lang-

1) This report is a summary (with various additions and modi­
fications) of two papers: Eli Fischer-J0rgensen, "Unter­
suchungen zum sogenannten festen und losen Anschluss", 
and Hans Peter J0rgensen, "Der Intensitatsverlauf beim 
sogenannten losan und festen Anschluss im Deutschen", 
both of which were published in 1969 (references 7 and 
18). A more detailed account of speakers and material is 
found in these papers. The acoustic investigations have 
peen carried out by HPJ, the investigations of physiolo­
gic~! factors and of duration by EFJ. We are grateful to 
various staff members and students of the Institute for 
help. Some of the modifications have arisen from a dis­
cussion in the Institute of Communication Research and 
Phonetics in Bonn. 

• 2) The terminology "checked vowels" versus "unchecked vowels" 
is more often applied to the distributional difference 
(presupposing a following consonant versus not presupposing 
a following consonant). . • 



44 

vocaligen (!!2.!, .!sifil, las, rat, holt etc.) erfolgt die Umstel­

lung der Organe filr den Consonanten, nachdem der Sonant bereits 

deutlich geschwacht ist (also eine merkbare Zeit nachdem der 

Silbengipfel passirt ist); der Consonant setzt daher auch mit 

nur ~assiger Starke ein, kann aber bei dem langsamen De­

crescendo der Silbe deutlich und bequem ausklingen." In dis­

syllables ihere is also a difference of syllabic boundary {Sie­

vers 26,· p. 225). 

Jespersen, who has taken over the distinction from Sie­

vers, gives the following description (15, p. 2~2 ff): "Kommt 

er [der Konsonant] schnell und bricht den Vokal in dem Augen­

blick ab, wo dieser am krAftigsten gesprochen wird, so haben 

wir festen Anschluss . . . . . Wenner dagegen erst eine Zeit 

na~h der kraftigsten Aussprache des Vokals kommt, wenn der 

Vokal also vor Eintritt des Konsonanten etwas geschwacht ist, 

so haben wir losen Anschluss." Thus Jespersen leaves out the 

description of the particular initial force of the consonant 

after close contact, and considers the dynamic movement of the 

vowel as decisive. If the peak of the vowel is followed by a 

decrease before the arrival of the consonant, the contact is 

loose, otherwise close. 

Sievers' description is at the same time physiological 

and auditory ("der jahe Absturz der Exspiration" .... "voll 

und kraftig ertont"), Jespersen's purely physiological ("kraf­

tig gesprochen"). 

According to Jespersen the difference between close and 

loose contact is found not only in German, but in all Germanic 

languages, whereas Slavonic and Romance languages have loose 

contact in all types of syllables. Many phoneticians have 

accepted Jespersen's description, e.g. Broch and Selmer (1, 

P• lo9 ff), L. L. Hammerich (11, p. 58 ff), and, particularly 

for German, the editors of Siebs, Deutsche Hochsprache, 16. 

ed. (25, p. 27 ff) {whereas Siebs did not mention this distinc­

tion himself). Martens, in his phonetic textbook for German 

(21, ·p. lo5),follows Sievers and Jespersen in considering the 

short vowel to have a stronger tendency to close contact than 

the long vowel, but he finds that the type of following conso­

nant is more important, the contact being close before voice-
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less consonants, loose before voiced consonants. 

On the whole, Jespersen's description seems to be widely 

accepted £or North German, Dutch and Norwegian. In Danish the 

close contact is at least weaker than in German, and it is 

hardly found in modern Copenhagen pronunciation. Phoneticians 

have hesitated to accept the difference between close and loose 

contact for English. Jones does not mention the phenomenon, 

whereas Heffner uses the terminology "close and loose nexus" 

(12, p. 183). He identifies his close nexus both with Jesper-

sen 1 s "£eaten Anschluss" and with Stetson's consonant arrested 

syllables; but these identifications are not very convincing. 

As already mentioned, Jespersen considers close contact to be 

conditioned by short vowels.- Heffner, on the other hand, con­

siders it to be conditioned by a following voiceless consonant. 

Finally, according to Stetson,a consonant can be arresting in 

all types of closed syllables (cf. e.g. 27, p. 7). 
The disagreement is probably due to the fact that the audi­

tory difference is rather subtle. On the other hand, it can-

not simply be considered as a convention taken over from one 

phonetic textbook into the other. The tests carried out by 

the present authors, as also the tests carried out by Fliflet 

(8), seem to indicate that phoneticians who have learnt the 

distinction, react in a meaningful way to test items. There 

seems to be a subjective auditory dimension which people can 

be trained to perceive in the same way as e.g. volume for pure 

tones, and which may perhaps best be described as a feeling of 

the consonant being more or 1ess intimately connected with the 

vowel. 

A closer examination of syllabic contact is of particular 

interest for two reasons: 

(1) It has been maintained by Trubetzkoy (28, p. 176 ff 

and p. 196 ff) that the difference of contact should be distinc­

tive in German, whereas the difference of vowel length should 

be redundant. His main arguments·are (a) that by this inter­

pretation it is possible to remove some of the counterexamples 

to the general law that a language cannot at the same time have 

distinctive -length and dynamic accent, {b) that in final posi­

tion, ·where both length and contact are neutralized, and where 
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the unmarked member of the opposition should be expected to 

occur, German has only long vowels, evidently without close 

contact. As 'short' and 'not cut off by the consonant' must 

be the naturally unmarked members· of the oppositions, it must 

be an opposition of contact. ( c) In unstressed syllables we 

have short vowels with loose contact. (The first of these 

arguments is not convincing, since it seems to be a tendency 

rather than a law.) Roman Jakobson (13, p. 24) also sets up 

a contact feature: "in the case of the so-called c 1 o s e 

contact (scharf geschnittener Akzent), the .vowel is abridged 

in favour of the following arresting consonant, whereas at the 

open contact (schwach geschnittener Akzent), the vowel dis­

plays its full extent before the consonant starts". Languages 

where both stress and length are distinctive are said to be 

quite exceptional. 

(2) The presence or absence of close contact after short· 

vowels seems to be connected with a number of other character­

istic features of the languages in question, particularly fea­

tures of syllabic structure. Languages which are considered 

to have close contact after short vowels, are generally cha-

_racterized by a strong dynamic accent, by the lack of a clear 

syllabic boundary after short vowels, by a relatively high 

frequency of closed syllables and by a predominance of final 

consonant clusters. Moreover their short vowels are normally 

lax, and their voiceless stops in most cases aspirated (with 

Dutch as an exception). These relations have been treated in 

more detail by EFJ (J) and by Fliflet (lo). 

On this background it may be of interest to ask the fol­

lowing questions: 

(a) What are the articulatory and acoustic correlates 

of the auditory impression, and, in particular, can the phone­

tic description given by Sievers and Jespersen be confirmed? 

{b) Is it possible to set up a separate and independent 

articulatory or acoustic dimension, or is the auditory impres­

sion conditioned by a combination of already known acoustic 

dimensions (as it is the case with the auditory dimensions 

volume and brightness) 1· 

(c) What are the most important acoustic cues for· the 
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perception of close and open contact? 

We have no definitive answers to these questions, but we 

have tried to give some contributions to a solution, and some 

suggestions for further inv~stigations. 

For this purpose it seems most practical to concentrate 

on a language in which the difference between close and loose 

contact seems obvious to many phoneticians, e.g. German. 

2. The acoustic and physiological correlates of syllabic 

contact 

2.1. The dynamic movement of the vowel 

2.1.1. A physiological examination of the dynamic movement 

of the vowel might be undertaken by means of electromyography, 

preferably of the expiratory muscles. We have not had occasion 

to do this, but it is evidently a desideratum. 

A recording of the air flow might also be expected to show 

a difference, but numerous curves, taken for this purpose and 

for other purposes, show that the air flow of the vowel is so 

strongly influenced by the air flow required by the surrounding 

consonants that e.g. the vowels of both [ta:1] ~~1] and 

[ta'l~nt] will have decreasing air flow, whereas the vowels 

of e.g. [li:t] [1It] and [litur'gi:] will have increasing air 

flow (we will return to the air flow in the section on the 

force of the consonant). 

2.1.2. As for the acoustic correlate of the loudness movement 

of the vowel, it is natural to look £or it in the intensity 

movement. It might perhaps also be due to the movement of 

frequency, but in the material used in this investigation no 

difference could be detected in the frequency movement of the 

vowels. Thus the intensity movement remains. 

In the paper by EFJ from 1941 (3), the results of a pre­

liminary investigation of the intensity movement of German 

vowels were given (p. 57 ff). The material consisted of the 

vowels of two German records. Although at least one of the 

speakers had a rather pronounced close contact, no difference 

in the placement of the intensity peak could be detected for 

either of the speakers. Both in short and long vowels the peak 
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could be £ound anywhere in the vowel £rom the beginning to the 

end with an average around So%. Also measurements of the ab­

solute distance between peak and end showed complete overlap­

ping. 

Later von Essen (2) has examined 16 pairs of words spoken 

by a German subject. He found a constant difference, but not 

quite of the sort one should expect according to Sievers. The 

peak was never found at the very end of the vowel, but the fall 

after the peak was more abrupt in short than in long vowels, 

the angle between the base line and a line drawn through the 

point of the peak and the end point of the vowel being double 

so large in short vowels as in long vowels. This result is, 

however, based on a very restricted material, and, moreover, 

the measurement was made on the oscillogram of the oscillo­

mink, which means that only frequencies below 800 cps are 

included, that phase differences influence the result, and 

that ~he angle changes with the overall intensity of the sig­

nal. This investigation does therefore not prove very much. 

The present investigation, undertaken by HPJ, is based on 

a much larger material, _and more measurements have been made. 

The texts consisted of word series of. the type piepe, Lippe, 

tapern, tappe, liebe, lebe, Ebbe, lieb, ~' Grab, Tipp,.Topp. 

ab etc., containing combinations of different vowels followed 

by the consonants£~ kb d K f ~ ~ n ~- Some of the lists 

contained also examples of unstressed vowels, but they were 

not measured. Some of the lists were spoken several times with. 

different word order. A restricted number of examples were 

also spoken in sentences. There were six speakers, four North 

Germans (KV, HT, NB and HP) and two coming from the Northern 

part of the Rheinland {HL and WS). From an auditory point of 

view they all had close contaqt after short vowels, although 

not all of them to quite the same degree, the extremes being 

KV, who had a pronounced close contact, and HP, who had a re­

latively weak contact, perhaps due to a long stay in Denmark. 

The total material consisted of 2066 words with stressed vowels. 

The word series and sentences were spoken on tape, and a 

mingographic recording containing a duplex oscillogram, a fun­

damental frequency curve and two intensity curves (one without 
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filtering, and one with highpass filtering at 500 ops) was 

made (see Fig. 1). 

The following measurements were carried out: (1) the 

absolute distance (in cs) from the intensity peak to the end 

of ~he vowel, (2) the· relative distance from the peak to the 

end, i.e. the distance in percentage of the total duration of 

the vowel, (J) the intensity fall (in dB) from the peak to· th 

end of the vowel. The measurement was made on the unfiltered 

curve, but a measurement of the filt~red curve would not have 

changed the general result. 
I 

In some cases the location of the peak was problematic. 

Fig. 2 shows, in schematic form, the different types of curves 

and the point chosen as the peak. Type c, with increasing in­

tensity to the very end of the vowel, was found relatively 

often, both in long and short vowels. In type git would 

probably have been more correct to consider the peak as being 

quite at the end (as in c), because also in this case the vowel 

has kept its full intensity at the implosion of the consonant 

(this latter point was chosen in the previous investigation 

(3)). But the distance from the point chosen (the cross in 

Fig. 2) to the end of the vowel is generally short in type g, 

and a different method of measurement would not have given a 

better distinction of the two types of vowels. 

The averages of the different measurements are given in 

table I. This table also contains a measurement of the steep-

ness of the curve calculated as the fall in dB divided by the 

distance in cs. This calculation is based on averages only. 

It appears from the table that the short vowels do not 

have their peak quite at the end, but at a distance of 3.5 cs 

on the average (or 37% of the total duration of the vowel). 

However, all speakers have a longer distance from the intensi­

ty peak to the end in long vowels than in short vowels, the 

average difference being 4.o cs. For KV the difference 

·(5.8 cs) is evidently significant, but not for HP (1.7 cs), 

cf. also the histograms in Figs. 8 and 9. 

The relative distance is also longer in long vowels than 

in short vowels (except for HP where the opposite is the case) 
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· Fig. 1. 

a) duplex oscillogram, 

b) logarithmic intensity curve, highpass 

filtered at 500 cps, 

c) linear intensity curve withput filtering, 
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TABLE I 

Placement of intensity peak and fall of in-

tensity in long and short vowels in German . 

Sp. N dist. dist. fall I steepness 
CS % dB dB/cs 

LONG VOWELS 

KV {265) 9.0 50.4 3.4 ·o .38 

HT {318) 6.6 36.4 2.2 0.33 

HP {266) 6.o 28.8 2.3 0.38 

ws {142) 8.8 41.4 2.3 0.26 

NB ( 54) 8.8 49.6 4.2 o.48 

HL ( 54) 6.o 37.0 3.0 0.50 

General 
average 7.5 4o.6 2.9 0.39 
=============================================== 

SHORT VOWELS 

KV (224) 3.2 37.4 1.9 0.59 
HT (273) 2.8 21.8 1.2 o.43 

HP (238) 4.3 42.o 2. J. 0.53 
ws (137) 3.4 31.7 1.7 0.50 

NB ( 48) 4.3 44.o 2.7 0.63 
HL (, 48) 3.1 34.5 2.5 o.81 

General 
average 3.5 36.8 2.1 0.58 
=============================================== 
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~he genera1 averages being 40.6% and 36.9% respectively. How­

ever the differences are very small, except for KV, and there 

is much overlapping between speakers, some of them having a 

longer distance in short vowels than others have in long 

vowels. 

The fall in dB is greater in long vowels {except for HP, 

where it is the same), but also in this case the differences 

are small, the average difference being o.8 dB. 

As for the steepness, all speakers have a steeper fall 

in short vowels than in long vowels, as they should have ac­

cording to von Essen, but the difference is smaller as that 

found by von Essen, and. it depends solely on the difference in 

absolute distance {the fall being more extensive in long 

vowels). 

These are, however, average differences. The overlapping 

of individual examples is large in all cases, even in the case 

of KV's absolute distance, the most evident of all the average 

differences (see Fig. 9). 
The absolute distance constitutes the most obvious dif­

ference between the two types of vowels. But this distance 

is not independent of the duration of the vowels. In the case 

of KV, for instance, 40% of the values for the long vowels ex­

ceed the average duration of the short vowels (9.6 cs), which 

means that in a good many cases the limited duration of the 

short vowels prevents them from having the same distance from 

the peak to the end as the long vowels, and only if they were 

falling from the very beginning, could they have the same 

average distance as the long vowels. It is also evident that 

even if long and short vowels had the same relative distance, 

the absolute distance would be longer in long vowels; t?is 

might therefore also be expected to be the case in languages 

without close contact. For these reasons the relative distance 

has been examined in more detail than the absolute distance. 

For all speakers long and short vowels have been placed 

in a coordinate system with the relative distance horizontal~y 

and the intensity fall in dB vertically (Figs. J-6). According 

to Sieversi description the short vowels should be found at the 

zero point or at any rate close to the zero point, whereas the 
'I 



• 

long.vowels (having a long and extensive fall) should be found 

in the upper right part of the quadrangle. According. to von 

Essen's theory the short vowels should be found above a line 

from the zero point through the center of the group of long 

vowels, and if the difference in steepness were very pronounced 

and due to both distance and fa11, the short vowels should be 

found in the upper left part and the long vowels in the lower 

right part of the quadrangle. 

When all vowels of a speaker is placed in such a diagram, 

the result is general confusion, both long and short vowels 

being dispersed over the whole space. Since this might be 
. . 

due to differences in vowel duration caused by the degree of 

opening of the vowel and the type of the following consonant, 

individual diagrams were made for each pair of vowels (e.g. 

i:/I, u:/u) before each consonant (e.g. i/I + t). 190 dia­

grams of this type were made. They give a very varied picture 

of the dispersion. 

In 68 cases (approximately one third) a positive tendency 

to a distinction in agreement with Sievers' description can be 

seen, but only in 27 cases is this distinction clear in both 

dimensions (Fig. J is an example of this type). 19 cases show 

a directly opposite picture (Fig. 4); it may even be so that 

the long vowels are found close to the zero point (Fig. 5). 
In the majority of cases, however, long and short vowels are 

found all over the space without any clear tendency -(Fig. 6). 
A consistent difference according to vowel quality and follow­

ing consonant cannot be seen. A distribution in accordance 

·with Sievers' theory is relatively frequent for y+t, e+k and . _._ _. ... 
!_+,!., but it often happens that vowel+ 1 shows the opposite 

tendency. Separate diagrams for monosyllables and dissy11ab1es 

do not give. a better distinction either. 

There are s_ome differences between the speakers, as can be 

seen from table II. ("Positive tendency" means agreement with 

Sievers' theorr.) 
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TABLE II 

Number of diagrams of consonant-vowel combinations. 

showing agreement or disagreement with Sievers' theory 

Speaker KV HT HP ws NB HL Total 

Total number 41 41 41 37 15 15 190 

positive tenden-
cy in "t?oth 

. directions 8 9 1 5 . 2 2 27 

positive tenden-
cy in one 
direction 12 lo 3 8 4 4 41 

no tendency 21 19 Jo 22 7 6 lo5 

opposite 
tendency 0 3 7 2 2 5 19 

This clearly shows that, although there is a certain 

tendency in accordance with Sievers, the counter-examples 

are so many that these cues must be said to have a very low 

degree o:f stability. 

If the relative distance is replaced by the absolute 

distance in the diagrams, a somewhat better separation between 

long and short vowels is obtained, because there is a limit to 

the right :for the short vowels, but even in this cas.e the over­

lapping is extensive. This can be seen in Fig. 7, which com­

prises the same examples as Fig. 6, but with absolute distance 

as the horizontal axis. (This :figure, by the way, shows a 

certain agreement with ~on Esse~•s theory.) When all vowels 

are taken together, the overlapping between long and short 

vowels in respect o:f absolut~ distance is very great (see Figs. 

8 and 9). 
The difference in intensity movement between short and long 

stressed vowels in German is thus not consistent, but it may 

still be true that German vowels have their intensity peak 



closer to the end than vowels in Romance and Slavonic languages. 

This requires £urther investigations, but the comparisons we 

have made with a restricted material does not show any consi­

stent difference. 45 word pairs spoken by a Czech subject· 

were measured according to the same method as the German words. 

The speaker has in all cases a relatively long distance from 

the peak to the end 0£ the ~owel (50%.or more), so that in this 

sense she has loose contact in both long and short vowels, but 

the contact is looser (according to Sievers) in long than in 

short vowels, and there is a clear distinction between the two 

groups in both directions. (See Fig. lo.) 

One French speaker also had a greater distance from the· 

peak to the end 0£ the vowel than the German speakers, but a 

preliminary examination 0£ a more extensive French material 

showed £or several speakers a·clear tendency to rising intensi-

ty in close vowels. Finally a Danish subject with Copenhagen 

pronunciation and a contact which was very loose from the audi­

tory point 0£ view, had two intensity peaks in most vowels 

(combined with a falling-rising tone), and both in short and 

long vowels sometimes the first peak and sometimes the last 

peak was the stronger 0£ the two. 

One might also expect a dif£erence in formant transitions 

to be associated with close and loose contact, but an extensive 

material 0£ spectrograms used £or formant measurements 0£ Ger­

man long and short vowels (HPJ 17), did not show any consistent 

difference. Fli£let (9), on the other hand, has found longer 

tr.ansitions in· short vowe1s than in 1ong vowels in German. The 

question needs further investigation. 

2.2. The £orce 0£ the consonant 

2.2.1. Physiological measurements 

Also £or the examination 0£ the force 0£ the following con­

sonant electromyographic measurements would ·be 0£ great inte­

rest. It has, however, not been possible to use this method 

in the present investigation. Instead we have measured the 

organic-pressure at the point 0£ articulation by means 0£ a 

small rubber bulb connected with an electrical manometer. The 
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material consists 0£ a restricted number 0£ word pairs (113 

in all) with short and long vowel £ollowed by a labial conso­

nant. They were spoken by two di££erent speakers, HP and CH, 

both £rom Northern Germany. 

For K the results are not very reliable because 0£ the 

relatively weak labiodental constriction. The stops~,~ and 

~, however, show £or both speakers a higher pressure a£ter 

short vowel than a£ter long vowel, both in medial and in final 

position. The variation is relatively great, which is normal 

in the case 0£.lip pressure, but when the words are compared 

in pairs, the di£ference is £ound to be statistically signi­

ficant at the-1% level for CH and at the 0.1% level £or HP, 

and in most cases it exceeds the motoric difference limen 

found by Malecot (19). 

Besides the organic pressure the duration 0£ the conso-
' 

nant seems to give a good indication of the force 0£ articu-

lation (EFJ 6, pp. 73, 80 and 105). The present investigation 

shows that both speakers have a longer consonant after short 

vowels than after long vowels. Moreover there is an evident 

correlation between duration and organic pressure in the sense 

that a particularly great difference in organic pressure cor­

responds to a great di£ference in duration. This can be seen 

in table III which shows the percentual increase of organic 

pressure and duration after short vowels compared to long 

·vowels. 
TABLE III 

Percentual increase of lip pressure and duration 
of the consonant after short vowels compared to 
the values found in the position after long vowels 

CS -p- -p -b- -m- -m -f- -f 

CH 
number (8) (12) (6) (15) (6) 

~
13) 

~
lo) 

lip pressure lo% 12% 52% 2% 40% -4%) 27%) 
duration 12% 11% 27% 20% 44% 58% 22% 

HP 
number (8) (12) (8) (12) (8) (8) (7) 
lip pressure 55% . 7% 84% 92% 12% (11%) (47%) 
duration 42% 7% 71% 58% lo% 33% 21% 



The same correlation is seen by a comparison between the 

two phenomena medially and finally for£ and fil, both speakers 

having higher lip pressure and longer duration in final~ than 

in medial~, and lower lip pressure and duration in final£ 

than in medial~ (with the exception that CH has higher lip 

pressure (and also longer duration) in final£ than in medial 

£ after short vowel). There is no difference in the rate of 

increase of the organic pressure after short and long vowels. 

The relative prolongation of the consonant after short 

vowel is confirmed by a larger material comprising 1142 word 

pairs spoken by ten different subjects, the seven speakers 

mentioned above and three others, two North Germans {WL and 

GR) and one from the Rheinland (GJ). All ten speakers have 

longer consonants after short vowels than after long vowels, 

the general average being a prolongation of 27% and the indi­

vidual averages ranging from lo to 74%. 
The long vowel is for all subjects approximately twice 

as long as the short vowel. This means that the relation C/V 

{the relative duration of the consonant compared to the vowel) 

would give ·a still greater difference between the two word types 

than the simple duration of the consonant. This relation is, 

however, very variable due to the specific durations 0£ diffe­

rent types of vowels and consonants and to the influence of the 

consonant on the duration of the vowel. For most speakers the 

relation is, e.g., higher for long vowel+!.§. than for short 

vowel+ 1. 

As a third indication of force of articulation, one might 

think of the air flow. The air flow at the moment of transi­

tion from vowel to consonant has been measured by means of the 

aerometer in 292 word pairs with following ptk bdg and fs, 

spoken by four subjects.(KV, HT, HP and ws). All speakers 

have stronger air flow after short vowels than after long 

vowels, and the difference is significant at the o.1% level, 

except for HT's stops. The percentage of word pa~rs showing 

a stronger air £low after short vowels is for the four speakers 

9J, 67, 8J and 80 ~espectively. The relative increase of 

air flciw after short vowels can be seen in table IV. 



Speaker 

ptk 

bdg 

fs 

66 

TABLE IV 

Relative increase of air flow after short 
vowel corn ared to the air flow after lon 
vowel number of exam les in arentheses 

KV HT ws 

A N % N % N % 
(24) Jl (26) 5 (46) 22 

( 6) 4J ( 6) 8 (2o) 13 

(Jo) 61 (41) 26 (16) 12 

HP 

N % 
(42) 21 

(lo) 11 

(25) 32 

A further difference can be seen in£ and~• The air 

flow curve for these consonants has generally two peaks, one 

just at the start and one at the end of the consonant. After 

short vowels the first is relatively higher, after long vowels 

the second. This is true not only of dissyllables, as 

giessen, bissen, but also of monosyllables of the type misst, 

giesst {but not finally). 

The intra-oral air pressure of the consonant has been 

measured in 1J8 pairs with stops and fricatives for two spea­

kers (HP and CH). It was found to be higher after short 

vowels, and the difference is significant (except for HP's 

~, which showed the opposite tendency), but the differences 

are relatively small (5% for J2!. and 21% for bd for both 

speakers, 22% for CH's fs and -5% for HP's ~), and for most 

consonants they are below the motoric difference limen found 

by Malecot (20). There was no constant differenbe in the rise 

of the air pressure. 

2.2.2. Physical intensity of the consonant 

• Corresponding to the diff~rences found in the physiologi­

cal curves, one should expect to find a difference in physical 

• intensity. It has, however, not been possible to find any dif­

ference in the case of stops and fricatives. As for.the stops, 



they have normally a very weak implosion, which is hardly 

measurable, and no difference could be detected on the mingo­

grams neither in the implosion nor in the exp~osion. As for the 

fricatives, there was no difficulty of measurement, but no dif­

ference of intensity could be seen, although the difference of 

air flow and duration was clear. Now, the relation between 

force of articulation and physical intensity is rather compli­

cated in the case of fricatives, since the constriction of a 

fortis consonant may be narrowed beyond the point where the 

relation between air flow and constriction is optimal for the 

production of noise. It is possible that the difference of 

duration is sufficient to give an impression of stronger in­

tensity, although the difference amounts to only some lo-20%. 

As far as the stops are concerned, one cannot exclude the pos­

sibility that oscillograms taken at high speed might show some 

differences in the implosion. 

In the nasals and~, however, a tendency to stronger in­

tensity after short vowels is apparent, although for these con­

sonants no difference of air flow was visible, only a difference 

of duration and (in fil) of lip pressure. 

The average intensity of the first 5 cs of~, a and~ was 

measured and compared with the last 5 cs of the preceding vowel 

for the speakers KV, HT, HP and WS. The tendency to stronger 

consonant after short vowel than after long vowel is particu­

larly evident for HT, and in some combinations the consonant 

is stronger than a preceding short vowel, but weaker than a 

preceding 1ong vowel. For the speakers KV, HP and WS the ten­

dency is, however, not so clear, and when all words with the 

s.ame sound combination (e.g. y:/Y + t) are taken together, the 

tende~cy is only evident fore:/~ and 0:/~. However, if the 

words are compared in pairs (Hohle/Holle etc.), the tendency 

is evident for HT, KV and WS, but not for HP. This can be 

seen from table v. 



HT 

KV 
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HP 

68 

TABLE V 

airs in which the consonants 1 m, 
and n have stron er a or weaker c intensit 
after short vowel than after lon vowel or·the 
same intensity after long and short vowels b 

Number a b C 

of pairs stronger same weaker 

lo2 76% 19% 5% 
9o 78% 11% 11% 

48 67% lo% 23% 

89 38% 20% 42% 

Is there an independent acoustic or physiological 

dimension corresponding to the impression of contact? 

If the curves had shown an evident and stable difference 

in the intensity movement of the two types of vowels, it would 

have been possible to consider this as a separate acoustic di­

mension. But, as shown above, the overlapping is so extensive 

that this is not possible. 

On the physiological plane one might think of the air 

flow at the implosion as a specific correlate to syllabic con~ 

tact, although no difference could be seen for 1 (the nasals 

must be left out of consideration, since only the air flow 

from the mouth was recorded). E. A. Meyer (23) considered 

this as the decisive factor, languages with close contact be­

ing characterized by a more open position of the glottis, and 

consequently by aspirated consonants, lax vowels with rela­

tively strong air flow, and audible noise at the implosion. 

This sounds very plausible (although, as mentioned above, 

Dutch constitutes an exc~ption as it has unaspirated stops, 

but short lax vowels), and it may be the best explanation of 

the differences found between Germanic languages on one hand 



and Romance and Slavonic languages -on-~he -other (this has also 

been emphasized by A. Thelin in·,am·iunpubl!-ished thesis), but it 

can hardly be set up as an independent· dimension in German, 

at any rate i:f we• look :for a phenomenon which should be cha~ 

racteristic o:f the transition :from vowel to consonant, :for the 

str.onger air :flow in words with short vowels is not restricted 

to the implosion, it is :found throughout the pre.ceding vowel, 

and even in the initial consonant (in 74% o:f 114 comparable 

pairs with initial ptkbgvfh). It might there:fore be more 

correct to consider it as a characteristic o:f short syllables 

without direct correlation to the contact phenomenon. Very 

restricted material :from Danish, French and Swiss German shows 

a similar, although weaker, di:f:ference between syllables with 

long and short vowels. In German the di:f:ference may be en­

hanced by the laxness o:f the short vowels. 

The remaining :factors are di:f:ferences o:f duration and of 

consonant intensity. The correlation to vowel duration in 

stressed syllables (but not in unstressed syllables) is evi­

dent, but this is not a separate contact dimension. The di:f­

:ferences of consonant duration and intensity are less stable, 

but evidently not accidental. Fli:flet is probably right, when 

he states (lo) that a syllable with a short and lax vowel+ a 

long strong consonant will be perceived as having close contact, 

whereas a syllable with a long and tense vowel+ a short and 

weak consonant will be perceived as having loose contact. But, 

as he demonstrates, this is not only valid :for Germanic 

languages; there is a widespread tendency in various languages 

to combine vowel and consonan.t types in this way, al though this 

tendency is not univer~al. (In Danish, :for instance, consonants 

are not usually longer after short vowels than after long 

vowels, see EFJ (4), p. 46, and (5), p. 188). Anyhow, thi~ is 

not a simple and independent physiological or acoustic cue for 

·the perception o:f contact. 

We seem to be :faced with a perceptual phenomenon, which 

has complex correspondences both acoustically and physiological-
' 

ly. In this case it rs important to investigate the relative 

importance o:f the cues. On the basis o:f our material we can 

only 'do this :for the acoustic cues. 



4. The relative importance of the acoustic cues 

4.1. Comparison of speakers 

Some very preliminary conclusions might be drawn from the 

fact_ that, according to the subjective impression, some spea­

kers have a closer contact than others, the extremes being KV 

(with a very close contact after short vowels) and HP (with a 

relatively loose contact). The measurements show that KV's 

short vowels have a shorter absolute and relative distance 

from the peak to the end of the vowel, and a less pronounced 

intensity fall than HP's short vowels, whereas the difference 

in steepness is negligible. On the other hand NB has almost 

the same averages as HP, and his contact sounds almost as close 

as that of KV. HP has more overlapping between the two types 

than KV, but this is above all due to the fact that his long 

vowels have a shorter distance from the peak to the end of the 

vowel than the long voweli of the other speakers (in many cases 

the peak is quite at the end of the vowel) and that the in­

tensity fall of his long vowels is relatively small, whereas 

KV's long vowels have a particularly long distance to the peak 

and.an extensive fall. Thus the contact of HP's long vowels 

should sound relatively close, 'but this was not obvious. As 

for the physical intensity of lmn, HP has no difference after 

long and short vowels, and KV has a clear difference. On the 

other hand, HP's di££erence 0£ lip pressure and duration is 

larger than that of CH, whose short vowels sound quite typical. 

Out of ten speakers HP has even the next highest prolongation 

of consonants after short vowels (47%), and one of the highest 

c/v relations. The absolute duration of his vowels is, how­

ever, longer than those of KV, HT or CH. 

According to these observations the peak placement should 

be more important than the relation between vowel and consonant, 

but the conclusions are not very safe. 

4.2. Test. 

4.2.1. In order to get a better measure we made a test con­

sisting of 84 German words taken from the tapes used for the 

acoustic measurements and (for comparison) two Czech, two 

·1 
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French and two Danish words, thus 9o words in a11, of which 67 
should have close contact, and 23 have loose· contact, according 

to the traditional description .. The words were chosen in such 

a way that there were two or.more examples of the same or simi­

lar words differing in respect of duration or of the dynamic 

movement of the vowel. These similar examples were placed 

close to each other on the test tape, and the listeners were 

allowed to go back and forth on the tape and repeat the words. 

The listeners were eight Danish phoneticians and dialecto~ 

logists, who were familiar with the concept of close and loose 

contact. They were asked to judge each word in respect of 

close and loose contact on the basis of a seven point scale 

comprising the steps (1) very close, (2) close, (J) close 

rather than loose, (4) questionable, (5) loose rather than 

close, (6) loose, (7) very loose. 

The listeners found the test meaningful, and the answers 

do not seem to be accidental. All steps in the scale were 

utilized, the percentage of utilization being (1) 19%, 
( 2 ) Jo% , ( 3) 19% , ( 4 ) 5% , ( 5 ) 8% , ( 6 ) 12% , ( 7 ) 7% • It is 

worthy of note that No. 4 (questio~able) comprises only 5% 

of the answers, that the extreme _judgments (1) and (7) are 

never found together for the same·word, and that (1) and (6) 

were only combined in 6 words, and similarly with (2) and (7). 
This may, however, to some extent be due to theoretical know­

ledge about the "right" answers. Most of the German words 

were immediately recognizable as German, and, with exception 

of the word "lieb", all German words with long vowels were 

heard as loose, and all German words with short vowel as close 

by the majority of the listeners. But none of the 8 listeners 

distributed their answers mechanically in this way. They all 

heard some short vowels as loose and (with one exception) some 

long vowels as close, and the three degrees in each group were 

fully utilized. The two Czech words(~ and basu) were heard 

by the majority as close, and the two French words (basse and 

~) as loose, whereas the two Danish words in Copenhagen pro­

nunciation {kasse, bisse) were almost evenly distributed on 

loose and close. 

There was little evidence for the assumption that voice-
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less consonants should have closer contact than voiced conso­

nants ( c:f. :Martens and He:f:fner). The average answers were: 

short vowel: +s:f 2.3 +lmn 2.5 +ptk 2.7 +d J.o 

• long vowel : +s 6.o +ptk 6.1 +1. 6.9 

(there were no examples o:f long vowel+ d, fil, g). 
In view o:f the restricted number o:f examples, the only 

thing that can be said is that long vowel+ 1. sounds definitely 

loose. 

A consideration o:f the number o:f "loose" answers :for short 

vowels, and "close" :for long vowels gives a similar result: 

answer "loose" :for short vowels: +ptk 11% +s:f 3% 
+lmu 3% +d 0% 

answer "close" :for long vowels +ptk 19% +s:f 13% 

+1. 0% 

4.2.2. The question o:f the relative importance o:f the acoustic 

cues was examined in di:f:ferent ways. 

First the words were divided into :five large groups: 

A, heard as close by all listeners, B, heard as close by the 

majority, C, heard as loose and close by equal numbers o:f 

listeners, D, heard as loose by the majority, E, heard as 

.loose by all listeners. For each o:f these :five groups separate 

averages were calculated :for (1) vowel duration, (2) consonant 

duration, (3) consonant/vowel relation, (4) absolute distance 

·:from intensity peak to the end o:f the vowel, (5) relative 

distance, (6) £all in dB. The results are given in Fig. 11. 

There is an evident correlation between vowel duration and the 

:five groups o:f answers :fr,om close to loose, and a certain cor­

relation with the c/v relation, but as the consonant duration 

does not show anything, the agreement with the c/v relation 

must simply be dependent on the correlation with vowel duration. 

A certain correlation can also be seen :for absolute distance,· 

but, as mentioned ab~ve, this is partly dependent on the dura­

tion o:f the vowel. The other acoustic :factors do not seem to 

have any.influence on the answers. Steepness has been left 

out because it could only be calculated :for part o:f the examples 

(not :for those with zero :fall), but it did not show any con­

sistency either. 

I' 
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In order to x mine this in more det ·1 the average judge­

ment was calculated f'or each word, and a number of' scatter 

plots were made, in which the horizontal axis indicates the 

average judgements and the vertical axis the different acoustic 

factors. Only f'or vowel duration could a clear correlation be 

seen (Fig. 12). The dif'f'erence in judgement between long and 

short vowels may partly be due to previous knowledge, but there 

is also a clear correlation with the group of' long vowels. (Be­

cause of' the difference of' vowel duration before different types 

of' consonants, vowels+ ptk and vowels+ f'slmn were plotted se­

parately and vowels+ bdg were -left out.) 

Finally, in order to eliminate the influence of' theoretical 

knowledge entirely, the judgements of' identical or very simi?'ar 

words were compared in pairs, e.g. KV G~te I and II, HP Latte 

and HT Latte, HT hassen and HT passen etc. There were 65 such 

pairs, and out of' these pairs 32 pairs with a clear difference 

of' judgement were selected, the criterion being that (1) 5 out 

of' 8 listeners should agree in considering one as more close 

than the other, and nobody should have the opposite view (or 

6 out of' 8 should agree, and only one have the opposite view 

etc.), or (2) that there should be at least one f'ull step be­

tween the average judgements of' the two words (e.g. 5.6 versus 

6.6 or more). 23 of' the 32 words fulfilled both conditions, 

4 only the first, and 5 the second. 

These pairs were then compared in respect of the 7 acou­

stic factors mentioned above (for steepness only 16 pairs could 

be compared, since in 14 cases one or both of' the members had 

no f'all). The result is given in table VI, where+ indicates 

shorter distance, smaller f'all, shorter vowel, longer conso­

nant, higher value of' c/v and greater steepness. 

The result is that there is an evident correlation with 

vowel duration, since in 29 out of' 32 pairs the member indi­

cated as more close has a shorter vowel. This correlation is 

even found in 19 out of' 24 pairs where the majority is smaller 

than in the 32 selected pairs, i.e. the agreement is found 

in 48 out of' 56 pairs in all (in the 8 remaining pairs there 

was no majority f'or any ·answer). 
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TABLE VI 

Acoustic factors connected with the impression 

of closer contact in pairs of similar words 

Duration 
v c c/v 

29 15 

2 1 

l 16 

22 
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abs. 
dist. 

18 
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lo 

% 
Intensit;l 

fall steep-· 
dist. ness 

17 14 lo 

3 5 1 

12 11 5 
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There is also a correlation with the c/v value, but in 15 

out of 22 positive cases it is vowel duration that is the ex­

clusive or dominating factor, not consonant duration. The ab­

solute distance and the steepness may have some influence, but 

in all cases where the distance or the steepness are positive, 

the influence can also be ascribed to the vowel duration, ·where­

as on the other hand there are many cases with long distance 

or weak slope which are nevertheless heard as close. The only 

thing which is proved is thus the influence of the duration of 

the vowel. 

This is in good agreement with a test carried out by 

A. L. Fliflet, containing a great number of words from many 

languages, and of which he has given a brief report in (8). ~­
He used tape cutting and splicing, cutting the vowel from the 

start or the mid part of the consonant, and thus leaving the 

transition from vowel to consonant untouched. Fliflet found 

~hat a shortening of the vowel might change the perceptual 

impression of contact and syllabic structure completely, so 

that a word· with pronounced loose contact before the cutting 

was heard with pronounced close contact after the cutting. 

However, he also found that the duration and perceptual loud­

ness of the following consonant was of importanc~ (but the 

loudness of the consonant was found to depend partly on its 

duration). This ·does not appear from our test, except that 

the duration of~ seems to have some influence on the judge­

ment. The acoustic intensity could only be compared for 14 

pairG, of which 7 belong to the group with a clear majority, 

and here no correlation could be found. But the number of 

examples is too small. This problem needs further investiga­

tion. 

According to the present investigation the impression 

of syllabic contact seems to be influenced predominantly 

by the duration of the vowel, and, according to Fliflet also, 

but not quite to the same extent, by the duration (and loud­

ness) of the following consonant. This again shows that there 

is no independent acoustic (or physiological) dimensio~ cor­

responding to the perceptual dimension of contact. It is based 

on a complex of already known acoustic dimensions. 
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FALLING WORD TONES IN SERBO-CROATIAN 

Per Jacobsen 

In an earlier paper (ARIPUC No. 2/1967),1 I examined 

the Serbo-Croatian word tones. It turned out that the 

long falling and short falling word tones differ markedly 

in the tone contour of the accented syllable. The long 

falling word tone(~) has a marked rising~falling tone with 

a difference of up to one octave-between the peak, which 

is in the first third of the vowel {syllable), and the fi­

nal tone level of the vowel.. The short falling tone("), 

on the other hand, is·not characterized by any particular 

tone movement but.may be slightly risin~, slightly falling, 

or slightly rising-falling with a peak in the middle or in 

the second half of the vowel (syllable). In polysyllables 

with " the tone level of the second syllable ( r-. as well as 

'' can occur only on the first syllable) is lower than the 

final. tone of the first syllable. Moreover, the second 

syllable of polysyllables with"°"or" has less intensity than 

the first syllable. 

The falling word tones ""and '' are opposed to short and 

long rising word tones, which are characterized by highe 

tone and more intensity on the syllabl.e after the ictus 

than on the ictus syllable. 

The present paper deals with the two falling word tones, 

the purpose being to examine whether these differ first 

and foremost in length, or whether the very different tone 

contours are in themselves sufficient to establish a dis­

tinction between the tones. 

The best way to answer this question would be: to pro­

duce minimal word pairs by means of speech synthesis, the 

parameter of tone being kept constant whilst the parameter 

of duration was varied, and vice versa. Since this was not 
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pos ibie, ~ had a native Serbo-Croatian, Mira Adwn, M.A., 

who teaches Serbo-Croatian at the University of Copenhagen, 

speak some minimal pairs of words: 

a) klm (kim] 'caraway• -
b) fil!l [ki: m], instr. sing. of~ 'who' 

c) dllga [' duga] ' 
nom. sing. fem. 'long' 

d) duga ['du:ga] I gen. sing. 'debt' 

These words were recorded on tape, using the sound treated 

room of the Institute of Phonetics. They were spoken in 

two ways: in normal pronunciation (examples of set I) and 

with deviating duration, the words with a short falling 

tone (klm, duga) being drawn out while the tone in the ac­

cented syllable was kept as constant as possible (level 

tone contour), whereas the words with a long falling tone 

(kim, duga) were spoken with a shorter duration but· with 

preservation of the characteristic rising-falling tone con­

tour ( see Fig. 1 - ·4). 

Among a great number of "pseudo-synthetic" words pro­

duced in this way I chose a set of examples (II) in which 

the words of each contrasting pair (klm-klm and duga-duga) 

had physically equally long (accented} vowels but exhibited 

a difference of the kind described above between short 

falling and long falling tone contour. Similarly, I chose 

a set of examples (III) in which the vowels with rising­

fa11ing tone contour ( characteristic of"), had the same 

physical duration as the vowels in the corresponding words 

with" in normal pronwiciation, and in which the vowels with 

a level tone contour had the same physical duration as 

vowels in the corresponding words with" in normal pronun­

ciation (i.e., the examples of III were selected in such 

a way that the durationswere opposite to what would be ex­

pected). The tone movements and durations measured in these 

examples (Fig. 1 - 4 ) are given in Tables 1 and 2 below. 

The examples were recorded on tape in a quasi-random 

order and played back to a number of native speakers, who 
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TABLE 1. TONE MOVEMENT IN CPS 

1st syllable 2nd syllable 

beg. peak end peak in beg. end 
per cent 

~ 
180 a ktm I 200 

k~m II 190 190 
kim III 190 190 

t'\ 
140 b kim I 200 225 2o 

k1m II 190 225 140 17 
kfm III 225 238 140 2o 

\\ I 200 225 200 5o 180 140 C duga 
dtga II 190 213 190 5o 170 140 
ct-&ga III 180 180 180 200 

!! "' I 225 263 160 33. 160 160 duga 
('\ II 225 250 160 33 160 160 duga 
ri III 200 225 140 33 160 140 duga 
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TABLE 2. DURATIONS IF CS 

1st syllable 2nd syllable 

\\ I 11 a ·kim 
l ).\ II 17 .!.:.J_m 

\\ kim III 23 

/"\ 
b kim I 23 

k~m II 17 
kf'm III 11 

~ I 13 11 C duga 
~ II 2o 12 duga 

d~ga III 25 13 

r. 
I 25 14 d duga 

I"'\ II 19 13 duga 
I"'\ III 13 lo duga 
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~ere to decide on the meaning o:f each test item. They were 

requested to place each word presented to them in one of 5 
sentence contexts, which clearly defined the meaning o:f the 

word. It was also permitted to answer: 'I don't know•. 

As :for k1m-k1m there is no third way o:f interpreting 

these two words, but in the case o:f duga-duga there is a 

third possibility: duga ['dug:a.J 'rainbow•. 

All listeners distinguished clearly between Ia and 

Ib, but there was- much W1certainty about Ila and I_Ib. 

Thirty per cent o:f the listeners thought that Ila,. meant·· 

k~m, sixty per cent thought it meant kim~ and ten per cent 

answered: 'Don't know•·• Forty per cent thought that IIb 

meant kim, :forty per cent thought it meant kim, and twenty 

per cent answered: 'Don't know•. Ten per cent thought that 

IIIa meant klm, and ninety per cent thought it meant klm. 
\) 

All listeners thought that IIIb meant lE:!!!• 
In the. case o:f the examples duga there were :four 

" ~ / possibilities: duga, duga, duga, and 'Don't know'. 
,, "" All listeners distinguished between duga and duga 

(Ic-Id). Thirty per cent thought IIc meant duga, whereas 

seventy per cent thought it meant duga. Twenty per cent 

thought that IId meant ctnga, sixty pe~ cent thought it 

meant duga, and twenty per cent answered 'Don't know'. All 
/ listeners thought that IIIc mean~ duga. Ninety per cent 

thought that IIId meant duga, whereas ten per cent thought 

it meant duga. 

The conclusion to be drawn :from these data must be 

that duration and not tone movement is the distinctive 

:feature o:f the :falling word tones in Serbo-Croatian. This 

conclusion is clearly substantiated by the wicertainty in 

the identification o:f the examples o:f the second set, and 

by the universal agreement in the identification of the 

examples o:f the third set. 

Admittedly, the intensity contours o:f the examples 

in IIc and IIIc di:f:fer :from those o:f Ic. With the material 
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available and with the somewhat primitive method used here 

it has not been possible to eliminate this difference of 

intensity, which may have influenced the result. However, 

this difference affects mainly the relationship between 

falling and rising word tones; it is not so relevant to 

the relationship between short and long falling word tones. 

Experime~ts with synthetic speech will, of course, make it 

poas~b1e to arrive at a definitive conclusion on this 

point, and also to check the results of the present in­

vestigation. 
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MEASURE:MENTS OF THE LENGTH OF SO:tvIE JAPANESE VOWELS WITH 

SPECIAL REFERENCE TO THEIR DEVOICING 

Hideo Mase 

o.l. Introduction 

It is known that in Japanese unaccented i and 1!1 are 

devoiced when they occur between voiceless consonants. 2 At 

the same time, it is generally admitted that the length of a 

syllable 3 - a mora - is fairly constant in Japanese. 

In my previous experiment (5) I found the following 

tendency in -~-syllables: the vowel is shorter in a low-pitched 

syllable than in a high-pitched one, while the length of the 

'open interval(= the distance from the explosion to the be­

ginning of the vowel)+ vowel' is almost the same in both high­

and low-pitched syllables. (See Fig. 1 in Mase (5), p. 154.) 

1) "Accented" and "unaccented" means "phonologically accented" 
and "phonologically unaccented'. An accented vowel j.s pho­
netically a high(er)-pitched vowel before word border or 
immediately followed by a syllable with a low(er)-pitched 
vowel, the latter being an unaccented vowel. An unaccen­
ted vowel is any vowel which does not fulfill the above 
condition of the accented vo11el. An unaccented vowel is 
low(er)-pitched if it occurs in the initial syllable or 
in the syllable after the syllable whose vowel is accented; 
it is high(er)-pitched if it occurs in a non-initial s~l­
lable before the syllable whose vowel is accented. 

The present investigation is confined to vowels which 
occur in the initial syllable, so that high- and low-pit­
ched vowels are phonetic manifestations of phonologically 
accented and unaccented vowels, respectively. 

2) Besides, unaccented~ after a voiceless consonant and in 
phrase- or utterance-final position is often devoiced. 

Details about conditions on devoicing are found in M.Han 
(2), p. l7-J4. A summary of her description is found in 
my previous report(5), p. 146-47. 

3) A phonological syllable consists of one or two morae and 
of one phonetic syllable. (Cf. Hattori (3) and (4), p. 751J 
When a phonological syllable consists of two morae, these­
cond mora is always a bound mora, since it cannot take ac­
cent, and since it always occurs after a free mora. For the 
experiment reported here only syllables consisting of one 
mora were chosen, so that a phonological syllable accords 
with a phonetic syllable and a 'free' mora. I sometimes use 
'syllable', sometimes 'mora' - a unit of length - depen­
ding upon the situation. 
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This lengthening of the open interval in low-pitched syllables 

is presumably partly due to the devoicing of the following 

vo,-.rel. It is not possible to distinguish such a devoiced 

phase from the aspiration on the mingograms, and hardly on the 

spectrograms either. Therefore, the devoiced beginning of the 

vowel will be taken to belong to the preceding consonant, or 

rather to the open interval of the preceding consonant. This 

is also true of the devoiced beginning of the vowel after the 

spirant 1: -it is not possibl~ to distinguish the devoiced part 

from 1. It is therefore interesting to investigate whether 

there· is a vowel-shortening in low-pitched position, which 

corresponds to a lengthening of Sand of ,the open interval of 

a stop consonant, or ,-.r~ether there is also a lengthening of 

the closure period, i.e. lengthening of the whole consonant. 

In m + V-syllables, for example, there is no devoicing of the 

. vowel, and the syllable length is fairly constant. According­

ly,. a lengthening of_L and of the open interval of stop con­

sonants and a shortening of the vowel can be considered as a 

compensation between the consonant and the vowel, though the 

principle of compensation must be applied with care, because 

there may be various heterogenous factors involved 4 • 

The present experiment was undert.aken to investigate the 

.influence of initial voiceless consonants on the devoicing of 

vowels. 

sidered. 

Completely devoiced vowels will, however, not be con-

o.2. Material and informant 

The stop consonant 1£ and the spirant S (hereafter writ­

ten~) are chosen here as initial consonants in a CV-syllable. 

The disadvantage in choosing 1£ is clear, because the consonant 

is accompanied by much aspiration and affrication, especially 

when it is combined with-high vowels, viz. i and£• But at 

---------------------------------------------------------------
4). Cf. Eli Fischer-J0rgensen (1, p. 200 ff). 



the same time, since the open interval is longer in~ than in 

£ and E (cf. l.o~), the difference in length of open intervals 

-is easiest to observe ink. The choice is also due to a phono-

logical restriction. The phoneme (in the traditional sense) 

/t/ is phonetically manifested as [t] when it occurs before 

/a/, but as [ tS] before /i/ and as [ts] before /u/. Word­

initial /p/ ([p]) occurs only in loan words. S was chosen 

because it is found before i, ~and£ ([s] does not occur be­

fore i)• Some other consonants have also been used as initial 

consonant. £ is taken up in l.o. and others in 1.2. 

The vowels~, i and£ have been used. The reason why~ 

was chosen is that the vowel is the longest o:f the 5 Japanese 

vowels (cf. Han (2), p. 16), and.is least influenced by sur-

rounding consonants. i and£ were used for comparison with 

~ in the same consonantal environment. 

The investigated high- and low-pitched syllables are fol­

lowed by another CV-syllable where C- is£, d, ~,~or~• 

These CVCV-syllables make up a phrase. In the text the phrase 

is preceded by a frame 'Sorewa' ("It (is) ••• ") - a frame 

which does not destroy the pitch contrast in the first syl­

lable of the following phrase. Test words were arranged rather 

in random, but were ordered in such a way as to prevent unna­

tural lengthening or shortening of syllables or words. Two 

words, ku-£ and ku-d 5 , have no low-pitched counterparts, since 

I could not find any suitable examples. 

Two standard-dialect speakers were chosen as informants. 

One is a male speaker (MM) (post-graduate student) and the 

other is a female speaker (NF) (born in the 19Joies). In ~~i's 

speech devoicing is so conspicuous that~ and£ between voice­

less consonants are almost completely devoiced both in high-

and low-pitched environments. (But devoicing of an accented 

vowel in this consonantal environment does not on the whole 

seem to be rare in Japanese. My previous investigation (5) was 

5) The symbol' denotes accent. 
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about this very phenomenon observed in three male speakers 

other than MM.) NF has a flapped E, and M}I's /r/ is either 

E-like or ~-like. MM has an intervocalic ,E;. where NF has 2• 
£maybe slightly rounded in the speech of both persons. 

(Japanese£ is unrounded and tense, but is not so back and 

high as Cardinal No. 16.) 

o.3. Recording and registration 

Each test word was spoken lo times by each person. The· 

recording was made in the recording studio of the Phonetics 

Institute of the University of Copenhagen. 

An 8-channel mingograph was used to register the test 

material. On the mingogram are shown: 1. (= the first channel 

from the top) duplex oscillogram; 2. logarithtnic intensity 

curve, high-pass fil-tered at 500 cps.; . 3. logarithmic in-

tensity curve without filtering; 4. fundamental frequency 

curve; 5. logarithmic intensity curve, high-pass filtered 

at 2000 cps.; 6. oscillogram; 7. logarithmic intensity 

curve, low-pass filtered at 500 cps. But there was something 

wrong with this last curve (No. 7). 
The integration times used for the intensity curves are 

2.5 ms (for NF) and 5.0 ms (for MM) for the curves 2, 5 and 7, 
and 5.0 ms (for NF) and lo.o ms (for MN) for the curve 3. 
Measurements are ~stimated to be precise within! 0.25 cs. 

But since the border between the preceding vowel (in ~he frame) 

and the beginning of the closure period of the stop consonant 

is sometimes not so exact, there may in some cases be a littie 

more uncertainty (about t 0.5 cs) .. 

1. Results 

l.o. General comments on the length of the open interval 

It is generally said that the open interval in Japanese 

voiceless stops is not very long, and that the aspiration is 

weak. According to Han (2, p. 57): 
"Voiceless stops show a slight aspiration. This is most 

~otable with the release of [k] followed by [i] and 
[*]. The duration of the aspiration in this position 
is two to three centiseconds. Other stop consonants, 
and [k] before other vowels, show aspiration of one 
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to two centiseconds. Tl e.amount of aspiration is not 
a distinctive feature in Japanese, and it differs greatly 
from individual to individual and from dialect to 
dialect." 

As will be shown in the :following section, the stop consonant 

k of both NF and MM shows a longer open interval ( except NF' s 

ka's) than that which is described in Han (2). The same 

tendency, i.e. longer open interval, was also observed in 

other persons' speech in the previous investigation
6 

(Cf. 

the above-mentioned Fig. 1 in Mase ( 5).) 

But a longer open interval does not necessarily mean a 

stronger aspiration. (C:f. J.l.) In both persons' speech 

a longer open interval is caused partly by aspiration, partly 

by affrication, and partly by an interval of 'voicing lag' 

whose intensity is very much weaker than that of aspiration 

and affrication noise. By the way, the duration of the ex­

plosion is not stated in Han (2). 
For comparison some !.§_-combinations (lo examples of each_ 

word) are shown here. (See Fig. 1.) The open interval o:f ,i 

is between 1.15 and 1.75 cs (NF's average value), varying from ,. 

0.5 to 2.o cs (individual values), and :for MM it is on an 

average between 2.65 and 2.95 cs w'hen :followed by a high­

pitched ~' and 5.77 cs when :followed by a low-pitched~• Here 

the length o:f the open interval seems quite normal, except for 

the last sample o:f MM' s recording, ·where the tendency_ is the 

same as in ka. 

l.l. Ave~age length of k- and $-syllables 

The :following figures are the average values o:f lo or 9 
examples of each word. (In indi,vidual words there is some 

overlapping.) Only the pairs where the vowel is partly 

(de)voiced are included. 

(The symbol">" is to be read as "longer in high-pitched 

environment", the symbol"<" means "longer in low-pitched 

environment", and the symbol"=" means "the same in both 

environments".) 

--------------------------------------------------------------
6) Spectrograms in the paper by Torii (6) show, as :far a~ I 

can see, longer open i~tervals for k than that ,-:hich is 
described in Han (2). 
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1.1.1. The syllable (See Fig. 2) 

In NF's speech the high-pitched syllable is in general 

(11 out of 15 pairs) longer than the low-pitched one ( > o. 7 -

o. 9 cs, except ka-.!E_ ( > o .15 cs)). In ka-.§_ both syllables have 

the same length. In J cases, the low-pitched syllable is 

longer. A_ll of these are examples of ki- and ku- syllables, 

i.e. ki-d (<o.85 cs), ki-!£ (<o.15 cs) and ku-!!! (<1.9 cs).­

The general tendency in I\lM' s speech is just the opposite. The 

•lo-w-pitched syllable is longer than the high-pitched one (11 

out of 13 pairs) except for ka-d ( > o. 3 cs) and ka-!_£ ( =). 

The difference is between 0.5 and 1.2 cs, except for ka-.§_ 

(<o.2 cs) and Sa-k (<2.5 cs). This seems to be due to extra­

lengthening of the consonantal part. 

1.1.2. The consonant (See Figs. 2 -6 and 9) 

The total duration of consonants (k, (t) 2 S): All the 

consonants are longer in the low-pitched environment. 

The closure period of stop consonants: except for NF's 

~-k (>o.45 cs) (and ta-k (>o.l cs)), and :MM's ka-d (=), 
the closure period is longer before the low-pitched vowel than 

before the high-pitched one { cf. 1. l~.). 

The open interval (f°rom the explos~on to the beginning 

of the vowel): Except for NF' s ~-.i ( > o. 2 cs), the open in­

·terval is longer in the low·-pi tched environment, though the dif­

ference is not so great in NF's speach as in ~~I's. 

1. 1. 3. The vowel ( See Figs. 2 - 6 and 9) 

The high-pitched vowel is longer than the low-pitched one, 

even though the difference is in some cases very small. In 

ku-~, the only example of£, the vowel duration is almost the 

same in both pitch environments. This is also true of !vIM' s 

i's, where only the lenthening of the consonant in the low­

pitched syllable is remarkable. Further, in individual cases 

of i and£, there is much overlapping. This is true of both 

persons' speech. 

1.1.4. C/V ratio in the syllable 

As is clear from 1.1.2. and 1.2.J., the ratio of the con-
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sonant to the vowel is greater in the low-pitched syllable. 

This is due either to the shortening of the vowel (NF's 

~-syllables, especially Sa-syllables), or to the lengthening 

of the consonant (MM's words as a wha'le, and NF's ki's and 

~, s)~ 

1.1.5. Closure period/open interval (See Figs. 4 and 5) 

Now, as was mentioned in o.l, when the beginning of the 

vowel becomes devoiced, the devoiced part must appear as the 

last part of the open interval of the consonant. That is, 

the open interval must be longer before the low-pitched vowel 

than before the high-pitched one. As ·was. sa·id in 1.1. 2., the 

length of the open interval is longer in the low-pitched en­

vironment, except for NF's ka-~. As for the ratio of the open 

interval to the closure period, it is greater in the low-pitched 

environment, except for NF's ka-~, ~-~ and ku-~. (The dif­

ference between the durations in high- and low-pitched environ­

ments is, however, small in ~-!!!,•) 

The general tendency is clear: the open interval is longer 

in the low-pitched environment. 

1.2. Syllables with other initial consonants 

1. 2. 1. ga (NF. lo examples of each word). (See Fig. 7) 
The difference in vowel length caused by a pitch difference can 

also be observed in syllables beginning i:vi th _g_, the voiced 

counterpart of k. But, in reality, NF's z. in word-initial 

position is almost voiceless. Fully voiced ~'s are scarce: 

one instance of ga-d, one of ga-d and one of ga-£• The first 

half of the closure period is voiced in 3 instances of ga-~, 

3 of 0a-£, 6 of ga-d, 4 of ga-d, 5 of ga-k and 6 of ga-k. 

How we get an auditive impression of~ is not certain. 

NF's K has a sho~ter closure period thank, and the following 

vowel is longer after~ thank. 

1.2.2. m-syllables (See Fig. 8) 

~+V-syllables d6 not show a relevant difference of vowel length 

in different pitch environments~ What seems more constant is 

the total syllable length: ·when the consonant is shorter, the 

vowel is longer, and vice versa. 
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(NB: The low-pitched ~-.i is not a two-syl1able, but a three­

syllable phrase.) 

1.3. The influence of surrounding consonants 

The vowel~ is, of course, much longer than i and£• 

As for the influence of the following consonant on the vowel, 

the tendency is as follows. In Sa-syllables, the vo,vel is 

longer before d than before£, and is longer before£ than 

before k (this applies both to NF and MN). In ka-syllables 

the vowel is longest before fil, and longer before & than before 

..§., £ .and k, except NF' s lo1v-pi tched .§.., which is on an average 

o.l cs shorter before d than before~• In general, the vowel 

is shorter before a voiceless consonant (i.e. between voice­

less consonants) than before a voiced consonant. 

The following consonant is sometimes longer and sometimes 

shorter (in NF's speech), and is often longer (in }~1 1 s speech) 

after a low-pitched vowel than after a high-pitched one. In 

many languages the postvocalic consonant is said to influence 

the length of the preceding vowel more than the prevocalic 

consonant does. The influence of the postvocalic consonant 

may also be found in Japanese. This influence may, however, 

be weaker in open syllables, as Japanese has, than in closed 

syllables. The problem is not taken up here. 

The vowel£ is said to be the shortest and i the next 

shortest of the five Japanese vowels. 7 But both NF's and 

MM's u is longer than~- T~is may be due to the fact that the 

following consonant is a dental or labial consonant. In the 

case of k + V, the place. of articulation of k. may have had some 

influence, too. 

A longer open interval in the low-pitched environment is 

much more clearly seen in isolated words, i.e. in absolutely 

initial position. But the beginning of the closure phase 
I 

cannot, of course, be seen on the acoustic curve. 

7) N. Torii (6), M. Han (2). 

I 

I 

I 

. I 



2. Final remarks 

From this restricted material I cannot draw any decisive 

conclusion. The following tendency-is, however, clear. After 

k, S (and~' E), the vowel is evidently shorter in low-pitched 

syllables, but this is not true after ill• This fact indicates 

that the shortening of the vowel is not entirely due to the 

pitch environment. The longer 2 and the longer open interval 

of the stop consonant can be interpreted as reflecting the de­

voiced beginning of the .vowel. But at the same time the clo­

sure period is also longer in the low-pitched environment, 

which is against the supposition that the devoiced beginning 

of the vowel is manifested only in the open interval of the 

preceding consonant. We cannot tell exactly in which part 

of the consonant the devoiced part of the vowel should appear. 

What is more evident is that compensation takes place between 

the consonant and the vowel in such a manner that the total 

syllable length is kept almost constant. Thus, it can be said 

that the vowel is shorter after a voiceless consonant. That 

is the reason why i and£ after and between voiceless· conso­

nants become devoiced, especially ·when they are unaccented. 

3. Appendix 

3.1. Aspiration and open interval 

A stronger aspiration is sometimes perceived when the 

open interval is longer, but often this is not so. In order 

to see the relation between the auditory impression of aspira­

tion and the duration of the open interval, a listening test 

was given to 1 Norwegian and 6 Danish phoneticians. Each of 

them listened to the .tape through ear-phones, and ans1vered 

questions concerning the degree of aspiration {and affrica­

tion); m9reover they were asked to make comparisons with 

k-sounds in other languages. They were allowed to listen to 

the tape as many times as they wanted. They said that it was 

sometimes difficult to compare Japanese k 1v'i th the k-sounds of 

other languages, since a low-pitched syllable often gave an 

impression similar to that of a weakly stressed syllable in 

other languages. If a low-pitched syllable gives such an 

impression, one would expect Japanese k to be heard as having 
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a rather strong aspiration compared with kin other languages 

in the same (or· a similar) accentual environment. But this 

does not appear from the answers. Since each of the listeners 

judged independently, there is, of course, no standard degree 

of .'aspiration', so comparisons should be made amon~ ~•s within 

each person's judgment. 

As for NF's·speech, aspiration is seldom heard when the 

open interval is below some 2.5 or J.o cs, except when it 

precedes~• In some cases a longer open interval is heard 

as having a stronger aspiration, but just the opposite response 

is also found with the same example. As fork before i, a 

stronger aspiration is often heard when the open interval is 

longer, especially when i is devoiced. The longest open in-

·terval in NF's paired words is 7.0 cs. One listener heard 

the consonant in this case as being more strongly aspirated 

than the other member of the pair (4.5 cs), but the opposite 

answer was also given, and one person did not find any aspira­

tion at all in the 7.0 cs example. Nobody recognized a parti-

cularly strong aspiration there. The tendency of judgment 

is the same as regards MM's speech, though the degree of 

aspiration was heard as being much stronger than in NF's 

speech. In MM's speech, a difference in the duration of the 

op_en interval of about J. o cs did not favour the judgment 

that the consonant with the longer open interval has stronger 

aspiration. 

From the above test, it seems that the judgment of 

strong(er) aspiration is not necessarily proportional to 

longer duration of the open interval. At least in the case 

of i and£, the judgment of stronger aspiration is more de­

pendent on stronger energy than on a longer duration of the 

open interval, though the latter factor is of course important, 

too. It is probable that a longer open interval in the low­

pitched environment often reflects an interval of 'voicing 

lag' in which the energy- is not so strong. 

J.2.- Syllables including a completely devoiced vowel 

The tendencies observed for t·wo persons are a little 

different, but the tendency for a given syllable with a de-
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voiced vowel is .just parallel to that :for the same syllable 

with a voiced vowel. That is, in NF's speech shortening 

o:f the syllabl_e clearly takes_ place, while in MM' s speech 

lengthening 0£ the consonant is dominant. 

Another matter is that the total duration o:f a syllable 

consisting o:f [ S] + a voiceless vowel, i.e. [ S !] and [ S~J , 
is often not so much longer and sometimes even shorter than 

that 0£ [S] occurring before a voiced vowel (see Fig. 2).· 

But we can clearly hear the di:f:ference between [ ..S!] ·a!,ld [ S1t]. 
The auditive di:f:ference between [k!] and [ktJ] is also clear. 

I am not sure whether the auditive di:f:ference is aroused by 

di£:ferent qualities o:f [S]'s and [k]'s, or by the di:f:ference 

between [ S] or [k] + voiceless [ ¼] or ( 1: J. Both :factors may 

most probably be taken into account. 
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MORPHEME STRESS IN DANISH 

J0rgen Rischel 

1. Introductory remarks 

According to the glossematic analysis by Hjelmslev (7) 

there is commutation in Danish between two syllable accents, 

one of which manifests itself as strong stress, and the other 

as weak stress. The opposite view is held by Andersen (1, 

p. Jl2-J1J), who claims that Danish has no word stress but 

only sentence stress. Andersen discards the evidence of 

distinctive stress placement by stating that the examples of 

commutation are either foreign words, which are not valid as 

proof of such a commutation in Danish proper (I return to the 

problem of genuine versus foreign words in section 1.1.), or 

special cases {with pretonic for-). 

One type of proof given by Hjelmslev is the oppo­

sition between wordforms like forfald 'unavoidable absence' 

with strong stress on the first syllable versus forfald 

'decay' with strong stress on the second (since many people 

are somewhat hesitant about the accentuation of the former 

word, it may be preferable to choose another example like 

forbenet 'the foreleg' versus forbenet 'ossified; pighead­

ed'). According to Hjelmslev forms like forfald 'unavoid­

able absence' have strong stress on both syllables in the 

"ideal" formal representation (which corresponds rather 

closely to the underlying, morphophonemic representations 

of generative phonology as o~ today), but one of the two 

stresses is replaced by a weaker stress under the dominance 

of the other. In sequences with ideally two strong stresses 

after each other either one or the other·may be replaced by 
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a weaker stress by a so-called "implication" {which in Hjelm­

slev's theory is a kind of syncretism betwee~ strong and 

weak stress). An example is fad0l 'draught beer' with 

stress reduction on 01 versus fad 01 'barrel of beer' with 

stress reduction on fad. In a sense the stress patterns of 

fad0l and fad 01 are co·mmutable, which from an autonomous 

phonemic point of view might seem to make the analysis in-

valid. But, in Hjelmslev's words, "the commutation is a 

consequence of the implication, w~ich, in turn, is a con­

sequence of the syncretization, which is the signal" (8, 
p. 2o4), the stress relationships signalling specific types 

of constructions. 

is evidently right. 

From a generative point of view Hjelmslev 

The degrees of stress found in compound 

words and other syntactical constructions do not reflect 

different st.ress phonemes but are due to rules of grammar. 

On the other hand the difference between compound words 

with the root morpheme for as first member, and words with 

the prefix for- can be reasonably interpreted as a ~iffer­

ence between phonemically strong and weak stress. (cf .. Bas­

b0ll (2), p. 39)~ i.e., there seem to be morphemes with 

and morphemes without inherent strong stress. In this sense 

the examples with for may be said to prove the phonemic 

status of stress. 

The other type of proof given by Hjelmslev is the 

different stress placement in wordforms of foreign origin 

like korset 'the cross', kanon 'canon', plastic 'plastic 

(i.e., PVC, etc.)' with stress on the first syllable versus 

korset 'corset', kanon 'gun', plastik 'plastic art; plastic 

surgery' with stress on the second syllable. It may be 

argued (and it has indeed been argued, at least orally) 

that these examples are all suspect. Some of them (korset 

'the cross', plastik) differ from the others in that they 
1 are morphemically complex. The word pair remaining if 

these are discarded is a subminimal pair (kanon having a 

1) Hans Basb0ll first called my attention to this peculi-

arity 0£ the pair plastic plastik. 
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long vowel in the first syllable if it means 'canon' but a 

1ong vowel in the second syllable if it means 'gun', a 

fact that obviously has something to do with the stress place­

ment). There are, however, other more perfect minimal 

pairs (August as a personal_ name has initial stress, where­

as the name of the month has final stress), and it is clear 

that stress is at any rate not entirely predictable from 

any immediately observable features of the segmental struc-
2 

ture. 

In a generative phonology it may be proposed instead 

that stress depends on some more abstract feature of the 

underlying representations, a feature that does not always 

appear in the phonetic output except as stress (placement). 

One may wonder why Hj~lmslev did not attempt to interpret 

intramorphemic stress placement in this way, i.e. as a 

signal of special structure types (as shown in 2.2. below 

this kind of approach is not entirely out of question). 

Anyway, the establishment of stress accent as a formal 

category plays a very important role in the glossematic 

analysis of the Danish ~xpression system, since the defi­

nitions of syllable, vowel, and consonant depend upon it. 

1.1. "Genuine" and "foreign" wordforms 

It may be argued against the kind of proof constituted 

by such word pairs as plastic - plastik that they are not 

relevant to the structure of "genuine" Danish words. Non­

compound polysyllables inherited from Old Danish have, on 

the whole (cf., however, section 7. below), stress on the 

first syllable, and except for the suffixes -(l)ig and 

-(n)ing noninitial syllables only contain "shwa". It is 

obviously of great interest to describe the structure of 

this restricted part of the Danish language and to state the 

simple stress relationships found here. However, it would 

be meaningless from a synchronic point of view to discard 

all other wordforms as not belonging to the Danish language. 

2) For words with different stress placement see 
Hansen (6, p. 267 ff). 
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Words like kasket 'cap' must indeed be listed as Danish 

lexical entries in spite of non-initial stress, but it is 

of course possible to mark them by an abstract feature 

"+foreign". A categorization by means of such a feature 

would make it possible to set up a specifically simple set 

of rules for the inner core of "genuine" words, and an ad­

ditional, more heterogeneous set of rules for the more 

peripheral words. It could be done, although it must be 

admitted that the dividing line is not very sharp. Non­

initial stress is, for example, not avoided in strictly 

colloquial wordforms, cf. starut, stabejs, kanut (all with 

stress on the second syllable) 'strange fellow', so the 

intuition of Danish speakers about the foreignness of this 

stress placement is ha~dly very strong (as an example of the 

opposite, compare colloquial East Norwegian with such forms 

as 'avis for a'vis 'newspaper' = Danish avis with stress 

and st0d on the second syllable). 

The problem with a division into "genuine" and "for­

eign" wordforms is that a mere dichotomy does not suffice 

at all. It is possible to set up at least five different 

categories, which roughly speaking represent increasing 

degrees of foreignness (with the reservation that many 

foreignisms may happen to follow the pattern of "genuine" 

Danish forms): 

I. forms inherited from Old Danish. 

II. loanwords from (Low) German, e.g. behandle. 

III. words from Latin or Greek, like profet. 

IV. words borrowed from French in a non-latinized form, 

e.g. gele (gelatine belongs to III). 

V. recent, entirely unassimilated words, mainly from 

English, e.g. week-end. 

The first two categories are very closely related. 

They share numerous roots and suffixes (cf. handle -

behandle, handling - behandling}, and are probably impos­

sible to keep entirely apart. The most important feature 

of the second category is that it exhibits some prefixes 
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which can never take stress. 

The roots and derivational affixes of the third cate­

gory are almost entirely different from those of the first 

two categories (with the important exception of some few 

suffixes like~, -ing, .-isk, cf. kanonisering 'canoniza­

tion', magisk 'magic' with suffixes that are apparently re­

lated to those of handtering 'profession', dansk 'Danish'). 

This nearly complementary distribution of not only root 

morphemes but also derivational affixes supports the valid­

ity of the categorization. 

The relationship between the morphemes found in the 

remaining two categories and those found in the others, 

is less clear. 

There can be no .doubt that it would be intere~ting to 

study the Danish sound pattern with reference to such a 

categorization of the morphemes. However, this can hardly 

be done with stress.rules alone. I do not even know to 

what extent it is at all possible to make a valid categori­

zation on a synchronic basis. The present paper gene~ally 

does not distinguish between native and foreign morphemes, 

although some appalling deviations from the general pattern 

are explained by the foreign origin of the morphemes in 

question. 

1.2. Aim and disposition of the present paper 

It is the aim of the present paper to study the stress 

placement in Danish wordforms and to determine to what ex­

tent it can be predicted from the structure of the word­

forms. In order to avoid undue confusion of conditioning 

factors I shall begin by examining monomorphemic forms and 

proceed stepwise to the grammatically more complex types. 

The stress rule·s specific to compound words will only be· 

touched upon very briefly, and those pertaining to other 

syntactical constructions will hardly be considered at all. 

Thus the present pape:r limits its scope to "lexical" stress, 
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dealing with such problems as inherent stress versus lack 

of stress and predictable versus unpredictable stress place­

ment. - The stress rules conditioned by syntactical struc­

ture will probably not pose prob1ems that are essentially 

different from those found in analyses of other Germanic 

languages, cf. Chomsky-Halle (4), p. 89 ff, Kiparsky (9), 
Elert (5). However, before Danish can be profitably ana­

lysed from this point ~f view it must obviously be deter­

mined what the input to these rules is like, i.e. how the 

stress patterns of simple wordforms are generated (it 

being assumed that the stress rules altogether operate 

·"outwards"). 

It seems to me particularly important to examine the 

segmental structure of monomorphemic wordforms in order to 

decide whether stress can be predicted (and hence inserted 

in phonetic representations) by sufficiently simple rules 

or whether it must be indicated in underlying representa-

tions. There is no doubt that the answer to this question 

depends (more or less) on one's methodological prerequi­

sites. As long as there is no universally accepted way 

of comparing rule complexity with the "cost" of additional 

marks in lexical entries, and as long as there is no uni­

versally accepted way to distinguish ~etween well-motivated 

and ad hoe solutions,3the best one can do is to present the 

data in such a way that the findings can be easily restated 

in a different framework. I have, therefore, organized the 

initial section on morpheme stress in such a way that stress. 

is first considered in relation to surface structure and 

afterwards in relation to some hypotheses about the under­

lying form. The following sections, on polymorphemic form~, 

are of course not arranged in this "autonomous phonemic" 

fashion, but many ·points are stated in a very provisional 

form. A coherent set of rules is not presented until 

section- 8., which gives a brief survey of the findings. 

3) Kiparsky rightly warns against too much abstractness 
in phonology. 
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l.J. Phonetic transcription 

The phonological behaviour of Danish obstruents and 

vowels is characterized by the rather drastic effects of a 

series of late rules, which shorten vowels, weaken or de­

·voice obstruents, and the like (cf. Rischel (11), (12)). 

In a discussion of stress placement a transcription which 

·takes these late rules into account, is not expedient to use. 

It is simpler to establish a level of representation which 

expresses the differences that are relevant to the ~ubject 

matter but does not give irrelevant details of the phonetic 

output, i.e. something like an autonomous phonemic notation. 

In the present paper I use a notation of this kind. 

Its rather strange appearance is due to the fact that it. 

mostly employs the letters of the Danish standard ort~o­

graphy (s.o.), i.e. it resembles a broad version of the 

Dania transcription slightly more than it resembles the 

IPA transcriptions used in some previous papers. 

When comparing the data given here with data given in 

s.o. one.should bear the following differences in mind: 

(1) Vowel length is here marked by:. The s.o., on the 

contrary, marks vowel shortness in some word types by 

doubling the following consonant letter or by adding a d. 

(2) The occurrence of st0d is marked by;. 

(J) Since the Danish vowels are often one degree lower than 

indi~ated in standard orthography, the present transcription 

has~ for orthographmc i in many wordforms, and similarly re 

for-~,~ for~, g for~' o for u, and a for o. 
= - = 

(4) The transcription has~ for orthographic !!_g (it is like­

ly that the underlying form has /ng/, too, perhaps with the 

exception of French loanwords with orthographic~, nt like 

balkon, in which the lack of~ points to a single seg­

ment/~/). 

The fricative variants of /d, g/, orthographically d, K, 
are transcribed as g, l (in order to make the fricative 
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·pronunciation predictable in forms like metodisk as against 

parodisk with unaspirated stop and erotisk with (at lea t 

optionally) aspirated stop). 

(5) The position of the main stress is indicated by an 

acute accent over the vowel. When necessary, secondary 

stress is indicated by a grave accent, and if degrees of 

secondary stress must be distinguished, the stronger is 

indicated by a circumflex in accordance with American usage. 

Since the paper does not deal with phonetic degrees of stress 

to any noteworthy extent, this rather inadequate system of 

transcription was considered sufficient. 4 It has the obvious 

advantage compared to the IPA system that no decisions need 

to be made concerning the location of syllable borders. 

The most important deviations from the IPA transcrip­

tions used in other articles on Danish phonology are: 

(1) ~J~l, ~J~l, a: correspond to IPA [e:(:), ce(:), o {:) J 
0 (in stressed wordforms) corresponds to IPA [P] a 

a: corresponds (in some environments)· to IPA [m.2] 
--

(2) As mentioned above some vowel and consonant modifica­

tions due to late rules are disregarded. 

The last-mentioned point may seem to be in conflict 

with the claim made in section 1.2., i.e. that the place­

ment of stress should be examined in relation to the phon­

etic structure of the wordforms. However, there is not the 

slightest doubt that the vowel and consonant modification 

rules in question are later than the rules assigning stress 

to simplex wordforms, and that the inclusion of all phonet­

ic details would obscure rather than clarify the relevant 

facts. The relationship of stress placement to optional 

quantity and st0d is not equally clear, and accordingly the 

latter features are marked consistently. To give an exam­

ple: the first syllable of the definite form badet 'the 

4) Some of the shortcomings of autonomous phonemic tran­
scriptions were discussed in Rischel (lo). 
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bath' has an underlying short vowel which is lengthened and 

gets st0d according to general phonological rules of Danish. 

According to a late rule the vowel may be shortened again, 

but retains a quality different from that of short /a/. 

In such cases the transcription used here indicates length 

and sted: ~~~:~~~• Thus,-whenever a vowel is long at some 

stage in the derivation and is not shortened again by an 

obligatory rule, it is transcribed as long. 

Finally, it should be mentioned that "shwa", ortho­

graphically ~, IPA [~]or ( when fused with /r/) [ p J , is 

represented by e. 

2. Stress placement in monomorphemic wordforms 

2.1. Is stress predictable from the surface structure? 

The placement of stress on one or another syllable 

of monomorphemic wordforms is to a high extent predictable 

from the syllable number and syllable structure of their 

phonetic representations. In the following, three kinds 

of conditioning factors will be distinguished. 

Stress in relation to full vowels versus shwa 

Monomorphemic wordforms of more than one syllable 

fall into two categories: (a) those of which the first vowel 

is a "full" vowel but all following vowels are~ (shwa), 

(b) those containing more than one syllable with a full 

vowel. The latter are almost exclusively words of foreign 

origin (with the exception of old compounds like~~~~~ 

'window'; forms like ~~~~i 'blessed, saved', E~~!~~ 'rail' 

may be considered "quasi-derivations" belonging together 

with .the forms treated in J.l. below). 

Rule 2.1.-A Syllables with shwa are never stressed. 

According to this rule the stress placement in the vast 

majority of noncompound wordforms is immediately predictable 
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provided that shwa is_ distinguished from full vowels in the 

phono1ogical representat~ons. 

Some occurrences of shwa are clearly derived from 

underlying full vowels, and it may be ·postulated that the 

remaining ones also reflect underlying full vowels, al-

though they are always realized as shwa. In Hjelmslev's 

notation such indeterminate shwas are rendered as £, which 

seems to be a reasonable interpretation if stress is con-

sidered distinctiveo If, on the other hand, stress is to 

be inserted by phonological rules, the derivation of e 
= 

and~ from a common underlying vowel may still work in 

monomorphemic wordforms, but we shall be faced with a problem 

in morphemically complex forms, cf. g~~gg 'gaol' versus 
, 

~i!~~g 'coldest•. In such a wider context it seems more 

immediately attractive to derive shwa from the vowel under­

lying the half-close front vowel e, since the vowel e is 
= = 

most uncommon in non-initial syllables (of non-compound 

words), except for the suffix !~i~~ (where~ may be said 

to replace!, since the latter does not occur before 1)• 
Apparent counter-examples like g~~~~~: 'pastil' versus 

t½gg!1 'fistula' differ in st0d, which must be generated or 

marked anyway. Other forms with non-initial short e can 
= 

perhaps be considered distinctly "foreign" and thus set up 

as a group which does not make the general rules invalid 

although its members must be marked as exceptions to it. 

The words in this group are almost exclusively words of 

French origin with final stressed ~,like ~J~~t 'jelly'; 

these belong to a larger category of words which are ex­

ceptional anyway (cf. 2.1.J. below). 

No matter whether shwa is derived from /e/ or set up 

as a separate unit, it must be distinguished from the 

other vowels at a fairly early stage in the phonological 

rules. Here an additional problem presents itself: in forms 

like!!~~!~ 'moves' /t/ is in "weak position" (cf. Rischel 

(12)) conditioned by the following! and therefore unas­

pirated, whereas the same consonant in forms like ~g~~~~ 
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'motor' is in "strong position" and aspirated. Howev~r, in 

ordinary speech the unstressed sequences~~ and~~ tend to 

merge so that only the preceding consonant betrays the un-

derlying difference. This merger of a full vowel and shwa 

must obviously be stated as a late rule, whereas the deri­

vation of shwa in!~~~~~ from a full vowel must be an early 

rule preceding all rules relating to "strong" and "weak" 

positions. It remains to be stated what is gained or lost 

by deriving all shwas from underlying full vowels. (For 

more details concerning alternations between full vowels 

and _shwa see Rischel (11), p. 198-201.) 

In the following it will be assumed that those shwas 

which do not alternate with full vowels in the surface re­

presentations and which condition a syllable division 

putting the preceding consonant (if any) in "weak position", 

are distinguished from full vowels in the underlying re-

presentations. This, however, does not exclude the possi-

bility of deriving them ultimately from a full vowel. 

Stress in relation to long versus short vowel 

Rule 2.1.-B A long vowel in a stressed monomorphemic 

wordform carries the stress. 

There is stress on the first syllable of ~~~~~g, ----------
s6:lo but 

on the second syllable of ~~~~~~:g 'sailor', g~~~~~ 'man­

sion' (note that word final stress is accompanied by st0d 

if permitted by the composition of the syllable). Other 

examples with more syll~bles are P~!~g~gr~, petr6·:'leom, 

mausolffi:om, kamrele6:'n {note that stress on the antepen­

ultimate is accompanied by st0d under the same .conditions 

as word final stress). 

There are a few morphemes that have two long vowels,. 

e.g. paradis and possibly satyr. Such forms as paradis 

behave like compound words, i.e. the second long vowel has 

a reduced stress (secondary stress), the stress pattern of 
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paradis being similar to that of compounds like sparegris 

'piggy bank' (note, however, that according to section 

J.4. below a sequence of two long vowels in the underlying 

form of a morpheme does not necessarily appear as a se­

quence of two phonetically long vowels). 

It follows from what has been said that the placement 

of stress on long vowels is predictable from the surface 

s-tructure. Consequently, if the underlying quantity re-

lationships are identical with those of the surface struc­

ture, stress on long vowels need not be marked in lexical 

entries. 

2.1.,3. Stress in relation to syllable type 

In monomorphemic wordforms of which all vowels are 

short there is a strong tendency to let the stress place­

ment depend on the structure of the last syllable con­

taining a full vowel. There are many irregularities (see 

below) but the general tendency can be formulated like 

this: 

Rule 2.1.-C A stressed~ monomorphemic wordform which 

contains no long vowel, takes stress on 

the last full vowel that is followed by 

a consonant. 
, 

Examples are: (with stress on the antepenultimate~ g~~g~~ 

'host (sacramental word)', kol6m'bia; (with stress on the 

penultimate~ ~g~~~~ 'side scene'; f!~~g~, ~~~~Ei~! 'maca­

roni',~~~~ 'villa'; (with stress on the last syllable:) 

~g~!~ 'skullcap', g~~~g~~ 'absinth', g~g~~~' EE~Y!~~~~ 
'provisions', masdodin't 'mastodon'. 

There is a number of monomorphemic wordforms with 

two or more syllables which have stress on a short vowel 

followed by zero. Some of these are interjections such as 

~g~ (also ~~g~), others are words of French origin like 

g~~~ 'passe', E~~!Q, ~~E~ (type of car - the word for 

'compartment' is more often pronounced ~~g~!~), ~J~~~ 
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'jealous', gJ~~~ 'jelly'. Most words of this category have 

a distinctly foreign character and must definitely be con­

sidered as deviating from the normal pattern of Danish, i.e. 

they should be listed is a set of exceptions which do not 

make the general rules invalid. Th~y can be fully assimil-

ated to the Danish pattern by a lengthening of the final 

vowel (as in ~~g~!:), by pronu~ciation of the final written 

consonant (g~~~~ 'bunch of flowers' as against~~~~ 'perfume 

of wine'), or by some other modification (I have heard 

~Jgg~ ~hausse) 'set paving' pronounced ~J~~~g~~ by road 

makers, who probably use the word more than most other 

people). 

Another type of exception is constituted by words 

ending in a short vowel which have stress on the antepen-

ultimate instead of the penultimate. Such forms are not 

very frequent, however. Some of them are foreign names:· 

~[E!~~ (also ~1:[E!~~), gig:~~~ (or Eanama:'), mal'aga 

(versus~~~~~~); J~g~~i~ represents a related type of ex­

ception. 

A quantitatively much more serious problem is posed 

by wordforms which end in a closed full vowel syllable but 

nevertheless have non-final stress. This category includes 

a number of names of foreign origin .. Other reasonably 

common examples are: ~g~9~~~~ 'bungalow';~~~~~' ~g~g~ 

'privy', ~~~~g~ 'talc powder'; E~~~g 'gallon', ~~~J~g 

'hessian', ~gggg~~g~~g 'rhododendron', ~J~~:g~~g 'champion'; 

g~i~~~~~; ~~~~~~~ (drug against alcoholism},!~~~~~ 

'functionalism', E~~g~~ 'gesture', ~~gg~~ 'rock candy', 

katekismus, rabtus 'craze', ~g~~:~~ 'goldfinch'; E~~gg, 

g~g~g(or rather ~~~~g)'mustard'; ~i~~~; g~i~g~~ 'plastic'; 

~i~~~g 'ballast'; g~~~~~e 'harness', g~~~~e 'cane'. 
It is possible to take care of a good deal of these 

exceptions to rule 2.1.-C by introducing an additional rulea 

Rule 2.1.-D Word final syllables endin~ in a single nasal 

do not take stress (the stress being ~ut in­

stead on the preceding one, if possible). 
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However, the introduction of such a rule creates a new series 

of exceptions, namely words of French origin ending in or­

thographical~ or nt. Some of these are pronounced with a 

long vowel plus g or a short vowel plus ~~E, in both cases ~--
with final stress, which does not violate any rule (examples 

are: ~g~~~~:g 'macaroon', g8~~~:! 'accent' (in the sense of 

accentuation or accent mark)). Others, however, are pro-

nounced with a short vowel plus~; these wordforms likewise 

have stress on the last syllable and thus violate rule 
5 

2.1.-D, unless this rule is modified in such a way that 
, 

it applies only to nonback nasals. Examples are: gg~~~~ 

'balcony', gE~~~ '(foreign) accent'. 

Forms like gg~~!~ are deviating in much the same way 

as forms like ~J;~~• Final stressed vowels in polysyllabic 

wordforms are normally long and accompanied by st0d, and 

similarly a final stressed sequence of vowel plus voiced 

consonant in polysyllabic wordforms normally has st0d, cf. 

hotcel' 'hotel'. ------ This might be taken as e.vidence that the 
------
loanwords discussed here take final stress by a late 

ad hoe rule of the form: "Add stress to the last syllable 

of morphemes marked for "French accentuation"", all lexical 

entries having this deviating pattern being marked ac~ord-

ingly by some abstract feature. However, some more details 

must be mentioned here .. Firstly, there is one (probably 

unique) bisyllabic morpheme ending in 1 which has final 

stress without st0d: ~~~~~; this form would have to be 

marked as a "French" exception as. well, which makes the 

category phonologically less well defined. Secondly, and 

more importantly, forms like balkiu, sjele take st0d (and, 

as far as final vowels are concerned, length) irt inflected 

.forms in which a syllable is added to them: gg~~!~:~g 'the 

balcony', ~j~!~i~~~ 'the jelly'. This is due to a general 

rule of Danish phonology which also applies to unstressed 

final vowels: vila 'villa' - ~~~g~:~g 'the villa',~~~~~~ 

'rail' - ~~~~~~:~g 'the rail', and thus it does not contra­

dict the assumption that the final stressing~~~!~, ~4~!~ 

5) Provided that~ is not derived from /ng/. 
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is due to a late rule. 

The remaining exceptions to rule 2.1.-C cannot be tak-

en care of by any simple rule. There is no obvious reason 

why, for example, there is final stress in g~~~g 'palace', 

~~~;fg 'licorice', ~g~~~ 'annex', g~~~f~E' ~;~~~~E 'cane', 

~~§~gg (name of month) but initial stress in ~~~~g 'Hellas', 

~~~~g 'daisy', ~Jg~g (name), g~;g~g 9 , g~~gg9 , ~~§~gg (per-

sonal name), since we find quite analogous vowel-consonant 

sequences in both series. Similarly, there is no overt 

reason for the difference of stress placement between 

~~~:gEg and ~g~~~g, since it is reasonable to assume that 

the sted is dependent upon the stress placement rather than 

the other way round (the opposite view would lead to quite 

intolerable consequences in Danish phonology). 

Thus, in spite of the partial coverage obtained by 

means of the few and simple rules stated above (2.1.-A,B,C,D) 

it must be concluded that the stress placement in polysyl­

labic morphemes is not entirely predictable from the surface 

structure, i.e., in autonomous phonemic terms stress is 

phonemic in Danish. 

Nevertheless, the rules stated above are of some in­

terest since they express the prevailing tendencies. 

2.2.· Stress and underlying representations 

It was found ·in section 2.1. that the stress placement 

in most Danish morphemes can be p~edicted on the basis of a 

few simple rules. On this background it would seem reason-

able to assume that the forms which do not agree with the 

rules differ somehow in their underlying representations 

from those that do agree with the rules, although the 

underlying difference may only be reflected in different 

stress placement. 

There is in Danish no basis for postulating dummy 

vowels (constituting extra syllables) which vanish in the 

output representations after having triggered some stress 

' 

• I 
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piacement rules (cf. Chomsky-Halle (4), P• 147-148). It is 

not either possible to take care of unpredictable stress 

placements by introducing a distinction between °tense" and 

"lax" vowels, since we already recognize a difference between 

long and short vowels and a difference between full vowels 

and shwa. There is no basis whatsoever for postulating 

more oppositions of this nature. 

It may be postulated, however, that syllables with 

stress have either a long vowel or a long postvocalic con­

sonant or a postvocalic consonant ~roup in the underlying 

form. Wordforms like those cited in the last part of 

section 2.1.J. can then be distinguished like this in their 

underlying representations& 

palas: 

anreks 

krabasg 

etc. 

had: as 

aj:aks 

dam:asg 

etc. 

According to these examples, a syllable with a long conso­

nant takes precedence over a syllable with a final cluster. 

Similarly, a syllable with a long vowel takes precedence 

over a syllable with a final cluster (according to rule 

2.1.-B), cf. names like~!~!~~ (a brand of film). If two 

syllable~ both exhibiting a short vowel which is followed 

by two consonants, compete about stress placement, the rule 

seems to be that the last one takes the stress if it ends 

in a stop consonant (~~~~~~8 'brush, float', ~g~~~:~ 
'absinth'), whereas the first one takes the stress if this 

is not the case (~~~g~g~ 'turnip'). Exceptions to the 

last-mentioned rule like harnisg, augosd (as a personal 

name) behave as if they were derivations {*harn-isk) or 

compounds (*af-gust) and may be marked for this pseudo­

complexity in their lexical representations.· 
, 

The French forms like g~!~~U, ~J~!~ cannot be covered 

by these rules. One might set up a rule according to which 

long vowels are obligatorily shortened before ~he velar 

' 
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• nasal; this would permit us to represent words like g~~~~~ 

with a long second vowe1 in their underlying ~orms. How-

ever, this kind of hocus-pocus would not help to explain 

the final stress in forms like metal, sjele ( since an unde·r­

lying long vowel stays long before /1/ and zero, cf. forms 

like g~~ii~~ 'goblet', !~1~:). 
It being granted that the two kinds of loanwords 

exemplified by gg~~!~, ~J~~~ must be taken care of by some 

special rule, the remaining monomorphemic wordforms can, 

with very few exceptions, b accounted for by a set of 

simple rules. One way to ~o this is to assign the feature· 

[+stress] to every full vowel and to delete some of the 

stresses afterwards, "heavy" syllables (syllables contain­

ing a long segment or _a postvocalic consonant cluster) 

conditioning the deletion of stress in lighter syllables 

according to a particular rank ordering. Another possibili­

ty is just to assign stress to the vowels that shall have 

stress, the rank ordering of syllables according to their 

segmental content being incorporated in an ordered set of 

rules. The problem of formalization must, however, be post­

poned until polymorphemic wordforms have been considered, 

too. At present, the rules will only be stated in an in­

formal way according to the second solution: 

Rule 2.2.-A 

Rule 2.2.-B 

Rule 2.2.-C 

Rule 2.2.-D 

A vowel segment containing the classificatory 

feature [+long] receives stress. 

If rule 2.2.-A has applied vacuously, a vowel 

segment followed by a consonant segment con­

taining the classificatory feature [+long] 

receives stress. 

If rules 2.2.-A&B have applied vacuously, a 

vo~el segment (the last vowel segment?) that 

is followed by two consonant segments of 

which the second is a stop, receives stress. 

If rules 2.2.-A&B&C have applied vacuous~y, 
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the first vowel segment that is followed by 

two consonant segments receives stress. 

It may seem rather artificial to postulate underlying 

consonant length, since consonants are phonetically short 

in Danish in all environments (except for "syllabic" con­

sonants representing a fusion of shwa plus consonant, or 

consonant plus shwa, according to a late, optional rule). 

• However, there is some evidence that consonant length must 

be posited anyway, partly as a classificatory feature appear­

ing in lexical entries and partly as a feature generated at 

some intermediate stage in the phonological rules. This is, 

at least, a possible way to explain (predict) the distri­

bution of st0d, and hence an analys1s which postulates the 

existence of underlying consonant length as a feature which 

is deleted by a late rule, is not entirely without support 

from evidence of _a different kind. 

Underlying consonant length serves to generate the 
correct phonetic output in cases where the accentuation 
type manifested by st0d is expected on grammatical grounds. 
It being assumed that Danish has a distinction like -the 
Norwegian or Swedish one between "accent l" (being grammat­
ically predictable in forms like 2~~, 'pen',~~! 'cat', or 
in the definite forms 12ren'en, katen-; etc.) and-rraccent 2" 
(grammatically predictafiie-;-for-example, in the plural 
forms 2~~~, ~~!~ or in monomorphemic forms like~~~ 'end'), 
we find-that-this distinction is neutralised everywhere 
except in syllables containing a long vowel or a vowel 
followed by at least one voiced consonant. In such syllables 
(with so-called phonetic st0d-basis) "accent l" may appear 
as st0d, otherwise there is no phonetic distinction between 
the two alleged types of accentuation (this statement holds 
true only for some varities of Standard Danish). In this 
respect Danish differs radically from Norwegian and Swedish 
(note further that "accent l" is the marked one in Danish, 
whereas it is generally considered the unmarked one in 
Norwegian and Swedish). It is, however, interesting that the 
(early) rules inserting "accent l" and "accent 2" (or rather 
only the former, since the latter need not be marked at all) 
are very closely related to those of Norwegian and Swedish. 
The various manifestations of "accent l" and its neutralisa­
tion with "accent 2u under certain conditions, must be taken 
care of by a later set of rules that are specific to Danish. 

However, the situation is further complicated by the 
fact that even syllables with a voiced postvocalic consonant 
do not necessarily take st0d under conditions where "accent 1" 
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is expected on grammatical grounds, cf. ~~~ 'friend' versus 
E~~~ 'pen'. On the other hand, there is-invariably st0d 
In-monomorphemic wordforms that contain an additional con­
sonant after the voiced one, cf. kan't 'edge', and similar­
ly if the vowel is long, cf. E~!~~=Tnice'. According to 
Hjelmslev (7), monosyllables witli-st0d on a final voiced 
consonant such as man' 'man' has a latent /d/ after the 
postvocalic sonorant~=whereas there is no latent consonant 
in forms without st0d under similar conditions. /d/ is 
postulated here because it appears in derivations with -ig, 
cf. mandi 'manly'. However, I should rather like to speak 
about=~naerlying length in such cases (it is not difficult 
to formulate a rule inserting d between long obstruents and 
the suffix in question). Accordingly, the phonetic forms 
may be generated from underlying forms differing in length: 

lvam ~ vron 

ipam: ~ peen' 

ipre : n ~ pre : ' n 

This: analysis; does not take care of the accentuation.in 
inflected forms like vam'en. However, the fact that "ac­
cent 1" is manifested=fiy=~t0d here can be explained in , 
terms of a rule which lengthens a postvocalic consonant ✓' 
before a following vowel {which in turn may be inserted by 
a phonological rule). This abstract consonant lengthening 
(which does not appear in the output except through its 
effect on accentuation) only takes place in certain cases; 
in other cases the vowel is lengthened instead, cf. 

ba3 'bath' definite form 1ba~et ➔ ba.: '3et 

vren II " 1vrenen ➔ vren' en 

The lengthening of vowel or consonant .is largely dependent 
upon the quality of the consonant; roughly speaking, vowels 
are lengthened before voiced approximants, whereas consonants 
are lengthened if they have partial or complete oral occlu­
sion (i.e. both nasals and /1/ belong to the latter group; 
the classification of /r/ is most controversial). For more 
details see Basb0ll (J). 

Forms like"':_~~ must be interpreted as consisting entire­

ly of short segments. They nevertheless take stress like 

other wordforms. We must, therefore, add a final rule to take 

care of forms of this kind: 

Rule 2.2.-E If rules 2.2.-A&B&C&D have applied vacuously, 

the last full vowel is stressed. 
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Note that this rule (which also takes care of the form 

-~~~~~) makes the feature of consonant length redundant in 

final voiceless consonants provided that there is no pre-

ceding long syllable to attract the stress-. Forms like 

g~~~~ can be represented in lexicon with a final short /t/, 

but since analogous forms like ~g~9~~ must have /t:/ in or­

der not to get initial stress by the application of the 

rules as they stand, the possibility of omitting the length 

mark in a number of individual cases may not be particul­

arly interesting from the point of view of the pattern. In 

the input to the phonological rules the two forms must have 

analogous representations. It is more interesting to note 

that consonant length is redundant in monosyllables ending 

in a voiceless consonant (like g~~). In such forms the 

final consonant is short and remains short according to 

general marking conventions. 

It is not at present clear to me how much is gained 

by generating stress or rather the placement of stress from 

underlying segment length and syllable complexity. 6 The 

analysis attempted abov~ may be criticized as being unduly 

abstract. Note, however, that in spite of the fact that 

there is no phonetically obvious parameter of length as­

sociated with the postulated underlying difference between 

long and short consonants, it is nevertheless a matter of 

terminology whether one should speak of absolute neutra­

lization or not, since the accentuation effects are indeed 

very directly associated with underlying consonant length, 

the relationship being a perfectly regular one. 

It is certainly possible· to mark stress in lexicon, 

but then one misses all the tr~e generalizations that can 

be made with reference to vowel length and consonant number, 

and the distribution of st0d must be accounted for anyway. 

6) In his analysis of Norwegian Weinstock (1J) prefers to 
derive both vowel length and stress from consonant 
length. From an autonomous phonemic point of view one 
might do the opposite (with equal or more phonetic 
justification). • 
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J. Stress in forms with suffixes 

3.1. Suffixes with and without inherent stress 

Suffixes which contain no full vowel are never 

stressed, cf. the superlative ending in ~~~~g~ 'thinnest'. 

Suffixes containing one or several full vowels may 

have inherent stress or no stress. The majority of these 

suffixes have stress, like ik in grafik, isd in violinisd; 

this group includes all suffixes containing a long vowel, 

0: 'r in 
=~== 

fris0:'r ========. 'hairdresser', 0: 's in nerv0:'s ----------------
'nervous'. 

The most important suffixes with unstressed full 

vowels are:~ in~~~~~ 'cool',!~ in ~~g~~ 'friendly', ~~e 

~n j0:~isg, iker in gra:=fiker 'lithographic artist',~~, 

g~~ in~~~~~~ 'paint', g~~g~~ 'slope'. These are all 

similar in that the unstressed full vowel is a non-open 

unrounded front vowel. One may consider the possibility 

of deriving¼,~ in these cases from shwa, which would 

make stress largely predictable from the underlying di­

stinction between full vowels and shwas in suffixes. 

This analysis is not entirely satisfactory, however, since 

it conceals the.fact that there is some kind of connection 

between suffixes like ~ge and suffixes like!~, ~~~~:~, 

cf. grafik - gra:'fisg, reksrentrisite:'t - reksron'trisg. 

If consbnants are assumed to differ in underlying length, 

the difference between stressed and unstressed suffixes 

can almost be accounted for by the morpheme stress rules 

formulated in section 2.2. The only exception noticed by 

me is -~~e' which is apparently related to ~e' cf. J~~~~ge 
'jewish' versus g~g:~e 'danish'. It may be possible to 

cut off the~ as a separate morpheme or pseudo-morpheme 

(appearing in the mutually related suffixes above and in 

more peripheral suffixes like the complex ~~:~~g~ in 

Elaneta:'riom). If there is an internal border in ~ge 
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both parts of the complex must remain unstressed according 

to the stress rules set up in 2.2., which thus seem to 

apply to morphemes as well as monomorphemic wordforms. 7 

J.2. Suffix addition and stress deletion 

In the following it will be assumed that each morpheme 

of a wordform is stressed or unstressed in some underlying 

representation, the morpheme stresses being introduced by 

early rules, i.e. at a point where the different kinds of 

phonological juncture are still symbolized in terms of the 

structure of the syntactic surface representation (except 

for morphemes which may have to be marked for stress or 

inability to take stress on a particular vowel). This ap­

proach (which of cou~se does not agree with the formulation 

of.stress rules in Chomsky-Halle (4)) seems to me meaningful 

since, for example, the accentuation of prefixes cannot be 

predicted except with reference to the morphemic composition 

of the wordforms. Thus, the stress rules are here put on 

roughly the same level as the rules generating "accent l", 

which obviously.must refer to boundaries reflected as/+/ 

in phonology, cf. makr6:'n+er 'macaroons' versus matr6:ne+r ----------
'matrons', g~~:~~~~~ 'platforms' versus ~~~~~;:t~~ 'canoes', 

obviously by early rules referring t~ the structure of morph­

~• If we assume each morpheme to be specified by early 

rules for stress (inexactly referred to as "inherent stress"), 

word stress must be generated by a deletion rule plus a re­

lated shortening rule: 

Rule J.2.-A A morpheme stress is deleted if there follows 

another stress without intervening juncture of 

the type delimiting lexical entries (i.e • .#).· 
Rule J.2.~A' A long vowel without stress is shortened before 

a syllable with' a full vowel and optionally be­

fore a syllable with shwa. 

violi:n+isd+en:e➔ violi:nisde:n:e ➔violinisdene 

7) This presupposes either that the vowel of 1~2~!l is de­
rived from shwa or that the final consonant-is-derived 
from one underlying segment (i.e. not from /ng/). 
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J.J. Additive and replacive suffix insertion 

Suffixes containing a full vowel may either be added 

directly to the stem or replace the final part of it. The 

replacive transformation applies in particular if the stem 

ends in shwa, cf. J~~~~ with the derivations j~Q~~~ 'female 

jew', J~~g~gB 'jewish', or meto:ae - met6:'di~~~-~~t suffix­

es (or suffix clusters) like isg, iker, isit~:'t also seem 

to replace full vowels in some cases, cf. ~~~gg~~: -
mel6:'disg, where the shortness of the last vowel proves 

that the suffix is replacive ~g9 (not additive g9 as in 

Earti:' - Earti:'sg). 

It is characteristic of replacive constructions that 

the consonant precedi~g the replaced vowel tends to retain 

the quality it should have before this original vowel, cf. 

the two variants of /d/ in J~~~~g9 and met6:'0isg versus 

mel6: 'disg. The former, i.e.~' is in "weak position", 

but the latter, i.e. g., is in "strong position" in the 

underlying stem form (cf. Rischel (12)). 

In many instances the stem to which the replacive 

suffixes are joined is otherwise found qnly with stressed 

suffixes. In such cases it may not be valid to claim that 

the replacive suffixes replace any pa~ticular sequence, 

but the wordforms may nevertheless behave as if the suffix-

es replace a "dummy" syllable with stress. The presence or 

absence of a syllable of this type in the underlying form 

of the stem is sometimes apparent from the consonant quali­

ty. A typical example is the root morpheme /lo:g/ in 

~gBf~ 'logic', ~~~:B~gE 'logical', ~~~:a~~~~ 'logician' 

versus the derivative suffix /lo:g/ in !~~g~~~, 'philologist', 

filol6:'iisg (or filol6:'gisg), filologi:'. The root morph­

eme {which is not very clearly related to the derivational 

suffix from a synchronic point of view) does not occur alone 

but only with suffixes as in ~~s!~,-which may be termed a 

"quasi-derivation" since the presence of a suffix!~ is 

obvious, cf. ~~f~, ~~~~f~, and other analogous forms. In 
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accordance with the :fact that ~g~:e~g8, !21:g!~~E are :felt 

to be derived from Jg8£~, the /g/ keeps its quality as a 

stop consonant determined by strong position. In the 

:form :filol6:~is~, on the other hand, the suffix ~~g may 

be taken as either added to f!!2!2!:I or replacing the 

suffix of :filolog!:', and accordingly, there is some vacil­

lation in the pronunciation. With/pt k/ the difference 

between underlying weak and strong position is probably 

not made very consistently. 

Purely additive suffixes do of course not behave like 

this. A stem final consonant to which an unstressed suf­

fix is.added, remains in weak position, c:f. abeb 'abbot', 

plur. ~gg~~;;, whereas .the addition o:f a stressed su:f:fix 

puts the consonant in strong position (stated otherwise: 

the syllable border comes before the consonant), cf. the 

feminine derivation abed!se 'abbess'. --------------

3.4. Stress shift and preservation of underlying vo1-vel 

length before replacive suffixes 

Alternations like ~~~ggg~:~~~gg - arisdote:'lisg 

'Aristotelian', dre:man or drem6:'n - drem6:'nisg 'demoniacal', 

kan'ada - kana:'disg, kana:'dier 'Canadian', mart~:'r -

~~EEf!:E!2~ 'ma~tyrdom', E~!E~g11:~ -· E~E~g!l:~!~g 'para­

disiac', sa:tan - sata:'nisg 'satanic' show a tendency :for 

unstressed replacive suffixes to cause the preceding morph­

eme to take stress on the last syllable. Moreover, the 

word:form gets "accent l" (i.e. st0d if phonetically pos­

sible), also in cases where the underlying stem is an 

"accent 2" :form, c:f. met6:5.e - met6:'bisg (j0:be -

J~~~~g-~ without ~ points to a di:f:ference in the treat­

ment of :foreign and non:forei~ lexical items). 
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(In their analysis of English Chomsky and Halle (4) 

set up a distinction between the adjective-t'orming suffix 

-ic(al), which they represent as /ik+ml/, and the noun­

forming suffix -ic, which they represent as /ik/. In their 

own words, they resort to this artifice to account for the 

fact that the former suffix places stress on the immediate­

ly preceding syllable (4, p. 88). The corresponding Danish 

suffixes are replacive ~ge and~~' respectively. The under­

lying form of the latter is /ik:/ according to the analysis 

proposed here; that of the former is probably /i+sg/. There 

is no possibility of a solution like the one proposed· by the 

said authors for English.) 

The fact that the length is shifted from one vowel to 

the other in cases like sa:tan - sata:'nisg might suggest ------------
that the root morpheme in such for~s has two underlying long 

vowels: ·/sa:ta:n/, of which the second is shortened by some 

phonological rule unless it has received stress. However, 

it is difficult to see how such a rule could be formulated 

in general terms without shortening also the last vowel of 

paradis, martyr. One way to except the latter words from 

such a shortening rule would be to mark them as quasi­

compounds, i.e. with an internal boundary of the kind 

associated with lexical items, i.e.# .• This somewhat arbi­

trary solution may be avoided if we take both vowel length­

ening and stress attraction to be directly conditioned by 

the suffix /i/ in ~g8, ~~~, etc.: 

Rule J.4.-A Stress is moved to the vowel immediately 

before ~eplacive suffix /i/. 

Rule J.4.-A' A vowel separated from replacive /i/ by one 

consonant, is lengthened. 

The ability of the suffix to· trigger this complex of rules 

must be marked as an abstract feature of it. The suffix 

found in ~g~~~ 'cool', etc., which is superficially similar 

to the replacive suffix (element) in question, does not 

trigger the rules. Ultimately, the difference has obviously 
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something to do with the status of the suffixes as foreign 

or nonforeign. 

Vowel length and stress in the·suffix "-or" 

Forms like ~~~~~t 'lecturer' - definite form !~~E~~fl~ 

- plural lrekt6:rer show that the nomen agentis suffix "-or" 

appears in two shapes: with short unstressed~ and with long 

stressed g~• If an underlying form is posited with /o/, 

both the opening in final syllable before /r/ and the length­

ening too: before a voiced approximant followed by a vowel 

tie in well with the general phonological rules of the lan-

guage. It may seem strange that the lengthening is not 

found before the definite article, but this is true also of 

some monosyllables, cf. g~t 'berry' - definite form ~~t:!~ 
(the lengtheriing rules applying to monosyllables with 

suffixes added to them are treated in detail in Basb0ll (J)). 

If the above analysis is correct, the lengthening rule 

in question must be prior to the rules assigning stresses 

to vowels, since the sequence /or/ does not fulfill the 

conditions for stress before the vowel is lengthened. 

4. "Heavy" suffixes 

Some suffixes (of German origin), in particular -hed, 

-dom, -skab, and partly -agtig, are stressed like the second 

part of compounds, the rhythmical patterns of djrervhe:'~ 

'frankness', ~~~g!~~ 'manhood', ~~~ 6gE~~:g 'wisdom' being 

similar to those of ~J~~~e~~:~, 'mountain goat', gg~~g~~~ 
'death sentence', ~g~~e~~:g 'bookcase'. This suggests that 

t~e suffixes are characterized by being separated from the 

preceding stem by a boundary of the type/#/ unlike the 

suffixes treated in section J., which were preceded by/+/. 

The stress insertion rules given in section 2.2. 

apply to these suffixes. Two of them have a long vowel: 

/he :d/, /sga:b/, the o'thers have a long consonant or a 

consonant cluster after the vowel, i.e. they fulfill the 
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conditions for the rules in 2.2. to apply. However, the 

stress deletion rule J.2.-A does not operate across a 

boundary of the/#/ type. For sequences with this type of 

boundary see further section 6. 

Prefixes and stress 

Prefixes are characterized by occurring only word 

initially before a root morpheme. The Danish prefixes all 

have sh~rt vowels followed by none or one consonant· (apart 

from the somewhat questionable prefix ent-), so they cannot 

possibly be stressed,according to the rules, provided that 

they are separated from the following morpheme by/+/ 

rather than /:H:/. This difference of boundary distinguishes 

between /far+fal:/ 'decay' with a prefix and /far~fal:/ 

'unavoidable absence'with a succession of two lexical units 

each of which gets stress according to 2.2. 

The prefixes g 'un' and gg (und-) 'away from(?)' 8 

differ from the other prefixes in that they appear both 

with and without stress. I see no other way of explaining 

this than by considering them to be quasi-lexical items 

separated from the following morpheme by/#/, the unstressed 

variants being caused by a rule deleting/#/ in certain 

cases (the existence of a/#/ deletion rule in English is 

postulated by Chomsky and Halle (4), p. 86, this rule taking 

care of alternative stress patterns on words like analyzable). 

The same deletion rule is found with some regular compounds, 

and it will therefore be discussed in the next section. 

The special status of the prefixes g and~~ must of 

cause be explained by their role in the syntactical com­

ponent of Danish grammar (which is not considered here). 

From a purely distributional poi~t of view g clearly differs 

from other pre£ixes in that it can occur before a prefix, cf. 

ubesgri:'veli 'indescribable', which is another testimony of 

the fact that it has a special grammatical status. 

8). and similarly the foreign prefixes~;'~ (the latter 
probably only with stress).-
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6. Compound words 

As stated above compounds are normally characterized 

by their members being joined by junctures of the/#/ type. 

Within each sequence bounded by/#/ the stress deletion rule 

applies, but the remaining stress of each sequence is retained 

although the relationship between the members of the compound 

is signalled by differences in the degree of stress. If 

there are more than two such degrees, the lower degrees 

tend to be indistinguishable from absence of stress: a com­

pound like undervandsbad 'submarine' has normally no more 

stress on the third. syllable than underbetal t 'underpaid' , 

in which the third syllable is a prefix. 

The rules generating degrees of stress in compounds 

will not be considered any further in this paper. 

In some cases there seems to be a stress metathesis 

rule operating at a very late point in the phonological 
-

rule complex, compounds like stationsforstander being often 

pronounced ~~~~j21~g~f~~~~~g~~E instead of ~~~~J~!~~~= 

• !!~gg~g:~~- The compound, which means 'station master', 

definitely contains the lexical item /far/ 'for, front', 

not the prefix /far/, but the existence of the latter may 

have conditioned the frequent use of the form with apparent 

metathesis. 

Compound words and similar stretches with/+/ 

instead of/#/ 

Quite a few compounds exhibi_t the stress pattern 

typical of sequences with/+/ junctures, i.e. with deletion. 

of all but the last stress. This peculiar structure is 

found in a good many place-names and in a restricted number 

of ordinary compounds, but it seems to be associated in 

particular with stretches containing the suffixes~' !! 
(orthographically -ig, -lig). Examples are: ~gg~~~~~ 
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'magnificent', !~~~~g:~~ 'rash', ~!~~f!:~!! 'probable', 

~~~g~:~~!! •tractable', telf=rla:'~ijli •reliable'. 

This category is joined by a large number of words 

with the prefixes gg and particularly g, e.g. g~~~~:~~ 'shy', 

get~:~~ 'invalid', g~~~:~~ 'unlucky', g~~~:~ 'innumerable', 

g~~~~~~:~~~ 'relentless', g~~~~~e~~:~~~ 'impossible to do'. 

Many wordforms of this category are also deviating in 

that the parts of which they consist (when the suffix has 

been removed) do not both occur alone, or if they do, they 

may only occur with a different meaning or in a deviating 

phonetic shape. It might be assumed that the particular 

stress pattern were due to this opacity of the wordforms, 

but in fact the same stress pattern is found also with some 

forms which are entir~ly transparent, whereas others have 

the ordinary compound stress pattern, -------cf. uhrel'di versus -------
uvmnli ====== 'unfriendly'. 

Somehow, the stress patterns probably depend upon how 

these adjectival forms are generated in the syntactical corn-

ponent. As for the forms with the negative prefix, it seems 

that those which are quite obviously composed of the prefix 

plus an independent adjective, have/#/, i.e. the stress 

pattern of compounds, whereas those which are generated via 

a noun to which the negative prefix h~s been added, have 

/+/, i.e. no prefix stress. Finally, forms of which the 

nucleus is a verb (e.g. g~~~~~~~ rinalienable') have/-/ 

(g~f~:~~ may represent this type). These superficial 

considerations are, of course, quite inadequate from the 

point of. view of syntax, but they suffice to suggest that 

there may be a syntactical explanation of the stress patterns 

whereas it would not be possible to predict them on purely 

phonological grounds. 
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8. 'ummary and formalization of rules 

This paper attempts to show that stress in Danish is 

largely predictable not only in "genuine" Danish words but 

also in words of foreign origin, with the exception of a 

number of loanwords from French, which must either be taken 

care of by quite specific rules or marked as "French", or 

the like (a binary distinction of ·±foreign is hardly suf­

ficient to explain the heteogeneous character of the 

lexicon). 

As for the commutation pairs listed in the beginning 

of the paper, k6rset and korset differ in their underlying 

representations as /kars+ed/ 9versus /karsret:/, forfald and 

forfald are respectively /far#fal:/ and /far+fal:/, kanon 

and kan6n are respectively /ka:non/ (?) and /kan6:n/, 

plastic and plastik are respectively /plastik/ and 

/plast+ik:/. 

It has been suggested in this paper that there is a 

phonemic distinction in Danish between shwa and other 

vowels. This may be taken care of by the feature "tense". 

It is further postulated that length is a classificatory 

feature distinguishing long and short·vowels as well as 

long and short consonants in the underlying representa­

tions, although consonant length is deleted by a late rule. 

(It would be possible to speak of geminated vowels and con­

sonants in order to avoid the feature "long", but I see no 

particular advantage in doing so.) Finally it is assumed 

that there are two kinds of marked boundaries in the word­

forms: /#/ being the type of boundary that marks off 

lexical items, and/+/ being a morpheme boundary which does 

not have this property. 

Whereas Chomsky and Halle in their description of 

9) If this is a verb form, there is certainly a syllable 
with shwa, whereas the analysis of definite forms is 
controversial. 
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English put stress on wordforms by one main stress rule (with 

minor modirications by later rules), I have tentatively used 

a rather different approach. As presented in this paper, the 

Danish "main stress rule" consists of three sections, which 

do not belong directly together in the rule hierarchy. The 

first section (rules 2.2.-A&B&C&D) pu~s stress on each mor­

pheme whose segmental structure permits it to take stress 

according to these rules. The second section (rule 2.2.-E) 

puts stress on wordforms (applying vacuously if they already 

have got morpheme stress). Finally, the third section (rule 

J.2.-A) delete stresses before later stresses in the same 

wordform. A supplementary rule shifts s~ress to the position 

immediately before certain "replacive" suffixes (rule J.4.-A), 

probably before the application of the last part of the main 

rule. -The rules demand for their application an input con­

sisting of stretches bounded by/+/ or/#/. Some of these 

stretches are supposed to exhibit a replacement of/#/ by. 

a boundary type of a lower rank (replacement by/+/ or 

simply deletion). The 11/#/ deletion rule" cannot be stated 

in the present paper, since it demands a good deal of syn­

tactical considerations and probably belongs to the syntact­

ical component of grammar. 

The approach used in this paper.violates the prin­

ciples laid down in Chomsky's and Halle's book (4) since 

it postulates that certain stress rules operate with refer­

ence to boundaries of the/+/ type. This heresy has some­

thing to do with the fact that so many conditioning factors 

enter into the stress generating rule(s): position of long 

vowel segment, position of long consonant segment, position 

of postvocalic consona~t cluster(s), and the distinction 

between full vowels and shwa. Since the subrules associated 

with these conditioning factors are disjunctively ordered, 

the rule complex becomes rather involved. Moreover, the 

rules generating "accent 1 11 , and the later rules converting 

this abstract accent into st0d under phonetically definable 

circumstances, should also be taken into account. 
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As far as I can see, there is only one point of dis­

agreement between the principles governing the stress 

placement in monomorphemic wordforms and those governing 

the stress placement in polymorphemic noncompound word-
. ~ 

forms. This point has to do with the unstressed full vowel 

suffixes, which can only be distinguished· from the stressed 

ones if the latter are marked as "foreign"-: g.g~~~gg. 'fast-

est' having minus for this feature, Eg~g.£~g. plus. 

intuitively an extremely satisfactory solution. 

This is 

I do not want to insist that stress is generated to-

gether with "acc. l", or lexical. It is possible to generate 

word stress by rules operating on a representation with/+/ 

and across such boundaries. This requires a rule for prefix-

es and probably a shortening rule for cases like solisd 'solo­

ist' vs. _r __ o_'=:_l_1=·=sd=· 'calmest' i'f the f m h / /====f== '1 10 
or er as o: , c • g~~=~• 

With these reservations it should be possible to 

set up the rules suggested in this paper in such a way 

that they apply to noncompound wordforms (i.e. within 

#-bounded strings). They are given here with a minimum of 

symbol use (disjunctive ordering permits further simplification) 

Rule 8.-A 

[ 
V ] -7· [1 stress] / X 

+long 
y 

Rule 8.-B 

V 

Rule 8.-C 

where Y contains 

no [1 stress] 
no [ V J 

+long 

~ [1 stress] / X 

where Y contains no 

no [1 stress] 

"Foreign" stress rule 

--7" [1 stress] I x_c j_c~nt.]y 

~nasal 

and X,Y 

and X,Y 

lo) Vowel length is definitely phonemic in Danish. 
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Rule 8.-E 
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where Y contains no [ C ] 
-cont. 
-nasal 

and X,Y no [1 stresaj 

--7 [1 stress] / X CCY 

[ 1 stressj / 

where X contains no CC 

and X,Y no [1 stress] 

X C 

where X contains no [1 stress] 

With a more complete knowledge of.Danish prosody it 

should be possible to reformulate the rules entirely to 

get something like the rules sketched by Weinstock (lJ). 

It would be interesting to see to what extent the various 

Scandinavian languages agree in their treatment of foreign 

words of different categories. 
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COMPARATIVE PHONETIC-ACOUSTIC ANALYSIS .BEFORE AND AFTER 

SPEECH THERAPY OF VOICES SUFFERING FROM RECURRENS PARESIS 

Kai Lauritzen 

B0rge Fr0kjrer-Jensen 

This paper has- been presented at a meeting on 

February 28, 1970, in the Danish Society of Logopedics and 

Phoniatrics. 

1. Introduction 

Within the field of speech therapy very little re­

s~arch has been done 9n the effectiveness and results of 

speech training. 

This report. deals with three cases of paralysis of 

the recurrens nerve caused by operative damage after stru­

ma operations. The voices were tape recorded before and 

after the speech therapy •. Afterwards the recordings have 

been phonetically analyzed in order to get some kind of 

quantitative description of the change in voice quality. 

The investigation is only meant as as pilot inves­

tigation showing possible methods for.analysing speech de­

fects such as dysphonia caused by paresis, etc. 

2 •. Recurrens paresis 

Patients with partial defects of the recurrens nerve 

often undergo very typical changes in voice qual~ty. The 

voice sounds dull, soft, feeble, hoarse, and unstable with 

a considerable amount of noise in the acoustic spectrum. 

Occasionally the unstability is so marked that the voice 

sounds diplophonic. 

During the (often very short) period of voice train­

ing the quality of the voice normally changes, and the 

voice develops into a lighter, more modulated, and less 

noisy quality without tendency to diplophonia. The funda-
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mental :frequency 1 is lowered, and the intonation range is 

increased. 

The patient material used in this investigation 

The three voices are chara9teristic examples o:f the 

voice change taking place in connection with recurrens 

paresis, the :first one being a weak, dull voice with a 

poor content. o~ overtones and almost exclusively used in 

the head register, and the second and third ones being 

hoarse, grating voices with characteristic tendencies o:f 

<iiplophonia. 

3 . 1 . Ca s e No 1 , ( TH ) : 

Woma~ 48 years old, operated March 25, 1963. 

Clinical investigation June 14, 1963: Left vocal 

:fold immovable in intermedian position, with slight conca­

vity and shortening. Right vocal :fold with :free mobility, 

but not reaching le:ft vocal :fold during phonation. 

Spee?h therapy :from August 16 till November 8, 1963, 

a total o:f 19 lessons o:f 25 minutes each. Recording dates: 

Septemb~r 3 and September 17, 1963 (after 7 lessons). 

Clinical observation November 8, 1963: Le:ft vocal 

:fold in median position, not concave. Right vocal :fold 

with good mobility, reaches le:ft vocal :fold with good oc­

clusion during phonation. 

3.2. Case No 2 1 (RH) : 

Woman 43 years old, operated October 16, 1963 :for a 

struma :from which she had suffered :for tw.enty years. 

Clinical investigation November 15, 1963: Right vo-. 

cal :fold immovable in paramedian position. Le:ft vocal :fold 

with :free mobility and good occlusion during phonation. 

-----------------------------------------------------------
1) In the :following the shorter term "pitch" has been 

used in the sense o:f :fundamental :frequency. 
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Speech therapy from November 15 till December 16, 
1963, a total of 17 lessons of 25 minutes each. Recording 

dates: November 12 and December 2, 1963. 
Clinical observation Dece~ber 13, 1963: Both vocal 

folds with good mobility and good occlusion. Thus the 

right-sided recurrens paresis has d,isappeared. 

In the first recording this voice, which is predomi~ 

nantly characterized by a very hoarse, grating phonatory 

quality, discloses glimpses of normal function. This is 

clearly heard at least in one word and observed in this 

word as well as in other cases of shorter duration in the 

sonagrams and -pitch-curves. (This agrees with the de­

scription of the laryngoscopic appearance in the first 

clin:i.cal investigatio.n: "a good occlusion during phonation", 

and suggests a functional rather than organic cause of the 

marked tendency to diplophonia before speech therapy.) 

The two voices mentioned above have been treated only 

with speech exercises, whereas the third one mentioned be­

low was treated introductorily with speech exercises and 

then, as this gave poor results, with paraffin injection 

in the paretic vocal fold, and finally again with speech 

therapy. 

3 . 2 • Ca s e No 3 , (EH) : 

Woman 44 years old, operated October 15, 1954. 
Clinical investigation October 25, 1968: The patient 

has through many years - after a struma operation 14 years 

ago, which caused her to lose her voice - got accustomed 

using a high-pitched maidenlike register. Laryngoscopic 

picture: Right vocal fold is seen immovable, shortened, 

and concave in paramedian position. Left vocal fold with 

free mobility and normal appearance. 

Speech therapy after operation from November 17, 1955 
t'ill May 28, 19 57. Resumption of speech therapy from Sep­

tember 2, 1968 till February 5, 1969, Jo lessons. Then 

paraffin injection February 12, 1969, and finally speech 
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therapy from February .24 till Jwie 8, 1969, 12 lessons. 

Recording dates: 
September 6, 1968 (diplophonia and head register)--

February 24, 1969 (after paraffin injection) 

April 28, 1969 (lo lessons after injection) 

January 12, 1970 (7 months after cessation of Speech 

therapy). 

Clinical observation April ·28, 1969: Right vocal 

fold immovable, slightly concave in respiration position. 

Left vocal fold with normal mobility. Good occlusion 

during phonation, voice normal. 

Before the paraffin injection this voice practised 

two types of function, one with a marked diplophonia with­

out any moments of normal function, and another with a 

thin, high-pitched head register. 

4. The speech therapy 

The primary aim has been to show possible methods 

for analyzing dysphonic speech before and after speech 

therapy. Of course, any expedient method for training 

the voice can be used. These three cases were all treated 

with professor Svend Smith's method of speech therapy. 

This method aims at the training, not' of the individual, 

weakened musculatures, but of the whole functional-dynamic 

relation between the expiration pressure and.the voice 

muscular activity. The subglottal pressure is developed 

and trained during the phonation by means of the abdominal­

diaphragmatic respiration, so that the increase of pressure 

re£lectorily triggers off the antagonistic resistanca in 

the larynx musculature as a whole. In this way the ~istri­

bution of muscular energy between stressed and unstressed 

{accentuated and unaccentuated) phonatory activities is. 

trained as a reaction to the increased subglotta~ pressure. 

This process is utilized with special reference to 

the function of the accentuated syllables in normal speech, 
. ' 

and therefore the methodology has been refer~ed to as 



"The Aoc~nt Hethod". 

The acoustic analysis 

Very little has been written in the phonetic and 

phoniatric literature about the acoustics o:f dysphonia. 

A :few sonagrams appeared in Visible Speech (2). 

These sonagrams give objective proo:f of' the lack of' har­

monics in dysphonic speech, especially in the F2-F3 region. 

The auditive result o:f too little energy in this fre­

quency region is a shift in timbre in the direction of' 

rounded back vowels (a more dull quality). According to 

I. Lehiste and G. Peterson (1) the vowel identification is 

reduced to 5o % if all energy above lloo cps is filtered 

away. A similar redu6tion in intelligibility would probably 

occur with a dysphonic voice which only contains harmonics 

below lloo cps. Furthermore, Svend Smith (J) has found in 

recordings o:f numerous patients (at the Institute of' Speech 

Disorders, Hellerup, Denmark)that the spectrum above looo 

cps is intensified during the speech therapr• 

It thus seems that a registration of' the relative 

energy above looo cps should be a possible way o:f indica­

ting the spectral changes during the voice training. 

There is o:ften a good deal of' noise to be seen in 

voices with recurrens paralysis. It is caused by an insuf­

ficient glottal closure. It may be observed in sonagrams, 

especially in narrow band sections, where the noise occurs 

bet·ween the harmonics in the upper part o:f the spectrum 

(most clearly seen in the sections of [ a ] , Fig. 5). 

The typical change in the mean pitch during treat~ 

rnent o:f the recurrens paresis patients normally starts with 

a considerable :fall, and towards the end o:f the therapy the 

average pitch_may be raised again. The intonation range 

is o:ften expanded, which gives the impression of' a more 

lively voice. 

Diplophonia may be observed both on sonagrams (narrow 
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band sonagrams as well as wide band sonagrams) and oh min­

gograms showing recordings o:f the pitch. 

The actual analysis· is mainly based on mingograms. 

Fig. 1 shows the record/reproduce procedure. The most im­

portant traces are no. 5: fundamentaL frequency, no. 6: in­

tensity above looo cps, and no. 7: intensity below looo 

cps. 

6. The phonetic material 

Unf'ortunately the recordings of patient no. J (EH) 

are based on another text than the recordings of patients 

no. 1 (TH) and no. ·2 (RH). Short segments of the texts 

containing a few sentences (duration about 60 seconds) 

have been chosen from each recording for the acoustic ana­

lyses. 

In the :first two cases the analysis is based upon 39 
words containing 21 stressed and 18 unstressed vowels, and 

~n the third case the analysis is based upon 22 words con­

taining 12 stressed and lo-unstressed vowels. All the vow­

els have been analysed by means of a pitchmeter and two. 

intensity meters with external filters as shown in the 

block diagram (Fig. 1). In.several cases sonagrams have 

been made, too. 

z. The illustrations 

P_a tient no. 1 (TH): The vowels [ o?} and [_ a ] in 

the sentence ":forstod hvad der var blevet sagt" [ f1J.l.-sdo9t)_ 

va d eH va ble: ()· 's a gth] have been chosen as typ­

icai examples of the changes in the spectral composition 

during the voice therapy. A comparison of the cross sec­

tions o:f the two vowels (Fig. J) before and after the voice 

training shows the intensified energy in the upper part of 

the spectrum. 

The mingograms of the same text ·(F~g. 4) indicate an 

increase of the higher :frequencies, which may be seen in 

trace 5 and 6 under the arrows. After voice training trace 



RECORDING PROCEDURE 

Microphone recordings 
of the patients. 

151 

Patients T. H. and R.H. recorded by mean~ 
of a LYREC professional tape recorder. 
Patient E. H. recorded by means of a UHER 
type 4000 L tape recorder. 

PLAYBACK AND PROCESSING PROCEDURE 

HP 
500 Hz 

Inten­
sity 
Meter 

HP 
1000 Hz 

1 

2 
3 
4 
5 
6 
7 
8 

LYREC professional tape 
recorder type TR-20 

LS output 
5 ohms 

Inten­
sity 
Meter 

LP 
1000 Hz 

Pitch 
Meter 

Mingo graph 
type 800 
(inkwriter) 

1 

2 -----
3 4 .,_ _____ _. 

5 
6---------
7 
8 -----------

The mingograms consist of the following 8 traces1 

1. 1/1 and 1/100 sec. time marking. 

2. Duplex oscillogram. 

J. Intensity level with highpass filtering at 500 cps, integration time 2.5 ms, 
and logarithmic scale display. 

4. Intensity level with full frequency range, integration time 5 ms, and linear 
scale display. 

5. Fundamental frequency, bandpass filtered at 60-150 cps. 

·6. Intensity level with highpass filtering at 1000 cps, integration time 10 ms, 
and linear scale display. 

7. Intensity level with lowpasa filtering at 1000 cps, integration time 10 ma, 
and linear scale display. 

8. Normal oscillogram. 

Fig. 1. 
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TYPICAL SONAGRAMS OF TWO DIFFERENT FORMS OF UNILATERAL PARALYSIS OF THE 

RECURRENT LARYNGEAL NERVE CAUSED BY OPERATIVE DAMAGE. 

Patient TH, recording· no. 1 (before voice training). 

:), 

-
-~- ..... ,...,."';:l;o-• ·•.... ···--

' •n11 If a, 1111 
e f 

""' If. liJtll 
..... ~---,.-.....,. ~·--

-~ -~-~ism. n.u.111·1•. -·-
a "n 'i a a 

Notice the lack of higher harmonics and the strong noise between the harmoni 

The auditive impression of this voice is dull, languid, feeble, and hoarse. 

.. 
~ 
W.•" -· .... •• 

A.an,/5 
Notice the tendency to diplophonic phonation. The.auditive impressio~ 

voice is unstable, grating, and hoarse. Occasionally the phonation may switc 

to head register (not shown in this sonagra:m). Scale magnifier has bee_n used. 

Fig. 2. 
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MINGOGRAMS OF PATIENT TH BEFORE AND AFTER VOICE' TRAINING 

~•:,,:,•··.,I 

;'.;~L~f~i :~ i ,,t,l~;i\)i~~fJll_-,f:~T; •: ':' '··"··-c,_:f_H~'.:~::_ h':: :} : ;_: --• •-:-;; ~f 
i • 
f 

; : : : .rr~( ~ r ·1 1 .,.,! ; !1,·•-l: :· ;·: l 1 :- • .- !···:· :- r r· r -, -~--~--t··. TT·,7-: 
• ! -~.it,• ~ ~- ( J!..~H,ir1 n·:fl'l'j''P.1~'- ! 1n • • ·~ -;--J- ·i- ~-r+-·-r-

• , , ~: 1• , 1,., .. a.1,.j,1 i,., • , , ,, . 1~~-~ r... .. , 1 1 . : 1 , : , .. -r - ,~;:~• ,1~, , --\. .I, ~· . , 1· r: w ~----i·-. ,;~·l·,-. ; ! , 
~- ,llftll ': f-1, 1f.D 1 1

' ' '. '•iil,lilf , :· '\.~ ; ·,·••··c-1"'-r.• 
! ! I ' i I I I I .' I I l L. ! _; ...!.. . .J. ' I '.' . - - _l__J __ !_ .L.: _, ' i ; : ...:.._ J I I. 

Notice eepeoially the relation between the energy aboTe 1000 op• (trace 6) and below 

1000 cp• (trace 7) before •oice training (the upper mingograa) and after Toioe trai.n­

ing (the lover mingogram). 

During the Toioe traininc the intenaity of the higher·haraonic• ha• been conaiderably 

enforced. An enforoe■ent of the lover harmonica in relation to the :f'undamenta1 ~re­

quenoy can be obaerYed when oo■paring the oaoillogr ... of the two recordinp. 

l'ig. 4. 



155 

no~ 5 (the energy above looo cps) contains a good deal more 

energy in relation to trace no. 6 (the energy below 1000 

cps) than before the training. 

A similar comparison of the vowels [a] and [a] in 

the same sentence spoken by patient no. 2 (RH) is presented 

in Fig. 5. Especially the vowel [ a J contains much more 

noise before than after the therapy. The noise is consid­

erably reduced through the training. 

The tendency to diplophonia may be noticed in the left 

part of the sonagram, but it is more clearly observed in 

the mingograms of the same sentence (Fig. 6). 
The curves show that the diplophonia attacks both the 

pitch and the intensity level. 

In cases of recurrens paresis it is often seen (very 

clearly, for example, in the word "sagt" [ s a gth] spoken 

by patient no. 2 (RH)) that there are sporadic elements of 

the normal phonation. When this is the case, the function 

is often easily trained tn a rather short time. If it 

is not the case, as for instance where there is a constant, 

marked concavity of the paretic vocal fold, paraffin injec­

tion can be necessary in order to obtain sufficient glottal 

closure in the chest register. An example of a voice of 

that kind is shown in the two upper il'lustrations of Fig. 

9, patient no. 3 (EH). As previously mentioned this voice 

practised two modes of phonation before paraffin injection: 

a chest register ·function with marked diplophonia and with­

out moments of normal function, and a head register func­

tion, very high-pitched and with a "thin" timbre. 

It is sometimes possible to make sufficient occlusion 

in the head register, though the. paretic vocal fold is ob­

served to be concave. It may be supposed that this is 

caused by the strong extension in the longitudinal direc­

tion, which stretches the excavate~ vocal fold and thereby 

levels out the excavation. 

The paraffin injection causes an immediate ability to 
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MXKOOORAMS OF PATXEKT RH BEFORE AND AFTER YOXCE TRAXKXKO 

Thi• mingogram shows very clearly 

a) that the normal cheat register function may appear spontaneously (see the 

last word [sagt]), 
b) the way in which the diplophon~modulatee the phonation. Both the fundamen­

tal frequency and the intensity level ie continuously shifted between two 

leTele (eee the first word [hQV~~~d]). 

The •-e text recone• atter a Toice training period ot leaa thaa two aontha. 

Notice the tetally •ittennt trace• ot the f'mul-ental trequenoy and the in­

tensity leTel•• 

J'ig. 6. 
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produce a normal chest register voice. Speech therapy af­

terwards stabilizes and strengthens the chest registe~; 

this is seen in Fig. 9, illustration no. 3. The final 

result of the training is shown in the bottom illustration, 

Fig. 9. Notice the intensified spectrum above looo cps. 

The progress of patient no. J (EH) is excellently i1-

lustrated by means of the mingograms of the four tape re­

cordings. Segments of the mingograms are shown in Fig. lo. 

The text is the same as in Fig. 9: "pippede klagende" 

[phib~bd kla:yn'd] . The arrows indicate the places 
• ·where the most typical changes in the intensity level a-

bove looo cps may be found. 

8. Statistical treatment 2 of the changes in voice 

quality 

Each word has been measured for minimum and maximum 

pitch. Afterwards, the arithmetic mean pitch, the pitch 

variation range in cps, and the relative pitch variation 

range in percentage of the arithmetic mean pitch have been 

calculated. 

The overall intensity and the intensity above looo 

cps have also been measured for each of the vowels. Then 

the overall intensity level has been normalized to 45 dB. 

in all recordings, and the intensity level of the upper 

part of the s·pec trum adjusted in accordance herewith. In 

this way it has been possible .to make a direct comparison 

(in dB) of the intensity levels above looo cps in the dif­

ferent recordings. The standard deviations of the data and 

the above-mentioned averages with 99 % confidence inter­

vals have been calculated by means of a standard computer 

program taking in account the different degrees of free-

dom caused by the diffe:r:ent numbers of' data .. 

--------------------------------------~--------------------
2) Carl Ludvigsen has assisted us in discussion of the 

statistical treatment. 



St
at

is
ti

ca
l 

ca
lc

ul
at

io
ns

 
ba

se
d 

on
 

m
ea

su
re

m
en

ts
 

of
' 

pi
tc

h 
an

d 
in

te
ns

ity
 

be
fo

re
 

an
d 

af
te

r 
vo

ic
e 

th
er

ap
y 

SD
 

=
 

St
an

da
rd

 
de

vi
at

io
n 

C
I 

=
 

C
on

f'i
de

nc
e 

in
te

rv
al

 
un

it
 

be
f'o

re
 

sp
ee

ch
 

th
er

ap
y 

af
te

r 
sp

ee
ch

 
th

er
ap

y 
ch

an
ge

 
du

ri
ng

 
th

er
ap

y 
m

ea
ns

 
SD

 
99

 
'I,

 C
I 

m
ea

ns
 

SD
 

99
 

.'f
o C

I 
ch

an
ge

 
:t 

SD
 

ljJ
. 

be
tte

r 
th

an
 

M
ea

n 
of

' 
m

ax
. 

pi
tc

h 
cp

s 
20

8 
14

.6
 

20
8 

±
 

9.
0 

18
6 

14
.9

 
18

6 
:t 

9.
2 

-2
2 

:t 
8.

6 
99

.9
 

1,
 

M
ea

n 
of

' 
m

in
. 

pi
tc

h 
cp

s 
17

4 
4.

J 
17

J 
:t 

2.
6 

14
4 

9.
9 

14
4 

:i:
 

6.
1 

-J
O

 
±

 
5.

9 
99

.9
 

'I,
 

M
ea

n 
pi

tc
h 

cp
s 

19
1 

8.
2 

19
1 

:t 
5.

1 
16

5 
10

.0
 

16
5 

:i:
 

6.
2 

-2
6 

±
 

17
.1

 
99

.9
 

1,
 

A
bs

ol
ut

e 
m

ea
n 

pi
tc

h 
va

ri
at

io
n 

in
 

w
or

ds
 

cp
s 

J4
 

lJ
.9

 
J4

 
±

 
8.

6 
42

 
15

.5
 

42
 

±
 

9.
6 

+
 

8 
±

 
10

.2
 

99
.5

 
%

 
R

el
at

iv
e 

m
ea

n 
pi

tc
h 

va
ri

at
io

n 
in

 
w

or
ds

 
%

 
17

.8
 

7.
J 

--
25

.4
 

9.
4 

--
-

+
 

7.
6 

:t 
8.

7 
99

.9
 

%
 

O
ve

ra
ll 

m
ea

n 
in

te
ns

it
y 

dB
 

45
 

2.
5 

45
 

::1
: 
1.

6 
45

 
i.8

 
45

 
±

 
1.

1 
--

-
--

-
M

ea
n 

in
te

ns
ity

 
ab

ov
e 

10
00

 
cp

s 
dB

 
15

 
5.

2 
15

 
:t 

J.
2 

21
 

6.
5 

21
 

:t 
4.

o 
--

-
--

-
N

or
m

a1
iz

ed
 

m
ea

n 
in

te
ns

ity
 

ab
ov

e 
10

00
 

cp
s 

dB
 

15
 

5.
2 

15
 

z 
J.

2 
21

 
6.

5 
21

 
±

 
4.

o 
+

 
6.

1 
:t 

J.
8 

99
.9

 
%

 

M
ea

n 
of

' 
m

ax
. 

pi
tc

h 
cp

s 
20

6 
12

.6
. 

20
6 

±
 

8.
6 

18
0 

12
.8

 
18

0 
:t 

8.
4 

-2
6 

:i:
 

9.
7 

99
.9

 
%

 
M

ea
n 

of
' 

m
in

. 
pi

tc
h 

cp
s 

17
5 

5.
5 

17
4 

:t 
J.

8 
14

6 
11

.5
 

14
6 

:t 
7.

9 
-2

9 
±

 
6.

J 
99

.9
 

%
 

M
ea

n 
pi

tc
h 

cp
s 

19
0 

7.
6 

19
0 

:t 
5.

2 
16

J 
10

.0
 

16
3 

:t 
6.

8 
-2

7 
±

 
6.

7 
85

 
1,

 
A

bs
ol

ut
e 

m
ea

n 
pi

tc
h 

va
ri

at
io

n 
in

 
w

or
ds

 
cp

s 
Jl

 
12

.0
 

Jl
 

:t 
8.

2 
J4

 
14

.8
 

34
 

:t 
10

.1
 

+
 

3 
:t 

12
.2

 
68

 
'/o

 
R

el
at

iv
e 

m
ea

n 
pi

tc
h 

va
ri

at
io

n 
in

 
w

or
ds

 
%

 
16

.J
 

6.
J 

--
20

.8
 

9.
1 

--
-

+
 

4.
 5

· 
±

 
6.

7 
98

 
1,

 
O

ve
ra

ll 
m

ea
n 

in
te

ns
ity

 
dB

 
45

 
2.

6 
45

 
:t 

1.
8 

45
 

2.
4 

45
 

±
 

1.
7 

--
-

--
-

M
ea

n 
in

te
ns

ity
 

ab
ov

e 
10

00
 

cp
s 

dB
 

15
 

5.
1 

15
 

:t 
J.

5 
21

 
5.

2 
21

 
±

 
J.

5 
--

-
--

-
N

er
m

a1
iz

ed
 

m
ea

n 
in

te
ns

ity
 

ab
ov

e 
10

00
 

cp
s 

dB
 

15
 

5.
1 

15
 

±
 

J.
5 

21
 

5.
2 

21
 

:1
: 

J.
5 

+
 

68
1 

±
 

J.
6 

99
.9

 
%

 

Pa
tie

nt
 

N
o.

 
1.

 
(T

H
) 

Fi
g.

 
7.

 

nu
m

be
r 

of
' 

vo
w

el
s 

21
 

st
re

ss
ed

 

vo
w

el
s 

18
 

un
st

re
ss

ed
 

· 

vo
w

el
s 

...
 

\J
1 "'
° 



St
at

is
tic

al
 

ca
lc

ul
at

io
ns

 
ba

se
d 

on
 

m
ea

su
re

m
en

ts
 

of
 

pi
tc

h 
an

d 
in

te
ns

ity
 

be
fo

re
 

an
d 

af
te

r 
vo

ic
e 

th
er

ap
y 

SD
 

• 
St

an
da

rd
 

de
v!

at
io

n 

1 
un

it 

M
ea

n 
of

 
m

ax
. 

pi
tc

h 
cp

s 

M
ea

n 
of

 
m

in
. 

pi
tc

h 
cp

s 

M
ea

n 
pi

tc
h 

cp
s 

A
bs

ol
ut

e 
m

ea
n 

pi
tc

h 
va

ri
at

io
n 

in
 

w
or

ds
 

cp
s 

R
el

at
iv

e 
m

ea
n 

pi
tc

h 
va

ri
at

io
n 

in
 

w
or

ds
 

i 
O

ve
ra

ll 
m

ea
n 

in
te

ns
it

y 
dB

 

M
ea

n 
in

te
ns

ity
 

ab
ov

e 
10

00
 

cp
s 

dB
 

H
er

m
a1

iz
ed

 
m

ea
n 

in
te

ns
ity

 
ab

ov
e 

10
00

 
cp

s 
dB

 

M
ea

n 
of

 
m

ax
. 

pi
tc

h 
cp

s 

M
ea

n 
of

 
m

in
. 

pi
tc

h 
cp

s 

M
ea

n 
pi

tc
h 

cp
s 

A
bs

ol
ut

e 
m

ea
n 

pi
tc

h 
va

ri
at

io
n 

in
 

w
or

ds
 

cp
s 

R
el

at
iv

e 
m

ea
n 

pi
tc

h 
va

ri
at

io
n 

in
 

w
or

ds
 

%
 

O
ve

ra
ll 

m
ea

n 
in

te
ns

ity
 

dB
 

M
ea

n 
in

te
ns

ity
 

ab
ov

e 
10

00
 

cp
s 

dB
 

H
er

m
a1

iz
ed

 
m

ea
n 

in
te

ns
ity

 
ab

ov
e 

10
00

 
cp

s 
dB

 

be
fo

re
 

sp
ee

ch
 

th
er

ap
y 

af
te

r 
sp

ee
ch

 
th

er
ap

y 

m
ea

ns
 

SD
 

24
6 

)6
.7

 

1.
5)

 
17

.0
 

20
0 

21
.8

 

98
 

4o
.o

 

49
 

20
 

46
 

2.
J 

19
 

4.
2 

18
 

4.
2 

22
8 

25
.7

 

1.
51

 
17

.1
 

18
9 

17
.0

 

77
 

27
.J

 

41
 

15
.9

 

4.
5 

2.
2 

17
 

J.
8 

17
 

J.
8 

99
 

i 
C

I 
m

ea
ns

 
SD

 
99

 
i 

C
I 

24
6 

• 
26

.0
 

22
0 

)7
.2

 
22

0 
±

 
2J

.l 

15
'.3

 
±

 
12

.1
 

15
6 

17
.9

 
1.

56
 

±
 

11
.1

 

20
0 

±
 

15
.4

 
18

8 
2J

.7
 

18
8 

±
 

14
.7

 

98
 

:t
: 

28
.J

 
68

 
4o

.o
 

68
 

±
 

25
.6

 

--
-

J6
 

21
.J

 
--

-
46

 
:t 

1.
.5

 
44

 
2.

2 
44

 
±

 
1.

9 

19
 

±
 

2.
9 

19
 

5.
8 

19
 

±
 

J.
7 

18
 

±
 

2.
9 

20
 

5.
8 

20
 

±
 

J.
7 

22
8 

±
 

2J
.l 

20
7 

24
.7

 
20

7 
±

 
17

.5
 

1.
51

 
±

 
15

.4
 

16
1 

19
.4

 
16

1 
±

 
13

.7
 

18
9 

±
 

15
.J

 
18

4 
17

.8
 

18
4 

±
 

12
.6

 

77
 

±
 

24
 •

 .5
 

46
 

26
.7

 
46

 
:t:

 
19

.0
 

--
-

2.
5 

14
.5

 
--

-
4 

.5
 t

 
1.

7 
4)

 
2.

8 
4J

 
±

 
1.

9 

17
 

t 
2.

9 
19

 
4.

2 
19

 
±

 
2.

8 

17
 

±
 

2.
9 

21
 

4.
2 

21
 

:t 
2.

8 

Pa
tie

nt
 

N
o.

2.
 

(R
H

) 

Fi
g.

 
8.

 

ch
an

ge
 

du
ri

ng
 

th
er

ap
y 

ch
an

ge
±

 
SD

 
1,

,;.
L

 

be
tt

er
 

th
an

 

-2
6 

±
 

40
.1

 
98

 
i 

+
 

J 
±

 
22

.J
 

J.
5 

i 
-1

2 
±

 
22

.8
 

96
 

i 
-J

l 
±

 
35

.0
 

99
.5

 
i 

-1
) 

±
 

20
.6

 
98

 
i 

--
-

--
-

--
-

--
-

2.
4 

±
 

5.
8 

90
 

i 

-2
1 

z 
25

.5
 

7.
5 

%
 

+
10

 
• 

18
.J

 
9)

 
i 

-
5 

:t 
17

.J
 

60
 

%
 

-J
l 

:t:
 

27
.0

 
99

.5
 

%
 

-1
6 

±
 

15
.9

 
99

.9
 

%
 

--
-

--
-

--
-

--
-

+
 

J.
8 

:t:
 

5.
8 

97
 

%
 

nu
m

be
r 

o~
 

vo
w

el
s 

21
 

st
re

ss
ed

 

vo
w

el
s 

18
 

un
st

re
ss

ed
 

vo
w

el
s 

~
 

0\
 

0 



KC,"J 

'1 

6 

s 

3 

2 

{ 

6 

s 

3 

2 

I -
-­

() :-. 

A-CA' ., 

' 
s 

"' , 
2 

( 

() L 

,t<,OS 
'1 

6 

5 

,f 

' ... ...-
.. .,,,. 

I .,,. .. 

I 

~ 

SONAGRAMS OF PATIENT EH BEFORE INJECTION OF PARAFFIN, AFTER 

INJECTION OF PARAFFIN, AND AFTER VOICE TRAINING. 

161 

~~.:;l-~ 
,,:~ _-··· ... 

---

·-· 
..... 

,•.,,. I 

--:.·1, 

-~~ 
~~ ;:.·._. __ 

~;; 
if-~:--

,r.,·· 

.. ~;.. ....... ~­
~-::"·-

a: y 

r 

c) 
I' 

..... -: .. .! ... ,. ... ,....,.- .... 

r 

a 

m. a 

IYl a 

Fig. f. 

30 

20 

lo 

0 

6 
Recording no. 1 

(Th: normal-!J:Phonation betore operation) 

The vowel formanta consist mainly ot 

noise. 

<Id 

~~-·,L 
~ A--t;o,1 

(J I 2 

Recording no. 2 

(Head register function.betore operation) 

The fundalllental frequency is too high, 

and the spectrum above 1000 cpa consists 

mainly of noise. 

Recording no. 3 
(After injection of paraftin) 

The fundamental frequency is lowered, and 

there is no tendency to diplophony any 

more. 

Recording no. 6 
(After voice training) 

Both the sonagrams and the section ot [a] 

look quite normal in thia recording. 



162 NINGOGRAMS OF PATIENT EH BEFOU IN.JJ:CTION OF PARAFFIN, AJ'TER INJECTION OF 
PARAFFIN, A.ND AFTER VOICE TRAnfINO, 

Thie recording shove the normal phonatory 

aituation with -the right recurrent nerve 

paralysed. Notice the unstable and very 

diCCu•• traces especially for the fundamen­

tal Crequency which sounds very diplophonic. 

ACter paraCtin injeotion into the right •ocal 

fol, the normal cheat register function ie r•• 

••tabliahed, but still the higher part ot the 

•peoirwa ia ioo veak, 

Patient EH was able to produce a r~ther normal phonation 

in the head register, but only when she wae forced to u•• 

high veice effort, 

- • .. -:· . 1 
·1 - .-=:~ 
I ! •• • I 

'..~l~L1·. ·: -:~~Et 
. .. - ;_J ___ LL1-L:i.: ; . 

After a •oice training period ot about one year the normal 

cheat register ii trained and th• intenaitiea ot the higher 

barlllonic• are enforce, (to be seen clearly vhen comparing 

the ditterenoel between trao• 6 and trao• 1 in the 1a.t two ............ ). 



Finally, the pitches and intensities respectively 

before and after speech therapy have been compared and 

the levels of confidence have been estimated. 

For patient no. 1 (TH) these comparisons are based 

comple~ely upon paired sets of data. There:fore, the stand­

ard deviation of' the "change during therapy" can be calcu­

lated from s = Vs 2 
+ s 

2 
- 2•r•s •s , where the correla~ 

X y · X y 
tion coefficient r varies between o.745 and o.4Bo. For 

patient no. 2 (RH) and patient no. J (EH) most of the data 

are paired, too. 

The statistical calculations for the :first two pa­

tients are shown in Fig. 7 and Fig. 8. 

8.1. Stressed contra unstressed vowels 

The calculations are separated :i,.nto data obtained 

from stressed and :from·unstressed vowels. We expected to 

:find some di:f:ferences especially in the spectrum above 

looo cps between the stressed and the unstressed vowels. 

This is apparently not the case. (E.g.patient no. l (TH): 

during the voice therapy the spectrum above looo cps ex­

hibits an average increase o:f 6.1 dB both in stressed and 

unstressed vowels.) 

8.2. Changes in pitch during the voice therapy 

The change in pitch is one o:f the most prominent 

changes during the voice training. Normally the pitch 

drops considerably in the beginning o:f the period -o:f ther­

apy, after which the pitch is raised a little in the :final 

stage o:f the training. These general :findings may be con-

firmed by means of' recordings no. IV, V, and VI :for patient 

no. J (EH), where the average pitch levels are calculated 

to 220, 18o~ and 184 cps :for the stressed vowels and to 

240, 18J, and 186 cps :for the unstressed vowels. 

Patient I no. l (TH) and patient no. 2 (RH) have only 

been recorded before and after the speech training. Th~y: 

also show a significant lowering o:f the pitch during the 
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training. The fall is 14 % both in stressed and unstressed 

vowels for patient no. 1 (TH) (level of significance better 

than o.ool) and 6 fo in the stressed vowels for patient no.2 

(RH) (level of significance better than 0.05),whereas the 

unstressed vowels are nearly w1.changed. 

Normally the intonation range is extended during the 

voi·ce training. In this respect patient no. l (TH) is also 

typical. The word intonation 3 is increased by 7.6 % (level 

of significance better than o.ool) from 17.8 % to 25.4 % 
in relation to the mean fundamental frequencies. Patient 

no. 2 (RH) is atypical in this respect. In spite o:f ~ 

considerable :fall in the maximum pitch during the training, 

the minimum pitch is almost unchanged. This naturally re­

sults in a reduced intonation range (from 49 % to 36 % :for 

the stressed vo,vels, and from 4~ % to 25 % for the unstressed 

vowels, both differences being significant, - see Fig. 7 
and 8). 

8.3. Changes in the spectral composition 

Real investigations of the spectral changes have not 

been undertaken. Some sonagrams (Fig. 2,3,5 and 9) give 

visual impressions of the spectral changes. Only one para­

meter has been registered and calculated: the change in 

mean intensity level above looo cps in relation to the in­

tensity level of the. full :frequency spectrum. 

All patients show an increased content of energy a­

bove looo cps after the speech training (the F2 - F3 region 

is emphasized which results in a h1gher degree of intelli­

gibility). The higher :frequencies are increased by 6.1 dB 

for patient no. 1 {TH) {level of significance better than 

-----------------------------------------------------------
,., ) 
.) The differences .b_etw..een the highest and the lowest 

pitches in 39 random selected words. 
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o.oo.1), about J dB f'or patient no. 2 (RH) (1evel of' signi­

ficance better than 0.005), and 3 dB £or patient no. 3 (EH) 
(level 0£ signif'icance better than o.1). 

9. Summary 

The aim has been to point out some possibilities :for 

objective determination o:f the changes in voice character­

istics during voice therapy. The· material used consists o:f 

tape recordings made be:fore and a:fter the therapy. 

This pilot investigation shows that_ measurements o:f 

the pitch and the normalized intensity level above looo cps 

are t1-rn usable parameters :for that purpose. (The change 

in pitch gives a rough indication o:f the physiological 

changes during the therapy, and the changes in the spectral 

composition may to some extent give us information about 

the change in intelligibility.) 

The three.patients used all show both considerable 

lowering o:f the average pitch and enforcement o:f the upper 

reg~on o:f the acoustic spectrum. 

The statistical calculations in:form us about the sta­

tistical significance o:f the observed changes. 
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