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A mixture of the acute and grave rule systems will give a tentative 

system predicting the fundamental frequency pat tern of Swedish nonsense 

word sentences without limitations concerning word accent. It should 

be s t ressed  that the present  ru les  descr ibe only a cer tain subject' s be - 
havior and that dialectal  and ideolectal differences have not yet been 

(4) considered . 
One important presupposition underlying our rule system i s  that the 

intonation contour can be split into two parts :  sentence intonation and 

word s t r e s s  marking. In statements pronounced by our subject the 

sentence intonation could be described simply a s  a l inear fall  in F with 
0 

constant starting and end values. The s t r e s s  marking contour i s  char - 
acter ized by the location of minima and by a positive F wave that con- 

0 

nects these minima. The amplitude of this  wave was found to be related 

to  the duration of the preceding s t ressed  vowel (Fig. 111-B-I). This 

system will predict  the intonational pat tern of sentences consisting only 

of acute accent words (Fig. 111-B -2). 

With respec t  to F there i s  a close similarity between the syllable 
0 

with secondary s t r e s s  in grave words and the s t ressed  syllable in acute 

words. However, the durational pattern i s  different. Typically a vowel 

carrying secondary s t r e s s  was found to be about 23 % shorter  than a 

main  s t r e s s  vowel, everything else  being equal('). This will influence 

the peak height of the Fo wave ( ~ i g .  111-B-I). 

The p r imary  s t r e s s  syllable of a grave word has  a different s t r e s s  

marking correlate .  The pattern is  the inverse of that of the acute accent, 

and the reference point i s  a maximum rather  than a minimum. The 

value of the maximum seems to be a function of the duration of the word 

 receding the grave syllable. Now there i s  a contradiction between two 

hypotheses viz. , the truncation hypothesis and the ra te  adjustment hypo- 

thesis  (3). The contradiction leads to  the question, should the word in- 

tonation contour of p r imary  s t r e s s  syllables in grave accent words have 

a fixed shape which i s  truncated in accordance with the duration of the 

vowel or should the minimum govern the pattern so a s  to cause an  ad-  

justment of ra te  ? In our system we have chosen the second hypothesis 

in order  to  make the ru les  a s  simple a s  possible. However, this i s  a t  

variance with the ea r l i e r  results(3).  The adopted rule might o r  might 

not be of perceptual importance. 
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The Fo ru le s  

The rule s have a s  input the s t re  s s  and tonal pattern and the duration 

of successive segments in a given sentence. 

LA1 Temporal  location of- --- -------- 
I. Fo minima 

i) Locate one minimum in the middle of each s t r e s sed  vowel 
segment except p r imary  s t r e s s  vowels in grave accent words. 

ii) Move the minimum to the vowel onset in sentence boundary 
words. 

iii) Two additional minima a r e  located a t  the beginning and 
end of the sentence. 

2 .  F, maxima 

Locate a maximum in the initial p a r t  of s t r e s sed  vowels 
carrying p r imary  s t r e s s  in grave accent words. 

FBL - L v a l u e s  of maxima ---------- 
C o m ~ u t e  the value of maxima (dealt with in stage A2) using 
the durational coefficient for the preceding word. 

onnect maxima and minima & L C , - , ,  -- -, -, -- --- - 
1. Connect maxima and minima by half a period of a cosine wave 

2 .  Connect minima with no maxima inbetween by a complete, 
inverted period of a cosine wave. The period length is de ter -  
mined by the duration inbetween the two minima and the 
amplitude i s  a function of the duration of the s t ressed  vowel 
containing the f i r  s t  minimum (Fig. 111-B - I). 

(D) Add the sentence intonation component ---_--__------------  --- 
F o r  our subject: a l inear fall f rom 120 Hz 
to 90 Hz. 

An illustration of how these ru l e s  function i s  shown in Fig. 111-B-3. 

It should be noted that the duration has  been normalized for the sentence 

carrying the grave accent word in order  to  get synchrony between the two 

sentence s. 

Possible expansion of the model 

Within the present  descriptive framework it appears  possible to make 

some generalizations aiming a t  a synthesis of a wider c l a s s  of sentence 

realizations. Alterations of the phrase contour could obviously give such 

effects a s  expression of doubt (question tone) o r  signalling that something 

will follow (continuation tone). 
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Fig. 111-B-I. Deviation of Fo peak from the underlying 
sentence contour as a f u n c t i ~ n  of the d u r a -  
tion of the preceding s t r e s sed  vowel. 
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Fig. 111-B-2. A fundamental frequency contour synthesized with the aid of the timing and F, rules 
described in the text. The structural analysis of the sentence is  shown to the left. 
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Depending on the s t ructural  analysis of the sentence some variation 

in the timing and intonation might be predicted. In this section we will 

demonstrate how the model handles junctural phenomena and emphasis  

within a single sentence. The sentence chosen i s  the same a s  the one 

used in the previous sections. One procedure that the model suggests 

for creating emphatic s t r e s s  i s  briefly touched upon in ref."). The x 

coefficient in the timing rule contains a cer tain factor greater  than the 

one for the emphatic segments and the inverse of that factor for  the 

surrounding syllables. Through this factor the absolute value of the n 

coefficient may be made continuously variable so  a s  to provide the ap  - 
propriate degree of emphasis.  The resulting modification of the t ime 

s tructure will cause a desirable  modification of the intonational pat tern 

without altering the Fo-rule  s. The pat tern can be seen in Fig. 111-B -4. 

Only one outstanding peak in F associated with the emphasis appears  
0 t 5) a s  a l so  noted for other languages (Svetozarova) . 

In Fig. 111-B-4 two alternatives a r e  presented; emphasis  on the 

s t ressed  syllable vs  on the whole word. These realizations can be in 
I 

f ree  variation but with a definitive preference for  the syllable emphasis.  I 1 

The next example i l lustrates  how in this  model a difference in syn- 

tactic analysis of the same sentence will be reflected in different p ro -  

sodic patterns.  Dividing the reference sentence in two phrases  a t  two 

different places will convey a shift of meaning as :  1 

"John tog bilen i garaget" "John took the car  in the garage" 

"John tog bilen i garaget" "John took the ca r  in the garage" 

In the model this has  been handled by letting the phrases  pass  through 

the rule system independently but deleting the final and initial specifica- 

tion of Fo a t  the juncture. The resul t  can be seen in Fig. 111-B -5. In 

this  example informal listening t e s t s  indicate that no impression of 

subordination of the second par t  of the sentence i s  conveyed but a c lear  

prejunctural increase in perceived s t r e s s  i s  apparent. The subordina- 

tion could easi ly  be taken care  of by postulating a higher node with ap - 
(2) propriate cu , p coefficients a s  discussed extensively in ref. . 

Conclusion: At leas t  two c lasses  of effects a r e  omitted in the present  

model of prosody. One i s  the variation in intensity depending on the 

amplitude and spec t ra l  shape of the sound sources ,  the other i s  the 
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Fig.  111-B-3. Synthesized fundamental frequency contours showing the difference between accent I and accent 11. 
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systematic distribution of positional allophones. This does not mean that 

we deny the importance of these effects, only that we want to  concentrate 

on what we believe to be the two mos t  important prosodic factors  that 

a r e  not segment-specific namely timing and Fo intonation. 

The relevance of our rule system has been demonstrated by syn- 

the sizing nonsense sentence s including the given example s and evaluating 

them in an informal listening situation. The present  rule  system i s  only 

tentative and obviously insufficient in many respects .  However, it i s  in- 

tended a s  a basis  for a description that could be tested against new c lasses  

of analytical data and it could a l so  be subject to  more  formal  perceptual 

evaluations. This will surely urge modifications and expansions but st i l l  

we feel that a t  this ra ther  prel iminary stage some important generaliza- 

tions have a l l  the same been captured. 
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Fig. 111-B-4. Synthesized fundamental frequency contours showing two examples of emphasis.  
Emphasized syllables a r e  shown in the s t ruc tura l  analysis by thick lines. 
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IV. PSYCHOACOUSTICS 

A. DETERMINATION OF DIFFERENCE LIMEN AT LOW FREQUENCIES 
Summary of thesis  work for "civilingenjorsexamenfI 

A. Askenfelt 

Abstract 

Difference l imen for frequency was determined in the region 40-200 Hz. 
Three types of stimuli were used; double -bass  synthesis, low-pass fi l-  
t e red  pulse t ra in ,  and pure tones. Subjects listened to p a i r s  of tones and 
adjusted the frequency of the second tone until they had matched the pitches 
to their own satisfaction. The standard deviation of the settings was used 
a s  measure  of DL. 

The obtained DL' s a r e  a tenth of the often quoted data of Shower & 
Biddulph and Zwicker & Feldtkeller but in close agreement  with the data 
of J.  Nordmark (1968). P u r e  tone s gave nearly twice a s  high value s of 
D L ' S  a s  the complex tones. 

1. Introduction 

It has  been realized for a long time that data on pitch discrimination 
(1) a r e  of relevance not only to psychoacoustics but a l so  to musicology . 

Since the end of the 19th century a number of investigations of difference 

lirnen (DL) for frequency h a s  been car r ied  out (2,3,4159627).  ~h~ results 

of some of the more  important works a r e  shown in Fig. IV-A-1. A s  seen 

in the figure there i s  a considerable degree of disagreement ,  which in 

pa r t  i s  probably due to differing methods of measurement .  Also, it ap- 

p e a r s  to a musician that some of the values reported a r e  strikingly high. 

F o r  example,  the classical  work of Shower & ~ i d d u l ~ h ' ~ )  gives a D L  of 

3 Hz a t  a frequency of 60 Hz. This corresponds to 85 cents,  a lmost  a 

semitone (1 semitone = 100 cents). All but one of these resu l t s  a r e  de- 

rived f r o m  stimuli consisting of pure sinusoids. No attempt has  ea r l i e r  

been made to measure  DL for frequency with more  "naturalff  sounds. 

The purpose of this work i s  to  determine D L  for low frequencies using 

stimuli s imi lar  to the tones f rom a musical  bass  instrument. 

2.  Stimuli 

The double -bass  was chosen to represent  the bass  instruments.  S i x  
tones in the frequency region 40-200 Hz were recorded in a n  anechoic 

room and analyzed by an  audio-frequency spectrograph. A typical spec-  

t rum i s  shown in Fig. IV-A-2. The tones were synthesized according to 


