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ABSTRACT 

 The onset of this monograph dates back to ten to fifteen years ago when I was teaching MA 

Applied linguistics in Tamil University, Thanjavur. This write up which was rather class notes was 

written in Tamil as MA applied linguistics is/was introduced through Tamil medium in Tamil University. 

The lack of computational linguistics materials in Tamil made me to write notes of the concerned topic in 

Tamil. So far it was lying in my laptop. Prof. M.S. Thirumalai suggested me to publish it in book format 

in Language in India. So, I am doing it now.  

 The book talks mainly about three important matters in computational linguistics: acoustic 

phonetics, text to speech processing and speech to text processing. The book is organized into eight 

chapters. 

Chapter 1: Introduction 

 The first chapter is “Introduction’. It makes a brief note on acoustics phonetics, text to speech 

processing and speech to text processing. 

Chapter 2: Acoustic phonetics 

 This chapter is divided into ten subsections apart from introduction and abstract: the generation of 

sound, the propagation of sound waves, absorption and reflection of sound energy, free and forced 

vibration: resonance, the speech mechanism as sound generator, the vocal tract, periodic and aperiodic 

sounds, acoustic analysis: the sound spectrograph, acoustic features of English sounds and acoustic cues 

for the recognition of speech sounds. This chapter lays foundation for further aspects of speech processing 

such as speech synthesis (text to speech) and speech recognition (speech to text).  

Chapter 3: Articulatory and acoustic analysis of Tamil sounds 

 This chapter mainly talks about two aspects of Tamil sounds, the articulatory aspects of Tamil 

sounds and acoustics analysis of Tamil sounds. The articulatory aspects of Tamil sounds have been 

explained with a diagram depicting organs of speech. The sounds are classified into vowels and 

consonants. The vowels are explained in terms of three dimensions: front and back, closed and open and 
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rounded and unrounded. The consonants are classified from the point of view of place and manner of 

articulation. From acoustic point of view Tamil sounds both vowels and consonants are analyzed using 

spectrograph and the spectrographs are given as such with explanations on the acoustic features of Tamil 

sounds. 

Chapter 4: Text to speech processing 

 It talks mainly about text to speech, speech synthesis, approaches to speech synthesis, the pros 

and cons of speech synthesis methodology and application of text to speech systems. The important 

aspects dealt here are speech and transcriptions, the international phonetic alphabets, phonological rules 

and finite state transducers, correlating text with phonemes, pronunciation dictionaries, prosody in text to 

speech and the history of approaches to speech synthesis  

Chapter 5: Text to speech processing in Tamil 

 The chapter talks about the attempts to development of text to speech systems in Tamil. It gives 

the details of different types of text to speech systems attempted for Tamil. It talks elaborately on three 

important text to speech system attempted for Tamil.  

 The text to speech conversion system for Tamil which was attempted by Philips and others has 

been elaborated on at first. They claim that the text-to-speech engine developed for Tamil language could 

successfully convert any arbitrary Tamil Text into spoken utterance. The back-end of the engine was a 

sound database created with 343 phonemes (phones) which were chosen as the basic units of Tamil 

language. The text-to-speech engine splits the given text into the basic units of Tamil, extracts the correct 

phonemes from the database and concatenates the basic unit waveforms in the correct sequence to 

produce the required sound waveform. The front-end of the engine is a GUI that allows users to input 

Tamil text in letters of even numbers. The text can be stored to be used at a later time. The Tamil font 

“TSC_Avarangal” was selected as the font to develop the user interface. The sound editing software 

“Sound Forge” was used when preparing the phonemes with direct pitch. This work shows that for 

languages like Tamil text-to-speech engines can be successfully developed with available resources.  

 The next is on the “Decision tree learning for automatic grapheme to phoneme conversion for 

Tamil” developed by Udhayakumar and others. They claim it as a novel approach for grapheme to 

phoneme conversion using decision tree learning technique. They also claim that the proposed approach, 

unlike the rule based approach, can generated rules spanning wider context and thus give better accuracy 

for the conversion. 

 The third is on “Text to speech for Tamil”, a project report submitted by Arun Kumar for his 

MTech degree. He has developed a TTS system for Tamil language. It is a hybrid system; it combines the 

rule based approach and the rule based approach and concatenation approach. A well recorded speech file 

of the required alphabets is stored in the database. The design explains all the processing steps like text 

processing, grammatical rules and finally the concatenation process. The main researches in TTS are all 

about the naturalness in the output speech. Arun Kumar claims that he has acquired a certain level than 

the other TTS system available in the field as his TTS system gives output speech files with naturalness. 
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He also claims that by incorporating some other process like number system, machine learning etc. the 

naturalness of the TTS system will improve.  

Chapter 6: Speech to Text processing 

 This chapter describes initially about speech sounds and their transcription, automatic speeh 

recognition, miles stones in speech to text technology, the six categories of speech processing, types of 

speech recognition, the uses and applications of speech recognition system and the principles and 

strategies behind speech recognition technology. This is followed by discussion on generic speech 

recognition, speech recognizer based on statistical models, including training and decoding process, and 

knowledge sources. Then acoustic parameterization and modelling is explained in the light of acoustic 

feature analysis, acoustic models and adaptation. Lexical and pronunciation modelling and language 

modelling also are explained. 

Chapter 7: Speech to text processing in Tamil  

 In this chapter, different approaches to speech to text processing in Tamil are elaborated on 

quoting instances. A full -fledged speech to text system attempted for Tamil is explained. This system is 

built by Lakshmi and Hema A. Murthy. They claim that it is a novel technique for building a syllable 

based continuous speech recognizer when unannotated transcribed train data is available. They present 

different segmentation algorithms to segment the speech and the corresponding text into comparable 

syllable like units. A group delay based two level segmentation algorithms is proposed to extract accurate 

syllable units from the speech data. A rule based text segmentation algorithm is used to automatically 

annotate the text corresponding to the speech into syllable units. Isolated style syllable models are built 

using multiple frame size (MFS) and multiple frame rate (MFR) for all unique syllables by collecting 

examples from annotated speech. Experiments performed on Tamil language show that the recognition 

performance is comparable to recognizers built using manually segmented train data. These experiments 

suggest that system development cost can be reduced by using minimum manual effort if sentence level 

transcription of the speech data is available (Abstract from Lakshmi and Hema A. Murthy 2006) 

Chapter 8: Conclusion 

 The conclusion briefly discusses about the previous chapters and the need for speech analysis and 

speech processing in Tamil. 
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               Ἳ ὠὊ 

 ἱ ὂ Ὀὖ ἶ  Ἳὀ ὂ ὅὌ ἰ ἻὍὕἻ ἵὄ  Ἳὁὖ ὝὅὕὋὖὉὖ 

ἳὋ ἻὖὝἻὕ ὂ . ἱ Ὗὑ  ὂ Ἵὕ  ὂὈὖ ὅ ἻὠὌ ἻὐἻ ὂὖ ὃὕ  

ὅὁὖὉὕ ὠἻὉὖ ἵὄ  ἻὠὌ ὝὈὕὐὖὉὖὉ Ὀὕὁὑ Ἳ ἻὕἻ ὅ  ὅὂὖὠὄ 

ἰ Ἳ  ὄ  ἵ ὂὅ ὀ . ἽὖὌ ἰ Ἳ   academia.eduἱ  ὅὂὖὟὑ Ὃ 

ὝἽ ὂὖ Ὗὂ. ἽὖὌ ἱὠὂ  ὅὉ ὅ ὂὖὉὂὕἻ ὝὂὕὖἻὖ Ὃ. ὟὅὊὕἽὖὕὖὉ ὂὖ ὈὠὌ Ἧὑ Ἳ 

Ἧὑ  ὝὑὍὖὉὖ Language in India ἵ Ὃ ὂὖ Ἳ Ὀὖ ὄὕ ὑὖὂὐὖ ἱ Ὗὑ ὠὀ ὝὑὍὖὉὖὀ 

ἳὂὑὖ ἻὊ ὃὗ ὄὕ. Ἧὂὄὕ ἱ Ὗὑ  ὂ  ὑὠὊὑὖ ὂὖ ὂ Ἳ Ὀὕ Ὃ Ἳ 

ὑὖὕὖὑὕ Ἳ ὝἽ  ἱὠὂ Ἰ  ὌὕἻ Language in India-ὑὖ ἽὈ ὅὖ Ἳὖ ὟὋ. 

ὅὉ ὍὂὕἻ ἱ ὂὕ ὈἻὖ Ἵὖ ἯὠὀὟὑ . ὂὖ ὂ ἻὟὍὕ Ὀὕ Ὃ ἻὟὍὕ ὑὖὕὖὑὕ ἻὟὈὕ 

Ὗὂὠὑ ὅ ὀὕ ἵ  Ὀὖ ὄ Ἵ  ἵ ὂ  (rajushush@gmail.com). ὟὅὊὕἽὖὕὖὉ ὂὖ ὈὠὌ 

Ἧὑ Ἳ  ἵὄ  ὈὄὈὕ ὂ ὃ ὋὖὠὉ Ὕὂὕὖὑὖ ὝἻὕ Ἳὖ ὟὋ. 

 ἱ   ἻὖὉ ὅὕἻ ἻὍὕἻ ἯὠὈ . ὂ ὅ ὂὖὉὖ Ἰ ὉὖὉ ἻὑὖὉ Ὃὖ  

ὑὖὍ Ἳ ὅ Ὅ. ἱὠὂ ἵ ὑὂ  Ἦ ὠὊ (Fry1979) ἵ ὂὖὉ The Physics of Speech  

ἵ Ὃ  ὅὉ ὅ ὀ. ὂὈὖ Ἳὕὄ Ὀὕ Ὃ Ἳ ὝἽ  ἱ ὑὖὉ Ἦ ὠὊὠὉ ὂ ὑὖ 

ἵ ὂ ὅ Ὅ. ἱὊ ὀὕὑ ὅ ὂὖ ἳὠὊὉὖ  Ὗὅ  Ὀὕ Ὃ Ὕὂὕὐὖ ὅ Ὃὖ  

ὑὖὍ Ἳὖ Ὃ. ὂὈὖ ἻὕἻ ὝἽ Ὁ ὅ ὀ ἳὠὊὉὖ  Ὗὅ  Ὀὕ Ὃ ὅ ὋὖὉ Ἰ  ἽὖὌ 

Ὁ ἽὖἻ ὑὖὕὖὑὕἻ ὂὊ ὅ Ὅ. Ὃὕὑ ὅ ὂὖ Ὗὅ Ἵὖ  ἳὠὊ Ὀὕ Ὃ 

Ὕὂὕὐὖ ὅ ὅ Ὃὖ ὑὖὕὖ ὠὊ Ἳὖ Ὃ. ὂὈὖ ἻὕἻ ὝἽ Ὁ ὅ ὀ Ὗὅ Ἵὖ  ἳὠὊ 

Ὀὕ Ὃ Ὃὖ ὂ Ἰ  ἽὖὌ Ὁ ἽὖἻ ὑὖὕὖὑὕἻ ὂὊ ὅ Ὅ . 

            Ἧ ὀ   

         Ἵ. ἱὊὕὟἽ ὂὖὊ 
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      ἱὉ  1  

                                                     ἯὋὖ Ἳ 

 

Ἰ  ἱὉ ἻὑὖὉ Ἰ ἻὍὖ Ἰ  ἱὉ Ἳ ἯὠὈ ὠὅ ἰὊὕ ἻὖὋ. ἱὠὂ  ὂὑὖὊ 

Ἰ ἻὠὍ Ὗὅ  ἳ ἻὍὕ ἳ ὑὕ  ὠὋ Ἧ ὅὠὀὉὖ ὟἻ  ἱὉ  

Ἧ ὅὠὀὉὖ ὝἻὕ  ὑὖὍ ἻὌὕ. Ἰ ὉὖὉ ἻὑὖὉ Ὗὅ ὝἽὕ Ὁὖ ὝὅὍὂὗἻ 

ὂ ὠὈὠὉ (physical properties) ἰὊὕ Ἳὖ Ὃ. ὃὕ Ἧ Ὃὕὀ ὅὌ Ἰ ἻὠὍ 

ὟἻ Ἳὖ ὟὋὕ. ἱὑ Ὃὖ Ἱ  Ἰ ὠὉ Ὀ ὝὋὕ Ἰ Ὁὖ  ὟὑὋὕἻ ὃὕ ὟἻ ὁ ὑὂ 

ἻὖὉ ἻὕὊὁὈὕἻ ἯὠὈὑ  Ἧὂ  Ἰ ὉὖὉ Ἳ ἻὍὕ .   

 Ἰ Ὁ Ἳ Ὗὑ ὅ ὀ Ἰ  ἳ ὅ ὂ ἻὍὖ Ὕὅὕ ὠὈὉὕ Ἳ ἰ . Ἰ Ἳ  

ἳὉὖὝὊὕ Ἳ, ὝὈ ὝὉὕ Ἳ ἵὄ Ἰ  Ἧ ὅὠὀὉὖ ἱὊ  ὑὠἻ ὅ . 

ὝὈ ὝὉὕ Ἳ Ἧὑ Ὃὖ Ἰ  Ἧ ὅὠὀὉὖ ἲὕὖὂ Ἰ , ὅ ὝὌὕ, ἱὂ ὅ ὝὌὕ, 

Ἧ ὅ  Ἰ ,  Ἧ ὁ  Ἰ , ὃ  Ἧ ὁ  Ἰ , Ἳὠὀ Ἧ ὁ  Ἰ , Ὕὂὕ ὠὀ Ἰ  ἵὄ 

ὑὠἻ ὅ ὂ ὅ. Ἰ  ὠὋ Ἧ ὅὠὀὉὖ Ὕὑ Ὕὅὕ/ Ἧὠὀ Ὕὅὕ, ὝἻὕ, 

ἳὊὝἽὕ, Ὀ ὝἻὕ, ὑ Ὕὀὕ , ἰὝὀὕ, ἯὠὊὝὉὕ ἵὄ ὑὠἻ ὅ ὂ ὅ. 

Ἰ ὅὖὀ ἻὠὍ  Ἰ ὠὋἻὠὍ  ἱὠὁ  Ἰ Ἳ  Ὗὑ ὅ ὀ Ἰ ἻὍὕἻ 

ὅὕ ὅὂ ὅ . ἳὉὖὝὊὕ Ἳ Ἧὑ Ὃὖ Ἰ ὅὖὀ Ἧ ὅὠὀὉὖ  ἳὉὖὝὊὕ, ὃ  

ἳὉὖὝὊὕ, ὅὖ ἳὉὖὝὊὕ ἵὄ  ὅὖὕὖἻ ὅ . Ἧὠὑ Ἰ  Ὗὅὕ Ὗὅ ὐ 

ἶ ὅ  ὑ ὑ Ἧ ὅὠὀὉὖ Ὁ ἳὉὖὝὊὕ, ἯὠὊ Ὁ ἳὉὖὝὊὕ, ἯὠὊὂὖὋ ὂ,  ὂὖὋ ὂ 

Ἰ  ἵὄ ὅὖὕὖἻ ὅ . ἳὂ ἻὍὖ ὑ ὑ  Ἧ ὅὠὀὉὖ ὑὖ ἱὂ  ἳὉὖὝὊὕ, ὑὖὉὖὌὕ 

ἱὂ  ἳὉὖὝὊὕ ἵὄ ὑὠἻ ὅ ὂ ὅ . ἱ ὂ  ὑὠἻὉὕὄ ἯὍ ἻὍὖ 

Ἧ ὅὠὀὉὖ ἳὉὖὝὊὕ Ἳ Ὗὑ ὅ ὂ ὅ. Ὂ ὑὠὍ Ἰ  Ἧ ὅὠὀὉὖ Ἰ Ἳ  

ὊὝὌὕ, Ὂ Ὄὕ Ἰ  ἵὄ ὅ Ἳ ὅ . ὝὈ ὝὉὕ Ἳ , ἳὉὖὝὊὕ Ἳ ἱὠὁ  

ἯὠἽἻὠὍ (syllables) ἳ ὑὕ . ὝἽὕ ἻὠὍ ἯὠἽἻὍὕἻ ὅὖὕὖ ὅ ἯὠἽὉὕ Ἳ"  

(syllabification) ἵ  Ἧὠὐ Ἳ ὅ.  

 Ἰ ὅὖὉ Ὕὂὕὀ ὅὕὄ ὅ Ἳ Ἰ ὉὖὉ ἻὑὖὉ ὅ ἻὍὕἻ 

ὅὖὊὂὖὅ ὅὠὂ ὃὕ ἻὕὁὌὕ. Ὗὅ  ἳ ἻὍὖ ἯὠἽ ἻὍὕ Ἧὑ ὠὋ Ὃὖ Ὅ 
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Ἳὕ Ὃ Ἳ Ἧὂὖ ὑὠὀἻὖ Ὃὄ. Ἳὕ Ὃ ἻὍὖ Ἧὂὖ Ἳ ἯὠὌἻὍὕ  ὅὊ . 

ἱ ὑὂὖ ὠὑ ὃὖἻ Ὕὑ ἻὍὕἻ Ἳὁ Ἳὖ  ἯὍ ὝἻὕ ὍὌὕ. Ἰ ἻὍὖ ὅ Ὗὑ 

Ἰ ὉὖὉ Ἳ ἯὠὈ ὠὅ ἰὊὕὉ Ὕὅ ὟὀὕἻὖὊὕἮ (spectrograph) ἵ Ὃ Ἳ ὑὖ 

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ . ἱὂ ὌὈὕἻ ὂὕ  Ἰ ὉὖὉ ἻὑὖὉ ἯὋὖἿ Ἳ Ἰ ἻὍὖ 

Ἰ ὉὖὉ Ἳ ἻὠὍ ἯὋὖἻὖ Ὃὄ. Ὗὅ ὝἽὕ ἻὍὖ ὅ  ὃὌ ἻὠὍ Ἰ ὉὕὊὕ Ἵὖ 

Ἳ ὑὖἻὍὖ Ὄ  Ἳ ὀὋὖὑὟὂ Ἰ  ἱὉ ἻὑὖὉ ἻὖὉ Ὗὃὕ ἻὈὕ. 

ἱ Ὕὑὕ ὉὖὉ ἻὑὖὉ ἰ  ἱ  ὅὉ ὅὕ  Ἧ ὅὠὀὉὖ ἳὠὊὉὖ  Ὗὅ Ἵὕ, 

Ὗὅ Ἵὖ  ἳὠὊ ἰ  ἵὄ ὑὍ Ὅ. 

Ἰ  ὝὈὕὐὖ ἵ Ἳ  Ἧὑ ὠὋ ἳ Ἵὕὖ ὅὂ Ἳὕὄ Ἰ Ἳ  ἻὖὉ ἰ . 

Ἰ  ὝἽ ὂὖ ἵ  ὑ ὑὈὕἻ ἱ ὅὠὂ Ἧὂ  ὑὕὖ ὑ ὑ ὂὖ ἳ Ὅ  ἵ ἻὖὟὋὕ. Ἰ  

ὝὈὕὐὖὉὖ ἳ Ὅ ἵ ὂὖ  Ἧὂὕὑ ὑὕὖ ὑ ὑ ὂὖ  Ἰ  ἯὍὑὖ  ἳ Ὅ 

Ὕὂὕὀ ὅὖὠὄ Ἳ ὀὋὖὉ Ὗὑ . Ἧ Ὗὅὕ  ἵ  Ἳ  (letter units) Ἰ  

ἯὌ Ἳ  (sound units) ἳ Ὅ Ὕὂὕὀ ὅὖὠὄ Ἳὁὖὂ ὂὖὊὈὕἻ ὑὠὊὉὠὋ ὝἽ Ὁ 

Ὗὑ . ἯὟὂ Ὗὅὕ Ἰ  ἯἻὊὕὂὖὠὉ Ἳὁὖὄὖὅ ὂ Ὗὑ . ἱ  ἵ   

ἵ ὅὠὂ ἳ ὅ  (morpheme) ἵ  ἻὖὟὋὕ. ὟὈ Ἳ ὀὑὕ ὑὕὖὑ ὑὈὕὄ 

ἳ ὅ Ἳ  Ἰ ὑ ὑὈὕὄ Ἰ Ὁ Ἳ  ἱὠὀὟὉ ἳ Ὅ Ὕὂὕὀ ἻὠὍ 

ὑὠὊὉ ὅὂὕ Ἰ  ἯἻὊὕὂὖὠὉ Ἳὁὖ ὝὅὕὋὖ ὅὉ ὅ ὑὂὕ Ὗὅ Ἵὖ  

ἵ  ὑ ὑ ἳὠὊὠὉ ἳ ὑὕ Ἳ ἱὉ . ἱ ὑὕ  Ὗὅ Ἵὖ  ἵ  ὑ ὑ ἳὠὊὠὉ 

ἳ ὑὕ  ὠὋὟὉ ἳὠὊὉὖ  Ὗὅ  (text to speech) ἵὄ ὅ . 

 ἱ ὂὠἻὉ ἯὠὈ ὅὖὠὄ ἳ ὑὕ ὑὂ Ἳὁὖ ὝὅὕὋὖ Ὕὅὕ Ἳ 

ὑ ὑὠἻ Ἳ ὅ Ἳὖ Ὃὄ. ἱ ὝὈ Ὕὅὕ ἻὠὍ ὅὉ ὅ ὂὖ Ἳὁὖ ὝὅὕὋὖὉὖ Ἰ ὑὕ Ἳὖ 

(mike) Ὄ  ὟὅἽὖὄὕ Ὗὅ Ἵὕὄ ἵ  ὑ ὑὈὕἻ Ὀὕ Ὃ ὝἽ Ὁ ὅ ἳὠὊ ὑ ὑὖ 

Ἳὖὠὀ . ἱὂ Ἳὕὄ ἰ  ὅὁὖἻ ὃὠὀὝὅ  ὑ Ἳὖ Ὃὄ. ἰ ἻὖὌ ὠὂ 

Ὕὅὕ ὂὑὠὊὉὖ ἱ ὂ ἰ  ὅὁὖἻ ὃ  Ὕὑ Ὃὖ Ὕὅ Ὅὄ. ἱ  Ὗὅὕ  ὅὖὋ 

ὝὈὕὐὖ Ἳὕὄ ἯὠὈ Ἳ ἳ ὑὕ ὑὂ  Ἳὁὖ ὝὅὕὋὖ ἯὋὖὑὖὉὕ ὝὈὕὐὖὉὖὉ 

ὃὖ ὁ Ἳ ἱὠὁ  ὅὁὖὉὕ Ἳὖ Ὃὄ. ὂὈὖὐὖ ἱ ὂὠἻὉ Ὁ ἽὖἻ Ὃ ὂ Ἳ ἯὍ  

Ὕὑ Ὃὖ Ὕὅ Ὅὄ. 
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 ὂὄὖὉ  Ὗὅ ἽὋὖ ἻὖὉ ὝἽὉ ὅὕ Ἰ ὉὖὉ Ἳ ἯὠὌὑ ὑ ὂὖὠὄ ἳ ὍὗὀὕἻ 

ἶ  ὝἽὕ ἻὍὖ ὟἻὕ ὠὑὠὉ ὝὑὍὖ ὀὕἻ ἳ ὅ ὂὖ ὝἽ ὑὂὕ. ἳὠὊὉὖ  

Ὗὅ ὑὕ Ἳ ἵ Ὃ ὝἽὉ ὅὕ ἳὠὊ  ὝἽὕ ἻὍὖ ὟἻὕ ὠὑὠὉ ἳ ὍὗὀὕἻ ἶ  

ἯὠὌἻὠὍ ὝὑὍὖ ὀὕἻ Ὕὅ ὑὂὕ.  

 Ὗὅ  ὝἽὕ ἵ ὅ  Ὗὅ Ἵὖ Ἵὖ ἯὌ ἻὍὕ ἰὄ . Ὗὅ Ἵὕ Ἰ  

Ἧ ὅὠὀὉὖὌὕὄ ἵ  Ἰ ὠὋὉὖ ἳ ὠὋ  Ἳ ἻὠὍ  

Ἰ ὉὖὉ ἻὑὖὉ  ἵ Ὄὕ ὂ ἻὕὌ ὟἻὕ ὅὕ ἻὠὍ ἳ Ὅὀ  ὟἻὕ ὅὕ ἰ . 

Ὗὅ ἽὋὖὂ Ὀ  Ὗὅ ὑὕ Ἳ Ὕὂὕὐὖ ὅ ἻὠὍ  Ἳὁὖὄὖ Ἰ ὉὄὖὉὖὉ 

(computational phonology) ἵ Ὃ Ὕὂὕὀ Ὅ ὝὈὕὐὖὉὖὉ ἻὖὠὍὠὉ ἯὋὖ  

ὝἻὕὀὕ   Ὗὅ  ἳ ὑὕ Ἳ Ὀ  ἳὠὊ ἳ ὑὕ Ἳ  ἱὑ Ὃὖ ὅὕὖὈὕὁ ἵ ὄ 

ἵ ὅὠὂ ἯὋὖ  ὝἻὕ ὍὌὕ.  
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                       ἱὉ  2 

                           Ἰ ὉὖὉ ἻὑὖὉ  

2.1. ἯὋὖ Ἳ 

Ὗὅ ὝἽὕ ὠὉ ἰὊὕ  ὠὋὠὉ Ἰ ὉὖὉ (phonetics) ἵ ἻὖὟὋὕ. Ὕὅ ὅὕὌὕὄ 

ὝὈὕὐὖἻὍὖ ἵ  ὠὋ, Ὗὅ  ὠὋὟὉὕ Ἰ ὂὖ ὅὂὖ ὠὌ. ἶὝὄ Ὃὕ, Ὗὅ  

Ὕὅὕ  ἵ  Ἰ ἻὠὍ ἵ Ὄὕ ὂὈὖ ὑὕὖ ὑ ὑὖ ἵ ὂὖ Ἳὕ ὑὂὖ ὠὌ. ἯὟὂ 

Ὗὅὕ ὂὕ ἰ ἻὖὌ ὂὖ Ὗὅ  ὠὋ  ἵ  ὠὋ  Ὗὑ ὅὕ Ἳ ἳ Ὅὄ. 

Ὗὅ ὑὠὂ Ἰ ὠὋ ὂὑὋὕὈ ἵ ὂὖ Ἳὕ ἻὠὌ Ἰ ὝὅὉ ὅὕ. Ἰ ἻὍὕ 

ἵ ὅ Ὕὅ ἵ Ὄὕ Ἰ ἻὠὍ  Ἰ  ὑὖὀὕὈ ὑὖὍ ὑ Ἰ ὉὖὉ  ἻὖὉ 

ὟὑὠὌὉὕ . 

Ἰ ἻὠὍ Ἳ ὝἻὕ ὀὕ Ἧὂ ὅ  ὃὕ ὅὌ ὅὉ ἻὠὍ ἯὠὀὉ ἱὉ . 

× Ἰ  ἳ ἻὍὖ ὑὠἻ, Ἧ ἻὍὖ Ὕὂὕὐὖ ἱὠὑἻὠὍ ἯὋὖ ὂὖ ὂὕ Ἧὂ  

Ὄ  ὃὕ ὅὖὋὝὈὕὐὖὉὖ ἳ Ὅ Ἰ Ἳ  ἵ ὑὕ ἵ Ἳὖ Ὃὄ ἵ ὅὂὠὄ 

ὑὠἻ ὅ ὂὖ ἵὍὖὂὖ ἳὁ  ὝἻὕ Ὅ . 

× ὅὖὋὝὈὕὐὖὉὖ Ἳὕὁ ὅ  ὅ Ὗὑ Ἰ ἻὠὍ, Ἧὑ Ὃὖ Ἰ ὋὟὄὕ Ἰ Ὅ 

Ὕὂὕὀ, Ὕὂὕὐὖ ἰὊ  ὑὠἻ ὅ ὂὖ ὝἻὕ Ὅ . 

× ἱὂ  Ἧ ὅὠὀὉὖ Ἧ ὝὈὕὐὖὠὉ ἵὍὖὂὖ Ἧὑὄὕ  ὕὖ ὝἻὕ Ὅ . 

Ἰ  ὝὈὕὐὖὉὖ ἵ Ὄὕ Ἰ Ἳ  ἱ ὅὂὖ ὠὌ. Ἰ Ὕὑὕ ὝὈὕὐὖὉὖ Ἵὖ ἽὖὌ Ἰ ἻὟὍ 

ἱ Ἳὖ Ὃὄ. ἽὖὌ ὝὈὕὐὖἻὍὖ ὅὐ ἻὈὖ Ὄὕὂ  Ἰ Ἳ  Ὗὂὕ Ἳὖ Ὃὄ. ἰὄὕ  Ἰ  

ἱὉὠὌ  ὅ Ὃὖ ὃ  ἯὋὖ ὂὑ  Ἧ  Ἰ ὠὉ  ἵὍὖὂὖ ὑὠἻ ὅ ὂὖ  

Ἧ Ὕὑὕ Ὁὖ ὅὖὋ ὠὅ ἯὑὊὕ ἯὋὖ  ὝἻὕ Ὅ . 

 Ἰ ἻὠὍ Ἧὂ  ὅὖὋ, Ἳὕ Ὃὖ ὅὊ ὂ, Ἳὕὂὕ ἳὁ ὂ  Ὗὅὕ Ὃ Ἧ ὅὠὀὉὖ 

ὋὕἻ ὅὖὕὖ ἻὌὕ. ἱὂ  Ἧ ὅὠὀὉὖ Ἰ ὉὖὉὠὌ (phonetics) Ἰ ὅὖὉ (articulatory 
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phonetics), ὟἻ Ὕὅὕ ὉὖὉ (auditory phonetics), Ἰ ὉὖὉ ἻὑὖὉ (acoustic phonetics) ἵὄ 

ὋὕἻ ὅ ἻὌὕ.  

 

 

 

 

 

ὑὠἻ Ἰ ὉὖὉ 

ὟἻ Ὕὅὕ ὉὖὉ Ἰ ὅὖὉ Ἰ ὉὖὉ ἻὑὖὉ 

 

Ἰ  ἱὉ ἻὑὖὉ Ἰ ἻὍὖ Ἰ  ἱὉ Ἳ ἯὠὈ ὠὅ ἰὊὕ ἻὖὋ. ἱὠὂ  ὂὑὖὊ Ἰ ἻὠὍ 

ὟἻ  ἱὉ ὠὅ ὝἻὕ  ὑὖὍ ἻὌὕ. ἱὂὖ Ὗὅ ὝἽὕ Ὁὖ ὝὅὍὂὗἻ ὂ ὠὈὠὉ 

(physical properties) ἰὊὕ Ἳὖ Ὃὄ. ὃὕ Ἧ Ὃὕὀ ὅὌ Ἰ ἻὠὍ ὟἻ Ἳὖ ὟὋὕ. 

ἱὑ Ὃὖ Ἱ  Ἰ ὠὉ Ὀ ὝὋὕ Ἰ Ὁὖ  ὟὑὋὕἻ ὃὕ ὟἻ ὁ ὑὂ ἻὖὉ 

ἻὕὊὁὈὕἻ ἯὠὈὑ  Ἧὂ  Ἰ ὉὖὉ Ἳ ἯὠὈ ὅὕ . Ἰ ἻὍὖ ἯὠἽ ἻὍὕ 

Ἧ Ὅ Ἳὕ Ὃ ἻὍὖ ἳ ὀὕ  Ἧὂὖ Ἵὖ, Ἧὂὄὕ ἰἻὕὉ ὂὖ ἳ Ὅ Ἳὕ Ὃὖ 

ἳ ὀὕ  Ἧὂὖ Ἵὖ ἰἻὖὉ ἱὠὑἻὠὍ  ἰὊὕ Ἳὖ Ὃὄ. Ἰ  ἯὠὌἻὍὕ ὑ  ἱὑ ὠὋ 

ἯὍ  Ἳὁ ἻὖὀὌὕ. Ἰ ἻὍὖ ὅ Ὗὑ Ἰ  ἱὉ Ἳ ἯὠὈ ὠὅ ἰὊὕὉ Ὕὅ ὟὀὕἻὖὊὕἮ 

(spectograph) ἵ Ὃ Ἳ ὑὖὠὉ ὅὉ ὅ ὑὂ ὌὈὕἻ ὂὕ  Ἰ ὉὖὉ ἯὋὖἿ Ἳ 

Ἧὑ Ὃὖ ὝἽὉ ὅὕ ὠὀ ἯὋὖἻὖ Ὃὄ. Ὗὅ ὝἽὕ ἻὍὖ ὅ  ὃὌ ἻὠὍ Ἰ ὉὕὊὕ Ἵὖ 

Ἳ ὑὖἻὍὖ Ὄ  Ἳ ὀὋὖὑὠὂ ὑὖὍ ὑὟὂ Ἰ  ἱὉ ἻὑὖὉ ἻὖὉ Ὗὃὕ ἻὈὕ.  

ἱ ὑὖὉ .ὅὖ.ἮὠὊ (Fry 1979) ἵ ὂὖὉ The Physics of Speech , ὀ ὟὌἮὟὅὕἻ 

(Ladefoged 1996) ἵ ὂὖὉ  Elements of Acoustic Phonetics  Ὀ  ἱὊὕὟἽ ὂὖὊ 

(ἱὊὕὟἽ ὂὖὊ 2000) ἵ ὂὖὉ Ἰ ὉὖὉ ἻὑὖὉ ἵ Ὃ ἻὍὖ Ἧ ὅὠὀὉὖ 

ἵ ὂ ὅ ὀ. Ἰ ὉὖὉ ἻὑὖὉ Ὃὖ ὂ ὑὖὕὖὑὕὄ ὑὖὍ Ἳ  ὂὈὖὐὖ ἱ Ὄὕὂὠὂ ἱ ὑὖὉ 
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ὃὖὠὋ ὝἽ . ἱ  ὅὖ ὄ ὑ  ἱὉ Ἳ , Ὃὖ ὅὕἻ ὂὈὖ ὅ ὑ  Ὗὅ  

ἳ ὑὕ Ἳ ὂὖ Ἧ ὅὠὀὉὕὄ Ἳ ἻὠὍ ὑὖὍ . 

2.2. Ἰ Ὁὖ ἳ ὑὕ Ἳ 

ὑὕ ὠἻὉὖ Ἰ  ἳ ὠὈ ἵ ὄὝὑ Ὃὕ ἱὉ ὠἻὉὖ ἱ Ὄὕὂ ὃὖὠὌὉὖ  

ἶὟὂ  Ἰ ὠὋ  ὝὅὋ ἱὉὌὕ. ὝὅὥὂὖἻ ὟὑὠὌ ὝἽ Ὁ ὅὀ Ὗὑ Ὀὕὄὕ Ἧὂ  

Ἵ ὂὖ ἯὍὖ Ἳ ὅὀ Ὗὑ . ὟὑὠὌ ἱ ὂ Ἵ ὂὖὠὉ Ἰ  ὑ ὑ ὂὖ  Ὀ ὝὋὕ 

ὑ ὑ ὂὖ Ὀὕ ὑὠὂ ἳ Ὅὀ . Ἰ ὠὉ ἳ ὅ ὂὖ ὝἽ ὂ Ἰ  ὝὅὥὂὖἻ ὟὑὠὌὉὕ . 

ἵὄὟὑ ἱ  Ἵ ὂὖὉὖ Ὕὅὕ ὂὈὕὄ Ὄ ὠὂ Ὕὅὕ  ἯὠὈἻὖὋ. ὑὕἽὖ ὅὑ 

ἵ ὟὌὕ  Ἵὖ Ὗὅὕὄὖ ἰ ὝἻ Ὂὕὑὖ ἲ ὅ ὑὠὂ ὅὕ ὅ ἱὂ  ὃ Ὄ 

ἵ Ἳὕ ὀὕ. Ὗὅ Ἳ ἸὟὊ ὟὃὊ ὂὖ ἱὉ Ἳὂὖ ἲ ὅ ὑ. Ὃὖ Ἰ  ὅ ὂὖ 

Ὗὅ ὂὈ  ὑὌ  ὠἻὠὉ  ὅὖ  ὃἻ ὂὖ ὝἻὕ ὅ. ὃὕ Ἳὖ Ἰ  ὅ ὂὖ Ὗὅ 

ἴὂὖ ὝἻὕ ὅ. Ὀὗὂὖ  ἷ  ὑὖ Ἳὕ Ὗὅ Ἰ  ὠἻὠὉὟὉὕ ἱ  ὠἻὠὉὟὉὕ 

ὅὉ ὅ ὂὖ Ἧ  ὝἻὕ ὅ. ἱ  Ἵ ὂὖὉὖ ὌὈὕ . ἱ  Ἰ Ἳὖὠὁ ὂ ἱὠἽ 

ὃὖἻ Ἵὖ Ἰ ὉὕἻ Ὀὕ Ὃ ὅ. ἵ ὟὌὕ  ὈὖἻ ὝὈ ὑὕἻ ὑὕἽὖ  ὅ  Ἰ  

ὠὋ Ἳ ὅὀὕ  ὈὖἻ  ὠὋ ὂ  Ἵ ὂὖ ὝἽὌὑὐὖ Ἳ ὅ ἵ ὅ  ὝὑὍὖ ὅὠὀ; ἵ Ὄὕ ἱὠἽ 

ὑὕἽὖ ὅὑ ὂὠὌὠὈ ὑὕἽὖ ὅὑὠὊ ὂὄὖὟὉ ὑὉ  ὑὕἽὖ Ἳ ὑὖ  Ἱ Ὕὑ ὂὕ Ἵ ὂὖ 

ὈὖἻ ὠὋὑὕἻ ἱ  ἰὄὕ  Ἵ ὂὖ Ἰ  ὑὌ  ὠἻὉὕ ὂὊ ὅ ὑ Ὕὂὕὀ . 

ὅὌ ἱὠἽ Ἳ ὑὖἻ ἸὟὊ ὟὃὊ ὂὖ ὑὕἽὖ Ἳ ὅ ὑὂ ἻὕὊὁὈὕἻ  

ἰ ὝἻ Ὂὕὑὕ ἳ ὅ ὂὖ ὝἽ Ὁ ὅ Ἰ  Ἧ Ὃὕὀ Ἧ ὂὂὖ ἻὌὠὑ 

ὂ ὠὈ ὠὀὉὂὕ. Ἧὠὂ  ὕὖ ὝἻὕ ὑ ἵὍὖὂ Ὄ. ἻὠὌ ὝἽὕ Ἧ ὂ ὂὖ 

ὑὉ ὠὄ  ὂὄὖὉὕἻ ὑὕἽὖ ὅὂὕ ἳ ὑὕ  Ἰ  ὀ ἻὌὠὑ ὂ ὠὈ ἳὠὀὉὂὕ . ὃὕ 

Ἰ  ἳ ὅ ὂὖὉὖ ὑὖὑὕὂ ὑὖὍ Ἳ ὠὂ Ὕὂὕὀ Ἳ  Ὗὑ  Ἰ Ὁὖ ἵὍὖὉ ὑὠἻὉὕὄ 

ἱὠἽ Ἳὑ Ὁὖ Ἰ ὠὉ ἵ Ἳὕ ὀὕἻ ἵ  ὝἻὕ Ὗὑὕ. ὃὕ ἱὠἽ Ἳὑ ὠὉ Ἧὂ  

Ἧ Ὁὖ ὅὖ  ὠἻὉὖ ὠὑ ὂὖ ὂὕ Ἳὑ Ὁὖ ἻὖὠὍ ἱὉ Ἳὕ. Ἱ  ὃὖὠὌὉὖ 

ἱ ὅὂ ἻὕὊὁὈὕἻ Ἧ  ἹὠἽὠὉ ἳ ὑὕ ὑὂὖὠὌ. Ἰ  ἳ ὅ ὂὖ ὝἽ Ὁ Ἵ ὂὖ 

ὂὊ ὅὀὟὑ ; ἱ  Ἳὑ ὠὉ ὉὖὟὌὕ ὟὈὠἾὉὖὟὌὕ Ἧ ὅὂὕ ὝἽ Ὁ ὅ. 

Ἳὑ Ὁὖ Ἰ  ἻὖὠὍὠὉ Ἧ ὅὂὕ Ἳὑ Ὁὖ ἱὉ Ἳ Ὕὂὕὀ Ἳ Ὕὅ; ἱ  ὅὀ  1 a-Ὁὖ 

Ἳὕ Ὅ Ὗὅὕ  Ἳὑ  ἻὖὠὍὉὖ Ἧὂὖ ὠὑ ἳ ὑὕ . 
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         ὅὀ  1: ἱὠἽ Ἳὑ  ἻὖὠὍἻὍὖ ἱὉ Ἳ (Fry 1979: 6) 

 

ἱὠἽ Ἳὑ Ὁὖ ἻὖὠὍὠὉ Ἧ  ἯὍὖ Ἳ ὅ Ἵ ὂὖ ἳὟὌὕἻ ὂὖ 

ὟἽἻὕὖ Ἳ ὅ ἻὖὋ. Ἧ  ἱὀ  Ὀ  ὑὌ  ἻὖὠὍἻὍὖ  ὅὖ ὈὕἻ 

ἯὠἽ Ἳ  ὝἽὌὑὐὖ Ἳ ὅ Ἳὖ Ὃ. ὃὕ ὅὀ ὠὂ Ὕὃ ἻὈὕἻ Ἳὑὄὖ  ἵ ὄ 

ὃὀ Ἳὖ Ὃ ἵ ὅὠὂ ἰὉὌὕ. ἱὂὖ ὑὌ  Ἳὑ ἻὖὠὍὉὖ ἯὠἽ  Ἳὕ ὀ ὅ Ὅ. 

Ἳὑ ἻὖὠὍ Ἧ Ἳὅ ὑὂ  ὄ  Ἧὂ  ὃὖὠὌ A ἵὄ  Ὃὖ ὅὖὀ ὅ Ὅ. ἱ  

Ὕὂὕὀ Ἳ Ἱ  ὃὖὠὌὉὕ. Ἧ ὅ Ἧὠὂ ἱὀ  ὋὈὕἻ B ἵ  ἯὠὀὉὕὍ ὅ ὂ ὅ ὀ  

ὃὖὠὌ ὑὠὊ ἱὉ Ἳ ὝἽ . A  B  ἳ Ὅ Ὂ  Ἧ  ὑὖὠἽὠὉ 

Ὕὅὕ ὂὖ ἻὖὋ. ὂὌὕἻ ὑὖὠἽ ὂὊ ὅ ὀὕ ἻὖὠὍ  ὂ  Ὂ  ὃἻ . 

ἱὉ ὠἻὉὖ ὃὀ  ἵ ὂ ὃὖἻ ὠὑ ὟὅὕὌ ἻὖὠὍ Ὀὗ  ἳὀὄ ὉὕἻ ὂ  Ὕὂὕὀ Ἳ 

ὃὖὠὌ  ὑὊ Ὁ ; Ἧὂὕὑ ἻὖὠὍ BὉὖ  Ὀὗ  A  ὑὊ Ὁ . ἱ ὂ 

ἱὉ Ἳ ὂὖ Ὗὅὕ ἻὖὠὍ ὂ  ὟὑἻ Ὕὅ  Aἱ  ὃὖ ἻὕὈ CὑὠὊ ὝἽ . ἱ ὂ 

ὃὖὠὌὉὖ Ἧ  ὂὄ  Ἱ  ὃὖὠὌὉὖ  ὑὖὌἻὖ ἱ ὅὂὕ Ἧ  Ὀὗ  A ὃὖὠὌ  

ὂὖ ὅ Ὁ Ἵὖ ; Ὀὗ  ὂ  ὟὑἻ Ὕὅ ὑὂὕ B ὑὠὊ ὝἽ . ὃὈ  

Ὗὂὠὑ ἻὕἻ A  C  ἳ Ὅ Ὂ  A  B  ἳ Ὅ Ὂ ὂὖ  ἽὈὈὕὄ ἵ  

ἵ ὁὌὕ  (ἱ  ἳ ὠὈὉὖ Ἧ ὅ Ὁ Ὄ). ἱ ὑὕ  ἻὖὠὍ AὉὖ  B , BὉὖ  

C , C  A  ὂὖ ὅ ὂὖ ὅ ὅὉὁὖ . ἱ ὂ ἯὠἽ  ἱ ἻὖὠὍἻὍὖ  

ὃὖἻ. ἱ ὂ ἱὉ Ἳ ἱὀ  ἻὖὠὍὉὕ ὅὖὊὂὖὅ Ἳ ὅ Ἳὖ Ὃ; ἱ ὂ ἽὗὊὕὄ 

ἱὉ Ἳ Ἳ ὂὕ Ἰ ὠὉ ἳ ὑὕ  Ἳὑ Ὁὖ Ἧὂὖ ἻὠὍ ἳ Ὅὀ . AὉὖ  B, 

BὉὖ  A, A Ὁὖ  C, CὉὖ  A ἵ ὅὄ ἱὉ Ἳ ὂὖ Ἰ  ὑ ὀ ὠὂ ἳ ὑὕ ; 
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ἱ  ὅὌ ὂὀὠὑ ὂὖ ὅὖ ὝἽ Ὁ ὅ. AὉὖ  B Ἳὕὄ Ἧ Ὄ   AὉὖ  C Ἳὕὄ Ὂ  

Ἳὑ ἻὖὠὍὉὖ ἱὀ ὝὅὉ ἽὖὉὕ. ἱ ὂ Ὂ  ὈὖἻ ὠὋὑὕὄ ἵ Ὃὕ  ἽὕὂἻὈὕὄ 

ὐ  ἱὠὂ ἯὍ ἻὌὕ. ὃὕ Ἳὑ Ὁὖ ἯὠἽ  ἽὗὊὕὄ ἵ ἻὖὟὋὕ. Ἧὂὕὑ 

ἱὉ Ἳ ὂὖ  Ἰ Ὕὑὕ  ἸὟὊ ὟὃὊ ὠὂ ἵ . 

ὅὀ  2: ἱὠἽ Ἳὑ Ὁὖ ἱὉ Ἳ ὠὂ Ἳὕ  ὑὠὍ  (Fry 1979: 8) 

 

ὃὕ ἱὠἽ  Ἳὑ Ὁὖ ἻὖὠὍὉὖ Ὕὅ ἽὖὠὌ ἱὠὁ  ἱὠἽ Ἳὑ  ἻὖὠὍὉὖ 

ἱὉ Ἳ ὠὂ ἻὕἻὖὂ ὂὖ ὑὠὊὉὌὕ. ὅὀ  2ἱ  ἱὂ  ὑὖὠὍ Ἳὕ ὀ ὅ Ὅ. 

ἻὕἻὖὂ ὂὖ ὅὂὖ ὑὌ  ὅ Ἳ ὂὖ  ἱὀ  ὅ Ἳ ὂὖ ὝἽ Ἳὖ Ὃ; ὂὌὕὑὂὕἻ ὅὂὖ 

ὝἽ Ὁ ὅ ὑ Ἳὑ  Ἰ ὑὖ ἱ  Ὗὅὕ ὑὠὊὉ ὅ ὀ Ὗὃ ὟἻὕὀὕ. A ἵ Ὃ ἱὀ  

ὑὠὊ ὅὀ ὂὖ ἱ ὂ ὟἻὕ  ὍὖὉὖὀ ὅ ὀ Ὕὂὕὀ ἽὖὉὕἻ Ἳ ὀ ὅ Ὅ; ἱὂ  ὅ  

ὑὠὍὟἻὕ ἱ ὂ ὟἻὕ ὠὀ Ἵ ὂὖ  Ἰ Ὕὑὕ Ἳὁ ὂὖ  Ἳὑ Ὁὖ ἻὖὠὍ A ἵ Ὃ 

ἱὀ ὠὂ Ἳὀ Ὅ ἵὄὌὕ. ἱὠἽ  Ἳὑ  ἯὂὖὊ Ὕὂὕὀ  Ὗὅὕ ὂὌὕὑ ἱὉ Ἳ 

ὠὈὉ ὠὂ Ὗὃὕ ἻὖὉὂὕ; ὑὠὍὟἻὕ A  Bἷ Ὗὃὕ Ἳὖ ὑὠὊὉ ὅ  ἱ  ὅὖ ὄ 

A  ὂὖ ; ὅὖ ὄ C  Ὀ  A  ὑὠὊ ; ἱ ὑὕ  Ὀὗ  Ὀὗ  ὑὠὊ . 

ἱὉ Ἳ ὂὖ Ἰ   A-B-A-C-A ἵ Ὃ Ὕὂὕὀ ἽὖὉὕ. 

ὑὠὍὟἻὕ  ἻὗὟὐ ἻὕὌ ἯὍὠὑ Ἳὕ ὀ ὅ Ὅ; Ἧὂὖ  Ὕὂὕὀ  

Ἰ Ὕὑὕ Ὗὃ  0 ἻὕὌὈὕἻ  ὅὂὖ ὝἽ Ὁ ὅ Ὅ. ὃὕ ἱὠἽ  Ἳὑ  Ἧὂὖ ὠἻὉὖ 

ὅὕ ὂὕ ἱὉ Ἳ ἻὠὍ ἻὍὕἻ Ἳὕ ὅ  Ἵὕ ὂὖὉὈὖ Ὄὕὂὂὕ ἵ ὅὠὂ  

ἳὁ Ὗὑὕ; ὈὖἻ ὑὖὠὊὑὕἻ ἱὉ ὑὂὕ ὃὕ ὝὂὍὖὑὖ ὠὈὠὉ ὂὕ Ἳὕ Ὗὅὕ. 

ἻὕὌ ὠὂ ἯὍ ὅὂ  ὃὈ  ὈὖἻ ὠὋ ὂ ἯὌ  Ὗὂὠὑ ὅ Ἳὖ Ὃ. ἵὄὟὑὂὕ ἯὍὠὑ 

ἻὕὌ ὂὖ Ὗὄ Ὃ ὠὂ Ὀὖ  ὝἽἻ  (Ἰ  ὝἽἻ  ἰὉὖὊ ὂὖ Ἰ  ὅὕἻ) 

Ἳὕ ἻὖὋ. Ἰ   10 Ὀὖ ὝἽἻ  Ἳ Ὕὅ Ἳὖ Ὃ. ἱὂὖ ὅὕὂὖ A-B-A 

ἱὉ Ἳ ὂὖ Ὀ ὅὕὂὖ A-C-A ἱὉ Ἳ ὂὖ ἵ Ἳ ὅ ἻὖὋ. A-B ἵ Ὃ ἱὉ Ἳ 2.5 
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Ὀὖ  ὝἽἻ  ἵ Ἳὖ Ὃ. ἱ  Ὃὖ Ἳὕ ὅὕἻ  ἰ . ἱὉ Ἳ ὂὖ  ὅὌ 

ὂὀὠὑ ὃὖἻ Ἳὖ Ὃ (Ἧὂὖ ὑὖ Ὕὂὕὀ Ἳ Ὀ  ὂὕ  Ἳὕ ὀ ὅ Ὅ); Ἰ Ὕὑὕ 

 ἹὟὊ ἻὕὌ ἯὍὠὑ ἵ Ἳὖ Ὃ (10 Ὀὖ.ὝἽ.). ἱὉ Ἳ ὂὖ ἱ ὂ ὂὌὕὄ 

Ἰ ὠὋ ἻὕὊὁὈὕἻ ἱ ὂ ἱὉ Ἳ ἻὕὌ ἯὍ  ὈὕὋὕὂ (periodic) ἵ  

Ἧὠὐ Ἳ ὅ. Ἧὂὖ ἻὍὖ ἻὕὌ ἯὍ  10 Ὀὖ  ὝἽἻ  ἰ . Ἰ Ὁὖ ἱ ὂ Ὗὃὕ  

Ὕὅ ὅὕ Ἰ  ὝἽἻ  ἵ ὂὠὄ Ἳ ὠὈ Ὕὅ ἻὖὋ ἵ ὅὠὂ ἻὕὌ 

ἯὍὑὖ  Ἳὁ Ἳὖ  ὝὑὍὖ ὅ Ἳὖ Ὃ. ἱ  ἱὠἽ Ἳὑ Ἰ   10 

Ὀὖ ὝἽἻ ἵ ὅὂὕ ἱ  Ἰ  ὝἽἻ  100 ἻὠὍ ὠὈὉὕ . ἵὄὟὑ 

Ἧὂὖ ἻὍὖ ὃὖἻ Ὕὑ (frequency of vibration) Ἰ  ὝἽἻ  100 Ἳ ἰ . ἱ  

cps (cycle per second ) or (Heinrich  Hertz) ἵ Ὃ ὝἾ Ὀ ἱὉ ὅὖὉ ἯὋὖὑὖὉὌὕὕὖ 

ὃὖὠὄὑὕἻ) HZ ἵ  Ἳ ὅ Ἳὖ Ὃ. Ἰ ὠὉ ἯὍ ὅὂ  ὅὉ ὅ  ὈὖἻ ἻὖὉὈὕὄ 

ἯὍ  ὃὖἻ Ὕὑ (Frequeney) ἰ . ἱὠἽ  Ἳὑ  Ὗὑ ὅ ὀ Ἧὂὖ ὑὖ ὃὖἻ Ὕὑ Ἳ 

(Different frequencies of vibration) ἱ ἻὌὕ. ὅὀ  3 ὄ  ὅὕ ὂ 100  

ἱὠἽ Ἳὑ ὠὉ ὟἽ   ἱὠἽ Ἳὑ Ὁὖ ἻὕὌ ὑὠὍὟἻὕ ἻὠὍ Ἳὕ Ἳὖ Ὃὄ.  

ὑὠὍὟἻὕ Ἳ Ἧὂὖ Ἳ Ὕὂὕὀ Ἳ Ὕὅ Ὃὅὖ ὃὖἻ ἻὍὖ Ὗὅὕ ὠἻ Ἳὕ Ἳὖ Ὃὄ. 

Ἧὠὑ ὈὊὅὕἻ ὟὃὊ Ὁὕὄ ὂὖὠἽὉὖ ὑὖὌἻ ὀ (Ἧὂὕὑ C ἷ Ὗὃὕ Ἳὖ) Ὕὂὕὀ Ἳὖ Ὃὄ.  

ὅὀ 3 100, 200 150 cps Ἧὂὖ Ὕὑ Ἳ ὝἻὕ ὀ ὠἽ  ἯὠὌἻ  (Fry 1979: 9) 

 

 

 

 

 

 

ἻὕὌ Ὀὗ  Ὀὖ  
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ὝἽἻ  ἯὍ Ἳ ὅ Ἳὖ Ὃ. ὂ  ὑ  ὑὠὍὟἻὕ ὝἽἻ  100  ἵ Ὃ 

Ἳὑ  ἳὕὖὉὂὕ . ὃ  ὑὠὍὟἻὕ  ὃὕ ὂ  Ἳὑ  Ἰ   ὠἻὉὖ 

ἱὊ ὀὕὑ Ἳὑ  ἱὊ  Ἳ Ὅὠὂ ἻὕὁὌὕ; ἵὄὟὑ ἻὕὌ ἯὍ  5 Ὀὖ.ὝἽ.; 

ὃὖἻ Ὕὑ ὝἽἻ  200 Ἳ; ἱ  ὂὌὕὑ Ἳὑ ὠὉ Ἳὕ  ἱὊ  

Ὀὀ Ἳὕ . Ὃὕὑ ὑὠὍ ὟἻὕ  ἻὕὌ ἳὋ Ἳ  Ἵὖ ἻὌὕὄὂὕ; 20 Ὀὖ.ὝἽ.-ἱ  ἱ ὂ 

Ἳὑ   ἻὠὍ ὂὖ ; 100  Ἳὑ  ἱὊ  ἻὠὍ ὂὖ ; 

Ἧὂ  ὃὖἻ Ὕὑ 100x3/2 ἰ ; Ἧὂὕὑ ὝἽἻ  150 Ὃὕ . Ἰ  ὝἽἻὠὀ (1000 

Ὀὖ.ὝἽ.) 150 ἰ  ὑ  ὃὖἻ Ὕὑ ὁὖ  ἻὕὌ ἯὍὠὑ  ὝὅὋ ἱὉ ; ἱ  6.7 Ὀὖ.ὝἽ. 

(ἽὕὖὉὕἻ 6 2/3 Ὀὖ.ὝἽ.) ἵ Ὃ Ὀὂὖ ὠὅ ὂ . 

 Ἰ Ὁὖ ἯὍ Ἳ ὂ Ἳ Ἧὠὀ Ἧὂ  ὃὖἻ Ὕὑ ἰ ; ἯὍ Ἳ ὅ ὑ Ἰ ὠὉ 

ἳ ὑὕ  Ἰ  Ὕὅὕ Ὅὖ ὅ ὅὕ  ἵ ὅὠὂ ὃὕ Ὃὖ ὅὕἻ Ἳὑὄὖ ἻὟὑ . ὃὕ 

Ἰ  ὂ Ἳὖ Ὃ ἳὁ ἻὍὖ ὂὕ  ὈὖἻ ὑὖ ὅ ἳὠὀὉὑὊὕ ἱ Ἳὖ ὟὋὕ; ἰὄὕ  ὃὕ 

Ἰ  (Ἧὂὕὑ ὀ ) ἳὁ  ἱὠὀὟὉ Ὗὑ ὅὕ  ἻὕὁὟὑ . ὃὕ 

ὅὀ 3-ἱ  Ἳὕ ὀ ὅ Ὅ ὃὖἻ Ὕὑ ἻὠὍ ὝἻὕ ὀ  ἱὠἽ Ἳὑ ἻὍὖ Ἰ ὠὉ 

Ἧ ὂ  ὟἻ ὀὕ ὃὕ Ἰ Ἳ  ἱὠὀὉὖ Ὅ Ὗὑ ὅὕ ὠὀ Ἳὑὄὖ Ὗὅὕ. 

ὂὌὕὑ ὈὖἻ ὂὕ ὂ ἱὠἽὠὈὠὉ  ἱὊ ὀὕὑ ὈὖἻ ἳὉ ὂ ἱὠἽὠὈ  Ὃὕὑ 

ὃ ὂὊ ἱὠἽὠὈὠὉ  ὝἻὕ . ἱὊ ὀὕὑ ὂὌὕὑὠὂ Ἳὕ  ἽὕὖὉὕἻ Ἰ  

ἰ Ὗὀ  ἳὉ ὂὂὕ. ὃὕ Ἧὂὖ ὑὖ ὃὖἻ Ὕὑ ἯὂὖἻὕὖ ἳὉ ὂ ἱὠἽὠὈὉὖ 

ἳὁ  ὝἻὕ  ὝἽ  ἵὄ  Ὕὅὕ ὑὕἻ ὋὌὕ. 100 ἻὍὕ 

ὃὖἻ Ὕὑ ὠὁ ἯὂὖἻὕὖ ὅ ἱὠἽὠὈὉὖ Ἰ  ἰ Ὗὀ  Ὗὑ ὅὕ ὠὀ ἳ ὑὕ ; ἰὄὕ  

ὃὕ 200  Ἳὑ ὠὉ Ἳὕ  ὂὌὕἻ Ἰ  ἰ Ὗὀ  Ἰ Ἳὖ Ὃ Ἳὑ ὠὉ 

Ἳ ὅὖ Ἳ Ὗὑ ὝὈ Ὃὕ ὝἽἻ  400 Ἳ ἳ Ὅ (300 Ἳ Ἧ Ὄ) 

ὃὖἻ Ὕὑ ὝἻὕ ὀ Ἰ ὠὋ  ὝὅὋὟὑ . Ἧὂὕὑ ὃὕ ὟὈ  Ἰ  ὂὀὠὑ 

ὃὖἻ Ὕὑ ὠὁ ἱὊ ὅὕ Ἳ Ὗὑ . ἱ  ἳὁ ἻὠὍ ὀ Ἳ ὀ  

ἳὋ ὅ  Ὕὅὕ ὑὖὂὖὠὉ ἵ Ἳὕ ; ἳὁ ἽὖὉὖ ὑ ὀ  ὟἽ Ἳ Ὗὑ  

ὀ  ὅὕὖὈὕὁ Ὕὅ Ἳ ὅὀ Ὗὑ . ἱὠἽὠὈὉὖ Ἰ  ἰ Ὗὀ  ὟἽ Ἳ Ὗὑ  

ὃὕ Ἧὂὖ ὑὖ ὃὖἻ Ὕὑ ὠὁ ἱὊ ὀὕ Ὕὅ Ἳ Ὗὑ ; ὃὕ ἵ ὂ ὃὖἻ Ὕὑ ὁὖ 

Ὕὂὕὀ Ἳὖὄὕ ἱ  ἳ ὠὈὉὕ . 150 ἻὠὍ ὝἻὕ ὀ Ὃὕὑ Ἳὑ Ὁὖ 
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ἱὠἽὠὈ ἵ ὄ? ὃὕ 100  ἱὠἽ  Ἳὑ Ὁὖ ὂ  Ἰ ὠὉ ἵ ὝἻὕ ὀὕ 

ἱὠἽὠὈ ἯὍὠὑὉὖ do  ἰἻ ἱ Ἳ 150  Ἳὑ  ἱ ὂ do  ὟὈ  solἷ ἹὠἽ 

ὝἽ ὑὠὂ (ἱὠἽ ἷ ὂὕὑὂ ἱὠἽὠὈὉὖ ἯὂὖἻὕὖ ὠὅ) ὃὕ ἻὕὁὟὑ . ἱὠἽὠὈὉὖ 

ἱ ὂ Ὀὕ Ὃ ὠὂ ὑὖὠὍὑὖ Ἳ, ὃὕ ὀ  ὃὖἻ Ὕὑ ὠὁ 3/2ἰ  Ὕὅ Ἳ Ὗὑ . 

ὝἽἻ  150 ἻὠὍ 2ἰ  Ὕὅ ὑ ἱ ὂ Ὂ ὂὖ (note) ὟὈὟὌ ἰ ὟὀὑὕἻ 300 

ἻὠὍ  ὂ ; ἱ  ὝἽἻ  200 Ἳ  ὟὈ  ἷ ὂὕὑ Ἰ Ὃὕ . ἱὠἽ 

ὊὈ Ὃ ἯὍὠὑ (musical diatonic scale)  Ἧ ὀὑὠὁ 1-ἱ  Ἳὕ Ὅ Ὗὅὕ  

Ἰ Ἳὕὄ ὑὐὖὉὖ Ἧὂὖ ὑὖ ὃὖἻ Ὕὑ ὀ Ὂ Ἳ Ὕὂὕὀ ὅὕἻ ἱ ἻὖὋ ἱὠἽὠὈ 

ἳὁ ὑὖ ἯὍὠὑ ἰ . 

Ἧ ὀὑὠὁ 1: Ὂ Ὀὕ Ὃ ἯὍὠὑὉὖ Ὂ ἻὍὖ ὃὖἻ Ὕὑ ἳὋ Ἳ(Fry 1979: 10) 

 Ὕὅ  ἻὕὊὁὖ Ὂ ὃὖἻ Ὕὑ 

(ὝἽἻ  Ἳ) 

Do 1 C 264 

Re 9/8 D 297 

Mi 5/4 E 330 

Fa 4/3 F 352 

Sol 3/2 G 396 

La 5/3 A 440 

Si 15/8 B 495 

Do 2 C 528 

 

ὃὕ ἵ ὂ ὃὖἻ Ὕὑ ὠὁ ὃὈ  Ὕὂὕὀ Ἳ ἱὀὈὕἻ ἵ Ἳ  ὑὖὠὍἻὖ Ὃ Ἰ ὠὉ 

ἯὍὠὑὉὖ do ἵὄ Ἧὠὐ Ἳ  ἱὉ ; ἱ ὂ ὃὖἻ Ὕὑ ὠὁ Ἧ ὀὑὠὁὉὖ 

Ἳὕ Ὅ ὅὖ ὄ ἻὍὕ Ὕὅ Ἳὖ ὃὕ ἰ Ὕὀὑὖ ἵ Ὄὕ Ὂ ἻὠὍ ἯὠὀἻὖ ὟὋὕ. 

Ἧὠὑ ἱὉ ὠἻ ἯὍὠὑ ὀ  Ὕὅὕ ὂ ὠὀὉὂὕἻ ὝἽ Ὁ ὅ. ὅὖὉὕὟὄὕ ὟὅὕὋ 
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ἱὠἽ Ἳ ὑὖἻ ἱὂ ὀ  Ἳὖ ὀ ὂ ὀ Ἰ ὋὕὉὖ Ἳὖ Ὃ ἱὠἽὠὉ ὅὉ ὅ ; ἱὂὖ 

ἯὠὊ Ὂ Ἳ (semitones) ἸὟὊ ὑ ὑὖ ἱ . 

 Ἧ ὀὑὠὁὉὖ Ἳὕ Ὅ ἵ Ἳὕ Ἳ ἱὠἽὠὈὠὉ ὃὖἻ Ὕὑ ὀ 

Ὕὂὕὀ ὅ  Ὃὖ  ἱὀ ἻὠὍ ὂ Ἳὖ Ὃ; ὝἽἻ  440 ἻὍὖ ὃὖἻ Ὕὑ 

ἰ ὝἽ ὀὊὕἽὕ A  ἰ ; ἱ   ἰ ὝἽ Ὂὕ ἱὠἽ Ἳ ὅ ὠἻὉὖ oboe ἵ ὅὂὕ 

Ἰ Ἳ ὅ; ὃ  C ὝἽἻ  264 ἻὠὍ ὝἻὕ . 

2.2.1 Ἧὂὖ ὑὖ ἯὠὌ  (amplitude of vibration) 

 Ἰ Ὕὑὕ ἱὉ Ἳ ὂὖ Ὃὖ ἱὠἽ Ἳὑ Ὁὖ ἻὖὠὍ ὂ  Ἰ  ὅ Ἳ ὝἽ  

ὅὖ ὄ Ὕὂὕὀ Ἳ (Ἰ ) ὃὖὠὌ  ὝἽ . ἱ ὂ Ὂ  ὃὕ ἱὠἽ Ἳὑ ὠὉ ἵ ὑὍ  

ὑὖὠἽ ὀ Ἧ ἻὖὟὋὕ ἵ ὅὠὂ Ὕὅὕ  ἱ Ἳὖ Ὃ. ἰὄὕ  ἱ ὂ Ὂ  Ἰ ὂὋὖ 

Ἧ ὅὠὀὉὖ ὈὖἻ ὠὋὑὕ . Ἳὑ ἻὖὠὍὉὖ ἱὀ ὝὅὉ ἽὖὠὉ ἯὍ ἻὟὑ  

ἵ Ὃὕ Ἰ  Ὀὖ Ὀὗ ὀὕὖ ὅ ἻὍὖ Ἰ  ἵ ὅ  Ὗὅὕ Ὃ Ἳὁ Ἳὗ ὠὀ ὠἻὉὕὍ 

Ὗὑ . A ὃὖὠὌὉὖ  B ὃὖὠὌ  Ἧ Ὄ  AὉὖ  B  ὝἽ  Ὂ ὂὖ ἯὍ  

Ἧὂὖ ὑὖ  (amplitude of vibration) ἵ  Ὃ ὅ ; ὅὀ  1-ἱ  ἱὠἽ Ἳὑ Ὁὖ 

Ἧὂὖ ὑὖ  Ἳὕ ὀ ὅ Ὅ; ὅὀ  2-ἱ  3-ἱ  ὂ  ὉὈὕἻ 

ὑὠὊὅὀὈὕἻ Ἳὕ ὀ ὅ Ὅ; ὃὕ ἳ ὠὈὉὕὄ ἱὀ ὝὅὉ ἽὖὉὖ ἯὍ ἻὠὍ ὅὂὖ 

ὝἽ Ὁ Ὗὑ ὝὈ Ὃὕ ἱὂ ὀ  Ἰ  ὝἽ  ἯὍὠὑὠὉ  ὟἽ ἻὟὑ . 

 ὅὀ  Ὃὖ  ἱὠἽ Ἳὑ Ἳ   Ὗὑ ὅ ὀ ὃὖἻ ἵ Ἳ  

ἱ Ἳὖ Ὃὄ ἵ  ἰὄὕ  Aἱ  B  Ἧ Ὄ  Aἱ  C  ἳ Ὅ Ὂ  

Ἰ  ἵ ὅὂ  ἻὕὊὁὈὕἻ ἵ Ὄὕὑ Ὃὖ  Ἰ  ἵ  ὝὂὍὖὑὕἻ ὝὂὕὖἻὖὋ. 

ἱ ὑὠὊ Aἱ  B  ἳ Ὅ Ὂ  Aἱ  C  ἳ Ὅ Ὂ ὂὖ  ἽὈὈὕὄ 

ἵ  ἵ  ὝἻὕ Ὗὀὕ; ὟὈ  ἱ    Ὗὑ ὅὀὕ Ἰ ὋὕἻὟὑ ἱ  

ἵ  ἵ  ὝἻὕ Ὗὀὕ. ἱ  ὝὅὥὂὖἻ Ἧ ὅὠὀὉὖ Ἵὕ ὂὖὉὈὕὄὂ Ὄ; ὃὕ 

Ἧὂὖ ὑὖ ὠἽ Ἰ Ὁὖ ἳὁ ὀ  Ὕὂὕὀ ὅὂὖὄὕ ἱὠὂ ἳὀὄ ὉὕἻ ἰὟὈὕὂὖ Ἳ 

ἱὉ . ὃὕ Ἳὑ ὠὉ ὃ ὋὕἻ Ἧ ὂὕ ὃὕ ὂ  ἹὠἽὉὕὄ Ἰ ὠὉ  ὝὈ ὑὕἻ 

Ἧ ὂὕ ὠὋ ὂ ἹὠἽὉὕὄ Ἰ ὠὉ  ὟἻ Ὗὅὕ; Ἧὂὕὑ ὀ   ἹὠἽὉὖ 

ἳὁ ὀ  Ὕὂὕὀ ὅ ὂ ὅ Ὅ; ὟὈ  Ἳὑ ὠὉ Ἧ ὂ ὅὖ Ἰ  ὝὈ Ὄ ὝὈ Ὄ 
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ὠὋ  ὃὖ Ὗὅὕὑὠὂ ἳὁ Ὗὑὕ; Ἳὑ Ὁὖ ἻὖὠὍ ἱ ὂὖὉὖ Ἱ  ὑ ὑ ὑὠὊ 

 ὠὋ  ὝἻὕ ; A ἵ Ὃ ἱ ὅὖ  ἱὀ ὝὅὉ Ἵὖ ἱ ὠὌ. ἱ  

  Aἱ  B , Aἱ  C  ἳ Ὅ Ὂ Ἳ Ἰ ὋὕἻ ἱ Ἳὕ 

ἵ ὅὠὂ ἳὁ ; ἰὄὕ  ἱ ὂ Ὀὕ Ὃ Ἳ  ὈὖἻ ὝὈ ὑὕἻ ὃὠὀὝὅ Ἳὖ Ὃ ; ὃὈ  

ὑὠὊὅὀ ὂὖ  Ἳὕ ὀ ὅ Ὅ ὑ ὀ ἻὍὖ  ἵ ὁὖ ὠἻἻ   ὠὋὑ  ἯὍ Ἳ 

ἱὉὌὕὂ .   Ἰ  ὈὖὂὈὕὄ Ἧ  Ἳὑ ὠὉ Ἱ ὃὖὠὌ ὑ  200 Ἳ 2 ὃὖὈὖὀ ἻὍὖ 

Ἧὂὖ Ὃ ὝἽ . ὃὖἻ ἵ  (frequency) ἱὠἽὠὈ  (pitich) Ὗὑ ὅὕ 

Ἳὕ ὅ  ἻὖὉὈὕἻ ἱ ὅ  Ὗὅὕ  ἹὠἽ  Ὗὑ ὅὕ Ἳὕ ὅ  ἻὖὉ. 

 ἱὉ Ἳ ὂὖ Ὃὖ ἳ Ἵ ἱὀ ὝὅὉ ἽὖὠὉ Ὃὖ ὅὖ ὑὂὕ Ἧὂ  ἯὍ  Ὂ  

Ἧ ὅὠὀὉὖ ἯὠὈ . ὅὀ  3 Ὗὑ ὅ ὀ ὃὖἻ ἵ  ἳ Ὅ ἰὄὕ  ἹὟὊ  ἳ Ὅ 

 Ἧὂὖ ἻὠὍ Ἳὕ Ἳὖ Ὃ ὅὀ  4 ἸὟὊ ὃὖἻ Ὕὑ ἳ Ὅ ἰὄὕ  Ὗὑ ὅ ὀ  

ἳ Ὅ Ἧὂὖ ἻὍὖ ὑὠὊὅὀ ὠὂ Ἳὕ Ἳὖ Ὃ. 

 ὅὀ  4 Ὗὑ ὅ ὀ Ἳ ὝἻὕ ὀ ὠἽ  ἯὠὌἻ (Fry 1979: 12) 

 

ἻὕὌ ἯὍὠὑ  ὅ  Ὗὅὕ Ἰ Ὕὑὕ Ὃὖ Ἧὂὖ  10 Ὀὖ ὝἽἻ ὃὗἻὖ Ὃ 

ἵ  ἵὄὟὑ ὃὖἻ ἵ  100 cps ἵ  Ἳ ὝἻὕ Ἳὖ ὟὋὕ. ὝἽ  ἯὍ  

(vertical seale) ἯὍ Ἳ ὅ ἻὖὋ ἱὀ ὝὅὉ Ἵὖ Ἰ  Ὀὖ  Ὀὗ ὀὕὖ ὅ ὂὖ Ἰ Ὃὕ  (in tenths 

of a millimeter). ὃὕ ἱ ὂ ἯὍὠὑ  Ἳὕ  Ὗὅὕ ὃὕ Ὕὂὕὀ Ἳ (Ἧ Ὄ  Ἱ ) 

ὃὖὠὌὉὖ  ὑὖὌἻὖ ἱ  ἱὉ Ἳ ὂὖ ὂὖὠἽὠὉ Ὗὑ ὅ ὑὂὖ ἻὑὄὈὕἻ ἱ Ἳ 
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Ὗὑ ; Ἰ Ὕὑὕ ἯὍ  (scale) ὟὈ  ἯὠὊ ὅ ὂὖ Ὗὃ ὈὠὋ (positive) Ὀὂὖ  

Ἳὗ ἯὠὊ ὅ ὂὖ ἵὂὖ ὈὠὋ (negative) Ὀὂὖ  ὂὊ ὅ Ὅ ;  Ὕὂὕὀ Ἳ ὃὖὠὌὠὉ 

(Ἱ  ὃὖὠὌὠὉ) Ἳὕ  ὑὠὊ/ὑὕὖ ἱὀ ὝὅὉ Ἵὖ ἱ Ὄὕὂὂὕ 0-ἷ  Ὃὖ ὅὖ. ὂ  

ὑὠὊ ὅὀ ὂὖ Aἱ  C Ἳὕὄ ἱὀ ὝὅὉ Ἵὖ Ἰ  Ὀὖ  Ὀὗ ὀὕὖ ὅ ὂὖ Ἰ Ὃὕ ; 

Ἧὂὕὑ 1.0 ὈὖὈὗ. ἱ  (positive) ὂὖὠἽὉὖ Ἳὕ ὀ ὅ Ὅ. ἱ  Ὗὅὕ ὟὋ BὉὖ  

ὂὖὠἽὉὖ ἱ  -10 ἰἻ  Ἳὕ ὀ ὅ Ὅ. ὃ ὑὠὊ ὅὀ ὂὖ ἯὠὌ  CὉὖ ὂὖὠἽὉὖ 

5ἱ  BὉὖ ὂὖὠἽὉὖ -5  ἱ ἻὖὋ. ἻὖὟὐ ἳ Ὅ ὑὠὊὅὀ ὂὖ ἯὠὌ  Cἱ  

ὂὖὠἽὉὖ -2.5ἱ  BὉὖ ὂὖὠἽὉὖ -2.5ἱ  ἱ ἻὖὋ . 

 Ἧὂὖ  ἱὉ Ἳὠὂ  Ὕὅὕ ὂ ὑὠὊὉὖ ὃὕ Ἧὂ  ὃὖἻ ἵ ὠὁ  

ἯὠὌ ὠἽ  Ἳὁ Ἳὖ ὠἻὉὖ Ἧὑ Ὃὖ ὝὅὥὂὖἻ ὅ ἻὠὍ (physical attributes) 

ὑ ὁὠὁ ὝἽ Ὗὂὕ, ὃὕ ἱὠἽ Ἳὑ Ὁὖ Ἧὂὖ ὠὑ ὂὕ ὑὖὍ ἻὖὟὄὕ, ἱ  Ἰ Ὁὖ 

ὈὖἻ ἵὍὖὉ (simplest) ὑὠἻὉὕ , ἱ  Ὗὅ ὝἽὕ Ὁὖ ἻὌὠὑ ὂ ὠὈ ὂ ὠὈὉὖ  

Ὃὖ  Ὗὑ ὅ ὀ. ἻὌὠὑ ὂ ὠὈὉὕὄ Ἰ ἻὠὍ ὑὖὍ Ἳ Ἧὂὖ  ἱὉ Ἳ ὂὖ ὅὌ 

ἻὕὊὁὖἻὠὍ Ἳ ὂὖ ὝἻὕ Ὅ Ὗὑ . 

2.2.2 ὂὄὖ Ἰ ὉὖὠὉ ἱὉ Ἳ(simple harmonic motion) 

 ἱὠἽ Ἳὑ ὠὉ Ἧ ὂὕ Ἧ  ἯὂὖὊ Ὕὂὕὀ  Ἳὑ Ὁὖ ἱ ὂ ἱὉ Ἳ Ἰ  

Ὕὂὕ   (pendulum) ἯὠἽ  ἽὈὈὕἻ ἱ ὅὠὂ ἻὕὁὌὕ. Ἳὑ ἻὖὠὍὉὖ 

ἱὉ Ἳ Ὕὂὕ   ἱὉ Ἳ ὠὂ Ἳὕ  ὅὌ Ὀὀ  ὟὑἻὈὕὄ. 

ὅὀ  5: Ὕὂὕ   ἱὉ Ἳ(Fry 1979: 13) 
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 ἱὠἽ Ἳὑ Ὁὖ ἱὉ Ἳ ὠὂ Ὗὅὕ  A Ἱ  ὃὖὠὌὉὕἻ (A  Ὕὂὕὀ Ἳ ὃὖὠὌὉὕἻ) 

ἯὠὀὉὕὍ ὅ Ἳὖ Ὃ. Ὕὂὕ  ὠὀ ἰὀ  ὝἽ Ὁ  ὃὕ Ἧὂ  Ἵ ὂὖ ὂὊ Ὗὑ ; 

Ἧὂ  Ὗὑ  Ὕὂὕ  ὠὀ Ἧ Ἳ ὟὂὠὑὉὖ ὠὌ; ὃὕ Ἧὠὂ ἶὂὕὑ 

Ἰ ὅ Ἳ ὂὖ ἱ ὂὕ Ὗὅὕ Ὀὕὄ. ἱ ὂ ὃὖὠὌὠὉ B ἵ  ἵ ὝἻὕ Ὗὑὕ. 

ὑὖ  ὑὖὠἽὉὕ  Ὀὗ  A ὃὖὠὌὠὉ Ἧὠὀ  Ὗὅὕ Ἧ  ὟὑἻὈὕἻ C ὃὖὠὌ 

ὑὠὊ ὝἽ . ἱ ὑὕ  Ἳὑ ἻὖὠὍ Ὗὅὕ  Ὕὂὕὀ  ἱὉ Ἳ Ἳ ὃὖἻ. 

Ὕὂὕ   ἰ ὀ  ἽὗὊὕὄὂὕ; Ἧὂὕὑ Ἰ Ὕὑὕ ἱὉ Ἳ  ἸὟὊ ἻὕὌ ὠὂ 

ἵ ; ἱ  ἰ ὀ ἻὍὖ (oscillations) Ἧὂὖὠὑ ὃὖ ὁὉὖ. ἱ ὂ Ἧὂὖ  ἵ ὂ 

ἱὠἽ Ἳὑ ἻὠὍ Ἳὕ  ὠὋὑὕὄὂὕ; ἱὉ Ἳ ὅ ὀ Ὕὂὕ  Ἰ  ἱὉ Ἳ 

Ὃὖ ὑὖὄὕ  (second) ὠὋὑὕὄ ὟὃὊ ὠὂ ἵ ; Ἧὂὕὑ ἰ ὀ ἻὍὖ ὃὖἻ 

ἵ  ὑὖὃὕ  Ἰ  Ὃὕ  (1 CPS) Ὀ  ἻὕὌὃὗ Ἵὖ (period) ὂὌὕ ;  

ὃὗὍ ὠὂ Ὕὅὕ  Ὗὑ ὅ . Ἰ  Ὕὂὕ  ἰ  Ὗὅὕ ὃὕ Ἰ ὠὉ  

ὟἻ ὅὂὖ ὠὌ; ἶὝὄ Ὃὕ ὃ  Ἳὕ ἻὍὖ ἳὁ ὠὑ   ἯὍὑὖ  Ἧὂὖ Ὕὑὁὖ  

ἵ ὠὌ Ὗὅὕ ὈὕὄὂὕἻ ἱ ὠὌ. Ὕὂὕ   ἱὉ Ἳ Ἰ ὅὖ  ὅὕ ὠἻὉὖ 

Ἵὗ ἻὖὊ ὂὖ  ὑ ἻὖὋ. ἵ Ἳὕ ὀὕἻ Ἧ  Ἱ  ὃὖὠὌ  ὑ  ἱὉ Ἳ ὂὖ 

50 ὂ  100 ὑὠὊ ὠὋ ὂὖ ἻὌὕ. 

 ὃὕ ἱὉ Ἳ ὂὖ  ὠὋὑὠὂ  Ἳ ὁὕ  ὅὕ ἻὌὕ. ἰὄὕ  

Ὕὂὕ  ἱὀ ὝὅὉ Ἵὖ ἻὕὌἻὖὊὈ ὂὖ Ὀὕ ὑὠὂ Ἳὑὄὖ Ἳ; Ἰ Ὕὑὕ 

Ὃὖ ἵ  ὟὃὊ ὈὕὋὑὖ ὠὌ; Ἧ  ὃὖὠὌὉὕἻ ἱ ἻὖὋ. Ἰ  ἱὠἽ Ἳὑ Ὁὖ  

10 Ὀὖ  ὝἽἻ  ἵ ἻὌὕ; ἰὄὕ  ὃὕ ἻὕὌ ἯὍ  Ὕὅὕ ὂὖὄὕ ἱὊ  

ὑὠὍ Ἳ  Ἰ Ὗὅὕ ἱ . 
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ὅὀ  6 Ὕὂὕ  ἱὀ ὝὅὉ Ἵὖ ὟὑἻ ἱὑ Ὃὖ ὑὠὍ Ἳ (Fry 1979: 14) 

 

Ὕὂὕ  ἱὉ Ἳ Ἳ  ὝὂὍὖὑὕἻ Ὕὂὕὖὑὂὕ Ἧ  Aἱ  B  

Aἱ  C  ὅὉὁὖ ἻὖὋ Ὕὂὕὖ. ὟὈ  Ἧ  ἱὠἽ Ἳὑ ὠὉ ὑὖὀ ὂ  ὟὃὊ 

ἵ ὅ  Ὕὂὕὖ; ἵὄὟὑ ὃὕ ἱὀ ὝὅὉ Ἵὖ ἯὍὠὑ Ὀὕ Ὃ Ὗὑ  ὑ . ὟὈ  

Ὂ ἻὠὍ Ὀὖ Ὀὗ ὀὕὖ ὅ ὂὖ Ἰ  ὅὕἻ ὂὖ  ὅὂὖὌὕἻ ὝἽ  Ὀὗ ὀὕὖ ὅὂὖ ὝἽ Ὁ 

Ὗὑ  ὑ .  

ἱὠἽ Ἳὑ  Ὕὂὕ  ὝἽὂ ἱὉ Ἳ ὑὠἻ Ἳὕὄ ἻὠὌ ὝἽὕ ὂὄὖ 

Ἰ ὉὖὠὉ ἱὉ Ἳ (simple harmonic motion) ἰ . ἱ ὂ ἱὉ Ἳ ὂὖ Ὗὑ  Ἰ  ὅ  

ἱ ἻὖὋ; Ἧὠὂ  ὅὕὖὟἽὕὂὖ Ὗὅὕ. ἱ  ὑὠὊ Ὕὂὕ  Ὀ  ἱὠἽ Ἳὑ ἻὖὠὍ 

ἱὠὑ ὅὉὁὖ ὂ Ὂ ὠὂ  ὂὖὠἽὠὉ ὅ Ὃὖ ὟὅἽὖὟὄὕ. ἱ Ὗὅὕ Ὃὖ ὅὖ ὀ ὟὃὊ ὂὖ 

Ὕὂὕ Ὗὀὕ ἱὠἽ Ἳὑ Ὁὖ ἻὖὠὍὟὉὕ ἵ ὑὍ  ὟὑἻὈὕἻ ὅὉὁὖ ἻὖὋ ἵ  

ὅὕ Ὗὅὕ. ἱὠὂ  Ὕὂὕ  ἱὉ Ἳ ὂὖ Ἳὕ ὅ  ἵὍὖ. Ὕὂὕ  ὂ  

ἱὀ  ὅ Ἳ ὅὉὁὖ Ἳὖ Ὃ; ὅὖ ὄ ὑὌ  ὅ Ἳ ὅὉὁὖ Ἳὖ Ὃ; ἵὄὟὑ ὂὖὠἽὠὉ Ὀὕ  

Ὗὅὕ ὝὑὍὖ ὅὠὀὉὕἻ Ἰ Ὕὑὕ Ὃὖ ἱὊ  ὑὠἻὉὖὌὕὄ ἱὉ Ἳ Ἳ 

ἱ ἻὖὋὄ. Ἧὠὂ  ὝἽ  Ἳὁ ὂὖ Ἧ  ὃὖὠὌ  ὑ ὂὖ ; Ἧὂὕὑ Ἧὂ  ὟὑἻ 

ἱ Ἳὕ. Ἧ  Ὀὗ  A -ἷ Ὗὃὕ Ἳὖ ὅὉὁὖ  Ὗὅὕ Ἧ  ὟὑἻ ὠὂ ἵ ; Ἧ  A-

ἷ  Ἳὀ  Ὗὅὕ Ἧ  ὈὖἻ ὂὌὕὄ ὟὑἻ ὠὂ ἵ ; Ἧὂὄὕ ὂὕ  Ἧ  Ἧ  

ὃὖ ἻὕὈ C-ἷ ὟὃὕἻὖ ὅὉὁὖ ἻὖὋ. ἱὀ ὝὅὉ Ἵὖ ὅ Ὃὖ Ὗὅ ὠἻὉὖ B-ἷ Ὗὃὕ ἻὖὉ 

ἱὉ Ἳ Ἧ Ὄ  C-ἷ Ὗὃὕ ἻὖὉ ἱὉ Ἳ ἵ Ὃ ἱὊ  ἱὉ Ἳ ἻὍὖ ὂὖὠἽ ἻὠὍ 
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Ὗὑ ὅ ὂὖὟὄὕ; ὟὑἻ ὠὂ Ὕὅὕ ὂὑὠὊὉὖ ἱ ὑὕ  ἱὊ  ὑὖὂὈὕἻ ἱὊ ὀὕἻ 

Ὗὑ ὅ ὂ Ὗὑ . ὃὕ ὑὖὠὊ (velocity)  ἵ Ὃ ὝἽὕ ὠὌ Ἰ  Ὃὖ ὅὖ ὀ ὂὖὠἽὉὖ 

ὟὑἻ ὠὂ Ὃὖ Ἳ ὅὉ ὅ Ἳὖ ὟὋὕ. ὟὈ  ὈὊὠὅ ὅὉ ὅ ὂὖ ἱὉ Ἳ B-ἷ 

Ὗὃὕ Ἳὖ ὃὖἻ  Ὗὅὕ ὑὖὠὊ ἵὂὖ ὈὠὋ ἵ   C-ἷ Ὗὃὕ Ἳὖ ὃὖἻ  Ὗὅὕ Ὗὃ ὈὠὋ 

ἵ  ὝἻὕ Ἳὖ ὟὋὕ. ὟὈὟὌ ἳ Ὅ ὑὠὊὅὀ ὂὖ Ὕὂὕ  10 ὝἽὈὗ A-ἱ  C-

 ὃἻ ὑὠὂ  Ἳὕ Ἳὖ Ὃ. ἵὄὟὑ ἱὉ Ἳ ὂὖ Ἰ   ὝἽἻ  40 ὝἽὈὗ 

ὅὉὁὖ ὅὠὂ Ὃὖ ὅὖ. Ἧὂὕὑ ἽὊὕἽὕὖὉὕἻ Ἰ  ὝἽἻ  40 ὝἽὈὗ ὅὉὁὖ ὅὠὂ 

Ὃὖ ὅὖ. 

 ἽὖὌ ἽὈὉ ἻὍὖ Ὕὂὕ  ὈὖἻ ὝὈ ὑὕἻ ὃἻ ὑ  Ἧ Ὄ  ὃὖὠὌὉὕἻ ἱ ὅ  

ὃὈ  Ὕὂὕὖ. ἵὄὟὑ Ὕὂὕ  ἱὠὂ  ἽὕὖὝἽ ὑὂ ἻὕἻ ὈὖἻ ὂὌὕὄ ὑὖὠὊὠὑ 

(velocity) ὅὖὋ ὟὃὊ ἻὍὖ Ἧὠὀ . ὈὖἻ ὂὌὕὄ ὑὖὠὊ 63 ὝἽὈὗ/ὝἽἻ ἻὗὟὐ ἳ Ὅ 

ὑὠὍὑὖ ὑὠὊ ὅὀ Ὕὂὕ  Ὀὕ ὅ ἻὖὋ ὑὖὠὊὠὑ (velocity) Ἳὕ Ἳὖ Ὃ. 

ἱ ὂ ὑὠὊὅὀ ἱὀ ὝὅὉ Ἵὖ ὑὠὊὅὀ ὠὂ ὟὅὕὌὟὑ ἱ Ἳὖ Ὃ. ἰὄὕ  ἻὕὌ ὂὖ 

Ὗὑ ὅ Ἳὖ Ὃ. ἱὀ ὝὅὉ Ἵὖ ὂὌὕἻ ἱ ὠἻὉὖ, Ἧὂὕὑ Ὕὂὕ  C-ἱὟὌὕ 

B-ἱὟὌὕ ἱ ὠἻὉὖ ὑὖὠὊ ἾὖὉὈὕ, Ὕὂὕ  AὠὉ  ὂὕ ὠἻὉὖ ὑὖὠὊ 

ὈὖἻ ὂὌὕ . ὂὄὖ Ἰ  ἱὠὉ  ἱὉ Ἳ (simple harmonic motion) ἵ Ἳὕ  

ἱὀ ὝὅὉ Ἵὖ Ὀ  ὑὖὠὊ ὑὠὍ Ἳ  ἵ Ὕὅὕ  ἱ ὂ ὑ ὠὑ  ὂὕ  ὝἻὕ ; 

ἱὊ  ὑὠὍ Ἳ  ἱὠὀὉὖ ἵ Ὗὅὕ ἸὟὊ ἻὕὌ Ὕὂὕὀ ὂὕ  ἱ .  

ἱ ὂ ἱὀ ὝὅὉ Ἵὖ, ὑὖὠὊ (velocity) Ὀ  ἻὕὌ ἱὑ Ὃὖ  ἱὠὀὟὉ ἳ Ὅ 

Ὕὂὕὀ Ὗὑ ὅ ὀ ὃὖἻ ἵ  Ὀ   ὝἻὕ ὀ ἱὉ Ἳ Ἳ  ὃ ὋὕἻ 

Ὕὅὕ . Ὕὂὕ  ἱὉ Ἳ ὃὖ ὠἻὉὖ  ὠὋἻὖὋ; ἵὄὟὑ Ὕὂὕ  

ὅὉὁὖ  Ὂ  ὠὋὑὕἻ ἱ ἻὖὋ. ἰὄὕ  Ἰ  Ὃὖ ἯὟὂ ἻὕὌ ὠὂ ἵ ὅὂὕ 

ὑὖὠὊὑὖ ὅὊ ὝὅὠὌ Ὀὕ Ἳὖ Ὃ Ὀ  ὑὠὍὑὖ ὑ ὑ  Ἧ ὅ ὟὉ ἱ Ἳὖ Ὃ. 

ἱ ὑὕ  Ὕὂὕ  ὀὕὄ  Ὗὑ ὅ ὀ Ἳ ὀ Ὗὑ ὅ ὀ ἻὕὌὃὗ ἽὖἻ ὀ 

(Ἧὂὕὑ ὃὖἻ ἵ Ἳ ὀ) ἰ Ἳὖ Ὃ; Ὀ Ὀὖ Ὃὖ ὃὖἻὝὑ ὁὖ  Ἵὖ 

Ὗὑ ὅ ἻὖὋ ἱὠἽ Ἳὑ Ἳ  ἱὀ ὝὅὉ Ἵὖ Ὀ  ἱὑ ὠὋ ἻὕὌ ὀ 

Ὕὂὕὀ ὅ  ὑὠὊ ὅὀ ἻὍὖ Ἧ ὅὠὀ ὑ Ἳ Ἰ ὟὅὕὌὟὑ ἱ . ἵ Ὄὕ 

ὂὄὖ Ἰ ὉὖὠὉ ἱὉ Ἳ ὂὖ (simple harmonic motion) ἵ Ἳὕ Ἳ. ἱ ὂ ὑὠὍὑὖ 
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Ὃὖ ὅὖ ὀ ὑ  (particular shape of curve) Ἧ Ὄ  ἯὠὌ ὑ  (wave form) Ἰ  ὠἽ  

ἯὠὌ ἵ  Ἧὠὐ Ἳ ὅ Ἳὖ Ὃ. 

2.2.3  ἱὉ ἻὈὕἻ ὂὄὖ Ἰ ὉὖὠὉ ἱὉ Ἳ (simple harmonic motion as circular motion) 

 ἱὠἽ  Ἳὑ  Ὀ  Ὕὂὕ  ὝἽὉ Ἧὠὑ ὝἽ  ἱὉ Ἳ ὀ  

Ἵ ὅ ὂ ὅ ὂ ὅ ὀ. ἱὠἽ Ἳὑ Ὁὖ ἻὖὠὍ ὠὋ Ὀὗ  Ὀὗ  Ὃὖ ὑ  ἸὟὊ 

ἱὉ Ἳ ὠὂ Ἧ Ὄ  ἽὌὄ ὠὂ ὅὌ ὂὀὠὑ ὝἽ ὑὟὂὕ Ὀ  Ἧ ὌὕὈ Ἰ  Ὗὃ ὟἻὕ  

Ἳὕ ὀ ὅ ὑ ὀὈὕὄ ἱὉ Ἳ  (circular motion) ὂὄὖ Ἰ ὉὖὠὉ ἱὉ Ἳ (simple 

harmonic motion) ἽὈὈὕὄ ἵ ὅ  ἱ ὂ ὝἽὕ  Ὕὅὕ ὂὈὕὄ ἰ . 

ὅὀ  7: ὑ ὀ ὂὖ ὋὍὑὖ Ἰ  ὍὖὉὖ ἱὉ Ἳ(Fry 1979: 16) 

 

 

 

 

 

 

 

ὅὀ  7-ἱ  Ἰ  ὑ ὀ  Ἳὕ ὀ ὅ Ὅ Ἧὂ  ὠὈὉ  0 ἰ  Ὀ  Ἧὂ  ἰὊ  

(radious) r ἰ . P ἵ Ὃ Ὅὖ Ἧ ὂ ὑ ὀ ὠὂ Ὃὖ ἽὗὊὕὄ ὟὑἻ ὂὖ Ἳ ἻὕὊ 

ἵὂὖ ὂὖὠἽὉὖ (anti clock wise direction) ὃἻ ὑὂὕἻ ὝἻὕ Ὅ . Ἧ  ὑ ὀ ὠὂ 

Ὃὖ Ὃὖ ὝἽ ; ὟὑἻ ὈὕὋὕὂ ἵ ὅὂὕ Ἰ Ὕὑὕ ὑ ὀ ὂὖ  Ἧ Ὄ  

ἱὉ Ἳ ὂὖ  ἸὟὊ ἻὕὌ ἯὍ  Ὗὅὕ Ὀὕὄ. P Ἰ  ὠὋ  ὝἽ  Ὗὅὕ  

ἱὉ Ἳ ὂὖ Ὗὄ Ὃ ὠὂ  Ἳὑὄὖ Ὗὅὕ. ὃὕ ὅ ὠἻ ὟἻὕ P ἵ ὅ  A ἷ 

Ἧὠὀὑὂὖ  Ὕὂὕὀ Ὗὑὕ. ἱ ὂ Ὅὖ C ἵ Ὃ ἱὀ ὠὂ Ὗὃὕ Ἳὖ ὟὈὟὌ 

ὝἽ Ἳὖ Ὃ. ὅὖ ὄ A  ἵ Ὃ ἱὀ ὠὂ Ὗὃὕ Ἳὖ ἻὗὟὐ ὃἻ ἻὖὋ. ὟὈ  B-  
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ἱὋ Ἳὖ ὝἽ Ὀὗ  Aἷ ἯὠὀἻὖὋ. ἱ ὂ ἱὉ Ἳ/ἽὌὄ  ἽὗὊὕἻ ἱ ὅὂὕ 

Ἰ Ὕὑὕ Ἳὕ ὅ ὂὖὠὉ Ἳὀ ὅὂ ἸὟὊ ὟὃὊ ἵ Ἳὖ Ὃ. ἱ  Ἰ  Ὃὖ ἰ  

ἻὕὌ ὃὗ ἽὖὉὖ Ἳὕ ὅὕἻ ἰ . Ἰ  Ὃὖ ὅὖ ὀ ὟὃὊ ὂὖ P ὅὉὁὖ ὂ Ὂ  ὟἻὕὁ 

Ὀὕ Ὃ ὠὂ Ὕὅὕ ὂὖ Ἳὖ Ὃ. Ἰ   ὑ ὀ ὂὖ 360 ὟἻὕὁ ἱ ἻὖὋ. 

Ἰ Ὕὑὕ Ἳὕ ὅ ὂὖ  90  ὟἻὕὁ ἱ ἻὖὋ. ἵὄὟὑ P C-ἷ ἯὠὀὠἻὉὖ Ἧ  Ἳὀ ὂ 

Ὂ  90 ἰ . Aἱ  Ἧ  180ἷ  B-Ὁὖ 270 ἷ   Ἳὀ . ἱ ὂ ὟἻὕὁ ἱὉ Ἳ ὠὂ 

ὝὑὍὖ ὅ  ὑἽὂὖὉὕὄ ὑὐὖ ὅὀ ὂὖ Ἳὕ ὀ ὅ Ὅ. P Aἱ  30 ὟἻὕὁ ὠὂ 

(P1) Ἳὀ ὅὂὕἻ ἵ ὝἻὕ Ὗὑὕ ἱὂὖ  Ἰ  ὝἽ ὂὕὄ ὟἻὕ ὠὀ ὑ ὀ ὂὖ 

Ἳὖὀ ὃὖὠὌ ὑὖὀ ὂὖ ὑὠὊὉ . ἱὂ  ὃὗὍ ὠὂ P ἵὄ  ὝἻὕ Ὗὑ. P  0  

ἳ Ὅ Ὂ  ἰὊ  r ἰ . p/r ἵ Ὃ ὑὖἻὖὂ ὂὖὕὖὟἻὕὁ ὑὖἻὖὂ ἰ . ἱ  ὑ ὀ ὂὖ 

ἱ  ὟἻὕὁ ὂὖ ὠὓ  (sine) ἰ  Ἧὂὕὑ ὠὓ  30 ἰ . ὃὈ  P-ἱ  ὃὗὍ  

r-ἱ  ὃὗὍ ἯὋὖ ὂὕ, ὠἽ  30ἱ  Ὀὂὖ = p1/r =.5 ἰ . P ὑ ὀ ὠὂ  Ὃὖ  

ὝἽ Ἳὖ Ὃ  Ὀ  Ὀ ὝὋὕ  Ὗὃ ὑὖ  (P2) Ἧ   60 ὟἻὕὁ ὠὂ Ἳὀ ὂὖ ; Ὀὗ  

ὃὕ P2 ὝἽ ὟἻὕ ὠὀ ὑὠὊὟὑὕ ; Ἧ  .87 ἰ .  P C-ἷ ἯὠὀὠἻὉὖ Ἧ   90 ἷ  

Ἳὀ ὂὖ ; ἱ  ὝἽ ὟἻὕ ἰὊ ὀ ὟὈ ; ἵὄὟὑ 90 ἱ  ὠὓ  1.0 ἰ . 

ὑ ὀ ὂὖ ἱὊ ὀὕὑ Ἳὕ ὅὕἻ ὂὖ ὟἻὕὁ ἻὍὖ ὠὓ Ἳ  ὂ  

Ἳὕ ὅὕἻ ὂὖ ὕὖὉὠὂ ὂὖ ὅ ὝἽ; ὠἽ  120 = ὠἽ  60 ὠἽ  150 = ὠἽ  30 ; 

ἱ ὑὕ  Ἳὁ Ἳὗ ὑ . A-ἱ  ὝἽ ὟἻὕ ἱ ὌὕὈ Ὗὅὕ ; ἵὄὟὑ Ἧ  

ὠἽὄὖ Ὀὂὖ ἾὖὉὈὕ. ἱ ὅ  Ἳὀ Ἳ ὅ Ἰ Ὕὑὕ ὟἻὕὁ ὂὖ ὠἽὄὖ Ὀὂὖ 

0-  1.0 ὑὠὊ Ὗὑ ὅ ; A-ἱ  C  ἯὂὖἻὕὖ;  C-ἱ  A  ὠὋ ; 

ὑ ὀ ὂὖ  Ἳὗ  ἯὠὊ  ὅ ὂὖ  ἱ ὂ ἯὠὈ Ὕὅὕ ὠἻ ὂὖ ὅὖ  ὝἽ. Bἱ  ὂὖὠἽὉὖ 

ἱὉ Ἳ ὂὖ ὃὕ ἵὂὖ ὈὠὋ Ὀὂὖ ἻὠὍ ὂ Ἳὖ ὟὋὕ. 

 ὃὕ ἱ Ὕὅὕ  ἻὕὌ Ἳὀ  Ὗὅὕ ὠἽὄὖ ἶ ὅ  Ὀὕ Ὃ ὠὂ Ἳὕ  

ὑὠὊὅὀ Ἰ ὠὋ ὑὠὊὉ ἱὉ . ἱ ὅ  ὝἽ ὠἻὉὖ ὃὕ Ἰ  Ὃὖ Ἳὕὄ ἻὕὌ 

ὃὗ ἽὖὠὉ ὂὗ Ὀὕὄὖ Ἳ Ὗὑ . ὟὈ  ἸὟὊ ἯὍ Ὅ ὟἻὕὁ Ἳ ἸὟὊ ἯὍ Ὅ ἻὕὌ 

ὃὗ ἽὖὉὖ Ἳὀ  ὝἽ  ἵ ὅὠὂ  Ἳὑὄ ὂὖ ὝἻὕ Ὅ Ὗὑ . ὃὕ ἻὕὌὃὗ ἽὖὠὉ 

ὂ  ἱὠἽ Ἳὑ Ὁὖ ἻὕὌὃὗ Ἵὖ ἽὈὈὕἻ ὝἻὕ Ὗὑὕ; Ἧὂὕὑ 10 Ὀὖ ὝἽἻ 

(ὃὖἻ ἵ  100 cps); ὃὕ Ἧ ὀὑὠὁὉὖ ὠἽ  Ὀ  ὅὕ Ἳ Ὗὑ  ἱ ὅὂὕ ὃὕ 
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ἵ ὂ ὟὃὊ ὂὖ/Ὗὃ ὑὖ ὟἻὕὁ ὠὂ q ἵ  Ὃὖ ὅὖ Ὗὑὕ; ὃὕ ὠὓ ἻὠὍ 

Ἧ ὀὑὠὁὉὖ Ὀ  ὅὕ ἻὟὑ ἱ ὅὂὕ  ὃὕ ὟἻὕὁ ὂὖ  ὃὖὊ ὂὖὊὈὕὄ 

ἯὂὖἻὕὖ ὠὅ ὝἻὕ ὂὕ ὑὠὊὅὀ ὂὖ ὑὠὊὑὂ  ἶ Ὃὑὕ q  ὅὌ 

ἵ ὁὖ ὠἻὉὖὌὕὄ Ὀὂὖ  ὂὊὌὕ. ὅὖ ὑ  Ἧ ὀὑὠὁ 0   90  ὑὠὊ ὅ  

ὃὀ ὠὂἻ  ὠἽ  q ὂ ἻὖὋ. ἱ  ὑ ὀ ὂὖ ὃὕ  Ἳὕ ὅὕἻ Ἳ  Ὕὅὕ . 

ὅ ὠἻ ὃὖὠὌ ἯὍ  ἻὕὌ ἯὍὑὕ ; ὝἽ  ὃὖὠὌ ἯὍ  0-ἱ  1.0 ἱὠὀὉὖ 

Ὀὂὖ ἻὠὍ ὑὠὊὑὂ  ὅὕἻ ἻὠὍ ὂ Ἳὖ Ὃ. ἱὂὄὕ ὑὖὠὍ  ὑὠὊὅὀ (ὅὀ  8) 

ἻὗὟὐ ὂὊ ὅ Ὅ. 

ὅὀ  8: 0 ἱ  360  ὑὠὊ ὟἻὕὁ ἻὍὖ ὠἽ ἻὍὖ ὑὠὊὅὀ (Fry 1979: 18). 

 

0 ἱ  360 ὑὠὊὉὖὌὕὄ ὟἻὕὁ ἻὍὖ ὠἽ ἻὍὖ ὑὠὊὅὀ 

ἱὠἽ Ἳὑ Ὁὖ Ὀ  Ὕὂὕ  ἯὠἽὑὖ Ἧὂὖ ὑὖ ἯὠὌὑ ὑ Ὗὅὕ ἱ . 

ὃὕ Ὕὂὕὀ ὠὅ Ἳὕὁ P ὑ ὀ ὠὂ Ὃὖ ὑ ὠἻὉὖ ὝἽ ὂὖ Ἧ Ὁὕὄ x-ἱ  ὃἻ  

ὅ ὠἻ ὟἻὕ ὑὖ ὀ ὂὖ ὑὌ ὅ Ἳ ὂὖ  ἱὀ ὅ Ἳ  ἱὀ ὅ Ἳ ὂὖ  

ὑὌ ὅ Ἳ ἰ . ἱ  ἱὠἽ Ἳὑ Ὁὖ Ὀ  Ὕὂὕ  ἱὉ Ἳ ὠὂ 

ὅὖὊὂὖὅ . 

Ἧ ὀὑὠὁ 2:  0  ἱ  90 ὑὠὊὉὖὌὕὄ ὟἻὕὁ ἻὍὖ ὠὓ Ἳ  (Fry 1979: 18) 

0 ἻὖὕὖἻ ὠὓ Ἳ  

0 0 

9 0.16 

18 0.31 
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27 0.45 

36 0.59 

45 0.71 

54 0.81 

63 0.89 

72 0.95 

81 0.99 

90 1.00 

 

ὟἻὕὁ ἻὍὖ ὠἽ Ἳ ὑὖἻὖὂ ἻὍὕ. Ἧὠὑ ὟἻὕὁ ὂὖ ἯὍὠὑ  Ἳὕ ὑὂ ὌὕὈ 

Ὗὑ  ἵὠὂ  Ἧ Ὄ. Ἧὠὑ ὟὃὊ ἻὍὖ Ὀ  Ὂ ἻὍὖ Ὀὂὖ ἻὠὍ Ὃὑὖ ὠὌ. 

Ἧ ὅ Ὁὕὄὕ ὃὖἻ ἵ  Ὀ   ἱὑ Ὃὖ Ὗὑ ὅὕ ἻὍὖ ὈὠὋ ἻὈὕὄ 

ὝὑὍὖ ὅὕ Ἳ ἵ ὄ? Ἧὂὖ ὑὖ ὃὖἻ Ὕὑ Ἰ  Ὃὖ ἻὕὌ ὃὗ ἽὖὠὉ 

Ὕὅὕ ὂὖ Ἳὖ Ὃ. ὃὈ  ἵ Ἳὕ  100 cps ἵ Ὃ ὃὖἻ ἵ  P ὑ ὀ ὠὂ Ὃὖ 

ὃἻὊ 10 Ὀὖ  ὝἽἻ  ἵ ἻὖὋ  ἵ ὅὠὂ Ἳὕ . ὃὖἻ ἵ  200 cps ἵ Ὃὕ 

(ἱὊ ὀὕὑ ἱὠἽ Ἳὑ ὠὉ Ὗὅὕ) P ὑ ὀ ὠὂ Ὃὖ ὃἻὊ 5 Ὀὖ  ὝἽἻ  ἵ  

ἵ ὅὂὕ . ὃὕ  0 ἱ  360 ὑὠὊὉὖὌὕὄ ἵ Ὄὕ 5 Ὀὖ  ὝἽἻ  ἱὀ ὂὖ 

ὠἽ ἻὠὍ  ὑὠὊὉ Ὗὑ  ὑ . ἱ ὂ ἯὠὌ ὅὀ  Ὃὖ Ὅ ὃ  ὑὠὊὅὀ ὠὂ 

Ὗὅὕ ἱ .  ἵ ὅ  ὅὉὁὖ ὂ Ὂ  Ἧ Ὄ  ἱὀ ὝὅὉ Ἵὖ ἵ ὅὂ  ἯὍὑὕ . X 

ὑὖ ὀ ὂὖ ὑὐὖ ὃἻ ὂ Ὂ  ὠὈὉ ὂὖ ἱ  ἱὀ  ὑἽ  Ἰ  ἰὊ  ὑὌ  ὑἽ  Ἰ  

ἰὊ  ἰ . Ὕὂὕ  ὃἻ ὑὖ  ὠὋ  ὑὖ ὀὂὕἻ ὝἻὕ ὀὕ, x Ἵὖ ὄ 

ἰὊ ἻὍὖ ὑ ὀ ἻὍὕ Ἳ ὅ ὂ ὅ. ὃὕ 0-ἷ ὠὈὉὈὕἻ ὝἻὕ ὀ ὝὅὕὖὉ 

ὑ ὀ ὂὖ Ἰ  Ἵὖ ὄ ὑ ὀ ὠὂ Ἳ ὅὠὄ ὝἽ ὂὕ, ὃὈ  Ἵὖ ὄ  ἳὠὀὉ Ἧὂὖ ὑὖ 

ἳ ὅ ὂ Ἳὖὠὀ . X-ἰ  ὅὉὁὖ Ἳ ὅ Ὂ  ὠὋὑὕἻ ἱ . ὋὍ 

ἰὊ ὂὖ ὑὖἻὖὂὕ ἽὕὊὈὕὄὂὕἻ (propotional) ἱ ὅὂὕ P Ἵὖ ὄ ὑ ὀ ὠὂ Ὃὖ ὑ ἻὖὋ 

Ὂ  Ὕὑ ὑὕἻ ὠὋ . ὠἽ Ἳ ὑὖἻὖὂ Ἳ ἵ Ὃ ἻὕὊὁ ὂὕ ὈὕὋὕὂὖ . ἰὊ  

ὝἽ  Ἰ Ὕὑὕ Ὃὖ ὠὅ ὑὖὀ ὠὋὑὕἻ ἱ . ὠἽ  ἯὠὌ ὑὠὊὅὀ ὂὖ 
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Ἵὖ Ὗὑ ὅὕ ἻὠὍ ὅὂὖ ὝἽ ὑὂ ἻὕἻ ὃὕ ὝἽ  ἯὍὠὑ (vertical scale)  ὃὖἻ 

ὝἽ ὉὟὑ . ὅὀ ὂὖ ὝἽ  ἯὍὠὑ ἳ ὠὈὉὕὄ ἱὀ ὝὅὉ ἽὖὠὉ ὅὂὖ 

ὝἽ ὂὖ ὂὕ ὃὕ Ἰ  Ἧὂὖ ὠὑ ὂ  Ἵὖ ὅὕὂὖ ὀ ὑὠὊὉ Ὗὑ . ἯὍὠὑὉὖ 0.5 

ἵὄ ἯὠὀὉὕὍ ὅ ὂ ὅ ὀ ὂὖὉ Ἧὂὖ ὑὖ ἯὠὌ ὑ ὑὖ 1.0-ἱ  ὠἽὠὄ (Ἧὂὕὑ 

90 ) ἳ ὅ ὂ ὝἽ ; -0.5 ἵ ὅ  -1ἱ  ὠἽὠὄ (Ἧὂὕὑ 270 ) ἳ ὅ ὂ 

ὝἽ . ὠἽ  ἯὠὌὉὖ Ὗὑ  Ἰ  Ὗὃὕ  ἱ Ἳὖ Ὃ; ἱὠὂ ὂὄὖ ἱὠἽὉὖὠὉ 

ἱὉ Ἳ ὂὖ Ἳ ὑὖ  (concept of simple harmonic motion)  ἱὉ Ἳ ὂὖ 

(circular motion)   ὑ ὑὠὊὑὕἻ (projection)Ἧ ἻὌὕ . 

 ὃ Ὀὖὀ ἸὟὊ ὃὖἻ Ὕὑ ἳ Ὅ ἱὊ  ἱὠἽ Ἳὑ Ἳ ἱ ὅὂὕἻ 

ὠὑ ὝἻὕ Ὗὑὕ. ὃὕ Ἰ ὠὋ Ἧ  Ἧὠὂ ἯὂὖὊ ὝἽ Ὗὑὕ. Ἰ  ὝἽἻ  

ὅὖ ὄ Ἧ ὂ ἱὠἽ Ἳὑ ὠὉ ἯὂὖὊ ὝἽ Ὗὑὕ. ἱὂ  ὅ  ἱὊ ὀὕὑ ἱὠἽ ἻὑὉὖ 

ἻὖὠὍ ὂ  ἱὠἽ Ἳὑ Ὁὖ Ἧὂὖ  ὝἻὕ Ἵ Ὀὖ  ὝἽἻ  ὅὖ ὄὕ A 

ὃὖὠὌὉὖ  ὃἻ ὑὂὕἻ ὝἻὕ Ὗὑὕ. ἱὊ ὀὕὑ Ἧὂὖ ὑὖ  ὂ  Ἧὂὖ ὑὖ 

 ἽὈὈὕὄ ἵ  ὝἻὕ Ὗὑὕ. ἱὂ ὅ  ἱ ὂ ὃἻ ὠὑ ἯὟὂ ὑ ὀ ὠὂ Ὃὖ 

ὑ  P ἵ Ὃ ὍὖὉὖ ὋὕἻ ἳ ὅ ὂ ὝἽ ὉὌὕ. ἱ ὅὖ  P ἵ ὅ  P  

ὅὖ ὄὕ ἽὖὋὖ Ὂ ὂὖ ἱ  ὍὖὉὕ. ἻὕὌ ὂὖ Ὗὑ ὅὕ 2.5 Ὀὖ ὝἽἻ 

ἵ  ὝἻὕ Ὗὑὕ. P  ἰὄ  A ὃὖὠὌὉὖ ἻὖὠὀὃὖὠὌ Ἧ Ἵὖ ἱ Ὗὅὕ P ἰὄ  

ὝἽ  Ἧ Ἵὖ C ὃὖὠὌὠὉ Ἧὠὀ ὂὖ . ἱ ὂ Ὗὑ ὅὕ ὑ ὀ ὂὖ Ἳὕ ὅὕἻ 

Ἧ Ὄ  90  ἰ . ἱὠἽ Ἳὑ Ἳ  ἸὟὊ ὃὖἻ ἵ  ἱ ὅὂὕ, Ἧὂὕὑ ἸὟὊ ἻὕὌ 

ὃὗ Ἵὖ ἱ ὅὂὕ, ἱ ὂ 90  Ὗὑ ὅὕ  Ἰ   ὑ  ὃὖὠὌὃὖ ὂ ὅ 

(maintainted). ἱ ὂ ἱ  Ἧὂὖ  ἱὉ Ἳ ἻὠὍ ὅὖὕὖ ὟἻὕὁ ἻὍὖ Ἧ ὅὠὀὉὖ 

ἯὍ Ἳ ὅ  ἻὕὌ Ὗὑ ὅὕ ὃὖὠὌ Ὗὑ ὅὕ (difference of phase) ἵ  Ἧὠὐ Ἳ ὅ. 

ὑὠὊὅὀ 9 100 cps ἸὟὊ ὃὖἻὝὑ  ὝἻὕ ὀ ἱ ὂ ἱ  ἱὠἽ Ἳὑ ἻὍὖ  ἱὉ Ἳ ὠὂ 

ὑὠὊὑὂ  ὑὖὠὍὠὑ Ἳὕ ἻὖὋ ; ἰὄὕ  ἱὊ ὀὕὑ ἱὠἽ Ἳὑ ὂ  ἱὠἽἻὑ  

Ἧ Ἳ Ὕὂὕὀ Ἳὖ 2.5 Ὀὖ  ὝἽἻ  ὝἽ Ὃὅὖ Ἧὂὖ ; Ἧὂὕὑ ὂ  Ἧὂὖ ὑὖ  

90   ὃὖὠὌ  ὝὑὍὖὟὉ ἱ . 
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 ὅὀ  9: 90   ὃὖὠὌ Ὗὑ ὅὕ Ὅ ἱ  ὠἽ  ἯὠὌἻ  (Fry 1979: 19) 

 

ὃὕ Ὕὂὕ  ἱὀ ὝὅὉ Ἵὖ ὑὖὠὊ  (velocity) ὂὖ ὀὈὖ 

ὑὠὊὉ Ἳ ὅ  ὅὀ  6ἷ  ὅὕ ὂὕ ἸὟὊ ὃὖὠὌ Ὗὑ ὅὕ (phase difference) 

ἳ ὅ ὂ ὝἽ Ὁ ὅ ὅὠὂ ἻὕὁὌὕ. ἵὄὟὑ ὃὕ ἱὀ ὝὅὉ Ἵὖ 

ὑὖὠὊ  (velocity) ἱὠὀὉὖ 90 Ὗὑ ὅὕ ἱ ἻὖὋ ἵ  ὋὌὕ; ἶὝὄ Ὃὕ 

ἱὀ ὝὅὉ Ἵὖ ὈὖἻ ὂὌὕἻ ἱ ὠἻὉὖ ὑὖὠὊ ἾὖὉὈὕ. ἱ ὂ ἳὋ  Ἧὂὖ Ἳ 

ὑ  ὝὂὕὀὊ ὅ ἻὖὋ (maintained).  ὃὖὠὌ Ὗὑ ὅὕ  Ὀὂὖ 0  360  

ἱὠὀὉὖ ἵ ὂ Ὀὂὖ ὅὕἻ ἱ ἻὌὕ. 

2.2.4 ὠἽ  ἯὠὌἻὍὖ ὟἽ  (addition of sine waves) 

 ἱ ὑὠὊ ὃὕ Ἧὂὖ ὑὖ Ἧ Ὄ  ἯὠὌὉὖ ἵὍὖὉ ὑὠἻὠὉ Ἧὂὕὑ ὝὅὥὂὖἻ Ὀ  

Ἳὁ Ὕὅὕ Ὅὖ ἵὍὖὉ ὑὠἻὠὉ ὅ Ὃὖ ὟὅἽὖὟὄὕ; ἶὝὄ Ὃὕ Ἧὂ  ἯὠὌὑ  ὠἽ  

ἯὠὌὉὕ . Ἧ ὂ Ἧὂὖ ἻὠὍ ὠἽὄἽὕ ὀ (sinusoidal) ἵ  Ἧὠὐ ἻὖὟὋὕ. ὑὖὠὍἻὖὋ 

Ἰ  ὂ Ὂ (pure tone) ἵὄ ὅ . ἱὠἽ Ἳὑ Ὁὖ Ἰ  ὂ Ὂ ὂὖ 

ἵ Ἳὕ ὀὕ. ὃὕ ὑὖἽὖ (Ἵὗ ὠἻ) Ἧ  Ὗὅὕ Ὕὅ ὅὕ ὂ Ὂ ὠὂ 

ἳ ὑὕ Ἳὖ ὟὋὕ. ἽὖὌ ἱὠἽ Ἰ Ἳ, ἵ Ἳὕ ὀὕἻ Ὄὕ ὐ Ὂ Ἳ (notes on 

the flute) ὂ ὊὈὕ . ἱὉ ὠἻὉὖ ὈὖἻ ὠὋὑὕἻ ὂὕ  ὂ Ὂ Ἳ Ἧ Ὄ  

ὠἽὄἽὕ ὀ Ἰ  Ἧὂὖ Ἳ ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃὄ. ὃὕ ὟἻ ἻὖὋ ἵ Ὄὕ Ἰ Ἳ  ὂ 

ὊὈ Ὄ; ἻὌὠὑ ὂ ὠὈὉὕὄ ὊὈὕ (compalex tones) Ἧὂ  ἯὠὌὑ  ὠἽ  ἯὠὌ 

http://www.languageinindia.com/


38 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

Ἧ Ὄ; ἻὌὠὑ ἯὠὌὉὕ . ἵ ὂ ὅ  ἻὌὠὑ ἯὠὌὠὉ ἳ ὑὕ ἻὖὋ ἵ ὅὠὂ 

Ἳ ὅὖ ὂ ἯὑἽὖὉὈὕ. 

 ὅὀ  9ἱ  ὑὠὊὉ ὅ ὀ ὠἽ  ἯὠὌἻ  ἱ  ἱὠἽ Ἳὑ ἻὍὖ ἱὉ ἻἻὠὍ 

ἳ ὅ ὂ ὝἽ Ἳὖ Ὃ. Ἰ Ὕὑὕ  100 cps Ἧὂὖ ὀ ὟἽ  ἹὠἽ 

ἳ ὀὕ ὅὠὑ. ὃὖὠὌ Ὗὑ ὅὕ ἱ ἻὖὋ ἵ ὅ  ἳ ὠὈ; ἰὄὕ  ἻὍὖ ὅὌ 

ἻὁἻὕὄὠὑ ἸὟὊ ἽὈὉ ὂὖ Ἰ ὠὉ ἳ ὑὕ . ὃὕ ἱὊ  ἱὠἽ Ἳὑ Ὁὖ  

ἳ ὑὕ  Ἰ ὠὉ  ὟἻ ὀὕ Ἧ  Ἰ  ἱὠἽ Ἳὑ Ὁὖ  ἳ ὑὕ  Ἰ ὠὉ ὑὖὀ ἹὠἽ 

ἳὠὀὉὂὕ ἱ . ὃὕ ἱὠἽὠὈὉὖ (pitch) ἵ ὂ Ὀὕ Ὃ ὠὂ Ἳὕὁὕὑὖ ὀὕ 

Ἰ Ἳὖὠὁ ὂ Ἰ   ὂὌὕἻ ἱ . Ἧὂὕὑ ἱὊ ὀὕὑ ἱὠἽ Ἳὑ Ὁὖ 

ὟἽ  Ἧὂὖ ὑὖ ὃὖἻ Ὕὑ ὠὁ ὅὕὂὖ Ἳὕ. Ἵὖ ἯὂὖἻ ὠἽ  ἯὠὌἻὠὍ 

ὟἽ ἻὌὕ ἵ Ὃ ἳ ὠὈὉὖ Ἧ ὅὠὀὉὖὌὕ. ὃὕ Ἰ  ἯὠὌἻὠὍ Ἰ  ὑὠὊὅὀ ὂὖ 

ὟὃὊ ὀ ἱὀὝὅὉ ἽὖὠὉ ἱὠὁ  ὂὖ ὀὈὖ ὂὗ ὄὕ ὃὕ ἱὊ  Ἳὑ ἻὍὖ 

ἱὀ ὝὅὉ ἽὖἻὠὍ Ἰ  ὟἽ ἻὌὕ. ὃὕ Ἧ Ἶὖ Ὂὕ ὀὠὌ  Ἳὑὄ Ὗὂὕ ὝἽ Ὁ 

Ὗὑ . Ἧὂὕὑ ὃὕ ἱὀ ὝὅὉ ἽὖἻὍὖ ὂὖὠἽἻὠὍ Ὃὖ ὅὖ Ἧὑ ὠὋ Ἧ Ἶὖ Ὂὕ 

Ἧ ὅὠὀὉὖ ὀ Ὗὑ . ὠἽ  ἯὠὌἻὍὖ ὟἽ ὅὖ ὑὖὠὍ Ἳὗ ὑ ὅὀ  10ἱ  

Ἳὕὀ ὅ Ὅ. 

ὅὀ  10: ὠἽ  ἯὠὌὉὖ ὟἽ ὠἻὉὕ Ἰ  ὠἽ  ἯὠὌ ὑὖὠὍὂ (Fry 1979: 21) 

 

ὠἽ  ἯὠὌὉὖ ὑὖὠὍ  ὠἽ  ἯὠὌἻὍὖ ὟἽ  ἱὠἽ Ἳὑ Ἰ  ἳ ὀὕ Ἳ 

Ὕὂὕὀ  Ὗὅὕ ὃὕ ὀὠὌ (ὟἽ ὠὅ) Ὕὂὕὀ ἻὖὟὋὕ; Ἧὂὕὑ 2.5 Ὀὖ  

ὝἽἻ . Ἧ ὂ ὟὃὊὂὖ ἱὠἽ Ἳὑ Ἰ Ὃὖ ἱὀ ὝὅὉ Ἵὖ (F1) Ἰ  Ὀὗ ὀὕὖ ὅ ὂὖ 

ὅ . ἱὠἽ Ἳὑ ἱὊ  (F2) ἱὀ ὝὅὉ Ἵὖ ἾὖὉ. ἵὄὟὑ ὝὈὕ ὂ 10. ἱὊ  
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ὑὠὍ Ἳ  3.75 Ὀὖ  ὝἽἻ ὠὀ Ἳὀ ὠἻὉὖ f1 7.1 ἰ , f2 ἳ  7.1 ἰ ; ἵὄὟὑ 

ὝὈὕ ὂ14.2;  Ἰ Ὕὑὕ ἱὠἽ Ἳὑ  ὈὖἻ ὂὌὕὄ 10ἷ ὑὖὀ ὂὌὕ . 5 

Ὀὖ  ὝἽἻ  ὅὖ f1 ἾὖὉ ὠὂ Ἧὠὀ , f2 10ἷ Ἧὠὀ ; ἱὊ  ὟἽ ὂ  

Ὀὗ  10 ἰ . ἱὊ  Ἰ  6.25 Ὀὖ  ὝἽἻ  ὃὖἻ ὠἻὉὖ ἻὕὌ ὂὖ ἽὖὌ 

ἱὀ ἻὍὖ f1-7.1 ἰἻ  f2 7.1 ἰἻ  ἱ , Ἧ Ἶὖ Ὂὕ ὀ  ἵὄὟὑ ἾὖὉ ἰ ; 

ὟἽ ὂ ἯὠὌ ὅ ὠἻ Ἧ  ὑὐὖ Ὗὅὕ . f1 Ὀ  f2 ἱὑ Ὃὖ ὀ Ἳ Ἰ  

ἯὠὈ Ὕὅὕ ὠἻ (pattern) ἳ ὑὕ . ἱ  ἱὠὁ ὂ ἯὠὌὉὖ Ὃὖ ἵὂὖ ὈὠὋ 

ὅὕὂὖὉὖ ὂὖ ὅ ὃὖἻ . ὠἽ  ἯὠὌἻὠὍ ὑὂ  ὑὖὠὍ  ἯὟὂ ὃὖἻ Ὕὑ ἳ Ὅ 

ὂὖὉ ὠἽ  ἯὠὌὉὕ ; ἰὄὕ  ὂ   Ὀ  Ὄ ἯὠὌἻὍὖ ὃὖὠὌὉὖ (phase) 

ἱ  Ὗὑ ὅ ὀ  ἰ . ἸὟὊ ὃὖἻ ἵ  ἳ Ὅ ὠἽ  ἯὠὌὉὕἻ ἱ Ἳ Ὗὑ . Ἰ  

Ὃὖ ὅὖ ὀ  Ἰ ὠὋ ἱὂ  ὑὖὂὖὑὖὌ ἻὕἻ (exception) ἸὟὊ Ἧὂὖ  ἵ  Ἳ  

ἳ Ὅ ἰὄὕ  180 ὃὖὠὌ Ὗὑ ὅὕ (phase difference) ἳ Ὅ Ἧὂὕὑ ἵὂὖὊὕὄ ὃὖὠὌ ἳ Ὅ 

ἱ  ὠἽ  ἯὠὌἻὠὍ Ἳ ὅὠὄ ὝἽ Ὁ . ἵ ὂ Ἵ ὂ ὅ ὂὖ ὂ  ἯὠὌ  Ὗὃ ὈὠὋ 

(positive) Ὀὂὖ ἱ ὂὕ ἱὊ ὀὕ ἯὠὌ  ἵὂὖ ὈὠὋ Ὀὂὖ ἱ  ἱὊ  

ὝὂὕὠἻ ἾὖὉὈὕ. ἱ  Ὃὖ ἵ Ὄὕ ὟὃὊ ὂὖ ἳ ὠὈὉὕ ; ἱὊ  

Ἧὂὖ Ἳ Ἰ ὠὋὝὉὕ  ἱ ὌὕὈ ὝἽ ὑὖ. ἱ ὂ ὐ  ἱὠἽ  Ἳὑ ἻὍὕὟὌὕ 

Ἧ Ὄ  Ὗὑ  ἶὂὕὑ ἵ ὂὖὊ Ἰ ἻὠὈ ὅὕὟὌὕ ὝὅὋ ἱὉὌὕ. ἱὠὂ ἵὌ Ὂὕὄὖ 

ὂ ὠὈὉὕ ὝὅὋὌὕ. 

 Ἧ ἾὖὅὖὊὕ ὂὠὈὉὕὄ ὀ  ὝἻὕ ὠἻ ὠἽ  ἯὠὌἻ  ὀ ὅ Ὗὅὕ 

Ὕὅὕ ὂὈὕ ἱ . Ἧὂὖ Ὅ Ὗὑ ὅ ὀ ὃὖἻ ἵ ὠὁ  ὝἻὕ ὠἻὉὖ ὈὖἻ 

Ὗὑ ὅ . ὃὕ ἱὊ  ἱὠἽ Ἳὑ ὠὉ ἵ  ὝἻὕ Ὗὑὕ, Ἰ  ἱὠἽ Ἳὑ Ὁὖ ὃὖἻ 

ἵ  100 cps ἰἻ  Ὀ ὝὋὕ Ὃὖ ὃὖἻ ἵ  cps ἰἻ  ἱ Ἳ . Ἧὑ ὠὋ 

ἱὀ ὝὅὉ ἽὖὉὖ ἸὟὊ Ἵὖ ἸὟὊ ἽὈὉ ὂὖ ἯὂὖὊ ὝἽ Ὁ. ἱ ὂ ἱ  ὠἽ  ἯὠὌἻ  

Ὕὅὕ ὑὕὄ ἯὍὠὑἻὍὖ ὑὠὊὅὀ 11 ἱ  ὟὈ ὅ ὂὖὉὕἻ ὂὖ ὀὈὖ ὂὗ ὀ ὅ Ὅ. 

ὂ  ἱὠἽ Ἳὑ Ἰ    Ὗὅὕ ἱὊ ὀὕὑ ἱὠἽ Ἳὑ ἱὊ  Ἳ 

. ἱ  Ἧὂὖ ἻὍὖ ὠὁ ὅὖ ὑὖὠὍ Ἳὗ ἳ Ὅ ὑὠὊ ὅὀ ὂὖ 

ἳ ὅ ὂ ὝἽ Ὁ ὅ Ὅ 
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ὅὀ  11: Ὗὑ ὅ ὀ Ἧὂὖ Ὕὑ Ἳ ὝἻὕ ὀ ἱ  ὠἽ  ἯὠὌἻὍὖ ὟἽ ὠἻ (Fry 1979: 23) 

(Addition of two sine waves of different frequency) 

 

 

 

 

 

 

 

ἱ  ἱὠἽ Ἳὑ Ὁὖ ἳὀ ὅὕὀὕὄ (ὅὕἽὖ ) Ὀ  ἵὂὖ ὠὀὉὕὄ (ὝὃἻ ) Ὀὂὖ Ἳ 

Ἰ  ὀ ὅ  Ἧὑ Ὃὖ ἯὠἽ ἻὍὖ ὝὂὕὠἻὉὖ Ἰ  ὑὠἻ Ἵὖ ἻὌὕὄ 

Ἧὂὖ ἻὠὍ (complicated vibrations) ἳ ὑὕ ἻὖὋ; ἱὂὄὕ ὑὖὠὍὑ Ἰ  ὠἽ  ἯὠὌ 

Ἧ Ὄ. Ἧὂὖ ἻὍὖ Ἰ ὂὋὖ Ἵὖ Ἧ Ὄ  Ἧὑ Ὃὖ ὃὖὠὌ ἳὋ ἻὍὖ (phase relations) 

ὃὖἻ  ἵ ὂ ὑὠἻ Ὀὕ Ὃ  ὑὖὠὍ  ὑὠὍὉὖ ὑ ὠὑ Ὀὕ . ἰὄὕ  Ἳ 

Ἧ Ὄ  ὃὖὠὌἻὍὖ Ἰ ἻὠὈ  (arrangements) Ἧὑ Ὃὖ ὠὁ ὅὕ Ἰ  ὠἽ  

ἯὠὌὠὉ ἳ ὑὕ Ἳ ἱὉὌὕ. 11-ἰὑ  ὑὠὊὅὀ ὂὖ ὠὁ Ἳ ὅ ὀ ὑὠὍ  

ὂὖ ὅ ὃὖἻ  ἯὠὈ Ὕὅὕ ὠἻ (pattem) Ἳὕ ὑὠὂ ὅὕ ἻὌὕ. 0 

Ὀὖ ὝἽἻ  10 Ὀὖ ὝἽἻ  ἱὠὀὟὉ ἳ Ὅ ἯὠὌὑ  10 

Ὀὖ ὝἽἻ  20 Ὀὖ ὝἽἻ  ἱὠὀὟὉ ὂὖ ὅ ὃὖἻ ἻὖὋ. ἱ ὂ ὂὖ ὅ 

ὃὖἻ  ἻὕὌ ἯὍ  ἻὌ ὅὖ Ὅ ἱ  Ἧὂὖ Ὕὑ ἻὍὖ ὠὋ ὂ Ἰ Ὃὕ .  
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ὠὓ  ἯὠὌἻὍὖ  ὟἽ ὅὖ  ἱ ὂ ἵ Ἳὕ  ὃὕ  

Ὗὂ Ὕὂ Ἳὖ Ὃὑ Ὃὖ  ἵὍὖὠὈὉὕὄὠὑἻὍὖ  Ἰ Ὃὕ : ἽὈὈὕὄ Ἳ Ὀ  

ἸὟὊ ὃὖὠὌὉὖ ἳ Ὅ Ἰ ὠὋ ὑὖὀ ἱὊ  Ὀὀ Ἳὕὄ ἱὊ  ὃὖἻ ἵ Ἳ . ὃὕ ὟἻ ἻὖὋ 

ὅὌ Ἰ Ἳ  ὃὖἻ ἵ ἻὍὖ ὈὖἻ Ἵὖ ἻὌὕὄ ἻὌὠὑἻὍὖ  ὑ ὑὂὕ . ὅὀ  12-ἱ  

ὃὕ ὅὕ ὅ ὟὈ  ὑὠὍὑὖ 5 Ὗὑ ὅ ὀ ὃὖἻ ἵ Ἳ  100, 200, 300, 400, Ὀ  500 

cps ἵ ὅὄὑ Ὃὖ ὠὁ ὅὖ ὑὖὠὍὑὕ. 

ὅὀ  12: ἻὌὠὑ ἯὠὌἻὍὖ ἱ  ἵ Ἳὕ Ἳ (Fry 1979: 24) 

 

 

 

 

ἱ ὂ ὠἽ  ἯὠὌὉὖ ὂὄὖ ὅ  Ἧὂ  Ἰ ὂὖὠἽὉὕὄ (Ἧ Ὄ  Ἰ Ὗὅὕ Ὃ) ὑ ὑὕ . 

(symmetrical shape) ὂ  Ἳὕ ὅ ὂὖὉὖ ὑὠὍ  ἱὊ ὀὕὑ Ἳὕὅ ὂὖὉὖ ὑ ὑὖ  

ἽὈὈὕὄὂὕ. ἯὠὌὉὖ ἵὂὖὕὖὠὀὉὕὄ ὅὕὂὖὅὕἻὈὕὄ  ἳὀ ὅὕὀὕὄ (ὟὃὕὖὠὀὉὕὄ) 

ὅὕὂὖὅὕἻὂὖ  ἽὕὖὉὕὄ ὂὠὌἻὗὐὕ. Ἧ ὂ ὑ ὑὖ  Ὗὑ ὅὀ ἯὠὈὑ  ἵ Ὄὕ ἻὌὠὑ 

ἯὠὌὠὉ (complex wave) ἳ ὑὕ . ἱὂὟὄὕ Ὕὂὕὀ ὠὀὉ Ἰ  ἻὌὠὑ ὊὈὕ  

(complex tone). ὅὀ ὂὖ Ἳὗ ὂὊ ὅ Ὅ  ἳὉ  ὑὠὊ  ἱὊ ὀὕὑ Ἳὕ ὅὕἻ ὂὖ Ὅ 

ὂὕ  ὑὠὍὠὑ ὑὖὀ ὂ  ὝἽ ὂὕὄὂὕ. ὑὠὍὑὖ ἵὂὖὕὖὠὀὉὕὄ ἯὠὊ ὅὕἻ 

ἱὠὂ  ὂὠὌἻὗὐὕἻ Ὀὕ Ἳὖ Ὃ. Ἧὂὕὑ Ὃὕὑ Ἳὕ ὅὕἻ ὂὖ ὅ ὅ Ὁὕὄ Ἵὕὖ 

(graded slope) ὃὕὌὕὑ Ἳὕ ὅὕἻ ὂὖ ὝἽ ὂὕἻ ἳὉ ἻὖὋ ὑὠὍ  ὝἻὕ ὀ. ἱ ὂ 

ὑὠὊὅὀ ὃὖὠὌὉὖ 100 cps Ὀ  200 cps ἳ Ὅ ἰὄὕ  100  ἯὠὌὉὖ 20 Ἵὂ ὂ 

200  ἯὠὌὉὖ ὀ Ὁ . ὠἽ  ἯὠὌὉὖ Ἳ ὅὕὄ Ἰ ὂὖὠἽὑὕὄ 

ὑ ὑὖ  (symmetrical shape) Ὗὑ ὅ ἻὖὋ ἵ ὂ Ἰ  ἻὌὠὑ ἯὠὌὉὕ ; Ἧὂὖ Ἳὖ Ὃ 

ἱὉ Ἳ (vibratory motion) Ἰ  ὟὈ ὅ ὀ ὃὖἻ ἵ ὁὖ  ἱὉ Ἳ ὂὖ ὑὖὠὍὑὕ 

Ἰ  ἻὌὠὑ ὊὈὕ. ὃὕ ὟἻ ἻὖὋ Ὕὅ ὅὕὌὕὄ ἵ Ὄὕ Ἰ Ἳ  ἱ ὂ ὑ ὠὅ 

Ἵὕ ὂὂὕ; ἵ Ὄὕ Ὗὅ  Ἰ Ἳ  ὃὖ ἽὉὈὕἻ ἱ ὂ ὑ ὠὅ Ἵὕ . 
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2.2.5 Ἧὂὖ  Ἰ ὠὋἻὍὖ ὝὅὥὂὖἻ ὅ Ἳ  (Physical properties of the vibrating 

system) 

Ἧὂὖ  ἱὉ Ἳ Ἱ  ἱὀ ὂὖ/ὃὖὠὌ  ὑ ὑὠὂ Ἳὕ  ὂ  ἲ ὅὕ 

ἳὠὀὉὂὕ . ἱ ὑὠὊ ἵ Ἳὕ ὄ ἵ Ὄὕ ἯὠὌ ὑ Ἳ  Ἳὑ ἻὖὠὍ Ὗὅὕ Ὃ 

ὈὖἻ ἽὖὋὖ ὂὍ Ὃ Ἰ ὠὋἻὍὖ ἱὉ Ἳ ὠὂ ἵ Ἳὕ Ἳὖ Ὃ; ἱὂ  

ὑὖὠὍὑὕἻ ὅὌ ἵ ὁὖ ὠἻὉὖὌὕὄ Ἳ  ὅὖὋ   ὠὋὑ  ἱ ὠὌ. ὈὖἻ 

ὂὍ  Ἰ ὠὋὉὖ ὑὖὠἽ ὝἽ ὂ ὅ ὀὕ Ἧὂ  ὑὖὠὍ ὅὀ  13-ἱ  

Ἳὕ ὀ ὅ Ὅ ἯὠὌ ὑ ὑ ὑὠἻὉὕ ; ἱὂὖ ἯὠὌὉὖ  Ὕὂὕὀ Ἳ Ὕὂὕ ὂὊ  

ὅὖὋ ὑὖὠὊὑὕἻ ὠὋἻὖ Ὃ Ὀ   Ἰ ὠὋ  Ἰ   Ἧ Ὄ  ἱὊ  

ἱὉ Ἳ ὂὖ ὅὖὋ Ἱ  ὃὖὠὌ  ὂὖ .  

ὅὀ  13: ὈὖἻ ὂὍ Ὃ Ἰ ἻὠὈ ὅὖ ἱὀ ὝὅὉ Ἵὖ ὑὠὍ  (Fry 1979: 26) 

 

2.3.  Ἰ  ἯὠὌἻὍὖ ὅὊὑ (the propagation of sound waves) 

 ἯὂὖὊ ὝἽ ὂ ἱὠἽ Ἳὑ Ἰ ὠὉ  ὂ  ἱ ὂ Ἰ ὠὉ ἹὊὍ  ὅ Ἳ ὂὖ ἱ  

ὟἻ ἻὌὕ. ἱὂὖ  ἱὠἽ Ἳὑ  ἻὖὠὍὉὖ ἱὉ Ἳ ὂὖ ὑὖὠὍ ἵ ὑὕὟὋὕ 

Ἧὂὖ  ὅὉὁὖ ἻὖὋ ἵ ὅ  ὝὂὕὖἻὖὋ. ἱ  ὃὕ Ἰ  ἯὠὌἻὍὖ ὅὉὁ ὠὂ 

Ἳ ὅ  ὝἻὕ ὠἻἻὠὍ ἯὠὌ ἱὉ Ἳ ἻὠὍ ὅὊὑ ὝἽ  ὅὌ ὑὐὖἻὠὍ 

ὅὕ Ἳ ἱ Ἳὖ ὟὋὕ. ὂ ὁὗὕὖ ὟὈ ὅὊ ὅὖ ἯὠὌἻὠὍ ὅὕ ὂὖ ἻὖὟὋὕ. 

ἽὌὄὈὖ Ὄὕὂ Ὅ ὂὖ ὃ ὑὖ Ἰ  Ἳ ὠὌ Ὗὅὕ ὀὕ ἱ ὂ ἯὠὌἻ  Ἧ  

ὑ ὀ ἻὍὕ Ὕὂὕὖ. Ὅ ὂὖ ὃ ὑὖ Ὕὂὕὀ Ἳὖ ὃὗ Ὅὖ ἻὠὊὑὠὊ ὝἽ ὑὂὕἻ 

ὃ ἻὖὟὋὕ, ἰὄὕ  ἳ ὠὈ Ἧ  Ἧ Ὄ. ὃὕ Ὅ ὂὖ Ἳ ὠὌ Ὗὅὕ ὑὂ  ὃὗὕὖ 

Ἰ  ἻὄὈὖ Ὄὕὂ ὂ ὠἻ Ὀὖὂ ὅὂὕἻ ὠὑ  ὝἻὕ Ὗὑὕ. Ἳ ὠὌ Ὗὅὕ ὀ  Ἧὂὄὕ 

ἳ ὀὕ  ἯὠὌἻὍὕ ὂ ὠἻ ὟὈ  Ἳὗ  ἯὠἽ ὟὈ Ἧ Ὃὖ Ὅ ὂὖ ἻὠὊὠὉ Ὗὃὕ Ἳὖ 
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ὝἽ Ὄὕ. Ὅ ὂὖ ὟὈ ὅὊ ὅὖ Ὅ ὃὗ Ἳ Ἳ ὂ ὠἻὟὅὕ ὅὀ  14 Ἳὕ Ὁ ὅ  

ὟὈ  Ἳὗ  ἯὠἽ . 

ὅὀ  14 ὃὗ ἯὠὌ  ἱὉ Ἳὂὖ ἳ ὅ ὂ (Representation of a water wave 

transverse motion) (Fry 1979: 28) 

 

 

 ἱὊ  ὟἻ ὑὖἻ ὃ  ὃὖ Ἳὖ Ὃὄ. ἶ  ὃὗ Ἳ Ἳ ὟὈ  Ἳὗ  ἯὠἽἻὖὋ? 

Ἧ ὅ Ὁὕὄὕ Ὅ ὂὖ ὅὊ ὅὖ ἵ ὅ ἯὠὌ ἱὉ Ἳ ὠὂ ὂ ἻὖὋ? ὂ ὁὗ  

Ἳ ἻὍὖ ἯὠἽὠὑ ἱὠἽ Ἳὑ  ἻὖὠὍὉὖ Ἧὂὖ ὀ Ἰ ὅὖὀὌὕ. ἱὠἽ Ἳὑ Ὁὖ 

ἻὖὠὍ Ἧὂ  Ἱ  ἱὀ ὂὖ  ἱὀ ὝὅὉ Ἵὖ ὝἽ Ὁ ὅ Ὗὅὕ Ἧ  Ὀὗ  Ἧὂ  

Ὕὂὕὀ Ἳ ἱὀ ὂὖ  ὂὖ ὅ Ὁ Ἵὖ . ἱὂ  Ἧ ὂ ἵ ὄὝὑ Ὃὕ ἱὠἽ Ἳὑ  

ἻὖὠὍὉὖ ἳὟὌὕἻ ὂὖ Ἳ  ἱ ὂ ὅ  ἱ ἻὖὋ ἵ ὅὂὕ . ἱ ὂ ὅ  

ἵ Ὄὕ  Ἳ Ἳ  ἱ . 

 ὃὗ ὅὊ  ἱὀ ὝὅὉἽὖ ὝἽ Ὁ ὅ Ὗὅὕ Ὀὗ  Ὕὂὕὀ ἻὃὖὠὌ ὑὊ 

Ὁ Ἵὖ ἻὖὋ Ἳ ἻὍὕ ἰὄ . ἯὠὌἻ  ὝἽὉὌ Ὃὂ ὠὈ (inert) ἱ .  ἱ  

Ἳ ἻὠὍ ὟὑἻ ὅ ὂὖ ὂὖ  ὂὖὠἽὉὖ ὂ  Ὂ  ὝἽ Ὄ ὠὑ ἻὖὋ. ἱὂ  

ἻὕὊὁὈὕἻ ἱὠἽ Ἳὑ ὠὉ Ὗὅὕ Ἧὂὖ  ἱὉ Ἳ ὂὖ ἳ ὅ  Ἳὕ Ὃὖ Ἳ Ἳ  

ἱ ὑὕ  ὂὕ  ὝἽὉὌὕ . ἱὂ  ἻὕὊὁὈὕἻ Ἰ  ἯὠὌ Ἳὕ Ὃὖ ὃὖ ὑ ὅ ἻὖὋ (set up). 

Ἰ Ὕὑὕ ἻὍὖ ὟὈ  Ἳὗ Ὀὕὄ ἱὉ Ἳ Ὀὗ  Ἱ  ὃὖὠὌ  ὑ  Ὗὅὕ Ἳὕ 

ὂ  Ὂ  ὝἽ Ὄ ὠὑ ἻὖὋ ὝἽὉὌ Ὃ ὂ ὠὈὉὕ  (inter) ὃὖἻ ἻὖὋ. ἰὄὕ  Ἧὠὂ 

ἱὉ Ἳ ὝἽ  ὑὖὠἽ Ἧὂ  Ἧ ὂὂὕ Ὗὅὕ ἳ Ὅ ἻὍὖ ἱὉ Ἳ ὂὕ 

ἳ ὂ ὅ ἻὖὋ. ὃὗ ἯὠὌἻ  ἱὟὂ ὝἻὕ ὠἻἻὍὕ ὂὕ  ὟὑὠὌ ὝἽ Ἳὖ Ὃ. ἱὂὖ 

ὃὈ  ὂ ὠὀὉὕὄ ὅὊ  ἱ ἻὖὋ. ἵὄὟὑ ὂ  ἱὀ ὅὕὖὈὕὁ ἱ ἻὖὋ. Ὅ ὂὖ 

Ὀ ὂὖὉὖ ἱὀ ὅ ἻὖὋ Ἳ  Ὅ ὂὖ ὅὊ ὅὖ Ὀ ὂὖὉὖ Ἳ ἻὍὖ ἱὉ Ἳ ὠὂ 

ἳ ὑὕ Ἳὖ Ὃ. Ἳ  ἱὀ ὅ Ἳὖ Ὃ ἱὀ ὂὖ / ὍὖὉ  ὑὖὠἽ Ἰ  ἻὍὖ  

Ὀ ὝὋὕ Ἳ  Ὀὕ Ὃ ὅ Ἳὖ Ὃ; ἱ  Ἳ ἻὍὖ ὝἽ  ἱὉ Ἳ ὠὂ  

ὝὑὍὖ ὅὠὀὉὕὄ ἯὠὌ ἱὉ Ἳὠὂ ἵ Ὄὕ ὂὖὠἽἻ  ἳ ὑὕ . ὅὖ ὑ  ὅὀ  ἱ ὂ 

ἯὠὌ ἱὉ Ἳ ὠὂ Ἳὕ . 
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ὅὀ  15:  ἯὠὌ (transverse wave) (Fry 1979: 30) 

 

 ἯὠὌ ἱὉ Ἳ ἱὀ ὅ Ἳ ὂὖ  ὑὌ ὅ ἻὈὕἻ Ὗὄ ; ἯὟὂ ἽὈὉ 

Ἰ Ὕὑὕ Ἳ  ὝἽ  ὃὖὠὌὉὖ ὟὈ  Ἳὗ  ἱὉ /ἯὠἽ . ἱ ὂ ἱὉ Ἳ ὂὖ 

ὂ  ἱὀ ὝὅὉ Ἵὖ Ἧὂ  Ἵὕ . ἱ  ἽὖὋὖὉ Ἧ ὋὖἻὍὕ Ἳὕ ὀ ὅ Ὅ. 

ἱ ὈὕὂὖὕὖὉὕὄ Ἧὂὖ  ἱὉ Ἳ  ἯὠὌ (transverse wave) ἵὄ ὅ . ὃὗ ἯὠὌ ὠἽ  

ἯὠὌὠὉ Ὕὃ ἻὈὕἻ Ἰ ὂὖ ὅ ὅὀ  15-ἷ ὅὕ ὂὕ Ὕὂὕὖ. ὃὗ Ἳ ἻὍὖ ἱὉ Ἳ  

ὂ Ὂ ἻὍὖ ἱὉ Ἳ ὂὖ Ἳ ὀ ἯὟὂ ὑὖὂὖἻὠὍ ὅὖ ὅ . ἰὄὕ  Ἧὂὖ  ὟἻ  

ἵ ὠὌ ἯὍ  ἱ ὠὌ.  ἯὠὌἻὠὍ ὂὖὊὑ ὂὖ ὅὊ ὅὖ ἽὖὌ Ἳ Ὁὕὄ 

Ὕὅὕ ἻὍὖ ὅὊ ὅὖ ἳ ὑὕ ἻὌὕ. ἰὄὕ  Ὕὅὕ ὑὕἻ Ἧὠὑ ὂ  ὑὖὂὖὑὖὌ Ἳὕὄ 

ἯὠὌ ἱὉ Ἳ ὂὖ ὑὠἻὠὉ ἳ ὅ ὂ ὝἽ . ἵ Ἳὕ ὀὕἻ Ἧὑ ὠὋ Ἰ  

ὑὕ ὑὖ ἳ ὑὕ Ἳ ἱὉὌὕ. ἵὄὟὑ Ἳὕ Ὃὖ ἳ ὑὕ Ἳ ὅ Ἰ  ἯὠὌὉὕὄ  ἯὠὌ 

ἱὉ Ἳ ὂὖ Ὀ ὝὋὕ ὑὠἻὉὕ . 

 ἯὠὌ ὅὉὁὖ  ὂὖὠἽ ὝἽ ὂὕὄ ὟἻὕὁ ὂὖ Ἳ  ἱὉ Ἳ (vertical 

movement) ἱ .  ἯὠὌ  ὈὕὋὕὄ ὅὉὁὖ  ὂὖὠἽὉὖ ὟἻὕ ὑὐὖὉὕἻὟὑ 

 ὅὖ  ἯὠἽ  Ἳ  ἱ  ἯὠὌὉὕ . 

ὅὀ  16: ὅ ὠἻ ἯὠὌὉὖ ὑὐὖὉὖ Ἳ  ἱὉ Ἳ (Particle motion in path of a longitudinal 

wave) (Fry 1979: 31) 

 

ἯὠὌ ἱὉ Ἳ ὂὖ ὂὖὠἽ 

ἯὠὌ ἱὉ Ἳ ὂὖ ὂὖὠἽ ἯὠὌ ἱὉ Ἳ ὂὖ ὂὖὠἽ 

Ἳ  ἱὉ Ἳ ὂὖ ὂὖὠἽ 
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ὅὀ  16ἱ  ὅ ὠἻ ὑὕὖὠἽ Ἧ ὂ ὂ Ἳὕ  Ἳ Ἳ Ἱ ὑὖ Ἰ  ὟἻὕ  ἱ ὅὠὂ 

ἳ ὅ ὂ ὝἽ ἻὖὋ. ὂ  Ἳ  Ἧὂὖ ἻὖὋ ἱὠἽ Ἳὑ Ὁὖ ἻὖὠὍ  Ἧ ὂὖ ὅὂὕἻ 

ὝἻὕ Ὗὑὕ. ἱὂ  ὑὖὠὍὑὕἻ ὂ  Ἳ  Ἧὂ  Ἱ  ὃὖὠὌὉὖ  ἱὀ ὅ Ἳ  

ὑὌ ὅ ἻὈὕἻ ἱὀ ὝὅὉ Ἵὖ ὝἽ Ὁ ὅ Ὅ. ὃὗ Ἳ Ἳ Ὗὅὕ Ἳὕ  Ἳ Ἳ  

Ἧὠὑ ἱὉ  Ὗὅὕ Ἰ ὠὋ Ἰ ὠὋ  ὅὕὂὖ . ἰὄὕ  Ἧὠὑ ὅὖὊ ὟὂἻὈὕὄ ὑὐὖὉὖ 

ἱὠὂ  ὝἽ . ὂ  Ἳ  ὑὌ ὅ Ἳ ἽὌὄὖ  Ὗὅὕ Ἧ  ἱὊ ὀὕὑ Ἳ  

Ἧ Ἳὖ ὑ . ἱὂὄὕ ἱὊ ὀὕὑ  Ἳ  Ὃὕὑ Ἳ ὑὠὊ ἽὌὄὖ Ἳ 

ὀ ὅ /ἳ ὂ ὅ. ἱὂὄὕ 3-ὑ  Ἳ  ὀ ὅ  4-ὑ  Ἳ  ὑὠὊ 

ἽὌὄὖ . ἱ ὅ  Ὕὂὕὀ  ὅ ὠἻ ὑὕὖὠἽ C-ἱ  Ἳὕ Ὁὅ ἱὉ Ἳ ὃὠὀὝὅ  

ἱ ὈὕὂὖὕὖὉὕὄ Ἳ ἻὍὖ Ὕὃ ἻὈὕὄ ὟἽ ὠἻ (crowding together) Ἧὀ ὂὖ ὃὖὠὌὉὕ 

(state of compression). ἱὂὄὕ Ἳὕ Ὃ ὂ ὈὖἻ ἽὖὋὖὉ ἯὍὑὖ ὃὖἻ. ὟὃὊ 

ὝἽ Ὄ ὝἽ Ὄ Ὕὃ ἻὈὕὄ ἯὠὌ (wave of compression) Ἧ ὂ ὂ Ἳ  ὑὐὖ ὑὌ ὅ Ἳ  

ὅὉὁὖ  ἱὟὂ ὟὃὊ ὂὖ ἱὠἽ Ἳὑ Ὁὖ ἻὖὠὍ ἱὀ ὅ Ἳ ὝἽ Ὃὖ . ἱὂὄὕ 

ὑὌ ὅ Ἳ ὂὖ ὂ  ἱὀ  Ἳὖὠὀ . ἱὂ  ἻὕὊὁὈὕἻ  Ἳὕ Ὃ ὂ ὈὖἻ ἽὖὋὖὉ ἯὍ  

ὠὋ . ἱὂὄὕ ὂ  Ἳ  ἱὀ ὅ Ἳ ὝἽ . ἱὠἽ Ἳὑ  Ἧ Ἳὖ Ὅ Ἳ Ἳ 

Ἱ ὃὖὠὌὉὖ Ὅ Ἳ ἻὠὍ Ἳὕ  ὂ  ἱὠὀὝὑὍὖ ὀ ἱ . 

Ὕὃ ἻὈὕὄ/Ἧὀ ὂὖὉὕὄ ἯὠὌἻ  (wave of compression) Ἧὀ ὂὖ ἱ Ὄὕ/Ἧὀ ὂὖ 

ὂὍ ὑὕὄ ἯὠὌἻὍὕ  (wave of rerefaction) ὝὂὕὀὊ ὅ . Ἧ  ὑὌ ὅ ἻὈὕἻ ὅὉὁὖ . 

ἱ ὃὖὠὌὠὈ ὅ ἻὑὕὖὠἽ D-ἱ  Ἳὕ ὀ ὅ Ὅ. Ἧὀ ὂὖὉὕὄ ἯὠὌἻ  Ἧὀ ὂὖ 

ἱ Ὄὕ ἯὠὌἻ  ἱὠἽ Ἳὑ Ὁὖ ἻὖὠὍὉὖ ἱὉ Ἳ ὂὕ ὟὃὊ Ἳὁ Ἳὖὀ ὅ ὀ. 

ἵὄὟὑ Ἳὕ Ὃὖ ἯὠὌ ἱὉ Ἳ ὂὖ Ἧὂὖ  ἱὠἽ Ἳὑ Ὁὖ Ἧὂὖ  ἽὈὈὕὄ. Ἰ  

ὑὌ ὅ Ἳ ἱὉ Ἳ  Ἰ  ἱὀ ὅ Ἳ ἱὉ Ἳ  ἱὠἽ Ἳὑ ἱὉ Ἳ ὂὖ ὑ ὀ ὠὂ/ ὠὋ 

ἳ ὀὕ . Ἰ  Ὕὃ Ἳ ὠὂ Ὕὂὕὀ  ὑ  Ἰ  Ἧὀ ὂὖ ὂὍ  Ἳὕ Ὃὖ Ἰ Ὁὖ Ἰ  

ὠὋ ἳ ὀὕ . ἱὠἽ Ἳὑ  100 Ἳ Ἧὂὖ  ἱ ὂὕ Ὕὃ Ἳ ὂὖ 

ὂὍ ὑὖ  Ἳὕ Ὃὖ Ἰ  ὍὖὠὉ Ἳὀ  ὝἽ Ὄ 1/100 ὝἽἻ  ἵ . 

 ἯὠὌὉὖ ὑὐὖὉὖ Ἳ ἻὍὖ ὅ ὅὖ (disposition) ἳὀὄ  Ἳὕ Ἵὖ ὅὀ  16-  

ὅ ὠἻ ὑὕὖὠἽ E-ἱ  ἵ Ἳὕ ὀ ὅ Ὅ. Ἳ  ἱὉ Ἳ ὂὖ ὃὖὐ ὅὀ Ἰ Ὕὑὕ 

Ἳ  ὑὌ  ὅ Ἳ ὂὖ ἱὀ ὅ Ἳ ὂὖ Ὀ ὟὈ ὃἻ , ἯὠὌ ἱὉ Ἳ ἱὀὈὖ  
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ὑὌ  ὅὉὁὖ  ἵ ὅὠὂ ὝὂὍὖὑὕ . ἱὂὄὕ ἱ ὈὕὂὖὕὖὉὕὄ ἯὠὌ ὅ ὠἻ 

ἯὠὌ (longitudinal wave) (ὃὗ  Ὗὅὕ Ἳὕὄ) ἵὄ Ἧὠὐ Ἳ ὅ. ὃ  Ἳὕὠὂ Ἧὠὀ  Ἰ  

ἯὠὌἻ  Ὁὕ  ὅ ὠἻ ἯὠὌἻ  ὑ ὑὖ ἱ . ἵὍὖὠὈ ἻὕἻ ἱ ὂ ὑὠἻὉὕὄ ἯὠὌ 

ἱὉ Ἳ Ἰ  ὂὄὖ ὟἻὕ ἱ  Ἳ ἻὍὕ ἵ Ἳὕ ὀ ὅ Ὅ. Ἰ  

ἳ ὑὕ Ἳ ὅ Ὗὅὕ Ἰ  ἯὠὌἻ  Ὄ ὂὖ  ἵ Ὄὕ ὂὖὠἽἻ  ὅὉὁ  

ὝἽ . Ὅ ὂὖ Ὗὅὕὀ ὅ ὀ Ἳ Ὄὕ ἳ ὀὕ Ἳ ὅ Ἧ Ἳ Ἳὕὄ ὑ ὀ ἻὠὍ 

Ὗὅὕ, ἱὠἽ Ἳὑ Ὗὅὕ ἵ ὂ Ἰ  Ὄ  Ἰ  ἯὠὌἻὠὍ ὑὖὕὖ ὟἻὕὍὑ ὑὖ 

ὝὑὍὖὑὖ; ἶὝὄ Ὃὕ Ἳὕ  ὝὑὍὖ (atmospheric space)  ὅὕὖὈὕὁ ἻὠὍ (three 

dimensional) ὝἻὕ ὀὂὕ. Ἰ  ἯὠὌ ἱ ὂ ὟἻὕὍ ὂὖ ἵ Ὄὕ Ἵὕ ὂὖὉὈὕὄ ἰὊ ὂὖ 

ὑὐὖὉὕἻ ὅὉὁὖ . Ἰ Ὕὑὕ Ὃὖ Ἳ ἻὍὖ ἱὉ Ἳ ἯὠὌὉὖ ὅὊὑ  ὂὖὠἽ 

ἱὠὁὉὕἻ ἱ ; Ἧὂὕὑ Ἧὠὑ ὅ ὠἻ ἯὠὌἻὍὕ . 

 ὅὀ 15-  Ἳὕ ὀ ὅ Ὅ ὃὗ Ἳ ἻὍὖ ἳὀὄ  ὅὀ ὂὖ  (instantaneous 

picture)  ὃὕ  ἯὠὌ ἱὉ Ἳ ὠὂ ὠἽ  ἯὠὌἻὍὕἻ ὅὕ Ἳ ἱὉ . ὅ ὠἻ 

ἯὠὌ  ἱ  ἳ ὠὈὉὕ  ἵ ὅὠὂ ἵὍὖὂὖ ἶ ὝἻὕ Ὅ ἱὉὌὕ. ὃὕ Ἰ  ὂὄὖ 

ἻὍὖ ἱὀ ὝὅὉ ἽὖὠὉ ὟὃὊ ὀ Ὕὂὕὀ ὅ ὂὖ Ἰ  ὑὠὊὅὀ ὑὠὊ ἻὌὕ. ἱὉ Ἳ 

ὠἽὄἽὕ ὀ ἰἻ (sinusoidal) ἱ ὂὕ ὑὖὠὍ ὠἽ  ἯὠὌὉὕ . ἱ  ὂὌὕὄ 

Ἵὖ Ἳ ἱ ἻὖὋ, ὃὕ ὅὉὁὖ ἻὖὋ ἯὠὌ ἱὉ Ἳ ὠὂ ὅ Ὃὖ ὟὅἽ Ὗὑ  ἱ ἻὖὋ. 

ὝὑὍὖὉὖὀ ὂὖ (space) ἵ ὂ ὍὖὉὖ ἵ ὂ Ὃὖ ὅὖ ὀ ὟὃὊ ὂὖ Ἳὕ  Ἳ ἻὍὖ 

Ὕὃ Ἳ (compression) Ὀ  ὂὍ  (rarefaction) Ἧ ὅὠὀὉὖ ὅὕ Ἳ Ὗὑ  

ἱ ἻὖὋ. Ἰ  Ὃὖ ὅὖ ὀ ὍὖὉὖ Ἰ  Ὃὖ ὅὖ ὀ ἻὖὉ ἻὕὌ ὂὖ ὂ  Ὕὃ Ἳ 

ἱ . ἱ  ὠἽ  ἯὠὌὉὖ ἳ ἽὖὠὉ Ἧ Ὄ  Ἳ ὠὀ Ἰ . ἽὖὌ Ὀὖ  

ὝἽἻ ὅὖ ἱ ὂ ὍὖὉὖ Ἧ ὂ ἱὉ ὅὕὄ  Ἳὕ Ὃὖ Ἧ ὂὖ  ὠὋ . ἱ  

ὈὖἻ ὂὌὕὄ ὂὍ  (rarefaction) Ἧὠὀὑ  ὑὠὊ ὟὈ  ὠὋ ; ἱ  ὠἽ  ἯὠὌὉὖ 

ὂὕ ἽὖὠὉ (trough) Ἧ Ὄ  ὂ  ἵὂὖ ὈὠὋὉὕὄ Ὀὂὖ ὠὅ Ἰ . ὈὖἻ ὂὌὕὄ 

ὂὍ ὠὑ (rarefaction) Ἧὠὀὑ  ὑὠὊ ὠὋ . ἱ ὑὕ  Ἰ  ὂὄὖ ὍὖὉὖ ὝὑὍὖὉὖὀ ὂὖ 

Ἳὕ Ὃ ὂ ὂὖ ὂ  Ἧ Ὄ  ὠὋὑὖ ὑὠὊὅὀ Ἰ  ὠἽ  ἯὠὌὠὉ  ὂ . ὅὀ  16 E 

Ἰ  ὈὖἻ ὠὋὑὕὄ ὟὃὊ ὂὖ (instant) ὝὑὍὖὉὖὀ ὂὖ (space) Ἧ ὂ ὂὖ Ὗὑ ὅὕ ἻὠὍ 
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Ἳὕ Ἳὖ Ὃ. ἵὄὟὑ Ἰ  Ὄ ὂὖ  ἳ Ὅ Ὂ  Ἧ ὅὠὀὉὖ Ἳὕ Ὃὖ Ἧ ὂ ὂὖ 

Ὗὑ ὅὕ ὠὀ Ἳὕ Ἰ  ὑὠὊὅὀ ὑὠὊὉὌὕ (ὂὗ ὀὌὕ). Ὄ  ἱὠἽ  Ἳὑ Ὁὕ 

ἱ ὂὕ ἱ ὂ ὑὠὍ  ὠἽ  ἯὠὌὉὕἻ ἱ . ἱ  ὅὀ  17ἱ  

ἵ Ἳὕ ὀ ὅ Ὅ  

 ὅὀ  17: ἯὠὌ ὃὗὍ ὠὂ Ἳὕ Ἧὀ ὂὖὉὖ Ὀ  ὂὍ ἽὖὉὖ ἯὠὌ (Fry 1979: 32) 

 

ἯὠὌὃὗὍ ὠὂ Ἳὕ  Ὕὃ ἻὈὕὄ Ὀὕ  ὂὍ ὑὕὄ ἯὠὌ Ἳὕ  Ἧ ὂ (air 

pressure) ὝἽ  ἯὍὠὑὉὖ (vertical scale) ἱ Ὃὖ ὂ ὠὈὉὕὄ ἯὌ ἻὍὕ (arbitrary 

units) ἯὍ Ἳὅ Ὅ. ἳὀ ὅὕὀὕὄ Ὀὂὖ Ἳ (positive values) Ὕὃ Ἳ ὠὂ 

(compression) ἵὂὖὕὖὠὀὉὕὄ Ὀὂὖ Ἳ (negative values) ὂὍ ὠὑ  Ὃὖ ὅὖ ἻὖὋ. 

ὅ ὠἻ ἯὍὠὑ (horizontal scale) ἱὠἽ  Ἳὑ Ὁὖ  Ὂ ὠὂ Ὀὗ ὀὕὖ ὂ ἻὖὋ. ἱ  

ἰὄὕ  ἱὀ  ἱὠἽ Ἳὑ  Ὕὃ ἻὈὕἻ ἽὖὌ Ὀὗ ὀ Ἳ ὃὗ ἻὖὋ. ἱὉ Ἳ ὂὖ  ὑὌ  

ὅ Ἳ ὅὉὁὖ ὅὂὕ ὑὠὍ  ὈὖἻ ὠὋ ὂ ὟὃὊ ὠὂ ὂὕ Ὃὖ ὅὖ Ἳὖ Ὃ. ἱ ὂ 

Ὃὖ ὅὖ ὀ ἽὖὋὖὉ ἻὕὌ ἯὍὑὖ ὝὑὍὖὉὖὀ ὂὖ ἽὖὌ ὍὖἻ ἸὟὊ Ἧ ὂ ὂὖ ἱ . 

ἵ Ἳὕ ὀὕἻ P1, P2, P3 ἵ ὅὄ ὈὖἻ ὂ  Ὕὃ Ἳ ὂὖ R1, R2, R3 ἵ ὅὄ ὈὖἻ 

ὂ  ὂὍ ὑὖ ἱ . Ἧ ὂ  ἱ  ἱ ὠὑὉὖὌὕὄ ὍὖἻ  ἱὠὀὟὉ 

ἳ Ὅ Ὂ  Ἰ Ὁὖ ἯὠὌ ὃὗὍὈὕ. ἱὠὂ ὑὠὍὑὖ ἵ ὂ ὍὖὉὖ  ἯὍ ἻὌὕ. 

ἰὄὕ  Ὕὅὕ ὂὈὕὄ ὍὖἻὠὍ ἵ  ἯὍ Ἳ Ὗὑ . ἱ ὑὕ  P1ἱ  P2 Ἳὕὄ 

Ὂ  Ἧ Ὄ  R1ἱ  R2 Ἳὕὄ Ὂ  ἯὠὌ ὃὗὍ ὠὂ ὂ . ἱὟὂ Ὗὅὕ Aἱ  

A2 Ἳὕὄ  Ὂ  ὝἽ . ἱ ὂὖ Ὗὃ ὑὖ Ἧ ὂ ἱὉ ὅὕὄ Ἳὕ  Ἧ ὂ ὃὖὠὌὉὖ 

ἳ Ὅ ἱὠὀ ὅ ὀ Ὅὖ (A) ἰ . A1ἱ  (a)-  ἳ Ὅ  Ὂ  ἯὠὊ ἯὠὌὃὗὍὈὕ 

(half wave length). 

ἯὠὌ ὃὗὌὍ 

ἯὠὌ ὃὗὌὍ 
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 Ἳὕ Ὃὖ Ἰ  340 m/s Ἧ Ὄ  1240 km/h ὑὖὠὊὑὖ(velocity) ὅὉὁὖ ἻὖὋ. Ἰ  

ἸὍὖὠὉὑὖὀ ὈὖἻ ὝὈ ὑὕἻὟὑ ὅὉὁὖ ἻὖὋ. ὃὕ Ἰ  ἯὠὌἻὍὖ ἯὠὌ ὃὗὍ ἵ ὑὕ 

Ἰ  Ὄ ὂὖ ὃὖἻ ἵ  Ἰ Ὁὖ ὟὑἻ ὂὖ (velocity of sound) Ὕὂὕὀ 

ὝἻὕ Ὅ ἵ ὅὠὂ ὕὖ ὝἻὕ Ὅ Ὗὑ . ὃὕ Ὕὃ Ἳ ὂὖ Ὀ  ὂὍ ὑὖ 

ἯὠὌἻ  ἱὠἽ Ἳὑ Ὁὖ ἽὌὄ ὂὕ ὑὖὠὍἻὖ Ὃ ἵ  Ἧὠὑ ἱὠἽ Ἳὑ Ὁὖ  ὃὖἻ 

ἵ ὁὕ  Ἳ  ὅ ὂ ὅ Ὅ ἵ  Ἳ Ὗὀὕ. ὃὖἻ ἵ  100 cps ἵ Ὃὕ 

ἱὠἽ Ἳὑ  ἻὖὠὍὉὖ ὂ  ὑὌ  ὅ Ἳ Ἵὕ ἳ ὀὕ Ἳ ὅ ὀ Ὕὃ Ἳ 1/100 

ὝἽἻ  ὅὖ ὄ ἱὊ ὀὕὑ Ὕὃ Ἳ ὂὕ ὝὂὕὀὊ ὅ. Ἰ Ὁὖ ὟὑἻ 340 m/s 

ἵ ὅὂὕ 1/100 ὝἽἻ  ὂ  Ὕὃ Ἳ 3.4 Ὀὗ ὀ ὅὉὁὖ . Ἧὂὕὑ Ἳὕ  

Ἳ Ἳ  ἱὠἽ Ἳὑ Ὁὖ  3.4 Ὀὗ ὀ ὂ  Ὕὃ Ἳ ὂὕ ὅὕὂὖ Ἳ ὅ. Ἧ ὂ ἽὖὋὖὉ 

ἻὕὌ ὟὃὊ ὂὖ ἱὠἽ Ἳὑ  Ἧ ὂὕ Ὗὅὕ ἱ  Ἳὕ  Ἳ ὟὈ ἱὊ ὀὕὑ 

Ὕὃ Ἳ ὂ ὅ. ἵὄὟὑ 3.4 Ὀὗ ὀ Ὂ  Ὕὃ Ἳ ὂὖ Ἧ ὂ ὂ ἳ ἽὖἻὠὍ 

ὅὖὕὖ. ἱὠἽ Ἳὑ Ὕὂὕὀ  Ἧὂὖ  ὝἻὕ Ὗὀ 1/100 ὝἽἻ  ἱὠὀὝὑὍὖὉὖ 

Ὕὃ Ἳ Ὀ  ὂὍ ὂ ἯὠὌἻὠὍ Ἧ ὅὖ ὝἻὕ . ἱὂὄὕ ἱὠἽ Ἳὑ ὠὉ 

Ὃὖ ἱ  Ἳὕ Ὃὖ Ἰ Ὕὑὕ 3.4 Ὀὗ ὀ  ἵ ὂ ὟὃὊ ὂὖ Ὕὃ Ἳ ὂὖ ἳ Ἵὖ 

ἱ Ὗὅὕ Ἰ Ὕὑὕ 3.4 Ὀὗ ὀ  ἵ ὂ ὟὃὊ ὂὖ ἳ Ὅ Ὂ  Ἰ Ὁὖ ἯὠὌ ὃὗὍ 

ἵ  Ἳ Ὗὀὕ. ἵὄὟὑ 100 cps ὃὖἻ  ἵ  ἳ Ὅ Ἰ Ὁὖ ἯὠὌ ὃὗὍ Ἳὕ Ὃὖ 3.4 

Ὀὗ ὀ ἰ  

 ἱ Ὕὅὕ  ὃὕ 100 cps ὃὖἻ ἵ  ἳ Ὅ ἱὠἽ  Ἳὑ ὠὉ 200 cps ὃὖἻ ἵ  

ἳ Ὅ ἱὠἽ Ἳὑ Ὁὕ ἱὀ  ὝὅὉ ὅὂὕἻ ὠὑ  ὝἻὕ Ὗὑὕ. Ἧ ὂ ὂ Ὕὃ Ἳ 

ἯὠὌἻ  ἱὠὀὉὖὌὕὄ ἱὠὀὟὑὠὍ ἱ Ὕὅὕ  1/200 ὝἽἻ  ἰ . ἱ ὂ ὟὃὊ ὂὖ 

ἯὠὌ 340/200 Ὀὗ ὀ Ἧὂὕὑ 1.7 Ὀὗ ὀ ὅὉὁὖ . ἱὂὄὕ ἳ Ἵ Ἳ  ὃὗ Ἵ Ἳ 

ἱ ὂ Ὂ ὂὕ ὅὖὕὖ Ἳ ὅ . Ἰ Ὁὖ ἯὠὌ ὃὗὍ 1.7 Ὀὗ ὀ ἰ . ἵὄὟὑ Ἳὕ Ὃὖ 

ἳ Ὅ ἵ ὂ Ἰ Ὁὖ ἯὠὌὃὗὍ ὠὂ Ἳὕὁ ὃὕ 340 Ὀὗ ὀὠὊ ὃὖἻ Ὕὑ ὁὕ ὑ Ἳ 

Ὗὑ . ἱ ὑὕ  500 cps Ἰ Ὁὖ ἯὠὌὃὗὍ 0.68 Ὀὗ ὀ ἰ  Ὀ  1000 cps 

Ἰ Ὁὖ ἯὠὌὃὗὍ 0.34 Ὀὗ ὀ ἰ . ὅὀ  17-  ἳ ὅ ὂ ὝἽ Ὁ ὅ Ὅ Ἰ Ὁὖ 

ἯὠὌ ὃὗὍ ἶὋ ὠὋὉ 0.75 Ὀὗ ὀ (0.7  0.78  ἱὠὀὉὖ) ἰ . 340 Ὀὗ ὀὠὊ 
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ἱ ὂ Ὂ ὂὕ ὑ ὂὕ ὃὈ  Ἰ Ὁὖ ὃὖἻ ἵ  Ἳὖὠὀ . ἰ ὝἽ Ὂὕ  ἱ  

440 cps ἰ . 

 ὃὕ ἱ ὑὠὊ Ἳὕ Ὃὖ Ἰ Ὁὖ ὟὑἻ Ἧ ὅὠὀὉὖ (velocity of sound in air) ἯὠὌ 

ὃὗὍ ὠὂ Ἳὁ Ἳὖ Ὗὀὕ. Ἰ ὠὉ  Ἳὕ  ὂὑὖὊ ὂὖὀ Ὕὅὕ Ἳ Ὀ  ὑὕ Ἳ ὑὐὖ 

Ἧ ὅ ἱὉ . Ἰ Ὁὖ ὑὖὠὊ ἴὀἻ  Ἧ ὅὠὀὉὖ Ὗὑ ὅ . ἵὄὟὑ Ἰ Ὁὖ ἯὠὌ 

ὃὗὍ ἴὀἻ ὠὂ Ὕὅὕ  ἯὠὈ . ὃὕ ἱὠὂ  ὅὖ ὑ Ὀὕ ὑὖὍ ἻὌὕ. ὃὕ ὅὀ  19-

ἱ  Ἳὕ Ὁὅ 1 ὂ  7 ὑὠὊ ἵ ὁὖ ὀ Ὕὂὕὀ ἽὖὉὕὄ ὂὖὊ Ἳ (masses) Ἰ  

Ὀ ὝὋὕ ὀ  ὅὖὕὖ Ἳὕ (curl spring) Ὕὂὕὀ ὅ ὂ ὅ ὅὂὕἻ ὝἻὕ Ὅ . 

ὅὀ  18: ἱὠὁ Ἳ ὅ ὀ ὅὖὕὖ Ὀ  ὂὖὊ ὂὄὖὈ ἻὍὖ ἳ ὅ ὂ (Representation 

of coupled spring and mass elements) (Fry 1979: 35) 

 

ὂὖὊ 1ἱ  ὅὖὕὖ Ἳὖ ὟἻὕ ὑὐὖὉὕἻ ὂὊ ὅ ὀ ὑὖὠἽ Ἧὠὂ ὑὌ  ὅ ἻὈὕἻ ὃἻὊ ὝἽ  

Ὀ  ὂὖὊ 2-ἳὀ  ὟἽ  ὅ  . ὟὈ  Ὗὅὕ Ὀὕὄ ὑὖὠἽ ἱ ὂὕ ὂὖὊ 2ἷ 

ὑὌ ὅ Ἳ ὃἻὊ ὝἽ . ὝἽ ὂ ὅ ὀ ὑὖὠἽὉὖ ὂ  ὑὖὠὍ ὑὌ ὅ ἻὈὕἻ 

ὅὉὁὖ ἻὖὋ ἻὍὖ Ὕὃ Ἳ ὂὖ ἯὠὌὉὕ . ἰὄὕ  ἱ Ὗὅὕ Ὕὃ Ἳ ὅ ὀ ἵ ὂ 

 ὂὖ ὅ ὅὠὐὉ ὃὖὠὌ ὑ  ὑὖὠἽ ἱ . ἱ  ὂὖὊὠὍ ἱὀ ὅ Ἳ ὂὖ . 

ὟὈ  Ἰ Ὕὑὕ ὂὖὊ  ὝἽὉὌ Ὃ ὂ ὠὈὠὉ ὂ . ἱ  Ἧὂ  Ἱ  ὃὖὠὌὠὉ ὂὕ  

ὝἽ Ὄ ὝἽ . ἵὄὟὑ   ὅὖὕὖ Ἧὂ  ἱὉ ὅὕὄ ὃὖὠὌὉὖ  ὂ  ὃὗ ; 

Ἧὂὕὑ ὂὍ ὑὖ Ἰ  ἯὠὌ (wave of rarefaction) ἱ . Ἧὂὖ  ὅ  ὝἽ Ὁ ἱὉ  

ἵὂὕἻὖ ἯὠὌ ἱὉ Ἳ ὠὂ ἳ ὑὕ Ἳ ἱὉ  ἴὀἻ ὂὖ  ἱ ὂ ὅ Ἳ  ἱ . 

ἱ  Ὗὑ ὅ ὀ Ἰ ἻὠὈ ὅὖ ὃὀ ὠὂὉὖ Ὗὑ ὅὕ ἻὠὍ ὑὖὍ . ὂὖὊ Ἳ ὂὌὕ 

ἱ ὂὕ Ὕὅὕ  ἻὄὈὕἻ ἱ . ὟὈ  Ἧὂὖ  ἱὉ Ἳ ὂὖ ἳ ὀὕ  ἱὉ ὑὖὠἽ 

(momentum) ὂὌὕἻ ἱ . ὝἽ ὂ ὅ ὀ ὑὖὠἽ  ὈὖὂὈὖἽὖὉ ἽὌὄ (overshoot) 

ὂὌὕἻ ἱ . ἱ  Ἧὂὖ  ὂ  ὠἽ  ὂ . ὅὖὕὖ ἱ ἻὈὕἻ (stiff) 

ἱ ὂὕ, ὂὖὊ ἻὍὖ ἱὉ Ἳ ὟὑἻὈὕἻ ἱ ; ὑὖὕὖ  ὂ ὠὈ ὂὌὕἻ 
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ἱ . ἯὠὈ Ὕὅὕ  Ἰ  ὌὈὕἻ ὝἽὉ ὅ ὀὕ Ἧὂὖ ὑὖ ὃὖἻ  ἵ  ὂὌὕἻ 

ἱ Ἳ Ἵὕ ὂὖὉ ἱ . ὈὕὋὕἻ ὅὖὕὖ ὝὃἻὖ ὑὕἻ (slack) ἱ ὂὕ ὑὖὕὖ  

ὂ ὠὈ (Elastivity) ὠὋὑὕἻ ἱ ; ὂ  ἯἻ ἳὊὕ  ἱ . ἵὄὟὑ ὂ  ἯὍ  

Ὗὂ Ὀὕ ὂ ὠὈ ἱ . 

 ἴὀἻ  ὑὐὖὉὕἻ Ἰ ὅὊ  ὑὖὠὊ  (velocity) ὂὖὊὍὕ ὅὖὕὖ Ἳὕ ἳ ὅ ὂ 

ὝἽ Ὁ ὅ ὀ ἱ ὅ ἻὠὍ Ὕὅὕ ὂὠὈ. ὅὖὕὖ ὂ  ὑὖὠὊ ὅὕἻ/ἱ ἻὈὕἻ 

ἱ ὂὕ ὑὖὠὊ ὂὌὕἻ ἱ ; Ἧὀ ὂὖ ὂὌὕἻ ἱ ὂὕ ὑὖὠὊ ὠὋὑὕἻ 

ἱ . Ἳὕ ὠὋ Ὕὅὕ ὂὑὠὊὉὖ, ὂὖὊ Ἳ ὈὖἻ ὠὋὑὕἻ ἱ ὂὕ  ὅὖὕὖ Ἳ 

ὂ  ὝὃἻὖ ὑὕἻ ἱ ; ἵὄὟὑ ἯὠὌ ὝὈ ὑὕἻ ὅὉὁὖ . ὈὕὋὕἻ  

Ἳ ὠὀὉὖ ὂὖὊ Ὀὖ Ἳ ὂὌὕἻ (Ἧὂὕὑ Ἧὀ ὂὖ ὂὌὕἻ) ἱ ὂὕ  ὅὖὕὖ ( ) 

ὈὖἻ ὂ  ὑὖὠὊὅὕἻ ἱ ; ἵὄὟὑ Ἵ ὂ  Ἳὕ ὠὋ ὑὖὀ ὑὖὠὊὑὕἻ 

ὅὉὁὖ . ἱὠὂ ὈὖἻ ἯὋὖ Ἳ Ὅ ἵ Ἳὕ ὀὕ Ἳὕ ὀὌὕ. Ἰ ὑ ἱὊὉὖ Ὗὑ 

ὃὠὀὅὕὠὂὉὖ ὃὖ ὠἻὉὖ Ὗὃὕ Ἳὖ ὑ ἻὖὋ Ὕὂὕὀ ὑ Ὁὖ Ἰ  Ἳὕ ὠὋὑὖὀ Ἵὗ ἻὖὊ ὂὖ 

ἳὟὌὕἻ ὅὕὍ ὑὐὖ Ἧὠὀ . ὠὌ  Ἳὕ  14 Ὀὀ  ὂ  ὈὖἻ Ἧὀ ὂὖὉὕὄ 

ἳὟὌὕἻ ὂὖ ὂὖὊ ὂὌὕἻ ἱ . ὝὌ  Ὗὅὕ Ὃ ὈὖἻ Ἧὀ ὂὖὉὕὄ ἳὟὌὕἻ ὂὖ 

ὂὖὊἻ  ὂὌὕ ; ἰὄὕ  ὑὖὕὖ  ὂ ὠὈ ὈὖἻ ὠὋὑὕἻ ἱ ; ἵὄὟὑ 

Ἰ  ἯὠὌ Ἰ ὅὖ ὠἻὉὖ ὝὈ ὑὕἻ ὂὕ ὝἽ ; Ἧὂὕὑ 1220 Ὀὗ ὀ/ ὝἽἻ  

ὑὖὠὊὑὖ ὝἽ . ὂὖὊὑ ἻὍὖ Ἰ Ὁὖ ὑὖὠὊ Ἳ Ὕὅὕ ὑὕἻ ὑὕ ἻὍὖ Ἧὂ  

ὑὖὠὊ Ἳ  ὝἻ Ὁὕὄ Ὕὅὕ ἻὍὖ Ἧὂ  ὑὖὠὊ Ἳ  ἱὠὀὉὖ ὑ . 

(ἵ Ἳὕ ὀὕἻ ὂ ὁὗὕὖ Ἰ Ὁὖ ὑὖὠὊ 1520 Ὀὗ ὀ/ ὝἽἻ  ἰ .) 

 ὃὕ Ἰ  ἯὠὌὉὖ ὃὗὍ ἴὀἻ ὂὖ ὅὉὁὖ  Ὗὅὕ Ἰ Ὁὖ ὑὖὠὊὠὑ 

Ὗὅὕ ὂὠὈ ἵὄ  ὅὕ Ὗὂὕ. Ἧ ὂ ὂ ἯὠὌἻ  ἱὠὀὟὉ ἳ Ὅ ἻὕὌ 

ἱὠὀὝὑὍὖ Ἧὂὖ ὑὖ ὃὖἻ ἵ ὁὕ  ὃὖ ὁὉὖ Ἳ ὅ. Ἰ Ὁὖ ὑὖὠὊὑὖ  ἱ ὂ 

ὟὃὊ ὂὖ ἵ ὑὍ  Ὂ  ὝἽ  ἵ ὅὠὂ Ἳὁ Ἳὖὀ ἱὉ . ἱ ὂὕ  ἯὠὌὃὗὍὈὕ. 

ὑὖὠὊ ὂὌὕἻ ἱ ὂὕ Ἰ  ὃὖἻὝὑ  ὂ  ἯὠὌὃὗὍ ἱ . ἱ ὑὕ  

100 cps ἳ Ὅ Ἳὕ Ὃὖ 3.4 Ὀὗ ὀ ἯὠὌὃὗὍ ἳ Ὅ Ὂ ὂὖ ἯὠὌὃὗὍ ὃὗὕὖ 13.2 

Ὀὗ ὀ  50 Ὀὗ ὀ ὃὗὍ  ἱ . 
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2.4. Ἰ Ἵ ὂὖὠὉ ἳ ὑὕ Ἳ  ὅὖὊὂὖὅ ὂ (Absorption and reflection of sound energy) 

 Ἰ  Ὄ ὂὖ ἳ ὑὕ Ἳ ὅ ἻὖὋ ἵ ὂ Ἧὂὖ  Ἧ Ὄ  Ἧὂὖ ἻὍὖ ἻὌὠὑ  Ὃὖ 

ἱ ἻὖὋ Ἳὕ Ὃὖ ὅὊ ἻὖὋ Ἰ  ἯὠὌἻὍὖ ἱ . ἯὠὌἻὍὖ  ὅὌ 

ἵ ὁὖ ὠἻὉὖὌὕὄ ἻὕὊὁὖἻ  ἳ ὅ . ἻὖὉὈὕὄ, Ἰ ὉὕἻ Ὀὕ ὑὂ ἵ ὑὍ  

Ἵ ὂὖ ἱ ἻὖὋ ἵ ὅὂὕ. ἱὠἽ Ἳὑ ἻὖὠὍὉὖ Ἧὂὖ ὑὖ  Ἧὂ  ὂ  Ἧ Ὁὖ 

ὅὌ ὂὕ Ὕὅ ὅὕ ὃὖ ὁὉὖ Ἳ ὅ ἻὖὋ. ἱ  Ἧὂὖ  Ἰ ἻὠὈ ὅὖ ὝἽ ὂ ὅ 

Ἵ ὂὖὉὖ ὝὈὕ ὂ ὠὂ ὂὗ Ὀὕὄὖ. ἱὠἽ Ἳὑ Ὁὖ ἱ ὂ Ἵ ὂὖ ὝἽὌὑὐὖἻ ὅ  ὑὠὊ 

Ἧὂὖ . ὅὖ ὄ Ἧὂὖ ὠὑ ὃὖ . ὅ ὂὖ Ἵ ὂὖ ἱὠἽ Ἳὑ Ὁὖ ἳὟὌὕἻ Ἳ ἻὠὍ 

Ὀὗ  Ὀὗ  ἱὉ Ἳ ὝἽὌὑὐὖ Ἳ ὅ ἻὖὋ. ὅ ὂὖ Ἵ ὂὖ ἻὖὠὍὠὉ Ὃὖ ἱ  

Ἳὕ Ἳ ἻὠὍ ἱὉ Ἳ  Ὀ  Ἵ ὂὖὠὉ Ἧὑ Ὃὖ  ὂὊ  ὝἽὌὑὐὖ Ἳ ὅἻὖὋ 

ἱὠἽ Ἳὑ  ὝἽ ὂ ὅ ὀ Ἵ ὂὖ ὑ  Ὕὑ ὟὑὋὕἻ ὅὉ ὅ ὂ ὅ ἻὖὋ. 

ἵ  ὁὕἻὕ. ἱὟὂ ὝἻὕ ὠἻ ἵ Ὄὕ Ἧὂὖ Ἳ  Ἰ Ἳ  Ὕὅὕ . 

ὅὉὁὖ ἻὖὋ ἯὠὌἻὍὖ Ὗὃ ὑὖ Ἵ ὂὖ ὅὉ ὅ ὂ ὅ ἻὖὋ ἽὖὌ ὑὐὖἻ ὂ  

ἻὌὠὑ ὂ ὠὈὉὕὄ (more complex). 

 Ἰ  Ὄ ὂὖ  Ἰ  ὝὑὍὖὟὉ ὅὉὁὖ ὂὕ Ἰ  ἯὠὌἻ  ὅὌ ὑὖὂὈὕὄ 

ὂὠὀἻὠὍ Ἵ ὂὖ. ἽὖὌ Ἳ ὅὕ  ὂὠὀἻὍὕ ὅὖὊὂὖὅ Ἳ ὅ (reflected) 

ἵὂὖὝὊὕ Ἳ Ἰ  ὅὖὊὂὖὅ ὅὖ ὃὖἻ ἻὍὕ. Ἰ  ἯὠὌἻ  ὅὖὊὂὖὅ Ἳ ὅ ἽὖὋὖ 

ὟὃὊ ὂὖ ὅὖὋ ὃ  Ἳὕ ἻὠὍ Ἧὠὀ . Ἰ Ὁὖ ὅὕὠὂὉὖ ὅὌ ὂὠὀἻ ἱ ὂὕ ὃὕ 

ἱὀ Ὗὀὕ Ἧ Ὄ  ὟὋὕ ἵὂὖὝὊὕ ἻὠὍ ὟἻ ἻὌὕ. ἶὝὄ Ὃὕ ὂὠὀἻὍὖ 

Ὗὑ ὅ ὀ Ὂ ὂὕ Ἧ  Ὗὑ ὅ ὀ ἻὕὌ ἻὍὖ ὂὖ . Ἰ Ἳ  ὃὖὠὌὟὅὝὅ Ὃ 

(standard) 340 Ὀὗ ὀ ὟὑἻ ὂὖ ὅὉὁὖ  ὂὖ ὅ Ὗὑ . Ὄ Ἰ ὠὉ ὑὖὀ ἵὂὖὝὊὕ 

ἹὠἽ ὠὋὑὕἻ ἱ . ἱ  ὂὑὖ Ἳ ἱὉὌὕ ἶὝὄ Ὃὕ ἱ ἻὖὋ ὝὈὕ ὂ Ἵ ὂὖ 

ἵ ὠὌ ὅ ὀὂὕ. ὂὠὀἻ  Ὄ ὂὖ  ἱὠὀὉὖ ὅὉὁὖ Ἳὖ Ὃ 

Ἳὕ Ἳ ἻὍὕ Ἵ ὂὖ ὅὉ ὅ ὂ ὅ. 

 ὃὕ ὝὑὍὖὟὉ ἻὖὋ Ἰ  ὂὖ ὅὖ ὑ  Ἰ  ἻὕὌ ἱὠὀὝὑὍὖ ἱ ὂὕ ὂὕ  

Ὕὅ ὅὕ ἵὂὖὝὊὕ ἵ Ἳὖ ὟὋὕ ὅὖὊὂὖὅ ἻὖὋ ὃὀ ὠὂ (phenomenon) ἽὕὂὕὊὁὈὕὄ 

ἯὠὋἻὍὖ  ἱὠἽ ἯὊ ἻὍὖ ὃὀ . Ἧ  Ὂ Ἳ Ἰ ὅὖ ὠἻὉὖ ὠὋὑὕὄὠὑ 

Ὀ  ὝὑὍὖὟὉ ἻὖὋ Ἰ  ὅὖὊὂὖὅ ἻὖὋ Ἰ  ὟὈ Ὃ ἱ . ἱὠὂ ὃὕ 

ἯὠὊ ὠὋ ἵὂὖὝὊὕ (reverberation)  ἵ ἻὖὟὋὕ. ἳ ὑὕ Ἳὅ ὀ Ἰ  Ὗὅὕ Ὀὕὄ ἯὍ  

ὠὋ ὂ ἵ Ὃὕ ἳ ὠὈὉὕὄ ἵὂὖὝὊὕ ὠὉ ὟἻ ἻὌὕ. Ἰ  ἯὠὋὉὖ Ἧ Ὄ  ἵ ὂ 
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ὀ ὅ ὀ ἱὀ ὂὖ ἱ  ἵὂὖὝὊὕ ὠὉ ὅὌ ὑὠἻἻὍὖ Ὀὕ ὋὌὕ. ὅ ὄὖἽ ἻὟὍὕ 

ἰ ἻὟὍὕ ἱ ὂὕ ἵὂὖὝὊὕ ὠὋ . ἱὂὖ  ὅ ὄὖ Ἵ Ἳ ἰ Ἳ  Ἰ Ἵ ὂὖὠὉ 

ἳ ὑὕ Ἳὖ ὝἻὕ ἻὟὑ ; ἱὂὄὕ ὅὖὊὂὖὅ ὅὂ Ἳὕὄ Ἵ ὂὖ ὠὋ ὂὖ Ἳ 

Ὗὑ . Ἰ  Ἵ ὂὖὠὉ ἳ ὑὕ Ἳ  ὅὖὊὂὖὅ ὂ Ἰ  ὟἽ ὂ ὃὖἻ ὑ Ὄ. ἱ  Ἰ  

ἯὠὌὉὖ ἯὠὌ ὃὗὍ ὂὖ ὂὠὀἻὍὖ ὑ  ἱὠὀὟὉ ἳ Ὅ Ὕὂὕὀ ὅὕ 

ὅὕὂὖ Ἳ ὅ. Ὕὅὕ ὑὕἻ Ὃὖὄὕ Ἰ  ἯὠὌ Ἵ ὂὖ  ὂὠὀἻ Ἧ Ὄ  ὅὊ Ἳ 

ἵ ὅὄ Ἰ  ἯὠὌ Ὂ ὠὂ ὑὖὀ ὂὌὕἻ ἱ ὂὕ ἳ ὝἻὕ Ὅ ὅ ὑ Ἵὕ ὂὖὉὈὕὄ. 

2.4.1. ὃὖὠὌὃὖ ἯὠὌἻ  (standing wave) 

  ὃὕ  Ὀὗ ὀ ὃὗὍὈὕὄ Ὕὑ ὋὖὀὈὕὄ ἽὈὈ ὀὈὕὄ Ὀ  ὂὖὀὈὕὄ ὑ Ἳ ἳ Ὅ 

ἯὠὋὠὉ Ἳ ὅὠὄ ὝἽ Ὁ . ἯὠὋὉὖ ὃ ὑὖ 515 ἻὍὖ Ἧὂὖ Ἳ ἳ Ὅ 

ἱὠἽ Ἳὑ ὠὉ ὅὌὈὕἻ ἯὂὖὊ ὝἽ Ὗὑὕ. Ἰ  ἯὠὌἻ  ἱὠἽ Ἳὑ Ὁὖ  ἵ Ὄὕ 

ὂὖὠἽἻὍὖ ὅὉὁ  ὝἽ . ἵὍὖὠὈὉὕἻ ὃὕ ἱὠἽ Ἳὑ Ὁὖ  ὑ  ἱ ὂὖὑὠὊ 

ὅ ὠἻ ὑὐὖὉὖ (horizontal path)  Ἰ  ὅ ὂὖὠὉ ἵ  ὝἻὕ Ὗὑὕ. Ἧὂὖ ὑὖ ὃὖἻ 

ἵ  513 cps  ἰὄὅ Ὁὕ  ἯὠὌὃὗὍ 340/515=65 cm ἰἻ ἱ Ἳ Ὗὑ . Ἧὂὖ ἻὖὋ 

ἱὠἽ Ἳὑ  ἯὠὋὉὖ ὃ ὑὖ Ἰ  ἻὖὉ Ὂ  Ἧ Ὀὂὖ Ἳ. ἱὠἽ Ἳὑ  

ὑὌ ὅ Ἳ ἱὀ ὅ Ἳ  Ἰ Ὁὖ   ἯὠὌ ὃὗὍ Ἳ  ἱὀ  ἱ . 

Ἰ Ὕὑὕ ὑὕὖ ὃὖὠὌὠὈ ὅὖὊὂὖὅ ὂ Ἧ ὌὈὕ  ἱ ἻὖὋ; ἵὄὟὑ 

Ὄ/ἳ ὠὈ ἯὠὌὉὖ  (Original wave) ὈὖἻ  Ὗὑ ὅὀὕὂ  ἳ Ὅ ὅὖὊὂὖὅ  

ἯὠὌ (reflected wave) ἳ ὑὕ . ὅὖὊὂὖὅ ἯὠὌὃὗὍ ὝὑὍὖὑ ἯὠὌὉὖ ἯὠὌὃὗὍ 

ὟὅὕὌὟὑ ἱ . ἵὄὟὑ Ἰ Ὕὑὕ ὑ  ἱὠἽ Ἳὑ  ἱὠὀὉὖ Ὀὗ   

ἯὠὌ ὃὗὍ Ἳ  ἱὀ  ἱ . 
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ὅὀ  19 ὃὖὠὌὃὖ ἯὠὌἻὍὖ ἯὠὈ Ὕὅὕ  (standing wave pattern) (Fry 1979: 40) 

 

ὅὀ  19ἱ  ὝὑὍὖὉὖὀ ὂὖ ἵὂὖὕὖὠὀὉὕὄ ὂὖὠἽὉὖ ἽὌὄὖ ἻὖὋ ὝὑὍὖὑ ἻὖὋ Ὀ  

ὅὖὊὂὖὅ ἻὖὋ ἯὠὌὉὖ Ἰ  ὅὕἻ ἳ ὅ ὂ ὝἽ Ὁ ὅ 

ἵ Ἳὕ ὀ ὅ Ὅὠὂ ὅὕ ἻὖὟὋὕ. ἯὠὌ A ὑὌ  ὅ Ἳ ἽὌὄὖ ἻὖὋ; ἯὠὌ B 

ἱὀ  ὅ Ἳ ἽὌὄὖ ἻὖὋ. ἱ ὂ ἱ  ἯὠὌἻὍὖ ὅὌ /ὑὖὠὍ ἵ Ἳὁὖὂ Ἧ ὅὠὀὉὖ 

(algebraically) ὀ ὅ ; ὑὖὠὍ C ἵ Ὃ Ὕὂὕὀ ἽὖὉὕὄ ἯὠὌὉὕἻ Ἳὕ ὀ ὅ Ὅ. 

ὝὑὍὖὉὖὀ ὂὖ 6 ὍὖἻὍὖ ἱ ὂ ὑὠὍ  ἾὖὉ ὑὐὖὉὕἻ ὝἽ ἻὖὋ. ἶὝὄ Ὃὕ 

ἱ  A ἯὠὌ  B ἯὠὌ  ἵὂὖὕὖὠὀὉὕὄ ὃὖὠὌὉὖ (phase) ἱ ; Ἧὂὕὑ P ἵ Ὃ 

ὍὖὉὖ  Bἱ  ἵὂὖὕὖὠὀὉὕὄ Ὀὂὖ  ἽὈὈὕἻ A-  ὟὃὕὖὠὀὉὕὄ/ἳὀ ὅὕὀὕὄ Ὀὂὖ 

ἱ ; Ὀ ὂὠὌὉὕἻ Q-ἱ  ἱ . ἱ ὂὅὀ Ἰ  Ὃὖ ὅὖ ὀ ἽὖὋὖὉ ἻὕὌ ἯὍὑὖ 

ὃὖὠὌὠὈὠὉ ἳ ὅ ὂ ὝἽ Ἳὖ Ὃ. ὟὈ  ἱ ὂ ὃὖὠὌ ὅὉὁὖ Ἳὖ Ὃὄ ἵ ὅὠὂ 

ὃὖὠὄὑὖ ὝἻὕ Ὅ . Ἰ  Ὀὖ ὝἽἻ  Ἰ  ὅὕἻ ὂὖ ὅὖ Ἰ  ἱὀ ὠὂ (ὃὖὠὌὠὉ) 

Ἳ ὅὠὄ ὝἽ Ὁ . ἯὠὌ A ὑὌ  ὅ Ἳ ἽὖὋὖ Ὂ  ἽὌὄὖ ὂὖ; B ἯὟὂ Ὂ  ἱὀ  

ὅ Ἳ ἽὌὄὖ ὂὖ . ἱὟὅὕ Ἧὠὑ ὠὂὉ C ἵ Ὃ ἯὠὌ ὀ  Ἰ  ὟἽ ὑὂὕἻ 

(coincide) ὠὑ  ὝἻὕ Ὗὑὕ. C-   ἱ Ὗὅὕ ὂὌὕἻ ἱ ; A Ἧ Ὄ  Bἱ  

ὟὃὕὖὠὀὉὕὄ Ὀὂὖ ὅὖ ἱ  Ὀὀ Ἳὖ  ἽὈὈὕἻ ἱ . ὑὖὠὍ ὂ C ἯὠὌ  

Ὂ  
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ἱὠὀὝὑὍὖὉὕ ἯὟὂ ἱὀ ἻὍὖ ἾὖὉ Ἳ ἱ . ἱὠὑ P, Q, R, S, T, U ἵ  

ἯὠὀὉὕὍ ὅ ὂ ὅ Ὅὄ. A Ὀ  B ἯὠὌἻ  (Ἰ Ὕὑὕ ἽὖὋὖὉ ἻὕὌ ἯὍὑὖ ) 

Ὕὃὕ Ὁὖ Ἧὑ Ὃὖ ἳὋ ἻὠὍ Ὀὕ Ἳὖ Ὃὄ; ἱ ὂ ἳὋ Ἳ  ἵ ὑὕ Ὀὕ Ἳὖ Ὃὄ 

ἵ ὅ  ἻὖὉὈ Ὄ; ὑὖὠὍ ὂ ἯὠὌὉὖ ἾὖὉ Ἳ ἵ Ὕὅὕ  ἯὟὂ ὍὖἻὍὖ 

ἱ . ἱ ὂ ὍὖἻὍὖ Ἳὕ  Ἳ Ἳ ἽὌὄὖ ὅὂὖ ὠὌ; ἶὝὄ Ὃὕ A ἯὠὌὉὕ  

B ἯὠὌὉὕ  ἯὠὑἻ  ἽὈὈὕὄ Ὀ  ἵὂὖὕὖὠὀὉὕὄ ὑὖὠἽ  ἰ ὅ ὂ ὅ Ἳὖ Ὃὄ. 

ὅὖὋ ἵ Ὄὕ ὍὖἻὍὖ Ἳὕ  Ἳ Ἳ ἯὠὌἻ  A  B  ὀ ὅ ὑὂὕ 

Ἳὐὖ Ἳ ὅ ὑὂὕ Ὗὑ ὅ ἻὖὋ Ὂ ἻὍὖ ἽὌὄὖ Ἳὖ Ὃὄ. ὅὀ  20ἱ  ἱ ὂ ὅὌὄὖ 

ἵὍὖὠὈὉὕὄ ὅὕὂὖ ὂὊ ὅ Ὅ. 

ὅὀ  20 Ἰ  ἯὠὋὉὖ ὃὖὠὌὃὖ ἯὠὌἻ (Standing waves in a room) (Fry 1979: 41) 

 

 Ἳ  ἱὉ Ἳ ἱ Ὄὕὂ ὍὖἻ Ἳ Ἳ  ἵὄ ὅ . Ἧὠὑ ἯὠὊ ἯὠὌ ὃὗὍ ὂὖ 

ἱὀ ἱὠὀὟὑὠὍἻὍὖ (Spatial intervals) ὃὖἻ . ὃὕ ὅὕ ὂ ἵ Ἳὕ  

ἱὠἽ Ἳὑ  ὑὌ Ὃ 6 ὍὖἻ  ἱὀ ὅ Ἳ 6 ὍὖἻ  ἱ ἻὖὋ. 

Ἳ Ἳ ἻὖὠὀὉὖ Ἳ Ἳ ὈὖἻ ὂ  ἱὀ ὝὅὉ Ἵὖ Ἧὠὀ  ὍὖἻ 

ἱ Ἳὖ Ὃὄ. ἯὠὌἻ  Ἳ ὑὖ Ὄὕ ἱὀ Ἳ  (antinodes) ἵὄ ὅ . ἱ ὂ Ἳ Ἳ  ἯὠὌ 

ἱὉ Ἳ ὂὖ ὟὈ  Ἰ  Ὃὖ ὅὖ ὀ ἯὠὈ Ὕὅὕ ὠἻ (pattem) ὑὂὕ ἱ ὂ ἯὠὌἻ  

ὃὖὠὌὃὖ ἯὠὌἻ (standing waves) ἵὄ ὅ . ὅὀ  19ἱ  20ἱ  ἯὠὌἻ  

ἻὠὌἻ (transverse) Ὗὅὕ Ἳὕ ὀ ὅ Ὅ. ἱ  ὝὂὍὖὑὕἻ 

ὑὖὍ Ἳ ὂὕ/ ὄὖὠὌ ὅὂ ὂὕ Ἧ  ὝἽ Ὁ ὅ Ἳὖ Ὃ. ἳ ὠὈὉὕὄ Ἰ  ἯὠὌἻ  

ἯὟὂ ὑὖὂὖἻ  Ἳὗ ὅ  ὅ ὠἻ ἯὠὌἻὍὕ . ὃὖὠὌὃὖ ἯὠὌ (phase) 

Ὀὕ Ὃ ὂὕ ὅὕὂὖ Ἳ ὅὀὕ. 
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 ὃὕ ὂὖὄ  ὟἻ  ἯὠὌἻ  ὈὖἻ ἯὕὖὂὕἻὟὑ ὂ Ὂ ἻὍὕ (pure tones); 

ἵ Ὄὕ Ὗὅ  Ἰ Ἳ  ἻὌὠὑ  ὂ ὠὈὉὕὄ Ὂ ἻὍὕ (complex tone)  ἯὠὑἻ  

Ἧὂὖ  ἵ ἻὍὖ ἻὌὠὑὉὕ . ἱ ὑὕ  ὃὖὠὌὃὖ ἯὠὌ ἯὠὈ Ὕὅὕ ἻὍὕἻ 

ὑ ἻὖὋ ἯὠὌὃὗὍ Ἳ ἳ Ὅ ὅὌ ὃὖἻ Ὕὑ Ἳ ἳ Ὅὄ. ἱὂ  ὂ  ἯὍὑὕὄ 

Ἰ Ὁὖ ὅὖὊὂὖὅ ὟὂὠὑὉὕ (prerequisite). Ἰ  ἯὠὋἻὍὖ  ὔὕ ἻὍὖ  

ἱ ὈὕὂὖὕὖὉὕὄ ἯὠὈ Ὕὅὕ ἻὠὍ ἱ Ὄὂὕ Ἳ Ὗὑ . ἯὟὂ ἽὈὉ ἵὂὖὝὊὕ 

(reverberance) ἱ Ὄὕὂ ὔὕ  Ἰ  ἱὄὖὠὈὉὕ ἱὊὕ. ἱὊ  ἱὠὀ ὅ ὀ 

ἽὈὃὖὠὌ ὅὕ Ἳ ὅὀ Ὗὑ . 

2.4.2 Ἧὂὖ ὑὖ ὅὕ  (modes of vibrations) 

 ἯὠὌ ἱὉ Ἳ ὂὖ ὅὖὊὂὖὅἻ ἵ ὂ ἴὀἻ ὂὖ ὃὖἻὐὌὕ. Ἰ  ἳ ὑὕ Ἳ ὂὖ 

ὂὖὀ Ὕὅὕ Ὅὖ ὑὕ  Ὕὅὕ Ὅὖ ἯὠὌ ἱὉ Ἳ ὂὖ ὅὖὊὂὖὅ ἻὖὉ 

ἻὕὊὁὖὉὕ. ἰ ὝἻ ὀὕὑὖ ὅὉ ὅ ὂ ὅ ὅὌ ἱὠἽ  Ἳ ὑὖἻ ὃὊ  

Ἳ ὑὖἻὍὕ. ὃὊ Ἳ ὑὖἻὍὖ ὃὊ Ἳ ἱ  ὃὖὠὌὉὕὄ ἱὀ Ἳ  ἱὠὀὉὖ ἱ  

Ἳ ὀ ὅ . ὃὊ ἻὠὍ ἱ Ὗὂὕ Ὀὗ ὟὉὕ Ἰ  ἳ ὑὕ Ἳ ὅ. ὃὊ ὅὖ 

ἳ ὑὕ Ἳ ὅ ἯὠὌ ἱὉ Ἳ Ἳὕὄὂὕ (tranverse), ὅ ὠἻ ὃὖὠὌὉὕὄ Ἧ Ὄ 

(harizandal). Ἧὂὖ  ἱὉ Ἳ ὃὊ  ἱὀ ὝὅὉ Ἵὖ ὝἽ Ὁ ὅ ἱὀ ὂὖ  ὃὊ  

ὑὐὖὉὕἻ ἱ  ὂὖὠἽἻὍὖ ὅὉὁὖ ἻὖὋ. ἯὠὌ ἱ ὂ ὍὖἻὍὖ  ὅὖὊὂὖὅ Ἳ ὅ 

ὃὖὠὌὃὖ ἯὠὌἻ  ὃὊ ὅὖ ἱ  ὠὄἻὍὖ  Ἰ  Ἳ ὑ Ὀὕ  ἳ ὑὕ Ἳ ὅ. 

ἱ Ἳ ὅ ὀ ὃὊ ὠὅ ἯὂὖὊ ὝἽ ὂὕ Ἧὂ  ἱὉ Ἳ ὂὖ ὅὌ Ὗὑ ὅ ὀ ὃὖὠὌ ὃὖ  

ἯὠὌἻ  ὃὖἻ . ἻὖὉ Ὗὂὠὑ ἵ ὄὝὑ Ὃὕ ἱ ὈὕὂὖὕὖὉὕὄ ὃὖὠὌὃὖ ἯὠὌἻ  

ὃὊ ὅὖ ὃὗὍ ὂὖ ἽὕὖὉὕἻ Ὕὅὕ ὂ Ὗὑ ; Ἧὂὕὑ Ἰ Ὕὑὕ Ὃὖ bridge-ἱ  

nutἱ  Ἳ Ἳ  ἱ Ἳ Ὗὑ . ὟὂὠὑὠὉ ὂὖ ὂὖ ὝἽ  ὅὌ ὃὖὠὌ ὃὖ  

ἯὠὌἻὍὖ ἯὠὈ Ὕὅὕ  ὅὀ  21ἱ  Ἳὕ ὀ ὅ Ὅ. 

ὅὀ  21 ὃὊ ὅὖ Ἧὂὖ ὑὖ Ὗὑ ὅ ὀ ὅὕ Ἳ (Different modes of vibration in a string) (Fry 

1979: 42) 

http://www.languageinindia.com/


56 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

 

ἵ Ἳὕ A Ἳ Ἳ  ἱ  ὠὄἻὍὖ  ἳ Ὅ ὃὊ ὅὖ  ὃὗὍ ὠὂ ἳ Ὅὀ  

ἯὠὌὉὕ . ἵ Ἳὕ Bἱ  ἱ  Ἧὂὖ  ἯὠὊ ὅ ὂὖἻ ἱ Ἳ ὂ Ἳ ὑὖὂ ὂὖ 

ὃὊ ὅὖ ὃ ὍὖὉὖ ὂὌὕἻ Ἰ  Ἳ  ἱ ἻὖὋ. ἵ Ἳὕ Cἱ  ὝὈὕ ὂ 

ὃὕ  Ἳ Ἳ  ἱ ἻὖὋὄ;  Ἧὂὖ  ὅ ὂὖἻ ἱ ἻὖὋὄ. Dἱ  5 Ἳ Ἳ  

ὃὕ  Ἧὂὖ  ὅ ὂὖἻ ἱ ἻὖὋὄ. Eἱ  6 Ἳ Ἳ  ἷ  Ἧὂὖ  ὅ ὂὖἻ 

ἱ ἻὖὋὄ. ὃὊ ὅὖ ἱὉ Ἳ Ἧὂὖ  ὃὊ ὅὖ ὑ ὠὑ Ἳ ὅὠὄ ὝἽ Ὁ Ὁὕὂ 

ἯὍ  ἻὌὠὑ ὂ ὠὈ ὠὀὉὂὕ. ἱὠὑ  ἯὠὌἻὍὕ . Ἰ Ὕὑὕ 

ὃὖὠὌὃὖ ἯὠὈ Ὕὅὕ  Ἧὂὖ ὑὖ ὅὕ  (mode of vibration) ἵ  

Ὃὖ ὅὖὀ ὅ ἻὖὋ; ἵὄὟὑ ὃὊ  ἸὟὊ ἽὈὉ ὂὖ ὅὌ Ὗὑ ὅ ὀ ὅὕ ἻὍὖ Ἧὂὖ Ἳὖ Ὃ. 

Ἧὂὕὑ ὃὗὍ ὂὖ ἯὠὊ ὃὗὍ ἻὍὖ ἻὕὌ ὃὗὍ ἻὍὖ Ἧὂὖ Ἳὖ Ὃ. Ἧὂὕὑ 

ὃὗὍ ὂὖ ἯὠὊ ὃὗὍ ἻὍὖ  Ἳὕ ὃὗὍ ἻὍὖ1/3 ὃὗὍ ἻὍὖ 1/5 ὃὗὍ ἻὍὖ 

Ἧὂὖ ἻὖὋ. 

  Ἧὂὖ ὑὖ ὂ  ὅὕ Ἳὖ ὃὊ ὅὖ  ὃὗὍ ὂὖ ὃὊ ὅὖ ὃὗὍ Ἰ Ὁὖ ἯὠὊ Ἰ  

ὃὗὍ ὠὂ ὃὖ ὁὉὖ Ἳὖ Ὃ. Ἧὂὖ ὑὖ ἱὊ ὀὕὑ ὅὕ Ἳὖ ὃὊ  ἯὠὊ ὅ ὂὖἻὍὖ 

Ἧὂὖ ὑὂὕ ἯὠὊ ἯὠὌ ὃὗὍ ὅὕὂὖὉὕ Ἳ ὅὀ Ὗὑ ; Ἧὂὕὑ Ἰ Ὁὖ ὃὖἻ ἵ  

ἱὊ Ἳ ὅὀ Ὗὑ . C, D Ὀ  Eἱ  ἯὠὊ-ἯὠὌ ὃὗὍ ὠὋὟὉ1/3, 1/4, 1/5 ἰ . 

ἵὄὟὑ Ἧὂὖ  ἵ Ἳ  3, 4, 5 ἱὑ Ὃὕ Ὕὅ Ἳ ὅ ἻὖὋ. ὅὕ  Aἰ  ὝὑὍὖὉὖὀ ὅ ὀ  

Ἰ  100 cps ἵ Ὃὕ ὅὖὋ ὅὕ Ἳ ὠὋὟὉ 200 cps, 300 cps, 400 cps, 500 cps ἵ Ὃ 

Ἧὂὖ  ἵ ἻὠὍ ἳ ὑὕ . Ἧὂὖ  ἵ ἻὍὖ ἱ ὈὕὂὖὕὖὉὕὄ Ὕὂὕὀ ἽὖἻ (series) 

Ἰ ὉὖὉ Ἳ Ἧ ὅὠὀὉὖ ὈὖἻ ἻὖὉ ὑὕ ὂ. ἱ ὂ ἵ ἻὍὖ ὑὕὖὠἽ (sequence) 

Ἰ ὉὖὠὉ Ὕὂὕὀ ἽὖἻ (hornonic series) ἵ  ἯὋὖὉ ὅ. ὃὊ ὅὖ  ὃὗὍ ὠὂ 
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ἳ Ὅὀ ἻὖὉ Ἧὂὖ ὑὖ ὅὕ  Ἧ ὅὠὀ ὃὖἻ Ὕὑ (fundamental frequency) ἵ  

Ἧὠὐ Ἳ ὅ. ὅὖὋ ὅὕ ἻὍὕ ἳ ὑὕ Ἳ ὅ ὃὖἻ Ὕὑ Ἳ Ἰ ὉὖὠὉ Ἳ ἰ ; 

ἱὑ Ὃὖ  Ὕὂὕὀ ἽὖὉὕἻ ἶ ἻὈὕἻ ἵ ὁὖ ὠἻ ὂὊ ὅ Ὅὄ. ὃὈ  ἵ Ἳὕ  

Ἧ ὅὠὀὉὕὄ Ἰ ὉὖὠὉ (fundamental frequency) 100 cps ἰ ; ἱὊ ὀὕὑ  

Ἰ ὉὖὠὉ 200 cps ἰ ; Ὃὕὑ Ἰ ὉὖὠὉ 300 cps ἰ ; ἱ ὑὕ  

Ὗὅὕ ὝἻὕ . Ἰ ὉὖὠὉ ὑὕὖὠἽὉὖ ἵ Ἳ  ἶὂὕὑ ἵ ὠὁ  Ὕὂὕὀ ἻὈὕἻ 

ἵ  ὝἻὕ  ἱ ὂ ἵ ὠὁ  Ἧ  ὑ ἻὖὋ  ἵ ὁὕ  Ὕὅ Ἳὖὄὕ 

Ἳὖὠὀ ἻὝὅ Ἳὖ Ὃ. ἱ ὅ  Ἧ ὅὠὀ ὃὖἻ Ὕὑ 120 ἵ Ὃὕ Ἰ ὉὖὠὉ ἻὍὖ 

ὃὖἻ Ὕὑ Ἳ 120ἷ 2, 3, 4, 5 Ὗὅὕ Ὃὑ Ὃὕ Ὕὅ Ἳὖ Ἳὖὠὀ ὅὂὕ; Ἧὂὕὑ 240 cps, 

360 cps, 480 cps, 600 cps ἵὄ ὑ . Ἧὂὖ  ὃὊ ὅὖ ἵ Ἳὕ Ἳ Ἧὂὖ ὑὖ 

ὅὕ ἻὠὍ ὅ Ὃὖ ὝὂὍὖὑὕὄ Ἧ  ὠὋὠὉ ὂ Ἳὖ Ὃ. ἱ ὂ ἯὠὌ ἱὉ Ἳ ὂὖ 

ὑ  ἱὠἽὉὖ ἻὖὉ ὅ  ὑἻὖ Ἳὖ Ὃ 

 Ἳὕ Ὃὖ ἻὕὍὂὖ ἳ ὑὕ ἻὖὉ ἯὠὌ-ἱὉ Ἳ Ἧὂὖ ἻὖὋ ὃὊ ἻὠὍ ὟὅὕὌ 

Ἧ ὌὕὈ ὅ ὠἻ ἯὠὌἻὍὕ  (longtudional wares); ἰὄὕ  ὅὖὋ ὑὖἽὉ ἻὍὖ Ἰ  

ἳ ὑὕ ὑὂ ἱ  ὑὐὖ ὠὋἻ Ἰ ὠὈ ὠὀὉὄ. Ἧὂὖ ἻὖὋ ὅὕ ἻὍὖ Ὕὂὕὀ ἽὖἻ 

ἱ Ἳὖ Ὃὄ. Ἰ Ὕὑὕ  Ὗὑ ὅ ὀ ὃὖἻ Ὕὑ ἻὠὍ ἳ ὑὕ Ἳὖ Ὃὄ. ἵ Ὄὕ 

ὃὖἻ Ὕὑ Ἳ Ἰ  Ἰ ὠὉ  Ὕὂὕὀ ἽὖἻὠὍ Ἵὕ ὂ Ἧ Ἳ ὂὖὄ ἻὍὕἻ 

ἳὋ ὅ ὂ ὅ Ὅ. Ἧὠὑ Ἧ ὅὠὀὉὖ Ὕὅ Ἳ ἻὍὕ. ἱ ὂ Ἰ ἻὠὈ ὅὖ 

ὝὈὕ ὂ Ἰ  ὝὑὍὖ  Ἧὂὖ ἻὍὖ ἻὌὠὑὉὕ ; Ἧὂὕὑ Ἰ  ἻὌὠὑ ὂ ὠὈὉὕὄ 

ὊὈὕ . 

2.4.3 Ἰ ὅ ὂὖὋ (Sound quality) 

 Ἰ Ὁὖ ὃὖἻ Ὕὑ ἱὠἽὠὈ  (pitch) ἻὕὊὁὈὕὄ,  ἹὠἽ  (loudness) 

ἻὕὊὁὈὕὄ ἵ  ἯὋὖὟὑὕ. Ἰ Ὁὖ ἱὠὉ  Ἰ ὠὋ, (harmonic structure of sound) 

Ἧὂὕὑ Ἧ ὅὠὀ ὃὖἻ Ὕὑ Ἳ  Ὀ  Ἰ  ἱὠὉ ἻὍὖ Ἰ ὂὋὖ Ἳ (relative 

amplitudes) ἻὖὉὈὕὄὂὕ; ἶὝὄ Ὃὕ ἱ  Ἰ ὅ ὅὖ/ὂὖὋ ὂὖ ὂ ὠὈὉὕὄ 

ὂὗ Ὀὕὄὖ ἰ . ἱ  Ἰ Ἳ  ἸὟὊ ἱὠἽὠὈ  ἹὠἽ  ὝἻὕ ὅ  ἰὄὕ  Ἧὑ Ὃὖ 

ὂὖὋ ὂὖ Ὗὑ ὅ  ὑ ὑ  Ἵὕ ὂὖὉὈὕὄὂὕ. ἱ  ὃὖἻ ὂὕ ἱ ὂ ἱὊ  ἸὟὊ 
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Ἧ ὅὠὀ ὃὖἻ Ὕὑ ὁὖ Ἧ ὅὠὀὉὖ ἯὠὈ ὂὕ  Ἰ ὉὠὉὅὖ ἻὍὖ 

ὑὕὖὠἽ ὠὋὉὖ/Ἧ ὠὋὉὖ ὃὖ ἽὉὈὕἻ Ὗὑ ὅ  ἱ . ὃὕ ἰ ὝἽ Ὂὕὑὖ 

Ἰ ἻὍὖ Ἰ ὠὉ  ἯὠὈ ὅὖ Ὗὑ ὅὕ Ἳ ἱ ὅὂὕ Ὗὑ ὅ ὀ ἱὠἽ  Ἳ ὑὖἻὠὍ 

Ὕὂὕὖ ὝἻὕ ἻὖὟὋὕ. ἵ Ἳὕ ὀὕἻ, Ὄὕ ὐ  Ἰ  Ἧ ὅὠὀὉὖ ὂ  

Ἵ  ἱὊ ὀὕὑ Ἰ  ἱὠὉὅὕ  ἵ ὂ ἳὉ ὂ Ἰ ὉὖὠὉὅὖ ὠὋ ὂ Ἵ ὂὖὉὕ 

ὅ ὅὕ Ἳ ὝἽ Ὁ ὅ Ὅ, Ὄὕ ὐ ὑὕἽὖ Ἳ ὅ Ὗὅὕ ὃὕ ὟἻ  ὑ ὀ  

ὂὖὋ  (rounded quality) ἱ  ἻὕὊὁὈὕ. Ὗὑ ἽὖὌ ἱὠἽ  Ἳ ὑὖἻὍὖ Ἰ ὠὉ  4 ἰὑ  

Ἰ ὉὖὠὉὅὖ  12 ἰὑ  Ἰ ὠὉ  ὑὠὊ Ὗὑ ὅ . ἵὄὟὑ ὃὕ ὟἻ  ἱὠἽ  

Ὗὑ ὅ . ἱὠἽ  Ἳὑ  ἸὟὊ Ἰ  ὅὕ Ἳὕὄ Ἧὂὖ  Ἧ ὅὠὀὉὖὌὕὄ ὅὕ  Ὀ  

ἵ Ὄὕ Ἰ ὉὖὠὉὅὖ ἾὖὉ  ἱ ὅὂὕ ἱὠἽ Ἳὑ Ὁὖ Ἰ  ὂὖὋ ὅ  Ἧ  

ἱ ἻὖὋ. 

2.5. ὂ ὂὖὊὈὕὄ Ὀ  ἳ ὂ ὅ ὀ Ἧὂὖ Ἳ: Ἰ Ἳ (free and forced vibration 

resonance)  

 ὑὖὠἽὠὉ ἽὖὋὖ ὟὃὊ ὝἽ ὂὖ ὅὖ ἵ ὑὖ ἳ ὑὕ Ἳ ὅ ἵ Ὄὕ ἯὠὌ 

ἱὉ Ἳ Ἳ  ὂ ὂὖὊὈὕὄ Ἧὂὖ ἻὍὖ ὑὖὠὍὑὕ. ὂ ὂὖὊὈὕὄ Ἧὂὖ ἻὠὍ ὃὖἻ  

Ἰ  Ἰ ὠὋ (system) Ἧὂ  ἱὉ ὅὕὄ ὃὖἻ Ὕὑ ὁὖ (natural frequency) ἱὠἽ  

ἳ ὑὕ Ἳ ὅ ἻὖὋ Ἰ ὠὉ  (harmonics) ὃὖἻ Ὕὑ ὀ Ὕὂὕὀ ὝἻὕ Ὅὂὕ 

ἱ ὂ ἻὠὌ ὝἽὕ Ἧ ὅὠὀ ὃὖἻ Ὕὑ Ὕὁ Ὃὖ ὅὖ. 

 Ἰ  ἯὠὌἻὠὍ ἳ ὑὕ ὑὂὖ Ὗὑ  ὅὌ Ἵὕ ὂὖὉ Ἳ ἱ Ἳὖ Ὃὄ. Ἰ  

ἱὠἽ Ἳὑ ὠὉ Ἧ  ἯὂὖὊ ὝἽ  Ἰ  ὟὈὠἽ ὟὈ  Ἧὂ  Ἧ ὅ ὂὖὠὉ ὠὑ ὂὕ Ἰ  

ὂ  ὟἻ ὀὠὂὑὖὀ ὂ  ἹὠἽ ὀ ὟἻ . ὟὈὠἽὉὖ ὟὈ ὅ ὂὖ Ἧὂὖ ὑὂὕ 

ἱ  ὃὖἻ ἻὖὋ. ὟὈὠἾ ὟὈ  ὃὕ Ἧ  ἯὂὖὊ ὝἽ ὂὕ Ἧ  Ἰ  Ἰ  Ἰ  ἳὀὄ ὉὕἻ 

Ἧὀ . ἱὠἽ Ἳὑ ὠὉ Ἧ ὂὕ ἱὠἽ  Ἳὑ  ἻὖὠὍἻ Ἰ Ὕὑὕ ὑ ὀ ἱὉ Ἳ ὂὖ 

ὑὌ Ὃ  ἱὀ ὋὈὕἻ Ἧὂὖ . ἻὖὠὍἻ ὑὖὕὖ Ὗὅὕ Ἧὂ  Ἧ  ἽὖὋὖ ἳὉ ; 

 Ὗὅὕ Ἧὂ  Ἧ  ἽὖὋὖ ὂὕ . ἱ ὂ ὟὈ  Ἳὗ ἰὄ  ἱὉ Ἳ ὟὈὠἾὉὖ ὟὈ ὅ ὂὖ 

ἱὠἽ Ἳὑ  ἻὖὠὍὉὖ ὟὃὊ ὂὖ ὂ Ἳὑὕ Ἧὂὖ . ἱ ὂ ἱὉ Ἳ ὂὖ ἱὠἽ Ἳὑ Ὁὖ 

ἯὟὂ ὃὖἻἵ Ἳ  ἱ . ἱὠἽ Ἳὑ ὟὈὠἾὉὖ ὟὈ ὅ ὂὖ ὀ ἱὠὁὟἽ Ἳὖ Ὃ. 

ὟὈὠἾ ὀ ὅ ὀ Ἧὂὖ ὠὑ ὃὖἻ Ἳὖ Ὃ. ὂ ὂὖὊὈὕὄ Ἧὂὖ Ἳ  Ἰ  ὑὖὠἽ 

ὂὊ ὅ  ἳὀὟὄ ὂὖ ὅ ἵ Ἳ ὅ ἻὖὋ. ἳ ὂ ὅ ὀ/ ὀ ὅ ὀ Ἧὂὖ ἻὍὖ ὑὖὠἽ 
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Ὀὗ  Ὀὗ  ὝἽ ὂ ὅ Ἳὖ Ὃ. ἱὂὄὕ Ἵ ὂὖ Ἰ ὠὋ  Ὕὂὕὀ  

ἯὍὖ Ἳ ὅ Ἧὠὂ ἯὂὖὊ ἻὖὋ. 

ὅὀ 22 ἱὠἽ Ἳὑ  ὅὂὖὌὕὄ ὀ ὅ ὀ Ἧὂὖ (forced vibration in response to a 

tuning fork) (Fry 1979: 50) 

 

ὃὕ Ἵ ὂὖ ἯὍὖ ὅὠὂ  ὑὖὠἽὉὕἻ (driving for force) Ἵ ὂὖ ἯὍὖ Ἳ ὅ 

Ἰ ὠὋὠὉ ὀ ὅ ὀ Ἰ ὠὋὉὕἻ ἵ ὝἻὕ ὍὌὕ. ὟὈ ὝἽὕ ὄ 

ἵ Ἳὕ  ἱὠἽ Ἳὑ  ὑὖὠἽὠὉ ὂ Ἳὖ Ὃ. ὟὈὠἾὉὖ ὟὈ ὅ ὂὖ 

ὀ ὅ Ἳὖ Ὃ.  ὑὖὠἽ ὀ ὅ  Ἰ ὠὋ ὀ ἱὠὁ  ὟἽ ὑὂὕ 

ὀ ὅ ὀ Ἧὂὖ Ἳ ὃὖἻ Ἳὖ Ὃὄ. ἱὠὁ  ὟἽ ὠἻ ὂὌὕὄ ὠὋὑὕὄ Ἵ ὂὖ 

ὑὕ ὂὂὕἻ ἱ Ἳὖ Ὃ. 

2.5.1 ἳ ὂ ὅ ὀ Ἧὂὖ ἻὍὖ  (amplitude of forced vibration) 

 Ἰ   ὑὖὠἽὉὕ ἳ ὑὕ Ἳ ὅ ὀ ἳ ὂ ὅ ὀ Ἧὂὖ ἻὍὖ  (amplitude of 

vibration) ἵ ὑὕ ἱὠὁἻ  Ὕὃ ἻὈὕἻ ἱὠὁὟἽ Ἳ ὅ Ὅ ἵ ὅὠὂ Ὕὅὕ  

ἯὠὈ . ὃὕ ἱὠἽ Ἳὑ ὠὉ Ἧὂὖ Ὃ ὝἽ  ὟὈὠἽὉὖ ὟὈ Ὃ ὂὖ ἽὖὋὖὂὕἻ 

Ὕὂὕ ὀὕ ἶ ὅ  Ἰ Ὁὖ ἹὠἽὠὉ Ἳὕ  ὝἻὕ Ἵ Ἧ ὂὖ Ὕὂὕ ὀὕ ἶ ὅ  

Ἰ Ὁὖ ἹὠἽ ὂὌὕἻ ἱ ὅὠὂ ἻὕὁὌὕ. ὀ ὅ ὀ ἯὠὈ Ὕὅὕ Ἳὖ 

ἱὉ ὅὕὄ ὃὖἻ ἵ Ἳ   ὑὖὠἽ  ἳ Ὅ ἳὋ Ἳ ὀ  Ὕὂὕὀ ὠὀὉ 

Ὗὑ  Ἰ  ἻὕὊὁὖ ἻὖὉὈὕὄὂὕ. 
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 ἱὉ ὅὕὄ ὃὖἻ Ὕὑ 100 Hz ἳ Ὅ ἱὊ  ἱὠἽ Ἳὑ ἻὠὍ ἵ ὝἻὕ Ὅ. 

Ἰ   ὑὖὠἽὉὕἻ ἱὊ ὀὕὑ ὀ ὅ ὀ Ἰ ὠὋὉὕἻ 

ὅὉ ὅ ὂ ὅ. ἱὊ ὠὀ  ἱὠὁ  ὟἽ ὅὂ ἻὕἻ ὃὕ ἱὊ  Ἳὑ ἻὠὍ  Ἰ  

ἳὟὌὕἻ Ἳ ὅὖὉὕ ὅὀ  23-ἱ  Ἳὕ Ὁὅ ἱὠὁ ἻὟὑ . 

ὅὀ  23: Ἰ Ὃὖὠὁ Ἳ ὅ ὀ ἱὠὁ Ἳ ὅ ὀ ἱὠἽ Ἳὑ ἻὍὖ ἱὉ Ἳ (Fry 1979: 52) 

 

 ἱὠἽ Ἳὑ A-ἷ ὑ ὑὕὄ Ἧ Ὁὕ Ἧὂὖ Ὃ ὝἽ Ὁ. ὂ  ἱὠἽ Ἳὑ  A-ἱ  

ἻὖὠὍἻ Ἰ Ὃὖ ὅ Ἳ ὂὖ Ἰ  ὑ Ὀὕ ἱὉ . ἱὠἽ Ἳὑ A-Ὁὖ ὑὌ ὅ Ἳ ἻὖὠὍ 

ἱὠἽ Ἳὑ B-Ὁὖ ἱὀ ὅ Ἳ ἻὖὠὍ ὀ Ἰ ὋὕἻ ὟἽ Ἳ ὅ ὅὂὕ ἱὠἽ  Ἳὑ  B-

Ὁὖ ἻὖὠὍἻ ὝὑὍὖὟὃὕ Ἳὖ ὑὖὕὖ. ἱὠἽ Ἳὑ A ὂ  ἱὉ Ἳ ὂὖ ἻὠὍ Ὀὗ  

Ὀὗ  ὝἽ . Ἰ Ὕὑὕ ἯὠὊ Ὃὖ Ἧὂὕὑ Ἰ Ὕὑὕ Ὀὖ  ὝἽἻ  Ἧὂ  

ὂὖὠἽ Ὀὕ . ἱὠἽ Ἳὑ  B ἱ ὂ ἱὉ Ἳ ὠὂ Ὕὂὕὀ . ἰὄὕ  ἱὠἽ Ἳὑ B-Ὁὖ 

ἱὉ ὅὕὄ Ἧὂὖ  ἵ  100 Hz. 

 ὃὕ ἱὠἽ Ἳὑ B-ἷ 125 Hz ἱὉ ὅὕὄ Ἧὂὖ  ἵ  ἳ Ὅ Ὗὑ ὅ ὀ 

ἱὠἽ Ἳὑ Ὁὖ ἱὀ ὝὅὉ  ἱὠἽ Ἳὑ A- ὀ  ἱὠὁ  ὟἽ ὅὂὕ 

ὠὑ ὝἻὕ Ὗὑὕ. ἱὠἽ Ἳὑ A-Ὁὖ ὂὕὄ ὀ  B-ἷ ἯὂὖὊ ὝἽ. ἰὄὕ  1 

Ὀὖ  ὝἽἻ  ὅὖ ὄ ὂὖὉ ἱὠἽ Ἳὑ Ἧὂ  ὂὖὠἽὠὉ Ὀὕ Ὃ Ὁ ; ἶὝὄ Ὃὕ 

ἱ ὂ ὂὖὠἽ Ὀὕ Ὃ Ἧὂ  ἱὉ ὅὕὄ Ἧὂὖ  ἵ ὁὕὄ 125 Hz ἳὀ  Ὕὅὕ .  ἵὄὟὑ 

Ἧ   ὑὖὠἽὠὉ ἵὂὖ . ὂ  5 Ὀὖ  ὝἽἻ  ὅὖ ἱὠἽ Ἳὑ A Ἧὂ  

ὂὖὠἽὠὉ ὂὖ . ἽὖὋὖ Ὀὖ  ὝἽἻ  ὂὖὉ ἱὠἽ Ἳὑ Ὁὖ ἱὉ ὅὕὄ Ἧὂὖ Ὕὑ 

 ὑὖὠἽ ὀ Ἰ ὂὖ . Ἧὄὕ  8 Ὀὖ  ὝἽἻ  ὅὖ Ἧ  ὂ  ὂὖὠἽὠὉ 
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ὂὖ ὅ Ὁ Ἵὖ . Ἧ ὂ ὂ ἻὍὖ ὑὖἻὖὂ ὂὖ ὀ ὅ ὀ ἯὠὈ Ὕὅὕ  

 ὑὖὠἽὠὉ ἵὂὖ . ἱὠἽ  Ἳὑ  ἱὠὀὟὉ ἳ Ὅ ἱ ὂὖὉὕὄ ἵὂὖ ὅὖ 

ὅὕὂὖ ἳ ὂὅ ὀ Ἧὂὖ ἻὍὖ ὑὖὠἽὠὉ ὠὋ . ἱὠἽ  Ἳὑ Ὁὕ ὟὈὠἽ 

ὟὈ Ὃ ὂὖ ἳ ὂ ὅ  ὑὖὠἽ ἽὖὋὖ Ὗὑ ὅὕὀὕὄ. 

 ὟὈὠἾ ὟὈ ὅὊ ὅὖ  ὂὊ ὅ  Ἵὖ ὄ Ἧ  100 Hz Ἧὂὖ  ἵ  ἳ Ὅ ὂ ὂὖὊὈὕὄ 

Ἧὂὖ ἻὠὍ ἳ ὑὕ . ὃὕ  100 Hz Ἧὂὖ Ὕὑ  ἳ Ὅ ἱὠἽ Ἳὑ Ὁὖ  Ἧ ὅὂὖὠὉ 

ὟὈὠἾ ὟὈ ὅὊ ὅὖ  ὠὑ ὂὕ  ὃὕ  ἶὟὂὕ  ἳ Ὅ ἳ ὂ ὅ ὀ Ἧὂὖ ἻὠὍ 

ἳ ὑὕ Ὗὑὕ. ἶὝὄ Ὃὕ  ὟὈὠἾ ὟὈ ὅὊ ὅὖ  ἱὉ ὅὕὄ ὅ  ἱὠἽ Ἳὑ ὀ  

ἱὠὁ ὅὟὂ Ἧ Ὃὖ ἵ ὂ ὟὃὊ ὂὖ   ὑὖὠἽὠὉ ἵὂὖ ὅ  Ἧ Ὄ. ὟὈiἷὉὖ  

ὟὈ ὅὊ  Ὗὑ  Ἰ  ὅ  ἱἻὖὋ . Ἧ  ὂ Ὗὂ Ὀὕ  ὂ ὠὈ ὠὀὉ  

(damped). Ἧ  ὂ ὂὖὊὈὕὄ Ἧὂὖ ἻὠὍ ὃὖἻ ὂὖὄὕ, ὅὀ  13-ἱ  Ἳὕ Ὅ  Ὗὅὕ Ὃ 

ἯὠὌ ὑ ὠὑ  ὝἻὕ . ἱὂ  ἻὕὊὁὈὕἻ ὟὈὠἾὉὖ  ὟὈ Ὃ ὂὖ  ὝἽ ὂ ὅ ὀ 

ὑὖὠἽ ὑὖὠὊὑὖ  ὅὉ ὅ ὂ ὅ . ἵὄὟὑ ὃὖἻὝὑ  Ἧὂ  ἱὉ ὅὕὄ 

ὃὖἻ Ὕὑ ὁὖ  Ὗὑ ὅ ὂὕ  ὀ Ἧὂ   ὑὖὠἽὠὉ ἵὂὖ ὅὂ  

Ἵ ὂὖ ἱ Ἳὕ . ἳ ὂ ὅ ὀ Ἧὂὖ ἻὍὖ  ὂὌὕὄ  ὟὈὠἾὉὖ  ὟὈ Ὃ ὂὖ  

ἱὉ ὅὕὄ ὃὖἻ Ὕὑ ὀ  Ὕὅὕ ἻὖὋ  ὑὖὠἽὉὖ  ὂὕ  Ἳὖὠὀ .  

Ἧὂὖ ἻὖὋ ἵ ὂ ὝὅὕὠὍ  ἽὕὂἻὈὕὄ ὐ  ἳ ὂ ὅ ὀ Ἧὂὖ ἻὠὍ ὃὖἻ ὂ  

ὝἽ ὉὌὕ . Ὗὅ ὠἽ  Ὕὅὕ ὂὑὠὊὉὖ  Ἳὕ  Ἳ ὠὋἻὠὍ (column of air) Ἧὂὖ  ὅ  

ἳ ὂὌὕ  ἵ ὅ  ἳ ὠὈὉὕ . Ἰ  ὃὗ ὀ Ἶὕὕὖ  ὑὕὉὖ  ὟὈ  Ἧὂὖ  ἱὠἽ Ἳὑ ὠὉ  

Ἳὕ Ὁὅ  Ἶὕὕὖ ὃὗ  ἴ Ὃὖὄὕ Ἶὕὕὖ Ὅ ὃὗ Ἰ  ὃὖὠὌὠὉ Ἧὠὀ  Ὗὅὕ  

ἱὠἽ Ἳὑ Ὁὖ  Ἰ  Ἵ ὂὈὕἻ  ὟἻ . Ἧ ὃὖὠὌὉὖ  Ἶὕὕὖ  ἳ Ὅ Ἳὕ Ἳ ὠὋὉὖ  

ὃὗὍ  ἱὠἽ Ἳὑ Ὁὖ  ὃὖἻ  ἵ ὀ  Ὕὅὕ Ὀὕ  Ἧὂ  ἱὉ ὅὕὄ ὃὖἻ Ὕὑ ὠὁ 

Ἧὠὀὑὂὕ  ἱ  ὃὖἻ ἻὖὋ; ἱ ὃὖὠὌὉὖ  ὂ  ἳ Ὅ ὀ ὅ ὀ Ἧὂὖ ἻὠὍ 

ὃὖἻ ἻὖὋ . ἱὠἽ Ἳὑ  ὅὂὖὌὕἻ Ἰ  Ἵὖ ὄ Ἰ Ὕὅ ἻὖὠὉ  ὂ Ὂ ὠὂ  ὂ  

Ἰ ὅὕ ἻὠὍ  ἱ ὂ Ἰ ὠὋὉὕ  ὝὑὍὖὉὀ ὅ  ἹὠἽὉὖ  ὠἽ  ὅὂὖ  ὝἽ Ὁ 

Ἰ ὃὖὠὌ ἯὍ Ἳ ὑὖὠὉ  ὅὉ ὅ ὂὖ  ὑὖὠἽὉὖ  Ἧὂὖ  ἵ ὀ  

ἳ ὂ ὅ ὀ Ἧὂὖ ἻὍὖ  ὠἽ  Ὕὂὕὀ ὅ ὂὖ ὅὖ ὑ Ὀὕ  ὑὠὊὅὀ  ὑὠὊὉὌὕ .  

ὅὀ  24: ὈὖἻ  ὠὋὑὕἻ  Ὗὂ Ὀὕ  Ὀ  ὈὖἻ  ὂ  Ὗὂ Ὀὕ  

Ἰ ὠὋἻὍὖ  Ἰ Ἳ ὑὠὍ  (Resonance curve for lightly damped and higly damped 

systems) (Fry 1979: 54) 
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Ἰ  Ἳ ὁὕ  Ἶὕὕὖ  ἱ  Ἳὕ Ἳ ὠὋὉὖ  ἱὉ ὅὕὄ Ἧὂὖ  ἵ  500 Hz ἰ . 

 ὑὖὠἽ  ἱ ὂ Ἧὂὖ  ἵ  ἱ ὂὕ  ὈὖἻ  ὂὌὕὄ ἳ ὂ ὅ ὀ Ἧὂὖ ἻὍὖ  

 Ἳὖὠὀ . ὅὀ ὂὖ   ὑὖὠἽὉὖ  Ἧὂὖ ἵ  ὅ ὠἻ ἯὍ ὟἻὕ  

Ὕὔ Ἵὖ  (hertz) Ἳὕ ὀ ὅ Ὅ . ἳ ὂ ὅ ὀ Ἧὂὖ ἻὍὖ   ὝἽ  

ἯὍ ὟἻὕ  ἱ Ὃὖ ὂ ὠὈὉὕὄ ἯὌ ἻὍὕ  ὂὊ ὅ Ὅ .  ὑὖὠἽὉὖ  

Ἧὂὖ  ἵ  ὀ ὅ  Ἰ ἻὠὈ ὅὖ  ἱὉ ὅὕὄ Ἧὂὖ Ὕὑ ὁὖ  

ὑὖὌἻὖὝἽ ὑὂὕ ἳ ὂ ὅ ὀ Ἧὂὖ ἻὍὖ   ὠὋἻὖ Ὃ . Ἧὂὕὑ  510 Hz-ἱ  490 

Hz-ἱ  Ἳ  ἽὈὈὕὄ .  ὑὖὠἽὉὖ  Ἧὂὖ ἵ Ἰ ἻὠὈ ὅὖ  ἱὉ ὅὕὄ 

Ἧὂὖ ἵ ὁὖ  ἽὈὈὕἻ ἱ  ὃὖὠὌὉὖ  Ἰ Ἳ ὃὖὠὌὉὕ  (condition of 

resonance).  ὑὖὠἽὉὖ  Ἧὂὖ  ἵ ὠὁ ἳ ὂ ὅ ὀ Ἧὂὖ ἻὍὖ  ὑὖὠἽ ὀ  

Ὕὂὕὀ ὅ  ὑὠὍὑὖ  ὑὠἻ Ἰ Ἳ ὑὠὍὑὕ  (resonance curve). ὅὀ  24 ὈὖἻ  

ὠὋὑὕἻ  Ὗὂ Ὀὕ  Ἰ  Ἰ ὠὋὠὉ  ὈὖἻ  ὂὌὕἻ  Ὗὂ Ὀὕ  

Ὀ ;ὝὋὕ  Ἰ ὠὋὠὉ  ἱὊ  ἵἻὕ ἻὍὕἻ  Ἳὕ Ἳὖ Ὃ . Ὗὂ Ὀὕ  

ὂ ὠὈ ὑ  Ἰ Ἳ ὑὠὍὑὖ  ἱὊ  ὅὕὂὖ ἻὠὍ  ὝἽ Ἳὖ Ὃ : ὑὠὍὠὑ  

ἽὖἻὊὈὖ ὌὕὈ  ὝἽ ἻὖὋ  Ὀ  ἳ ὂ ὅ ὀ Ἧὂὖ ἻὍὖ  ὅὕὂὖ Ἳ ὅ ὀ Ἵὖ  ὃὖὠὌὠὉ  

ὠὋ Ἳὖ Ὃ . Ὗὂ Ὀὕ  ὂ ὠὈ ἳὊὕ  ὑὖὠἽἻὠὍ ἽὕὖἻ ὀ Ἵ ὂὖὠὉ ὑὖὊὉ  ὝἽ Ὁ 

Ἰ ὠὋἻὠὍ ἴ ὑὖ Ἳὖ Ὃ . Ἧὂὖ  ἱὉ Ἳ ἻὍὕἻ  Ἵ ὂὖὠὉ  ὠὋ Ἳὖ Ὃ . Ἰ  

Ἧὂὖ  Ἰ ἻὠὈ ὅὖ  Ὗὂ Ὀὕ  ἯὍ  ὂ  ἵ Ὃὕ, ἱὉ Ἳ ὂὖ  ἵὂὖὊὕὄ 

ὂὠὀ Ἰ ὂὋὖ Ἧ ὅὠὀὉὖ  ὂ  ἰ . ὟὈ  ἸὠὋὉὖ  ὝἽ ὂ ὅ ὀ ὑὖὠἽ 

ὈὖἻ  ὠὋὑὕὄ ἰ ὀ ὠὂ  ὂὕ  ὂ . ἱ  ὂ ὂὖὊὈὕὄ Ἧὂὖ Ἳ ἳ ὂ ὅ ὀ 
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Ἧὂὖ Ἳ  Ὕὅὕ . Ἰ ἻὠὈ ὅὖ  ὅ Ἳ  ἵὂὕἻ ἱ ὂὕ  Ἰ Ἳ ὂὖ  

Ἳ ;ὅὕ Ἳ  ὝὅὋ Ὕὅ Ὃὕ  (Ἧὂὕὑ   ὑὖὠἽὉὖ  Ἧὂὖ  ἵ  ὀ ὅ ὀ 

ἯὠὈ Ὕὅὕ Ἳὖ  ἱὉ ὅὕὄ Ἧὂὖ  ἵ ὀ  Ὕὅὕ ὂ Ὃὕ ) ἳ ὂ ὅ ὀ 

Ἧὂὖ ἻὍὖ  ὈὖἻ  ὂὌὕὄ  ὃὖἻ . ἱ ὂ  Ἳ ὅὕ  ἳ Ὅὗ  ὝἽ Ὁ ὅ ὀ 

Ἵ ὂὖ  ὈὖἻ  ὂὌὕὄ ὝὑὍὖ  Ἳὖὠὀ . ἳ ὂ ὅ ὀ Ἧὂὖ Ἳ  Ἵ ὂὖὠὉ 

ὅὉ ὅ   ὑὖὠἽὉὖ  Ἰ  ὅ ὂὖ Ἰ Ἳ Ἰ ὠὋὠὉ ἱὉ Ἳ  

ὝἽὌὑὖὀ ὅ . Ὀὗὂὖ  ὅ ὂὖ Ἰ  ἯὠὌἻὍὕἻ ὝὑὍὖὑ . ἳ Ὅὗ  Ἵ ὂὖὠὉὑὖὀ 

ὂὌὕἻ Ἵ ὂὖ Ἳὖὠὀ Ἳὕ . Ἰ ὠὉ  Ὕὅὕὖὂὕ Ἳ ἱὉ  Ὀὖ  Ἵ ὂὖ ὑ ὑὖ  Ὗὂὠὑ ὅ ἻὖὋ 

ὂὌὕὄ Ἵ ὂὖ ὂ ἻὖὋ Ὀὖ  Ἰ Ὕὅ ἻὖἻὠὍ  ὅὉ ὅ ὂὖ  ὂὕ  ἱὠὂ  ὝἽ Ὁ ἱὉ . 

Ἰ ἻὖἻ  Ἰ Ὕὅ ἻὖἻ  Ἧ Ὄ; ὟὈ  Ἧὠὑ Ἰ  ἯὠὌἻὍὕἻ ὝὑὍὖὉὖ  Ἵ ὂὖ 

Ἰ ὠὋὉὖ  ἳ Ὅὗ  ὝἽ ὂ Ἵ ὂὖὠὉ ὑὖὀ  ὠὋὑὕ .  

2.5.2. ἻὌὠὑ  Ὂ Ἳ  ἳ ὂ ὅ ὀ Ἧὂὖ Ἳ  (complex tones and forced vibration)  

ἳ ὂ ὅ ὀ Ἧὂὖ Ἳ ὅ Ὃὖ ὝἽ ὂ Ἳ ὂὕὀ ἱ ὑὠὊ ὃὕ  ἱὉ /ἳ  

ὑὖὠἽὉὖ  (driving force) Ἧὂὖ Ὕὑ ὠὁ Ὀ  Ὃὖ ὅὖ Ὗὀὕ ; ὟὈ  ἵ Ἳὕ Ἳ 

Ἰ  ὂὄὖ Ἧὂὖ Ὕὑ ὠὁ (simple frequency) ὝὑὍὖὉὖ ἱὠἽ Ἳὑ ὠὉ ὅὉ ὅ ὑὠὂ 

Ὀ  ἳ ὅ ὂὖὉ. ὃὠὀ ὠὋὉὖ ὃὕ ὟἻ  ἵ Ὄὕ ἹὠἽἻ  ἻὌὠὑ ὂ ὠὈὉὕὄ 

Ὂ ἻὍὕ Ὀ  Ἧὑ ὠὋ ἳ ὑὕ  Ἰ ὠὋἻ ὃὖἻ Ὕὑ ἻὍὖ ἻὌὠὑὠὉ 

ὝὑὍὖὉὖ Ἳὖ Ὃὄ; ἱὂ ἻὕὊὁὈὕἻ ἳ ὠὈὉὕὄ ὐ ἻὍὖ ἱὉ /ἳ  ὑὖὠἽ (driving 

force) Ἰ  ὟὈ ὅ ὀ ὃὖἻ Ὕὑ ὠὁ ὝἻὕ ὅ ὃὖ ἽὉὈὕ; Ἰ  

ἱὠὉ ἻὍὖ (hormonics) ὝὈὕ ὂ ὅὊ Ὕὅ ὠὌὠὉ ὝἻὕ . ἱὉ /ἳ  

ὑὖὠἽ ὅὌ ἵ ὁὖ ὠἻὉὖὌὕὄ ὃὖἻ Ὕὑ ἻὠὍ ὝἻὕ ὂὕ ἵ ὄ ὃὖἻ  ἵ ὅ  

ὟἻ ὑὖὉὕ. Ἧ ὂ ὝἻὕ ὠἻ ὈὕὋὕὈ ἱ ; ὃὕ ὂὊ ὅ ὀ Ἰ  Ἰ ὠὋὠὉ 

ἱὉ Ἳὖὄὕ/ἳ ὂὖὄὕ, ἵ Ἳὕ ὀὕἻ Ἳ ὁὕ  Ἶὕὕὖ ἳ Ὅ Ἳὕ  ὅ ὂὖὠὉ 

ἱὉ ἻὖὉὕ/ἳ ὂὖὄὕ, Ἧὂ  ὃὀ ὠὂ  ἱ ὂὠὂ Ὗὅὕ Ὃὖ ; ἱὉ /ἳ  

ὑὖὠἽ ὝἻὕ  ὃὖἻ Ὕὑ ἻὍὖ ἻὌὠὑ Ἰ ὠὋὉὖ ἱὉ ὅὕὄ 

ὃὖἻὝὑ ὠὁ  ἳ ὅ ὂὖὄὕ Ἰ ἻὖὉὖ ὃὖὅ ὂὠὄὃὖὠὌ Ἳὖὠὀ  Ὀ  Ἳ ὁὕ  

Ἶὕὕὖ  Ἰ  ἳ ἽὈὕὄ ὝὑὍὖ  (peak of output) ἱ . Ἰ Ἳὖ Ἧ  ὅὂὖὌὍὖ 

Ὃὖ ὅὖ ὀ Ἧὂὖ Ὕὑ ὠὁ Ἧὂὖ Ὕὑ ἻὌὠὑὉὖ  Ὕὂὕὖ Ὕὂ .  
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ἰ ὝἽ Ὂὕ Ἳὕ  Ἳ ὑὖἻὍὖ ὠὂὉ Ἳ ὂὕὀ ὃὕ Ἧὑ Ὃὖ ἱὉ Ἳ ὂὖ 

ἵὍὖὉ ὅὕ ὠὑὠὉ ὂ Ὗὂὕ; Ἧὠὑ ἻὈὕἻ Ὃ ὅ ὀ ἱὉ  ὃὖἻ ἽὖὠὉ Ὕὅὕ  

ἯὠὈ . Ἰ  ἸὟὅὕὑὖ Ἧ Ὄ  ἻὖὍὕὕὖὝὄ ὐ ἱὠἽ Ἳ ὑὖὉὖ 

ἳὀ  Ὗὑ ὅ ὂ ὅ ἴὂ ὅ ὀὕ Ἧ  ἳὊ ὂ Ἳὗ Ἵὖ ἹὠἽὠὉ ὝὑὍὖὉὖ. ἱ ὂ 

ἹὠἽ ὃὖἻ ὑ ἻὍὖ ὅὊ ὂ ὅὊὝὅ ὠὌὠὉ ὝἻὕ . ἵ Ἳὕ ὀὕἻ 

ὐ ἸὟὅὕὑὖ ἳὀ  ἱὠὁ Ἳ ὅ ὀὕ ἳὀ  Ἰ  Ἰ ἻὖὉὕἻ ὝἽὉ ὅ  

Ὀ  ὃὖἻ Ὕὑ ἻὍὖ ὅὊ Ὕὅ ὠὌἻὍὖ ἱὠἽ ἻὟὑ Ὁ ὂὖ  

Ὕὅὕ ὂὈὕὄ Ἰ ὠὋ  Ὕὂὕὖ Ὕὂ . Ἳ ὁὕ  Ἶὕὕὖ Ἳὕ  ὅ ὂὖὠὉ ὃὗὠὊ ἴ Ὃὖ 

Ὀὕ Ὃ ἱὉ ὑ  Ὗὅὕ  Ἳὕ Ἳ ὠὋὉὖ ὃὗὍ ἽὕὑὖἻὠὍ ὂὖὋ ὅὂὕ ὑὂὕ  

Ὗὑ ὅ ὂ ὅ ὑὂὕ Ἰ ἻὖὠὉ ὂ Ἳὑὕ ἯὠὈ ὝἻὕ Ὅ ἱὉ .   

ἳ ὂ ὅ ὀ Ἧὂὖ ἻὍὖ ἱ ὂ ὑὖὍ Ἳ ὠὂ ὠὈὉὕ ὑὂ ὟὈ  Ἰ  

Ἵὖ ἻὠὌ ὟἽ ἻὟὑ .  ὃὖὠὌὃὖ ἯὠὌἻὠὍ ὅ Ὃὖ Ἳ ὂὕὀ ὝἽ  Ὗὅὕ ὃὕ 

ἸὟὅὕὑὖ ἳὀ  Ἰ ὠὉὠὉ ἻὍὖ ὅὊ Ὕὅ ὠὌὉὖ ἯὠὌὃὗὍ Ὗὂὕ Ὕὂὕὀ Ὅ 

Ἧὂὖ ἻὍὖ ὅὕ ἻὍὖ ὅὌ ἵ ὁὖ ὠἻἻὠὍ ὝἻὕ  ἵ  Ἳ Ὗὀὕ. 

Ἰ Ἳ ὃὖἻ Ὕὑ ἻὍὖ ὃὖἻ Ὕὅὕ ὂ ὠὂ Ὕὅὕ  ἯὠὈὑὂὕ, Ἧ  ὃὖ ἽὉὈὕἻ 

ἯὠὌὃὗὍ ἻὍὖ ὃὖἻ Ὕὅὕ ὂ ὠὂ Ὃὖ ὅὕἻ ἳὁ ; ἵὄὟὑ ἸὟὅὕὑὖ ἳὀὠὌ  

Ὗὅὕ  Ἰ Ἳὖ Ἰ Ὃὖ  ὟὈ ὅ ὀ Ἰ Ἳ ὂ ὝἻὕ ; Ἧὂὖ ἻὍὖ ὅ Ὗὑ 

ὅὕ Ἳ ὀ Ὕὅὕ  ἵ ὂ ὃὖἻ Ὕὑ  Ἰ Ἳ ὠὂ ὑ ὑὖ . ὃὈ  

ἵ Ἳὕ  Ἳ ὁὕ  Ἶὕὕὖ  ἳ Ὅ Ἳὕ  ὅ ὂὖ (air column) 500 Hz-ἱ  

Ἰ Ἳ ὠὂ  Ἳὕ . ὃὕ   ὑὖὠἽὉὖ  Ἧὂὖ  ἵ ὠὁ ἯὂὖἻὕὖ ὝἻὕ Ὗὀ 

ὝἽ Ὃὕ Ἳ ὁὕ  Ἶὕὕὖ  1500 Hz-ἱ  2500 Hz-ἱ  Ὗὂὕ  Ἰ Ἳ Ἳ  

ἱ ὅὠὂ  ἻὕὁὌὕ .  ὑὖὠἽ ὀ ὀ ἳ ὂ ὅ ὅ Ἧὂὖ Ἳ  ὠὋ; Ἰ Ἳ 

ὑὠὍ  ὅὀ  25-ἱ  ἳ Ὅ  Ὗὅὕ  ἱ ἻὌὕ . Ἳὕ  ὅ ὂὖὉὖ  ἳ Ὅ ὅ  Ἰ Ἳ ὂὖ  

ὝἻὕ ὠἻ (principle of multiple resonance) Ὗὅ Ἵὕ  ἶ ὅ  Ἳ  ὅὕὖὈὕ Ὃ ὂὖ  

Ἧ ὅὠὀὉὕ . Ἰ ὉὖὠὉ  ὝἽὋὖὑὕ Ὅ Ἰ  ὑὖὠἽὉὕ  Ἳὕ  ὅ ὂὖ ὀ ὅ ὀὕ  

Ἳὕ  ὅ ὂὖὉὖ Ἰ Ἳ   ὑὖὠἽὉὖ  ὠἽ Ὀὕ; ἱὂ ὅ  ὑὖὠὍἻὖὋ 

Ἰ Ὁὖ  ὈὖἻ  ὂὌὕὄ  Ἳὕ  ὅ ὂὖ Ἰ Ἳ  ὝἽ Ἳὖ Ὃ Ἧὂὖ Ὕὑ Ἳ  ἰ .  
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ὅὀ  25: ὅ  Ἰ Ἳ ἻὍὖ  ἳ ὅὂ  (Representation of multiple resonance) (Fry 1979: 

57) 

 

2.5.3. ὑ Ἳ Ἳ  (filters)  

Ἰ Ἳ ἵ Ὃ ὝἽὕ ὅὌ ὐ ἻὍὖ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ; ὟὈ  ὠὋὉὕἻ 

Ἧ  ὃ Ὄ  ἵ Ὃ ἳ ὟἻὕὍὖ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ; ἱ  ἽὖὌ Ἰ Ὁὖ ἻὑὖὉ 

ὃ ὠὈἻὠὍ ὂ Ἳὖ Ὃ ἵ Ὃ Ἳ  ὂὑὖ Ἳ ὉὕὈ ἵ Ἳὖ Ὃ. ἱ ὅὖ  

ἳ ὂ ὅ ὀ Ἧὂὖ Ἳ Ἵ ὂὖὠὉ ὅὉ ὅ Ἳὖ Ὃ ἵ ὅὠὂ ὃὖὠὄὑὖ ὝἻὕ ὍὟὑ ; 

ἳ  ὑὖὠἽὉὖ Ἰ  ὑὖἻὖὂ  Ἰ Ἳ Ἰ ὠὋὠὉ ἱὉ Ἳ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ; 

Ὀὗὂὖ Ἰ ὉὠὌἻὍὕἻ ὝὑὍὖ ὅ ὂ ὅ; ἰὄὕ  ὃὕ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ Ἵ ὂὖ  

ὂὌὕἻ  ὝἽὉ ὅὕ  ὂ  Ἵ ὂὖὠὉ ὝὅὋ ἱὉὌὕ. ἹὠἽὠὉ ὃὖ ἽὉὈὕἻ 

ἯὂὖἻὕὖ Ἳ ἱὉ ; ἰὄὕ  ὟὂὠὑὉὕὄ ὂὌὕὄ Ἵ ὂὖ Ὀὖ Ἵ ὂὖ ὑ ὑὖ ὂὊ ὅ Ἳὖ Ὃ 

Ὀὖ Ὕὅ ἻὖἻ Ὗὅὕ Ὃ Ὕὅὕ ἻὍὖ ὅὉ ὅὕ  Ὄ  ἱ  ἱὉ . Ἰ ἻὖἻ Ὀὖ 

Ὕὅ ἻὖἻ Ἧ Ὄ Ὀ  Ἧὠὑ Ἰ ὉὠὌἻὍὕἻ ὝὑὍὖὉὖ Ἵ ὂὖ Ἰ ὠὋ  

ὂὊ ὅ Ἳὖ Ὃ ἯὍὠὑὑὖὀ ἵ Ὕὅὕ  ὠὋὑὕ .  

ὟὈὝἽὕ ὄὠὂ Ὀὄὂὖ  ὝἻὕ  ὃὕ  ὅὀ  25-ἱ  Ἳὕ ὀ ὅ Ὅ ὐὠὌ ἱ  

ὑὐὖἻὍὖ  ὅὕ Ἳ ἱὉ : ὀ ὅ ὀ Ἰ ἻὠὈ  500, 1500, 2500 Hz ἵ Ὃ ἱὀ ἻὍὖ  

 ὑὖὠἽἻ  Ἧὂὖ ἻὍὖ  ἳ ὂ ὅ ὀ ὈὖἻ  ὂὌὕὄ ὀ  ὝἽὉ ὅ . 

ἰὄὕ  ἱ  600 ὂ  1400 ὑὠὊ Ὀ  1600 ὂ  2400 ὑὠὊ ἵ ὠὌ  Ἵ ὂὖὠὉ 

ἳὋὖ . Ἰ ἻὖἻ  ἱ ὂ ἱὊ ὀὕ  ὝἽὉ ὅὕ  Ὗὃὕ Ἳὖ  Ἳ ὂ ὅ ὀὕ  Ἧὠὑ 

ἱ ὅὕ ἻὍὕἻ  Ὃὖ ὅὖὀ ὅ . Ἰ ὉὖὉ Ἳ ὑ Ἳ Ἳ  Ἧὂὖ ὑὖ  ἽὖὌ ὅὊ ὝὅὠὌἻὍὖ  

ὠἽ  ὠὋ . ἯὟὂ ἽὈὉ  ὅὖὋ ἯὂὖὝὑ  Ἳ ὠὋἻὠὍ/ὅὕ ἻὠὍ (frequency 
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bands) ὈὖἻ  ὠὋ ὂ ὀ  Ἧ Ὀὂὖ . Ὗὅ  ὅ  Ἰ ἻὖἻὍὖ  ἱ ὂ ἱ  

ὝἽὉ ὅὕ ὠὀ  ὂὌὕἻ  ὅὉ ὅ . Ἰ ὉὖὉ Ἳ ὟὑὠὌὉὖ  (acoustic work) Ἰ ἻὠὍ 

ὝἽὉ ὠἻὉὕἻ ἱ Ἳ Ὗὑ  ὑ; ἱ  Ἰ  Ἧὂὖ  ὅὕ Ὃὖ ἻὍὖ  (frequency 

bands) Ἳὀ ὂὠὌ Ἧ Ὀὂὖ  ὅὖὋ ἵ Ὄὕὑ ὠὋ  Ἧὀ Ἳὖ Ὀὖ  ἱ ὅὕ ἻὠὍ  

ὅὉ ὅ ὂὖ Ἵὕὂὖ Ἳ ὅ (Ἧὂὕὑ  Ἰ ὉὖὉ Ἳ Ἰ ἻὖἻ Ἰ ὅὕὄ Ὀὖ ἽὕὊ ὑὐὖἻ).  

2.5.4. ὃὖὋὈὕὠὌ (sound spectrum) 

 ὃὕ  ὟἻ ἻὖὋ Ὕὅ ὅὕὌὕὄ Ἰ Ἳ  Ὁὕ  Ὀ  Ὗὅ Ἵὖ  Ἰ Ἳ  Ὁὕ  ἻὌὠὑ 

Ὂ ἻὍὕ  (complex tones). Ἧὑ Ὃὖ  ὈὖἻ  ὂὌὕὄ ὑὖἻὖὂ  Ἧ ὅὠὀὉὕὄ 

Ἧὂὖ Ὕὑ ἻὠὍ  (fundamental frequency) Ἰ ὉὖὠὉ  ὑὕὖὠἽὉὖ  ἱ ἻὖὋ Ἧὂὖ  

ἵ ἻὠὍ  ὝἻὕ Ἳὖ Ὃ . Ἰ ἻὍὖ  ὑὁὠὄ /ὃὖὋὈὕὠὌ Ὃὖ  

ἻὌὠὑὉὖ  ἵ ὂ Ἧὂὖ  ἵ Ἳ  Ἳὕὁ ὅ  Ὀ  Ἧὑ Ὃὖ  Ἰ ὂὋὖ Ἳ  ἵ ὄ 

ἵ ὅὠὂ Ἧὀ . ἱ ὈὕὂὖὕὖὉὕὄ  Ἰ Ὁὖ  Ἰ ὑ ὁὠὄὠὉ  Ὃὖ ὅὖ ὑὂὕἻ  

Ὃ ὅ . Ἰ Ὁὖ  Ἰ ὑ ὁὠὄὠὉ ἯὠὀὉ Ἧὠὂ Ἧὂ  ἻὍὖ  Ἧὂὖ ἻὍὕἻ  

ὅὖὕὖ ἵ Ὄὕ ἻὍὖ  Ἰ ὂὋὖ ὠἽ ἯὍ ἻὟὑ . ἱ ὂ ὝἽ ὂὖ Ἰ ὉὖὉ Ἳ ἰ ὑὖ  

(acoustic analysis) ὝἽὉ ὅὕ Ἳὕ  ὝὅὋ ὅ . ἱ ὂ Ἰ Ὁὖ  ἸὉὖὉ Ἳ ἰ ὑὖ  

ὑὖὠὍ ἻὠὍ Ἰ  Ἧ ὀὑὠὁὉὖ  Ἳὕ ὀὌὕ . ἱ ὂ Ἧ ὀὑὠὁὉὖ  ἵ Ἳὕ ὀὕἻ, 

Ἧ ὅὠὀ Ἧὂὖ Ὕὑ  100 Hz-  8 ἯὌ Ἳ  ἳ Ὅ Ἳ  ἱ Ἳὖ Ὃ . ἱὊ ὀὕὑ  

Ἰ ὉὖὠὉ  200 Hz-  5 ἯὌ   ἱ Ἳὖ Ὃ . Ὃὕὑ  Ἰ ὉὖὠὉ  300 Hz-  ἾὖὉ 

 ἱ ἻὖὋ  ἵ ὅ  Ὗὅὕ Ὃ ὝἽ ὂὖἻὠὍ  ὂὊὌὕ . ὑὠὊὅὀ ὂὖ  ὂ ὂὕ  ἱ ὂ  

ὝἽ ὂὖἻὠὍ ἵὍὖὂὖ  ὕὖ ὝἻὕ Ὅ ἱὉ . Ὃὖ ὅὕἻ  ὅὌ Ἰ ἻὍὖ  

ὑ ὁὠὁὠὉ/ὃὖὋὈὕὠὌὠὉ Ἰ ὅὖ ὑὂ  ἵὍὖὂὕἻ ἱ . ἱ  ὂὕ  Ἰ ὉὖὉ Ἳ ἰ ὑὖ  

ἻὖὉ Ὃὖ ὟἻὕ .  
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 ὅὀ  26: ὅὖὉὕὟὄὕ Ὀ  ἻὖὍὕὕὖὄ  Ὂ ἻὍὖ  Ἰ  ὃὖὋὈὕὠὌἻ  (Fry 1979: 59) 

 

 Ἧ Ἳ  Ἳὕ ὀ ὅ ἻὖὋ Ἰ  ὑ ὁὠὁὉὖ  Ἰ  ὑ  ὅὀ  26-ἱ  

ἵ Ἳὕ ὀ ὅ Ὅ . Ἧὂὖ Ὕὑ Ἳ  Ὕὔ Ἵὖ  (Hz) ὅ ὠἻ ἯὍὠὑὉὖ  (horizontal 

scale) ὂὊ ὅ Ὅὄ. ἻὍὖ  Ἰ ὂὋὖ  ὝἽ  ἯὍὠὑὉὖ  ὂὊ ὅ Ὅὄ. ὈὖἻ  

ὂ   ἳ Ὅ  1.0 Ὀὂὖ  ὂὊ ὅ Ὅ . ἱ ὂ Ὀὂὖ  ὅ ὂὖὉὕἻ ὅὖὋ 

ἵ Ὄὕ ἻὍὖ   ὝὑὍὖ ὅ ὂ ὅ Ὅ . ἵ ὝἻ Ὄὕ  ὝἽ ὟἻὕ  

ὑὠὊὉ ὅ ὍὟὂὕ Ἧ ὝἻ Ὄὕ  ἻὌὠὑὉὖ  ἱ ἻὖὋ ἯὂὖὝὑ ὁὖ   ὀ  

Ἳὕ ὀ ὅ Ὅ . ὅὖὋ Ἧὂὖ Ὕὑ ἻὍὖ ἾὖὉ Ἰ Ἵ ὂὖ ἱ ἻὖὋ . ἱὊ  

ἵ Ἳὕ Ἳ  ὅὀ ὂὖ Ἳὕ ὀ ὅ Ὅὄ. Ἰ  132 Hz Ἧ ὅὠὀ Ἧὂὖ Ὕὑ  ἳ Ὅ 

ὃ  C-  ἻὗὟὐ Ἰ  ἰ Ὗὀ  ὑὕἽὖ Ἳ ὅ ἻὖὋ ὅὖὉὕὟὄὕὑὖ  ὅὕ  C (bass of piano); 

Ὀ ὝὋὕ  264 Hz Ἧ ὅὠὀ Ἧὂὖ Ὕὑ  ἳ Ὅ ὃ  C ὑὕἽὖ Ἳ ὅ ἻὖὋ ἻὖὍὕὕὖὝὄ . 

Ἰ Ὕὑὕ Ὃὖ  Ἰ  ὑ ὁὠὁὉὖ  ἳ ὅ ὂ  ὝἽὉ ὅ Ὅ ἵ ὂ  Ἰ ὉὖὠὉ  

ὑὕὖὠἽὉὖ  ἱ ἻὟὑ . Ἧ ὂ ὂ (Ὕὂὕὀ ἻὖὋ) Ἰ ὉὖὠὉ  Ἧ ὅὠὀ 
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Ἧὂὖ Ὕὑ  ἽὈὈὕὄ ἱὠὀὟὑὠὍὉὖ  Ὗὂὕ . ὅὖὉὕὟὄὕ ὂὖὉὖ (piano note) 

Ἧ ὂ ὂ Ἰ ὉὖὠὉ Ἳ  ὅὊ ὂ Ἧὂὖ ἵ  ἵ ὠὌ  ὃὖἻ /ὑ . ἶὝὄ Ὃὕ 

Ἧ ὅὠὀ Ἧὂὖ Ὕὑ  ὠὋὑὕὄὂὕ  Ἧὠὑ Ἧ ὠὈ ὅ  Ὗὂὕ Ἳὖ Ὃ . ἻὖὍὕὕὖὝὄ  

ὂὖὉὖ (clarinet note) Ἧ ὅὠὀ Ἧὂὖ Ὕὑ  Ἰ  ἰ Ὗὀ  ὂ  ἰ ; ἵὄὟὑ 

Ἧ ὂ ὂ Ἰ ὉὖὠὉ Ἳ  ἱὠὀὟὉ ἳ Ὅ Ὂ  ἱὊ Ὀὀ Ἳὕ . 1500 Hz-  

ὟὈὟὌ ἱ  ὂὕ ἻὖὍὕὕὖὝὄ  Ὂ ὂὖ  (clarinet tone) Ἧ ὂ ὂ Ἰ ὉὖὠὉ  

Ὗὂὕ ἻὖὋ . ἱὊ ὀὕὑ  Ὀ  ὃὕ Ἳὕὑ  Ἰ ὉὖὠὉ Ἳ  ἾὖὉ  ἱ Ἳὖ Ὃ . 

ὅὖὉὕὟὄὕὑὖ  ἻὖὍὕὕὖὝὄ  Ἰ ἻὠὍ ἳ ὑὕ ὑὂὖ  ἳ Ὅ ὅ ὂὖ  ἻὖὉ 

Ὗὑ ὅὕ Ἳ  ἱ Ἳὖ Ὃὄ. ὅὖὉὕὟὄὕ Ὂ  ὂὖὉὕ  Ἧ Ἳ ὅ  ὅὖὉὕὉὟὄὕ ὃὊ ὅὖ  

ὂ ὂὖὊὈὕὄ Ἧὂὖ ἻὍὖ  ὑὖὠὍὑὕ  Ἳὖὠὀ ὅὂὕ . ἰὄὕ  ἻὖὍὕὕὖὝὄ  Ἳὕ  ὅ ὂὖ 

(air column) Ὕὂὕὀ ὂ Ἧὂὖ ὑὖ  ἻὕὊὁὈὕἻ ἳ ὂ ὅ ὀ Ἧὂὖ ἻὠὍ ὃὖἻ Ἳὖ . ἱ  

ὅὖὉὕὟὄὕὑὖ  ὂὄὖ  ὁὈὕἻ ἱ ἻὖὋ Ἰ Ὁὖ  ὑὖὠὊὑὕὄ Ὗὂ Ὀὕ ὂὠὌ  Ἳὕ ὀὕ . 

ἱ ὅὖ , ὅὀ  26-ἱ  Ὗὂὕ ἻὖὋ Ἰ ὑ ὁὠὁὉὖ  (sound spectrum) Ὗὑ ὅὕ Ἳ 

ὃὕ  ἱ ὂ ἱὠἽ Ἳ ὑὖἻ  ἱὠὀὉὖ  ὟἻ ἻὖὋ Ἰ Ὗὑ ὅὕ Ἳ  ἻὕὊὁὈὕ .  

 Ἰ  ὑ ὁὠὄ ἯὠὈ Ὕὅὕ Ἳὖ  ἳ Ὅ Ὗὑ ὅὕ Ἳ  Ἰ  ὑ ὁὠὄ  Ἳ ὑὖὉὖ 

ἳὂὑὖὉὕ  (spectrograph) ὅὂὖ  ὝἽ Ὁ ὅ Ἳὖ Ὃ . ἱ ὂ  Ἳ ὑὖὉὖ  ὝἽὉ ὅὕ  

Ἰ ὑ ὁὠὄ  ὅὀ ὠὂ (spectrum) ὑὠὊὑὂὕ . ὟὂὠὑὉὕὄ Ἰ ὉὖὉ Ἳ ἰ  Ὀὖ ὄ  

ἱ ὅὕ ἻὍὕ  (electronic filters) ὝἽ Ὁ ὅ . ὅὀ  25ἱ  Ἰ Ἳ ὑὠὍ Ἳ  ὠὋὟὉ 

500 Hz, 1500 Hz, 2500 Hz ἱὑ Ὃὖ Ἰ ὂὖὠἽ ὝἽ Ὁ ὅ ὀ Ἧ ὈὕὂὖὕὖὉὕὄ 

ἱ ὅὕ ἻὍὖ ὅὂὖὠὌ ἳ ὅ ὂ ὝἽ Ὁ ἱὉ . ἱ ὂ ἱ ὅὕ ἻὠὍ ἳ ὅ ὂὖὉ 

ἰ Ἳ ὑὖὉὖ ἻὌὠὑ Ὂ ὂὊ ὅ ὀὕ 500 Hzἱ  Ἧ Ὄ  Ἧὂ  ὈὖἻ Ὕὃ ἻὈὕὄ ἵ ὂ 

 ἱ ὅὕὄὕ ὈὖἻ ὠὋὑὕὄ ἱὐ ὅὕ Ἳὀ ὂὖὑὖὀ ὅ; Ὀ  ἱ ὅὕὄὖ Ὀὖ 

ὝὑὍὖ  ἯὍ  ἱ ὂ Ὃὖ Ἰ ὂὋὖ ὠἽ (relative amplitude) ὂ . ἱ Ὗὅὕ  

ὅὖὋ ἱὊ  ἱ ὅὕ Ἳ 1500Hz, 2500Hz ἱὑ Ὃὖ ὠὈὉὈὖὀ ὅ ὀ ἻὌὕὄ 

ὅὕ Ὅὖ ἻὍὖ ὠἽ ὅὂὖ ὝἽ ; ἻὖἻὖ Ὃ ὃὖἻ Ὕὑ ὁὖ 

ὅὊὝὅ ὠὌἻὠὍ ἹὠἽὉὖ  ἰ ὠὑ  ὂὊ ἱὟὂ Ὗὅὕ Ὃ ὠὋὉὖ ἯἻ ὋὕὉ ἱὉ .  

ὅὀ  25ἱ  ἯὠὈ Ἳ  ὑὖὠὍ  Ἰ ὑ ὁὠὄ  ὅὀ  ἵ  Ἰ  ὑ ὠὑ  

Ἳὕ ; Ὀ  Ὗὅ  Ἰ ἻὍὖ ἰ ὑὖ Ἰ ὑ ὁὠὄ  Ἳ ὑὖ ὂὑὖ Ἳ ἱὉὌὕὂ Ἳ ὑὖὉὕἻ 

ὃὖ ὅὖ Ὅὠὂ ὅὖ ὑ  ὠὁ  ἱὉ ἻὍὖ ὃὕ Ἳὕ Ὗὅὕ.   
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2.6. Ὗὅ  ἳ ὑὕ ἻὖὉὕἻ Ὗὅ  ἱὉ Ἳ ὅ (speech mechanism as sound generator)   

 ἱὉ ὠἻὉὖ Ἳὕὁ ὅ  Ἰ  ἯὠὌἻ  ὈὖἻ  ἻὌὠὑ ὂ ὠὈὉὕὄ Ὗὅ Ἵὖ Ἰ  

ἯὠὌἻ  ἰ . Ἱ ἻὍὖ ἳ ὑὕ ἻὖὉὕἻ Ἳ ὂὅ  Ὗὅ  ἱὉ Ἳ ὅ  (speech 

mechanism) ὈὖἻ Ἵὖ ἻὌὕὄ ὑὐὖὉὖ ὝἽ Ὁ ὅὀ Ὗὑ  Ὀ  ὅὌὑὠἻ ὅ ὀ ὑὐὖἻὍὖ 

ὝἽὉ ὅὀ Ὁ . Ὕὂὕ ὠὀ ὂὕ  Ὗὅ Ἳὕὄ Ὄ  ἰ . Ὕὂὕ ὠὀὉὖ  

ἳὂ Ἳ ὑὠὊὉὖὌὕὄ Ἳὕ  ὅ ὂὖ (air column) Ἧὂὕὑ Ὗὅ ὐ (vocal tract) Ἰ  

Ἰ ὠὋὉὕ. ἵ ὂ Ἰ ὠὉ  ὑὖὠἽὟὉὕ Ἵ ὂὖὟὉὕ ὂὊὕὈ ἳ ὅ ὂὖ ὝἽ Ὁ ἱὉὌὕ 

ἵ  ὃὈ  Ὕὂὕὖ. ἵὄὟὑ ὃὕ Ὗὅ  Ἵ ὂὖὉὖ ὑὖὄὖὟὉὕἻ ὠὂ ὃὖ ὑὟὑ . 

2.6.1 Ὗὅ Ἵὖ ἽὂὖὉὖ ὑὖὄὖὟὉὕἻ (Energy supply in speech) 

  Ὗὅ  Ἰ Ἳ  Ἰ  Ὗὅ ὅὑὕὖὀὈὖ ἻὁὖἽὈὕὄ ὟὃὊ ὂὖ  Ὕὂὕὀ ἽὖὉὕὄ Ἰ ἻὕἻ 

ὑ ; ὟὈ  ὟὂὠὑὉὕὄ Ἵ ὂὖ ἱὠἽ Ἳὑ ἱὉ Ἳ ὅ ὑ Ὗὅὕ  Ἰ  ἻὈὕὄ 

ὂ ὁ ὂὖ ὝἽ ὂ ὅ ὑὂὖ ὠὌ. ὠὊ Ὂ Ὀ  Ὀὕ  Ὀ  ὑὉὖ ἱὑ Ὃὖ ὂὠἽἻ 

Ἧὀ ἻὖὉ  ὑὖ  ἱὉ Ἳ ὅ  ὂὕ  (breathing mechanism) Ἵ ὂὖ ὑὖὄὖὟὉὕἻ ὠὂ 

ἳ ὑὕ . ὃὕ ὟὅἽὑὖ ὠὌ ἵ Ὃὕ ὑὖ ὂ Ἰ  Ὀὖὄὖ  ἽὊὕἽὕὖ 15 ὂὀὠὑ 

Ἳὕ ὠὋ ἳ Ὅὖ  ὝὑὍὖὟὉ ὑὖ  ἽὗὊὕὄ ὝἽὉ ὅὕὀὕ. ἽὗὊὕἻ  ὑὖ ὠἻὉὖ ἱ ὂ 

Ὃὖ ἳ Ὅὖ  Ὀ  ὝὑὍὖὉὖ  ὃὖὠὌἻ ἸὟὊ ὟὃὊ ὠὂ ἵ . Ἧὂὕὑ Ἳ  4 

ὝἽἻ Ἳ ὠἽ ἳ Ὅὖ Ἳ  2 ὝἽἻ Ἳ ὠἽ ὝὑὍὖὀ ὝἽὌὑὖὀ ὅ. 

Ὗὅ ὠἻὉὖ ὃὕ  ὝὑὍὖὑ ὃὖὠὌὠὉ (expiration phase) Ἵ ὂὖ ὑὖὄὖὟὉὕὟὉὕἻ ὂὖ 

ὅὉ ὅ Ἳὖ ὟὋὕ. ὃὕ Ἧ ὂ ὝἽὉὅὕ  ἯὠὌὑ ὠὑ Ὀὕ Ἳὖ ὟὋὕ; Ἧὂὄὕ 

ὠἽ ἳ Ὅὖ ὂ ὈὖἻ ὠὋ ὂ ὟὃὊ ὠὂ ἵ ; ὝὑὍὖὉὖὀ ὂ  ὟὃὊ ὠὂ 

ἵ  (Ἧὂὕὑ 10-15 ὝἽἻ ). 

 ὠὊ Ὂ ἻὍὖ  ὝὑὍὖὑ Ἳὕ  ὟὅὝἽὕἻὠὍ ἳ ὅ ὂὖ ὝἽ Ὁ ὅὉ ὅ  

ὑὖὠἽὠὉ (force) ὝἻὕ ; Ἰ ὠὉ ἳ ὑὕ ὑὂ ἻὕἻ Ἰ  ὂὖὠἽὠὉ Ὗὃὕ Ἳὖ ἽὗὊὕἻ 

Ἰ . Ἵ ὂὖ  ὅὖ  ὝἽ  ἱὉ Ἳ Ἳ Ἧ Ὄ  ἯὠἽ ἻὍὕἻ 

Ὀὕ Ὃ ὅὀὟὑ . ὂὌὕὑ ἽὖὌ ὂὖὀ ἯὠὈ ἻὍὕ ὅὖ ὄ Ἳὕ  Ἳ ἻὍὕ 
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Ὗὅ  Ὕὂὕ ὠὀ ἱ ὂ ὝἽὉ ὅὕ ὠὀ ὝἽ Ἳὖ Ὃ. Ὂ ὑὠὍ Ὀὀ Ἳ 

Ἧὂὖ Ἳὖ Ὃ ὅ ὂὖὉὕἻ ὝἽὉ ὅ Ἳὖ Ὃ. 

2.6.2 Ἰ  ὌὈὕἻ Ὕὂὕ ὠὀ (larynx as sound source) 

 Ὕὂὕ ὠὀ ὂὠἽἻὍὕ Ὂ ὑὠὍ Ὀὀ Ἳ Ἰ ὠὋὝὉὕ  Ἧ ὅ 

ὝἽ ὉὌὕ. ἱὂὄὕ ἱ  ὠὊ Ὂ  ὐ (trachea) ὑὐὖὉὕἻ 

ὟὈ Ὕὂὕ ὠὀ  ὑὕ  ὝἽ  Ἳὕ  ὅὕὠὂ  Ἧὠὀ  Ὗὅὕ ἱ Ἳὖ Ὃ. 

Ἧὂ  ὑὖὠὍ ἻὗὟὐ ἵ Ἳὕ ὀ ὅ Ὅ. 

ὅὀ27:  Ὂ ὑὠὍ Ὀὀ  ἱὉ Ἳὂὖ ὑὠὊὅὀ (Fry 1979: 63) 

 

ὠὊὉὖ  ὐὌ  Ἳὕ Ὃὖ ἽὗὊὕὄ Ἰ  ἱ ἻὖὋ. Ὂ ὑὠὍ Ὀὀ ἻὍὖ 

ἹὊ Ἳ ὟἽ  ὠὑ Ἳ ὅ ὀὕ Ἧὠὀ ὅὖ Ἳὗ Ἧ ὂ ἯὂὖἻὕὖ. Ἧ ὂ Ὃὖ ὅὖ ὀ 

Ἰ  ὃὖὠὌὠὉ Ἧὠὀ  Ἧ  ὂὠὀὉὕ ὑὖὠὍ  ἵὂὖ ὠὅ ἽὈὕὍὖ  ἯὍ  

ὑ ὑὖ Ἳὖ Ὃ. ἵὄὟὑ Ὂ ὑὠὍ ἹὊὍ  ὅὀ ὂὖ ἳ Ὅ  Ὗὅὕ ὂὖὋ . 

Ὕὂ  ὂὠἽἻ  Ἳὖ ὑὖὕὖ ὂ ὠὈ ἱ ὅὂὕ Ἧὠὑ Ὀὕ Ὃ ὅ ὀ 

ὃὖὠὌὉὖ  ἳὀὄ ὉὕἻ Ὕὂὕὀ Ἳ ὃὖὠὌ  ὂὖ . ἵὄὟὑ Ἳὕ Ὃὖ Ἰ  Ὀὗ  

ὂὠὀὅ . Ἧ ὂ Ὀὗ  . ἱ ὑὕ  ὂὖὋ ὅ Ἧὠὀ ὅ Ὀὕὄ Ἳ  

Ὕὂὕ ὠὀὉὖ Ἳ ὅὕ (condition) ἱ ὅ  ὑὠὊ ὂὖ ὅ ὃὖἻ . Ὂ ὑὠὍ Ὀὀ Ἳ 

Ὀὗ  Ἧὠὀ  ὃὖὠὌ  ὂὖ ὑ ὑ  Ἧὑ Ὃὖ Ἳὖ ὑὖὕὖ ὂ ὠὈὉὕ 

Ἧ Ὄ. ἱ  Ὕὅ Ὕὃὕ ὑὖὠὍ  (Bernoulli effect) ἵ Ὃ Ἵ ὅὑ ὂὕ ἳὂὑ ὅ Ἳὖ Ὃ. 

ἱὂ ὅ  Ὂ ὑὠὍ Ὀὀ  ὂὖὋ  Ὗὅὕ ἳ ὀὕ  Ἳὕ ὝὋὕ Ἳὖ ὟὑἻὈὕὄ ἯὂὖἻὕὖ 
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Ἧ ὂ ὂὖ ὠὋὠὑ ὑὖὠὍὑὖ . ἱὂὄὕ ἶ ὅ  ἳὋὖ  ὑὖὠὍ (suction effect) 

Ὂ ὑὠὍ ὈὀὠὌ  ὃὖὠὌ  ὂὖ .  

 Ἳὕ  ὠὊ Ὂ  Ὕὂὕὀ  ὝὑὍὖὟὉ Ὃ ὅ ὑὂὕ Ὂ ὑὠὍ Ὀὀ ἻὍὖ 

ὂὖὋ  ἯὠὈ  Ὕὂὕ ὠὀ  ὟὈ  ἳ Ὅ ἱὀ ὂὖ Ἳὕ Ὃὖ Ἧ ὂ ὂ ὂὖὊ ἻὍὖ 

ὝὑὍὖὟὉ ὋὠὌ ὑὖὠὍὑὖ . ἱ ὂ ὝὑὍὖὟὉ Ὃ ἻὍὖ Ἰ  Ὕὂὕ ὠὀὉὕ 

ἳ ὑὕ Ἳ ὅ Ἰ Ἳ  Ἧ ὅὠὀὉὕ ἯὠὈ . ὂὖὋ ὂ Ὀ  Ἧὠὀ ὂ ἱὑ Ὃὖ 

Ἰ  Ἳ  ἵ  ἻὕὌ Ὂ ὑὠὍ Ὀὀ  Ἳὗ ἱ  Ἧ ὂ ὂὖ ἱὠὀὟὉ 

ἳ Ὅ ἽὈὃὖὠὌὠὉ Ὕὅὕ  ἯὠὈ ; Ἧὂὕὑ ὠὁ  Ὂ ὑὠὍ Ἧ ὂ ὠὂ 

(subglottal pressure) Ὕὅὕ  ἯὠὈ .  

Ὕὂὕ ὠὀ ὃὖἻ Ὕὑ ὁὖ Ὗὑ ὅὕ: Ἧὂὖ ὑὖ ὃὖἻ ἵ ὠὁ  Ἰ  ὝἽ  ὝὅὥὂὖἻ 

ἻὕὊὁὖἻ  Ἧὂὖ  ἯὠὈ ἻὍὖ ὂὖ ὠὈ (mass), ὃὗὍ (length) Ὀ  ἱ ὑὖὠἽ (tension) 

ἵ ὅὄὑὕ . ἱὠὑὝὉ Ὄὕ Ὕὂὕ ὠὀὉὖ ἳ ὅὠὀὉὕὄ Ὀ  ὝὑὍὖ ὅὠὀὉὕὄ 

ὂὠἽἻὍὕ Ἳ ὅ ὂ ὅ Ὅ. ὂὖ ὠὈὠὉ ὑ  ὃὗὍ ὠὂ ὑ  

Ἧὂὖ ὑὖ ὃὖἻ Ὕὑ ὠὁ ἯὂὖἻὕὖ  ἵ ὅὠὂ ἱὠἽ  Ἳ ὑὖὉὖ  ὃὕ ἯὋὖὉὌὕ.  

 Ὕὂὕ ὠὀ ἱὉ Ἳ ὅ ὂὖ Ἧὂὖ  ὅὕἻ Ἳ ἵ ὁὖὋ ὂ (ἵ ὠὌὉὖ Ὄὕὂ) 

ὑ ὑ ὠὂ ἵ . ἱὂ  ἻὕὊὁὈὕἻ ὂὖ ὠὈ, ὃὗὍ Ὀ  ἱ ὑὖὠἽ ἱὑ Ὃὖ 

ἱὠὀὉὖὌὕὄ ἴὀὕ ὀ ἻὌὠὑ ὂ ὠὈ ἳὠὀὉὂὕ . Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ἧὂὖ ὑὖ 

Ὁ ὃὖὠὌὉὖ Ὀὀὀ Ἳ Ἧὑ Ὃὖ ὝἽ  ἳὉὊ ὂὖ Ὕὅ ὅὕὌὕὄ ὅ ὂὖὉὖ ὟἽ  

ἱ ὅὠὂ Ἳὕ . Ἧὂὖ ὑὖ ὅὖὋ ὅὕ ἻὍὖ Ὂ ὑὠὍ Ὀὀ Ἳ ἹὊ ἻὍὖ ὝὈ ὂὕἻ 

ἱ . ἱὂὄὕ Ἧὂὖ  ὅ ὂὖ ὝὈ ὂὕἻ ὟὌἽὕἻ ἱ . ὂὖ ὁὂὖ ὠὋ  

Ἧὂὖ ὑὖ ὃὖἻ Ὕὑ ὁὖ ἯὂὖἻὕὖ  ὑὐὖὑ . Ὂ ὑὠὍ Ὀὀ ἻὍὖ ἽὕὂἻὈὕὄ 

ὃὗὍ ὠὂ Ἧὂὕὑ Ἧὂὖ  ἱὉ Ἳ ὂὖ ἲ ὅ ὂ ὅ ὃὗὍ ὠὂ Ὂ ὑὠὍ Ὀὀ  ἳὀὌὕἻ 

ἯὠὈ  ὠὂὟὊὕ ἯὕὖὝὋὄὕ ὂὠἽἻὍὖ (thyro-arytenoid musceles) ὝἽὉ ὅὕ ὀὕ 

ὠὂὊὕ  Ὀ  ἻὖὕὖἻὕ Ἳὕ ὟὌἾ (thyroid and cricoid cartilages) ἱὑ Ὃὖ 

ἱ ὠὀὟὉ ἳ Ὅ ὟἻὕὁ ὠὂ Ὀὕ  ἻὖὕὖὟἻὕ ὠὂὊὕ  ὂὠἽἻὍὖ (crico- thyroid musceles) 

ὝἽὉ ὅὕ ὀὕ (ἵὄὟὑ ἱὊ  Ὂ ὑὠὍὠὉ ὃὗ ἽὖὉὠὀὉ ἱ Ἳ  ὝἽ ) Ἰ  

Ὃὖ ὅὖ ὀ ἵ ὠὌ ἯὍὑὖ Ὀὕ ὋὌὕ. ἱ ὂ ἱ ὂὖ ὝἽὉ ὅὕ  ὂὖ ὠὀ, ὃὗὍ 
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Ὀ  ἱ ὑὖὠἽ ἵ ὅὄὑ Ὃὖ ἴὀὕ ὀ Ὂ ὑὠὍ Ὀὀ  Ἧὂὖ Ὕὑ ὠὁ 

ὠὋἻὖ Ὃ ὃὖ ὁὉὖ ἻὖὋ ἵ ὅὠὂ ἳὁὊὌὕ. Ἰ ὑὖὂ ὂὖ ἱ  Ὂ  ὑὠὍὈὀὠὌ 

ὃὗὍ ὝἽ ἻὖὋ. ἱὂὄὕ Ἧὂὖ  ἵ  ὠὋἻὖὋ . Ὀ ὝὋὕ ὑὖὂ ὂὖ ἱ  Ὂ ὑὠὍ 

ὈὀὠὌ ἱ Ἳὖ Ὃ. ἱ ὂ ἱ  ὝἽὉ  Ὂ ὑὠὍ ὈὀὠὌ ὝὈ ὂὕ Ἳὖ Ὃ. ἱὊ  

Ἧὂὖ  ἵ ὁὖ  ἯὂὖἻὕὖ ὠὅ ὑὖὠὍὑὖ ἻὖὋ. Ὂ ὑὠὍ Ὀὀ  ἵ ὂ ὃὖὠὌὉὖ 

ὂὖ ὠὈ, ὃὗὍ Ὀ  ἱ ὑὖὠἽ ἵ ὅὄ ὂὠἽὉὖ ὝἽὉὌὕ ὃὖ ὁὉὖ Ἳ ὅἻὖ Ὃὄ. 

Ἧὂὖ ὑὖ Ἧ ὅὠὀὉὕὄ ὅὕ  ἱ ὂ  ἻὕὊὁὖἻὍὖ ὑὖὠὍὑὕ. 

         Ἧ ὅὠὀ ὅὕ  (fundamental mode) ὂὑὖὊ Ὂ ὑὠὍ Ὀὀ Ἳ  Ἧὂὖ ὑὖ ὅὌ 

ὅὕ Ἳ ἳ . ὝὈ ὑὕὄ ἱὉ Ἳ ὅὀ Ἳ (slow motion pictures)  ἯὠὌἻ  

(transverse waves) Ὂ ὑὠὍ Ὀὀ ἻὍὖ ὟὈ  Ὃ ὂὖ ὅὉὁὖ ὅὠὂ Ἳὕ Ἳὖ Ὃ. 

Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ὕὂὕ ὠἻ ὂ  ἵ Ὃὕ Ὀὀ ἻὍὖ ὂὖὋ Ἧ ὅ ὂὖὉὖ 

Ὕὂὕὀ Ἳὖ ὟὈ  Ὗὃὕ Ἳὖ ὅὉὁὖ Ἳὖ Ὃ. ἱὂὄὕ Ἳὗ Ὀ  ὟὈ  Ὃ ἻὍὖ ὂὖὋ ὅὖ 

ἱὠὀὉὖὌὕὄ ὃὖὠὌὉὖ Ὗὑ ὅὕ ὀ ὝἽ ὂὕὄ ἯὠὌ ἱὉ Ἳ ἱ Ἳὖ Ὃ. 

Ὕὂὕ ὠὀ ἱὉ Ἳ ὅ ὂὕ ἳ ὑ Ἳ ὅ ὀ ἯὠὌ ὈὖἻ  ἻὌὠὑ ὂ ὠὈὉὕὄὂὕ. 

ἱ ὂ ἯὠὌὉὖ ὑ  ὅὌ Ὗὑ ὅ ὀ ὅ ἻὍὖ (techniques) ὅὉ ὅὕ ὀὕ ὝὅὋ ὅ; 

ἻὖὉὈὕἻ ἱὊ  Ὀὀ ἻὍὖ ἹὊ Ἳ  ἱὠὀὟὉ ἳ Ὅ ἱὀ ὂὖ Ἧὂὖ ἻὠὍ  ὅὂὖ 

ὝἽ  ὅ  Ὀὀ ἻὍὖ ὟὈ Ὃ ἻὍὖ ὈὖἻ ὑὖὠὊὑὕὄ ὂὖὠὊ ὅὀ ὑὠὊὅὀ ὂὕ (high-

speed cinematography) Ὀ  ἯὟὂ ἱὀ ὂὖ Ἳὕ ὝὋὕ Ἳὖ Ὗὑ ὅὕ ἻὍὖ (variations) 

ἯὍὑὕ. ἱ ὂ ἱ  ὑὐὖ ὠὋἻ  Ὗὅὕ Ὀὕὄ ἯὍ  Ὕὅὕ ὑὕὄ ὑ ὑὖ ἱ Ἳὖ Ὃ Ἰ  

ἯὠὌὠὉ  ὂ Ἳὖ Ὃ. ἱ  ὅὀ ὂὖ Ἳὕ ὀ ὅ Ὅ. 
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ὅὀ 28: Ὕὂὕ ὠὀὉὖἻὕ ὝὋὕ Ἳὖ ἯὠὌὑ  (Fry 1979: 65) 

  

ὅ ὠἻ Ἧ Ἵὖ ἻὕὌ  ἳ ὅ ὂ ὝἽ Ὁ ὅ Ὅ. ὝἽ  Ἧ  Ἳὕ  Ἰ ὠἻ 

Ἰ  ὝἽἻ  ἻὄὝἽ   Ὀὗ ὀὕὖ ὂ Ἳὖ Ὃ. Ὂ ὑὠὍ Ὀὀ Ἳ Ὁ ὃὖὠὌὉὖ 

ἱ Ὗὅὕ ὟὈ Ὃ ὂὖ Ἳὕ  Ἰ Ἳὕ. ἱὂ  ἱὠὁὉὕὄ ἯὠὌὉὖ ὅ ὂὖ ἾὖὉ 

Ἳὕ  Ἰ Ἳὖ ὃὖὠὌὉὖ ὅ ὠἻὉὕὄ ὑὠὊὉὕ . Ὂ ὑὠὍ Ὀὀ Ἳ ὂὖὋ 

ἱ Ὗὅὕ Ἳὕ ὝὋὕ Ἳὖ ὑὖὠὊ ἯὂὖἻὕὖ. ἾὖὉ ὂὖ  700 ἻὄὝἽὈὗ 

ἯὂὖἻὕὖ 2 ὈὖὝἽ-  ὂ  ἵ . Ὀὀ  Ὀὗ  ὀ  Ὕὂὕὀ  Ὗὅὕ Ἳὕ ὝὋὕ  

ὝὈ ὑὕὄ ὑὖἻὖὂ ὂὖ ὠὋ . ἾὖὉ ὂὖ Ὀὗ  ὑὊ 3 ὈὖὝἽ ἵ . ὠὋ 

Ὕὂὕὀ ὑὂ   ἾὖὉ ὂὖ 3 ὈὖὝἽ ὃὖ . Ἧ ὅὠὀ ὃὖἻ ἵ  Ἰ   Ὃὖ 

ἵ  ἻὕὌ ὂὕ ὂὊ ὅ Ἳὖ Ὃ.  ὅὀ  28-ἱ  Ἳ Ὅ ἯὠὌ Ἰ    8.3 

ὈὖὝἽ ἵ ;  ἵὄὟὑ Ἧ ὅὠὀ ὃὖἻ ἵ 120 hz ἰ . 

              Ὕὂὕ ὠὀ Ὂ ὂὖ ἱὠἽὠὈ (pitch) Ὂ ὑὠὍ Ὀὀ ἻὍὖ ὂὖὋ ὅὖὄὕ 

ὝὑὍὖὑὖὀ ὅ ὀ ὅὖ (pulse) ὃὖἻ ἵ ὁὕ  ὂὗ Ὀὕὄὖ Ἳ ὅ Ἳὖ Ὃ. 

ὃὖἻὝὑ ὁὖ  Ὀὕ Ὃ Ἰ   ἰ  ἻὕὌ ὂὖ ἵ ὅ  Ὀὕ ὋὈὕ; Ἧὂὕὑ 

ὀ ὅ ὀ ὃὖὠὌ  ὂὖὋ ὂ ὃὖὠὌ  ὟἽ ὂ Ὃὖ  ἻὕὌ  Ὀὕ ὋὈὕ. Ἧ ὅὠὀ Ἧὂὖ   

ἵ  100 hz ἵ Ὃὕ Ὂ ὑὠὍ ἯὠὌὉὖ   10 ὈὖὝἽ ἵ . Ἧ  150 Hz ἰἻ 

ἳὉ ὂὕ Ἰ  Ὃὖ Ἳὕὄ ἻὕὌ 6.7 ὈὖὝἽ ἰ . 200 Hz-ἱ  Ἰ  Ὃὖ Ἳὕὄ ἻὕὌ 5 ὈὖὝἽ 

ἰ . 

 Ὂ ὑὠὍ ἯὠὌ ἻὕὌ ὃὗ Ἵὖ ὈὕὋὕὂ (periodic) ἯὠὌὉὕ . Ἧὂὕὑ  ἱὂὖ  

ἱὉ Ἳ ὂὖ  Ὀὗ  ὃὖἻ  Ἳ  ἱ . ἵὄὟὑ ἱ  Ἧ ὅὠὀ ὃὖἻ  ἵ ὁὕ  
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Ἰ ὠὉὅὖ  Ὗὑ ὅ ὀ ὅὊ Ὕὅ ὠὌὉὕ  (range of hormonics) ἳ ὑὕ Ἳ ὅ . 

ἱὂ  ὑὖὠὍὑὕἻ ἵ Ὄὕ ὠἽ  ἯὠὌἻὠὍ  ὟἽ  ὅὀ  28-ἱ  Ἳὕ Ὁὅ  Ἰ  

ἯὠὌὑ ὠὑ ἯὠὈ ὅ  Ἵὕ ὂὖὉ  ἰ . ἱ ὂ ἯὠὌὉὖ  Ὕὅὕ ὑὕὄ ὑ  ὟἻὕὁ 

ὑ ὑὕ . ὂ  ὅὕ ὠὑὉὖ  ὠἽ  ἯὠὌἻὠὍ ἱὠὁ  ἱ ὂ ὑ ὑὖ  ὝἻὕ ὑὊ 

ἱὉὌὕ  ἵ  Ὗὂὕ . ἱ ὅὖ  ἯὠὌὉὖ  ὂὖὠἽὉὖ  ἶ ὅ  ἻὕὊὁὖ Ὀὕ Ὃ Ἳ  

ὃὖἻ Ἳ  ὈὖἻ ἻὖὉ ἻὕὌ ὂὖ  ὃὀ ὅὠὂ ὂὕ  Ὃὖ ὅὖ . Ἧὂὖ Ὕὑ  ἻὌὠὑὉὖ  ὈὖἻ  

ὂ  Ἧὂὖ  ἵ  ἳὍ ὠἽ  ἯὠὌὠὉ Ἧὂὕὑ  ὠὋὑὕὄ ἯὠὌ ὃὗὍ  ἳ Ὅ ὠἽ  

ἯὠὌὠὉ  ὂ ὂὕ  ὂὖ ὝὊ Ὃ ὂὖὕὖ Ἳ  ἻὌὠὑ ἯὠὌὠὉ ἳ ὑὕ . ὅὀ  28ἱ  

ὟἻὕὁ Ὗὅὕ Ὃ ἯὠὌἻὠὍ Ἧ ὅὠὀ ὃὖἻ Ὕὑ ὀ Ἰ ὠὉ  ὃὖἻ Ὕὑ ἻὍὖ 

ὃὗ ἽὖὝἽ Ὁ ὅ ὀ ὅὊ Ὕὅ ὠὌὠὉ ὟἽ ὅὂὕ ἳ ὑὕ Ἳ ἱὉ ; ἱ ὂ Ἰ ὠὉ  Ἳ  

Ἰ ὂὋὖ Ἵὖ Ἰ  Ὃὖ ὅὖ ὀ Ὕὅὕ ἯὠὈ Ὕὅὕ ὠἻ ὅὖ ὅ ὑ ὑὠὊ ἱ  

Ἵὕ ὂὖὉὈὕ. ὅὀ  29 ἱ  Ἰ Ὁ Ἳὑ ὁὠὄ ὅὀ  ἱ ὈὕὂὖὕὖὉὕὄ Ἰ  ἯὌἻὖ   

Ἰ ἻὠὈ  ἵ ὄ ἵ Ὃ ὃ Ὄ Ἳ ὠὂ ὂ Ἳὖ Ὃ. Ἰ ὠὉ Ἳ 3600 Hz 

ὃὖἻ Ὕὑ ὑὠὊ Ἧὂὕὑ 120 Hz ἱ  30ἰὑ  ἱὠἽὉὖὠὉ ὑὠὊ Ἳὕ ὀ ὅ Ἳὖ Ὃ; 

Ὀ  ἰ  ἱ ὂ ἱὀ ὂὖ ὃὖ ὂ ὅ Ἳὖ Ὃ; ἱὠὂὑὖὀ ἳὉ ὂ ὃὖἻ Ὕὑ ἻὍὖ Ἵ ὂὖ 

ἱ ὠὌ ἵ  ἱὂ  Ἧ ὂὈ Ὄ. Ἧ ὅὠὀ ὃὖἻ Ὕὑ ὁὖ ὈὖἻ ὂ  

ἱ Ἳὖ Ὃ; ὃὖἻ Ὕὑ ἯὂὖἻὕὖ  Ὗὅὕ Ὕὂὕὀ ἽὖὉὕἻ Ἰ ὉὖὠὉ ἻὍὖ  

ἻὗὐὖὋ ὑ ὀ Ἰ Ὕὑὕ Ἧ ὑ  Ἰ ὠὉὠὅ  ἳ ὅ ὂ ὝἽ Ὁ ὅ Ἳὖ Ὃ.  

ἱ ὂ Ὕὅὕ ὑὕὄ Ὗὅὕ  ἹὊὍ  Ἰ Ἳὕὄὂὕ ; ἰὄὕ  Ἰ ὉὖὉ Ἳὑ ὁὠὄὉὖ ὅὌ 

ὂὕ ὃὖὠὌἻ (dips) ἳ Ὅὄ; ἱ  Ἧὂὖ ὑὖ ἽὖὌ Ὃὖ ὅὖ ὀ ὅὕ Ἳ Ἧ ὑ ὅὠὑ 

Ἳὕ  ὠὋ ὂ ὠἽ ὝἻὕ Ἳὖ Ὃὄ ἵ  Ἳὕ .   

 Ἰ Ὁ Ἳὑ ὁὠὄὉὖ ὑ ὑ  Ἧ ὅὠὀ ὃὖἻ Ὕὑ ὁὖ Ὀὕ Ὃ ὂὕ Ὕὅ ὈὍὑὖ 

Ὀὕ Ὃ ὅὀὑὖ ὠὌ; ἰὄὕ  Ἰ Ὁ Ἳὑ ὁὠὄ ὑὠὊἻ  ἱὠὀὉὖ ἳ Ὅ ἱὠὀὝὑὍὖ 

ἱὠἽ Ἳ ὑὖἻὍὖ ὃὕ Ἳ ὀ Ὗὅὕ ὅὕὂὖἻ ὅ . ὐ ὠὂἻ Ἧ Ὄ  Ὕὅ ἻὍὖ 

Ὂ  ὃὖἻὑ Ὗὅὕ Ὃ ἳὉ ὂ ἱὠἽὠὈὉὕ ὑὠὊἻ ὂ  ἯἻ Ὃὖ ; Ὀ  

ἰὐὈὕὄ ἰὀὑὕὖ Ὂ  ὅὀ ὂὖ Ἳὕ Ὅὠὂὑὖὀ ὂ  Ἧ ὠὈ ὅ . 
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ὅὀ  29: Ὕὂὕ ὠὀ Ὂ ὂὖ  Ἰ ὃὖὋὈὕὠὌ ὅὀ(Fry 1979: 66) 

 

 Ἧ ὅὠὀ ὃὖἻ Ὕὑ ὠὁ ὂὑὖὊ Ὕὂὕ ὠὀ ἯὠὌὉὖ ὅὖὋ ὅ Ἳ  

Ὀὕ . ὂὌὕὑ ὑ Ὀὕὄ Ἧ Ὄ  ἯὂὖἻ ἯὍὑὖὌὕὄ ἯὠὌὉὖ  ἰ . ὃὕ 

ἵὂὖὅὕ ὅ Ὗὅὕ  Ἵὖ ἯὂὖἻὕὖ ἳὊ ὂ ἹὠἽ Ὅ Ὗὅ ὠἽ ἳ ὑὕ  Ὀ  

Ἵὖ ὠὋ  ὝὈ ὠὈὉὕὄ ὟὅὠἽ ἳ ὑὕ . Ὀὕ Ὃ ὑὕἽὖ  ὂὠἽἻὍὖ ὝἽὉ 

Ὄ  ὠὁ  Ὕὂὕ ὠὀ Ἧ ὂ ὂὖ Ὕὅὕ ὃὖὠὌὠὉ ἯὂὖἻὕὖ ὅὂὕ Ὕὅ ὅὕ 

ἳ ὑὕ Ἳ ὅ. ἱὊ ὀὕὑ ὅ  Ὃὖ ὂὖὋ ὂ Ἳ ὀ Ὁ Ἳ ὀ ὀ  

ὝἻὕ Ὅ ὑὖἻὖὂ ἰ . 28ἰ  ὅὀ ὂὖ Ἳὕ Ὅ ἯὠὌὉὖ ὂὖὋ ὂ Ἳ ὀ ὂὕ 

ἰ ἻὖὊὈὖ Ἳ ὅ ὀ ἻὕὌ ὝὈὕ ὂ Ὃὖ ἻὕὌ ὂὖ 0.6 ἰ . ἱ ὂ ἻὕὊὁὖὉὖ Ὀὂὖ 

Ἳ ὅὕ Ὀ  ὂὄὖὃὅ Ἧ ὅὠὀὉὖ Ὀὕ . ἳὉ ὂ Ἧ ὅὠὀ ὃὖἻ Ὕὑ ἻὍὖ 

ὂὖὋ ὂ Ἳ ὀ Ὃὖ ἯὂὖἻ ὑὖἻὖὂ ὠὂ ἵ ; Ὃὖ ἻὕὌ ἯὍ  ὠὋὑὂὕ ἱ  

ἵὂὖ ὅὕ Ἳ Ὁὂὕ. ἽὖὠὊ  ὑὐὖὉὖ Ὗὅ  ὂὄὖὅ ὀ Ὗὅ ὅὑ ἻὍὖ Ὁ Ἳ ὀ 

ὈὖἻ ὠὋὑὕἻ ἱ ἻὌὕ Ἧ Ὄ  Ὃὖ ἻὕὌἻ ὀ ὂὖ  ὠἻ ἱ Ὄὕὂὖ ἻὌὕ; 

Ὂ ὃὕ Ἳ  ἱὠὀὉὖ Ὅ ἱὠὀὝὑὍὖὉὖ ὠὋ  Ὂ  ἹὠἽὠὉ ἳ ὑὕ Ἳ 

Ὗὅὕ Ὀὕὄὂὕ; ἱ ὅὖ  ἱ Ὗὃ ὑὖ ἱ ὂ ἱὉ Ἳ ὅ ὂὖὋὠὈὉὕἻ 

ὝἽὉ ὅὀὑὖ ὠὌ. Ἰ ὝὉ ὂ  ἯὂὖἻ ὂὖὋὠὈὉὕὄ ὑὐὖ ὠὋ ὂὊ ὅ ὀ ὠὁ  

Ὕὂὕ ὠὀ Ἧ ὂ ὂὖ ὈὖἻ ἯὂὖἻὈὕὄ ὠἽ ἳ ὑὕ ὑὂὕ; ὟὈ  Ὁ 
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Ἳ ὀ ὀ Ἰ ὅὖ ὠἻὉὖ ὂὖὋὂ Ἳ ὀ ὂὖ ἻὕὌ ὠὂ ὠὋ ὅὂὕ ἱ  

ὃὖὠὋὟὑ Ὃ ὅ Ἳὖ Ὃ. ἱ  ἯὠὌὉὖ Ἰ ὝὈὕ ὂ ὠἽ ἯὂὖἻὕὖ ὅ Ὀ Ὀ Ὃὖ 

Ἰ Ὁ Ἳὑ ὁὠὄὉὖ ἳὉ ὂ Ἰ ὠὉὉὖ Ἰ ὂὋὖ ὠἽ  ἯὂὖἻὕὖ Ἳὖ Ὃ.  

ὟἻὕὁ ἯὠὌὠὉ ἳ ὑὕ Ἳ ἳὉ ὂ ἯὂὖὝὑ ἻὍὖ ὅ ἻὍὖ ὠὅ ὅ Ὃὖ ὋὖὉ 

ἱ  Ὕὅὕ ὂ ὂ Ἳ ἰ .  ὠὋ ὂ ὂὖὋ ὂ Ἳ ὀ ἵ ὅὂ  ὟἻὕὁ ὂὖ ὠὋ ὂ 

Ἧ ὂὍ, ἳ ἽὖὉὖ ἯὂὖἻ ἯὍὑὖ ὟἻὕὁ ἵ ὅὄ ἳ  ἵ  ὅ Ἳ Ἳ 

ὝἽ  Ἧ ὠὈ ὅ  ἵ  Ἧ ὂὈὕ . ἱὠὑ ἵ Ὄὕὑ Ὃὖ Ἧ ὂ Ἧὂὖ  

ἱὉ Ἳ ὂὖ Ὀ Ὃ Ἳ ὠὋ ὂ ἻὕὌ ὂὖ ὃὀ  ἵ  ἳὉ ὂ Ἧὂὖ Ὕὑ ἻὠὍ 

ἳ ὑὕ  ἵ ὅὂὕ .  

2.6.3. Ὗὅ Ἵὖ Ὕὂὕ ὠὀ Ἧὂὖ ὑὖ ὝἽὉ ὅὕ Ἳ (functions of Laryx Vibration in Speech)  

         Ὗὅ Ἵὖ ὂ ὠὈὉὕὄ Ὗὃὕ Ἳ Ὀ Ἳ  ἱὠὀὉὖὌὕὄ Ἳ  ὅὕὖὈὕ Ὃ 

ἵ ὅὂὕ Ὗὅ  Ἰ ἻὍὖ ὂ  Ὗὂὠὑ Ἧὠὑ ὟἻ Ἳ ὂ ὂὂὕἻ ὝἽ ὑ ὂὕ. Ὂ ὑὠὍ 

ἯὠὌ Ὃὖ  Ἳ ὂὖ ὝἻὕ  ὅ  Ἧ  Ὗὅ ὠἽ ὂὕ Ἳὖ ὝἽ Ἳὖ Ὃ ἵ ὅὂὕ . 

Ἧὂὕὑ Ἧ  Ἧὂὖ ὂὕὟὄ ὂ  ὂἻὑ ἻὠὍ ὝἻὕ ὅὂὖ ὠὌ. ἰὄὕ   Ἧ  

ὂἻὑὠὌ ὅὕὖὈὕὋ ἱὉ  ἴ ὂὖ Ὗὅὕ ὝἽ ὅ Ἳὖ Ὃ. ἱ ὂ ὅὕ ὠὑὉὖ Ἧ ὅὠὀὉὖ 

Ὕὂὕ ὠὀ Ἧὂὖ  ἻὖὉὈὕὄὂὕ. ἶὝὄ Ὃὕ Ὕὂὕ ὠὀ Ἧὂὖ  ἽὕὂὕὊὁ ὐ  

ὟἻ ὅὑ  ὃὈ  Ὗὅ  ὟἻ Ἳ ὉὂὕἻ ἱ Ἳὖ Ὃ ἵ ὅὠὂ ἳ ὂὖ ὝἽ  

ὑὐὖἻὠὍ ὂ Ἳὖ Ὃ. 

2.6.3.1. Ἧ ὅὠὀ Ἧὂὖ  ἵ  

          Ὗὅ  Ὀ  ὝὈὕὐὖὠὉ Ὕὅὕ ὂὑὠὊὉὖ Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ἧ ὅὠὀ Ἧὂὖ  

ἵ  Ὕὂὕ ὠὀ ὝἽ ὅὕ  ἻὖὉὈὕὄ Ὗὃὕ Ἳὖ Ἰ Ὃὕ . Ὗὅ Ἵὖ Ὗὅὕ Ἧὂὖ  ἵ  

Ὕὂὕὀ  Ὗὑ ὅ . ἱὂ  ἻὕὊὁὈὕἻ ἵ ὂ Ὃὖ ὅὖὀ ὂ Ἳ ὟὃὊ ὂὖ Ὂ  ἱὠἽὠὈ 

Ἰ ὋὕἻ ἱ ὅὂὖ ὠὌ. Ὗὅ Ἵὖ ὅὉ ὅ ὂ ὅ Ἧ ὅὠὀ Ἧὂὖ  ἵ ἻὍὖ 

ὅὊ Ὕὅ ὠὌ ὂὄὖ ὅ ὀ Ὗὅ ὅὑὠὊ Ὕὅὕ  Ὗὑ ὅ . ἰ Ἳ  ὈὖἻ ὠὋ ὂ 

Ἧὂὖ Ὕὑ ἻὍὖ ὅὊ ὝὅὠὌὠὉ ὅὉ ὅ Ἳὖ Ὃὄ. ὐ ὠὂἻ ὂὌὕὄ 

Ἧὂὖ Ὕὑ ἻὍὖ ὅὊ Ὕὅ ὠὌὠὉ ὅὉ ὅ Ἳὖ Ὃὄ. Ὕὅ Ἳ  ὃ ὂὊ 
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ὅὊ Ὕὅ ὠὌὠὉ ὅὉ ὅ Ἳὖ Ὃὄ. ἱ ὂ Ὗὑ ὅὕ Ἳ ἱ  ὑ ὅὖ ὅ  

Ὗὅ ὅὑ ἻὍὖ ἽὊὕἽὕὖ Ἧ ὅὠὀ Ἧὂὖ  ἵ ἻὍὖ ὅὖὊὂὖὅ Ἳὖ Ὃ.  ἰ Ἳ  Ἧὂὖ  

ἵ  120 Hz, Ὕὅ Ἳ  225 Hz, ὐ ὠὂἻ  Ἳὖ ὀ ὂ ὀ 265 Hz. Ὗὅ Ἵὖ Ὗὃὕὖ 

Ἧ ὅὠὀ Ἧὂὖ  ἵ ἻὍὖ ὝὈὕ ὂ ὅὊ Ὕὅ ὠὌ (range) Ἳὖ ὀ ὂ ὀ 60 Hz-ἱ  

500 Hz ὑὠὊ ὃὗ Ἳὖ Ὃ. Ἰ  ὂὄὖ ὅ ὀ Ὗὅ ὅὑὕὖ ἽὕὂὕὊὁὈὕἻ ὅὉ ὅ ὂ ὅ 

ἯὂὖὝὑ ὁὖ ὅὊ Ὕὅ ὠὌ Ἰ  ἰ Ὗὀὕὑὖ (one octave) ὂ  ἱ ὠὌ. ἱ  

Ὗὅ ὅὑὕὖ ὝὈὕ ὂ Ὂ  ὅὊ Ὕὅ ὠὌὉὖ Ἳὗ ὅ ὂὖὉὖ ἱ Ἳὖ Ὃ. 

            Ἧ ὅὠὀ Ἧὂὖ Ὕὑ ὠὁ Ὕὅὕ ὂὑὠὊὉὖ Ὂ ὑὠὍ Ὀὀ  Ἧὂὖ ὑὖ Ἰ  

ὅὕ  ὂὄὖ ὅ ὀ Ἰ ὋὕἻ Ἳ ὂ ὅὀὟὑ . Ἧ  ὅὖὕὖ  ἰ ὑὕὍ ἻὍὕ Ἳὖὕὗ ὝἽὕ 

(creaky voice) ἵ  ἯὝὈὕὖ Ἳ ἰ ὑὕ ἻὍὕ vocal fry   ἵ  Ἧὠὐ Ἳ ὅ. 

            Ἧ ὅὠὀ Ἧὂὖ Ὕὑ ὁὖ Ὗὑ ὅὕ  ὈὖἻ ἻὖὉὈὕὄ ὝἽὉ ὅὕ 

ἱὠἽὟὉὕ ὀ ὠὂ ἵ  ὝἽ ὑὂὕ (carrier of intonation). Ἰ Ὕὑὕ ὝὈὕὐὖ Ἰ  

ὠὋὉὖ (system) ὅ ὂὖὉὕἻ  ἱ  ἱὌ Ἳὁ ἱὠἽὟὉὕ ὀ (grammatical intonation) 

ὂὄὖ ὅ ὀ Ὗὅ ὅὑὊὕ ὂ ὅ ἳὁ Ἵὖ Ὗὑ ὅὕ Ἳ  ὈὖἻ ὂὌὕἻ ἱ ὂ ὑὐὖὉὖ 

ὂὕ  ὅὕὖὈὕὋ ὅ Ἳὖ Ὃ.  

 Ἳ ὑὐὖ ὃὈ  ὠὍ Ὗὅ  ὝἽὉ ὅὕ ὠὀ Ἳ ὅ ὑ ὃὕ 

ὝὑὍὖ ὅ ὂ ἵ  ἱὠἽὟὉὕ ὀ ἯὠὈ Ὕὅὕ Ἳὖ Ὕὅὕ ὂὈὕὄ Ὕὂὕ ὠὀ 

Ἧὂὖ Ὕὑ ἻὍὖ Ὗὑ ὅὕ ἻὠὍ ἳ ὑὕ  ὅ  Ὂ ὑὠὍ Ὀὀ ἻὍὖ ὂὖὊ, ὃὗὍ, 

ἱ ὑὖὠἽ ἱὑ ὠὋ Ὕὂὕὀ ἽὖὉὕἻ ἽὕὖὝἽ ὝἻὕ Ὅ ἱὉὌ ὝἽ Ἳὖ Ὃ.  

 2.6.3.2 Ὂ  Ὀὕ Ὃ (voice switching)      

            Ὕὂὕ ὠὀ ὝἽὉ ὅὕ  ἱὊ ὀὕὑ ὝὈὕὐὖ ὝἽὉ ὅὕ (linguistic function) 

Ἰ ὉὄὖὉ Ὗὑ ὅὕ Ἳ ὀ  (differences) Ὂ Ἳ ὀ  (contrasts)  Ὕὂὕὀ ὠὀὉ. 

Ὗὅ ὟἽὕ ὀ ὂὖ (running speech) Ὂ ὑὠὍ Ὀὀ Ἳ ἻὕὌ ὂὖ ἶὋ ὠὋὉ 70 Ἵὂ ὂ 

Ἧὂὖ Ἳὖ Ὃ. ἰὄὕ  Ὂ  Ὀ  Ὂ Ὄὕ ὝὈ ὝὉὕ ἻὍὖ  (voiced and voicelss 

consonants) ὃὖἻ ἻὕὊὁὈὕἻ ὠἻὉὖ Ὗὅὕ Ἧὂὖ  ὝἽὉ ὅὕ ὅὌ ὂὀὠὑ 

Ὕὂὕὀ Ἳ ὅὀ ὃὖ ὂ ὅὀ ὝἽ Ὁ Ὗὑ . ἵ ὂ ἽὕὖὉὕὄ ὟὃὊ ὂὖ ὈὕὋ Ὗὑ  
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ἵ ὅ  Ὗὅ ὅὑὊὕ  Ἳ ὅ ὂ ὅ Ἳὖ Ὃ. ἱ ὑὕ  Ὗὅ ὅὑ (p,b), (t,d), (k,g), (s,z)  

ἵ Ὃ Ὂ  Ὀ  Ὂ Ὄὕ ἱὠὁἻ Ἳὕὄ Ὗὑ ὅὕ ὠὀ ὝἽ Ἳὖ Ὃὕ. 

2.6.3.3 Ὂ ὅ  (voice quality): 

          Ὕὂὕ ὠὀ ἯὠὌ Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ἧὂὖ ἻὍὕ ἳ ὑὕ Ἳ ὅ Ἰ  ὑὠἻ 

 ἯὠὌ (pulse wave) ἰ . Ἧὂ  Ἰ ὉὖὠὉ ἻὍὖ (hormonics) Ὃὖ ὅὖ ὀ 

Ἰ ὑ ὁὠὁ (particular spectrum) ἱ ὅὂὕ Ἧ  Ὃὖ ὅὖ ὀ Ἰ ὅ ὠὅ 

ὝἻὕ Ἳ Ὗὑ . ὃ Ὀὕ Ὗὅ ὅὑὕὖ Ὕὂὕ ὠὀὉὕ ἵ ὅ Ὁ Ἰ ὠὉ 

ἳ ὠὈὉὖὟὌὟὉ ὟἻ Ἳ ἱὉὌὕ. ἶὝὄ Ὃὕ Ἧ  Ἧὑ ὠὀὉ Ὗὅ ὐὠὌ (vocal tract) 

Ἳὀ  ὑ ἻὖὋ  ὑὠὊ ὃὈ  Ἳὖὠὀ Ἳὕ. ἱ ὂ Ἧ ὠἻὉὕ (transmission) Ἧ  

Ὃὖ  Ὀὕ Ὃ Ὕὅ Ἳὖ Ὃ. ἱ ὅὖ  Ὕὂὕ ὠὀ ἯὠὌὑ ὑὖ Ὀὕ Ὃ Ὂ ὅ ὅὖ 

Ὀὕ Ὃ ὠὂ ἳ ὅ . ὂὄὖ ὅ ὀ Ὗὅ ὅὑ Ἳ Ὕὂὕ ὠὀ ἱὉ Ἳ ὅ  (larynx 

mechanism) Ὀ  Ὗὅ  ὐ  (vocal tract) ἱὑ Ὃὖ ἳ ὑὕ Ἳ ὂὖ ὅὉ ὅὕ  

Ἰ Ὕὑὕ ὝἻὕ ὑ Ὗὑ ὅὑ . Ὂ ὑὠὍ Ὀὀ  Ἧὂὖ ὑὖ Ὗὑ ὅὕ Ἳ ὟἻ ὅὑ Ἳ 

ὂὄὖὃὅ ἻὍὖ ὊὠὌ ἯὠὀὉὕὍ Ἳ ὝἻὕ Ὅ ἻὖὉὈὕὄ ὅ ἻὍὖ ὝἽ Ἳὖ Ὃ 

ἵ ὅ  ὃὖ ὑ ὅ Ὅ.  

             Ἰ  ὂὄὖ ὅ ὀ ὃὅὕὖ Ὗὅ Ἵὖ  Ἧ ὅὠὀ Ἧὂὖ Ὕὑ ὁὖ Ἵὖ 

Ὗὑ ὅὕ ὀ Ὁ Ὕὂὕ ὠὀὉὖ Ὀὕ Ὃ Ἳ ἱ . Ὃὖ ὅὕἻ Ὃὖ ὂὖὋ ὂ Ὀ  

Ὁ ὃὖὠὌἻ  ἱὠὀὟὉ ἳ Ὅ ὑὖἻὖὂ ὂὖ Ὀὕ Ὃ Ἳ ἱ . ἯὠὌὉὖ Ἰ ὉὖὠὉ 

ἳ Ὅὀ Ἳ  (hormonic  content of the wave)  Ἰ  Ὃὖ ὅὖ ὀ Ἧὂὖ Ὕὑ ὠὁ ἳ ὑὕ Ἳ 

ὃὖ ὑ ὅ ὀ ὂὖ ὠὈ, ὃὗὍ, ἱ ὑὖὠἽ ἱὑ Ὃὖ ὂὄὖ ὅ ὀ ἽὈὃὖὠὌὠὉ Ὕὅὕ  

Ὗὑ ὅ . 

2.7. Ὗὅ  ὐ  (vocal tract) 

 Ἰ ὉὖὉ Ἳ Ἧ ὅὠὀὉὖ  Ὗὅ  ὝὅὕὋὖ ὅ ὠὂ  Ἰ ὉὖὠὉ 

Ἰ ὠὋὀ  ἱὠὁὟἽ ὂ Ἰ  ὌὈὕἻ ἻὕὁὌὕ. ἱ ὂ Ἰ ὠὋ Ἰ  Ἳὕ  

ὑὐὖὉὕ. ἱ  Ὕὂὕ ὠὀὉὖ  Ὕὂὕ ὠὀ Ὀ  ὑὕ ὑὐὖὉὕἻ ὝὑὍὖ Ἳὕ Ὃὖ 

ὝἽ ἻὖὋ. ἱὂ  ἻὖὠὍ ὟὈ  Ἧ ὁ  ἻὗὐὖὋ ὑὂὕ - Ὕὂὕ ὠὀ Ὀ  
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ὑὕὊ Ἳ ὑὐὖ ὝὑὍὖ Ἳὕ Ὃὖ ὝἽ ἻὖὋ. ἱ ὂ Ἰ ὠὋ ὂὕ  

Ὕὂὕ ὠὀὉὖ ἳ ὑὕ Ἳ ὅ  ἯὠὌὉὕ ἳ ὂ ὅ ὀ Ἧὂὖ ἻὍὕἻ 

ἱὉ Ἳ ὅ Ἳὖ Ὃ. ἳὂ ἻὍὖ ὠὍἻὍὖ ὝὑὍὖὟὉ Ἰ  ἯὠὌἻ  ἱ ὂ 

Ἰ ὉὖὠὉ Ἰ ὠὋὉὕ Ὕὂὕ ὠὀ ἯὠὌὉὖ  Ὀὗ ὂ ὅ ὀ Ὀὕ Ὃ ὂὖ 

ὑὖὠὍὑὕ . 

 ἳ ὂ ὅ ὀ Ἧὂὖ Ἳ (forced vibrations) Ἰ ὠὋὉὖ ὅὖὊὂὖὅ Ἳ 

(reflections) Ὀ  ὃὖὠὌὃὖ ἯὠὌἻ  (standing waves) ἱὑ Ὃὖ ὑὖὠὍὑὕ Ὀ  

ἱὠὑ ὂὖ ὅ ἱὉ ὅὕὄ Ἧὂὖ ἵ Ἳ (natural frequencies) Ὀ  Ἰ ὠὋὉὖ 

ὂὁὖὑὖ (damping of the system) ἱὑ ὠὋ Ἵὕ  ἯὠὈἻὖ Ὃ.  

2.7.1 Ὗὅ ὐ Ἰ  ἱὉ Ἳ ὅ Ἳ (Acoustic properties of the vocal tract)   

                ἱὠἽ  Ἳὕ  Ἳ ὑὖἻὍὖ ἵ Ἳὕ Ἰ ὉὖὠὉ ὃὖἻ Ἳὖ Ὃ 

ὃὖἻ Ὕὑ ἻὠὍ ὂὗ ὈὕὄὖἻ  ὅ ὝἻ Ἳὖ Ὃ Ἳὕ ὅ ὂὖὉὖ ὅὕὖὈὕὁ Ἳ 

ἻὖὉ ὑ ὑὕ ὂ ἵ  Ἳὕ Ἳὖ Ὃ. ἶὝὄ Ὃὕ Ἰ ἻὍὖ ἯὠὌ ὃὗὍ ὂὖ 

ἱ ὂ ὅὕὖὈὕὁ Ἳ  ἱὠὀὟὉ ἳ Ὅ ἳὋ  Ἰ Ἳ (resonance) ὃὀ Ἳ  

(phenomenon) ἻὖὉ ὑ ὑὕ ὂ ὑὂὕ. ἱ ὂ ὝἻὕ ὠἻ Ὗὅ ὐ  

Ὕὅὕ ὑὂὕ. ἰὄὕ  ἱὊ  Ὗὅ ὐ Ἳ ἸὟὊ ἯὍὑὖ ἸὟὊ ὑ ὑὖ 

ἱ ὅὂὖ ὠὌ. ὟὈ  Ἰ ὅὖὋ ἱὉ Ἳ ἻὍὕ Ὗὅ ὐ Ὗὑ ὅὕ ὝἻὕ  

ὑὊ ὅ Ἳὖ Ὃ ἵ Ὃ ἳ ὠὈὉὕ  Ὗὅ Ὅ ὃὖὠὌ Ἵὖ ἻὌὕ Ἳ ὅ Ὅ. 

Ὗὅ Ἵὖὄὕ ἰὄ  Ἳ ὅὕὖὈὕ Ὃ ὃὕ ὂὌὕὑ  ὑὖὠὍὠὑ ἯὌ ἽὖὉ ὝἽ Ὁ  

ἱὊ ὀὕὑ ὑὖὠὍὠὑ Ὕὃ ἻὈὕἻ Ἳὑὄ  ὝἽ ὂ  ὅ ὑὖ Ὗὀὕ ἵ Ὃ 

ἳ ὠὈὠὉ  Ἵὕ ὂὖ Ἳὖ Ὃ. 

 Ὗὅ  ὐ  ὝἽὉ ὅὕ  Ἵὖ ἻὠὌ Ἧ ὑὂ  ὃὕ Ἳ ὅὕ ἻὍὖ ὂ  

ἵὍὖὠὈὉὕ Ἳ ὀ Ὕὂὕὀ Ὗὑὕ. ἰ  Ὗὅ ὐ  Ὂ ὑὠὍ Ὀὀ ἻὍὖ  

ἳὂ Ἳ  ἱὠὀὟὉ ἳ Ὅ Ὂ  17 ὝἽ.Ὀὗ ἵ Ὃ ἯὍὑὖ ἱ Ἳὖ Ὃ. ὃὕ 

ὟὈ Ὕὂὕ ὠὀὉὖ  ὃὕὑὖ ὅὖ Ὃ, ὑ Ὄ ὁ , ὅ Ἳ  ἱὠὀὉὖ ἵὄ  Ἳὀ  

ὝἽ Ὗὅὕ Ὗὅ ὐ  Ὕὑ Ἳ ὂὖ ὅὕ ὅὍ ὈὖἻ ἯὂὖἻ ἯὍὑὖ 

Ὀὕ ὅ ; ἰὄὕ  ὅὖὊὂὖὃὖ ὑὈὕὄ ὅὊ ὅὍὠὑ 5ὝἽὈὖ2 ἵ  ἵ ἻὌὕ. ἳ ὠὍ 
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ὑ ὑὖὌὕὄ ἱ ὂ ὐὕ Ἰ  ὠὄὉὖ Ὂ ὑὠὍ ὃὕ ἻὠὍ ὝἻὕ Ὅ; ἱὠὂ 

ὀ ὅ ὀ ὠὄ ἵ  Ἳ ὂ ἱὉ ; ἱ  Ὀ ὠὄὉὖ ἳὂ ἻὠὍ ὝἻὕ  

ὂὖὋ ὂὖ ὠὄὉὕ . ἱ ὈὂὖὕὖὉὕὄ ὐὕ  ὂ  Ἰ ὉὖὠὉ Ἳὕ ἯὠὌ ὃὗ Ἵὖ 

ἽὈὈὕἻ ἱ  Ἧὂὖ Ὕὑ ὁὕ; Ἧὂὕὑ 68 ὝἽὈὖἯὠὌὃὗὍ Ὅ ἹὠἽ ἰ . Ἳὕ Ὃὖ 

Ἰ Ὁὖ ὟὑἻ/ὑὖὠὊ (velocity of sound or air) 340 Ὀὗ/ὝἽ (ὝἽἻ  340 Ὀὗ ὀ) ἰ . 

Ἧὂὕὑ ὃὕ Ἳὕ ὠὋ ὐ  ὠὋ ὂ Ἧὂὖ  ἵ ἻὍὖ ὀ  Ὁ Ὃὕ ὐ  

Ἧὂὖ ὂὊ ὅ ὀ Ἵ ὂὖὉὖ Ὕὅ ὅὕὌὕὄ ὅ ὂὖὠὉ  ὑὖὠἽ 500Hz ἰ . Ἧὂὕὑ 

ὃὕ Ἳὕ ὠὋ ὐ  ὠὋ ὂ Ἧὂὖ  ἵ ὁὖ  Ὕὂὕὀ Ἳὖ Ὗὑ ὅ ὀ Ἧὂὖ  ἵ ἻὍὖ 

ὀ  Ὁ Ὃὕ ὐ  Ἧὂὖ ὂὊ ὅ ὀ Ἵ ὂὖὉὖ Ὕὅ ὅὕὌὕὄ ὅ ὂὖὠὉ  ὑὖὠἽ 

500 Hz ἱὀ ὂὖ ὑ ἻὖὋ ὑὠὊ ἳὋὖ Ἵὖὑὖ. ἱ  ἳ ὂ ὅ ὀ  Ἧὂὖ ἻὍὖ  Ἵὖ 

ἳ Ἵ (peak) Ἳὖὠὀ . ἱ ὂ ἳ Ἵ ὂὖ ὠὈ Ἰ  ὠὋὉὖ Ὗὂ  Ὀὕ  

ὂ ὠὈὠὉ Ὕὅὕ  ἯὠὈ . 

 500Hz ἱ  Ἰ Ἳ Ἰ ὋὕἻ Ὀ  ἱ ὅὂὖ ὠὌ; ἳ  ὑὖὠἽὉὖ 

ὅὊ Ὕὅ ὠὌὠὉ ὃὗ Ἵὖ ὝἽ ὂὕ Ἰ  ὠὄὉὖ ὂὖὋ  Ὀ ὠὄὉὖ  ἱ ἻὖὋ 

ὐ  ὃὕ Ἳὖ  ἯὠὌ ὃὗὍ 17 ὝἽὈὗ ἰἻ ἱ ἻὖὋ ὃὖἻ Ὕὑ ὁὖ ἱὊ ὀὕὑ 

Ἰ Ἳὠὂ  ἯὠὌὃὗὍ Ἰ ὟὋἻὕ Ὀὀ  17 ὝἽὈὗ ἰἻ ἱ ἻὖὋ ὃὖἻ Ὕὑ ὁὖ 

Ὃὕὑ Ἰ Ἳὠὂ  ὃὕ Ἳ ὅὖ Ὗὅὕ. ὃὖἻ Ὕὑ ἯὠὌὃὗὍ ὂὖ ὂὠὌἻὗ 

ὑὖἻὖὂ ὂὖ ἱ ὅὂὕ ὃὕ ὂὌὕὑ 500 Hz 3ἰ  ὅὖ ὄ 5 ἰ  Ὕὅ Ἳὖὄὕ 1500 

Hz, 2500 Hz ἵ Ὃ ὃὖἻὝὑ ἻὠὍ ὝὅὋὌὕ.  ἳ ὂ ὅ ὀ Ἧὂὖ ἻὍὖ  ὃὖἻ Ὕὑ 

ἯὂὖἻὕὖ Ὗὅὕ ὠὋ ; Ὀ  ὃὕ ἱὂ  ὟὈ  Ὃ ὂ Ἳ Ἰ Ἳ ὠὂ  

Ἳ ὅὖ Ἳ ὟὂὠὑὉὖ ὠὌ. ἵὄὟὑ ὐ  ὃὗὍὑὕ Ἳὖ ὅὖὊὂὖὅ ὅὖ ἻὕὊὁὈὕἻ 

Ἳὖὠὀ  ὂ ὠὈὉὕὄ Ἰ Ἳ Ἳ 500Hz, 1500 Hz, 2500 Hz ἱὑ Ὃὖ Ἳὖὠὀ . 2.5 

ὝἽὈὗ ἰἻ ἱ  ὐ  ὑὖ ὀ ἱ ὂ Ὂ ὀ Ἰ ὅὖὀ ὂ ἻὂὕἻ ἱ ὂ 

ἯὠὌὃὗὍ ὠὂ ὝἻὕ ὀ ὃὖἻ Ὕὑ ἻὍὖ ὅὖὊὂὖὅὠὅ Ὀ  ἳ ὑὕ Ἳ ἱὉ . ἱὠὑ 

ὈὖἻ ἳὉ ὂ ὃὖἻ Ὕὑ ἻὍὕἻ ἱ ὅὂὕ ἱ ὂ ὅὕὖὈὕὁ ὐ  Ἰ Ἳ ὅ ἻὠὍ 

ὅὕὂὖ ὅὠὂ ὃὕ ἵὂὖ ὅὕ Ἳ ὀὕ .    
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 Ἧὂὖ  Ἳὕ  ὅ ὂὖἻὠὍ ὅ ὋὖὉ ὠὂὉ Ἳ ὂὕὀ ὃὕ Ὗὂ  

Ὀὕ ὂ/ὂὁὖ/ὟἽὕ  (damping) Ὃὖ  Ἳὑὄ  ὝἽ ὂὑὖ ὠὌ.  ἱ ὂ ἻὕὊὁὖ Ἰ  

Ἵ ὂὖὉὖ ἳὋὖ ὑὀ  Ὕὂὕὀ ὅὕὄ; ἳ ὑ  ὅὖὊὂὖὅ  ἵὂὖὊὕὄ. Ἳὕ  

Ἧὠὂ  Ἳ ὅὖ  ἱὀ ἻὍὖ ἵ Ὄὕ (Ὕὑ ὅὃὖὠὌ Ὀ  ἲὊ ὅὂ ἱὑ Ὃὖ 

Ὀὕ Ὃ ὂὕ ὑὖὠὍ  Ἵὖ ὄ ἶ Ὃ ἱὋ Ἳ ὂὑὖ ) ἸὟὊ Ὗὂ Ὀὕ ὂὠὌ/ὂὁὖὠὑ 

Ἳὕ ; ἰὄὕ  Ἳὕ ὠὋ ἳ Ὅὀ  ὐ  ὅ Ὕὅὕ/ἰ Ἳ Ὕὅὕ  ὝὈὕ ὂ 

Ἰ ἻὠὈ ὅὖ Ὗὂ Ὀὕ ὂ/ὂὁὖὑὖ Ὀὗ ἯὂὖἻ ὅὕὂὖ ὠὅ ὝἻὕ . ὐ  

ὑ Ἳ Ἰ  Ἵ ὂὖὉὖ ὂὌὕὄ ἯὍὠὑ ἳὋὖ Ἵὖὄὕ Ὗὂ Ὀὕ ὂ/ὂὁὖ ἳὉ ὑὕἻ 

ἱ  Ὀ  Ἧὠὑ ὂὖὋὠὈὉὕὄ ὅὖὊὂὖὅ ὅὕ ἻὍὕἻ (reflector) ἱ ὂὕ ὂὁὖ 

ἱ Ὄὕὂὖ / ὠὋὑὕἻ ἱ .  ἵὄὟὑ ὃὈ  ἳ ὑ ὑ ὐ  Ἳ ὁὕ ὉὕὟὌὕ 

ὝἻ Ὁὕὄ ἱ ὅὕὟὌὕ ὝἽ Ὁ ὅ ὂὕ ὂὁὖ ὠὋὑὕἻ ἱ ; Ἰ ἻὠὈ  

ὂ  Ὗὂ Ὕὂ ὅὂὕἻὟὑὕ ὂὗὑὖὊὈὕἻ Ἰ ὂὖὉὑὖ Ἳ ὅ ὀὂὕἻὟὑὕ ἱ ; Ὀ  

Ἰ Ἳ ἳ Ἵ Ἳ ὠὈὉὕἻ ἱ . Ὀὄὖὂ Ὗὅ ὐ ὅ Ὕὅὕ (material) 

ὂὠἽἻὍὕ ὟὈ  ὅὊ  ὂὖ ἻὍὕ (surface tissues) ἯὠὈ ὂὖ . ἱὠὑ ἵ Ὄὕ 

Ἰ ὂὋὖ Ἧ ὅὠὀὉὖ ἳὋὖ Ἵ Ὁὠὑ. ἱὂ  ἻὕὊὁὈὕἻ Ἰ ὠὋ ὂ  ἯὍ  

ὟἽὕ ὠὑ (damping) Ἳὕ . ὂ  ὟἽὕ   Ἰ ὂὋὖ Ἧ ὅὠὀὉὖ    ὂ ὠὀὉὕὄ Ἰ Ἳ 

ὑὠὍὠὑ ὑὖὠὍὑὖ . ὂ  ὟἽὕ  ἱ ὅὂὕ  Ὕὅὕ ὑὕἻ ὂ  Ἵ ὂὖ 

ἳὋὖ Ἵ ὅ Ὀ  ὝὈὕ ὂὈὕὄ  ὃὖὠὌἻ ὠὋ  ὑὖ ; ἰὄὕ  Ἰ Ἳ ὂὖ 

Ἧ ὂ ὂ ὍὖἻ  ἱὠὀὟὉ ὂὠὌὉὖ Ἧὂὖ  ἵ Ἳ  ἳ ὂ ὅ ὀ Ἧὂὖ ὑὖ 

ὂ   ἱ . ἱὂ  ὑὖὠὍὑὕἻ ὅὀ   30ἱ  Ἳὕ Ὁὅ  Ἰ Ἳ 

ὑὖὠὍ Ἳ Ἰ ὀ  Ἰ  ἱὠὁὉ Ὁ . Ἰ Ὕὑὕ ἳ Ἵ  Ἰ  Ἰ Ἳ ὠὂ 

Ἳὕ ; ἰὄὕ  ὠὁ ὂ ὑὠὍ  (compositive curve) ὃὖἻ Ὕὑ ὅὂὖ ὑὠὍ  

(frequency response curve) Ἧ Ὄ  ὃὖἻ Ὕὑ ἽὖὋ ὅὖὉ Ἳ (frequency characteristics) 

ἵ  Ὃὖ ὅὖὀ ὅ. ἶὝὄ Ὃὕ ἱ  ἵ ὑὕ ἱ ὂ Ὃὖ ὅὖ ὀ Ἰ ὠὋ Ἧ  

ἳ ὂ ὅ  ὃὖἻ Ὕὑ ἻὍὖ  ὅὊ Ὕὅ ὠὌ ὠἻὉὕ  ἵ  ἻὖὋ . ὅὀ ὂὖ 

ἵ Ἳὕ Ὅ Ὗὅὕ ἹὠἽὉὖ Ἰ ὑ ὁὠὄ  ἻὍὖ ὠἽ ὂ  ὑὠὊἻὍὖ 

ὈὖἻ ἳὊ ὂ ὍὖἻὠὍ ὟἽ ὅὂὕ ὑὠὍ  ὝὅὋ ὅ Ἳὖ Ὃ ἵ ὅὠὂ ὃὕ ὃὖὠὄὑὖ 

ὝἻὕ ὍὟὑ .  
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ὅὀ  30: Ὗὅ  ὐ  ὅὂὖ ὑὠὍ  (response curve of vocal tract) (Fry 1979: 73) 

 

  ὅὌ Ὗὑ ὅ ὀ ὃὖἻ Ὕὑ ἻὍὖ Ἧ ὂ  ὈὖἻ ὉὈὕὄ ἸὟὊ Ἵ ὂὖὉὕ 

Ἰ ὠὋὠὉ ἳ ὂὖὄὕ ὑὠὍ  ἱὁ Ἳ ἳ ὂ ὅ ὀ Ἧὂὖ ἻὍὖ  Ὗὑ ὅ  

ἵ ὅὠὂ ὃὖἻ Ὕὑ ὅὂὖ ὑὠὍ  ὃὈ  Ἳὖ Ὃ. ἱ ὂ ὝἽ ὂὖὠὉ Ὕὅ ὑὂ ἻὕἻ 

ἵ ὂ ὃὖἻ Ὕὑὁὕ  ἱ ὂὕ  ἸὟὊ ἯὍὑὕὄ Ἵ ὂὖὠὉ ὝἻὕ  Ἰ  ὠὋὠὉ 

ἴ ὑὖ ὅὂὖ ἻὑὄὈὕἻ ἱ Ἳ Ὗὑ . ἱ Ὄὕὑὖ ὃὕ ἳ ὂ ὅ ὀ Ἧὂὖ ἻὍὖ 

ὠἽ Ἵὕ  ἱ ἻὌὕἻὕ. ἶὝὄ Ὃὕ ἽὖὌ Ἧὂὖ Ἳ Ἰ ὠὋὉὖ ὂὊ ὅ ὀ 

Ἵ ὂὖὉὖ ἳ Ὅ Ὀὕ ὋὕἻὍὕ ἶ ὅ ὀὂὕ. ὅὂὖ ὑὠὍ  (response curve) 

Ἰ ὠὋὉὖ Ἰ ὉὖὉ Ἳ ὃὀ ὠὂὠὉ (acoustic behavior) Ὃὖ ὅὖ ἻὖὋ. ἱ  

ἵ ὂ  ὑὖὠἽ  (driving force) Ὀὂὖ ὍὂὕἻ ἱ . ὃὕ ἵ ὝἻὕ ὀ 

ἵ Ἳὕ  Ὀὄὖὂ Ὗὅ  ὐὠὌ ἹὊὍ  Ἰ  ὟἽὕ ὀ (damping) ἳ Ὅ 

ἳ ὠὍ ὑ ὑ  ὐ  500 Hz, 1500 Hz, 2500 Hz ἵ ὅὄὑ Ὃὖ  ὂ ὠὈ 

Ἰ ἻἻ  ἱ Ἳὖ Ὃὄ. ὃὕ ἵὠὂ ὝἻὕ  ἳ ὂὖὄὕ ἱὠὑ Ἰ ὠὋὉὖ 

ἳ ὂ ὅ ὀ Ἧὂὖ ἻὠὍ Ἧ Ὄ  ὝὑὍὖ ὠὀ (output) ὑ ὑὠὈ .  ὑὖὠἽ ὅὀ  

29ἱ  Ἳὕ ὀὅ ὀ Ἰ ὑ ὁὠὄ  ὝἻὕ ὀ Ὕὂὕ ὠὀ ὅὠὌ (larynx pulse) ἵ Ὃὕ, 

Ἧὂὖ  ἵ Ἳ  Ὗὑ ὅ ὀ  ἱ . ὟὈ   ὝὑὍὖ  Ὂ ἻὠὍ ἯὠὌὉὖ 

Ἰ ὑ ὁὠὄ (spectrum) ὟὈ  ὐ  Ἧὂὖ  ἵ  ὅὂὖὠὌ (frequency response) 

ὟὈ ὑὂὖ (superimposing) ὑὖὠὍὑὕ. Ἧ ὅ Ὁὕὄὕ ὝὑὍὖ  Ἳὖ ὀὂ ὀ ὅὀ  

31(a) ἱ  Ἳὕ ὀ ὅ ὀ Ἰ ὑ ὁὠὄ ἱ .  
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 ἱ ὂ ἵ Ἳὕ  Ὕὂὕ ὠὀ Ἧὂὖ ὑὖ Ἧ ὅὠὀ ὃὖἻ Ὕὑ 120 Hz ἰ ; 

Ὀ  ἻὌὠὑ Ὂ ὂὖ ἵ Ὄὕ ὅὖὋ ὃὖἻ Ὕὑ Ἳ ἱὂ  Ὕὅ ὝὂὕὠἻἻὍὕ; ὐ  

ὂ  Ἰ ἻὖὉὖ ὃὖἻ Ὕὑ ὁὕἻ ἱ  500 Hz ἱ  Ἰ   ἱ Ἳὕ. ἱ ὅὖ  

500 Hz ἱ  ἳ ὠὈὉὕὄ Ἰ Ἳὖ Ἧὂ  Ἧ ὠὈ ἻὕὊὁὈὕἻ 

Ἰ ὑ ὁὠὄὉὖ/ὃὖὋὈὕὠὌὉὖ Ἳὗ  ὅ ὂὖὉὖ ὈὖἻ ἯὂὖἻὈὕὄ ὠἽ Ἳὕ  480 Hz ἱ  

ἳ Ὅ Ἰ  Ἰ ὠὉ  ἱ . 1500 Hz ἱ  ἱὊ ὀὕ Ἰ ἻὖὉὖ ἱὀ ὂὖ 1440 Hz 

ἱ  1560 Hz ἱ  Ἰ   ἱ . ἱὠὑ ἽὈ Ὂ ὂὖ ἱ ; ἰὄὕ  Ὕὂὕ ὠὀ 

Ἰ ὑ ὁὠὄ/ὃὖὋὈὕὠὌ 1560 Hz ἰὄ  1440 Hz ὑὖὀ ὠὋ ὂ ὠἽ ὝἻὕ ; 

ἵὄὟὑ ὅὖ ὠὂὉ ὝὑὍὗ  Ἰ ὑ ὁὠὄὉὖ/ὃὖὋὈὕὠὌὉὖ ἱὊ ὀὕὑ ἳ ἽὖὠὉ 

ὂ .  

 Ἧ ὅὠὀ ὃὖἻ Ὕὑ Ὀὕ Ὗὅὕ ἵ ὄ ὃὖἻ  ἵ ὅὠὂ ὅὕ Ὗὅὕ. ἱ  150 Hz  

Ὀὂὖ  ἳὉ ὑὂὕἻ  ὝἻὕ Ὗὑὕ . Ἳ  150 Hz, 300 Hz, 450 Hz, 600 Hz Ὗὅὕ Ὃ 

Ἰ ὠὉ  ὑὕὖὠἽ Ὕὂὕὀ ἻὍὕ.  Ἰ ὑ ὁὠὄὉὖ/ὃὖὋὈὕὠὌ ἳ Ὅ ὑὠὊἻ ὂ  

ἱὠὀὝὑὍὖ ὀ ἱ . Ὀ  ἳ Ἵ Ἳ ὅὀ  31(b)ἱ  Ἳὕ Ὅ ἱὀ ἻὍὖ 

Ὗὂὕ . ὂ  ἳ Ἵ 450 Hz ἱ  ἱὊ ὀὕὑ ἳ Ἵ 1500 Hz ἱ  Ὃὕὑ ἳ Ἵ 

2550 ἱ  ὑ . Ἧ ὅὠὀ  ὂ  Ἧὂὖ  ἵ  ἱ ὂὕ, ἵ Ἳὕ ὀὕἻ 250 Hz 

ἱ ὂὕ, Ἰ ὑ ὁὠὄ  ὟἻὕ Ἳ ἱ  ὂ  ἱὠὀὝὑὍὖ ὀ Ἳὕὁ ὅ . 

ἰὄὕ  ἵὍὖὉ Ὕὅ ὝὂὕὠἻ Ἰ ἻὖἻ 500, 1500 Ὀ  2500 Hzἱ  ὑ  ἵ  

Ἳὕ Ἳὖ Ὃ. ἶὝὄ Ὃὕ ἱ ὂ Ἰ Ὕὑὕ Ἧὂὖ Ὕὑ ὁὖ Ἰ ὉὖὠὉ Ἳ ἱ Ἳὖ Ὃ. 

Ἧὠὑ ἱὊ ὀὕὑ, ἰὋὕὑ  Ὀ  ὅ ὂὕὑ Ἰ ὉὖὠὉ ἻὍὕ. 
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ὅὀ  31: Ὗὑ ὅ ὀ Ἧ ὅὠὀ Ἧὂὖ Ἳ  Ὗὅ ὐ ὅὂὖ (Rsponse of vocal tract 

to different fundamentals) (Fry 1979: 75) 

 

 Ὗὅ Ἵὖ Ἧ ὅὠὀ Ἧὂὖ Ὕὑ ἵ Ὄὕ ὟὃὊ ἻὍὖ ὈὕὋὖ ὝἻὕ . ἰὄὕ  

Ὕὂὕ ὠὀ Ὂ ὂὖ ἳ Ἳ  Ἧ ὅὠὀὉὖ Ἰ ὉὖὠὉ ἻὍὕ. Ὗὅ ὐ 

Ἰ Ἳ ὂὖ ὑὖὠὍ ἳ ὠὈ Ἰ Ἳ ὂὖ Ἧ ὠὈὉὖ ἱ ἻὖὋ Ἰ Ἳ ἻὍὖ 

ὝὑὍὖ  Ἰ ὑ ὁὠὄὉὖ/ὃὖὋὈὕὠὌὉὖ Ἰ  ἳ Ἵ ὠὂ ἳ ὑὕ ὑὂὕ. Ἧ ὅὠὀ 

ὃὖἻ Ὕὑ Ὕὂὕὀ  Ὗὑ ὅ ὀὕ  ὑὖὠὍἻὖὋ Ἰ Ὁὖ Ἰ ὑὁὠὄ/ὃὖὋὈὕὠὌ 

ἵ Ὕὅὕ  ἸὟὊ Ὕὅὕ ὑὕὄ Ἳ ὠὂ (ἵ ὠὌ ὟἻὕ ὠὀ) ὝἻὕ  Ἧ Ὄ  

ὟὈ Ὃ ὝἽ . ἱ ὂ ἳ ὠὈ Ὗὅ  ἻὖὉὈὕὄὂὕ. ἶὝὄ Ὃὕ ὂὊ ὂὖ Ἰ  

Ὗὅὕ ὠὈ (sameness of quality) Ὕὑ ὅ ὀ Ἧ ὅὠὀἻ ἳ Ὅ Ἰ ἻὍὖ ἵ ὠὌὉὖ 

ὟἻ Ἳ ὅ Ἳὖ Ὃ. ἱ  ἱ ὠὌ ἵ Ὃὕ Ὗὅ  Ἰ Ἳ  ἯὠὑἻ  ἱ ἻὖὋ ὝὈὕὐὖ 

ὝἽὉ ὅὕ ὠὀ ὃὖὠὋὟὑ Ὃ ἱὉὌὕ. ἱ ὂ ὐ  Ἰ ὠὋὉὖ Ἰ Ἳ ὂὖ 

ὅὉ ὅ ὂ ὅ ἻὠὌ ὝἽὕ Ἰ ὝἽὋὖ (formant) ἵ ὅὂὕ . ἱ ὂ ὝἽὕ Ἰ  

ὝἾ Ὀὄὖ ὝἽὕ Ὄὕ. 17 ὝἽὈὗ ὐὠὌ  ἳ ὑὕ Ἳ ὅ ὀ Ἰ   

Ἰ ὝἽὋὖ Ἳ 500 Hz, 1500 Hz, 2500 Hz ἵ ὅὄὑ Ὃὖ ἱ Ἳὖ Ὃὄ. ὃὠὀ ὠὋ 
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Ἰ ὝἽὋὖ ὈὖἻ ὠὋ ὂ Ἰ Ὃὖ  Ὕὂὕὀ Ἳὖ Ἰ  ἵ  ὂ ὑὂὕ . ἱ ὂ 

ἵ Ἳὕ  500 Hz ἵ ὅ  F1 ἵ  Ἳ ὅ ὀ ὂ  Ἰ ὝἽὋὖ ἰ ; 1500 Hz 

ἵ ὅ  F2 ἵ  Ἳ ὅ ὀ ἱὊ ὀὕ Ἰ ὝἽὋὖ ἰ ; 2500 Hz ἵ ὅ  F3 ἵ  

Ἳ ὅ ὀ Ὃὕὑ Ἰ ὝἽὋὖ ἰ . Ἰ ὝἽὋὖ Ἳ ὀ ὅ ὀ Ἰ ὠὋὉὖ 

Ἰ ὉὖὉἻ ὃὖἻ ὝὑἻ  ἰ . ἱ ὅὖ  ἳ Ἵ ὃὖἻ ἻὖὋ ὃὖἻ Ὕὑ  Ὕὅὕ ὑὕἻ 

ἱ ὂ ὝἽὕ ὅὉ ὅ ὂ ὅ ἻὖὋ. ἱ ὑὕ  17 ὝἽὈὗ ὐ  F1 ἰὄ  500 Hzἱ  

ἱ ἻὖὋ ἵ Ὃὕ  ὅὀ  31ἱ  Ἰ ὑ ὁὠὄὉὖ/ὃὖὋὈὕὠὌὉὖ 480 Hzἱ  ἱ ἻὖὋ 

ἳ Ἵ F1 ἵ  ἯὠὀὉὕὍ ὅὂ ὅὀὌὕ. ἰὄὕ  F3 2400 Hz  2520 Hz  

ἱὠὀὉὖ ἱ ἻὟὑ . ἶὝὄ Ὃὕ ἱ ὂ ἱ  ἳ Ἳ  ἸὟὊ  

ἱ Ἳὖ Ὃ. 

 Ἵὖ ὀ ὑ ὑὈὕὄ ὐ  ἳ ὠὈὉὕὄ Ὗὅ ὐ ὈὖἻ Ἧ ὠὈ ὅὀ 

Ἰ ὠὈ Ὅ ἯὠὈ  Ἧ Ὄ; ἰὄὕ  ἱ  ἳ ὠὈὉὖ Ὗὅ ὐ  ὟἽὕ ὠὑ 

(damping) ὝἻὕ ; 500Hz,  1500 Hz,  2500 Hz  ἵ Ὃ ὂ   Ἰ ὝἽὋὖ ἻὍὖ 

Ἰ  ὃ  ἳὉὖ Ἰ Ὁὕὄ [ȝ:] ὑὠἻὠὉ ὟὅὕὌ Ἰ . Ἰ  ὝἽὋὖἻὍὖ Ἳ ἽὕὉ 

ἳὉὖ Ἰ ἻὠὍ Ὕὅὕ ὂὑὠὊὉὖ ὅὉ  ἳ Ὅὂὕ ; ἱ ὅὖ  ἱ  ὅὖὋ Ἰ Ἳ  

ὅὉ ὍὂὕἻ ἯὠὈ . Ἰ ὝἽὋὖ ἯὠὈ  ἵ  Ἧὠὐ Ἳ ὅ Ἰ ὝἽὋὖ ἻὍὖ 

ὑὕὖὠἽ ὠὋ ὅὌ Ἰ ἻὍὖ ὕὖ ὝἻὕ Ὅ  Ἧ ὅὠὀὉὕ. Ὗὅ ὐ 

Ὃὖ ὅὖὀ ὂ Ἳ ὅ  ἵ ὄὝὑ Ὃὕ Ἰ ὝἽὋὖ ἯὠὈ ὅὖ Ἳὕὁ ὂ Ἳ  Ὗὑ ὅὕ ἻὠὍ 

ὝἻὕ ὑ ὅ Ὗὅ ὐ Ἰ ὉὖὉ Ἳ ὝἽὉ ὅὕ ὠὀ Ὀὕ ὋὌὕ. Ὀὕ ὅὕ Ἳ 

Ἰ ὅὖὋ ὅὖ ἳ Ὅ Ὗὑ ὅὕ  ὑὖὠὍ Ἳ ὂὕ; ἱ  Ὗὅ ὐ ὑ ὑ ὠὂ  

Ἧὂ  ὅὕὖὈὁ ὠὂ ὅὕὂὖ . ὈὖἻ ἻὖὉὈὕὄ Ὀὕ Ὃ Ἳ ἵ Ὄὕ ὃὕ Ἳὖ ἱ ὅὖ 

Ὀὕ Ὃ Ἳ ὂὕ. Ἵὖ ὀὀ  Ἰ ὠὈ  ὅ ὂ ὅ Ὗὅ ὐ Ὕὂὕ ὠὀ , 

ὅὖ ὑὕ  ἱὠὀὉὖ ὝἽ ὟἻὕὁ ὑ Ὀὕ ὑὠὍ Ὅ. ἱ ὑὕ  Ὕὂὕ ὠὀ 

ὑὠὊ ἳ Ὅ ὅ ὂὖ ὝἽ ὂὕἻ ἳὂ  ὑὕὉὖ ὅὖ ὅ Ἳ ἳ Ὅ ὅ ὂὖ 

ὅ ὠἻ ὟἻὕ  ἱ ἻὖὋ. Ὗὅ ὐ ἱ  ὅ ὂὖἻὍὖ Ἰ ὂὋὖ ὃὗὍ ὠὂ ἱὂ  

ἻὕὊὁὈὕἻ Ἰ Ἳ ὠὂ Ὀὕ Ὃ ὂ Ἳ ὑὖἻὖὂ ὂὖ ὃὕὠὑ  ὅὖ ὈὕἻ ἯὠἽ Ἳ 

ἱὉ . ὃὕὠὑ ὟὈ  Ἳὗ ὈὕἻ ἯὠἽ Ἳ ἱὉ . ὃὕ ἵ ὝἻ Ὄὕ ἳὉὊὈὕἻ 

ἱ ἻὖὋὟὂὕ Ἧ ὂ ἱὀ ἻὕὍὖ ἱ  Ὗὅ ὐὠὌ ἽὖὋὖὂὕ; ἱ ὂ ἽὖὋὖὉ ὅ ὂὖ 
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Ὗὅ ὐ ἱ  ὅ ὂὖ ὀ ἱὠὁ ὂὖ . ἱ ὂ ὐ  ὃὗὍ  Ὕὑ  

Ἰ Ὁὖ Ἰ ὝἽὋὖ ἯὠὈ ὅὖ ὟὈ  (formant structure) ὝἽ ὑὕ ὠἻ (influence) 

ὠὑ ὂὖ . ὐ  ὂ  Ὗὑ ὅὕ ἳὂ  ὂὖὋ ὅὖ ὑ ὑ  ὃὗὍ  

Ἳὖ Ὃ. ὝὈὕὐὖἻὍὖ ἳὉὖὝὊὕ Ἰ ὠὋἻ Ἰ ὝἽὋὖ ἯὠὈ ὅὖ 

Ὗὑ ὅὕ ἻὠὍ ἳ ὑὕἻ ὟὈ ὝἽὕ ὄ ἵ Ὄὕ ὑὐὖἻὠὍ ὠἻὉὕ Ἳὖ Ὃ. 

 Ἰ  Ὃὖ ὅὖ ὀ Ἰ Ὁὖ Ἰ ὝἽὋὖ ἯὠὈ Ὕὅὕ Ἳὕὄ (pattern) Ἰ  Ἰ Ἳ 

Ἰ ὠὋὉὕἻ ὟὑὠὌ ὝἽ   Ὗὅ ὐ Ἰ ὉὖὉ Ἳ ὅ ὅὖ ὑὖὠὍὑὕ. 

ἵὄὟὑ Ὗὅ  ὐ  Ἰ  Ὃὖ ὅὖ ὀ ὅ ὂὖ ἵὂὕὑ Ἰ  Ἰ ὝἽὋὖ ὂ ὑ  

ὃὖὉὕὉὈὕὄ Ἧ Ὄ. ἵ Ἳὕ ὀὕἻ  F1 Ὀ  F2ἱ  ὃὖἻ Ὕὑ Ἳ Ἰ ὝἻὕ  

ὂ ὂὖὊὈὕὄὠὑ; ἶὝὄ Ὃὕ Ὕὅὕ ὑὕἻ Ὗὅ ὐ Ἰ  ὅ ὂὖὉὖ ὃὗ Ἵὖ Ὀ Ὃ 

ὅ ὂὖὉὖ  ὠὀὉὕ ἻὠὌ Ὃὖ ὅὖ. ἱ ὅὖ  ὝἽ ὅὕἻ ὅ ὠἻ ὟἻὕ 

ὅὕἻ ὠὂὑὖὀ ὂ  ὃὗὍὈὕὄ ἵ ὅ  ἳ ὠὈ. ἵὄὟὑ ὈὖἻ ὠὋὑὕὄ Ἰ ὝἽὋὖὑὕὄ 

F1ἱ  ἯὠὌὃὗὍ ὂὖ ὃὗὍὈὕὄ ὅὕἻ ἻὕὊὁὈὕἻὖ Ὃ. ὠὀὉὕὄ ὅὕἻ F2ἷ 

ὃὖ ὁὉὖἻ Ὗὃὕὖ ἻὖὋ. ἱ ὂ Ἵὕ ὂὖ ὂὠὌ [i:] Ὀ  [a:] ἵ Ὃ ἱ  ἳὉὖ Ἰ Ἳ  

ἱὠὀὟὉ ἳ Ὅ Ὂ ὅὕ ὀὕ (contrast) ἵ Ἳὕ ὀὌὕ. ὅὀ  32 [i:] Ὀ  [a:]  

ἵ ὅὑ Ὃὖ Ὗὅ ὐ ὑ ὠὂ  ἵ Ἳὕ ὀὕὄ Ἰ ὑ ὁὠὄἻὠὍ  

/ὃὖὋὈὕὠὌἻὠὍ Ἳὕ Ἳὖ Ὃ. 
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ὅὀ  32: [i:], [a:] ἵ ὅὠὑἻὍὖ Ὗὅ ὐ ὑ ὑ  Ἰ ὑ ὁὠὄ /ὃὖὋὈὕὠὌ (Fry 

1979: 77) 

 

[i:]  ὃὕὑὖ  ὅ ὂὖ ὑὕὉὖ ἳὉὊὈὕἻ ἱ ἻὖὋ; ἵὄὟὑ Ὗὅ ὐ ὅὖ ὅ ὂὖ ὈὖἻ 

ὃὗὍὈὕἻ ὃὕ ἱ Ἳ ὂὖ ὄὕ  ἳ Ὅ ὅὕἻ ὈὖἻ ὠὀὉὕἻ ἱ Ἳὖ Ὃ. ἱ  

Ἰ ὀὍὑὖ ὠὋ ὂ ὃὖἻ Ὕὑ ἳ Ὅ F1ἷ  ὈὖἻ ὂ  ὃὖἻ Ὕὑ ἳ Ὅ F2ἷ  

ὑὖὠὍὑὖ Ἳὖ Ὃ. Ἰ ὑ ὁὠὄἻ /ὃὖὋὈὕὠὌἻ 120 Hz Ἧ ὅὠὀ ὃὖἻ Ὕὑ ὁὖ 

Ἳὕ ὀ ὅ Ὅ. F1 ἰὄ  360 Hz ὃὖἻ Ὕὑ ὁὖ F2 ἰὄ  2280 Hz 

ὃὖἻ Ὕὑ ὁὖ ἱ ἻὖὋ. [a:] ἵ Ὃ ἳὉὖὝὊὕ Ὁὖ ὅὖὋ Ὀὕ Ὃ Ὗὅ ὐ  

Ὃὖ  Ὗὑ ὅ ὀ Ἳ ὀὠὈ ὠὅ (configutation) ὂ Ἳὖ Ὃ. ἱ Ὗὅὕ Ἳὕ  ὅ ὂὖὉὖ 

Ἳ ὑὕὉὖ ὅὖ ὅ ὂὖὠὉ Ὗὃὕ Ἳὖ ἱ ἻὖὋ; ἵὄὟὑ ὝἽ ὅὕἻ ὠὀὉὕἻ 

ἱ ; ἱ  F1ἱ  ὃὖἻ Ὕὑ ὠὁ ἯὂὖἻὕὖ Ἳὖ Ὃ ; ὃὗὍὈὕὄ ἻὖὠὀὈ ὀ ὅὕἻ F2ἷ 

[i:]ἷ  Ἳὕ  ὠὋ Ἳὖ Ὃ. ὅὀ  32ἱ  Ἳὕ ὀ ὅ ὀ Ἰ ὑ ὁὠὄὉὖ/ὃὖὋὈὕὠὌὉὖ 

F1 720 Hzἱ  F2 1200 Hzἱ  ἱ Ἳὖ Ὃ. Ἳ ὀὠὈ ὅὖ ἳ Ὅ Ὗὑ ὅὕ Ὃὕὑ 

Ἰ ὝἽὋὖὑὖ Ὀὕ Ὃ ὠὂ ἳ ὑὕ Ἳὖ Ὃ; F3 [i:]  3000 hz ἳ  [a:]  2520 Hz ἳ  

ἰ . 
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 Ὗὅ  Ἰ ἻὍὖ Ὕὂὕὖ ὝἻὕ Ὅ (recognition) Ὗὑ ὅ ὂὂ  ὅ ἻὍὖ  

ὝἽ ὑὂὕ Ἰ ὝἽὋὖ ἯὠὈ  ἻὖὉὈὕὄὂὕ. Ἧ ὅὠὀ ὃὖἻ Ὕὑ ὁὖ Ὀὕ Ὃ Ἳ 

Ἰ ὑ ὁὠὄὉὖ/ὃὖὋὈὕὠὌὉὖ ἳ Ἵ ἻὍὖ ἽὕὖὉὕὄ ἱὀὈὕ Ὃ ὠὂ ὑὖὠὍὑὖ ; 

ἶὝὄ Ὃὕ ἱὠὑ Ἰ ὉὖὠὉ ὀ Ὕὂὕὀ ὠὀὉὠὑ; ἰὄὕ  Ἰ ὝἽὋὖἻ  Ἧὂὕὑ 

Ὗὅ ὐ ἳ ὠὈὉὕὄ Ἰ Ἳ Ἳ Ὗὅ ὐ ὂὊ ὅ ὀ Ἳ ὀὠὈ  ἸὟὊ 

ὃὖἻ Ὕὑ ἱὀ ὂὖ ἳ Ἵ ἻὠὍ ἳ ὑὕ ; ἱ  Ἧ ὅὠὀ ὃὖἻ Ὕὑ ὁὖ 

Ὀὕ Ὃ ἻὠὍ Ὕὅὕ ὅ ὂὕ. ὃὕ Ἰ  Ὗὅ ὅὑὕὖὀὈὖ ὅὖὋ Ὗὅ ὅὑ , Ὃὖ ὅὕἻ 

ἰ , Ὕὅ , ὐ ὠὂἻ  ἱὠὀὟὉ ὈὕὋὖὄὕ  Ἧ ὅὠὀ ὃὖἻ Ὕὑ ἻὍὖ 

ὅὊ ὝὅὠὌὉὖ   Ὗὅ ὐ  ὅὕὖὈὕὁ ἻὍὖ ὝἽὕ Ὄ ὂ Ἳ Ὗὑ ὅὕ Ἳ ἱ ; 

ἰὄὕ  Ὕὅὕ ὑὕὄ Ἰ ὝἽὋὖ ἯὠὈ Ὕὅὕ  ἸὟὊ ἳὉὖὝὊὕ ὠὉ ὟἻ ὅὑ Ἳ 

ὕὖ ὝἻὕ Ὅ ὝἽ Ἳὖ Ὃ. heed ἵ Ὃ ὝἽὕ Ὅ ἳὉὖὝὊὕ  F1 ἳ  F2ἳ  ἯὂὖἻ 

ἱὠὀὝὑὍὖὠὉ  hard  ἵ Ὃ ὝἽὕ Ὅ ἳὉὖὝὊὕ   F1 ἳ  F2ἳ  Ἧ ὠὈὠὉ  

ὝἻὕ . 

 Ὗὅ ὅὑ ἻὍὖ  ἯὂὖἻ ἯὍὑὖὌὕὄ ἵ Ἳὕ  ὈὕὂὖὕὖἻὍὕ  ἳ ὑὕ Ἳ ὅ ὀ 

ὃὖὋὈὕὠὌἻὠὍ ἯὍ  Ἰ ὝἽὋὖ  ὃὖἻ Ὕὑ ἻὍὖ  ἽὊὕἽὕὖ Ὀὂὖ ὠὅ ὝὅὋ ἱὉ . 

Ὕὅὕ ὑὕἻ ἳὉὖ  Ἰ Ἳ   Ἰ ἻὠὍ Ὗὑ ὅ ὂ ὟἻ ὅὑ Ἳ  ὅὉ ὅ ὂὖὉ ὂἻὑ  

ἽὖὋ ὅὕὄ ὅ ὂὖ F1, F2 ἱὑ Ὃὖ  Ἰ ἻὠὈ ὅὕ ὝἽ Ὁ ὅ ὀ.  Ἧ ὀὑὠὁ 3 ἰ ἻὖὌ 

Ὗὅ Ἳὖ Ὃὑ ἻὍὖ ὈὕὂὖὕὖὉὖ Ἳὖὠὀ Ἳ Ὕὅ Ὃ ὂὊὑὖ Ἧ ὅὠὀὉὖ ἰ ἻὖὌ ὂὖ 

ὂ ἳὉὖ Ἰ ἻὍὖ F1 Ὀ  F2-  ἽὊὕἽὕὖ Ὀὂὖ ἻὠὍ ὂ Ἳὖ Ὃ. ἱ ὂ 

Ὀὂὖ ἻὍὖ Ἰ ὝἽὋὖ ὃὖἻ Ὕὑ ὁὖ (formant frequencies) Ἰ ὅὖὋ Ἵὕ 

Ἳ ὀὠὈ  (articulatory configuration) ἱὠὀὉὖ ὠὋὉὕὄ ἳὋὑὖ ἵὂὕὑὝὂὕὠὋ 

ὅὕ ὅ Ἵὕ ὂὖὉὈὕ. ὂ  ὃὕ  ἳὉὖὝὊὕ Ἳ Ὁ  

Ἰ ὅὖὋ ὅὖ /ἳ Ἵὕὖ ὅὖ ὂὖὋ ὂ  Ἰ ὅὖὋ /ἳ Ἵὕὖ  Ὗὄ Ὃὠὂ 

ὝἽ Ἳὖ Ὃ. ὅὀ  32-ἱ  ἱὑ Ὃὖ ὂὌὕὑ, F1-ἳ  F2-ἳ  ἱὠὀὉὖ 

ἯἻ Ὃ ἱὠὀὝὑὍὖὠὉ ἳ ὑὕ ὠὂ ὃὕ ὅὕ Ὗὂὕ. Ἰ ὅὖὋ ὅὖ ὂ/ἳ Ἵὕὖ ὂ ἯὂὖἻ 

ὂὖὋ ὂὂὕἻ ὝἽ Ὁ ὅ ὑὂὕ ὃὕὟὈ  Ἳὕ  ὑὐὖ ἯἻὌὈὕἻ Ὀὕ Ἳὖ Ὃ Ὀ  

Ἳ/ἱ  ὑὕὉὠὋὉὖ ὅὖ ὋὈὕἻ ὃἻ Ἳὖ Ὃ. ἱ ὂ ἱὊ  

ὂὕ Ἳ Ἳ/ὑὖὠὍ Ἳ  ὟἽ  Ὗὅ ὐὕὉὖ ὝἽ  Ὀ  ἻὖὠὀὈ ὀ 
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ὅ ὂὖἻ ἻὖὠὀὉὖ ἽὈὈὕ ἻὠὌ Ὗὃὕ Ἳὖ ὅ ὅ Ὁὕὄ Ὀὕ Ὃ ὠὂ ἳ ὑὕ Ἳὖ Ὃ; 

ἱὂ  ὑὖὠὍὑὕἻ   F1 Ὀ  F2-ἱ  ὃὖἻ Ὕὑ Ἳ Ἰ ὠὋὟὃὕ Ἳὖ Ἰ  ὃἻ Ἳὖ Ὃ. 

Ἰ ὅὖὋ ὅὖὀ heed-ἱ  ἳ Ὅ ἳὉὖὝὊὕ hard-ἱ  ἳ Ὅ ἳὉὖὝὊὕ  ὃἻ ὑ Ὗὅὕ  

ὄὖ  ὅὖ  ὃἻ  Ὗὅὕ Ἰ ὝἽὋὖ  Ὀ  ὃὖἻ Ὕὑ ἻὍὖ ὂὕ   ὃὖἻ . 

ἱ ὂ ὝὑὍὖ ὅὠὀὉὕὄ Ἰ Ἳ Ὃ ὑὖὠὍ, ὃὕ Ἧὂ  ἱ ὅὖὀ ὠὂ Ὀὕ ὑὟὂὕ Ἧὂ  

ὑ ὑ ὠὂ  Ὀὕ Ἳὖ Ὃ ἵ Ὃ ἳ ὠὈὉὕ  ὑὖὍ Ἳ ὅ Ἳὖ Ὃ. Ἧὂ   ὅὖ  

ἱ  ἱὠὀὝὑὍὖ ἯὂὖἻὈὕ ὅ  Ὕὃ Ἳ ἱὉ . ὂὖὋ ὂὂὖ Ὁ ἳὉὖὝὊὕ  

Ὗὄ Ὃὂὖ ἳ Ἵὕὖ F1-ἱ  ὃὖἻ Ὕὑ ὁὖ ὅ ὅ Ὁὕὄ ὠὋ ὠὅ 

ἳ ὑὕ Ἳὖ Ὃ; F2- Ἳὕὄ ὑὕὖὠἽ ὅὖ ἳὉὖὠὊ ὅὖ Ὕὂὕὀ ἳὂ  ὑὖὂ  ὑὖὠὍὑὕἻ 

ὠὋ ὂ ἯὍ  ἽὗὊὕὄὂὕ. ὑὖ Ἳ ὅ ὀ ἳὂ ὀὕ ἳ ὑὕ Ἳ ὅ ὂὌὕὄ 

Ὗὅ ὐ Ὗὅ ὐὕὉὖ ἻὖὠὀὃὖὠὌ ὅ ὂὖὠὉ ὃὗ ἽὖὝἽ Ἳὖ Ὃ Ὀ  ὑὖὕὖ ὂ 

ἳὂ ἻὍὖ ἳ Ἵὕὖ ὀ Ἰ ὅὖ ὠἻὉὖ ἱὊ ὀὕὑ Ἰ ὝἽὋὖὠὑ ὂὕ Ἳὖ Ὃ. ἱ  

Ὃὖ ὅὕἻ [o:] ἵ ὅὂ Ὗὃ ὑὖ ὝὂὍὖὑὕἻ Ὕὂὕὖ; ἱὂ  ὅὌ ἰ ἻὖὌ Ὗὅ ὅὑ Ἳ 

ἳὂ ἻὍὖ ὑὖ ὠὅ ὅὉ ὅ ὑ; F2 ὑὖ ἽὊὕἽὕὖ Ἧ ὠὀὉὖ ὑ  ἳὉὖὝὊὕ ἻὠὍ 

ὑὖὀ ὂὕ ὂὂὕ. Ἧ ὀὑὠὁὉὖ   hub Ὀ  herb ἵ ὅὂὖ Ὅ ἱὊ  ὠὈὉ 

ἳὉὖὝὊὕ Ἳ  Ὀ  ὅὖ ἳὉὖὝὊὕ Ἳ  ἱὠὀ ὅ ὀ Ἰ ὝἽὋὖ ἻὠὍ 

ὝἻὕ .  
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Ἧ ὀὑὠὁ 3: ἰ ἻὖὌ ἳὉὖ Ἰ ἻὍὖ ὂὌὕὑ Ὀ  ἱὊ ὀὕὑ ὃὖἻ Ὕὑ ἻὍὖ 

ἽὊὕἽὕὖ (Fry 1979: 79) 

 

 ἲ ὉὖἻὍὖ (dipthongs) Ἰ ὅὖὋὅὖ ὂ/ἳ Ἵὕὖ Ἰ  ἳὉὖὕὖ  Ὀ ὝὋὕ ἳὉὖ  

ὃὕ ἱὉ Ἳ ὂὖ ὃὖὠὌὈὕ Ὃ ὠὂ ἳ ὅ ; ἵὄὟὑ ἱ ὂ Ἰ Ἳ  Ἰ  Ὀ 

Ἰ ὝἽὋὖὑὖ Ὀ ὝὋὕ Ὀ Ἰ ὝἽὋὖ ὑὖὠὊὑὕὄ Ὀὕ Ὃ ὠὂ ὂ Ἳὖ Ὃ. 

how ἵ Ὃ ὝἽὕ Ὅ ἲ Ὁὖ Ἰ  [a:] ἵ Ὃ ἳὉὖὝὊὕ Ὁὖ Ἰ ὝἽὋὖ 

ὃὖἻ Ὕὑ Ἳ ὀ Ὕὂὕὀ Ἳὖ Ὃ; Ὀ  ἱὠὑ [u:] ἳὉὖὝὊὕ Ἳὕὄ Ἰ ὝἽὋὖὑὖ 

ὂὖὠἽ ἻὈὕἻ Ὀὕ Ἳὖ Ὃ. here ὝἽὕ Ὅ ἲ Ὁὖ [i]-ἱ   Ἰ ὝἽὋὖ ὀ 

Ὕὂὕὀ Ἳὖ [ȝ:]-ὑὖ Ἰ ὝἽὋὖὑὖ ὂὖὠἽ Ὀὕ . ἱ Ὗὅὕ ὝὋ ὅὖὋ ἲ ὉὖἻὍὖ  Ὀὕ Ὃ 

ὃὖἻ . ἲ Ὁὖὕὖ ὃὖἻ  ὃὕὈὕ Ὃ ὂὖὉ ἳὉὖὝὊὕ ἳ Ἵὕὖ Ἳὕὄ  Ὀὕ Ὃ Ἧ Ὄ; 

ἰὄὕ  ὂὊ ὅ ὀ ὂὖὠἽὉὖ ἳὀ ὅ ὂὖὉὖ ἱὉ  Ὗὅὕ Ὃὂὕ; ἵὄὟὑ Ἰ ὝἽὋὖ 

ὃὖἻ Ὕὑ ἻὍὖ Ὀὕ Ὃ ὐ  Ὀ  Ὗὅ ὅὑὠὊ Ὕὅὕ  ἯὂὖἻὈὕἻὟὑὕ ὠὋὑὕἻὟὑὕ 

ἱ . ἵὄὟὑ ἲ Ὁὖ Ἰ Ἳ  ὝἻὕ Ἳὖ Ὃ Ἰ ὂὄὖὈ ἻὍὖ ἽὊὕἽὕὖὠὉ ὂ ὑ  

ὈὖἻ ἽὕὖὉ Ὄ.  
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 Ἰ ὅὖὋ ὅὖ Ἰ ὝἽὋὖ ἯὠὈ  ἳὋ  ἱ ὅὠὂ ὅὕ Ὗὂὕ. ἱὠὂ 

ἳὉὖ Ἰ ἻὍὖ F1 Ὀ  F2-ἱ  ὃὖἻ Ὕὑ ἻὠὍ ὑὠὊὅὀ ὂὖ ἳ Ὅ ἱ  Ἧ ἻὍὖ 

ὂὖ ὀὈὖ ὑὠὊ  ἳ ὅ ὂ  ὝἽ ὉὌὕ . ἵ ὂ ὑὠὊὅὀ ὂὖ Ὗὂὕ Ὃ Ὕὂὕὀ Ὅ 

ἯὍ Ἳ  Ὗὂ Ὕὂ Ἳ ὅ ὀ Ὃὖ ὅὖ ὀ ἯὍ ὟἻὕ ἻὍὖ Ἧ ὅὠὀὉὖ ἯὠὈ . 

ὅὀ  33-ἱ  ὅὉ ὅ ὂ ὅ Ὅ ἯὍ ὟἻὕ Ἳ ἹὊὍ  ὑὖ ὂὖὊὈὕὄὂὕἻ ὝὂὕὖὉὌὕ; 

ἰὄὕ  Ἧὠὑ Ὗὂὕ ὋὈὍὖ ὅὠὂ Ἳὕ  ὠὋ ὂ ἯὍὟὑ ὑὖἽὖ ὂὖὊὈὕὄὂὕ. F1 

Ὀ  F2-ἱ  ὃὖἻ Ὕὑ  ἯὍ ὟἻὕ Ἳ  ὌὕἻὖὊὂ  Ἵὕ ὂὠὑὉὕ ; Ἧὂὕὑ  

ὃὖἻ Ὕὑ ἻὍὖ  Ὕὅ ὝὂὕὠἻ ἯὍ ὟἻὕ  ὂὊ ὅ ὀ Ὂ ὂὖ  ὂὌὕ  

ἳ ὅ ὂ  ὝἽ Ὁ ὅ ὀ . ἱ  Ἰ  ὟἻ ὅὑ  Ἳὖὠὀ  Ἰ ὂὋὖ ἱὠἽὠὈὉὖ  

ὅὂὖ ἻὠὍ ἯὂὖἻ Ἧ ὠὈὉὖ ὅὖὊὂὖὅ Ἳ ἳὂ Ἳὖ Ὃ; ὃὕ ὄ  ὅὕ ὂὅ Ἰ Ὕὑὕ 

ἽὈὈὕὄ ἱὠἽὠὈ ἱὠὀὟὑὠὍἻὍὖ ὂ  ὂὊ ὅ ὀ ἻὕὊὁὖὉὖ ὀ /ἴ Ἳὂὖ 

Ὕὅ ἻὠὌ Ὗὑ Ἳὖ Ὃ: ἵ Ἳὕ ὀὕἻ, ἱὠἽὠὈὉὖ Ἰ  ἰ Ὗὀ  ἯὂὖἻὕὖ 

ὃὖἻ Ὕὑ ὁὖ ἱὊ ὠὅ Ὃὖ ὅὖ. ὑὠὊὅὀ ὂὖ ὑὌὈὖ  ἱὀ  F2-ἱ  

ὃὖἻ Ὕὑ ἯὂὖἻὕὖ Ἳὖ Ὃ Ὀ  F1-ἱ  ὃὖἻ Ὕὑ ὟὈ  ἻὗὟὐ ἯὂὖἻὕὖ Ἳὖ Ὃ 

ἵ Ὃ ἳ ὠὈ ὑὠὊὉ ὅ ὀ ὍὖἻὍὕ ἳ ὑὕὄ ἯὠὈ Ὕὅὕ Ἳὖ Ἳὕ Ἵὖ 

Ὗὃὕ ὃὖὠὌὠὉ  ὂὗ Ὀὕὄὖ Ἳὖ Ὃ. ἱ ὂ ὑὐὖὉὖ F1-F2 ἱὠὀὝὑὍὖὉὖ ἰ ἻὖὌ 

ἳὉὖὝὊὕ Ἳ  ἽὊὕἽὕὖ ὃὖἻ Ὕὑ ἻὠὍ ὑὠὊὑ  Ἰ ἻὍὖ Ἰ ὉὖὉ Ἳ ἯὠὈ  Ὀ  

ὈὊ ἳὉὖὝὊὕ ὃὕ ἻὊ ὂὖ (conventional vowel quadrilateral) ὅὖὊὂὖὅ  Ἧὑ Ὃὖ 

Ἰ ὅὖὋ ὅ  ἱὑ Ὃὖ ἱὠὀὟὉ Ὅ Ἰ ὠὈὠὉ Ὕὅὕὑὕὄ Ἳ ὂὖ 

ἳὀὄ ὉὕἻ Ἳὕ Ἳὖ Ὃ. ὃὕ ὄ  Ὃὖ ὅὖ ὀὅ Ὁ  ἳὉὖὝὊὕ Ἳ  

ὂὕ ὂ   F1-ἳ  ἳὉ ὂ F2-ἳ  ἳ Ὅὄ; Ὁ  ἳὉὖὝὊὕ ἻὍὖ ὂὖὋ ὂ  

ἳὉὖὝὊὕ ἻὍὖ ἳ Ἵὕὖ ὠὅ Ὗὃὕ Ἳὖ Ὗὄ  Ὗὅὕ F1-ἳ  F2-ἳ  ἱὠὀὉὖ 

ἳ Ὅ Ὂ  ὠὋ . ἳὉὖὝὊὕ ὃὕ ἻὊ ὂὖ F1-F2 ὂὖ ὀὑὠὊ  ἳ Ὅ Ὕὅὕ ὂ 

ὈὖἻ ἽὕὖὉὕὄὂὕἻ ἱ Ἳὕ; ἶὝὄ Ὃὕ ὠὂὉ ὃὕὑὖ ὈὖἻ ἯὂὖἻὈὕὄ 

Ἳ ὂὖ/ἱ Ἳὖ ἱὀ ὠὂ Ὀ  Ἳ ὂὖ ὝἻὕ Ἳὖ Ὃ; ὈὕὋὕἻ Ἰ ὝἽὋὖ ἯὠὈ  

ὑὕὉὖ  ὃὕὑὖ ἱ ὅὖὀ ὂὕ ἳὂ  ὑ ὑ ὂὕ  ὅὕὂὖ Ἳ ὅ Ἳὖ Ὃ. ἱ ὂ 

ἻὕὊὁὖἻ Ὃὖ ὅὕἻ ὅὖ ἳὉὖ ἻὠὍ ὅὕὂὖ Ἳὖ Ὃ; Ὀ  ἱ ὟἻ ὃὕ ἱ  
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ἳ ὅ ὂὂὖ ἯὂὖἻ Ὗὑ ὅὕ ἻὠὍ ὅὕ Ἳὖ ὟὋὕ; ἵ Ἳὕ ὀὕἻ [o:] Ἳὕὄ F1-F2 

ὂὖ ὀὑὠὊ ἱὂ  ὑὖὂ ἻὕὊὁὈὕἻ ὂὕ ὂ F2ἷ  Ἳὕ Ἳὖ Ὃ.  

ὅὀ  33: ἰ ἻὖὌ ἳὉὖὝὊὕ ἻὍὖ F1-F2 ὂὖ ὀ Ἳ (Fry 1979: 80) 

 

2.8. ἻὕὌ ὃὗ Ἵὖ ὈὕὋὕὂ Ὀ  ἻὕὌ ὃὗ Ἵὖ Ὀὕ  Ἰ Ἳ (periodic and aperiodic sounds)  

ἵ Ὄὕ Ἰ Ἳ  Ἰ  ὅ  Ὕὅὕ ὑὕἻ ἱ Ἳὖ Ὃ. Ἧὠὑ ὃὖἻ Ὕὑ 

Ὀ  Ἰ ὠὉ ἻὍὖ ὑὕὖὠἽἻ ἰ . Ἰ ὉὖὠὉ ἻὍὖ ὃὖἻ Ὕὑ Ἧ ὅὠὀ 

ὃὖἻ Ὕὑ ὁὖ ἽὕὖὉὕὄ Ὕὅ  ὝὂὕὠἻὍὕ. ἱ  ἯὠὌ ὃὗὍ ὂὖὀ Ὕὂὕὀ ὠὀὉ. 

ἱὂ  ἻὕὊὁὈὕἻ ἯὠὌὑ ὀ  Ὕὂὕὀ ὠὀὉ. Ἧ ὅὠὀ ὃὖἻ Ὕὑ100 Hz ἵ Ὃὕ 

ἱ ὂ Ἧὂὖ ὑὖ ἻὕὌ ὃὗ Ἵὖ 10 ὈὖὝἽ ἰ . Ἧὂὕὑ ἱ  Ἰ Ὕὑὕ 10 ὈὖὝἽ-  

Ἧ Ἳ ὂὖ Ἰ  ἳ Ἵ ὠὂ ἳ ὑὕ . ἱ ὂ ἳ Ἵ ἻὠὍ ὂ Ὅ ἴὀἻ ὂὖ Ἰ  

ἯὠὌἻ  ἱ ὂ ἻὕὌ ἯὍὑὖ ὃἻ ὂ Ὂ ὂὕ ὝὑὍὖὉὖὀ ὂὖ ὅὖὕὖ Ἳ ὅ  (Ἳὕ Ὃὖ 

3.4 Ὀὗ). Ἧὂὖ ὑὖ ἱ ὂ ἯὠὌ ὅὀ  3-ἱ  Ἳὕ ὀ ὅ ὀ. ἱὊ ὀὕὑ Ἰ ὠὉὅὕὄ 200 Hz 

ἯὟὂ ὟὃὊ ὂὖ ἽὕὖὉὕἻ ἱὊ  Ἳ Ἳὀ . Ἧ ὅὠὀ ὃὖἻ Ὕὑ ὁὖ Ὅ 

Ἧὂὖ Ἳ ἱὊ ὀὕὑ ὠὋ Ὕὂὕὀ ὑὂ ἻὕἻ Ἱ  ὃὖὠὌὠὉ Ἳὀ  Ὗὅὕ Ἧὂ  
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Ὃὖ Ὗὃ ὈὠὋ/ὅὕἽὖ ὅὕἻ ὂὖ ἱὊ ὀὕὑ Ἰ ὉὖὠὉ Ὕὂὕὀ Ἳ Ὕὂὕὀ . ἱ  

ὟὅὕὌὟὑ Ὃὕὑ, ὃὕ Ἳὕὑ, ἷ ὂὕὑ Ὀ  ἵ ὂ Ἰ ὉὖὠὉ  Ἧ ὅὠὀ 

ὃὖἻ Ὕὑ ὁὖ ἱὉ Ἳ ὂὖ Ἰ  Ὃὕ ἵ  ὟὃὊ ὂὖ ἻὍὖ ἽὕὖὉὕὄ 

ἵ ὁὖ ὠἻὠὉ . ἱὂ  ὑὖὠὍὑὕἻ Ὗὑ ὅ ὀ ἵ Ὄὕ ἽὌὄ Ἳ /ἱὉ Ἳ Ἳ  

Ἰ  ἻὌὠὑ ἯὠὌὠὉ  ὂ ὑὂἻὕἻ ἱὠὁὟἽ Ἳ ὅ ὀὕ Ἧ ὅὠὀὉὖ Ἰ Ὕὑὕ 

Ὃὖ  ἱὉ Ἳ ἻὍὖ ἸὟὊ ἯὠὈ Ὕὅὕ  ὃὖἻ . ὃὕ ὅὀ 11, 12ἱ  ὅὕ ὂ 

Ὗὅὕ ὂὖ ὅ ὃὖἻ  ἯὠὌὑ  ἱ . ἯὠὌ ἱὉ Ἳ ὂὖ ἽὗὊὕὄ ἻὌὠὑ ἯὠὌἻ  

Ὀὗ  ὃὖἻ  ὂ ὠὈ ἻὕὊὁὈὕἻ, ἱ ὈὕὂὖὕὖὉὕὄ Ἰ  ἻὕὌὃὗ Ἵὖ ὈὕὋὕὂ (periodic) Ἰ Ἳ  

ἵὄ ὅ . ὃὕ ὅὕ ὂ ἱὠἽ Ἳ ὑὖ Ἰ Ἳ  Ὁ Ὂ Ἳ  (pure tones) Ὕὂὕ ὠὀὉὕ 

ἳ ὅ ὂὖ ὝἽ Ὁ ὅ Ἰ  Ὗὅ ὐὌὕ ὈὕὋ ὅ ὀ ἯὟὂ Ἰ  ἳὉὖ Ἰ ἻὍὕἻ 

Ὗὅ ὅὑὕὖ ὑὕὉὖ  ὑ  Ἰ  ἻὕὌ ὃὗ Ἵὖ ὈὕὋὕὂ Ἰ ἻὍὕ . ἻὕὌὃὗ Ἵὖ ὈὕὋὕὂ 

ἯὠὌἻ  Ἰ ὉὖὠὉ ἻὍὖ Ὗὑ ὅ ὀ Ἰ ἻὠὈ ὅὕ Ἰ Ὃὖ  Ἰ  Ὗὑ ὅ ὀὕ  

ἻὕὌ ὈὕὋὕ ὂ ὠὈ (periodicity) Ἳὕὂὕ  ὠὍὉὕ  Ὕὂὕὖ ὝἻὕ Ὅ Ὁ ἽὖὌ 

Ὕὅὕ ὑὕὄ ὁ ὠὂ ἳ ὑὕ . ἻὕὌ ὈὕὋὕὂ Ἰ ἻὍὖ Ὕὅὕ ὑ ὠὅ Ἵὕ  Ἰ Ἳ  

Ὂ Ἳ (tone) ἵ  Ἧὠὐ Ἳ ὅ. Ὂ ἻὍὖ Ἰ  ὅ  ἵ ὄὝὑ Ὃὕ ἯὍὠὑἻ  

ἵὍὖὂὖ Ὕὂὕὖ ὝἻὕ Ὅ ὅὀ Ὁ ὂὗ ὈὕὄὈὕὄ ἱὠἽὠὈ (definite pitch)  ἱ . 

 ἵ Ὄὕ Ἳ  (components) Ἰ ὉὖὠὉ ἻὍὕἻ ἱ Ὄὕὂ Ἰ  Ἰ ὠὉ ὟὃὕὖὑὂὕἻ 

ὠὑ  ὝἻὕ Ὗὑὕ. Ἧ ὅὠὀ ὃὖἻ ἵ  (fundamental frequency) 100 Hz ἵ  

ὠὑ  ὝἻὕ Ὗὑὕ. ἱ ὂ ὃὖἻ Ὕὑ ὁὖ Ἰ ὉὖὠὉ ἻὍὖ ὅὌ ἵ ὁ ὠἻἻ  ἱ . 

Ὀ Ὀὖ Ὃὖ 227 Hz ἳ Ὅ Ὗὑ  Ἰ   ἱ ὅὂὕἻ ὠὑ  ὝἻὕ Ὗὑὕ. ἱ ὂ Ἧὂὖ ὑὖ 

ἻὕὌ ἯὍ  (period) 4.4 Ὀὖ.ὝἽ. ἰ . ἵὄὟὑ ἱ  8.8 Ὀὖ.ὝἽ.ἱ  ἱ  ἻὠὍ . 

Ἧ ὅὠὀ 10 Ὀὖ.ὝἽ.ἱ Ἧὂ  ἱὊ ὀὕὑ ὠὋ Ὗὃὕὖ ὠἻὉὖ Ἧ  Ἧὂ  Ὃὕὑ 

Ὃὖ ὃὕ Ἳὖ Ἰ  ὅὕἻ ὠὂ  ὑὖ . ἻὌὠὑὉὖ (compalex) ἱ ὂ ἯὠὌ 

ἱὉ Ἳ ὂὖ ὟἽ ὠἻ Ἧ ὅὠὀὉὖ ὂ   Ἰ  Ὃὖ ὅὖ ὀ ἯὠὌὑ ὠὑ ὂ . 

227 Hz  17.6 Ὀὖ.ὝἽ. ἻὕὌ ὂὖ ὃὕ  ἻὠὍ ὑὖ. ἰὠἻὉὕ ἱὊ ὀὕὑ 

Ὃὖ ὐ  Ὗὑ ὅ . Ἧ ὅὠὀ Ἧὂ  ἱὊ ὀὕὑ ὠὋ ὠἻὉὖ 20 Ὀὖ.ὝἽ.ἱ 

227 Hz Ἧὂ  5-ὑ  Ὃὖ ὅὕὂὖὠὉ . 227 Hz Ἧὂ  Ἧ ὂ ὂ Ὃὖ 

Ἧ ὅὠὀ ὀ Ὀ  Ἧὂ  ἵ Ὄὕ Ἰ ὉὖὠὉ Ἳ ὀ Ὗὑ ὅ ὀ ἻὕὌ ἳὋ  
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ὝἻὕ . ἱὂ  ὅὉὄὕἻ Ἰ Ὕὑὕ Ὃὖ ἯὠὌὑ  Ὗὑ ὅ . ἵὄὟὑ ἽὕὖὉὕὄ 

ἻὕὌ ὈὕὋὕὂ ὂ ὠὈ Ἵὖὠὂ Ἳ ὅ. ἻὌὠὑ Ἰ Ὁὖ Ὅ ἱ ὈὕὂὖὕὖὉὕὄ  

Ἰ ὉὖὠὉὅ Ὃ  (inhormonic component )   ἵ  Ἧὠὐ Ἳ ὅ. 

 ἱὠὊ Ἵ /ἹὠἽ  (noise) Ὂ ὂὖ ἳ Ὅ Ὗὑ ὅὕ Ἵ ὂ ὂὖ Ἳὕ  

Ἳ ἻὍὖ ἱὉ Ἳ ὂὖ (random nature) ὠὋὉ Ὃ ἱὉ  ἯὠὈ Ὕὅὕ Ἳὕὄ 

ἱὉ  (patterned character) ἳ Ὅ Ὗὑ ὅὕὀὕ. Ἰ Ἳ Ὃ ἱὉ Ἳ ὠὂ (random 

movement) ἳ ὑὕ  Ἰ  ὑὐὖ ὠὋ Ἰ ὂὋὖ Ἧ ὅὠὀὉὖ ὈὖἻ ἻὌὕὄ ἱὠὀὝὑὍὖ 

ὑὐὖ Ἳὕ ὠὋ ὟὅὕἻ ὝἽ ὑὂὕ. ἱ  ὝἻὕ ὂὍὖ ὠὅ (turbulence) ἳ ὑὕ . Ὗὅ Ἵὖ 

ὃὖἻ  Ὕὅ ὅὕὌὕὄ ἱὠὊ Ἵ Ἳ  (noises) ἱ ὂ ὃὀ ὂὕ (phenomenon) ἻὕὊὁ. [s] 

Ἰ ὠὉ ἳ Ἵὕὖ ὅὂ ἻὕἻ ὃὕ ὃὕ  Ἧ ὅ  ἱὠὀὉὖ Ἰ  ἻὕὌὕὄ 

ἱὠὀὝὑὍὖὠὉ ἳ ὑὕ Ἳὖ ἱ ὂ ἱὠὀὝὑὍὖ ὑὐὖ Ἳὕ  ὝἽ ὅ 

Ἳ ὀὕὉ ὅ Ἳὖ ὟὋὕ. ἱὂὄὕ ὑὖὠὍ  ὝἻὕ ὂὍὖ (turbulence) Ὀὗ  ὃὖἻὐὕὂ 

ἻὕὌ ὃὗἽὖ Ὀὕ  ἯὠὌὑ ὀ  Ὁ Ἰ  ὑὠἻ ἳὊὝἽὕ ὠὉ (hissing noice) ἳ ὑὕ . 

ὅὀ  34 [s]ἱ  Ὀὕὂὖὕὖ ἯὠὌὑ ὠὑ  Ἧὂ ὀ  Ἰ ὅὖ ὅ Ὁὕὄ ἳὉὖὝὊὕ [a:]ἱ  

Ὀὕὂὖὕὖ ἯὠὌ ὑ ὠὑ  Ἳὕ Ἳὖ Ὃ. 

ὅὀ 34: [a:], [s] ἱὑ Ὃὖ ἯὠὌ ὑ ὑ (Fry 1979: 84) 

 

ἳὉὖ Ἰ Ὁὖ Ὀὗ  ὃὖἻ  ἯὠὈ Ὕὅὕ  ὝὂὕὖἻὖὋ. ἰὄὕ  ἱὠὊ Ἵ ἯὠὌὑ ὑὖ 

ἵ ὂ Ὀὗ  ὃὖἻ  ἯὠὈ Ὕὅὕ  ἱ ὠὌ. Ὗὅ  Ὗὅὕ ὃὖἻ  ἻὕὌ ὃὗ Ἵὖ ὈὕὋὕὂ 
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ἵ Ὄὕ Ἰ Ἳ  Ὕὂὕ ὠὀὂὕ Ἰ  Ὄ . Ὂ ὑὠὍ Ὀὀ ἻὠὍ ὂὖὋ ὑὂὕ 

ἳ ὑὕ Ἳ ὅ  ἯὠὌ (pulse wave) Ἧ ὅὠὀὉὕὄ ἻὕὌὃὗ Ἵὖ ὈὕὋὕὂ ὂ ὠὈὠὉ 

ὂ Ἳὖ Ὃ. ἱ ὅὖ   Ὗὅ Ἵὖ (whispered speech) ἳ Ὅ  Ὗὅὕ Ὕὂὕ ὠὀ 

ἱὠὊ Ἵ ἳ ὑὕ ἻὖὉὕἻ ὝἽὉ ὅὀ ἱὉ . Ὂ ὑὠὍ Ὀὀ Ἳ ὑ  

Ἧὠὀ Ἳ ὅὀὕὈ Ἧὂ  ἹὊ Ἳ  ἱὠὀὟὉ ἳ Ὅ Ἳὕ  ὑὐὖ ἽὖὋὖὂὕ ὅ  

Ἳ ὅ ὀὕ ὠὊ Ὂ  ἱ ὂ ἱὀ ὠὂ Ἧὠὀ  Ἳὕ ὝὋὕ  Ἰ  Ὃὖ ὅὖ ὀ 

ὟὑἻ ὀ ὑ ὂὕ ἱ ὂ ἱὀ ὂὖ ὝἻὕ ὂὍὖ Ἰ ὑὕ Ἳ ὅ. ἯὕὖὝὋὄὕ 

Ἳὕ ὟὌἾἽὖ (arylenid cartilages) Ὂ  ὝἽὉ ὅὕ  ἱὠὀὉὖ Ὅ ἱὀ ὠὂ 

ὑὖ ὑὖ ἯὟὂ ἽὈὉ Ὂ ὑὠὍ Ὀὀ  Ὀὗὂὖ ὅὕἻ ὂὖ ὃὗὍ ὂὖ Ὕὂὕ  ἻὠὌ 

(constriction) ἳ ὑὕ ἻὌὕ. ἱ ὂ Ὕὂὕὐὖ ὅ  Ἳ ὄὈὕὄ Ἧ Ὄ  ὝὈ Ὁ ὅὖ 

ὅὉ ὅ ὂ ὅ. Ἧ Ὄ  ὅὖ Ὀὖ ὑὕὄ Ὀ  ὊἻἽὖὉὈὕὄ ὑὠἻὉὖ Ὂ ὑὠὍ 

Ὀὀ Ἳ ἻὖὠὀὉὖ Ἧὂ  ὃὗ ὑὕ Ἳὖ ἻὌὕὄ ὂὖὋ ἱ ἻὌὕ. 

 Ὗὅ Ἵὖ ἻὕὌὃὗ Ἵὖ ὈὕὋὕὂ Ἰ Ὁὖ Ὄ  ἯὟὂ ἱὀ ὂὖ Ὃὖ ὅὖὀ ὅ ὀ 

ἱὠὊ Ἵ Ὄ ὂὕ ἱὀ  ὝὅὉ Ἳ ὅ. ὟἻ Ἳ Ὁ  Ὗὅ  ὑ  

ὕὖὉ Ὁ. ἱὂ  Ὕὅὕ  ἵ ὄὝὑ Ὃὕ ἱὠὊ Ἵ Ὄ  (noise source) ἻὕὌὃὗ Ἵὖ 

ὈὕὋὕὂ Ἧ Ὄ  Ὂ Ὄ (voice source) ὟὅὕὌ Ὗὅ  ὐ  Ἰ Ἳ ὂὖ 

ὝἽὉ Ἳ ὠὀὉ. ἶὝὄ Ὃὕ ἱ ὂ ὈὕὋ Ὁ Ἰ Ἳ ἻὍὖ ὟὈ ὂὕ Ὗὅ Ἵὖ 

ὕὖ ὂ ὠὈ Ἵὕ ὂὖ Ἳὖ Ὃ.  ἳὉὖὝὊὕ  Ἧὂ  ἱὠὁὉὕὄ Ὂ  ἳὉὖ 

Ἰ Ὁὖ ἯὟὂ ὃὖἻ Ὕὑ ἱὀ ἻὍὖ Ἰ  ὝἽὋὖ ἱ . ἳ ὠὈὉὖ Ἰ ὝἽὋὖ ἻὍὖ 

ὝἽὉ Ἳ (effect of the formants) ἳὉὖὝὊὕ Ἳ ὅ Ὗὅὕ ἵὍὖὂὖ ὟἻ . 

ὝὈ ὝὉὕ Ὁὕὄ [h] ἳ Ἵὕὖ Ἳ ὅ Ὗὅὕ Ὂ  Ὗὅ Ἵὖ Ἰ Ἳ Ἳ ἳ ὂ ὅ  ἯὟὂ 

ὑὐὖὉὖ ἳ ὂ ὅ . heed, hord, hoard, Ὀ  hood ἵ Ὃ ὝἽὕ Ἳ Ἰ Ὕὑὕ Ὃὖ ὂ  

Ἰ  Ὗὑ ὅ ὀ ἱὉ  ἱ Ἳὖ Ὃ. ἶὝὄ Ὃὕ Ὗὅ ὐ Ἰ Ἳ Ἳ 

Ὗὑ ὅ ὀὠὑ. Ἰ Ὕὑὕ  Ὕὂὕὀ ἻὖὋ ἳὉὖὝὊὕ Ὁὖ Ὀὖ ὑὕὄ  ὑὠἻὉὕ . 

Ὗὅ Ἵὖ ἱὠὊ Ἵ ἳ ὑὕ Ἳ ὂὖ ὂὄὖ ὅ ὀ ὑὠἻ ὅὕ. ἰὄὕ  ἵ Ὄὕ 

Ὂ Ὄὕ ὝὈ ὝὉὕ Ἳ  ἱὠὊ Ἵ Ὄ Ἳ  ἳ ὑὕ Ἳ Ὂ Ὗὅ Ὗὑ ἻὖὋ. 

Ὂ ὂὖ ἱὠὊ Ἵ  ἱὠὀὉὖ Ὅ Ὗὑ ὅὕ ὠὀ Ἰ ὉὖὉ  (sound quality) 

Ὗὑ ὅὕὀὕἻ ὃὈ  Ἳὕ  ὠὍ  ἵὍὖὂὖ ὕὖ ὝἻὕ Ἳὖ Ὃὄ. ἱ ὅὖ  ἱ ὂ ἱ  
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ὑ Ἳ  ἱὠὀὟὉ ἳ Ὅ ἵ ὠὌ ὟἻὕ  ὟὈ  ὑ ὅὠὑἻὍὕἻ ἽὖὌ Ἰ ἻὠὍ 

ἳὁὊ ἱὉ . ἵ ὂ ἻὕὌ ὃὗ Ἵὖ ὈὕὋὕὂ Ἳὕ  Ἳ ἻὍὖ ὠὋὉ Ὃ ἽὌὄ ὂὖ  ὑ  

Ἰ  ἵ ὂὑὖὂ ἷὉὟὈὕ ὅ ὅὕ ἻὟὈὕ ἱ Ὃὖ ἱὠὊ ἽὌὕἻ (noice) ὃὈ ὅ Ἳὖ Ὃ. ὃὗὊὕὑὖ 

ὝὑὍὖὟὉ ἹὠἽ ὀ ὀὕὄ Ἵ Ὁὖ Ὕὅὕὕὖ ἹὠἽ  Ὀὗ  ὃὖἻ  

ἯὠὈ Ὕὅὕ Ἳὖ Ὄὕὂ ἯὠὌ ὑ  Ἳὕ Ἳὖ Ὃ. Ἰ ὠὉ Ἰ ὉὖὉ ἻὑὖὉ 

Ἧ ὅὠὀὉὖ ἰ ὂὕ Ἧὠὑ ὃὖἻ Ὕὑ ὁὖ ὅὊ ὂ ὅὊ ὝὅὠὌὉὖ ἰ Ἳ ὅ ὀὂὕ 

ὝὂὕὖἻὖ Ὃ. ἯὠὑὝὉ Ὄὕ ἶὋ ὠὋὉ ἸὟὊ  ἳὠὀὉὠὑ. Ὀὖ ὄ  ἻὠὍ 

(electrinice circuits) ὅὉ ὅ ὂὖ ἵ Ὄὕ ὃὖἻ Ὕὑ  Ἧὀ  (20Hz ὂ  20000 Hz 

ὑὠὊὉὖὌὕὄ) ἱὠὊ ἽἻὠὍ ἳ ὑὕ Ἳ ἱὉ . ἱ ὈὕὂὖὕὖὉὕὄ ἹὠἽ Ὕὑ ὠὍ ἹὠἽ (white 

noise) ἵὄ ὅ . Ἰ  ἻὌὕὄ ἱὠὀὝὑὍὖ ὑὐὖ Ὀὖ ὂ ὟὑἻ ὀ Ἳὕ ὠὋ 

ὝἽ ὑὂὕ ἳ ὑὕ Ἳ ὅ ὝἻὕ ὂὍὖ Ὕὑ ὠὍ ἹὠἽὉὖ Ὕὅὕ ὑὕὄ ἱὉ Ὅ 

Ἰ ὠὉ ἳ ὑὕ . Ἳὕ  ἱὠὊ ἽὌὕἻ ἯὋὖ  ὝἻὕ  ἹὠἽἻὍὖ ἱὊ ὀὕὑ ὑ  

ἱ ἻὖὋ. Ὂ Ἳ ἽὗὊὕὄ Ὀὗ  ὃὖἻ  ἯὠὌὑ ὑὕ ὅ ὅὕ Ἳ ὝἽ Ὁ ὅ Ὅὄ. 

Ἳὕ  ἽὖὋὖ ὟὃὊὟὈ ἱ  ὂὄὖὉὕὄ ἱὠὀ ἽὌὕ (single disturbance) ὂὕ Ἳ ὅ ὀὕ 

Ὀ  Ὀὗ  ὃὖἻὐὕὑὖ ὀὕ, ἱ  ἱὠὊ ἽὌὕἻ  (noise) ὟἻ . 

ἱὠὊ ἽἻ  (noises) Ὕὑ  ὝὈ ὝὉὕ ἻὍὖ ὃὖἻ  ὂὄὖὉὕὄ ἱὠὀ Ἵ  (simple 

disturbance) Ἧ Ὄ  Ὀὕ  ὑὠἻ (transient type) ἱὑ ὠὋ  ἳὊὝἽὕ Ἳ (fricatives) 

Ὀ  Ἧὠὀ  ἳὊὝἽὕ Ἳ (affrictes) ἱὑ Ὃὖ ὃὖἻ  ὃὗ ὀ ὟὃὊ ὃὗ  ὃὖ  

ἯὠὌὠὉ  ἳ Ὅὀ . ἱὠὑὟὉ Ὄὕ Ὗὅ ὐ ἶὂὕὑ Ἰ  Ὅὖ ἱὀ ὂὖ 

ἱὠὊ Ἵ  Ὄ ὠὂ (noise source) ἳ ὑὕ Ἳ Ὗὑ . Ὗὅ Ἵὖ ἻὕὌὃὗ Ἵὖ ὈὕὋὕ Ἰ ἻὍὖ 

Ὄ  ἵ Ὕὅὕ  Ὕὂὕ ὠὀὉὖ ἱ ; ἰὄὕ  ἱ ὂ ἱὀ Ἳ  Ἰ ὉὖὉ 

Ἧ ὅὠὀὉὖ Ἰ  ὅὖὋ Ὀὖὀ ἵ  Ὃὖ ὅὖὀ ὅ. ἱ ὅ ὉὕἻ [p,b] ἵ ὅὠὑἻ  

ἱὠὊ Ἵ (noise) ἱὂ ἻὍὖ (lips) ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ. [f,v] ἵ ὅὠὑἻ  Ἳὗὐὖὂ 

(lower lip) ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ. [(q,f]ἵ ὅὠὑἻ  ὟὈ  ὅ  (upper teeth) 

ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ. [t,d] ἵ ὅὠὑἻ  Ἧ ὅ  (teeth ridge) 

ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ. [s,z] ἵ ὅὠὑἻ  Ἧ ὅ  ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ. [ɇ,ɖ] 

ἵ ὅὠὑἻ  ἱὠὊ Ἵ ἳ ὑὕ Ἳὖ ἽὖὋὖ ὂ  ὅὖὅὕἻ ἱ Ἳὖ Ὃ. [k,g] 
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ἵ ὅὠὑἻ  ἱὠὊ Ἵ ὝὈ  Ἧ ὁὂὖ ἳ ὑὕἻ ὅἻὖ Ὃ; Ὀ  [h] Ὀ  

Ὕὂὕ ὠὀὉὖ ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ. 

 Ἰ  ὝὈ ὝὉὕ ὊὝὌὕ (voiced) ἵ Ὃὕ ὝὂὕὠὀὉὖ ἳ Ὅ Ὂ ἳ ὑὕ Ἳὖ 

(tone genetator) ἯὟὂ ὟὃὊ ὂὖ Ὗὅ ὐ Ὗὑ  ἱὀ ὂὖ ἹὠἽ ἳ ὑὕ ἻὖὉὕἻ (noise 

genetator) ὝἽὉ ὅ ἻὖὋ ἵ  Ἧ ὂ. ἳ ὠὈὉὖ Ἰ  ἱὊ  Ὄ Ἳ  

ἱ Ἳὖ Ὃὄ. ἵ Ἳὕ ὀὕἻ, [z] ἵ Ὃ Ἰ  ἱ  ἳὉὖ Ἳ ἻὖὠὀὟὉ (intervocalic position) 

ἳ Ἵὕὖ Ἳ ὅ Ὗὅὕ Ὕὂὕ ὠὀὉὖ ἻὕὌ ὃὗ Ἵὖ ὈὕὋὕ Ἰ  ἳ ὑὕ ἻὖὉὖ (periodic sound 

generator) ὝἽὉ ὅὕ ὠὀ Ἧ ὅ  (alveolar ridge) ἹὠἽ ἳ ὑὕ ἻὖὉὖ 

ὝἽὉ ὅὕ ὠὀ Ὗὑ Ἳὖ Ὃ. ἱ ὈὕὂὖὕὖὉὕὄ Ἰ Ἳ  ἵ Ὄὕ Ὂ (tone) Ὀ  ἱὠὊ Ἵ 

ἵ ὅὂ  ἻὌὠὑ ἰ . Ἧὑ Ὃὖ ἯὠὌὑ  ἱὠὊ Ἵ  (noise component) ἻὕὊὁὈὕἻ 

Ὀὗ  ὃὖἻ  ἯὠὈ Ὕὅὕ  (repeating patterns) Ἧ Ὄ. ἱ ὅὖ  ἻὕὌὃὗ Ἵὖ ὈὕὋὕ 

ἯὍ  (degree of periodicity) ὝὂὕὖἻὖ Ὃ. ἱ ὂ ὁὌ Ἳ  (elements) ἱ ὂ Ἰ ἻὍὖ 

ἱὠἽὠὈὉὖ Ὗὑ ὅὕ ὠὀ ὟἻ Ἳ ἱὉὌ ὝἽ Ἳὖ Ὃ.  

2.8.1. ἹὠἽ ὑ Ἳ ὉὕἻ Ὗὅ ὐ (the vocal tract as noise filter) 

 Ὗὅ (whispered speech) ἵ Ἳὕ  Ὗὅ ὐὕὉὖ 

Ἰ ἻὖἻ Ἧὠὑ Ὕὂὕ ὠὀὉὖ ὂὕὄ ἻὕὌὃὗ Ἵὖ ὈὕὋὕὂ Ἰ  ὟὈ  ὝἽ ὑ ὟὅὕὌ 

ἱὠὊ Ἵ ὟὈ  ἱὉ ἻὟὑ  ἵ ὅ  ὝὂὕὖἻὖ Ὃ. ἵὄὟὑ Ὗὅ  ὐ  

ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ ἵ ὂ ἱὠὊ Ἵ  Ἧ  Ὗὅ ὅὑὕὖ ὑὕὉὖ  ὝὑὍὖὑ ὟὃὊ ὂὖ 

ὈὖἻ ὂὌὕὄ Ὀὕ Ὃ ὂὖ ἳ Ὅ Ἳ ὅ. Ἰ Ἳ Ἰ ὠὋ (resonating system) 

ὑ ὈὕἻ ὝἽὉ ὅ; Ἧὂὕὑ Ἧ  Ἰ ὋὖὉὖ (signal) Ἳὖ Ὃ Ἰ Ἳ Ἳ 

Ὗὅ ὐ  ὃὗὍ ὂὖ ἱὉ ὅὕὄ ὅ ἻὍὖ (disposition) ὑὖὠὍὑὕ (effect). ἵ ὂ 

ἱὀ ὂὖ ἱὠὊ Ἵ ἳ ὑὕ Ἳὖ (noise genetator) ἱ ὂὕ  Ἧ  ἳ ὠὈὉὕ . 

Ἳὂὖ  (constriction) ὄ  ὅὖ ὄ  ἱ  Ὗὅ ὐ ὅ ὂὖ 

Ἰ ὠὋὉὕ ἱὠὊ Ἵ ἵ ὅ Ὀὕ Ὃ ὅ ἵ ὅὠὂ ὂὗ Ὀὕὄὖ ὅὂὖ Ἧὑ Ὃὖ 

ὅ ὠἻ ὝἽ Ἳὖ Ὃ.  

 ἳ ὑὕ Ἳ ὅ ἱὠὊ Ἵ Ἧ ὅὠὀὉὖ Ὕὑ ὠὍ ἹὠἽ ὑὠἻὉὕἻ (white noise 

type) ἱ ὂὕ Ὗὅ ὐὕὉὖ Ἳὕὁ ὂ Ἳ ὑὖὠὍ ἽὖὌ Ὃὖ ὅὖ ὀ ὃὖἻὝὑ  
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ὅ ὠὀἻὍὖ (frequency bands) Ὀὗὂὕὄ ἱὠὊ Ἵ Ἵ ὂὖὉὖ (noise energy) Ἵὖ  ὈὖἻ 

ὂὌὕὄ ὠὋ ὅὕ (reduction). ἱὂ  ἻὕὊὁὈὕἻ ἵ  ἱὠὊ Ἵ Ἳ ὂ ὅ Ἳὖ ὋὟὂὕ 

Ἧ  Ὗὅ ὐ ἱ  ὑὖὠὍὠὑ (filtering effect) ὅ Ὃὖ Ὗὅ ὑ Ὕὅὕ ὑὕὄὑὕ. 

ὑ Ἳ ὠὀ ἵ Ὃ Ἳ  (concept) Ἰ ἻὖὉὖ Ἰ  Ὗὃὕ Ἳ ὂὖ ἰ Ἳ ὅ ὀὂὕ.  

 Ὗὅ ὐὕὉὖ ἱὠὊ Ἵ ἳ ὑὕ ἻὖὉὖ (noise genetator) ἱ ὅὖὀ Ἳ ὂὖ 

(constriction) ὅὖ   ὑ  Ὗὅ  ὐὕὉὖ ὅ ὂὖἻὍὖ ὅὕὖὈὕὁ ἻὠὍ 

ὅὕὂὖ Ἳὖ Ὃ. ἱ  Ἰ Ἳ ὠὂ ὃὖ ὁὉὖ Ἳὖ Ὃ. ἵὄὟὑ Ὗὅ  ὐὕὉὖ ὂ ὅ ὀ 

ὑ Ἳ ὂ ὑὖὠὍὠὑ (filtering effect) ὃὖ ὁὉὖ Ἳὖ Ὃ. Ἧ ὅ  Ἰ ὅὖὀ (alveolar point of 

articulation) Ὗὅ ὐὠὌ ὈὖἻ ὠὀὉὕὄ  ὅ ὂὖὉὕἻ ὈὖἻ ὃὗὍὈὕὄ ὅὖ 

ὅ ὂὖὉὕἻ ὅὖὕὖ. Ἳὠὀ Ἧ ὁ  Ἰ ὅὖὀ Ὗὅ  ὐὠὌ Ἳὖ ὀ ὂ ὀ ἸὟὊ ὃὗὍὈὕὄ 

ἱὊ  ὅ ὂὖἻὍὕἻ ὅὖὕὖ. ἱ  ὑὖὠὍ (filering effect) ὝὅὥὂὖἻ Ἧ ὅὠὀὉὖ 

ὈὖἻ ἻὌὠὑ ὂ ὠὈὉὕὄ (physically very complex); ὟὈ  Ὗὅ  ὐ  ἱ  

ὅὕἻ ἻὍὖ ὃὗὍ ἻὠὍ Ἳ ὂὖ Ὕὑ  ὅὊ ὠὅ  (cross-sectional area) 

Ἳὕ ὝὋὕ Ἳὖ (air flow) ὟὑἻ ὠὂ (rate) Ὕὅὕ  ὑ Ἳ  ὑὖὠὍ ἯὠὈ . 

ἵ Ἳὕ ὀὕἻ [s], [ɇ] ἵ Ὃ Ἰ Ἳ  ἱὠὀὉὖὌὕὄ ὑ Ἳ  Ὗὑ ὅὕ Ἳ  (filtering 

differences) ὟὈ ὝἽὕ ὄ ἻὕὊὁὖἻ ἻὕὊὁὈὕ. [s] ἵ ὅὂὖ ἱὠὊἽ ὑ Ἳ ὀὅ ὑὂὕ 

4000 Hz ἱ  ὟὈ ὅ ἻὖὋ Ἳ ὂὕ ὝἽὕ Ὄ ὂ Ἳ Ἵ ὂὖ ἱ ἻὖὋ. [ɇ] ἵ ὅὂὖ 

ἱὠὊ Ἵ ὑ Ἳ ὀὅ ὑὂὕ 1800 Hz-ἱ  ὟὈ ὅ ἻὖὋ Ἳ ὂὕ 

ἯἻὌ ὅ ὠὀὉὖ (wide babd) ὟὈ  Ἵ ὂὖ ἱ .  

Ὕὑ Ὕὅὕ Ἳ  (phosive consonant sound) Ἳὕ  Ἧ ὂ ὂὖ ὃὗ Ἳ (release of 

air pressure) ἱὠὊ Ἵ  ὈὖἻ ἽὖὋὖὉ Ὕὑ ὠὅ ὑὖὠὍὑὖ . ὟὈ  ἱ  Ὗὅ  ὐ  

ὑ Ἳ Ὁὕ ὑ ὑὠὈ Ἳ ὅ. [t,d] ἵ ὅὑ Ὃὖ ὃὕ ὟἻ ἻὖὋ ἹὠἽ Ὕὑ  Ὗὅ  

ὐὕὉὖ ὠὀὉὕὄ ὅὕἻ ὂὕ ὂὌὕἻ ἴ Ἳ ὅ ὂ ὅ. ἱ  4000 Hz ἳ Ἵ 

ὃὖἻ Ὕὑ (high frequency region) ἱὀ ὂὖ ἱ . [k,g] ἵ ὅὄὑ Ὃὖ ἹὠἽ 1800-2000 

Hz ὃ  ὃὖἻ Ὕὑ ἱὀ ὂὖ ἱ . 

 

http://www.languageinindia.com/


99 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

2.9. Ἰ ὉὖὉ ἻὑὖὉ: Ἰ  ὃὖὋὈὕὠὌὑὠὊὑὖ (Acoustic analysis: the sound spectrograph) 

 ὃ  Ἳὕ ἻὠὍ Ἧὠὀ  Ἰ Ὁὖ ἵὍὖὠὈὉὕὄ Ἵὕ ὂὖὉὈὕὄ ὑὖὍ Ἳ Ἰ  ἯὠὌὉὖ 

ὑὐὖὉὖ ὃὖ  Ἳὕ Ἳ ἻὍὖ ἱὉ Ἳ ὂὖ (ἽὌὄ ὂὖ) ὠἽ  ὅὂὖ ὝἽ ὑὂὕ 

Ἳὖὠὀ . ἱὉ ἻὈὕὄ ὂὖὠἽὉὖ ὅὉὁὖ ὂ Ὂ ὂὖ ἻὕὌ ὀ Ὕὂὕὀ ἽὖὉὕἻ 

Ὀὕ Ἳὖ Ὃ. ἱ ὂ Ὗὑ ὅὕ ἻὍὖ ὑὠὊὅὀ Ἰ Ὁὖ ἯὠὌὑ ὑὕ . ἱ ὈὕὂὖὕὖὉὕὄ 

ὑὠὊὅὀ ὂὖ ἻὕὌ Ὀ  ἱὀ ὝὅὉ Ἵὖ ἱὑ Ὃὖ ὅὕὖὈὕὁ Ἳ Ὀ  

ἳ ὅ ὂ ὅἻὖ Ὃ. ἰὄὕ  ὃὕ ἱὉ Ἳ ὂὖ ὂὖὠἽὉὖ ὂὠὌἻὗ Ὀὕ Ὃ Ἳ  

ἱὠὀὟὉ ἳ Ὅ ἻὕὌ ἱὠὀὟὑὠὍὠὉὟὉὕ ἱὉ Ἳ ὂὖ ἻὌὠὑ ἯὠὈ Ὕὅὕ Ἳὖ ὂὖ ὅ 

ὃὖἻ ὅὠὑἻ ἱὠὀὟὉ ἳ Ὅ ἻὕὌ ἱὠὀὟὑὠὍὠὉὟὉὕ ὃὕ Ἳὑὄὖ  Ὃὖ ὂὕ ὃὕ 

ὃὖἻ Ὕὑ ὁὖ ὅὕὖὈὕὁ ὠὂ ἯὋὖ Ἳ ὝἽ ὉὌὕ. ἵ ὂ ἻὌὠὑ ἯὠὌ  Ὕὅὕ ὂὈὕὄ  

ὃὖἻ Ὕὑ  ὃὖὠὌ (phase) ἳ Ὅ ὠἽ  ἯὠὌἻὍὖ ὀὕ ἳ ὑὕ ἻὌὕ. ἵ ὂ Ἰ  

ἯὠὌὉὖ ὑὠἻὉὖ ὅὉ ὅὀ Ὁ ὑὖὍ Ἳ ὠἽ  ἯὠὌἻὍὖ ἻὍὖ 

ὃὖἻ Ὕὑ ὠὁ ὠἽ  Ὃὖ ὅὖ ὑὂὕ. ἱ ὂ ὝἽ ὂὖὠὉ Ὕὂὕὖ ὝἻὕ Ὅ ἳὂ  

ὝἽὉ ὅὕ Ἰ ὉὖὉ ἻὑὖὉ ἰ  (acoustic analysis) Ἧ Ὄ  ὃὖἻ Ὕὑ ἰ  (frequency 

analysis) ἵὄ ὅ . ἱ ὂ ἰ Ἳ  Ἰ ὃὖὋὈὕὠὌὑὠὊὑὖἻ  ὅὉ ὅ ὂ ὅ Ἳὖ Ὃὄ. 

2.9.1 Ἰ Ὁὖ Ἳ ὠὈ (sound intensity) 

 ὑὖὠἽ Ἧ Ὄ  Ἵ ὂὖὉὖ ὑὖὄὖὟὉὕἻ ἱ ὌὕὈ ἵ ὂ Ἧὂὖ  ἱὉ ἻὟὈὕ Ἧὂ  

ἻὕὊὁὈὕὄ Ἰ ὟὉὕ Ἵὕ ὂὖὉ ἱ ὠὌ. Ἰ  Ἰ ὠὋ  ὑὖὄὖὟὉὕἻὖ Ἳ ὅ ὑὖὠἽὉὖ 

ὝὈὕ ὂ ἯὍ  (total amount of force) Ἰ ὠὋὉὖ Ἧὂὖ  ἱὉ Ἳ ὂὖ Ἧ Ὄ  

Ἰ ὉὠὌὠὉ ἳ ὑὕ  Ἳὕ  Ἳ ἻὍὖ ἱὉ Ἳ ὂὖ ὅὉ ὅ ὂ Ἧ Ὄ  

ὑὖὊὉὈὕἻ ἵ ὑὍ  Ἵ ὂὖ ἱ ἻὖὋ ἵ ὅὠὂ ὂὗ Ὀὕὄὖ Ἳὖ Ὃ. ἵὄὟὑ ὃὕ Ἰ Ὁὖ 

ὅὌ ὠὂ Ἵὖ (amplitude) ὂὕ  Ὃὖ ὅὖὀ Ὗὑ  ἱ ἻὖὋ. ὟὈ  Ἰ Ὁὖ ἳὊ  

(loudness) ὠἽ Ὕὅὕ  ἯὠὈἻὖ Ὃ. ἵὄὟὑ ὃὕ Ἰ Ὁὖ ἳὊ  Ἰ Ὁὖ Ὅ  

Ἵ ὂὖ ὀ ὂ  Ἧ ὠὈὉὖ Ὕὂὕὀ ὠὀὉ ἵὄ  ὋὌὕ. ἱὂὖ  ὂ   

ἳ Ὅ Ἧὂὖ Ἳ  ὠὋ ὂ  Ἧὂὖ ἻὠὍ Ἳὕ  ὂ  Ἵ ὂὖ Ὗὂὠὑ ὅ  

ἵ  ὕὖ ὝἻὕ ὍὌὕ. ἸὟὊ  ἳ Ὅ ἰὄὕ  Ἰ  Ὀ Ὃὠὂ ὑὖὀ ὂ  

ὃὖἻὝὑ  ἳ Ὅ ἱ  Ἰ  ἯὠὌἻ  ἱ ὂὕ ὂ  ὃὖἻὝὑ  ἳ Ὅ Ἰ  ἯὠὌ  

ὠὋ ὂ ὃὖἻ Ὕὑ ἳ Ὅ Ἰ  ἯὠὌὠὉ  Ἳὕ  ὂ  Ἵ ὂὖ Ὗὂὠὑ ὅ  

ἵ ὅὠὂ  ἳὁ  ὝἻὕ ὍὌὕ; ἶὝὄ Ὃὕ  ὅὖ Ὀὕὄ ἱὉ Ἳ Ἧ Ἳ 

ὃὖἻ Ἳὖ Ὃ. ἱὠἽὠὈὉὖ Ἰ  ἰ Ὗὀ  Ὗὑ ὅὕ ἱ ὂὕ  ὅὖ Ὀὕὄ ἱὉ Ἳ 
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ἱὊ  Ὀὀ  ὂ  ὂὀὠὑ ὃὖἻ. Ἰ Ἳ  ἸὟὊ  ἳὠὀὉὂὕ ἱ ὂὕ  

ἱὊ ὀὕὑὂὖ ὂ  ὃὖἻ Ὕὑ ἳ Ὅ Ἰ  ἳὊ ὅὕἻ (louder) ἱ . ἵὄὟὑ ἳὊ  

Ἰ Ὁ Ὅ Ἵ ὂὖὠὉ Ὕὅὕ  ἯὠὈἻὖ Ὃ; ὟὈ  ἱ  ὀ  ὃὖἻ Ὕὑ ὀ  

ὑὖἻὖὂ Ὕὂὕὀ ὠὀὉ. ἱ ὂ ἱὊ ὠὀ  ὑὖὍ /Ἳὁὖ  Ἰ  ἯὍ  

Ὗὂὠὑ ὅ Ἳὖ Ὃ. ἱὂ  Ἰ Ἳ ὠὈ (sound intensity) ἵ Ὃ ὝἽὕ ὠὌ ὅὉ ὅ ὂὌὕ. 

Ἰ ὑἽ Ἳ ὠὈ  Ὀ ὑἽ ὃὖἻ Ὕὑ   ἱ ὠἻὉὖ ἱὊ  

ἱὠὀὉὖ Ὅ ἳὋ  ὑ  ἵὍὖὉὂ Ὄ; ἶὝὄ Ὃὕ Ἳ ὠὈ ὃὖἻ Ὕὑ ὁὖ ἱ  

Ὀὀ ὀ  (square of the amplitude) Ἵὖ ἱ  Ὀὀ ὀ  ὑὖἻὖὂ Ὕὂὕὀ ὠὀὉ. 

ἱὂ  Ἧ ὂ ἵ ὄὝὑ Ὃὕ 100 Hz ὃὖἻ Ὕὑ ἳ Ὅ Ἰ  ὃ Ὀὖὀ ἱ ὂὕ Ὀ  

ὃὕ ὠἽ ἱὊ  Ὀὀ  ἰ Ἳὖὄὕ Ἳ ὠὈ ὃὕ  Ὀὀ  ὂὌὕἻ ἱ . ὃὕ 

ὠἽ  Ὀὀ  ἯὂὖἻὕὖ ὂὕ Ἳ ὠὈ Ἰ ὅ  Ὀὀ  ἯὂὖἻὕὖ. ἸὟὊ  ἳ Ὅ 

Ἰ Ἳ  ἱ ὂὕ Ἳ ὠὈ ὃὖἻ Ὕὑ ὁὖ ἱὊ  Ὀὀ  (square of the intensity) ἵ Ὃ 

ὑὖἻὖὂ ὂὖ Ὗὑ ὅ ; ὟὈ  200 Hz ὊὈὕὄ  100 Hz Ὂ ὠὂ Ἳὕ  ὅὂὖὄὕ Ὀὀ  

Ἳ ὠὈ ἳὠὀὉὂὕ ἱ . ὃὕ Ὗὅ Ἵὖ ἵὂὖ ὝἻὕ ἻὖὋ (ὑὖὍ ἻὖὋ) ἵ Ὄὕ Ἰ Ἳ  

ἻὌὠὑ ὂ ὠὈὉὕὄ Ἰ Ἳ  ἵὄὟὑ Ἧὑ Ὃὖ Ἳ ὠὈ ἵ ὂ ἻὍὖ ὀὟὄὕ 

ὃὖἻ Ὕὑ ὀὟὄὕ ἵὍὖὉ ἳὋ  ὝἻὕ Ἳὕ. Ἰ  Ἳ ὠὈὠὉ ἯὍ ὅὂ  

Ὀὖ ὄ  Ἳ ὑὖἻ ἱ Ἳὖ Ὃὄ. ἱὊ  Ὗὑ ὅ ὀ Ἰ ἻὍὖ Ἳ ὠὈἻὠὍ Ἰ ὅὖ ὑ 

ὑὖ ὅ ὂ Ἳὂὕ. ἱὂ ἻὕἻ ὅὉ ὅ ὂ ὅ ἯὌ  ὝὀἽὖὅ ἵ ὅὂὕ . 

2.9.2 ὝὀἽὖὅ 

  ὝὀἽὖὅ ὅ ὋὖὉ ἱὊ  ἳ ὠὈἻὠὍ  Ἳὑὄ ὂὖ ὝἻὕ Ὅ Ὗὑ   ἱ  ἱὊ  

ἯὍ Ἳ  ἱὠὀὟὉ ἳ Ὅ ἳὋ ἻὠὍ ὝὑὍὖ ὅ Ἳὖ Ὃ. Ἧὂὕὑ Ἧὑ Ὃὖ 

ὑὖἻὖὂ ὠὂ ὝὑὍὖ ὅ Ἳὖ Ὃ. ἱ  Ἰ  ὌὕἻὖὊὂὈὖ ἯὌ  (logarithmic unit); Ἧὂὕὑ ἱ ὂ 

ὑὖἻὖὂ Ἰ  ἯὍ  Ὀ Ὃὠὂ ὑὖὀ ὃὕ  Ὀὀ  ἱ ἻὖὋ ἵ  Ὃὖ ἵὍὖὂὕἻ 

ὝὑὍὖ ὅ ὂὕὈ ἱ ὂ ὑὖἻὖὂ ὌὕἻὖὊὂὈὖ ὑὖἻὖὂ ὂὕ  ὂὊὅ Ἳὖ Ὃ. 

  Ἰ ἻὠὍ ὝὀἽὖὝὅ ἯὍ ὅὂ Ὗὃὕ Ἳ ἵ ὄὝὑ Ὃὕ ἱ  Ἳ ὠὈἻὠὍ 

Ἰ ὅὖὀὅὉ ὅ ἻὖὋ; ὑὖὠὀὠὉ ὑὖἻὖὂ ὂὖ ὂ Ἳὖ Ὃ. Ἧ ὅὠὀὉὖ ὃὕ ὂ  Ἰ Ὁὖ 

Ἳ ὠὈὠὉ ἯὍ Ἳ Ὗὑ . ἱὠὂ 11 ἵ  Ὃὖ ὅὖὀ Ὗὑ . ὅὖ ὄ ἱὊ ὀὕ 

Ἰ Ὁὖ Ἳ ὠὈὠὉ ἯὍ Ἳ Ὗὑ . Ἧὠὂ 12 ἵ  Ὃὖ ὅὖὀ Ὗὑ . Ἳ ὠὈὠὉ 

ἶὂὕὑ ὑἽὂὖὉὕὄ ἯὌἻὕ ἯὍ Ἳ Ὗὑ . ἵ Ἳὕ ὀὕἻ ὑὕ ὀὕ ἯὍ ἻὌὕ; 

ἰὄὕ  Ἰ ὅὂ  ὅὉ ὅ ὂ ὅ Ἵ ὂὖ ὈὖἻ ὠὋὑὕὄ. ἵὄὟὑ Ἧ  Ἰ Ὁὖ 
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Ἳ ὠὈὠὉ ἯὍ Ἳ Ὕὅὕ ὂὈὕὄὂ Ὄ. ἵὄὟὑ ὌὕἻὕὖὂὈὖ ἱὉ Ὅ ὝὀἽὖὝὅ 

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. Ἳὕ  Ἧὂ ὀ  Ὕὂὕὀ Ὅ ὃὊ  ὃὕ ἻὍὖ Ἰ ὠὋ  

Ἰ  ἯὠὌἻὍὖ Ἳὕὁ ὅ  Ἵ ὂὖὉὖ ὈὖἻ ὠὋ ὂ ὃὖὠὌἻὠὍ ὠἻὉὕὍ Ὗὑ  

ὑ ὑὠὈ Ἳ ὅ Ὅ. ἽὊὕἽὕὖ Ἳὕ  Ἳ ὅὖ Ἳ ἱὉ  ὉὈὕὄ Ἰ ὠὉ 10-16 

ὑὕ ἻὠὍ  (0.0000000000000001 ὑὕ ἻὠὍ) ὅὉ ὅ ὂὖ ἳ ὑὕ ἻὌὕ. ἳὉ ὂ 

ὃὖὠὌ Ἰ  Ἵ ὂὖ Ἳὕ  ὑὖὄὖὟὉὕἻὖ Ἳ ὅ ὀὕ Ἧ  ὟἻ Ἳ ἱὉὌὕὂ ἰὄὕ  ὑ ὂ Ἳὖ Ὃ 

ἳὁ ὠὑ ἳ ὑὕ . ἱ ὂ ὃὖὠὌ ἶὋ ὠὋὉ 10-4 ὑὕ ἻὠὍ (0.0001ὑὕ ἻὠὍ) 

ὅὉ ὅ ὂὖ ἯὠὀὉ ὅ .  

 Ἰ ὉὖὉ ἻὑὖὉ ὝἽὉ ὅὕ  ἱ ὂ ὈὖἻ ὝὅὕὖὉ ἵ ἻὍὖ ὝἽ ὑὕ 

ὝὀἽὖὝὅ  ἱὊ ὀὕ ὅ Ὃὖ Ἧ ὅὠὀ ἻὕὊὁὈὕ; Ἧὂὕὑ Ἧὂ  

ὌὕἻὖὊὂ Ἵὕ ἱὉ . ἵ ὂ ἵ ὠὁ  10ἱ  Ὀὀ Ἳὕ ὝὑὍὖ ὅ ὂὌὕ. 100 ἵ ὅ  102 

ἰ . 1000 ἵ ὅ  103 ἰ . 1000000 ἵ ὅ  106 ἰ . Ἰ Ὕὑὕ Ὗὃ ὑὖ ἱ ὅ  

ὝὑὍὖ ὅ ὂὖ ὝἻὕ Ὗὀ ὝἽ ὌὌὕ. ὌὕἻὖὊὂ Ὀὀ Ἳὖ ὂὠὌἻὗ ὝἽὉ ὅὕὀὕ. 

Ἰ Ὕὑὕ Ὗὃ ὑὖ Ἧ ὀὑὠὁ ὌὕἻὖὊὂ ἵ  Ἧ  10 ἵὄ  ὂ Ἳὖ Ὃ. ἱὠὂ ὃὕ 

ὌὕἻὖὊὂὈὖ ὝὑὍὖ ὅὕ ὅὖ ὑ Ὀὕ ὋὌὕ. 

 Log10 100   =  2  Ἧὂὕὑ  log  100 = 2.0 

 Log10 1000  = 3  Ἧὂὕὑ  log  1000 = 3.0 

 Log10 1000000 = 6 Ἧὂὕὑ   log  1000000 = 6.0 

10ἱ  ἽὕὖὉὕὄ Ὀὀ ἻὍὕἻ ἱ Ὄὕὂ ἵ ἻὍὖ ὌὕἻὕὖὂ ἻὠὍ ὌὕἻὖὊὂ-Ἧ ὀὑὠὁὉὖ 

ὅὕ  Ὕὂὕὖ ὝἻὕ ὍὌὕ. ἵ Ἳὕ ὀὕἻ 10ἱ  Ὀὀ ἻὕἻ ὝὑὍὖ ὅ ὂ ὅ ἵ  

2 = 100.3 Ὀ  log 2 = 0.3 ἰ ; ἱ  ὟὅὕὌ  log  4 = 0.6, log  8 = 0.9, log 20 = 1.3. ἱ ὂ 

ὠὋ ἰὊ ὅ ὂὖ Ἰ  Ἳ ὠὈἻὍὖ ὑὖἻὖὂ ὠὂ ὝὑὍὖ ὅ ὂ ὅὉ ὅ ὂὖὉὟὅὕ 

ἶ ὝἻὕ ὀ ἯὌ  10:1 ἵ Ὃ Ἰ Ἳ ὠὈ ὑὖἻὖὂ ὂὖ ὌὕἻὕὖὂ ἰ . ἱ ὂ ἯὌ  

Ὕὀ Ὗὅὕ Ἳ ὅὖ ὂ ἯὌ Ἵὕ ὀ Ὕὅ  Ἧὑ ἻὍὖ ὃὖὠὄὑὕἻ Ὕὅ  (bel) ἵὄ 

Ἧὠὐ Ἳ ὅ ὀ. ἱ ὂ ἯὌ  ὈὖἻ ὝὅὕὖὉ ἯὌἻὕἻ ἱ ὂὂ ἻὕὊὁὈὕἻ Ὕὅ  1/10  

ἽὈὈὕὄ ὝὀἽὖὝὅ (decibel) ἵ Ὃ ἯὌἻὕ ἱὀ ὝὅὉ Ἳ ὅ ὀ. ἱ  Ἰ ἻὍὖ 

Ἳ ὠὈὠὉ Ἰ ὅὖὀ Ὗὑ  11/12 ἵ Ὃ ὑὖἻὖὂ ὠὂ Ἳὕὁ ἱὊ  Ἰ ἻὍὖ Ἳ ὠὈὠὉ 
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ἯὍ Ἳ Ὗὑ . ἱ ὂ ἱ  Ἰ ἻὍὖ Ὗὑ ὅὕ ὅὖ ὑ  ὑὕ ὅὕ /ὅὕ Ὄὕ  

ἽὈὈὕ . 

 10x log 11/12 ὝὀἽὖὝὅ (decibel =dB) 

ἱ ὂ ὑὕ ὅὕ ὠὀ/ὅὕ Ὄὕὠὑ ὅὉ ὅ ὂὖ Ἰ  Ἰ Ὁὖ  100 Ὀὀ  ὂ  

Ἳ ὠὈὉὕὄ ἱ  Ἰ ἻὍὖ Ἳ ὠὈὠὉ ὅὖ ὑ Ὀὕ Ἰ ὅὖ  Ἳὁ ἻὖὀὌὕ. 

  11/12  =100 

  Log 100=2.0 

  10x 2.0=20dB 

 ὝὀἽὖὅ ἯὍὠὑ ὅὉ ὅ ὑὂὖ Ὗὑ  Ἰ  ἻὕὊὁ  ἱ Ἳὖ Ὃ. 

Ἰ ἻὠὍ ὅ Ὃὖ ἰ ὠἻὉὖ ὌὕἻὕὖὂὈὖ ἯὌ Ἳ  Ἰ Ἳ ὠὈὉὖ ἯὂὖἻὕὖ ὅὕ ὑὖὠὍ  

Ἰ  ἳὊ ὅὖ (londness) Ὀὕ Ὃ ὂὖ ὈὖἻ Ἧ ὠὈ ὅ  ὃὖ Ἳὖ Ὃὄ; Ἧὂὕὑ ὃὖὊ ὂὊ 

ἯὍ  ἳὊ ὠὅ ὑὂ  Ὗὑ  Ἰ  ὃὖ ὂὊ ἻὕὊὁὖὠὉ ὝἻὕ  Ἳ ὠὈὠὉ 

Ὕὅ ἻὟὑ ; ἱ  Ἰ  ὂὊ ὅ ὀ ἱὠἽὠὈ ἱὠὀὟὑὠὍὠὉ ὟἽ ὅὂ ἻὕἻ ὃὕ 

ὃὖἻ Ὕὑ ὠὁ Ὕὅ Ἳ Ὗὑ Ὁὠὂ Ἰ . ἵ Ἳὕ ὀὕἻ, ὃὕ Ἳ ὠὈἻ 20 dB 

ἵ ὅὂὕ Ὗὑ ὅ  A, B ἵ Ὃ Ἰ ἻὠὍ ὟἻ ὀὕ, ἳὊ ὅὕὄ Ἰ Ὁὕὄ B-  Ἳ ὠὈ 100 

Ὀὀ  Aἷ ὑὖὀ ἯὂὖἻὈὕἻ ἱ ;  ἱὟὅὕ  ὃὕ   B-Ὁὖ  ἯὟὂ ἯὍ  ἳὊ ὅὕὄ C 

ἵ Ὃ Ἰ ὠὉ ἳ ὑὕ Ἳ ὑὖ ὅὖὄὕ Bἷ ὑὖὀ 20 dB ἳὉ ὂ Ἳ ὠὈ ἳ Ὅ Ἰ  ὃὈ  

Ὗὂὠὑ; Ἧὂὕὑ Bἷ ὑὖὀ 100 Ὀὀ  Ἳ ὠὈ Ὅ Ἧ Ὄ  Aἷ ὑὖὀ 10000 Ὀὀ  ἯὂὖἻ 

Ἳ ὠὈ ἳ Ὅ Ἰ  Ὗὂὠὑ. ὝὀἽὖὅ Ὗὑ ὅὕ ἻὍὖ  ἱ  Ἳ ὠὈ ὑὖἻὖ ὠὂ 

Ἧ Ὀὕὄὖ  Ὗὅὕ ὝὀἽὖὅ ἻὠὍ ὟἽ ὂ/ ὂ  Ὀ  Ἳ ὠὈἻὠὍ Ὕὅ ὂ 

ἱὑ Ὃὖ ἱὠὀὉὖ Ὅ ἳὋὠὑ ἻὑὄὈὕἻ Ὀὄὂὖ ἱ ὂὟὑ .  

 ὝὀἽὖὝὅ ἯὍ ὅὂὖ ἯὌἻὕἻ Ὀὗ ὀ, ἻὖὟὌὕἻὖὊὕ Ὗὅὕ Ὃ ἯὍὠὑ ἯὌ ἻὠὍ 

Ὗὅὕ ὈὖἻ  ὅὉ ὅὕ  ἱ Ἳὖ Ὃ. ὃὕ Ἰ  Ὄ ὂὖ  ὑὖὌἻὖ ὝἽ ὠἻὉὖ 

Ἰ Ὁὖ Ἳ ὠὈ ὠὋἻὖὋ ἵ ὅὠὂ ὃὈ  Ἳὕ  ὝἽὕ Ἳὖ Ὃ. Ἳὕ  ὝὑὍὖὉὖὀ ὂὖ 

ὂ ὠὀὉὕὄ ὃὖὌ ὅὊ ὅὖ Ἰ Ὁὖ Ἳ ὠὈ Ὂ ὂὖ ἱὊ  Ὀὀ  ἵ Ὃ ὑὖἻὖὂ ὂὖ 

ὠὋἻὖ Ὃ. ἵὄὟὑ Ἰ Ὁὖ Ἳ ὠὈ ὂὊ ὅ ὀὕ Ἧ  Ἰ  Ὄ ὂὖ  ἵ ὑὍ  Ὂ  

ἵ ὅ  ὂὊ ὅὀ Ὗὑ . 
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2.9.3 ὃὖἻ Ὕὑ ἰ ὑὖ ὅ  (technique of frequency analysis) 

Ἧ ὅὠὀ (fundamental), Ὀ  Ἰ ὉὖὠὉ (harmonic) ὃὖἻ Ὕὑ ἻὍὕ 

(frequencies) Ὀ  ἻὍὖ  Ἰ ὂὋὖ ὑ ὑὕ  (relative strength of components) 

ὝὑὍὖ ὅ ὂ ὅ ἻὌὠὑ Ὂ ὂὖ Ὕὂὕ  (composition of complex tone) Ἰ Ὁὖ 

Ἰ ὃὖὋὈὕὠὌὉὕἻ (spectrum) Ὃὖ ὅὖὀ ὅ Ἳὖ Ὃ. Ὗὅ ὝἽὕ ἻὍὖ Ὀ  Ἰ Ὁὖ ὅὖὋ 

ὅὌ ὑὠἻἻὍὖ Ἰ ὉὖὉ Ἳ ἱὉ  ὈὖἻ  ὅὉ Ὅὂὕ . ἵὄὟὑ ἱὠὂ  Ὕὅ ὑὂ  

Ὀ  Ἰ  Ἰ ὑ ὁὠὄ  ὅὀ ὠὂ ὑὠὊὑὂ  ἶὟὂ  ὅ  ὂὑὖ Ἳ ἱὉὌὕὂὂὕ. 

ἱ  Ἰ  Ἰ  ὃὖὋὈὕὠὌ ὑὠὊὑὖὉὕ (sound spectrograph) ὂὊ ὅ .  

 Ἳ ὑὖὉὕὄ (instrument) Ἰ  ἯὠὌἻὠὍ ἳ ὑὕ ; Ἧ  ἳ ὑὕ Ἳ ὅ ὀ ὅὌ 

ὃὖἻ Ὕὑ ἻὠὍ Ἳ ὅὖ ; Ἧὑ Ὃὖ Ἰ ὂὋὖ Ἳ ὠὈἻὠὍ (relative inatrument) 

Ἳὁ Ἳὖ; ὟὈ  ὑὖὠὍ ἻὠὍ Ἳὕ Ἵὖ ὑ ὑὖ Ὀὕ . Ἰ ὃὖὋὈὕὠὌὑὠὊὑὖὉὖ 

(spectrograph) ὂ  ὃὖὠὌ Ἰ  ἯὠὌἻ  Ἧὂ  Ὗὅ ὑὕ ἻὖὉὕ (microphone) ἶ Ἳ ὅ. 

Ὗὅ ὑὕ Ἳὖ Ἳὕ  Ἳ ἻὍὖ ἱὉ Ἳ ὠὂ Ὀὖ Ὗὑ ὅὕ ἻὍὕἻ (electrical variations) 

Ὀὕ . ἱ ὂ Ὗὑ ὅὕ Ἳ Ὕὅὕ ὂὈὕἻ ἯὂὖἻὕὖ Ἳ ὅ. ἱ ὂ ἱὀ ὂὖ 

Ἰ ὠὋ Ἳὕὄ ἳ Ὅὗ ἻὌὠὑ ἯὠὌὉὖ ὑ ὑὖὟὌὟὉ ἱ . Ἰ ὑ ὁὠὄ 

ὑὠὊ ὅὀ Ἳ ὑὖὉὖ ἻὖὉ ὑ ἱ ὂ ἯὠὌὠὉ Ἧὂ   ὃὖἻ Ὕὑ ἻὍὕἻ 

(component frequencies) ὝἽ  ὝἽὉ ὅὕὀὕ. ἱ  Ὀὖ ὄ  ἱ ὅὕ ἻὍὖ 

ὅὉ ὅὕ ὀὕ ὑὖὠὍὑὖ Ἳὅ Ἳὖ Ὃ. Ἰ  Ὃὖ ὅὖ ὀ ὟἻὕὁ ὂὖ ὅὕ ὂὕ ἱ ὅὕ 

(filter) ἵ ὅ  ἳ ὠὈὉὖὟὌὟὉ Ἰ Ἳ ἰ ; Ἰ Ἳ ὅ Ὃὖ ἵ  Ὗὅὕ ὃὕ 

Ἰ ἻὖὉὕ (resonator) ἴ Ἳ ὅ ὂ ὅ ὃὖἻ Ὕὑ ἻὍὖὀ Ἳὑὄ ὠὂ ὝἽ Ὗὑὕ;  

ἰὄὕ  ὑ Ἳ Ὁὖ ὑὖ ὂ Ὅ ὅ ὀ ὃὖἻ Ὕὑ ἻὍὖὀ Ἳὑὄ ὠὂ ὂὖ Ὗὑὕ; 

ἰὄὕ  ἱὊ  ὝἽὉ ὅὕ Ἳ Ἰ ὂὕ; Ὀὖ ὄ  ὑ Ἳ Ἳ  ἳ ὠὈὉὖὟὌὟὉ 

Ἰ Ἳ ἻὍὕ (resonant circuits). Ὀὖ ὄ  ἻὍὖ (electronic components) 

Ὕὅὕ ὂὈὕὄ ὑὕὖὠἽ ἯὠὈ  (arrangement) Ἰ  ὠὋ ἳ ὑὕ . ἱ ὂ  Ἵ ὂὖὉὖ 

ὈὖἻ ἽὖὋὖὉ ὟἽὂ ὀ Ἰ  Ὃὖ ὅὖ ὀ ὅ ὠὀ  (band) ὃὖἻ Ὕὑ ἻὠὍ Ἧ Ὀὂὖ  

Ἧ Ὄ  Ἳὀ ; ἰὄὕ  ἱ ὂ ὅ ὠὀὉὖ (band) ἱ  ὅ Ἳ ὂὖ ἳ Ὅ ἵ ὂ 

ὃὖἻ Ὕὑ ὁὖ Ἵ ὂὖὠὉ ὈὖἻ ὂὌὕἻ ὠὋ . ἱ ὑὠἻὉὖὌὕὄ ὑ Ἳ Ἳ  
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ὅ ὠὀ Ἳὀ ὂὖ (band pass) ὑ Ἳ  ἵ  Ἧὠὐ Ἳ ὅ. ἱὂ  ὝἽὉ ὂὖὋ (proformance) 

Ἵ ὂὖὉὖ ὈὖἻ ὠὋὑὕὄ ἱὐ ὀ Ἰ  Ἰ Ὃὖ Ἳὀ ὂ ὅ Ἧὂὖ Ὕὑ ἵ ὠὌἻὠὍ 

ὂ ὑὂὕ Ὃὖ ὅὖ Ὃ ὅ Ἳὖ Ὃ. ἵ Ἳὕ ὀὕἻ, Ἰ  ἱ ὅὕ 135Hz 

ἱ 180 Hz ὑὠὊ ὃὖἻ Ὕὑ ἻὠὍ Ἳὀ  Ὀ  ἱ ὂ Ὀὂὖ ἻὍὖ ἱ  

ὑἽ ἻὍὖ ἳ Ὅ ὅ ὠὀ ἯἻὌ  (band width) ἵὄ ὅ . ὑ Ἳ ἻὠὍ Ἧὑ Ὃὖ Ἳὀ  

ὅ ὠὀἻ (bandpass) ὑὖ  ἻὌὠὑ Ὂ ὂὖ ἱ  Ἵ ὂὖὉὖ ἯὍὠὑ  ὅὂὖ 

ὝἽ Ἳὖ Ὃ. Ἰ Ὕὑὕ ἱ ὅὕ  ἱ ὂ Ἵ ὂὖ ὃὖὠὌὠὉ ἯὍ  ὅὖ ὄ ὅὂὖ ὝἽ  

Ὀὖ ὄ Ὃὕ ὝὂὕὀὊ ὅ Ἳὖ Ὃ. 45hz ὅ ὠὀ ἯἻὌ (band width) ἳ Ὅ 

ἱ ὅὕ ἻὍὖ ἵ ὠὌὠὉ ὃὕ Ἳ ὅὠὄ ὝἽ Ὁ . ὃὕ  Ἰ ὑὕ Ἳὖ 

(microphone) 100 Hz Ἧ ὅὠὀ ὃὖἻὝὑ  ὟὈ  ἳὉὖὝὊὕ [a:]ἷ  ὝἽ ἻὖὟὋὕ. ἱ ὂ 

Ἰ  ἱ ὂ ὃὖἻ Ὕὑ  ἻὗὟὐ ἵ ὂ Ἵ ὂὖὠὉ ὝἻὕ Ἳὑὖ ὠὌ; ἵὄὟὑ ὅ ὠὀ 0-

45hz Ὀ  49-90 Hz ὅ ὠὀὠὉ ἳ Ὅὀ . ὂ  ἱὊ  ἱ ὅὕ Ἳ ἵ ὂ 

Ἵ ὂὖὠὉ Ἳ ὅὖ Ἳὕ Ὀ  ὝὑὍὖ ὠὀ ὅὂὖ ὝἽ Ὁὕ. 90-135 Hz 

Ἳὀ ὅ ὠὀ (pass band) ἳ Ὅ Ὃὕὑ ὑ Ἳ  Ἧ ὅὠὀὉὖ Ἳ ὠὈὠὉ (intensity 

of the fundamental) ὅὂὖ ὝἽ . Ἰ Ὁὖ ἳ Ὅ Ἧ ὂ Ἰ ὉὖὠὉ 200hz ἱ  

ἱ ἻὖὋ . ἱ ὂ Ὃὖ Ἳ ὠὈ ὅ ὠὀ180-225hz ἳ Ὅ ἷ ὂὕὑ ἱ ὅὕὄὕ ὅὂὖ 

ὝἽ Ὁ ὅ. ἯὠὈ  ἱὊ ὀὕὑ Ἰ ὉὖὠὉ  ἱὠὀὉὖ ὑὖ  Ἳὀ ὅ ὠὀ 

ἳ Ὅ ὃὕὌὕὑ ἱ ὅὕ Ἵ ὂὖὠὉ Ἳὀ ὑὂὖ ὠὌ. ἱ ὑὕ  ὃὖἻ Ὕὑ ἵ ὠὌὉὖ 

ὑ  ἵ ὝἻ Ὄὕ ἳὉὖὝὊὕ Ὁὖ Ἰ  Ἰ ὉὖὠὉ Ἰ  ἱ ὅὕὄὖ 

Ἳὀ ὅ ὠὀ  ὑὖ ἻὖὋὟὂὕ Ἧ ὂ ὑ Ἳ  Ἰ ὉὖὠὉὅὖ Ἳ ὠὈὉὖὀ ὑὖἻὖὂ 

Ὕὂὕὀ Ὅ ὝὑὍὖ ὠὀ ὝἻὕ . Ἳ ὠὈὉὖ ὈὖἻ ὂὌὕὄ ὃὖὠὌἻ 

Ἰ ὑ ὁὠὄ  ὅὀ ὂὖ Ἰ ὝἽὋὖ ὃὖἻ ἵ ἻὍὖ (formant frequencies) ἱὀ ἻὍὖ 

Ὗὂὕ  ἵ ὅ  ὃὈ  Ὕὂὕὖ. [a:]  F1 ἳ , F2ἳ  680 Hz  1100hz  

Ἧ ὠὈ ὅ  ὑ  ἵ ὅ  Ὕὂὕὖ. ὃὈ  Ἧ ὅὠὀ Ἧὂὖ  ἵ  100 Hz ἰἻ 

ἱ ὅὂὕ F1ἱ  Ἰ ὑ ὁὠὄ ἳ Ἵ 700 hzἱ  Ὗὂὕ ὋὌὕ. Ἧὂὕὑ ἱ ὅὕ 

16ἱ  Ἳὀ  ὅ ὠὀὉὖ (pass band) Ὗὂὕ . F2 ἱ ὅὕ ἵ  25ἱ  1100 hzἱ  

ἱ . F3 ὑ Ἳ Ἳ  50  55  ἱὠὀὉὖ Ὕὂὕὖ. 
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 Ὗὅ  ὝἽὉ  (speech work) ὅὉ ὅ ὂ ὅ ὈὖἻ Ὕὅὕ ὑὕὄ 

Ἰ ὃὖὋὈὕὠὌὑὠὊὑὖ 45 Hz ὑ Ἳ  ὅ ὠὀ ὂὖὠὉ (filter band width) ὅὉ ὅ Ἳὖ Ὃ. 

ὑ Ἳ ἻὍὖ Ὕὂὕ ὂὖὠὉ ὅὉ ὅ ὑὂ  ὅὂὖὌὕἻ Ἧ ὂ ὂ ὃὖἻ Ὕὑ 

ὅ ὠὀἻὠὍ Ἳὕὁ ὂ Ἳ ὑὖὂ ὂὖ Ἰ  ὂὄὖὉὕὄ ἱ ὅὕὠὄ Ὕὂὕὀ  

ὂὖ ὅὅ ὑὂ  (retune) ὑἽὂὖ (arrangerment) ἱ Ἳὖ Ὃ. Ἰ Ὁὖ ἳ Ὅ ὅὌ 

ἻὍὖ Ἳ ὠὈ ἳὋ Ἳ  ὝὀἽὖὝὅ Ὗὑ ὅὕ ἻὍὕἻ ἯὍ Ἳ ὅ Ἳὖ Ὃ. ἱ ὅὕ Ἳ 

ὅὂὖ ὝἽ Ἳὖ Ὃ ὂ  Ὗὑ ὅὕ 30 dBἰ . Ἰ ὑ ὁὠὄὉὖ (spectrum) 30 dB  

ὂ  Ἳ ὠὈ ἳ Ὅ ἵ ὂ Ἰ ὠὉ Ἳ  ἾὖὉ Ἳ ὠὈ ἱ ὅὂὕἻ ὅὂὖ ὝἽ Ὁ ὅ. 

Ἰ ὑ ὁὠὄ ὑὠὊὑὖὠὉ (spectrograph) ὅὉ ὅ ὠἻὉὖ ὂὌὕἻ ὅὌ Ἰ ὉὍ  

Ἳ ὅὕ ἻὠὍ (volume controls) ἯὠὈ Ἳ ὀὕ. ἶὝὄ Ὃὕ ἱ  Ἰ ὠὋὠὉ 

ὂ  ὅὕὊὟὈ Ὃὖ Ἰ ὃὖὋὈὕὠὌὉὖ (spectrum) Ὀὕ Ὃ ἻὠὍ ἳ ὑὕ . ὅὀ  35 Ἰ  Ἰ  

Ὕὅ ὟὊὕἻὖὊὕ ὅὕ ὑὠὊὉ ὅ ὀ  ἱὊ  Ἰ ὑ ὠὁὠὄ ὅὀ ἻὠὍ Ἳὕ Ἳὖ Ὃ. 

Ἰ  ἳὉὖὝὊὕ [a]-  Ὀ ὝὋὕ  ἳὉὖὝὊὕ [e]-  ἰ ; ἱὊ  100 Hz Ἧ ὅὠὀ 

ὃὖἻ Ὕὑ ὟὈ  ἯὠὈ ὂὖ ἻὖὋ. ἱ ὂ ἱὊ  Ἰ ὉὖὠὉ Ἳ ἸὟὊ ἱ ὅὕ ἻὍὕ 

ὅὂὖ ὝἽ Ὁ ὅ ὅὠὂ ὅὕ ἻὌὕ; ἰὄὕ  [a]  [e]  ἱὠὀὟὉ ἳ Ὅ 

Ἰ ὝἽὋὖ ἯὠὈ  Ὀὕ Ὃ ὂὕ (change of formant structure) Ἰ ὂὋὖ Ἳ ὠὈἻ 

Ὗὑ ὅ ὀὠὑ. 
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ὅὀ  35: [a], [e] ἵ ὅὄὑ Ὃὖ ἻὌὕὄ ὅ ὠὀ ὅὕἻ ἻὍὖ Ἰ  ὃὖὋὈὕὠὌὑὠὊ Ἳ  

(Fry 1979: 97) 

 

 ἱ ὂ ὈὕὂὖὕὖὉὕὄ Ἳὕ Ἵὖ Ἰ ἻὠὈ Ἳ (visible pattern) Ἰ  Ὃὖ ὅὖ ὀ ἽὈὉ ὂὖ 

Ὗὅ ὅὑὕὖ ὑὕὉὖ  ὑ  Ἰ ἻὠὍ ὅ ὋὖὉ ἻὖὉὈὕὄ ὝἽ ὂὖὠὉ ὂ Ἳὖ Ὃ. 

Ἧὠὑ Ἰ Ὁὖ ὃὖἻ Ὕὑ ἰ ὠὑ  ὂ Ἳὖ Ὃ. ὅ ὠἻ Ἧ Ἵὖ ὃὖἻ Ὕὑ ἯὍ  

ἯὍ Ἳ ὅ Ἳὖ Ὃ. ὝἽ  Ἧ Ἵὖ ἻὍὖ Ἰ ὂὋὖ Ἳ ὠὈ ὝὀἽὖὝὅ  

Ἳὕ ὀ ὅ Ὅ. ὅ ὠἻ Ἧ Ἵὖ Ἧ ὂ ὂ Ἰ ὉὖὠὉἻ  ἱὠὀὟὉ ἳ Ὅ Ὂ ὠὂ 

ἯὍ  ἻὕὌὃὗ Ἵὖ ὈὕὋὕὂ Ἰ Ὁὖ Ἧ ὅὠὀ ὃὖἻ Ὕὑ ὠὁ ἯὠὀὉὌὕ. ἶὝὄ Ὃὕ 

ἱ  Ἰ ὉὖὠὉ Ὕὂὕὀ ἽὖὉὖ Ἰ  Ἰ ὉὖὠὉ  Ἧ ὂ Ἰ ὉὖὠὉ  ἱὠὀὟὉ 

ἳ Ὅ ὃὖἻ Ὕὑ Ὗὑ ὅὕ  ἽὈὈὕὄ. ἵ ὂ ὃὖἻ Ὕὑ  Ὀ ὝὋὕ Ὃὖ 

ἱὠὀὟὉ ἳ Ὅ Ἳ ὠὈ Ὗὑ ὅὕ ἻὠὍ ὝἽ  ὟἻ  ὅ ἻὌὕ. 

 Ὗὅ ὅὑ ὀὈὖ ὂὕὄ Ἰ ὉὖὉ Ἳ ὝὑὍὖ  Ὗὅ ὐ ὅ ἻὍὕ Ὀὕ Ὃ ὅ ὀ 

Ὕὂὕ ὠὀὉὕ ἳ ὑὕ Ἳ ὅ ὀ ἻὕὌὃὗ Ἵὖ ὈὕὋὕὂ Ὂ ὠὂ ἳ ὅ ὂ ὝἽ Ἳὖ Ὃ. ὅὀ  

35ἱ  ἯὠὈ Ὕὅὕ Ἳὖ Ὗὂὕ ὑ  Ὗὅὕ Ἰ ὑ ὁὠὄ ὅὀ ὂὖ Ἰ ὝἽὋὖ Ἳ 
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Ἳ ὠὈὉὖ ἳ Ἵ ἻὠὍ ὂ Ἳὖ Ὃ. ἰὄὕ  ὃὈ  Ὕὂὕὖ Ὗὅ ὐ Ἰ Ἳ Ἳ 

ὃὕ Ὀ  ὅὖὋ Ἰ ὅὕ ἻὍὖ Ὕὂὕὀ ἽὖὉὕὄ ἱὉ Ἳ ὂὕ Ὗὅ Ἵὖ ἵ Ὄὕ ὟὃὊ ὂὖ 

ὈὕὋὖ ὝἻὕ . ἱὂ  ὑὖὠὍὑὕἻ ὅὀ ὂὖ Ὅ ὝὑὍὖ ὅὕ Ἳ ἳὉὖ Ἰ Ὁὖ 

ἳ ὑὕ Ἳ ἻὕὌ ὂὖ Ἰ  ἻὖὉ ἻὕὌ ὂὖ ἳ Ὅ ὐὠὌ  ὂὕ  Ἳὕ Ἳὖ Ὃ. ἱ  Ἰ  

ἱὉ ἻὖὋ ὅὀ Ἳὕ ἽὖὉὖ Ἰ  ὃὖὠὌὃὖ ὂ ὅ ὀ ὅὀ ὀ Ὕὅὕ . ἱὂ  ἻὕὊὁὈὕἻ 

ἱ ὈὕὂὖὕὖὉὕὄ ἯὠὈ ὠὋ Ἰ ὑ ὁὠὄ ὑὠὊὅὀ ἻὠὌ ὝἽὕ Ἧ ὅὠὀὉὖ Ἰ  

ὅ ὂὖ (a section) ἵ  Ἧὠὐ Ἳ ὅ. Ὗὅ Ὕὂὕὀ ἽὖὉὖ ὃὠὀ ὠὋὉὖὟὅὕ 

ἳ ὑὕἻὖὋ Ἰ ὉὖὉ ἻὑὖὉ Ὗὑ ὅὕ Ἳ ὅ ὋὖὉ Ἳ ὠὂ ὝὅὋ ἻὕὌ Ἳὀ  Ὗὅὕ 

Ἰ ὃὖὋὈὕὠὌὉὖ ἶ ὅὀ Ὁ Ὀὕ Ὃ ἻὠὍ ὃὕ ὕὖ ὝἻὕ Ὅ Ὗὑ . ἱὠὂ ὃὕ 

ὃὖὋὈὕὠὌ ὑὠὊὑὖὠὉ Ἰ  ὅὕὖὈὕὁ ὃὖὋὈὕὠὌὠὉ (three dimensional spectrogram) 

ἳ ὑὕ  Ὀ ὝὋὕ ὅὕ Ἳὖ ὅὉ ὅ ὂὖ ὝἽ ὉὌὕ.  

 ἱὠὂ  ὕὖ ὝἻὕ Ὅ ὃὕ /ai/ ἵ Ὃ ἵὍὖὉ Ὕὂὕὀ ἽὖὉὕὄ ἯὠἽὠὉ ἰ Ὗὑὕ. ἱ ὂ 

ὝὑὍὖ ὅὕ  Ὕὂὕὀ Ἳ ὂὖ [a:] ὑὠἻ ἳὉὖὝὊὕ  ἶ Ὃὑὕ Ὗὅ ὐ ἯὠὈ . 

ἵὄὟὑ ἱ ὂ Ἰ Ἳὕὄ Ἰ ὝἽὋὖ ἻὠὍ (formants) Ἰ ὃὖὋὈὕὠὌὑὠὊὠὑ 

ὝἻὕ . ὟὃὊ Ἳὀ  ὝἽ Ὗὅὕ [i]  Ἰ ὃὖὋὈὕὠὌὑὠὊὑὖ Ἰ ὝἽὋὖ 1ἳ  

2ἳ  [a:]ἷ ὑὖὀ ὂ  ὃὖἻ Ὕὑ ἱὠὀὟὑὠὍὉὕ ὅὖὕὖ Ἳ ὅ .  

ὅὕὖὈὕὁ  ὅὕ Ἳὖ (three dimensional node) ὟὑὠὌ ὝἽ  Ἰ ὃὖὋὈὕὠὌ ὑὠὊὑὖ ἱ ὂ 

Ὀὕ Ὃ ἻὠὍ Ὕὂὕὖ ὝἻὕ Ὅ ἳὂ ὑ ὀ  ὅὀ  36ἱ  Ἳὕ ὀ ὅ Ὅ 

ἯὠὈ Ὕὅὕ ὠἻ ἳ ὑὕ Ἳὖ Ὃ. 
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ὅὀ 36: [ai] ἵ ὅὂ  ἻὖὉ ὅ ὠὀ Ἰ  ὃὖὋὈὕὠὌὑὠὊ (Fry 1979: 99) 

 

ἱ ὟἻ ὃὖἻ ἵ  ἯὍ  ὅ ὠἻ Ἧ Ἵὖ  ὅὂὖὌὕἻ ὝἽ  Ἧ Ἵὖ 

Ὀὕ Ὃ ὅ Ὅ. ὠὋ ὂ ὃὖἻ ἵ Ἳ  ὝἽ  ἯὍὑὖ Ἧ Ὁὖ  ἳὉ ὂ ὃὖἻ 

ἵ Ἳ  ὝἽ  ἯὍὑὖ ὟὈὟὌ  ἳ ὅ ὂ ὝἽ Ὁ ὅ Ὅὄ. ὅ ὠἻ Ἧ  

ἻὕὌ ὠὂ ἯὍ ὅὂ  ὅὉ ὅ Ἳὖ Ὃ. ἱ  ὝἽἻ  1/10 Ἧ Ὄ  100 Ὀὖ ὝἽἻ 

ἱὠὀὝὑὍὖὉὖ ἯὠὀὉὕὍὅ ὂ ὅ Ὅ. Ἳ ὠὈὉὖ ἯὍ  ἵ ὄ ἰὉὖ  ἵ Ὃ 

ὑὖὄὕ ἵὐὌὕ. ὃὖἻ Ὕὑ Ἳ  ἱὠὀὟὉ ἳ Ὅ ὝὀἽὖὝὅ Ὗὑ ὅὕ ἻὠὍ ὃὕ 

ἯὋὖὉ ἱὉὌὕ ; ἰὄὕ  Ἳ ὠὈ Ὗὑ ὅὕ Ἳ ἯὠὈ Ὕὅὕ Ἳὖ ἳ Ὅ ὑὠὊ ὑ ἻὍὖ 

(trace) Ἳ ὠὈὉὖ ἯὍὑὕ  Ἳὕ ὀ ὅ Ἳὖ Ὃ. ἱ ὂ ἯὠὈ Ὕὅὕ Ἳὖ ὅὖὄὁὖὉὖ  

(back ground) ἱὟὌἽὕὄ Ἵὕ ὅ ὃὖὋ ἵ ὝἻ Ὄὕ ἱ ὂ Ὂ Ὗὂὕ Ἳὖ ὋὟὂὕ Ἧ  ἾὖὉ 

Ἰ  Ἳ ὠὈὠὉ Ἳὕ . ἵ ὟἻ ὑὠὊ ὑ Ἳ (trace) Ἳ ὠὈὉὕἻ ἱ Ἳὖ ὋὟὂὕ Ἧ  

ὂ  Ἳ ὠὈὠὉ Ἳὕ . ὃὕ Ἳὕ  ὂ  ὅ   ὅ ὠἻ ὟἻὕ ἻὍὖ 

ὟἻὕ ὠὑ ὀ Ὁ ἯὠὈ ὠὋ  ἻὕἻ Ἱ  ἯἻὌὈὕὄ Ἳ ὠὈὉὕὄ ὅὌ 

ὅ ὠὀἻ. Ἰ Ὕὑὕ ὟἻὕ  ἻὕὌ ὃὗ Ἵὖ ὈὕὋὕὂ Ἰ Ὁὖ Ἧ ὂ ὂ Ἰ ὉὖὠὉὅὖ ἱ ἻὖὋ 

Ἵ ὂὖὠὉ ἳ ὅ ὂ ὝἽ Ἳὖ Ὃ. ἱ ὂ ἳὅὕὉ ὂὖ (device) ἱ  ὅ ὠὀ ἯἻὌ  (filter 
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band width) 45hz ἰ . ἵὄὟὑ ἱ  Ἰ Ὕὑὕ Ἰ ὉὖὠὉὠὅ ὂὄὖὉὕἻ 

Ἳ ὅὖ Ἳὖ Ὃ Ὀ  Ἰ ὉὖὠὉ Ἳ  ἱὠὀὉὖ ἾὖὉ Ἳ ὠὈ ἱ ἻὖὋ ἵ ὅὠὂ 

ὅὂὖ ὝἽ Ἳὖ Ὃ. ἯἻὌὈὕὄ ὑὠὊἻ (bars) ἳὉ ὂ Ἳ ὠὈὉὕὄ Ἰ ὉὖὠὉ ἻὍὕ 

ἳ ὑὕ Ἳ ὅ ὀ. ἯὠὑἻ  Ἰ ὝἽὋὖὑὖ ὑὖὠὍὠὑ Ἳὕ Ἳὖ Ὃὄ. ὃὖἻ Ὕὑ 

ἯὍὠὑὉὖ  Ἳὗ  ἱ ὂὖὉὖ Ὕὂὕὀ Ἳὖ ὂ   ἯἻὌὑὠὊ F1ἱ  ἱ ὠὅ  ἱὊ ὀὕ 

ἯἻὌὑὠὊ F2ἱ  ἱ ὠὅ  Ὃὖ ὅὖ Ἳὖ Ὃ. ἯὠἽὉὖ (syllable) ὂ  ὅ ὂὖὉὖ ὃὕ [a:] 

ὑὠἻ ἳὉὖὕὖ ἵὂὖ ὅὕ ὅ Ὗὅὕ F1ἳ  F2ἳ  ὃὖἻ Ὕὑ ἯὍὠὑὉὖ (frequency scale) 

Ἧ ὠὈ ὅ Ἳὖ Ὃ. ἱ  ἯἻὌ ὑὠὊἻὍὖ ὃ ὍὖὉὖ ὃὖἻ Ὕὑ ἯὍὠὑὉὖ 

ὃὕ ἱ ὅὖὀ ὠὂ Ἳὁὖ ὂὕ ὃὕ F1ἷ Ἳὖ ὀ ὂ ὀ 730 Hzἱ  F2ἷ Ἳὖ ὀ ὂ ὀ 1100 

Hzἱ  ἻὕὁὌὕ. ἲ Ὁὖὕὖ (diphthong) ἱὊ ὀὕὑ ἯὌ  Ἰ ὅὖ Ὀὕ Ὃ ὈὖἻ 

ὝὈ ὑὕἻ ὃὀ Ἳὖ Ὃ. ὟὈ  ἯὠἽὉὖ ἱ ὂὖὉὖ F1ἳ  F2ἳ  ὃὖἻ Ὕὑ ὁὖ ὃ ὋὕἻ 

ὅὕὖ Ἳ ὅ Ἳὖ Ὃ. ἱὑ Ὃὖ Ὀὂὖ F1  Ἳὖ ὀ ὂ ὀ 440 Hzἷ  F2  Ἳὖ ὀ ὂ ὀ 1760 

Hzἷ  ἯὠὀἻὖ Ὃ. F3ἱ  ὃὖἻ Ὕὑ Ἰ ὂὋὖ Ἧ ὅὠὀὉὖ ἯὠἽ ὑ  2400 Hz 

Ἳὖ ὀ ὂ ὀ ὃὖὠὌὉὕἻ ἱ Ἳὖ Ὃ. F1ἱ  ἻὕὊὁὈὕὄ ἯἻὌ ὑὠὊ ὃὕ  Ἰ ὉὖὠὉ 

ἯἻὌὈὕ . F2ἱ  ἻὕὊὁὈὕὄ ἯἻὌ ὑὠὊ  Ἰ ὉὖὠὉ ἯἻὌὈὕ . F3ἱ  ἯἻὌ 

ὑὠὊ ὈὖἻ ἻὌὕὄ Ὀ  Ὕὅὕ ὑὕἻ ὠὋὂ Ἳ ὠὈὠὉ Ἳὕ Ἳὖ Ὃ.  

 ἻὕὌ ἯὍ ὟἻὕ   ἯὠἽ  500 Ὀὖ  ὝἽἻ  ἽὖὋὖ ὂὌὕἻ 

ἵ ὂὖ ὅὠὂ ἯὋὖὉὌὕ. [a:] Ἰ ὝἽὋὖ ὑ  ἱ ὂ ὟὃὊ ὂὖ ὅὕὂὖ ὟὈ  ἵ Ἳὖ Ὃ. 

ἱὊ ὀὕὑ ἯὌἻὖ Ἳὕὄ Ὀὕ Ὃ ἱ ὂ ἯὠἽὉὖ Ὀὗὂὖ ὟὃὊ ὂὖ ὃὀἻὖὋ. [i]-ἱ  

Ἰ ὝἽὋὖ ὑ  ἱ ὂὖ 100 Ὀὖ  ὝἽἻ ὠὀ ἵ ὂὖ Ἳὖ Ὃ. 

 ἱ ὂ ἵ Ἳὕ Ὗὅ  Ἰ Ὁὖ ἰ  Ἰ  ὃὖὋὈὕὠὌὑὠὊὑὖ ὂ  

ὅὉ ὅὕ ὠὀ Ἳὕ Ἳὖ Ὃ. ἯὠὈ Ὕὅὕ ὠἻ ὅὕ  Ἰ ὑ Ἰ  ὝὑὍὖ ὅὕ  ὅὌ 

ὂἻὑἻὠὍ ἯὋὖὉὌὕ. ὟὈ  ἻὕὌ Ὀ  ὃὖἻ Ὕὑ ὁὖ ἯὍ ἻὠὍ ἯὋὖὉὌὕ.  

2.9.4. ἻὖὉ Ὀ  ἯἻ Ὃ ὅ ὠὀ Ἰ ὃὖὋὈὕὠὌ ὑὠὊ (Narrow and wide band 

spectrogram)  

 ἵ ὂ Ὗὅ  Ὕὂὕὀ ἽὖὉὖ ὃὠὀ ὠὋὉὖ Ὕὂὕ ὠὀὉὕ  ἳ ὅ ὂὖὝἽ Ὁ ὅ  

Ἧ ὅὠὀ ὃὖἻ Ὕὑ Ὕὂὕὀ ἽὖὉὕἻ Ὗὑ ὅ ἻὖὋ ; ἵὄὟὑ Ἰ ὉὖὠὉ ὃὖἻ Ὕὑ ὁὖ 
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Ὕὂὕὀ Ἵὖ Ὗὑ ὅ Ἳὖ Ὃ. ἱὂ  ἻὕὊὁὈὕἻ Ὗὅ  ἯὋὖὂ  Ἰ  ὝἽὋὖἻ  (forments) 

ἻὖὉὈὕὄ ὅ  ὑἻὖ Ἳὖ Ὃ, ἶὝὄ Ὃὕ Ἧὠὑ Ἧ ὅὠὀ ὃὖἻ Ὕὑ ὁὖ Ἰ ὂὋὖ 

ὂ ὂὖὊὈὕ ἱ ἻὖὋ Ἰ ὑ ὁὠὄ  ὅὀ ὂὖ Ἵ ὂὖὉὖ ἳ ἽἻὠὍ  ὂ Ἳὖ Ὃ. Ὗὅ Ἵὖ 

Ἰ ὉὖὉ Ἳ ἰ ὑὖ Ὕὂὕ ὠὀ Ὂ ὂὖ Ἰ ὉὖὠὉὅὖ ἵ ὄ ὃὀ Ἳὖ Ὃ ἵ ὅὠὂ 

Ὃὖ  ἯὋὖὑὂὖ Ἧ ὑὍ  ἰ ὑ  Ἳὕ ὀὑὖ ὠὌ; Ὗὅ  ὐὕὉὖ Ἰ ὝἽὋὖὑὖ ἵ ὄ 

ὃὀ ἻὖὋ ἵ ὅὠὂ ἯὋὖὑὂὖ ὂ  ἰ ὑ  Ἳὕ Ἳὖ Ὃ. ἵὄὟὑ ὂὄὖὉὕὄ 

Ἰ ὉὖὠὉ ἻὠὍ (individual harmonics) ὅὂὖ ὝἽ  Ἰ  ὃὖὋὈὕὠὌὑὠὊ Ἧ Ὄ  

ὃὖἻ Ὕὑ ἰ  ἵ Ὕὅὕ  ὅὖ ὅ ὑὂ Ἳὕὄ ὈὖἻ ὅὉ Ὅ ὝἽ ὠὋ Ἧ Ὄ. Ὗὑ  

Ἰ  ὅ ὂὖ ἱὉ ὠὅ ὕὖ ὝἻὕ Ὅ ὃὕ Ἰ Ἳ Ἰ ὠὋἻὠὍ ὅ ὋὖὉ 

Ἧ ὅὠὀ ἳ ὠὈἻ  ὂὖ ὅ Ὗὑ . 

 Ἰ ὑ ὁὠὄ ἰ  ἱ ὅὕ ἻὍὖ ὅὉ ὅὕ ὠὀ Ἵὕ ; ἱ ὅὕ Ἳ Ἰ Ἳ 

Ἰ ὠὋὉὖ ἵ Ἳὕ ἻὍὕ. Ἧ ὈὕὂὖὕὖὉὕὄ Ἰ ὠὋἻ ὠὈὉὕἻ 

Ἰ ὂὠἽ ὝἽ Ὁ ὅὀὌὕ, ἽὖὋὖ ὟἽὕ (damping) ἱ ἻὌὕ, Ἧ Ὄ  ὂ  

ὟἽὕ ὑὕἻ ὅὀὌὕ (highly damped) Ὀ  Ἧ ὑὍ  ὠὈὉὕὄ Ἰ ὂὖὠἽ 

ὝἽ Ὁ ὅὀὕὂὖ ἻὌὕ. Ἰ ὂὖὠἽ ὝἽ ὑὂ (tuning) ὠὈὠὉ ὝὑὍὖ ὅ ὑὂ 

Ὀ ὝὋὕ ὑὐὖ Ἰ ὠὋὉὖ ὅ ὠὀὉὖ ἯἻὌ ὠὂ Ὃὖ ὅὖ ὑὂὕ ὝἽ Ὁ ὅ; 

ἶὝὄ Ὃὕ ὠὈὉὕἻ Ἰ ὂὖὠἽ ὝἽ Ὁ ὅὀ Ἰ Ἳὖ ὃὖἻ Ὕὑ ἻὍὖ ἻὖὉ 

ὅ ὠὀὉὕ Ὀ ὟὈ ἱὉ Ἳ ὅ; ἱ  ἱ ὂ ἻὖὉ ὅ ὠὀ  ὝὑὍὖὟὉ ἳ Ὅ 

ὃὖἻ Ὕὑ  ὅὂὖὌὍὖ Ἳὕ. ὈὕὋὕἻ ὠὈὉὕἻ Ἰ ὂὖὠἽ ὝἽ Ὁ ὅὀὕὂ Ἰ Ἳὖ 

ὃὖἻ Ὕὑ ἻὍὖ ὂ  ἯἻὌὈὕὄ ὅ ὠὀ ὂὕ (borad band) Ἧ Ὄ  Ἰ ὉὠὌ  

Ἳ ὂὕ ὝἽὉ ὅ . ἱ ὅὕ Ἰ  Ἰ ἻὖὉὕ. ὟὈ  Ἧὂ  ἻὌὕὄ 

ὅ ὠὀ ἯἻὌ (narrow band width) ἱ ὂὕ Ἧ  ὠὈὉὕἻ Ἰ ὂὖὠἽ 

ὝἽ Ὁ ὅ . ἱ ὂ ὐ  45 Hz ὅ ὠὀ ἯἻὌ  ἳ Ὅ ἱ ὅὕ ἻὌὕὄ 

ὅ ὠὀ ἯἻὌ  ὝἻὕ ὅὂὕἻ Ἳ ὂ ὅ . ἵὄὟὑ ὠὈὉὕἻ Ἰ ὂὖὠἽ 

ὝἽ Ὁ ὅ ὀὂὕ ὝἻὕ Ὅ ὅ. ὠὈὉὕἻ Ἰ ὂὖὠἽ ὝἽ Ὁ ὅ ὀ Ἰ  ὠὋὉὖ 

Ὀ ὝὋὕ ὅ  Ἧ  ὀ ὅ ὀὕ Ἰ ὂὋὖ Ἧ ὅὠὀὉὖ ὃὗ ὀ ὟὃὊ Ἰ  

ὝἻὕ Ὗὀ ἱ . ἶὝὄ Ὃὕ Ἧὂ  ὠὋὑὕὄ ὟἽὕ ὂὕ (damping) ἱ . ἱ ὂ 

ἱὉ  ὝἻὕ ὀ ἱ ὅὕ Ἰ ἻὠὍ ὅὂὖ ὝἽ Ὁ ὅὉ ὅ ὂ ὅ ὑὂὕ ἱ ὂ 

ὃὖἻ ὝὑἻὍὖ ὅ ὠὀ ὅ ἻὖὋ ἳ Ὅὗ ὑ  ὟἽὑὂὕἻ  ἵ  ὝἻὕ Ὗὑὕ. 
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Ἧ  ἱ ὂ ἳ Ὅὗ  ὑ  ὟἽ ὂὠὌ Ἳ ὅὖ ; ἰὄὕ  ὟἽὕ  ὠὋὑὂὕ (lack of 

damping) Ἧ  Ὕὂὕὀ  Ἰ  (ringing). ἱ ὂ ὟὃὊ ὂὖ ἱὊ ὀὕὑ Ἰ Ὃὖ ὑ  

ὟἽ ὂὕ ἱ ὅὕ ἱ  ὂὌὕὑὂ  ὝἽὉ ὅ  ὝἻὕ ὅὂὕ Ἧ  

Ἳ ὅὖ Ἳ ὅὀὕὈ Ὗὅὕ  Ἧ Ὄ  Ἧὂ  ὑὖὠὍὠὑ ὂ  ἳ Ὅὗ   

(ὟἽ ) Ὀ  ἱὊ ὀὕὑ Ὗὑ ὅ ὂ ὅ ὑὂὖ ὠὌ (distinguished). ἱὠὂ ὂ  

ὟἽὕ ὅ ὂ ὅ ὀ Ἰ  ὠὋ Ἧ Ὄ  ἱ ὅὕὄὖ ὃὀ ὠὂ ὀ Ἰ ὅὖὀ. 

ὑ ὟἽ  ἵ ὂ ἳ Ὅὗ  Ἳ ὅὖ Ἳ ὅ; ἱὂ  ὑὖὠὍ Ἵὗ ἻὖὊ ὂὖ ὂὗ ὑὖ; 

ἵὄὟὑ ἽὖὋὖ ὟὃὊ ὅὖ ὄὕ ὑ  ὟἽ Ἳὖ Ὃ ἱὊ ὀὕὑ ἳ Ὅὗ ὂ  

ὅὖὕὖ Ἳ ὅ Ἳ ὅὖ Ἳ ὅ. ἱὂ  ὃὕ ὂὊὟὑ Ὁ ὑὖὠὌ ἵ ὄὝὑ Ὃὕ 

ἱὊ ὀὕὑ ἱ ὅὕ ἯἻὌὈὕὄ ὅ ὠὀ ἯἻὌ ὠὂ ὝἻὕ ; ὟὈ  

ὃὖἻ Ὕὑ ὁὖ Ἧ ὠὈ ὅ ἻὖὋ ἱὊ  ἳ Ὅὗ ὠὀ Ὗὑ ὅ ὑὂ ἱὉὌὕ 

ἱ . ἱ ὑὕ  ἻὕὌ ὂὕ Ἧ ὠὈ ὅ  ἱ ἻὖὋ Ἰ Ὃὖ ἻὠὍ (signals) 

Ἳ ὅὖ Ἳ Ὗὑ ὅ ὂ ἳ Ὅ ὂὖὋ  ὃὖἻ Ὕὑ ὁὕ Ἧ ὠὈ ὅ  

ἱ ἻὖὋ Ἰ Ὃὖ ἻὠὍ Ἳ ὅὖ Ἳ Ὗὑ ὅ ὂ ἳ Ὅ ὂὖὋ  ἳὋ  

ἱ Ἳὖ Ὃ. ὂ  ὃ Ὄὂὕ ἱ ὂὕ ἱὊ ὀὕὑὂὖ ὟὈὕἽὈὕἻ ἱ ; ἵὄὟὑ ἱ  

ἳ ὑὕ Ἳ ὅ ὀ ἯὍ ἻὍὖ Ὗὃὕ Ἳ ἻὍὖ ὅ  ὃὖἻ Ὕὑ ὂὗ Ὀὕὄ ὂὖ ἻὕἻ ἻὕὌ 

ὂὗ Ὀὕὄ ὠὂ ὑὖὠὌ Ὗὅ ὑ Ὗὅὕ ἰ . Ἳὖ ὀ ὂ ὀ ἱ ὂ ἱὊ  Ἰ ὝἻὕ  

Ὀ ὂὠὌ ὑὖἻὖὂ Ὕὂὕὀ ὠὀὉὠὑ (inversely propositional). ἱ ὑὠὊ ὃὕ 

Ἰ ὃὖὋὈὕὠὌὑὠὊ 45 Hz ὅ ὠὀ ἯἻὌ  ἳ Ὅ ἻὌὕὄ ὅ ὠὀ ἱ ὅὕὠὄ 

ὅὉ ὅ ἻὖὋ Ἳ ὅὕ ὠὀ Ὃὖ ὅὖ Ὗὀὕ. ἱὂ  Ὕὅὕ  ἵ ὄὝὑ Ὃὕ Ἧὂ  

ἻὕὌ ὂὗ Ὀὕὄ 20 Ὀὖ.ὝἽ. ὃὖὊ Ἳὖ ἰ . ἱὊ  ὃὖἻ Ἳ ἱὠὂὑὖὀ ἻὖὉ ἻὕὌ ὂὖ 

Ἰ ὠὋ Ἰ  Ὕὂὕὀ ὂὕ Ἧὑ Ὃὖ ὑὖὠὍ Ἳ ὟἽ Ἳ ὅ; 

Ὗὑ ὅ ὂ ὅ ὑὂὖ ὠὌ. Ὕὅὕ ὑὕἻ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ Ἰ ὑ ὁὠὄ  ὅὀ  

Ἳ ὑὖἻ  300 Hz ὅ ὠὀ ἯἻὌ  ὝἻὕ ὀ ἰ  ἱ ὅὕ ἱ ἻὖὋ Ὗὑ  Ἰ  ἯὠὈ  

ἱ ἻὖὋ . ἱὂ  Ὕὅὕ  ἵ ὄὝὑ Ὃὕ 300 Hz ὅ ὠὀ ἯἻὌ ὂὖ  ὑ ἻὖὋ ἵ Ὄὕ 

Ἳ  ὟἽ  ὀ ὅ ; ἰὄὕ  ὈὕὋὕἻ ἻὕὌ ὂὗ Ὀὕὄ 3 Ὀὖ  ὝἽἻ  

Ἧ ὠὈ ὅ . 

 ὃὖἻ Ὕὑ Ὀ  ἻὕὌ ἰ ὑὖ Ἰ ὝἻὕ Ὃὕὄ Ἵὕ  ὅὖ ὑὈὕ  ἳ ὑἻ ὂὕ 

ὝὑὍὖὉὖὀὅ ὀὕ ἵὍὖὂὖ ὕὖ ὝἻὕ ὍὅὀὌὕ: Ἰ ὑ ὁὠὄ  ὅὀ  Ἳ ὑὖ  Ἰ  
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ἳ Ὅὗ ὠὀ ἵ Ἳὖ Ὃ; Ἧὂ  ὟὑὠὌ Ὗὑ ὅ ὀ ὟὃὊ ἻὍὖ ἵ ὑὍ  Ἰ  Ἳ ὠὈ 

ἱ ἻὖὋ ἵ ὅὠὂ Ὕὂὕὖὑὖ. ἵὄὟὑ ἱ ὅὕ Ἰ ὠὋ Ἰ ὠὉ ὃὖἻ Ὕὑ 

ἻὍὕἻ  ὟὃὊ ἻὍὕἻ Ὃὖὀ Ὗὑ . ἱ ὅὕ ἻὍὖ ἱὉ  ἻὕὊὁὈὕἻ 

ὝὈ Ὁ ὃὖἻ Ὕὑ ἻὠὍ Ὕὑ ὑὂὕ ἱὠὂ  ὝἽ ὉὌὕ; ἰὄὕ  Ἧ ὅ  ἵ Ὃὕ 

ὃὕ ἻὊ Ὂὀὕὄ ἻὕὌ ἻὠὍ ἶ Ἳ Ὗὑ  (45 Hz ὃὖἻ Ὕὑ  ἵ ὅ  20 Ὀὖ.ὝἽ. 

ἻὕὌ ) Ἧ Ὄ  ὃὕ ὝὈ Ὁ ἻὕὌ ἻὠὍ  ὝἻὕ ὅὂ ἻὕἻ ἻὊ Ὂὀὕὄ 

ὃὖἻ Ὕὑ ἻὠὍ Ὗὂ Ὕὂ ἻὌὕ. 20 Ὀὖ.ὝἽ. ἻὕὌ ἱὠὀὟὑὠὍ ὈὖἻ ἻὖὉ 

ἻὕὌὈὕἻ Ὗὂὕ ὋὌὕ; ἰὄὕ  ἳ ὠὈὉὖ Ὗὅ Ἵὖ ἽὖὌ Ἰ ὉὖὉ Ἳ ὃὖἻ Ἳ 

Ὕὑ ὑὖὠὊὑὖ ὃὖἻ . ὟὈ  ἱὠὂὑὖὀ ἻὕὌ ὂὗ Ὀὕὄ ὃ ὋὕἻ ἱ ὂὕ ἸὐὖὉ 

Ὗὅὕ Ὀὕὄ ἯὍ  ὅὂὖ ὝἽ Ὁ ὅὀὕ. ἵ Ἳὕ ὀὕἻ Ὗὅ ὅὑ ἻὍὖ ἰ ἻὍὖ  ἽὊὕἽὕὖ 

Ὕὂὕ ὠὀ ὃὖἻ Ὕὑ 120 Hz ἰ . ἱ ὂ ὃὖἻ Ὕὑ ὁὖ Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ἰ  

ὂὖὋ  Ἧὠὀ  ἵ  ἻὕὌ 8 Ὀὖ.ὝἽ.  ἽὖὋὖ ὂὌὕ . ὃὕ Ἧ ὂ ὂ 

ὂὖὋ Ἳ ὀ Ὀ  Ἧὠὀ Ἳ ὀ  Ὕὂὕὀ ὠὀὉ ὑὖὠὍὠὑ  ὅὕ Ἳ Ὗὂὠὑ 

ἵ Ὃὕ ὃὈ  20 Ὀὖ  ὝἽἻ  ὅὂὖὌὕἻ 3 Ὀὖ  ὝἽἻ  Ἧ ὠὈ ὅ ἻὖὋ 

ἻὕὌ Ἳ  Ὗὑ .  
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ὅὀ  37: [ai] ἵ ὅὂ  Ἰ ὃὖὋὈὕὠὌ ὑὠὊ(Fry 1979: 102) 

  

 45 Hz ὅ ὠὀ ἯἻὌ ὂὖ ἱ  300 Hz ὅ ὠὀ ἯἻὌ ὂὖ Ὀὕ ὑὂὖ ἽὖὌ 

ὑὖὠὍ ἻὠὍ ὅὀ  37-ἷ ὅὀ  36-ἳὀ  Ἰ ὅὖ ἯὋὖὉὌὕ. ἱ ὂ ἰ  ὅὀ  36ἱ  

ἳ Ὅ  Ὗὅὕ ἯὟὂ ὝὑὍὖ ὅὕ  ἰ ὑὕ . ἰὄὕ  ἯἻὌ ὅ ὠὀ ἱ ὅὕὄὕ 

ὝἽ Ὁ ὅ ὀ. ἯὠὈ Ὕὅὕ Ἳὖ Ὕὅὕ ὑὕὄ ὅ  Ἳ  ἱὊ  Ἰ ὂὕ. 

ἱ ὅὖ  ὅὌ ἻὖὉ Ὗὑ ὅὕ Ἳ ἱ Ἳὖ Ὃὄ. ὂ  Ὗὑ ὅὕ ἻὌὕὄ ὅ ὠὀ 

Ἰ ὑ ὁὠὄ  ὅὀ  Ἧ ὅὠὀὉὖ ὅ ὠἻ ὟἻὕ ἻὍὕ ἰὄ . ἰὄὕ  ἯἻὌ  ὅ ὠὀ 

Ἰ  ὃὖὋὈὕὠὌὑὠὊ ὝἽ  ὟἻὕ ἻὍὕ ἰὄ . ἱ  ὂὕ  ὃὖἻ Ὕὑ Ὀ  ἻὕὌ 

ὂὗ Ὀὕὄ ὂὖ ἳ Ὅ Ὗὑ ὅὕ ἻὍὖ Ἳὕ Ἵὖ ὑὈὕὄ Ἳὕ ὀὌὕ. ἻὌὕὄ ὅ ὠὀ 

Ἰ ὑ ὁὠὄὉὖ ὅ ὠἻ ὟἻὕ Ἳ ὃὖἻ Ὕὑ ἯὍ ὟἻὕ  ἻὍὕ  (slices); 45 Hz 

ἱ ὅὕ ὅ ὠὀ ἯἻὌ ὀ ἰ ὑὖ Ἰ Ὕὑὕ Ἧ ὂ ὂ Ἰ ὉὖὠὉ ἻὠὍ 

ὅὕ Ἳὖ Ὃ Ὀ  Ἰ  Ἰ ὉὖὠὉ  Ἧ ὂ Ἰ ὉὖὠὉ  ἱὠὀὉὖὌὕὄ Ἳ ὠὈ 

ὠὋὠὑ ὅὂὖ ὝἽ Ἳὖ Ὃ. ἱ ὂ ὑὖὠὍ ἯἻὌ ὅ ὠὀὉὖ ἱ ὠὌ; ἻὕὊὁ 

ἵ ὄὝὑ Ὃὕ 300 Hz ἱ ὅὕ ὅ ὠὀ ἯἻὌ ὀ ὅὌ Ἰ ὉὖὠὉ ἻὍὖ  ὂὕ  

Ἵ ὂὖ Ἰ  ὂὄὖ ὅ ὠὀ  ὑὖ . ἱ ὂ ὝὑὍὖ ὅὕ  Ὗὅὕ Ἧ ὅὠὀ ὃὖἻ Ὕὑ 
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Ἳὖ ὀ ὂ ὀ 110 Hz ἰ ; ἱὂ  ἻὕὊὁὈὕἻ ἰ ὑὖὉὕ ὅὕ Ἳ ὅ Ἰ Ὕὑὕ 

ὅ ὠὀὉὖ ὠὋ ὂ ἱὊ  Ἰ ὉὖὠὉὅὖ Ἳ ὠὈ Ἰ  ὟἽ Ἳὅ . ἱὂ  Ἰ  

ὑὖὠὍ ἵ ὄὝὑ Ὃὕ Ἰ ὝἽὋὖ ὂὖὑὠὊἻ (bars) ὅὀ  36ἷ ὑὖὀ 37ἱ  ἯἻὌὈὕἻ 

Ἳ ὅὕἻ  Ὗὂὕ . ἰὄὕ  ἯἻὌ ὅ ὠὀ ἱ ὅὕ  ὂ  ἻὕὌ ὂὗ Ὀὕὄ 

ἱ ἻὖὋ; ὟὈ  Ἰ Ὕὑὕ ὠὋ Ἧ  ὑ  ὃὖἻ ἻὠὍ 3 Ὀὖ  ὝἽἻ  

ὂὌὕὄ ἱὠὀὟὑὠὍ ὀ ὅὕ ἻὌὕ. 110 Hz Ἧ ὅὠὀ ὃὖἻ Ὕὑ ὀ Ὂ ὑὠὍ 

Ὀὀ ἻὍὖ ὂὖὋ  Ἧὠὀ  9 ὈὖὝἽ ἵ Ἳὖ Ὃ. Ἰ Ὕὑὕ ὂὀὠὑ Ὂ ὑὠὍ Ὀὀ Ἳ 

ὂὖὋ  Ὗὅὕ  ἽὖὋὖὉ Ἰ ὉὖὉ Ἳ Ἵ ὂὖὉὖ Ὕὑ  ἱ Ἳὖ Ὃ. Ὀὀ Ἳ  Ὗὅὕ 

Ἵ ὂὖ ὠὋἻὖ Ὃ. ἯἻὌ ὅ ὠὀ ἱ ὅὕ ἱ ὂ Ἰ Ὕὑὕ Ἧ ὂ ὂ ὃὖἻ ἻὠὍ 

Ἳ ὅὖ Ἳὖ Ὃ; ἱὂ  ἻὕὊὁὈὕἻ ἻὕὌ Ἧ ὀ  ὝἽ  Ἳ  ὝὂὕὖἻὖ Ὃ.  

 Ὗὅ Ἵὖ Ἰ ὉὖὉ Ἳ ἰ ὑὖ ἯἻὌ ὅ ὠὀ ἰ  ἻὖὉ ὅ ὠὀ ἰ ὠὑ ὑὖὀ 

ὂ  ὅὉ Ὅ  ἵ  Ἳ ὝἻὕ Ὅ ὅ ὀ.  

2.9.5. ἱὠὊ Ἵ  Ἰ ὃὖὋὈὕὠὌὑὠὊ  ἰ  (spectrographic analysis of noise) 

ὅὀ  36 Ὀ  37ἻὍὖ   ὃὖὋὈὕὠὌὑὠὊ ἻὠὍ ὂ ὅ ἰὉ ὅ ὀ  

ὑ  ὊὝὌὕ ἻὍὕ ἰὄ . Ἧὂὕὑ ἰὊ ὅ ὂὖ  ἱ ὂὖὑὠὊ ἻὕὌὃὗ Ἵὖ ὈὕὋὕὂ 

Ἰ Ὁὕ ἰὄ . ἵὄὟὑ ἻὖὉ ὅ ὠὀ ἯὠὈ Ὕὅὕ  (narrow-band patten) Ὗὑ ὅ ὀ 

Ἰ ὉὖὠὉ ἻὠὍ (discrete harmonics) Ἳὕ ; ἯἻὌ ὅ ὠὀ ἯὠὈ Ὕὅὕ  (borad-band 

patten) ἯὠἽὉὖ  ἻὕὌἻ ὀ ὂὖ Ὂ  Ἧὂὖ ἻὠὍ (voice vibrations) 

Ἳὕ Ἳὖ Ὃ. ἰὄὕ  ἵ Ὄὕ ὟὅὝἽὕἻ  ὃὕ ὄ  ὅὕ ὂὅ ἻὕὌὃὗ Ἵὖ ὈὕὋὕὂὄ 

Ἧ Ὄ. Ἰ ὑ ὁὠὄ Ἳ ὑὖ/Ἰ ὃὖὋὈὕὠὌὑὠὊὑὖ Ὗὅ Ἵὖ ὃὖἻ  ἱὠὊ ἽἻὠὍ  

(noises) ὑὖὍ Ἳ Ὗὑ . ἱ ὅὕὄὖ ὅὕ ὠὑὉὖ ὅ  ἻὕὌὃὗ Ἵὖ ὈὕὋὕὂ Ἰ  

ἻὕὌὃὗ Ἵὖ Ὀὕ  Ἰ  Ὗὑ ὅὕ ἱ ὠὌ. Ἰ ὃὖὋὈὕὠὌὑὠὊὑὖὉὖ Ἧὂ  ἸὟὊ 

ὝἽὉ ὅὕ Ἰ ὠὉ ἳ ὍὗὀὕἻ ἶ  Ἰ  Ὃὖ ὅὖ ὀ ἻὕὌ ὂὖ Ἵ ὂὖὉὖ  ἯὍὠὑ  

ἯὍ ὅὂὕ. ὃὕ Ἰ ὑ ὁὠὄ  ὅὀ ὠὂ ὅὕ ὂὕ Ἧὂ  Ὗὂὕ Ὃ ὂὖ  ἱ  

ὑὠἻὉὕὄ Ἰ ὑ ὁὠὄ  ὅὀ ὂὖ Ἰ ὉὖὠὉ ὟἻὕ Ἳ (harmonic lines) Ἧ Ὄ  

ὝἽ  ὟἻὕ Ἳ (veritical striations) ἱ ὅὂὖ  Ἰ  ἻὕὌὃὗ Ἵὖ ὈὕὋὕὂ ἵ  Ὃ 

ἱὉ . ἱὠὊ Ἵ ὝἻὕ ὂὍὖ ὅὕ (turbulence) ὑ Ἳὖ Ὃ; Ἧὂὕὑ Ἳὕ  Ἳ ἻὍὖ 
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Ἰ Ἳ Ὃ ἽὌὄ ὂὕ/ἱὉ Ἳὂὕ  ὑ Ἳὖ Ὃ; Ὀ  Ἰ  ἱὉ Ἳ ὑὖὠὍ ἱὠὊ Ἵ  

ἻὕὌἻ ὀ (duration) ὑ  ὃὖἻ Ὕὑ ἻὍὖ ὅὊ ὝὅὠὌὉὖ Ἰ  ὃὖἻ Ὕὑ ὁὖ  

Ὀ ὝὋὕ ὃὖἻ Ὕὑ ὁὖ Ὕὂὕὀ ἽὖὉὕὄ Ὀὕ ὋὈὕ. ἯὟὂ ἽὈὉ ὂὖ Ὗὅ ὐ 

ἳ ὑὕ Ἳ ὅ ὀ ἵ ὂ ἱὠὊ Ἵ  ὐ  Ἰ Ἳ ἻὠὍ (resonces) ὀ  Ὗὑ . 

ἱ ὂ ἱ  Ἳ  Ἳὗ ὑ Ἰ  ὃὖὋὈὕὠὌὑὠὊὑὖ ἵ Ἳὕ ὀ ὅ Ὅὄ. ἱ  [ai] 

ἵ Ὃ Ἳ ὅ ὀ Ὃὖ ἯἻὌ ὅ ὠὀ ἰ ὑὕ . ὅ Ὗὑ ὅ ὀ ἱ ὅὕ 

ὅ ὠὀἻ (filter bands) Ἵ ὂὖὠὉ Ἰ Ἳ  Ὕὅ Ἳὖ Ὃὄ. ἱὂ  ἻὕὊὁὈὕἻ ὠὂὉ 

Ἰ ὠὋὉὖ ἽὗὊὕὄ ὟἻὕ Ἳ (reqular striations)  Ἰ ὃὖὋὈὕὠὌ ὑὠὊὅὀ  ὑ  

Ἰ Ἳ Ὃ ὑ ἻὍὕ (random traces) ἱὀ ὝὅὉ Ἵὖ ὝἽ Ὁ ὅ ἻὖὋὄ. ἱ ὅὖ  

ἯἻὌὈὕὄ ὃὖἻ Ὕὑ ἯἻὌ  ὟἻὕ ἻὍὖ (bars) Ἵ ὂὖὉὖ ἳὉ ὂ ὃὖὠὌἻ (high levels of 

energy) ἱ Ἳὖ Ὃὄ; ἱ  Ὃὖ Ὂ  Ὀὕὂὖὕὖ (voiced version) Ὗὅὕ ἱὑ Ὃὖ ὝἽὋὖ Ἳ 

Ὀ  ἱ  ὃὖὠὌἻ (disposition) ἻὕὌ ὠὂ Ὕὅὕ  Ὀὕ ἻὖὋ ἵ ὅὠὂ 

Ἳὕ Ἳὖ Ὃ. 

ὅὀ  38: Ἳ ὅ ὀ [ai] ἱ  Ἰ  ὃὖὋὈὕὠὌὑὠὊ  (Fry 1979: 104) 

 

Ἰ Ὁ  ὟἻὕ ὠὑὉὖ (phonemic string) ὝὈ ὝὉὕ Ὁ ἻὍὖ (consonant phonemic) 

ὃὖἻ ὀ Ὕὅὕ ὂ ὠὀὉ ἱὠὊ Ἵ Ἳ  ἯὠἽὠὉ Ἳὕ  ἱὉ ὅὕἻὟὑ 

ὠὋὑὕὄ ἻὕὌ ἯὍ  ἳ Ὅὠὑ. Ἧὠὑ Ὕὅὕ ὅὕ Ὗὅ  ὐ  ἱ  ὑὖὠὍὠὑ 

(filtering effect) ὝὂὍὖὑὕἻ Ἳὕ Ἳὖ Ὃ. seashore  ἵ Ὃ ὠὋ Ἰ ὑ ὁὠὄ  ὅὀ  
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39ἱ  ὂὊ ὅ Ὅὠὂ Ὗὅὕ ἰὉὌὕ. ἻὕὌὃὗ Ἵὖ ὈὕὋὕὂ Ἰ ὀ  ἱὠὊ Ἵ  

Ἰ ὝἻὕ Ὃὕὄ Ὀὕ Ὃ (alternation) ἯὠὈ ὝὅὕἻὖ ὝὂὍὖὑὕὄὂὕ Ὀ  ἱὊ  

ἹὠἽἻὍὖ ἱ  ὑὖὠὍ Ἳ  ἱὠὀὉὖ ἳ Ὅ Ὗὑ ὅὕ Ἳ ὃὖ ἽὉὈὕὄὂὕ . 

Ὕὂὕὀ Ἳ ἱὠὊ Ἵ  4000 Hz-  ἻὗὟὐ Ἰ ὉὖὉ Ἳ Ἵ ὂὖ ἱ ὠὌ. ἰὄὕ  ἱὊ ὀὕὑ 

ἱὠὊ Ἵ  ἹὠἽ Ἵ ὂὖ 2000 Hz-  ἻὗὟὐ ὂὕ  Ὕὂὕὀ ἻὖὋ. ἱ  ἳὉ ὂ ἱὠἽὠὈ (high-

pitched) Ὀ  ὂὕ ὂ ἱὠἽὠὈ (low pitched) ἹὠἽἻ  ἱὠὀὟὉ ἳ Ὅ Ὗὑ ὅὕ ἻὠὍ 

Ἳὕ Ἳὖ Ὃ. 

ὅὀ  39 seashore ἵ ὅὂ  Ἰ  ὃὖὋὈὕὠὌὑὠὊ (Fry 1979: 105) 

 

 Ὗὅ Ἵὖ ἹὠἽὉὖ Ὕὑ Ὕὅὕ ὑὠἻ (explosive type of noise) Ὃὖ ὅὕἻ Ὂ Ὄὕ 

Ὕὑ ὝὅὕἻ  (voiceless plosive) (p,t,k) ὃὖἻ ὂὕ Ὗὅ  ὐ  ὠἻ ἻὖὉ 

ὝὈὥὄ ὠὂ (short silence) ἱὠὀ ὅ . ἱ  Ἰ ὑ ὁὠὄ ὅὀ ὂὖ Ἳὕ  ἱὀὈὕἻ  

(blank space) Ὗὂὕ ; ἶὝὄ Ὃὕ ἱ  ὅὂὖ ὝἽ ὑὂ  ἾὖὉ Ἰ  Ἵ ὂὖ (zero sound 

energy) ὂὕ  ἱ Ἳὖ Ὃ. ὝὈ ὝὉὕ ὑὖ ὑὖ Ἳ ὅ Ὗὅὕ ἹὠἽὉὖ ἻὖὉ Ὕὑ  

ὑ . Ἧ  ἻὕὌ Ἧ Ἵὖ ὈὖἻ ἻὖὉ Ἰ Ἳ Ὃ ὂὖ  (random patch) ἰ . 

 Ὕὂὕ ὠὀ Ὂ ἳ ὑὕ Ἳὖ (larynx tone generator) ἹὠἽ ἳ ὑὕ Ἳὖ (noice 

generator) ἱὠὀ ἳὉὖ Ὂ  ἳὊὝἽὕ ἻὠὍ (intervocalic voice fricatives) Ὗὅὕ ἸὟὊ 

ἻὕὌ ὂὖ ὝἽὉὌὕ Ὃὖὄὕ Ἰ ὃὖὋὈὕὠὌ ὑὠὊὅὀ ὂὖ Ὗὂὕ Ὃ Ἰ  ἵ ὂ ἯὍ  

ὑ ὑὕὄ ὊὟὌὕ Ὀ  Ὃὖ ὅὖ ὀ Ὃὖ ἹὠἽ  Ὂ ὂὖ ἱὠὀὟὉ ἳ Ὅ 
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ὑὖἻὖὂ ἱὑ ὠὋ Ὕὅὕ  ἯὠὈ . Ὕὅ ὅὕ ὊὟὌὕ ὟἻὕἻ  (voice striations) 

ἱ ὅὠὂ ὈὖἻ ὠὋ ὂ ὃὖἻ Ὕὑ ὅ ὠὀὉὖ ὂὕ  ὅὕ Ἳ ἱὉ . 

Ἰ ὑ ὁὠὄ ὅὀ ὂὖ Ὀὗὂὖ ὑὐ ἻὈὕὄ ἱὠὊ Ἵ Ὗὂὕ Ὃ ὠὂ (typical noise appearance) 

ὝἻὕ . ἽὖὌ ὟὑὠὍἻὍὖ ἹὠἽ  ὂὖ  (noise patch) ἹὊὍ  ὟἻὕ ἻὍὖ ὀ 

ὟὂὕὋ ὠὂ ὝἻὕ . 

2.9.6. Ἳ ὠὈὉὖ ἯὍ  (measurement of intensity) 

 ἻὖὉ ὅ ὠὀ Ἧ Ὄ  ἯἻὌ ὅ ὠὀ ἵ Ὃ ἱὊ  ἵ ὑὕἻ ἱὂὕ  

ὅὕὖὈὕὁ Ἰ ὃὖὋὈὕὠὌ ὑὠὊὅὀ Ἳ (three dimensional spectrograms) ὅ  

Ἧ ὅὠὀὉὖ (qualitative way) Ἳ ὠὈ Ὗὑ ὅὕἻὠὍ ἯὍ Ἳ Ἧ Ὀὂὖ ; ἰὄὕ  

Ἰ ὂὋὖ Ἳ ὠὈὠὉὉὖ  ἯὍ ἻὠὍ (measurements) Ἧ Ὀὂὖ Ἳὕ. ὅὀ  35-ἱ   

Ἳὕ Ὁ Ὗὅὕ  ὑὠἻὉὖ ὅ ὂὖἻὠὍ/ ἻὠὍ (sections) ἳ ὑὕ Ἳὖ Ἰ  Ἰ Ὁὖ 

ἻὍὖ (components of a sound) Ἰ ὂὋὖ Ἳ ὠὈὠὉ (relative intensity) ὃὕ ἯὍ ἻὌὕ; 

Ὀ  Ἰ  Ἰ ὠὉὠὅ Ὀ ὝὋὕ ὀ Ἧ Ὄ  Ἰ ὝἽὋὖὠὑ Ὀ ὝὋὕ ὀ Ἰ ὅὖὀὌὕ. 

Ἧ ὈὕὂὖὕὖὉὕὄ ὅ ὂὖ, Ἰ Ὁὖ ἻὖὉ ὅὂ ὅὕ  ὈὕὂὖὕὖὠὉ (sample) ἳ ὅ ὂ 

ὝἽ ; Ὀ  Ἧ ὂ ὅὂ ὅὕ  Ὀὕὂὖὕὖ (sample) ἵ ὂ ἯὍ   Ἰ Ὁὖ ὅὖὊὂὖὃὖὂὖ 

(representative of the whole sound) ἵ ὅὠὂ ὃὖ ὅὖ ὅ Ἵὖ ἻὌὕ. ἱ ὅὖ  Ὃ  ὂ Ἳ 

ἻὕὌ ὂὖ ὈὖἻ ὠὋ ὂ Ὗὑ ὅὕ ὀ Ὗὃ  Ἰ ἻὍὖ Ἰ Ἳὖ ἳ ὑὕ Ἳ ὅ ὀ 

ὅ ὂὖἻ Ἰ ὃὖὋὈὕὠὌὑὠὊὑὖ ὅ Ὃὖ ὅὉ ὅὀ ὂ Ἳ ὂἻὑὠὌ ὂὊὌὕ. Ἧὠὂ Ἰ  Ἰ ὠὉ 

Ὀ ὝὋὕ ὀ Ἰ ὅὖὀ ὅὉ ὅὀ ὂ ἱὉ . ἳὊ  ἱὠὊ ἽἻὍὖ (friction noises) 

Ἰ ὃὖὋὈὕὠὌ ὑὠὊὅὀ ἻὠὍ ἻὕὌ ὃὗ Ἵὖ ὈὕὋὕὂ Ἰ ἻὠὍ ὟὅὕὌ ὝὅὋὌὕ. 

 Ἰ ὃὖὋὈὕὠὌὑὠὊὑὖ Ἳ ὠὈ ἯὍ ὅὖ (intensity management) Ὀ ὝὋὕ ὑὠἻ 

ἳ ὑὕ Ἳ ὑἽὂὖὠὉ Ὕὅὕ ὑὕἻ ὂ . Ἧὂὕὑ  Ὕὂὕὀ  Ὗὄ  Ὗὅὕ  

Ἰ  Ἳ ὠὈὉὖ Ὗὑ ὅὕ ὠὀ ὂ . ὠἽ Ἳὕ ὂ (amplitude display) ὅ Ὗὑ ὅ ὀ 

Ἰ Ἳ  Ἰ ὠὋὝὉὕ  Ὕὂὕὀ ὠἻὉὖ  Ἳ ὠὈὉὖ ἳὉ ὠὑ  ὂὕ ὠὑ  Ὃὖ  

ὝἽ  ὝὂὕὀἽὖὉὕὄ ὑὠὍὟἻὕ ὠὀ (curve) ὑὠὊ . ἱ ὑὐὖὉὖ Ἳὖὠὀ  

ὑὠὍὟἻὕ ὅὀ  40ἱ Ἳὕ ὀ ὅ Ὅ; ἱὂὖ seashore  ἵ ὅὂ  Ἰ ὑ ὁὠὄ ὅὀ 

Ἧὂ  Ὀὗ Ἳ ὠὈ ὑὠὍὟἻὕ ὀ ὂὖ ὅὖ ὝἽ Ὁ ὅ Ὅ. ὂὌὕὄ ὑ ἻὕἻ 
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(additional trace) ἱὀ  Ἧ Ὀὂὖ Ἳ Ὗὑ  ὃὖἻ Ὕὑ ἰ  ὂὕ ὂ ὃὖἻ Ὕὑ ὁὖὟὌὟὉ 

ὃὖ ὂ ὅ Ὅ. Ἳ ὠὈ Ὗὑ ὅὕ ἻὠὍ ὝὀἽὖὝὅ ἻὍὖ ἯὋὖὉ ἱὉ . ὃὕ 

ἵὂὖ ὅὕ ὂ ὅ Ἰ Ὕὑὕ ἯὠἽ  ὂ ὠὈ ἳ ἽὖἻ (primary peaks) ἱ Ἳὖ Ὃὄ. 

ἱὊ  ἳὊὝἽὕ Ἳ  ἱὊ ὀὕ ὃὖὠὌ ἳ ἽὖἻ (secondary peaks) ἱ Ἳὖ Ὃὄ. 

ἱὊ  ἳὉὖὝὊὕ Ἳ ὃὖὠὌὉὖ (level) Ὗὑ ὅ ὑὂὖ ὠὌ. ἱ ὅὖ  ἱὊ ὀὕὑὂὕὄ 

ὂ  ὂὖὋ ὂ ἳὉὖὝὊὕ ὂὌὕὑὠὂὑὖὀ ἽὖὋὖ ἳὉ ὂ Ἳ ὠὈὉὖ ὂ ἻὠὑἻ ὅἻὖἸ 

Ὃ . ἱὊ  ἳὊὝἽὕ Ἳ ὑ ὑὕὄὠὑ; ἱ ὅὖ  ὂὌὕὑ ἳὊὝἽὕ ἱὊ ὀὕὑ 

ἳὊὝἽὕ ὠὉὑὖὀ 10 dB ὑ  ὠὋ ὂ. 

ὅὀ 40:  ἻὕἽὖ ὀ seashore ἵ ὅὂ  Ἰ  ὃὖὋὈὕὠὌ ὑὠὊ (Fry 1979: 106) 

 

2.9.7. ὃὖὋὈὕὠὌ ὑὠὊὑὖ ἱ  ὂἻὑ (information contained in the spectrogram) 

 ἻὕὌ Ἧ Ἵὖ ἯὠὈ Ὕὅὕ ἻὠὍ Ὕὑ  ἱ ὂ ὂὕ /b/, ἱ ὂ ὂὕ  /u/, 

ἱ ὂ ὂὕ  /n/ Ὃ ἱὉὌὕ ἵ ὅὠὂ ἯὋὖὑὂὖ ἻὖὉ ὑ ἱ ἻὖὋ. 

ἶὝὄ Ὃὕ ἱ ὑὕ  ὑ  /b/ Ἰ ὠὉ ἯὋὖ ὝἻὕ Ὅ ὃὕ ὅὉ ὅ  Ἰ ὉὖὉ Ἳ 

ὂἻὑὠὌ ὂ   ὠὑ ὂὖ ἻὖὋ ἵ  Ὕὅὕ ὅ. Ὗὅ  Ἰ ἻὠὍ ἯὋὖ  

ὝἻὕ ὑ  ἯὠὀὉὕὍ Ἳ ὝἻὕ ὑ  Ἰ ὃὖὋὈὕὠὌὑὠὊὅὀ ἯὠὈ Ὕὅὕ ἻὍὖ 

ὟὃὊ Ὁὕὄ ὅ ὂ ἵ Ὃ ἵὍὖὉ ὝἽὉ ὅὕ Ἧ Ὄ. ὃὕ Ἰ ὃὖὋὈὕὠὌ 

ὑὠὊὅὀ ὂὖ /Ἰ ὑ ὁὠὄ  ὑὠὊὅὀ ὂὖ  ὝὅὋ ἱὉ ὑ  Ὗὅ  ὃὖἻ ἻὠὍ 

ὅ ὋὖὉ ὃ ὅὖ ὠἻ ὕὖὉ Ἰ ὉὖὉ Ἳ ὂἻὑὌὕ . ὃὕ Ἧὠὂ  ὟἻ ὅ ὀ  ὕὖ 
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ὝἻὕ ὑ ὀ  Ὕὂὕὀὅ ὂὌὕ. ἰὄὕ  ὃὕ ὂ  ὃ ὑ Ὗὅὕ ὟὃὊ Ὁὕὄ ὑὐὖὉὖ 

ὝἽ Ὁ ἱὉὌὕ. 

 Ἰ ὃὖὋὈὕὠὌ ὑὠὊὅὀ ὠὂ ἰ  ὅὌ Ἧ ὅὠὀὉὕὄ ὂὄὖ ὂ ὠὈἻὠὍ/ 

Ὗὑ ὅὕ ἻὠὍ (distinctions) ὝἽ ὉὟὑ ; ὂὌὕὑ Ἰ  ὝὈὥὄ ὂὖ (sound 

and silence) ἱὠὀὉὖ Ὅ Ὗὑ ὅὕ. ἯὠὈ Ὕὅὕ Ἳὖ ἳ Ὅ Ἳὕ Ὁὖὀ Ἰ  

ὃὖ ὑὖ ὀ ἵ ὅὠὂ Ἧ ὂ ὝἽ ; Ἧ  150 Ὀὖ.ὝἽ.  ὟὈ  ὃὗ ὀὕ Ἧ  Ὗὅ ὅὑὕὖ 

ὅ ἻὍὖ ὅὕὄ ἱὠὀὃὖ ὂὂὕ Ὗὃ ὂὂὕ. ἰὄὕ  ὅὌ ἻὖὉ ὝὈὥὄ Ἳ Ὕὑ  

ὝὈ ὝὉὕ ἻὍὖ Ἰ ὅὕ ὑὖὠὍἻὖ Ὃὄ. ὅὌ ἵ ἻὕἻὠὍ ὅὀ  41ἱ  

Ἳὕ ὀ ὅ Ὅ she began to read her book  ἵ Ὃ ὑὕ ἻὖὉ ὂὖ Ἰ ὑ ὁὠὄ  ὅὀ ὂὖ 

ἻὕὁὌὕ. ἽὖὌ Ἧὠὀ Ὕὅὕ ἻὍὖ ἻὕὌ ἯὍ  ὈὖἻ ἻὖὉὠὑ; /t/ ἳὀ  Ὕὂὕὀ ὠὀὉ 

ἻὕὌ ἯὍ  20 Ὀὖ.ὝἽ. ἰ ; /k/ ἳὀ  Ὕὂὕὀ ὠὀὉ 115 Ὀὖ.ὝἽ. ἰ . 

ὅὀ41: she began to read her book  ἵ ὅὂ  Ἰ ὑ ὁὠὄ  ὅὀ (Fry 1979: 107) 

 

  ἱὊ ὀὕὑ ὂὄὖ ὂ ὠὈ ἻὕὌ ὃὗ Ἵὖ ὈὕὋὕὂ Ἰ  ἻὕὌ ὃὗ Ἵὖ Ὀὕ  Ἰ  

ἱὠὀὉὖ ἳ Ὅὂὕ ; Ἧὂὕὑ Ἰ ὉὖὉ ἻὠὌ ὝἽὕ Ἳ Ἧ ὅὠὀὉὖ Ὂ  Ἰ Ἳ  

(voiced sounds) Ὂ Ὄὕ Ἰ Ἳ   (voiceless sounds) ἱὠὀὉὖ ἳ Ὅὂὕ . 

ἯἻὌ ὅ ὠὀ (wide-band) ἰ  Ὂ ὑὠὌ Ὀὀ ἻὍὖ (vocal folds) Ἧ ὂ ὂ 

ὂὖὋ ἻὠὍ Ἧὠὀ ἻὠὍ  (sucessive openings and closings) Ἳ ὝἻὕ Ὅ 

Ἧ Ὀὂὖ Ἳ Ὗὅὕ Ὀὕὄ ἻὕὌ ὃὖὊ ὂὊ ὠὂ (time constant) ὂ ἻὖὋ; ἯἻὌ ὅ ὠὀ 

Ἰ ὑ ὁὠὄ  ὅὀ ὂὖ ὝἽ  ὟἻὕ Ἳ ὝὂὍὖὑὕἻ ἱ  Ὗὅὕ ὃὕ Ὕὂὕ ὠὀ 

Ἧὂὖ Ἳ ἱ Ἳὖ Ὃ ἻὕὌ Ἳ ὀ ὠὂ ὅὕ Ὗὅὕ. ἱὊ  ὟἻὕ Ἳ  ἱὠὀὉὖ ἳ Ὅ 

Ὂ  Ὂ ὑὠὍ Ὀὀ  Ἧὂὖὑὖ  ἻὕὌ ἯὍὠὑ  ὂ ; ἱὂ  Ὀ ὂὠὌὠὉ ἵ ὝἻὕ  

http://www.languageinindia.com/


120 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

ὃὕ  ἯὂὖὝὑ ὠὁ  ἵ ὂ . ἱ  Ἧ ὅὠὀ ὃὖἻὝὑ ὁὖ (fandamental frequency) 

Ὗὑ ὅὕ ἻὠὍ ἯὍ ὅὂ ὈὖἻ Ἳ ὄὈὕὄ ὑὐὖὉὕ. ὟὈ  Ὂ Ἳ ἽὕὖὉὕὄ ἯὍὠὑ  

ὝἽ ὑὂ  ὈὖἻ ἽὖὋὖὉ ἰ . ὃὕ ἯἻὌ ὅ ὠὀὉὕ ἵ ὄ ὝἽ Ὁ ἱὉ  ἵ Ὃὕ 

Ὕὂὕ ὠὀ Ἧὂὖ Ἳ Ὕὂὕὀ  Ὀ  ὃὖ  ἻὕὌ ὍὖἻὠὍ (moments) Ὗὅὕ Ὀὕὄ 

ἯὍ  ἽὕὖὉὕἻ  ὝἽ ὉὌὕ; ὟὈ  ἵ Ὗὅὕ Ἰ  ὝὈ ὝὉὕ Ὁὖ Ἰ ὅὖ Ὗὅὕ Ὂ  

ὂ ὠὈ Ὕὂὕὀ ἽὖὉὕὄ ἵ ὅὠὂ Ἳ ὝἻὕ ὍὌὕ. Ἰ ὑ ὁὠὄ  ὅὀ  41-ἱ  to read 

ἵ Ὃ Ὕὂὕὀ ἽὖὉὖ [r] ἵ ὅὂ  Ἰ ὅὖ ἻὕὌ ἯὍ  (period of articulation) ὑὐὖ book 

ἵ ὅὂ  Ὕὂὕὀ Ἳ ὂὖ Ἧὠὀ Ὕὅὕ Ὁὖ Ἧὠὀ  ὑὐὖ  Ὂ  ὂ ὠὈ (voicing) 

Ὕὂὕὀ ἽὖὉὕἻ (sequence) ἱ ὅὠὂ ἻὕὁὌὕ. ἹὠἽ ὂὖ ἻὍὖ (noise patches) ἻὕὌ 

ἯὍὠὑ  ἯὍ ἻὌὕ. ἵ Ἳὕ ὀὕἻ she ἵ ὅὂὖ ἳ Ὅ Ὕὂὕὀ Ἳ ἳὊἽ 

ἱὠὊ ἽὠὌ (friction noise) to ἵ ὅὂὖ ἳ Ὅ [t]ἱ  ἳὉὖ ὅὖὄὕ (aspirstion) 

ἳ ὑὕ Ἳ ὅ ὀ ὈὖἻ ἻὖὉ ἻὕὌ ἹὠἽὠὉ  ἯὍ ἻὌὕ. 

 Ὕὅ ὅὕὌὕὄ Ὕὂὕὀ ἽὖἻ (sequence) ὑὂὖ  Ἰ ὝἽὋὖ ὝἻ ὟἻὕ Ἳ 

(formant bars) ἵ Ὄὕ ὃ ὋὕἻ ὑὖὍ Ἳ ὅἻὖὋ. ἱ  Ὕὂὕὀ ὅὕἻ ὅὌ ἱὀ ἻὍὖ Ἰ  

Ἰ ὝἽὋὖὑὖ ὃὖἻ Ὕὑ ὁὖ ὑὖὠὊὑὕὄ Ὀὕ Ὃ ὠὂ ἻὕὁὌὕ. ἱ  Ὕὅ ὅὕ F2-

ἱ  Ὗὃ ; ὈὖἻ ὝὑὍὖὅὠὀὉὕὄ ἵ Ἳὕ Ἳ she ἵ Ὃ ἯὠἽ bagan ἵ ὅὂ  

Ὕὂὕὀ Ἳ [b] ἵ Ὃ Ἧὠὀ Ὕὅὕ ὀ  Ἧ ὂ ὝἽὕ  [g] ἵ Ὃ Ἧὠὀ Ὕὅὕ  

ὅὖ ὄ  ἱὠὁ Ἳ ὅ ὅ [r]ἱ  Ἰ ὅὕ to ἵ Ὃ ὝἽὕὠὌ read ἵ Ὃ 

ὝἽὕ ὀ  ἱὠὁ ὅ  ἰ . Ἰ ὝἽὋὖὑὖ ἳ Ὅ ἱ ὈὕὂὖὕὖὉὕὄ ὑὖὠὊὑὕὄ 

Ὀὕ Ὃ Ἳ Ἰ ὝἽὋὖ Ἳὀ ὂ Ἳ (formant transition) ἵ  Ὃὖ ὅὖὀ ὅ. ἱὠὑ 

Ὗὅ ὝἽὕ ἻὠὍ ἯὠὀὉὕὍ Ἳὕὁ ἻὖὉ ὑ ὑὕ ὂὠὑ ἰ .  

 ὃὖὋὈὕὠὌὑὠὊὑὖ ἰ  ὝὂὍὖὑὕἻ Ἳὕ ὑ Ὗὅ Ἵὖ Ἰ ὉὖὉ Ἳ ἰ  

Ὕὂὕὀ ἽὖὉὕὄ Ὀὕ ὋὈὕ ἵ ὅὂὕ ; ἶὝὄ Ὃὕ ἱ  Ὗὅ  ἱὉ ἻὝὃὋὖὉὖ (speech 

mechanism) ὅ ἻὍὖ ὅὖ Ὕὂὕὀ ἽὖὉὕὄ ἱὉ Ἳ ὂὖ ὑὖὠὍὑὕ. Ὗὅ  

Ἰ ὉὖὉ ἻὑὖὠὌ ὅ ὋὖὉ ὃὈ  ἯὋὖὑὖ Ὕὅ ὅὕ ὠὈὉὕὄ ὅ ὂὖ Ἰ ὑ ὁὠὄ  

ὅὀ ἻὠὍ ἰ ὑὂὕ  Ἧὑ Ὃὖ ἳὂὑὖὉὕ ὝἽ Ὁ ὅ ἯὍ Ἳ ὑὐὖ  

Ἳὖὠὀ Ἳὖ Ὃ.  
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2.9.8. ὃὖὋὈὕὠὌὑὠὊὑὖ  ἯὍὠὑὉὖ ἯὍ ὟἻὕ Ἳ (The sound spectrograph and 

scales of measurement)  

 Ἰ ὑ ὁὠὄ  Ἳ ὑὖ Ἰ  ἳ Ὅὗ ὠὀ ὅὕ Ἳ ἱὉ  ἯὠὈ Ὕὅὕ ἻὕἻ (visible 

pattern) Ὀὕ  ἳὅὕὉὈὕ. ἱ  Ἰ ὉὖὉ Ἳ ὅὕὖὈὕὁ ἻὠὍ ἯὍ ὟἻὕὌὕ ἯὍ Ἳ 

ἱὉ  Ὂ ἻὍὕἻ Ὀὕ Ἳὖ Ὃ. Ὀὕ Ὃ ἻὕὊὁὖἻ ὅὉ ὅ ὂ ὅ ὀ Ὃὖ ὅὖ ὀ 

ὑ ὁὠὄ  Ἳ ὑὖὠὉ Ὕὅὕ  ἯὠὈ  ἵ ὅ  ἱὉ ὠἻ. ἱ ὅὖ Ἰ ὅὂὖ Ἳ ὑὖ 

(sona-graph) ἵ ὅ ὂὕ ὅὊὑὌὕἻ ὅὉ ὅ ὂ ὅ ἻὖὋ. Ἰ  ὅὖὕὖ  (section) 

ἵ Ἳ ὅ ὀὕ ὅὕὖὈὕὁ Ἳ ὃὖἻ Ὕὑ  Ἳ ὠὈ  ἰ .  ὅὕὖὈὕὁ ὃὖὋὈὕὠὌ 

ὑὠὊὅὀ  ὝἽ Ὁὅ ὀὕ, Ἧ  ἻὖὉ ὅ ὠὀὉὕ ἱ ὂὕ  ἯἻὌ ὅ ὠὀὉὕ 

ἱ ὂὕ  Ἵὕὖ, ἯὍ  ὅὕὖὈὕὁ Ἳ ἰ ὑὕ  ὝἽ Ὁ ὅ ὂὊ Ἵὕ ὂ 

ὂὗ Ὀὕὄ ἻὕἻ Ἳ ὠὈὉὖ Ὗὑ ὅὕ Ἳὀ  ὃὖἻ Ὕὑ  ἻὕὌ  ἰ .  

Ἳὕ Ἵὖ (amplitude display) ὅὉ ὅ ὂ ὅ ὀὕ ὅὕὖὈὕὁ Ἳ ὝὈὕ ὂ Ἳ ὠὈ  ἻὕὌ  

ἰ . Ὕὅὕ ὑὕἻ Ἰ ὃὖὋὈὕὠὌ ὑὠὊὑὖἻὍὖ Ὀ  Ἰ ὅὂὖ Ἳ ὑὖἻὍὖ Ὂ ὂὖ  

Ἰ ὉὖὉ Ἳ ὅὕὖὈὕὁ Ἳ  ἱὠὀὉὖ ἳ Ὅ ἳὋ ἻὠὍ Ὕὅὕ ὂ ἽὖὌ ὑὖ Ἳ 

ἱ ὅ  ἱὉ . 

 ἰ ὑὖ ὃὖἻ Ὕὑ ὅὊ Ὕὅ ὠὌ 8000 Hz ἰ ; Ὀ  Ὀὕ  ἻὕὊὁὖ ὅὂὖ 

ὝἽ  ἻὕἻὖὂ ὂὖ 2000 Hz = 1 ἱ  ἰ ; ἱὂὄὕ ὝἽ  Ἧ Ἵὖ Ὀὗ 

ἯὠὈ Ὕὅὕ  4 ἱ  Ὂ  ὑὠὊ ὃὗ . ὃὖἻ Ὕὑ ἯὍ ὟἻὕ 

Ὗὃ ὟἻὕ ὂ ὠὈὉὕὄ; Ἧὂὕὑ 2000 Hz ἱ  Ἰ Ὕὑὕ ἯὂὖἻὕὖ 1 ἱ  Ὂ ὂὕ 

ἳ ὅ ὂ ὝἽ Ὁ ὅ Ἳὖ Ὃ; ἱ  ἱὠἽὠὈ Ὗὑ ὅὕἻὍὖ ὃὈ  Ὄ ὁ ὑὖ 

ἳ ὅ ὂ ἰἻὕ ; ἶὝὄ Ὃὕ ὠὂὉ Ἳ ὂὕὀ ὃὕ ἵ Ὄὕ ἰ Ὗὀ  

Ὗὑ ὅὕ ἻὠὍ  ἽὈὈὕὄὠὑ ἵ  Ἳ ὑὂὕἻ ὅὕ Ὗὂὕ. ἱ ὂ ἳ ὠὈὠὉ  

ὅὖὊὂὖὅ  Ἰ  ἯὍ ὟἻὕ Ἰ Ὕὑὕ ἰ Ὗὀ  Ἰ  ὃὖὠὌὟὅὠὋ/ὂὊὃὖὠὌὠὉ 

ὅὉ ὅ ; Ἧὂὕὑ ὃὖἻ Ὕὑ ὁὖ Ἰ Ὕὑὕ ἱὊ ; ἱ  ὝὀἽὖὅ 

ἯὍ ὟἻὕ  ἽὈὈὕὄ ὌὕἻὖὊὂ Ἵὕ ἯὍ ὟἻὕὌὕ.  

 Ἰ ὑ ὁὠὄ ὅὀ ὂὖ Ὀὗ ὃὖἻ Ὕὑ ὠὁ ἯὍὑὖ ὂὖ ὃὕ Ἰ  ἱ Ἵὖ ἷ ὂὖ 

Ἰ Ὃὖ Ὗὑ ὅὕ ἻὠὍ ἵὂὖ ὅὕ Ὗὅὕ; 1 ἱ  =  2000 Hz ἵ Ὃὕ ὃὕ ἯὍ ἻὑὖὉ  
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ὈὖἻ ἽὖὋὖὉ ὃὖἻ Ὕὑ Ὗὑ ὅὕ 40 Hz ἰ .  ἻὕὌ ὈὕὋὕ Ἰ ἻὠὍ ὠἻὉὕ  Ὗὅὕ 

ὃὖἻ Ὕὑ ὁὖ ἽὈὈὕὄ Ὗὑ ὅὕ ὀὕ Ἧ ὂ  ὑ Ἳὖ Ὃ Ἰ ὉὖὠὉ  

ὅὖὕὖ Ἳ ὅ Ἳὖ Ὃ ἵ  ὃὕ ἯὋὖὟὑὕ; Ὀ  Ἰ  Ὃὖ ὃὖἻ Ὕὑ ὠὁ 

Ὀὂὖ ὝἽ ὠἻὉὖ ἱ  Ἰ  ὅὉ Ὅ ὂἻὑ ἰ ; ἰὄὕ  ἱ  ἻὖὉ ὅ ὠὀ Ὅ 

Ἰ ὑ ὁὠὄ  ὅὀ ἻὍὖ Ὗὃ ἻὍὖ Ὀ ὟὈ Ἳὖὠὀ ; ἶὝὄ Ὃὕ ἯἻὌ ὅ ὠὀ 

Ἰ ὠὋὉὖ ὂὄὖ ὅ ὀ Ἰ ὉὖὠὉ Ἳ ὅὂὖ ὝἽ Ὁ ὅ ὑὂὖ ὠὌ. ἯἻὌ ὅ ὠὀ 

Ἰ ὑ ὁὠὄ  ὅὀ ἻὍὖ Ἰ ὝἽὋὖ ὃὖἻ Ὕὑ ἻὠὍ ὝὅὋ Ἰ ὝἽὋὖ ὅὕὕὖ ὠὈὉ  

ὑὐὖ Ἳ  ὝἻὕ  Ἰ  ὑὠὊ ὑὠὊὑ  Ὀ  ἱ ὂ ὑὕὖ  Ὃὖ ὠὊὉὕἻ ὃὖἻ Ὕὑ 

ἯὍ ὠὀ ὝἽ Ὁὑ  Ὕὅὕ ὑὐ ἻὈὕ. 

 ἱ ὅὖὕὖ ἻὍὖ ὃὖἻ Ὕὑ ἯὍ ὟἻὕ ὅὕὖὈὕὁ Ἰ ὑ ὁὠὄὠὉ Ἰ ;  

Ὀ  Ἧὠὂ ἯὟὂ ὑὐὖὉὖ ὠἻὉὕὍ ἱὉ . Ἳ ὠὈ ἯὍ ὟἻὕ ὌὕἻὖὊὂ Ἵὕ ὂ 

Ἰ Ὃὕ ; ἶὝὄ Ὃὕ Ἧ  Ἰ ὂὋὖ Ἳ ὠὈἻὠὍ ὝὀἽὖὅ ἻὍὖ ἯὍ Ἳὖ Ὃ. ἯὍ ἻὑὖὉ 

Ἳ ὠὈὉὖ ὅὊ Ὕὅ ὠὌ ὝὅὉὊὍὑὖ 33 ὝὀἽὖὝὅ Ὄὕ.  Ἳὕ Ἵὖ ἯὟὂ Ἰ ὠὉ  

ἯὍ ὟἻὕὠὌ ὅὉ ὅ Ἳὖ Ὃ; ὑὖὌἻὠὌ ὂὑὖ Ἳ Ἧὂ  ὅὉ ὅὕ  ἯὟὂ ὅὊὕὈὕὖ 

ὂὊὟὑ .  

 Ἰ  ὂὄὖ Ἰ ὑ ὁὠὁ  ὅὀ ὂὕ ἳ Ὅὀ Ἳ ὅ ἯὂὖἻ ὅ Ὁὕὄ ἻὕὌ 

Ἰ ὅὂὖ ὅὖὉὖ Ὗὃ ὑὖ 2-4 ὝἽἻ Ἳ ἰ ; ἽὈὈὕὄ Ὂ  12 ἱ Ἳ  ἰ ; Ὀ  

Ἰ  ἱ Ἵὖ ἯὠὊ ὅ ὂὖ ὝἽἻ  ὅ ὂὖ Ἰ  Ἧ Ὄ  100 ὈὖὝἽ ἰ . ὃὕ Ὂ ἻὠὍ 

Ἰ  ἱ Ἵὖ ὅὂὖὠὄ ὂὖ Ἰ ὋὕἻ ἯὍ ὂὕ ὃὕ ἻὕὌ Ὗὑ ὅὕ ἻὠὍ 40 ὈὖὝἽ ἰἻ 

ἯὍ Ὗὅὕ.  

2.10. ἰ ἻὖὌ Ὗὅ ὝἽὕ ἻὍὖ Ἰ ὉὖὉ Ἳ ὅ  Ἳ  (Acuoustic features of English 

sounds) 

 Ἰ Ἳ  Ὗὑ ὅ ὀ Ὗὅ ὅὑ ἻὍὖ ὅ ὑὠἻ ὅ ὀ Ὗὅ  ἱὉ Ἳ ὅ ὂὕ 

ἳ ὑὕ Ἳ ὅ ἻὖὋ . ἱ ὂ ἵ Ὄὕ Ὗὅ ὅὑ Ἳ Ὗὑ ὅ ὀ ὅὕὖὈὕὁ ἻὍὖ Ὕὂὕ ὠὀ 

Ὀ  Ὗὅ  ὐὠὌ ὝἻὕ Ἳὖ Ὃὕ Ἳ. Ἧὑ Ἳ Ὗὑ ὅ ὀ ὑὍ  ὠὋ Ὀ  

ἹὠἽ ὂ ὠὈ (voice quality) ὝἻὕ Ἳὖ Ὃὕ Ἳ. Ἰ  ὂὄὖ ὅ ὀ ὃὅ Ὗὑ ὅ ὀ 
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ἻὕὌ ἻὍὖ Ὗὅ ὠἻὉὖ Ἰ ὉὖὉ Ἳ ὅ ὅὖ Ὗὑ ὅ ἻὖὋ Ἰ ἻὠὍ ἳ ὑὕ ἻὖὋὕ Ἳ. 

ἵὄὟὑ ὃὕ Ἰ ὉὖὉ Ἳ ἰ ὑὖ  Ὗὑ  ἵ  ἵ ὂ  Ὀὖ Ὁ Ἵὕ ὂὖὉ ἻὍὖ 

Ἰ Ὃὕ . ὅὀ  42, 76 ἯὝὈὕὖ Ἳ ἰ ἻὖὌ Ὗὅ ὅὑ ἻὍὖ ἻὍὖ ὅ  Ὗὑ ὅ ὀ 

ἳὉὖὝὊὕ ἻὍὖ F1 Ὀ  F2 ὃὖἻὝὑ ἻὠὍ ὂ . Ἰ ὉὖὉ Ἳ Ὗὑ ὅὕ Ἳ ἱ ὂὕ  

ὝὈὕὐὖ Ἰ ἻὠὈἻ  ὟὑὠὌ ὝἽ ὑὂ ἻὕὊὁὈὕἻ ὝὈὕὐὖ Ἰ  Ἰ ὠὋὠὉ 

(linguistics sound system) ἳ ὑὕ  Ἰ ἻὍὖ Ὗὑ ὅ ὀ ὑ ἻὍὖ Ἰ ὉὖὉ Ἳ 

ὅ ἻὠὍ ὅ Ὃὖ (acoustic characteristics) Ὕὅὕ ὠὈὉὕ ἻἻ  ὝἽ ὑ ὅὉ  ὂ ὑ  

Ἧ ὂ Ὅ  ἰ . 

2.10.1 ἰ ἻὖὌ ἳὉὖὝὊὕ Ἳ 

  ἽὕὂὕὊὁὈὕὄ Ὗὅ Ἵὖ ἵ Ὄὕ ἳὉὖὝὊὕ Ἳ ὊὝὌὕ ἻὍὕ. Ἧὑ Ὃὖ 

ἳ ὑὕ Ἳ ὂὖ Ὗὅ ὐ ἱὊ  Ἧ Ὄ   ὃ  Ὃὖ Ἳ ὅ ὀ Ἰ Ἳ ἻὠὍ 

(resonances) Ἧὂὕὑ ἳὉὖὝὊὕ ὝἽὋὖἻὠὍ (vowel formants) Ἳὕ . Ἧ ὀὑὠὁ 3 

ὅὂὖὝὄὕ ἰ ἻὖὌ ἳὉὖὝὊὕ ἻὍὖ F1 Ὀ  F2 ἱὑ Ὃὖ ὃὖἻ Ὕὑ ἻὍὖ 

Ὀὂὖ ἻὍὖ ἽὊὕἽὕὖὠὉ ὂ Ἳὖ Ὃ. ἱὠὑ ἽὊὕἽὕὖ Ὀὂὖ Ἳ ἵ Ὃὅ Ὁὕ ἯὠὑἻ  

Ἰ  ὂὄὖ ὅ ὀ ὟὅἽὖὅὑὕὖ ἻὍὖ Ὕὃ ἻὈὕἻ ὂὖ ὅ ἳ ὑὕ Ἳ ὅ ὑὂὖ ὠὌ. 

ἰὄὕ  Ἧὠὑ Ἧ ὈὕὂὖὕὖὉὕὄ ἻὍὖ Ἰ ὑ ὁὠὄ ὅὀ ἻὍὖ ὃὕ ὅὕ Ἳ ἱὉ  

Ὗὅὕ ἻὠὍ Ἳὕ . Ἰ Ἳ  ὊὝὌὕ ἻὍὕ ἱ ὅὂὕ ἯἻ Ὃ ὅ ὠὀ 

Ἰ ὑ ὁὠὄ ὅὀ Ἳ (wide-band spectrogram) ἳὉὖὝὊὕ  Ὕὂὕὀ ὠὀὉ ὃὗὍ 

ὑ  ὝἽ ὂὕὄ ὟἻὕ ἻὠὍ Ἳὕ ; Ἰ ὝἽὋὖ ἻὍὖ ἳ ὍὠὈ/ἱ  ἯὟὂ 

ὃὗὍ ὑ  Ἱ  ἯἻὌὈὕὄ, Ἳ ὅὕὄ ὝἻ ὟἻὕ ἻὍὕ  Ὃὖ ὅὖὀ ὅ. Ἧὠὑ ἽὖὌ 

ὃὖἻ Ὕὑ ἱὀ ἻὍὖ Ἵ ὂὖὉὖ ἳὉ ὂ ὃὖὠὌἻὠὍ Ἳὕ Ἳὖ Ὃὄ. ὅὀ  43-ἱ  

ὃὖὋὈὕὠὌ  ὑὠὊὅὀ Ἳ Ἰ Ὕὑὕ  ὝἽὕ  ὂὄὖὉὕἻ ἳ Ἵὕὖ Ἳ ὅ ὀ Ἳ  

ἳὕὖὉὄὑὕ; ἱ  ὅὀ  41-ἱ  Ἳ ὀὂ  ὊὁὕἻ Ἰ ὂὋὖ Ἧ ὅὠὀὉὖ ὃὖὠὌὉὕὄ 

Ἰ ὝἽὋὖ Ἳ  ἻὕὊὁὈὕἻ ἯὠὈἻὖ Ὃ.   

Ἧ ὀὑὠὁ 3  

  F1(HZ)                     F2(HZ) 

i: Heed 300 2300 

I Hid 360 2100 

http://www.languageinindia.com/


124 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

E Head 570 1970 

A Had 750 1750 

a: Hard 680 1100 

O Hod 600 900 

o: Hoard 450 740 

U Hood 380 950 

u: Who 300 940 

^ Hub 720 1240 

e: Herb 580 1380 

 

ὅὀ  42:ἯὝὈὕὖ Ἳ ἳὉὖὝὊὕ Ἳ  F1-F2 ὂὖ ὀ ἻἻὍὖ Ἵὖὂ ὑὠὊὅὀ (Fry 1979: 112) 
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ὅὀ  43: Ὁ ἰ ἻὖὌ ἳὉὖὝὊὕ ἻὍὖ ὃὖὋὈὕὠὌ ὑὠὊἻ (Fry 1979: 113, 114) 
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 ἽὊὕἽὕὖ Ὀὂὖ Ἳ Ὕὂ ὑὖ ὅ Ὗὅὕ Ὁ  ἳὉὖὝὊὕ Ὁὖ Ἰ ὅὖ  

ὂὖὋ ὂ  ἳὉὖὝὊὕ Ὁὖ Ἰ  F1 Ὀ  F2 ὟἻὕ ἻὍὖ ὅ ὅ Ὁὕὄ ὟὂὕὊὕὉ ὂὕ 

(gradual approximation) ἯὠὀὉὕὍ ὅ ὂ ὅ Ἳὖ Ὃ. ὅὖ ἳὉὖὝὊὕ Ἰ ὅὖ 

Ὀὕ Ὃ ὂὕ F1 Ὀ  F2 ὂ  Ὕὃ ἻὈὕἻ ὑ Ἳὖ Ὃ. ἷ  ὅὖ ἳὉὖ Ἳ ὟἽ  

Ἳὗ Ὗὃὕ Ἳὖ ὃἻ  Ὗὅὕ  ἱ Ἳὖ Ὃ. ὃ ὑὖ ἳ ὑὕ Ἳ ὅ ἳὉὖ Ἳ  F1ἳ , 

F2ἳ  ἳὉ ὂ ὃὖἻ Ὕὑ ἱ Ἳὖ Ὃ. Ἧὠὑ  ἳὉὖ Ἳ  ὅὖ ἳὉὖ Ἳ  

ἱὠὀ ὅ ὀ ἱὀ ὠὂ ἰ ἻὖὊὈὖ. 

2.10.1.1. ἲ Ὁὖ (Dipthongs)  

 ἲ Ὁὖ Ἳ Ἰ  Ἰ  ἳὉὖὝὊὕ Ὁὖ ἱὉ  ὃὖὠὌὉὖ  Ὀ ὝὋὕ ἳὉὖὝὊὕ Ὁὖ 

ἱὉ  ὃὖὠὌ  Ὗὅ  ἱὉ ἻὝὃὋὖὉὖ ὃὕ Ὀ  ὅὖὋ ὅὕἻ ἻὍὖ ἱὉ Ἳ ὠὂ 

Ὗὑ Ἳὖ Ὃ. ἱ ὂ ἱὉ Ἳ Ἰ  ὝἽὋὖ ἯὠὈ Ὕὅὕ Ἳὖ (formant pattem) 

Ὃὖ ὅὖὀ ὂ Ἳ Ὀὕ Ὃ ὠὂ ἳ ὑ Ἳὖ Ὃ. ὅὀ  44ἱ  ὂ Ὅ Ἰ ὑ ὁὠὄ ὅὀ 

ἱὠὂ  Ἳὕ Ἳὖ Ὃ. ἯὠἽἻ ἱ  ὂ ἳὉὖ ἻὍὖ ὟἽ ὠἻὠὉ Ἳὕ Ἳὖ Ὃ: high  

ἵ ὅὂὖ Ὅ ἲ Ὁὖὕὖ [a:] ἵ ὅὂ  Ἰ ὝἽὋὖ ἯὠὈ Ὕὅὕ  [i] ἵ ὅὂ  Ἰ ὝἽὋὖὑὕ 

ὝὂὕὀὊ ὅ ὑὠὂ Ἳὕ . ἯὠὊ ἳὉὖὊὕ ἳὉὖὊὕ ἳ ὑὕ Ἳ ὅ ἯὠἽ 

Ὀ ὂὠὌὉὕἻ ἲ Ὁὖ ἵ ὅὠὂ you  Ὀ  we  ἵ ὅὂ  Ἰ  ὃὖὋὈὕὠὌ ὑὠὊἻ  

ὝὂὍὖ ὅ . 
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ὅὀ  44: ἰ ἻὖὌ ὂὖ ἲ ὉὖἻ Ὀ  ἯὠὊ ὉὖἻὍὖ ὃὖὋὈὕὠὌ ὑὠὊἻ  (Fry 1979: 115, 

116) 
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2.10.1.2.. ἳὉὖὝὊὕ Ὁὖ ἻὕὌ ἯὍ  Ὀ  Ἳ ὠὈ ἱὑ Ὃὖ Ὗὑ ὅὕ (Differnces in vowel 

duration and intensity) 

 Ὗὑ ὅ ὀ ἳὉὖ Ἳ  Ὗὑ ὅ ὀ Ἰ ὝἽὋὖ ἯὠὈ Ἳ ἱ ὂὕ  Ἧὠὑ 

Ὀ  ὂὕ  ἳὉὖὝὊὕ Ἳ  ἱὠὀὟὉ ἳ Ὅ Ἰ ὉὖὉ Ἳ Ὗὑ ὅὕ Ἳ ἵ  Ὃ 

ἱὉὌὕ. ὃὖὋὈὕὠὌ ὑὠὊὅὀ Ἳ ἻὕὌ ἯὍὑὖ  Ὗὑ ὅὕ ὠὀ Ἳὕ Ἳὖ Ὃὄ. ὃὖὋὈὕὠὌ 

ὑὠὊὅὀ ὂὖ  ἻὕὌ ἯὍὑὖ Ὀὂὖ ὠὀ Ὕὅ ὑὂὖ Ἳὑὄ  Ὗὂὠὑ. ἻὍὖ 

ὟὑἻ Ὗὅ  ὃὗὍ ὂὖ  ἻὕὌ ἯὍὠὑ  Ὀὕ ; ἻὕὌ ἯὍ Ἳ  ἸὟὊ Ἰ  ὐ  

ὑ ὂὕ ὂὕ  Ἰ ὅὖ  ὅὕ Ἳ ἱὉ . ἱ ὂ Ἳ ὅὕ Ἰ ὑ ὁὠὄ  ὅὀ ὂὖ 

ἰὉ ὅ Ὅ ἻὍὕ ὂὖ ὂὖ ὅ ὂ ὅ Ὅὄ. [i:], [a:], [o:], [u:] Ὀ  [a:] ἵ Ὃ 

ὃὗ ὀ ἳὉὖὝὊὕ Ἳ Ἳὕὄ (long vowels) ἻὕὌ ἯὍ  ὉὖὝὊὕἻ Ἳὕὄ (short vowel) 

ἻὕὌ ἯὍὠὑ ὑὖὀ ὂ  ἻὕὌ ἯὍὠὑ  ὝἻὕ ὅ Ὕὂὕὖ. ἲ Ὁὖ Ἳ ἻὕὌ ἯὍὑὖ 
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Ἰ ὂὠὑἻ ἰ ; ἯὠὑἻ  Ὕὃ Ὁὖ ἻὠὍ ὑὖὀ ἽὖὋὖ ὃὗ ὀ ἵ ὅ  Ἧὠὑ ὂὖὋ ὂ 

ἯὠἽὉὖ ἱ  ἱὀ  ἰ ; ἱ  ἱ ὂὖ Ἧὠὀ Ὕὅὕ Ὁὕ ἻὕὌ ἵ  

ὝἻὕ Ὅ ὅὑὂὖ ὠὌ. 

 ἳὉὖὝὊὕ ἻὍὖ Ἳ ὠὈ ἵ  ὝἻὕ Ὅ ὅ ὀ Ὗὅ  ὃὖὠὌἻὠὍ (speeking level) 

Ὕὅὕ  ἯὠὈ . ἵ Ἳὕ ὀὕἻ, ὝὈ ὠὈὉὖ  (soft) ὑ ὠὈ/ἳὊ  (loud) 

ἳὉὖὝὊὕ Ἳ ὑὂὖ  ὑὖὠὍὠὑ ἶ ὅ . Ἰ ὉὍὠὑ (volume) Ἳὖ ὀ ὂ ὀ 

ὃὖὊ ὂὊὈὕἻ ὠὑ ὂὖ ὂὕ ὅ Ὗὑ ὅ ὀ ἳὉὖὝὊὕ Ἳ  ἱὠὀὉὖ Ἳ ὠὈὉὖ 

ἳ ὅὠὀὉὕὄ Ὗὑ ὅὕ Ἳ ἱ . Ὗὅ  ὐ  ὂ  ὂὖὋ ὂ ὅ  ἳ ὑὕ Ἳ ὅ ὀ 

ἳὉὖὝὊὕ Ἳ Ὁ ἳὉὖὝὊὕ ἻὠὍ ὑὖὀ ὂ  Ἳ ὠὈ ὃὖὠὌ ὝἻὕ . ἸὟὊ ὂὖὋ ὂ 

ἯὍ  ἳ Ὅ F1ἳ , F2ἳ  Ἧὂὖ  ἵ ὁὖ  ὂ  Ἧ ὠὈ ὅ Ἳὖ Ὃ ὅὖ ἳὉὖ Ἳ 

 ἳὉὖ ἻὠὍ ὑὖὀ ἽὖὋὖ ὂ  Ἳ ὠὈὠὉ ὝἻὕ . ἱ ὂ ὑὖὠὍ ἻὠὍ 

Ἧ ὀὑὠὁ 5-ἱ  ὂ Ὅ Ἳ ὠὈ ἯὍ ἻὍὖ  ἯὋὖὉὌὕ. ὈὖἻ ὠὋ ὂ 

Ἳ ὠὈὉὕὄ ἳὉὖ Ἰ Ἳ  ἱὠὀὉὖ ἳ Ὅ Ὗὑ ὅὕ  ἽὊὕἽὕὖ 7 dB ἰ . 

2.10.2. ἰ ἻὖὌ ὝὈ ὝὉὕ Ἳ 

 ὝὈ ὝὉὕ ἻὍὖ Ἰ  ὠὋὠὉ ἳ ὑὕ  Ἰ Ἳ  ἳὉὖὝὊὕ ἻὠὍ ὑὖὀ ὂ  

Ὗὑ ὅὕ Ἳ ἳ ὍὠὑἻὍὕἻ ἱ . ἶὝὄ Ὃὕ ἯὠὑἻ  Ἰ  ὅὖὋ ὅὀ ὂὕ (place of 

articulation) Ὀ Ὀ Ὄ Ἰ  Ἰ  ὠὋὉὕ  (manner of articulation) 

Ὗὑ ὅ ὂ ὅ . Ἧὑ Ὃὖ Ἰ ὉὖὉ Ἳ ὅ ἻὠὍ ὈὗὍὕ  ὝἽ Ὁ ὃὕ Ἰ ὅὖ 

ἽὖὌ Ἰ ὠὈἻὠὍ Ἳὕ ἻὖὋ Ἰ ἻὠὍ Ἰ ὋὕἻ ὈὌὕ; ἶὝὄ Ὃὕ ἯὠὑἻ  

Ὕὅὕ ὑὕὄ Ἰ ὉὖὉ Ἳ ὅ  ἻὠὍ  ὝἻὕ . 

 ἳὉὖὝὊὕ-ὝὈ ὝὉὕ ἵ Ὃ ἱ ὠὈ Ὗὑ ὅὕ (dichotomy) Ἰ ὉὖὉ Ἳ ἯὍ  

Ἧ ὅὠὀὉὖ ὝἽ Ὁ ἱὉὌὕὂὂὕ. Ἧ  ὝὈὕὐὖ Ἰ  ὠὋὉὖ Ἰ ἻὍὖ 

ὝἽὉ ὅὕ  ὝἽ ὂὖὉὕ . ἵ Ἳὕ ὀὕἻ ὃὕ ὝὈ ὝὉὕ ἻὍὖ ὅ ὅὕἻ ἱὠὊ Ἵ 

ὅ ἻὍὖ ἽὕὉὠὌ (notion of the noise components) ὋὌὕ; Ἧ ὅ Ὁὕὄὕ 

ὝἻὕἻ  (nasals) Ὀ ὝἻὕ Ἳ (lateral) ἱ ὂ ὑ ὅὖ  ὑὖὌ Ἳὖ ὠὑ Ἳ ὅὀ 

Ὗὑ . ὈὕὋὕἻ ὅὊ ὂ ὝἽ ὂὖὉὖ ὑ  ἱὠὊ Ἵ ἱ ὂὕ  Ἧὂὖ ἳὉὖὝὊὕ Ἳ 

ὅὉ ὅ ὂ ὅὀὑὖ ὠὌ ἵ  Ἳ ὑ  Ἧ ὂὈὕἻὕ. Ἰ Ὁὖ ἻὑὖὉ ὅὕ ὠὑ 
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Ἧ ὅὠὀὉὖ, ἳὉὖὝὊὕ Ἳ  ὝὈ ὝὉὕ Ἳ  ἱὠὀὉὖ ἽὕὖὉὕὄ/ὝὂὍὖὑὕὄ 

Ὗὑ ὅὕ  ὟἻὕ ἱ ὠὌ. ὂ  ἯὍ  ἳὉὖὝὊὕ Ὗὅὕ Ὃ ὠὋ ὂ ἯὍ  ἳὉὖὝὊὕ 

Ὗὅὕ Ὃ ἵ ὂὕ Ὃ ἱὉ . ἰ ἻὖὌ ὂὖ ὂ  ἯὍ  ἳὉὖὝὊὕ Ὗὅὕ Ὃὠὑ ἯὠἽ  

ὝἽὉ ὅὕ (syllabic fanction) ἳ Ὅὠὑ. Ἧὂὕὑ ὝἻὕ Ἳ  Ὀ ὝἻὕ Ἳ ἰ . 

2.10.2.1 ὝἻὕ Ἳ 

 ὝἻὕ ἻὍὖ Ἰ  ὝὈ Ὄὁ ὂὖ Ἳὗ Ὗὃὕ Ἳὖ ὑ ὠἻὠὉ ἳ Ὅὀ ἻὖὉὂὕ. 

ἱὂὄὕ Ὕὂὕ ὠὀ (naso-pharynx) Ὀ   ὑὕὊ Ἳ ὑὐὖ ὝὑὍὖ ὝἽ  

Ἳὕ  ὑὐὖ ὂὖὋ Ἳ ὅ. Ὗὅ ὐ ὅ Ἳ ἻὖὠὍὉὕἻ ὑ  ἱ ὂ ὂὖὋ ὅὖ Ἰ ὉὖὉ Ἳ 

ὑὖὠὍ ἵ ὄὝὑ Ὃὕ Ὗὅ ὐ Ἰ Ἳ ὅ ἻὠὍ (resonance characterisitics) 

Ὀὕ ὑ  Ἰ  Ὃὖ ὅὖ ὀ ἱ  ὑὖὠὍὑὕὄ ἵὂὖ-Ἰ Ἳ ὠὂ (anti-resonance) 

ὑ  ἰ . ἱ ὂ ἵὂὖ-Ἰ Ἳ ὂὖὄὕ ὅὕὂὖἻ ὅ ὀ ὃὖἻ Ὕὑ ὅ ὠὀ (frequency 

band) Ὕὅ ὅὕὌὕὄ ἳὉὖὝὊὕ ἻὍὖ ἱὊ ὀὕὑ Ἰ ὝἽὋὖὑὖ ὃὕ Ἳὕ  Ἰ Ὃὕ . 

Ἧὂὕὑ 800 Hzἱ  ἱ  2000 Hz ὑὠὊ ὝἻὕ Ὁὕ ἳὀὄ ὉὕἻ ὂ ὅὀὟὑὕ 

ὝὂὕὀὊ ὅὀὟὑὕ ὝἽ Ὁ ὅ. ἯὠἽὉὖ Ἰ ὑ ὁὠὄ Ἧ Ὕὅὕ Ἳὖ ἵὂὖ-

Ἰ Ἳ ὂὖ ἱ  Ὃὖ Ἳ ὅ ὀ ὑὖὠὍ ἻὠὍ (marked effects) Ἳὕ ἻὖὟὋὕ. ὂὌὕὑ 

F1ἰ  ἳ ὅ ὂὖ ὝἽ Ὁ ὅ ὀ Ἵ ὂὖὉὖ ἳ Ἵ ἳὉὖὝὊὕ Ὁὖ ὃὗ ἽὖὠὉ Ἳὕ  

ὝὈ ὝὉὕ ὃὗ ἽὖὉὖ ὂὕ ὂ ὃὖἻ Ὕὑ ὁὖ ἱ Ἳὖ Ὃ. ἱὊ ὀὕὑ ἳὉὖὝὊὕ 

ἱὊ ὀὕ Ἰ ὝἽὋὖ  Ἵ ὂὖὉὖ ἳὉ ὂ ὃὖὠὌὉὖ  ὝὈ ὝὉὕ  Ἵ ὂὖὉὖ ὈὖἻ 

ὂὕ ὂ Ἧ Ὄ  ἾὖὉ ὃὖὠὌ  Ἳὖ ὀ ὂ ὀ ἳὀὄ Ὁὕὄ ὈὕὋ  ἱ Ἳὖ Ὃ. ἱ ὂ 

ὅ Ἳ ὅὀ  45-ἱ  Ἰ ὃὖὋὈὠὌ ὑὠὊὅὀ ἻὍὖ ὝὂὍὖὑὕἻ Ὕὂὕὖ. 
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ὅὀ  45: ὝἻὕὝἻὕ ἻὠὍ ὝἻὕ ὀ ἯὠἽἻὍὖ ὃὖὋὈὕὠὌ ὑὠὊὅὀ(Fry 1979: 118) 

  

  ὝὈ ὝὉὕ ἻὍὖ ἻὖὠὍ ὂὖὋ  ἻὕὌἻ ὀ ὂὖ Ὗὅ  ὐ  

ὀ ὅ Ἳὖ Ὃ. Ἰ ὠὉ ὝὑὍὖ Ἳὕ Ὃὖ ὝἽ ὑὂὖ ὑὕὊ Ἳ ὑὕὠὉὑὖὀ 

ὠὋ ὂ ὝἽὉὌὕ Ἳ ἳ Ὅ  ἰ . ἱὂ  ἻὕὊὁὈὕἻ  ὝὈ ὝὉὕ ἻὍὖ Ὕὅὕ ὑὕὄ 

Ἳ ὠὈ ὃὖὠὌ ἳὉὖὝὊὕ ἻὍὖ Ὕὅὕ ὑὕὄ Ἳ ὠὈ ὃὖὠὌὠὉ ὑὖὀ Ἳὕὁ ὂ Ἳ ἯὍ  

ὠὋὑὕ . ἱὠὂ Ἰ ὃὖὋὈὠὌ ὅὀ ἻὍὖ Ὀ ἻὖὉ ὑ ἻὍὖ  ἻὕὁὌὕ. 

 ὅὀ ὂὖ ἳ ὅ ὂ  ὝἽ Ὁὅ Ὅ ὅὌὑὠἻ ὅ ὀ  ὝὈ ὝὉὕ ἻὍὖ 

Ἰ  Ἧὑ ὠὋ Ὗὑ ὅ  ὅ  Ἰ Ἳ Ἧ Ὄ  Ἰ ὝἽὋὖ ὝἻ ὑὠὊἻὍὖ (bars) 

ἱ ὠὌ ἵ  Ἳὕ . ἯὠὑἻ  ἵ Ὄὕὑ Ὃὖ F1 ὈὖἻ ὠὋ ὂ ὃὖἻ Ὕὑ ὅ ὠὀὉὖ 

ἱὊ ὀὕὑ Ἰ ὝἽὋὖ ἳὉὖὝὊὕ F3ἱ  ὃὖἻ Ὕὑ ὁὖ ἱ . ἱ   
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ὝὈ ὝὉὕ ἻὠὍ Ὗὑ ὅ ὑὂ Ἳὕὄ ἻὖὉὈὕὄ ὅ  Ἰ ὝἽὋὖ 

ὃὖἻ Ὕὑ ὁὖ (formant frequency) ὑὖὠὊὑὕὄ Ὀὕ Ὃ ὂὖ Ἳὕὁ ὅ Ἳὖ Ὃ. ἱ ὂ 

ὂ ὟὅὕὠὂὉ ὐ  F2ἱ  Ἳὀ  ὝἽ  Ὀὕ Ὃ (transition) ἻὖὉὈὕὄὂὕ. ἲὕὖὂ 

Ἰ  [m] Ἧ   ὑ ἻὖὋὂὕ Ἧ Ὄ  ἱ ὂὖὉὖ ὑ ἻὖὋὂὕ ἵ ὅὠὂ Ὕὅὕ  ὂὕ ὂ 

ὃὖἻ Ὕὑ ὁὖ  Ἧ Ὄ  ὂὕ ὂ ὃὖἻ Ὕὑ  F2ἱ  Ἳὀ  ὝἽ  Ὀὕ Ὃ ὠὂ 

ἳ ὑὕ Ἳὖ Ὃ. Ἧ ὅ  Ἰ  [n] Ἳὀ  ὝἽ  Ὀὕ Ὃ ὠὂ ἳ ὅ ὂὕ. ἻὠὀὉ ὁ 

Ἰ  [ŋ] ἳὉ ὂ ὃὖἻ Ὕὑ ὁὖ  Ἧ Ὄ  ἳὉ ὂ ὃὖἻ Ὕὑ  Ἳὀ  ὝἽ  

Ὀὕ Ὃ ὠὂ Ἳὕ . 

2.10.2.2.  [l] Ὀ  [r] ἹὠἽἻ 

 ὃὖὋὈὕὠὌ ὑὠὊὅὀ ἻὍὖ  (ὅὀ  44) [J] Ὀ  [w] ἵ Ὃ ἯὠὊ ἳὉὖ Ἳ 

ὠὋὉὖ [i] Ὀ  [u] ἵ ὅὑ Ὃὖ Ἰ ὝἽὋὖ ἱ ὅὖ  Ἧὑ ὠὋ Ὕὂὕὀ ἻὖὋ 

ἳὉὖὝὊὕ  ὝἽ  ἳὀ ὅ ὂὖἻὍὕ ἵ  Ἳ Ὗὀὕ. ἱ ὂ ἳὀ ὅ ὂὖἻ 

Ἰ ὝἽὋὖ Ἳὀ ἻὍὕ (formant transitions); Ἧὂὕὑ Ἰ  Ἰ ὝἽὋὖ 

ὃὖἻ Ὕὑ ὁὖ  Ὀ ὝὋὕ  Ἳὀ  ὝἽ ὑὂὕ ἱ ὂ Ὀὕ Ὃ 

ὝἻὕ+ἳὉὖὝὊὕ Ὕὂὕὀ ἽὖὉὖ ἳ Ὅ Ἳὀ ὂ Ὀὕ Ὃ ὠὂὑὖὀ ὝὈ ὑὕὄὂὕ. 

ὅὖ ὠὂὉ ( ὝἻὕ Ἳὀ ) 25 Ὀὖ.ὝἽ. ἵ Ἳ ὈὕὋὕἻ ὠὂὉ (ἯὠὊ ἳὉὖ Ἳὀ ) 100 

Ὀὖ. ὝἽ. ἵ . 

 Ὕὂ Ἳ ὂὖὉ ἰ ἻὖὌ ὂὖ (southern English) Ἰ ἻὍὖ Ὗὑ  ἱὊ  ὑ Ἳ ἯὠὊ 

ἳὉὖ ἻὠὍ Ὗὅὕ Ὃὠὑ ἰ . Ἧὠὑ [r] Ὀ  [l] ἵ Ὃ Ἰ ἻὍὕ . ἹὊὍ  ὑὠὍὃὕ 

Ἰ ὂ ὠὈὉὖ ἯὠὌ ὀ  Ἰ Ἳ ὅ ἳὊὕ ὑὖ Ὄὕὂ [r] ὃ ὃὖὠὌ ἳὉὖὕὖ  Ἧὠὂ  

Ὕὂὕὀ  ἳὉὖὝὊὕ ὠὉ Ὗὃὕ Ἳὖ ὝἽ  ἳὀ ὅ ὂὖὉὕ. ἵὄὟὑ ἱ  ὑὠὍὃὕ 

Ἰ ὂ ὠὈ Ὅ ἳὉὖὝὊὕ ἯὠὈ Ὕὅὕ Ἳὖ  ὑὖὌἻὖ Ὀ  ἯὠὈ Ὕὅὕ ὠἻ 

Ὗὃὕ Ἳὖ ὝἽ  Ἰ ὝἽὋὖ Ἳὀ ἻὍὕ ὅ ὅὕ Ἳ ὝἽ Ὁ ὅ Ἳὖ Ὃ. [r] 

Ἰ ἻὠὈ ὅὖ ἻὖὉὈὕὄ ὅ  F3, F2 Ὀ  F1ἱ  ἳ Ὅ 

ἯὠὀὉὕὍ ὅ ὂ ὅ ὀ Ἳὀ ὅὕ. ὄ  ὅὖ ὄ  ὑ  ἳὉὖ Ἳ ὀ Ὕὂὕὀ ὠὀὉ 

ὝὈ ὝὉὕ Ἳὀ ἻὍὖ  ἳὉὖὕὖὠὀ ἱὀ  (intevocalic position) marrow  ἵ ὅὂ 
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Ἰ ὑ ὁὠὄ  ὅὀ ὂὖ ὝὂὍὖὑὕἻ ὝὂὕὖἻὖ Ὃ. Ἧὠὑ Ἰ ὂὋὖ Ἧ ὅὠὀὉὖ ὝὈ ὑὕἻ 

ὃὀ Ἳὖ Ὃ. ἰὄὕ  [j]) Ὀ  [w]  ἵ ὅὠὑἻὍὖ  ὝἻὕ Ἵ ὂὌὕὄ ὑὖὠὊὑὖ 

ὃὀ Ἳὖ Ὃ. 

ὅὀ  46: marrow Ὀ  mallow ἵ ὅὠὑἻὍὖ Ἰ ὃὖὋὈὕὠὌ ὑὠὊἻ  (Fry 1979: 120) 

 

ἱ ὂ ἯὠὈ Ὕὅὕ ὠἻ mallow  ἵ Ὃ ὝἽὕ  ὑ  ἳὉὖὕὖὠὀ [l] ἳὀ  

Ἰ ὅὖὀὌὕ. ἱὂὖ Ἳὀ Ἳ [r] ἵ ὅὂ Ἳὕὄ Ἳὀ ἻὍὖ  ὠὋ ὂ ὃὗ Ἵὖ ὀ 

ὠὋ ὂ ὝὈ ὑὕὄὂ ὠὈ ὀ ὃὖἻ Ἳὖ Ὃ. ἱ  Ὃὖ ὅὕἻ ἳὉὖὕὖὠὀ [l]ἱ  ἳὀὄ ὉὕἻ 

Ἳὀ Ἳ ἱ  F1ἱ  ὝὂὕὖἻὖ Ὃ. ἻὖὉὈὕὄ Ὗὑ ὅὕ F3ἱ  ἱ Ἳὖ Ὃ. ἱ  

marrow  ἵ ὅὂ  ἳὉὖὕὖὠὀ [r]ἱ  ἳ Ὅ F3ἱ  ὃὗ ἽὖὉὕὄ Ἳὀ  ὊὁὕἻ 

ὃὖἻ Ὕὑ ὁὖ ἵ ὂ Ὀὕ Ὃ ὠὂ Ἳὕ ὀὕ. ἵ Ὄὕ Ἳὀ Ἳ  ὑ  Ἧ Ὄ  

Ὕὂὕὀ  ὑ  ἳὉὖὝὊὕ ἻὍὖ Ἰ ὝἽὋὖ ὃὖἻ Ὕὑ ἻὍὕ ὂὗ Ὀὕὄὖ Ἳ ὅ Ἳὖ Ὃ. 
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ὅὀ  47: leal Ὀ  lull ἵ ὅὠὑἻὍὖ ὃὖὋὈὕὠὌ ὑὠὊἻ  (Fry 1979: 121) 

 

2.10.2.3. ἳὊὕ  ἱὠὊ Ἵ (friction noise) 

 ὟὈ ὝἽὕ ὄὠὑ ὂὑὖ ὂ ὅὖὋ ὝὈ ὝὉὕ Ἳ ἱὠὊ Ἵ  (noise) ἱ ὅὂὕὟὌὕ 

Ἧ Ὄ  Ἧὠὑ Ἰ  Ἰ Ἳὖ  ὂὠὀὠὉ  ἳ ὅ ὑὂ ἻὕὊὁ ὂὕὟὌὕ 

ἳὉὖὝὊὕὝὌὕἻὍὖὀὈὖ Ἰ ὉὖὉ Ἳ Ἧ ὅὠὀὉὖ Ὗὑ ὅ ὀὠὑ. ὃὕ ὠὂὉ 

ὅ ὂὖὉὖ ἱ  Ἰ Ἳ ὀ  Ὕὅὕ ὂ ὠὀὉ ὃὖὋὈὕὠὌὑὠὊὅὀ ἯὠὈ Ὕὅὕ Ὅὖ 

Ὕὅὕ ὑὕὄ ὅ ἻὠὍ ὅὕ Ὗὂὕ. 

 ἱὠὊ Ἵ Ἰ ὑ ὁὠὄ  ὅὀ ὂὖ ἶὂὕὑ ὅὕἻ ὂὖ Ἰ Ἳ  ὂὊ ὅ  

Ἵ ὂὖὠὉ Ἳὕ  ὂὖ ὠὀ (patch) ἳ ὑὕ . Ἧὠὀ Ὕὅὕ Ὁὖ ἻὕὊὁὈὕὄ ὂὠὀ 

ὃὖὋὈὕὠὌὑὠὊὅὀ ὂὖ Ὕὑ  ὂὖὠὀ (blank patch) . ὃὖἻ Ὕὑ Ἧ Ἵὖ 

ἱὠὊ Ἵ ὑ  ὃὗ Ἵὖ ἱὀ  Ὗὅ ὐ ἱ  ὑὖὠὍὠὑ (filtering effect) 

ὅὖὊὂὖὅ . ἻὕὌ Ἧ Ἵὖ ἱὠὊ Ἵ  ὃὗ Ἵὖ ἳὊὕ Ὕὑὕ Ἳ  ὈὖἻ ὂὌὕ . 

Ἧὠὀ Ὕὅὕ ἻὍὖ ὑὖ ὑὖ ὅὕ Ὗὃ  ἱὠὊ Ἵ Ὕὑ Ἳ  (noise bursts) 

ὠὋὑὕ . ἳὊὕ  Ἧὠὀ Ὕὅὕ (affricates) Ἧὠὀ  Ὕὑ ἻὠὍὑὖὀ ὃὗ ὀ ἻὕὌ 

ἹὠἽὠὉ (noise of longer duration) Ἳὕ Ἳὖ Ὃ. ἰὄὕ  Ἧὂὗὂ ὐ  

ἳὊὕ Ὕὑ ὠὉὑὖὀ ὠὋ ὂ ἻὕὌ-ἱὠὊ ἽὠὌ Ἳὕ Ἳὖ Ὃ. 

  ἳὊὕ  ἱὠὊ Ἵ  Ἳ ὠὈὉὖ Ὗὑ ὅὕ Ἳ ἱὠὊ ἽὌὕ ἵ Ἳ ὅ ὀ 

ὃὖἻ Ὕὑ ὅ ὠὀὉὖ ἯἻὌ ὂὖ ὝἽὉ ὅὕὀὕ. ὅ ὠὀ ἯἻὌὈὕἻ ἱ ὂὕ ὝὈὕ ὂ 
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Ἳ ὠὈ ὂὌὕ . Ὂ  Ἰ  Ὂ Ὄὕ Ἰ  ἱὠὀὉὖ ἳ Ὅ ἽὖὌ Ὗὑ ὅὕ Ἳ 

ἰὉ ὅ Ὅὄ. ἳὊὕ  ἱὠὊ Ἵ ὊὝὌὕ ὉὕἻ ἱ ὂὕ Ἧὂ  Ἳ ὠὈ ὠὋὑὕἻ 

ἱ  Ὗὅὕ  ἱ Ἳὖ Ὃ. ἶὝὄ Ὃὕ ἽὖὋὖ Ἵ ὂὖ Ὕὂὕ ὠὀ Ὂ ἳ ὑὕ ἻὖὉὕ 

(larynx tone generator) ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. 

2.10.2.4. ἰ ἻὖὌ ἳὊὝἽὕἻ  (The English fricative consonants) 

 ἳὊὝἽὕ Ἳ  ὑὐ ἻὈὕὄ ἯὠὈ Ὕὅὕ ἻὠὍ ἵ Ἳὕ ὑὂ Ὗὑ  

ὝὈ ὝὉὕ ἻὍὖ Ὕὂὕὀ Ἳ Ὀ  ἱ ὂὖὠὉ Ἳὕ ὅὂ ἻὕἻ ἳὉὖὕὖὠὀ ἱὀ ὂὖ ὑ  

ὊὝὌὕ Ὀ  Ὂ Ὄὕ Ἰ ἻὍὖ ἱὠὁἻὠὍ  ὝἻὕ ὀ ἵ Ἳὕ ἻὠὍ ὃὕ 

ὅὉ ὅ ἻὖὟὋὕ. ὅὀ  48 [ɇ], [s], [f], [ ] Ὀ  [h] ἵ Ὃ ἷ  ἳὊὝἽὕ ἻὍὖ 

Ἰ ὃὖὋὈὕὠὌὑὠὊὅὀ ἻἻὠὍ  ὂ Ἳὖ Ὃ. ὂ  ὃὕ  Ὗὅ ὐ ἱ ὅὕὄὕ 

Ἳὀ ὂ ὅ ὀ ἹὠἽ ὅ ὠὀὉὖ Ὕὂὕὀ ἽὖὉὕὄ ἻὠὌ ἵ  Ἳὕ Ἳὖ Ὃ. [ɇ]ἱ  

ἱὠὊ Ἵ Ἵ ὂὖ ὃὖἻ Ὕὑ ἯὍ ὟἻὕ  (frequency scale) ὂὕ ὂ ἱὀ ὂὖ Ἧὂὕὑ 1800-

2000 Hzἱ  Ὕὂὕὀ Ἳὖ Ὃ Ὀ  ὟὈ Ὗὃὕ Ἳὖ Ἳ ὂ ὂ Ἳ Ὂ ὂὖ, Ἧὂὕὑ 6000 

hz  Ἧὂ ὟὈ  ὃὗ Ἳὖ Ὃ. [s]ἱ  ἱ ὅὕ 4000  Ἳὗὐὕὄ Ὕὅ ὅὕὌὕὄ 

ἱὠὊ Ἵ Ἵ ὂὖὠὉ Ἧ Ἳὖ ὑὖ Ἳὖ Ὃ. ἰὄὕ  ὅ ὠὀ ὟὈ  Ὗὃὕ Ἳὖ 8000 Hz ὑὠὊ 

ὃὗ Ἳὖ Ὃ. [f] ἳ  [ȹ] ἳ  6000 Hz ἱ  8000 hz ὑὠὊ ἳ Ὅ ἳὉ ὂ ὃὖἻ Ὕὑ ὁὖ 

ὂ ὠὈὉὕὄ ἱὠὊ Ἵ Ἵ ὂὖὠὉ ὝἻὕ Ἳὖ Ὃ. 

 [h] Ἰ  ὅὖὋ ἳὊὝἽὕ ἻὍὖ  Ὗὑ ὅ ὀ ὅ ὠὅ  ὝἻὕ Ἳὖ Ὃ. 

ἶὝὄ Ὃὕ ἱὂὖ ἱὠὊ Ἵ ἳ ὑὕ Ἳὖ (noise generator) Ὕὂὕ ὠὀὉὖ Ὀ ὀ ὂὖ 

ἱ Ἳὖ Ὃ; Ὀ  ἱ ὂ Ἰ  Ἳ ὅ ὀ ἳὉὖὕὖ  ἱὉ ὠὅ  ὝἻὕ Ἳὖ Ὃ . 

ἱὂὖ ἱὠὊ Ἵ ἱ ὂὕ  ἱ  ἱὠὂ Ὕὂὕὀ ἳὉὖὝὊὕ Ὁὖ Ἰ ὝἽὋὖ Ἳ ὀ 

ὃὖἻ Ὕὑ ὁὖ  ὈὖἻ Ἧ ὠὈ ὅ  Ὕὅὕ ὂ ὠὀὉ Ἰ ὝἽὋὖ ἯὠὀὉὕὍ ὅ ὂ ὅ ὀ 

ὝἻ ὟἻὕ ἻὠὍ ὝἻὕ Ἳὖ Ὃ. 
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ὅὀ 48: ἳὉὖὝὊὕ Ἳ  ἱὠὀὉὖ ὑ  ἰ ἻὖὌ ἳὊὝἽὕ ἻὍὖ ὃὖὋὈὕὠὌ ὑὠὊ Ἳ 

(Fry 1979: 123) 
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2.10.2.5. ἰ ἻὖὌ Ἧὠὀ Ὕὅὕ Ἳ (The English plosive consonants) 

 Ἧὠὀ Ὕὅὕ Ὁὖ Ὗὃ  ὝὈὥὄ ὂὕὟὌὕ ἹὊὍ  ὝὈὥὄ ὂὕὟὌὕ 

ἯὠὀὉὕὍ ὅ ὂ ὅ . Ἧὠὀ  ὑὖ ὑὖ Ἳ ὅ ὀὕ ἱ  ἹὠἽὉὖ ὠὋ ὂ 

Ὕὑ ὅὕ ὝὂὕὀὊ ὅ. Ἰ Ὁὖ ἱ ὂ ὅὕἻ ἻὍὖ ἻὕὌ ἯὍ  Ὃὖ ὟὑἻ ὠὂ 

Ὕὅὕ  ἱ Ἳὖ Ὃ. ὝὈὥὄ 70 Ὀὖ.ὝἽ.  200 Ὀὖ.ὝἽ.  ἱὠὀ ὅ ὀ ἻὕὌ ἯὍὑὖ 

ὃὗ . ἱ  Ὂ Ὄὕ Ἰ ὠὉ ὑὖὀ ὊὝὌὕ Ὁὖ ὠὋὑὕ . ἹὠἽὉὖ Ὕὑ  Ἰ  

ἳὉὖ  (aspiration) ὈὖἻ ὠὋὑὕἻὟὑὕ Ἧ Ὄ  ἱ ὌὕὟὂὕ ἱ  Ὗὅὕ ὈὖἻ ὠὋὑὕὄ 

ἻὕὌ ἯὍ  ὝἻὕ . ἱ  ἱ  10 Ἧ Ὄ  15 Ὀὖ.ὝἽ. ἵ Ὃ ὃὖὊ Ἳὖ ἱ . 

Ὕὑ ὅὖ Ὗὅὕ ἹὠἽ Ἵ ὂὖ ὑ ὁ ὅ ὠὀ ὑ  (spectrum) ὅὊ . ἰὄὕ  Ἵ ὂὖὉὖ 

ἳ Ἵ Ἳ ὝὈ ὝὉὕ Ὁὖ Ἰ ὅὖὀ ὠὂ Ὕὅὕ  Ὗὑ ὅ ὀ ὃὖἻ Ὕὑ ἱὀ ἻὍὖ 

ὃὖἻ  Ἵὕ ὂὖὉ ἱ ἻὖὋ . ἲὕὖὂ ἹὠἽἻὍὖ [p] Ὀ  [b]ἱ  ἳ Ἵ Ὕὅὕ ὑὕἻ 

ὂὕ ὂ ὃὖἻ Ὕὑ ἻὍὖ Ἧὂὕὑ 600-800 Hzἷ Ἰ  ἱ . Ἳὠὀ Ἧ ὁ  Ἰ Ἳ  

(velar sounds) 1800-2000 Hz ἱὀ ὂὖ ὃὖἻ . Ἧ ὅ  Ἰ Ἳ  (alveolar sounds) ἳὉ ὂ 

ὃὖἻ Ὕὑ ἻὍὖ Ἧὂὕὑ 4000 Hzἷ Ἰ  ἱ . ὊὝὌὕ ἻὍὕὄ [b], [d] Ὀ  [g] 

ἵ ὅὄὑ Ὃὖ ἹὠἽὉὖ Ὕὑ ὅὖ Ἳ ὠὈ ὊὝὌὕὌὕ ἸἻὍὕὄ [p], [t], [k] 

ἵ ὅὄὑ ὠὋὑὖὀ ὈὖἻ ὠὋ . Ἧὠὀ Ὕὅὕ ἻὍὖ ἱ ὂ ὅ Ὗὑ ὅ ὀ ὅ ἻὠὍ 

ὅὀ  49ἱ  Ἳὕ ὀ ὅ Ὅ Ἰ ὃὖὋὈὕὠὌὑὠὊ ἵ ἻὕἻὍὖ ἻὕὁὌὕ. 

 

 

 

 

 

 

 

http://www.languageinindia.com/


138 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

ὅὀ  49: ἰ ἻὖὌ Ἧὠὀ Ὕὅὕ ἻὍὖ ὃὖὋὈὕὠὌὑὠὊ Ἳ(Fry 1979: 124) 
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2.10.2.6. ἰ ἻὖὌ Ἧὠὀ ὊὝἽὕἻ  (The English affricates) 

 Ἧὠὀ ὊὝἽὕ Ὁὖ Ἰ  Ὗὅ ὐ ἵὂὕὑ Ἰ  ὅὕἻ ὂὖ (Ἧὠὀ Ὕὅὕ 

ὟὅὕὌ)  Ἧὠὀ ὠὅ   ὑὖ  Ὗὃ  ἱὀ ὂὖ ἳὊ  ἹὠἽὉὖ ἳ ὅ ὂὖὠὉ 

ὝἻὕ . ἰ ἻὖὌ ὂὖ ἱὊ  Ἧὠὀ ὊὝἽὕ ἻὍὖ ἱὠὁἻ  ἱ ἻὖὋὄ. 

ὃὕ  Ἧὠὀ  ἳὊὝἽὕ Ἳ  Ἧὠὀ  Ἧ ὅ  ὃὖἻ Ἳὖ Ὃ. Chain Ὀ  Jane 

ἵ ὅὂ  Ὕὂὕὀ Ἳ Ἰ ἻὍὕὄ [tɇ] Ὀ  [dƷ] ἵ ὅὠὑἻὍὖ ἳὊὕ  ἱὠὊ Ἵ shame 

ἵ ὅὂ  Ὕὂὕὀ Ἳ Ἰ  ὟὅὕὌ ἱ . Ἧὂὕὑ Ὗὅ ὐ ἱ ὅὕ 1800-2000 Hzἱ  

ἱὠὊ Ἵ Ἵ ὂὖ  ὠὋ ὂ Ὀ ὀ ὠὂ Ἳὖ Ὃ. ἱ ὂ Ἳ ὅὕ ὠὀ ἯὠὀὉ 

ὂὄὖὉὕὄ [t] Ὀ  [d]ἷ ὑὖὀ ἽὖὋὖ ὂ  ὅὖ ὄὕ Ἧὠὀ ὊὝἽὕ Ὁὖ Ἧὠὀ  

ὟὃὊὟὑ . train Ὀ  drain ἵ ὅὑ Ὃὖ Ὕὂὕὀ Ἳ Ἰ ἻὍὕὄ  [tr] Ὀ  [dr] 

ἵ ὅὠὑἻ  Ἰ  ὃὕ Ἳὖ ὠὄ ὑὠὍὃὕ Ἰ ὂ ὠὈ Ὕὅ Ὃ [r] ἵ Ὃ Ὕὂὕὀὕὖ 

(continuant) Ὗὅὕ Ὃὂὕ. Ἧὠὀ  ἽὖὋὖ ὂ  ὅὖ ὄὕ ὝἽ Ὁ ὅ Ἳὖ Ὃ. Ὀ  

ἳὊὕ  [r] ἱ  ἳὊὕ  ὑὠἻὉὕ . ἱὟὅὕ ἱὠὊ Ἵ  1200 Hz ἱ  ὂὕ ὂ 

ὃὖἻ Ὕὑ Ὀ ὀ ἱ Ἳὖ Ὃ. 

 Ἧὠὀ ὊὝἽὕ Ὁὖ Ἧὠὀ ὅὖ ἻὕὌ ἯὍ  ὂὄὖὃὖὠὌ Ἧὠὀ Ὕὅὕ ὠὉ ὟὅὕὌ  

ἯὟὂ ἱὀ ὂὖ ἱ . ἰὄὕ  Ἧὠὀ ὅὖ ὑὖ ὠὅ ἯὠὀὉὕὍ ὅ  ἹὠἽὉὖ 

Ὕὑ ὠὅ ὑὖὀ ἳὊὕ  ὂ  ὟὃὊ ὃὖἻ . 

ὅὀ  50: ἰ ἻὖὌ Ὂ Ὄὕ Ἧὠὀ ὊὝἽὕ ἻὍὖ ὃὖὋὈὕὠὌὑὠὊ Ἳ (Fry 1979: 125) 
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2.10.3. ἰ ἻὖὌ Ἰ ἻὍὖ  Ἰ ὂὋὖ Ἳ ὠὈ 

 Ὗὅ Ἵὖ  ὅὌ ἵ ὁὖ ὠἻὉὖὌὕὄ Ἳ ὠὈ ἯὍ ἻὠὍ ἵ ὝἻὕ 

ἽὊὕἽὕὖὠὉ  Ἳὁὖ ὝἻὕ  Ὕὅὕ ὑὕὄ Ἳ ὠὈ Ὀ ὀ ὂὖ Ὀὂὖ ὠὀ  ὝὅὋὌὕ ; 

ἵ ἻὕὀὕἻ Ὗὅ ὑὕὖ  1 Ὀὗ ὀ  Ὂ ὂὖ Ὅ ἳὠὊὉὕὀ Ὗὅ  Ὗὃὕ Ἳὗ 

Ὀ ὀ ὂὖ  (reference level) Ἳὖ ὀ ὂ ὀ 60 ὝὀἽὖὝὅ  ὟὈὟὌ ἱ Ἳὖ Ὃ . Ὗὅ ὅὑ 

ἳὊ ὅὕἻ Ὗὅ Ὗὅὕ Ἧὑ  ἱ ὂ ἽὊὕἽὕὖ Ὀ ὀ ὠὂ ἳὉ Ἳὖ Ὃὕ; Ἧὑ  ὝὈ ὠὈὉὕἻ 

Ὗὅ ὠἻὉὖ Ὀ ὀ Ὃὖ ὅὖ ὀ ἽὖὌ ὝὀἽὖὝὅ Ἳ ὠὋἻὖ Ὃ. ἱ ὅὖ  Ὗὅ Ἵὖ ἯὠἽ 

ἯὠὈ ὅὖ Ὀὗ ὅὂὖ ὑὖὠὍ Ἳ ὠὈὉὖ ἻὖὉἻὕὌ ἶ ὋὑὖὋ Ἳ Ὗὑ ὅ ὀ ὝὈὕ ὂ 

Ἳ ὠὈ Ὀ ὀ Ἳ  ὈὖἻ Ἰ ὂὖ ἻὖὋ ἯὠὈ Ὕὅὕ ὠἻ Ἳὕ  Ὗὅὕ ὠἻ Ἳὕ ὑ  

Ἳ ὝἻὕ Ὅ ὅ Ἳὖ Ὃ; Ἧὂὕὑ ὃὕ Ἰ  Ὃὖ Ἧ ὂ  ὑ  Ἰ Ἳ  

ἱὠὀὟὉ Ὅ ὝὀἽὖὅ Ὗὑ ὅὕ ὠὀ ἯὍ ὂὕ ἳὊ ὂ Ὗὅ Ἵὖ ἳὠὊὉὕὀ Ὗὅ Ἵὖ 

ὝὈ ὠὈὉὕὄ Ὗὅ Ἵὖ Ὀὂὖ Ἳ Ἳὖ ὀ ὂ ὀ Ἰ ὋὕἻ ἱ .  

 ὝὈὕὐὖ Ἰ ὠὋὠὉ ἳ ὑὕ  Ἰ Ἳ  ἱὠὀὟὉ Ὅ ὈὊ ὕὖὠὈὉὕὄ 

Ὗὑ ὅὕ ἻὍὖ Ἰ  ὝὂὍὖὑὕἻ ὝὈὕ ὂ Ἳ ὠὈὉὕ .  Ἰ ὉὖὉ Ἳ Ὗὑ ὅὕ Ἳ 

ἶὋ ὠὋὉ ὃὖὊ ὂὊὈὕὄ ὑὐὖὉὖ Ὗὅ  ὐ  ὅὕὖὈὕὁ ἻὠὍ Ὀὕ  Ἰ  

ἱὉ Ἳ ἻὍὖ ὑὖὠὍὑὕἻ ἱ ὅὂὕ Ἰ ἻὍὖ ἽὈὈὕὄ ὟἻὕ ὠὑ Ἳ ὠὈὉὖ Ἰ ὂ ἶ Ὃ 

ἱὋ Ἳ ἻὠὍ ἳ ὑὕ  Ὗὅὕ  ἱ ἻὟὑ .  ἵὄὟὑ Ἳ ὠὈ ἯὍ ἻὍὖ 

ὈὖἻ ὝὅὕὖὉ ἵ ὁὖὠἻὠὉ ἵ ὝἻὕ ἰ ἻὖὌ Ἰ ὠὋὉὖ Ἰ Ὁ  

ἯὌ Ἳ  Ὕὅ ὂὈὕὄ Ἰ ἻὍὖ Ἳ ὠὈ Ὗὑ ὅὕ Ἳ ἻὖὠὀὉὖ ἽὊὕἽὕὖ 

Ὀὂὖ ὠὀ Ὕὅ ὑ  Ἵὕ ὂὖὉὈὕ. Ἧ ὀὑὠὁ5ἱ  thin ἵ ὅὂὖ Ὅ [ȹ]ὑὖ 

Ἳ ὠὈὠὉ Ὗὃὕ ἻὗὀὕἻ ὝἻὕ  ἽὊὕἽὕὖ Ὀὂὖ Ἳ ὂὊ ὅ Ὅὄ; ἱ  ὈὖἻ ὂὕ ὑὕὄ 

Ἳ ὠὈ ἳ Ὅ ἰ ἻὖὌ Ἰ Ὁὕ ; ἵὄὟὑ ἱ ὂ Ἰ  Ὀὂὖ  ὂὊ ὅὀὑὖ ὠὌ. ὅὖὋ ἵ Ὄὕ 

Ἰ Ἳ  ἱ ὂ Ὗὃὕ Ἳὗ Ἰ  ἱὠὀὉὖ Ὅ Ἳ ὠὈὉὖ ἽὊὕἽὕὖ Ὗὑ ὅὕ  

ὝὀἽὖὅ ἻὍὖ Ἧ ὀὑὠὁὉὖ ὂὊ ὅ Ὅ; Ἰ Ἳ  Ἳ ὠὈὉὖ ἱὋ ἻὈὕὄ ὃὖὊ  

ὑὕὖὠἽ ὅ ὂ ὅ Ὅὄ.  

 ἵ ὂ Ὗὅ Ἵὖ ὃὗ ἽὖὉὖ ἳὉὖὝὊὕ Ἳ ἻὕὌ ὂὖ Ὕὅ  ὅὕἻ ὠὂ 

ἰ ἻὖὊὈὖ Ἳὖ Ὃ; ἱ  Ὀ ὀ ἻὍὖ ἳὉ ὂ Ἳ ὠὈ  ἻὕὊὁὈὕ; ἵὄὟὑ Ἧὠὑ 
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Ἳ ὠὈὉὖ ὃὗ ὀ ἻὕὌ ἽὊὕἽὕὖ ἯὂὖἻ ὅ ἻὍὖ ὝἽ Ἳὖ Ὃ. ἱ ὂ ἽὊὕἽὕὖ Ὀὂὖ  60 

ὝὀὝἽὅ ἵ  ὠὑ ὝἻὕ ὀὕ ἯὂὖἻ Ἳ ὠὈὉὕὄ ἳὉὖ Ἰ Ἳ  ἱὂ  ὟὈ  ἽὖὌ 

ὝὀἽὖὝὅ ἯὂὖἻὈὕἻ ὅὂὖ ὝἽ; [o:] 65 ὝὀἽὖὅ ὅὂὖὝἽ Ὁ ὅὀὌὕ; ὂὕ ὂ Ἳ ὠὈ 

ἳ Ὅ Ἰ ἻὍὖ ἱὠὀ  ἽὊὕἽὕὖὠὉ 60 ὝὀἽὖὝὅ  ὝἻὕ Ὗὅὕ; ὝὈὕ ὂ 

Ἳ ὠὈ 70 ὝὀἽὖὝὅ ἳὉ ὑὕἻὟὑὕ 50 ὝὀἽὖὝὅ ὂὕ ὑὕἻὟὑὕ ἱ ὂὕ Ὀ ὀ ἻὍὖ Ἰ ὂ 

ὑὖὄὖὟὉὕἻ ἱ . ἵ Ὄὕ ἳὉὖ Ἰ Ἳ  Ἧ ὀὑὠὁὉὖ ὂ  ὑ ; ὂὖὋ ὂ 

ἳὉὖὝὊὕ ὂ  Ὁ ἳὉὖὝὊὕ Ἧ ὂὂὕἻ  ὑ . Ἧ ὀὑὠὁὉὖ 

Ὃὖ ὅὖὀ ὅὀὕὂ ἲ ὉὖὕὖἻ ἶὋ ὠὋὉ Ἧὑ Ὃὖ Ὕὂὕὀ Ἳ ἳὉὖ ἻὍὖ Ἳ ὠὈ Ὀ ὀ ὠὂ 

ὝἻὕ ὅὂὕἻ ἵ ὝἻὕ Ὅ ἱὉ . ἳὉὖὝὊὕ Ἳ  ὅὖ ὄ ἳὉὖὝὊὕ Ὗὅὕ Ὃ 

Ἰ Ἳ  ὑ ; ἰ ἻὖὌ ὂὖ ἯὠἽ ὝἽὉ ὅὕ ὝἻὕ ὀ Ἰ Ἳ  ἱὂὖ ἳ ὅ . Ἳ ὂ ὂ Ἳ 

ἱὠὊ Ἵ-ὅ ὠὀ ἯἻὌ  ὝἻὕ ὀ [ɇ] Ἧ ὀὑὠὁὉὖ Ἧὂ  ἳὉ ὂ ὃὖὠὌ  

ἻὕὊὁὈὕ. Ἧ ὀὑὠὁὉὖ Ὀ ὠὄὉὖ ὃὕ ἳὊὝἽὕ ἻὠὍ Ὕὑ Ὕὅὕ ἻὠὍ 

ἻὕὁὌὕ. ἵὄὟὑ ἹὊὠἽ Ὗὅὕ Ὃ thought ἵ ὅὂὖ ὟἻ ὅὑ Ἳ ὠὈὉὖ Ἳὖ ὀ ὂ ὀ 30 

ὝὀἽὖὅ ὂὕ ὠὑ Ὗὃὕὖ ὑ.  

Ἧ ὀὑὠὁ 5: ἰ ἻὖὌ Ἰ ἻὍὖ Ἰ ὂὋὖ Ἳ ὠὈ (ὝὀἽὖὌ) 
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2.11.  Ὗὅ ὝἽὕ ἻὠὍ ἯὋὖ ὝἻὕ ὑὂ Ἳὕὄ Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ (Acoustic cues for the 

recognition of speech sounds) 

Ὗὅ Ἵὖ Ἰ Ἳ  ὈὖἻ ὝὅὕὖὉ ἯὍὑὖ Ὗὑ ὅ ὑὄ. Ἧὂὕὑ ὅὌ ἵ ὁὖ ὠἻὉὖὌὕὄ 

Ὗὑ ὅ ὀ Ὗὅὅὑ Ἳ ἸὟὊ ὝἽὕ ὠὌ ὅὌ ὂὀὠὑ ἳ Ἵὕὖ ὂὕ ἱ ὂ Ἰ Ἳ  Ἰ ὉὖὉ Ἳ 

Ἧ ὅὠὀὉὖ ὅὌ ὑὐὖἻὍὖ Ὗὑ ὅ . ἱ ὂὕ  ὃ ὀ  Ὃ ὅ ὀ ὝἽὕ ὠὌ 

ὕὖ ὝἻὕ ὑὂὖ Ἵὖ Ἳ ὑ ὑ  ὈὖἻ Ἧὕὖὂὕ; Ἰ ὉὖὉ Ἳ ὋὖὠἻἻὍὖ (acoustic signals) 

Ὗὑ ὅὕ ἻὍὖ ἯἻ Ὃ ὅὊὝὅὠὌὉὖ ὝἽ ὂὖὠὉ ὑὕ Ὗὅὕ ἽὕὖὉὕὄ 

ὅὂὖὠὌ/ὂὗ Ὀὕὄ ὠὂ Ἧὠὀὑὂὖ ὟἻ ὅὑὊὕἻ ὃὈ  ὃ Ὄ ὅὉὖ Ἵὖ ἱ Ἳὖ Ὃ. ἱὠὂ 

ὝἽ ὑὂ Ἳὕὄ ὃὈ  ὂὖὋὠὈ ἱὊ  ἻὕὊὁὖἻ ἱ Ἳὖ Ὃὄ: ὂὌὕὑ ὉὕὊὕὑ 

ὃ Ὀὖὀ ὟἻ  Ὗὅὕ Ἧὑ  ἵ ὄ ὟὅἽ ὟὅὕἻὖὋὕ ἵ ὅὠὂ ὅ Ὃὖ ὃὈ  ἵὂὖὅὕ  

ἱ ; ὝὈὕὐὖὅ ὋὖὉ ὃὈ  ἯὋὖὑὕ ὃὕ ὝἽ ὂὖὠὉ ἶὋ ὠὋὉ ἴἻ  ὝἽ Ὁ ἱὉ . 

ἱ Ὀὕὂὖὕὖ ὄὟὊ ἴἻ  ὝἽ Ὁ ὝἽ  Ὗὅ Ὀ  ὝὈὕὐὖὉὖ ὅ  ὈὖὠἻ 

(redundancy) ἵὄ ὅ . Ὗὅ  ὝἽ ὂὖ ὈὖὠἻὠὈὠὉ Ἳὕ . Ἧὠὑ ὝἽ ὂὖὠὉ ὕὖ 

ὝἻὕὍ  ὟὂὠὑὉὕὄ ὂἻὑὠὌ Ἳὕ  ὂ  ὂἻὑὠὌ ἳ Ὅὀ Ἳὖ ἱ . ὃὈ  

Ἳὕ ἻὠὍ Ἧὠὀ  Ἰ  ἯὠὌἻ  30 ἱ  10000 Hz ὃὖἻ Ὕὑ ἻὠὍ 

ὝἻὕ . Ἧὠὑ 30 dB Ἧ Ὄ  Ἧὂ  ὂ  ὅὊ ὝὅὠὌ ὑὠὊὉὖὌὕὄ Ἳ ὠὈ 

Ὗὑ ὅὕ ἻὠὍ ὝἻὕ . ὃὖἻ Ὕὑ ὁὖ Ἳ ὠὈὉὖ Ὀὕ Ὃ Ἳ Ἰ  

ὝἽἻ  ὅὌ ὂὀὠὑἻ ὃὀ Ἳὖ Ὃ. ἱ ὂ ἵ Ὄὕ Ἰ ὉὖὉ Ἳ ὝἽ ὂὖἻ Ὗὅ  

ὝἽ ὂὖἻὠὍ ὋὖὉ ὂὖὋ (decode) ὝἽ Ὁ Ὗὂὠὑ ἱ ὠὌ. Ὗὅ Ἵὖ ἳ Ὅ Ὗὑ ὅὕ ἻὠὍ 

ὠἻὉὕ ὑὂὖ ὃὈ  Ὕὑ ὋὖὠὉ ὂ  ἱὊ ὀὕὑ ἻὕὊὁὖ ἱ ὂ ὂἻὑ  

Ὕὅ ὅὕ ὠὈὉὕὄ ὑὖἻὖὂ ὠὂ ὑὖ ὑὖ Ὗὂ Ὕὂ Ἳ ὅ ὀ Ἰ ὉὖὉ Ἳ 

ὅ ἻὍὖ ὃὈ  Ἳὑὄ ὠὂ ὑὖ  ὂὖὋὠὈὉὕ. X ἵ Ὃ Ἰ  y ἵ Ὃ 

Ἰ  ἱὠὀὉὖ ἳ Ὅ Ὗὑ ὅὕ ὠὀ ὂὗ Ὀὕὄὖ Ἳ ὃὕ ὅὉ ὅ  ὅ ἻὠὍ 

Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ (acoustic cues) ἵ Ἳὖ ὟὋὕ. 

2.11.1 Ἰ ὉὖὉ Ἳ Ὃὖ ἻὍὖ ὝἽὉ ὅὕ (The function of acoustic cues) 

 ὝἽ Ἳ Ἰ Ὁ ἻὍὖ ὟἻὕ ὠὑὉὕ ἰὄὂὕἻ ἯὋὖὉ ὅ Ἳὖ Ὃ. Ὗὅ ὠἽ ἶ  

ὂ  ὝἽὉ ὠὋ Ἰ  Ὃὖ ὅὖ ὀ Ἰ Ὁ  ὑὠἻ ὅὕ ὠὀ ἳ ὅ ὂ ὝἽ ὑὂὕἻ ἳ ὑ  

Ἰ ἻὠὍ Ἳ ὅὖ ὅὂὕ. Ἰ  ὝὈὕὐὖὉὖ  Ἰ ὉὄὖὉ Ἰ ὠὋ ἳὋ ἻὍὖ 
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ὂ ὄὖὠὋὑὕὄ Ἰ ὠὋὉὕἻ ὃὠὀὝὅ Ἳὖ Ὃ. Ἧὂὕὑ Ἰ  Ἰ ὠὉ  ὕὖ 

ὝἻὕ ὂ Ἧὠὂ Ἰ  Ἰ Ὁ  ὑὠἻ ὅὕ ὠὀ Ἵὕ ὂ Ἰ ὋὕἻ Ἳ  ὝἻὕ ὑ Ὀ Ὀ Ὄ, 

Ἧ  ὅὖὋ Ἰ Ὁ  ὑὠἻ ὅὕὠὀ  Ἵὕ ὂὂ Ὄ ἵ ὅὠὂ  ὂὗ Ὀὕὄὖ ὅ ἰ . 

 ἵ Ἳὕ ὀὕἻ /p/ ἵ Ὃ Ἰ ὉὄὕἻ ὑὠἻ ὅ ὂ ὅ ἰ ἻὖὌ Ἰ , ἲὕὖὂ 

ὝὈ ὝὉὕ ὉὕἻ ἯὋὖὉ ὅ Ἳὖ Ὃ. ὟὈ  ἲὕὖὂ ὊὝὌὕ Ὁὕὄ /b/ἱ , ἲὕὖὂ 

ὝἻὕ ὉὕἻ /m/ἱ  Ὗὑ ὅ ὀὂὕἻ ἯὋὖὉ ὅ. ἱ ὂ ἳὋ Ἳ ὂὕ 

Ἰ ὉὄὖὉ Ἰ ὠὋὉὖ Ἵ ὀἻ ὠὂ ἳ ὑὕ Ἳὖ Ὃ. Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ ἱ ὂ 

ἳὋ ἻὠὍ ὅ ὋὖὉ ὂὗ Ὀὕὄ ἻὠὍ ἵ ὅὂ  ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. ἵὄὟὑ 

Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ ὝὅὥὂὗἻ ἯὍ Ἳ  (physical quantities) ἱὠὀὉὖ Ὅ 

ἳὋ ἻὠὍ Ἵὕ ὂὖ Ἳ Ὗὑ ;  Ὀὂὖ Ἳ  ἱὠὀὉὖ Ὅ ἳὋ ἻὠὍ 

Ἵὕ ὂὖ Ἳ ὟὂὠὑὉὖ ὠὌ. ὐ ὠὂὉὖ ἳὉὖὝὊὕ Ἰ ὝἽὋὖ ὃὖἻ Ὕὑ Ἳ Ἰ  

ἰὀὑὠὊὑὖὀ  ὂὌὕὄ. ἱ ὅὖ  ὃὕ ὐ ὠὂὉὖ ἳὉὖ Ἰ ἻὠὍ  Ἰ  

ἰὀὑὕὖ ἳὉὖὝὊὕ ἻὠὍ ὟὅὕὌὟὑ ὑὠἻ ὅὕ ὝἽ Ἳὖ ὟὋὕ. ἶὝὄ Ὃὕ ὃὕ 

Ἰ ὝἽὋὖ Ἳ ἻὖὠὀὉὖὌὕὄ ἳὋ ἻὠὍ Ἵὗ Ἳὖ ὅὕ Ἳὖ ὟὋὕ. Ἧὑ Ὃὖ  

ὃὖἻ Ὕὑὠὁ  (absolute frequency) Ἵὗ Ἳὖ ὅὕ Ἳὑὖ ὠὌ. ἵ ὂ Ἰ  Ἰ Ὁὖ 

Ἳ ὅὖ  Ὕὅὕ ὑὕἻ ὅὌ Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ Ὗὂὠὑ. 

 ὃὕ /p/ἷ /b/  /m/ἱ  /w/ἱ  Ὗὑ ὅ ὂὖ ἯὋὖ ὂὕ ὃὕ ἯὟὂ 

Ἰ Ὁὖ Ἳ ὂἻὑ  ὅὌ ὂὕ Ἧὠὂ  ὝἽ Ὁ ἱὉ  ἵ ὅὂὖ ὠὌ. ὟἻ ὑὖ ὋὖὉ Ἰ  /p/ 

ὑὠἻ-ὑὠἻ ὅὕ ὠὀ Ἵὕ ὂ ἵ Ὃ ἳ ὂὖὉὕὄ ὂὗ Ὀὕὄ ὂὖ ὑὊ ὃὈ  ὅὌ Ἰ ὉὖὉ Ἳ 

Ὃὖ ἻὍὖ ὠὁ  Ὗὂὠὑ. Ἰ Ὕὑὕ ὐ  ὃὕ ἸὟὊ Ἰ ὉὖὉ Ἳ Ὃὖ ἻὠὍ 

Ἧ Ὄ  Ἰ ὉὖὉ Ἳ Ὃὖ ἻὍὖ ὠὁ ὠὅ ὅὉ ὅ Ἳὖ ὟὋὕ ἵ ὅὂὖ ὠὌ. 

ἱ  ὝἽ ὂὖὉὖ ὈὖὠἻὠὉ Ἵὕ ὂὖ Ἳὖ Ὃ. ἽὖὌ ὐ ἻὍὖ Ἰ  ὂὗ Ὀὕὄ ὂὖ ὑὊ Ἰ  ὂὄὖ 

Ἰ ὉὖὉ Ἳ Ὃὖ  Ὗὅὕ Ὀὕὄ.  

 Ἰ ὉὖὉ Ἳ Ὃὖ ὅὖ ἻὖὉὈὕὄ ὂ ὂὖ Ἧ  ὟἻ ὅὑὠὊ ἽὕὖὉὕὄ ὂὗ Ὀὕὄ ἵ Ἳ 

ὑὠἻ ὝἽ Ὁ Ὗὑ ; Ἧὂὕὑ ὟὅἽ ὅ ὀ ὝἽὕ ὠὌ ἽὕὖὉὕἻ ἯὋὖ ὝἻὕ Ὅ Ὗὑ . 

ἱ ὂ ἳ ὠὈ ὅὖ ὅ Ὃ ὅ ὑ ὑὠὊ Ἰ  ὂὄὖ ὅ ὀ ὟἻ ὅὑ ὂὕ  ὑὖ ἻὖὋ ἵ ὂ 
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Ἰ ὉὖὉ Ἳ Ὃὖ ὠὅ ὅὉ ὅ ὂὌὕ. Ἰ Ὕὑὕ ὑ ὂ ὂ ὝὈὕὐὖἻ ὀ 

Ὕὂὕὀ ὅὕἻ ὅὉ ὅ ὂ Ὃὖ ἻὠὍ Ἳ ὅὖ ἻὟὑ . ἵ Ἳὕ ὀὕἻ ἰ ἻὖὌ 

ὟἻ ὅὑ Ἳ ἵ ὟὌὕ  ὂὊ ὅ Ὅ Ὗὑ ὅὕ  ἸὟὊ Ὃὖ ἻὠὍ 

ὅὉ ὅ ὂὑὖ ὠὌ ἵ ὅὂ  Ὗὅὕ Ὀὕὄ Ἵὕ  ἱ Ἳὖ Ὃ. ἱ ὅὖ  Ἰ ὑ 

ἵὂὖ ὅὕ ὅ Ὗὅὕ ἱ ὂ ὑὠἻὉὖ Ἰ  ὝὈὕὐὖὉὖ ὅὉ ὅὕ ὀὕὍ Ἳ ἱὠὀὉὖ 

Ὗὅὕ Ὀὕὄ ἯὍ  Ὕὅὕ ἰὂὕὊ ἱ Ἳὖ Ὃ.  

2.11.2 . Ἰ ὉὖὉ Ἳ Ὃὖ ἻὍὖ Ὀὗὂὕὄ ὅὕὖὟἽὕὂὠὄἻ (Experiments on acoustic cues) 

 ὃὈ  Ἳὕ ἻὠὍ Ἧὠὀ  Ὗὅ  Ἰ  ἯὠὌἻ  Ἰ Ὁ  Ὕὂὕὀ ὅὕὄ ὂὗ Ὀὕὄ ἻὠὍ 

ὝἽ Ὁ ὟὂὠὑὉὖ Ὄὕὂ ὂ  ὂἻὑ ἻὠὍ Ἧὀ ἻὖὉὖ . ἱ ὂ ὂ  ὝἽ ὂὖ 

Ἧὀ ἻὖὉ ὂὊὑὖ  ἱ ὂ Ὗὃὕ Ἳ ὂὖ ἵὠὂ ὅὉ ὅ ὂ Ἧ  ἯὋὖ  ὝἻὕ Ἳὖ ὋὟὂὕ 

Ἧ ὂ ὂἻὑ ἻὠὍ Ἧ  ἵ  ὝἻὕ . Ἰ ὉὖὉ Ἳ Ὃὖ ἻὍὖ Ὗὂὀ ἰὊὕ Ἵὖ ἵ ὂ 

ὑὐὖὉὖὌὕὑ ἱ ὂ ἻὖὉ ὂἻὑ ἻὠὍ Ἳ ὅὖ ὂὌὕ. Ἰ ὑ ὁὠὄ ὅὀ Ἳ ὑὖὉὖ 

Ἳ ὅὖ  ἱ ὂ ὂὖὠἽὉὖὌὕὄ Ὁ ἽὖὉὕ. 

 Ὗὅ Ἵὖ ἯὠὈ Ὕὅὕ ὠἻ Ἳὕ ἽὖὉὕἻ Ὀὕ ὑὂὕ Ἧὂ  Ὄ  Ἰ ἻὠὍ ἯὋὖ  

ὝἻὕ ὑὂ Ἳὕὄ ἻὖὉ ὅ ἻὠὍ Ἳ ὝἻὕ Ὅ ἱὉ  ἵ  ὃ ὅ ὅ Ἳὖ Ὃ. 

Ἰ ὑ ὁὠὄ ὅὀ ἰ  Ὃὖ ὅὖ ὀ Ἰ Ὁὖ ἱ ἻὖὋ ἽὖὌ ὅ ἻὠὍ Ἳὖ Ὃ. 

ὟὈ  Ἧ ὂ ὅ  ἸὟὊ ὑὖὂὈὕὄ Ἰ ἻὍὖ Ὀὗ  Ὀὗ  ὑ ὑὠὂ  Ἳὖ Ὃ. 

ἱ ὅὖ  ἱ ὂ ὅ ὠὋ ὂὕ ὟἻ ὅὑ Ἳ ἳ ὠὈὉὖὟὌὟὉ Ἰ ὉὖὉ Ἳ Ὃὖ ὅὕἻ 

ὅὉ ὅ Ἳὖ Ὃὄ ἵ ὅὠὂ ὂὗ ὈὕὄὈὕἻ Ἰ ὑ ὁὠὄ ὅὀ Ὃὑὖ ὠὌ. ἶὝὄ Ὃὕ 

Ἰ ὑ ὁὠὄ ὅὀ Ἳ ὑὖἻ  ὃὕ Ἧ  ἵ ὂ Ὗὅ  ἻὖὉ Ἰ ὉὖὉ Ἳ 

Ὃὖ ὠὅ Ὗὑ ὅὌ Ἵὕ ὂὖὉὈὕὄ Ἰ ὉὖὉ Ἳ Ὃὖ ἻὠὍ ὝἻὕ  

ὂὗ ὈὕὄὈὕὄ Ἵὕ ἽὖὠὉ Ὕὅ ὑὂ ἻὕἻ ὂὊ ὅ ὀ Ἰ ὉὖὉ Ἳ Ὃὖ ὠὅ ὂὄὖὉὕἻ 

ὅὖὕὖ Ὕὂ Ἧ  ὟἻ ὅὑὕὖ ὂὗ Ὀὕὄ ὠὂ ἻὖὋὂὕ ἵ ὅὠὂ ἻὕὁὟὑ . 

ἱὠὂ  ὝἽ ὑὂ Ἳὕὄ ὑὐὖ Ὗὅ  ἳ ὑὕ ἻὖἻὍὖ (speech synthesizer) ὅὉ ὅὕ ὀὕ 

ἳ ὑὕἻ ὅ ὀ. 

 Ὗὅ  ἳ ὑὕ Ἳὖ Ὀὄὖὂ Ὕὂὕ ὠὀὉὖ ἳὂὑὖὟὉὕ Ὗὅ ὐ ἳὂὑὖὟὉὕ 

ἱ ὌὕὈ Ὗὅ  Ὗὅὕ Ὃ Ἰ ἻὠὍ ἳ ὑὕ  ἳὅὕὉ ἰ . ἱ ὂ Ὗὃὕ Ἳ ὂὖ Ὗὑ  

Ὗὑ ὅ ὀ ὅὌ ὑὐὖ ὠὋἻ ὝἽὉ ὅ ὂ ὅ ὀὄ. Ἧ ὅὠὀὉὖ ἵ Ὄὕ ὑὐὖ ὠὋἻ 
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Ἰ  ἯὠὌἻὍὕἻ Ὀὕ Ὃ ἱὉ  Ὀὖ ὀ ἻὠὍ (electrical impulses) ἳ ὑὕ  

Ὀὖ ὄ  ἻὠὍ ὅὉ ὅ Ἳὖ Ὃ. ἵ ὂ Ὗὅ  Ἰ ὠὉ  ὠἽ  ἯὠὌἻὍὖ 

ἻὌ ὅὕ ἳ ὑὕ ἻὌὕ ἵ  ἯὋὖὟὑὕ. Ὀὖ ὄ Ἳ ὠἽ  ἯὠὌἻὠὍ 

ἳ ὑὕ  ὑἽὂὖὉὕὄ ὑὐὖὉὕ. ἵὄὟὑ Ὗὅὕ Ὀὕὄ ἯὍ  ἻὍὕ ὃὕ ὟὂὠὑὉὕὄ 

ἻὌὠὑὠὉ ἯὠὈ  ὝἻὕ Ὅ ἱὉ . ὠὂὉ Ὗὅ  ἳ ὑὕ ἻὖἻὍὖ Ἰ  ἱ ὂ 

ὝἻὕ ὠἻὠὉ ὂὕ Ἳὠὀὅὖ ὂ. ὅὖ ὄ ὑ ὂ ἳὅἻὊὁ Ἳ (devices) 

ἻὌὠὑ ὂ ὠὈὉὕὄ Ὂ ὠὂ ἱὠὊ ἽὠὌ (complex tone and noise) ἳ ὑὕ Ἳ 

ἻὠὍ ὅὉ ὅ Ἳὖ Ὃὄ; ἱὠὑ Ὀὄὖὂ Ὗὅ Ἵὖ Ἰ  Ὄ ὠὂ  

ἱ ὅὕ ἻὠὍ ὟὅὕὌ ὝἽ  Ὗὅ ὐ  ὑὖὠὍ ἻὠὍ Ὀὗ  ἳ ὑὕ Ἳ 

ὝἽ Ἳὖ Ὃὄ. 

  ὟὈ  Ὗὅ ὐ ἻὖὉὈὕὄ ὅ  ὅὕὖὟἽὕὂὖ ὅὕὄὕ (experimenter) 

Ὗὅ Ὗὅὕ Ὃ Ἰ ἻὍὖ ἵ Ὄὕ ὅὕὖὈὕὁ ἻὠὍ Ἳ ὅ ὂ ἱὉ  ἵ ὅ  ὂὕ . 

Ἧὂὕὑ ὃὖἻ Ὕὑ, Ἳ ὠὈ Ὀ  Ἰ Ὁὖ Ὅ ἵ Ὄὕ ἻὍὖ ἻὕὌ ἯὍ  

ἵ ὅὄὑ ὠὋ Ἧ ὠὈ ἵ ὠὌἻ  (close limits) Ἰ ὅ ὂὌὕ (regulate) 

ἵ ὅὂὕ . ἱὂ  Ἧ ὂ ἵ ὄὝὑ Ὃὕ, ὂ ὂὌὕἻ ὟἻ ὅὑ  ἵ ὂ Ἰ ὉὖὉ Ἳ 

ὂἻὑ Ἳ Ἧ ὅ ὅ Ἳὖ Ὃ ἵ ὅ  ὅὕὖὟἽὕὂὖ ὅὕ Ὕὂὕὖ;  ἱὊ ὀὕὑ ἱ ὂ 

ὂἻὑὠὌ ἵ ὂ ὟὂὠὑὉὕὄ ὂὖὠἽὉὖ ἵ ὂ ἯὍὑὖ  Ὀὕ Ὃ ὝἽ ὉὌὕ. ἱὂ  

ἻὕὊὁὈὕἻ ὟἻ ὅὑὕὖ ὅὂὖ ἻὍὖ/ὅὖὊὂὖὅ ἻὍὖ ἳ Ὅ Ὀὕ Ὃ ἻὠὍ ἯὋὖὉὌὕ.  

 ἱ ὂ ὝἻὕ ὠἻὠὉ ἱ ὈὕὂὖὕὖὉὕὄ ὅὕὖὟἽὕὂὠὄἻὍὖ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ ἵὍὖὉ 

Ἰ  ὑὠἻἻὍὖ Ἰ ὉὖὉ Ἳ ὑ ὁὠὄ  ὅὀ ἻὠὍ ὅὕ  ἯὋὖ  ὝἻὕ ὍὌὕ. 

Ἰ ὉὖὉ Ἳ Ὃὖ ἻὍὖ ὈὊ  ὅὕὖὟἽὕὂὠὄἻὍὖ ὅὌ Ἰ  ἱὉ Ἳ ὃὖὋὈὕὠὌ 

ὑὠὊὅὀ ἻὠὍ ὕὖ ὝἻὕ ὑὂ ἻὕἻ ὑ ὑὠὈ Ἳ ὅ ὀ Ὗὅ  ἳ ὑὕ ἻὖἻὍὕ 

ὝἽ Ὁ ὅ ὀὂὕ. Ἧὂὕὑ Ὗὅ  ἳ ὑὕ Ἳὖ Ἰ ὉὖὉ Ἳ ὑ ὁὠὄ ἯὠὈ Ὕὅὕ Ἳὕ 

Ἳ ὅ ὂ ὅ ὀ ὅ ἻὠὍ ὝἻὕ ὀ Ὗὅ  Ὗὅὕ Ὃ Ἰ ἻὠὍ ἳ ὑὕ Ἳὖ Ὃ. ἱ ὂ 

ἯὠὈ Ὕὅὕ  Ὗὅ Ἵὖ ἳ ὠὈὉὕὄ Ἰ ὉὖὉ Ἳ ὃὖὋὈὕὠὌ ὑὠὊὅὀ Ὗὅὕ Ἵὖ ἻὌὕἻ 

ἱ ὂὕ ἳ ὅ ὂὖ ὝἽ Ὁ ὅ Ἰ Ἳ  ἳ ὠὈὉὕὄ Ὗὅ Ὗὅὕ ἱ . ἱ  ὅὀ  

50ἱ Ἳὕ Ὅ Ὗὅὕ  ὈὖἻ ἵὍὖὉ ἯὠὈ Ὕὅὕ ὠἻ ὝἻὕ ὀ Ἰ ἻὠὍ ἳ ὅ ὂὖ 

ὝἽ . ἱ ὂ ἯὠὈ Ὕὅὕ  ἰ ἻὖὌ ὝὈὕὐὖ ὟἻ ὅὑὊὕ ἵὍὖὂὖ bag  ἵ  ἯὋὖ  
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ὝἻὕ Ὅ Ὁ ἯὠἽὠὉ ἳ ὑὕ . ἱὊ  ἯἻὌὑὠὊἻ  (bars) ἳὉὖὝὊὕ Ἳ  

Ὕὅὕ ὂὈὕὄ Ἰ ὝἽὋὖ ὃὖἻ Ὕὑ ἻὠὍ ἳ ὅ ὂὖ ὝἽ . ἱ ὂ ἯὠὈ Ὕὅὕ Ἳὖ 

Ὕὂὕὀ Ἳ ὂὖ ἱ ὂὖὉὖ ὑ ἻὖὋ ἻὖὉ Ἰ Ὕὑ Ἳ Ὕὑ Ὕὅὕ ἻὍὕὄ [b] Ὀ  

[g] ἵ ὅὂ  ὑὖ ὂὠὌὠὉ (release) ὅὕὑὠὄ ὝἽ Ἳὖ Ὃ. Ἰ ὝἽὋὖ ὃὖἻ Ὕὑ ἻὍὖ 

Ὀὕ Ὃ Ἳ ὟὂὠὑὉὕὄ Ἰ ὝἽὋὖ ὃὖὠὌὈὕ ὋἻὠὍ  (transitions) ὂ . ἱ ὂὖ 

Ὕὑ  ὄὕ  ἳ Ὅ Ὕὑ Ὃὖὀ [g] ἵ Ὃ Ἰ Ὁὖ Ἧὠὀ ὠὅ Ὃὖ  

ὝἽ Ἳὖ Ὃ. ὅὕὖὟἽὕὂὠὄ ὅὕ ὠὑὉὖ ὅ/Ὗὃὕ Ἳὖ ὅ ἱ ὑὠἻὉὖὌὕὄ Ἰ ἻὍὖ 

ἻὖὉὑ  ἵ ὄὝὑ Ὃὕ Ἧὑ ὠὋ Ὗὅ ἽὕἻ ἵ ὝἻὕ Ὅ ἱὉ ; ὟὈ  

ὟἻ ὅὑὊὕ ὕὖ ὝἻὕ Ὅ ἱὉ . ἱ ὅὖ  ἱ ὂ Ἰ ὉὖὉ Ἳ 

ὑ ὁὠὄ ὅὀ ὂὖ  ὝὂὍὖὑὕἻ Ὕὂὕὖὑ ἵ ὄὝὑ Ὃὕ Ἰ ὉὖὉ Ἳὑ ὁὠὄ ὅὀ 

ὂ  Ἰ ὉὖὉ Ἳ ὂἻὑ Ὀὄὖὂ Ὗὅ ὠἽ Ἰ ὅὖ ὠἻὉὖ ὈὖἻ ἵὍὖὠὈὉὕ Ἳ ὅ ὀ 

ἵ ὅὂὕ .  ἱὂ  ἻὕὊὁὈὕἻ Ἰ  Ἰ ὉὖὉ Ἳ Ὃὖ ὠὅ Ὀὕ ὋὖὉὠὈ Ἳ (ὂὖὋὠὈὉὕἻ 

ὠἻὉὕὍ ) ὟἻ ὅὑ ἻὍὖ ὂὗ ἻὍὖ Ἧ ὅὠὀὉὖ ἱ ὂ Ἰ ὉὖὉ Ἳ Ὃὖ ὅὖ ἶ ὅ  

Ὗὑ ὅὕ ἻὍὖ ὑὖὠὍὠὑ ἯὍὑὖὀ  ἱὉ . 

ὅὀ  51: Bag ἵ Ὃ ἯὠἽ ὕὖὉ Ὗὅ  ἳ ὑὕ Ἳὖ Ἳ ὅὕ ἯὠὈ Ὕὅὕ (Fry 1979: 

132) 
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 ὃὕ ὄ  ὋὖὉὅ Ἰ ὉὖὉ ἻὋὖ ἻὍὖ  ὝἽὉ ὅὕ Ἳ  Ὗὑ ὅ ὀ Ἰ Ὁ  

ὑ ἻὠὍ  Ἵὕ ὂ Ἰ Ἳ ἻὖὠὀὉὖὌὕὄ Ὗὑ ὅὕ ὠὀ ὝἽ Ὁ ὟἻ ὅὑὊὕ ἱὉὌ  

ὝἽ ἻὖὋ. ὅὕὖὟἽὕὂὠὄ ὅ Ἰ  Ὃὖ ὅὖὀ Ὗὑ ὅὕ  Ἵὕ ὂὖὉὈὕὄ Ἰ ὉὖὉ Ἳ 

Ὃὖ ὠὅ Ὗὂ Ὕὂ ὅὂὕ; ἱὠὂ ἱὉ ὠἻ Ὗὅ Ἵὖ Ἰ ὉὖὉ Ἳ ἰ ὑὖ 

Ἧ ὅὠὀὉὖ Ὀ  ὂὕ  ὝἽ Ὁ ἱὉ . Ὕὅ ὅὕ Ἰ ὉὖὉ Ἳ ὑ ὁὠὄ ὅὀ ἻὠὍ 

ἰ  ὃὕ Ὗὑ ὅ ἻὖὋ Ἰ ὉὖὉ Ἳ Ὃὖ ὠὅ Ἳ ὅὖἻὌὕ. ἵ Ἳὕ ὀὕἻ, 

Ἰ  Ὕὑ  ὝὈ ὝὉὕ (plosive consonant) ὑὖ ὑὖ Ἳ ὅ Ὗὅὕ Ἧὂὄὕ ὑὖὠὍἻὖὋ 

ἱὠὊ Ἵ  Ὕὑ  ὃὖἻ Ὕὑ ἯὍ ὟἻὕ  ἶὂὕὑ Ἰ  ἱὀ ὂὖ Ἵ ὂὖὉὖ ἻὖὉ 

ἳ Ἵ ἱ . ἱ ὂ ἳ Ἵ ὂὖ ἱὀ  Ἰ Ὁὖ Ἰ ὅὖὀ Ἧ ὅὠὀὉὖ ὈὖἻ ἽὗὊὕἻ 

Ὀὕ ὅ . Ἧὂὕὑ ἲὕὖὂ Ἧ Ὄ  Ἧ ὅ  Ἰ  Ἧ Ὄ  ἻὠὀὉ ὁ Ἰ  ἵ ὅὂ 

Ἧ ὅὠὀὉὖ Ὀὕ ὅ . Ἰ  Ὗὅ  ἳ ὑὕ ἻὖὉὖ ἳὂὑὖὉὕ ὃὕ  ἯὠἽἻὍὖ  

ὑὕὖὠἽἻὠὍ ὃὖ ὑ ἱὉ ; ἱὂὖ Ὕὂὕὀ Ἳ ἱὠὊ Ἵ Ὕὑ  ὠὋ ὂ 

Ἧὂὖ Ὕὑὁὖ  Ὗὑ ὅὀ ὝἽὉὌὕ. ὃ ὠὀὉ ἰ ὂὊ (analytical data) 

ἳ ὑὕ Ἳ ὅ ὀ Ἰ ἻὍὖ Ὀὕ ὅὕ ἻὍὖ ὅὊ ὝὅὠὌ /b/, /d/, /g/ ἵ Ὃ  

ὑ ἻὠὍ  ἳ ὅ ὑὂὕἻ ἵὂὖ ὅὕ ἻὌὕ ἵ  Ἳὖ Ὃ. ἱ ὂ Ἰ ὉὖὉ Ἳ 

Ὃὖ ἻὍὖ ὑὖὠὍὠὑ ἰὉ (explore) ὃὕ ἵ Ὄὕ Ὗὑ ὅὀ ὀ ἻὠὍ  

ὟἻ ὅὑ ἻὍὖ ὑ ἻὍὕἻ ὂὊὟὑ . ὟὈ  Ἧὑ Ἳ Ἰ Ὕὑὕ Ὃὖ ἯὠἽἻὠὍ /b/ 

ἱ  Ὕὂὕὀ ὑὂὕἻ Ἧ Ὄ  /d/ ἱ  Ὕὂὕὀ ὑὂὕἻ Ἧ Ὄ  /g/ ἱ  Ὕὂὕὀ ὑὂὕἻ 

ὟἻ Ἳὖ Ὃὕ ἻὍὕ ἵ  ὟἻ Ἳ Ὗὑ . ἱ ὈὕὂὖὕὖὉὕὄ ὅὕὖὟἽὕὂὠὄὉὖ ὀ Ἳ  

ὠὋὉ Ὃ ἯὠὈ  ὠὋὉὖ ὂὊ ὅὀὟὑ . Ἰ Ὕὑὕ ὀ  ὅὌ ὂὀὠὑἻ 

ὃὖἻὐὟὑ .  

 ἱ  Ὗὅ  ἳ ὑὕ ἻὖὉὖ ὠὁ ὀ  ὝἽ Ὁ ὅ ὀ ὂ  ὅὕὖὟἽὕὂὠὄἻὍὖ 

Ἰ Ὃὕ . Ὕὑ  Ἰ ἻὍὖ Ὕὑ ἻὍὖ ὅὊ Ὕὅ ὠὌ [a] ἱ  ὅ ὠὅ  ὝἻὕ ἻὖὋ 

ἱ  Ἰ ὝἽὋὖ Ἳ ὀ ὟἽ Ἳὅ ὀ . Ἰ ὝἽὋὖ Ἳ ἵ ὂ ὑὠἻὉὖὌὕὄ 

ὃὖὠὌὈὕ Ὃ Ἳ/ὝὅὉ ἽὖἻ ἱ Ὄὕὂ ὟὃὊὕὄ ἯἻὌὑὠὊἻὍὕ. ἱ ὂ ὟἽὕὂὠὄἻὍὖ 

ὑὖὠὍ Ἳ Ὕὑ ὅὖ ὃὖἻ Ὕὑ ὁὖ ὠὈὉ  ὂὕ ὂὖ ὂὕ 500Hz ὑὠὊ ἯὠἽ /b/ἱ  

Ὕὂὕὀ ἻὖὋ ἵ ὅὂὖ ὟἻ ὅὑ Ἳ ἻὖὠὀὉὖ ἳὀ ὅὕ ἱ ὂ ἵ ὅὠὂ Ἳὕ Ὁ. 

Ὕὑ  ὃ ὃὖἻ Ὕὑ ὁὖ (mid-frequency) Ἧὂὕὑ 1200-2000 Hzἱ  ἱ ὂὕ ἯὠἽ /g/ 
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ἱ  Ὕὂὕὀ ὑὂὕἻ ὟἻ Ἳ ὅ ὀ. Ὕὑ  ἳὉ ὂ ὃὖἻ Ὕὑ ὁὖ, Ἧὂὕὑ 3100 Hz 

ἱ  ἱ ὂὕ ἯὠἽ /d/ ἱ  Ὕὂὕὀ ὑὂὕἻ ὟἻ Ἳ ὅ ὀ. ἱὠὀ ὅ ὀ 

ὅὊὝὅὠὌἻὍὖ ἻὕἻ 500 ἱ  1200 Hz ὑὠὊ Ὀ  2000 Hz ἱ  3100 Hz 

ὑὠὊ ὟἻ ὅὑ Ἳ ἻὖὠὀὉὖ ἳὀ ὅὕ ἱ ὠὌ; ἱὠὑ Ἰ  Ἰ Ὁ  ὑὠἻ ὅὕ  

Ἧ ὠὈὉὖ ὑ ἻὖὋ Ἰ Ὁ  ὑὠἻ ὅὕ  ἱὠὀὉὖ ὂὗ Ὀὕὄὖ Ἳ ἱὉὌὕὂ 

ἱὀ Ἳ /ὅὊ ὅὍ Ἳ ἱ Ἳὖ Ὃὄ ἵ  Ἳὕ Ἳὖ Ὃ.  

 Ἰ ὉὖὉ Ἳ  Ὃὖὅὖ ὝἽὉ ὠὈ ὅ ὋὖὉ ἱ ὈὕὂὖὕὖὉὕὄ ὂἻὑὠὌ ἱὉ ὠἻ Ὗὅ Ἵὖ 

Ἰ ὉὖὉ Ἳ ἰ ὑὕ  ὝὅὋ ἱὉὌὕ. ἰ  Ὕὂὕὀ Ἳ ὃὖὠὌὂὕ; ἶὝὄ Ὃὕ ἱ  ὂὕ  

Ἵὕ ὂὖὉὈὕὄ Ἰ ὉὖὉ Ἳ Ὃὖ ἻὠὍ Ἳ ὅὖ Ἳ ἱὉ  ἸὟὊ ὑὐὖ;  Ἰ  ἳ ὑὕ Ἳ 

(speech synthesis) ὂὑὖ Ἳ ἱὉὌὕὂ ὃὖὊ ὅὖὉὕ; ἶὝὄ Ὃὕ ἱ  ὂὊ ὅ ὀ Ἰ ὉὖὉ 

Ὃὖ  ὟἻ ὅὑὊὕ ἳ ὠὈὉὕἻ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃὂὕ ἵ ὅὠὂ ἳ ὂὖ ὅ ὂ  

ὅὕὖὟἽὕὂὖ ὅὂ Ἳὕὄ ἸὟὊ ὑὐὖὠὉ ὂ Ἳὖ Ὃ. ἱ ὂ ὅ Ἰ ἻὍὖ ὅ Ὗὑ ὑὠἻἻ  

Ἰ ὉὖὉ Ὃὖ ἻὠὍ Ὗὂ ὑὂ  ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. Ὗὅ  

Ἳ ὅὕὖὈὕ Ὃ ὂὖ  ὝἽὉ ὅὕ  ὈὖἻ Ἵὖ ἻὌὕὄὂὕ/ 

ἻὌὠὑ ὂ ὠὈὉὕὄὂὕ; Ὀ  Ἰ Ὁ Ἳ Ὃὖ ἻὍὖ ὝἽὉ ὅὕ  Ἵὖ Ἳ/ 

ἻὌὠὑ ὂ ὠὈ ὠὋ ὂὂ Ὄ.  ἱὂ  Ὗὃὕ Ἳ Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ ἵ ὑὕ 

ὝἽὉ ὅ Ἳὖ Ὃ ἵ Ὃ Ὕὅὕ ὑὕὄ ἯὋὖ ὋὖἻὠὍ ὂ ὑὂὕ . ὄ  Ὃὖ ὅὖ ὀ Ὗὅὕ 

Ἰ  Ἰ ὉὖὉ Ἳ Ὃὖ  ἵ ὅ  Ἰ  Ὃὖ ὅὖ ὀ Ὗὑ ὅὕ ὠὀ ὝἽ ὑὂ Ἳὕὄ ὑὐὖὉὕ; 

ἱ  Ἰ  Ἰ ὠὉ  ὂὊ ὅ ὀ Ἰ Ὁὠὄ  Ἵὕ ὂ  ἵ  ἯὠὀὉὕὍ  Ἳὕὅὂ  Ἧ Ὄ;  

ὅὖ ὠὂὉ ὅὌ Ὗὑ ὅὕ ἻὍὖ ὠὁ ὠὅ Ὗὑ Ἳὖ Ὃ; ὂὑὖ Ἳ ὉὕὈ Ἰ  

Ἰ ὉὖὉἻ  Ὃὖ  Ὀ ὝὋὕ Ἰ Ὁ Ἳ Ὃὖ  ἱὠὀὉὖ ἴὀὕ ὀ ἱ Ἳὖ Ὃ. 

Ἰ Ὁὖ Ἰ Ὕὑὕ ὑὠἻ ὅὕ ὠὀ ὠἻὉὕ  Ὗὅὕ ὃὕ ὅ Ὗὑ ὅ ὀ ἳ Ὅὀ  

Ὗὑ ὅὕ ἻὠὍ ἱ ὂ Ὗὑ ὅὕὀ  Ὕὂὕὀ ὝἻὕ  Ὗὅὕ Ὅ 

Ὃὖ ἻὠὍ Ὃὖ  ὝἻὕ Ἳὖ ὟὋὕ. 

2.11.3. ἳὉὖὝὊὕ Ὗὑ ὅὕ Ἳὕὄ Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ (Aconstic cuses for vowel 

Differentiation) 

 ὃὕ ἯὋὖ Ἳ ἱ Ὄὕὂ Ἰ ὑ  Ὗὅ  Ὗὅὕ Ἧὑὕὖ ἳὉὖὝὊὕ ὅ ἻὠὍ 

Ὗὑ ὅ ὑὂἻὕἻ ὃὕ ὃὈ  Ὗὑ  ὑὖὠὊὑὕἻ Ἰ  Ὗὃὕ Ἳὗ Ἵ ὀ ὠὂ (reference 
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frame) ἳ ὑὕ ἻὖὟὋὕ; ἱὠὂ  ὅὉ ὅ ὂὖ ὃὕ ἯὑὊ  ἳὉὖὝὊὕ ὅ ἻὠὍ 

Ὗὑ ὅ ὂὖ ἯὋὖἻὖ ὟὋὕ; ἯὋὖ Ἳ ἳ Ὅ Ὗὅ ὅὑὠὊ Ὕὅὕ ὂ ὑὠὊὉὖ ὃὈ  

ὠὍὉὖ Ὗὃὕ Ἳὗ Ἵ ὀ ὠὂ ὂὉὕὊὕἻ ὟἽἻὕὖ ὠὑ ὂὖ ἻὖὟὋὕ; Ἧὑ  Ὗὅ Ὗὅὕ 

ἱ ὂ Ὗὃὕ Ἳὗ Ἵ ὀ ὝἽὉ ὅὀ  Ὕὂὕὀ . ἱ ὂ  Ἵ ὀ Ἳ Ἧ ὅὠὀὉὕἻ 

ἯὠὈ  ὂ ὠὈ Ἰ ὉὖὉ Ἳ Ὃὖ F1 Ὀ  F2 ὃὖἻ Ὕὑ ἻὍὖ ἳὋὑὕ  Ἧ Ὄ  

ὈὖἻ ἽὕὖὉὕἻ ἱ ὂ ἳὋ ἻὍὖ ἳὋὑὕ ; ἵ ἻὕὀὕἻ ἱ ὂ ὂἻὑ Ἳ ὅὀ  33ἱ  

ἳ Ὅὀ Ἳ ὅ Ὅ. Ἰ  ὂὄὖ ὅ ὀ Ὗὅ ὅὑὕὖ ἳὉὖὝὊὕ Ἳ F1, F2 ὝὑὍὖὉὖ Ἰ  

Ὀ ἱὀ ἻὠὍ ἰ ἻὖὊὈὖ Ἰ  Ἰ ὠὋὠὉ ὑ ὑὠὈ Ἳὖ Ὃ. ὐ ὠὂὉὖ 

Ὗὅ Ἵὖ, ἱ ὂ Ἵ ὀ ὂ  Ἳὗ Ὗὃὕ Ἳὖ ἱὀ ὅ Ἳ Ὗὃὕ Ἳὖ ἯὠὈ . ὃὗὍὈὕὄ 

Ὗὅ ὐ ἳ Ὅ Ἰ  ἰὀὑ  Ἵ ὀ ὂ  ὟὈ Ὗὃὕ Ἳὖ ὑὌ ὅ Ἳ Ὗὃὕ Ἳὖ 

ἯὠὈ . ἽὖὌ ὝἽἻ Ἳ Ὗὅ ὠἽ ὟἻ ὅ ἱ ὂ ἳ ὠὈἻὠὍ ὃὖ ὂ ἳὂ ἻὖὋ. 

ὃὕ ἱ ὂ Ἰ  ὠὋ  ἳ ὅ Ἳὖ Ὃ Ἰ ἻὠὍ F1-F2 Ἰ ὉὖὉ Ἳ Ὃὖ  Ἧ ὅὠὀὉὖ 

ἯὋὖ  ὝἻὕ ἻὖὟὋὕ.  

 Ἰ ὝἽὋὖ Ἰ ὉὖὉ Ἳ Ὃὖ  Ὕὅ ὅ  ἱ ὂὕ  ἳὉὖ Ἰ ἻὠὍ 

Ὗὑ ὅ ὑὂ ἻὕἻ ὃὈ  ἱ ὅ  Ἧ Ὀ  Ἧ . Ὕὅ ὅὕ ὠὈὉὕὄ ἰ ἻὖὌ 

ὑὠἻἻὍὖ ὃὗὍ ὂ Ἳ ἳὉὖὝὊὕ ἻὠὍ Ὃ ὂ Ἳ ἳὉὖὝὊὕ ἻὍὖὀὈὖ Ὗὑ ὅ  ἻὕὌ 

ἯὍ  Ἰ ὉὖὉ Ἳ Ὃὖ  ἱ ἻὖὋ; ἰὄὕ  ἱὊ  ὑ ἻὍὖ ὑὖὄὖὟὉὕἻ  ὑ Ἳ 

ἻὖὠὍὝὈὕὐὖ Ἧ ὅὠὀὉὖ Ὗὑ ὅ . Ὕὂ Ἳ ὂὖὉ ἰ ἻὖὌ ὂὖ head, had, hard, who d, 

heard ἵ ὅὄὑ Ὃὖ Ὅ ἳὉὖὝὊὕ Ἳ  hid, head, hod, Huud, hood ἵ ὅὄὑὋὖ Ὅὄ 

ἳὉὖὝὊὕἻὠὍὑὖὀ ὂ  ἻὕὌ ἯὍ  ἱ ἻὖὋ. ἲ Ὁὖ Ἳ ὃὗ ὀ ἳὉὖ ἻὍὖ ὑ ὅὖ 

Ἧὀ .  

 ἱ ὂὖὉὕἻ, ὠὋ ὂ ὂὖὋ ὂ ἳὉὖὝὊὕἻὠὍ Ὁ ἳὉὖὝὊὕ ἻὍὖὀὈὖ 

Ὗὑ ὅ ὂ ἳὂ  Ἳ ὠὈ Ἰ ὉὖὉ Ἳ Ὃὖ  ἱ ἻὖὋ; Ὃὖ ὅὕἻ ἶὂὕὑ Ἳ ὂ Ἳ 

ὈὠὋ  ἱὠὊ Ἵ (masking noise) ἱ ὠἻὉὖ ἱ  Ἵὕ ὂὖὉὈὕ. Ὗὑ ὅ ὂ  ὝὈὕ ὂ 

ὅὊ  ἵ ὠὌ 7dB ἰ ; ἱ ὂ Ἰ ὉὖὉ Ἳ Ὃὖ  ἳὉὖὝὊὕ ἻὠὍ ἯὋὖ  ὝἻὕ ὑὂὖ 

ὅ  ὝἻὕ Ἳὖ Ὃ.  
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2.11.4 ὊὝὌὕ, Ὂ Ὄὕ Ἰ  Ὗὑ ὅὕ Ἳὕὄ Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ (Acoustic cuse for 

voiced-voiceless distinction) 

 ἰ ἻὖὌ ὝὈ ὝὉὕ Ἰ  ὠὋὉὖ ὊὝὌὕ Ὀ  Ὂ Ὄὕ Ἰ  Ἰ Ἳ  

ἱὠὀὉὖ ἳ Ὅ Ὗὑ ὅ ὝὈὕ ὂ Ἰ ὅ  ἱὠὁἻὍὖ ὅ ὝἻ Ἳὖ Ὃ. Ἰ  ὠὋ 

Ὀ  Ἰ  ἱὀ  ἵ ὅὄ Ὗὑ ὅὕ ὀὕ ὊὝὌὕ, Ὂ Ὄὕ Ἰ  Ὗὑ ὅὕ Ἳὕὄ 

Ἰ ὉὖὉ Ἳ ὋὖἻ  ἵ Ὄὕ ἱὠὁἻ  Ὕὅὕ ὑὕὄὂὕ; ἵὄὟὑ ὂ  ἱ ὂ  

Ὃὖ ἻὍὖ  Ἳὁ ὠὂ  (set) ὠἻὉὕ Ὗὑὕ.   

 ὊὝὌὕ Ὀ  Ὂ Ὄὕ Ἰ  ἵ ὅὄ Ἰ Ὁὖ Ἰ ὅὖ Ὗὅὕ Ὂ ὑὠὍ 

Ὀὀ ἻὍὖ Ἧὂὖ ὠὑὟὉὕ Ἧὂὖ  ἱ ὌὕὠὈὟὉὕ Ὃὖ  ὃὖ . ἽὖὌ ὐ ἻὍὖ ἱ ὂ 

Ὂ ὅὕ ὂ Ἳ ὠὑ Ἳ ὅ Ἳὖ Ὃ. ὅὌ ἰ ἻὖὌ Ὗὅ ὅὑ Ἳ  ὝὈ ὝὉὕ Ἳ 

ἳὉὖὕὖὠὀὉὖ ὑ Ὗὅὕ ὂὕ  ἱ  Ἵὕ ὂὖὉὈὕὄ. ἱ  Ὕὅὕ ὑὕἻ Ἰ ἻὍὖ 

ἱὠὁὉὖ  Ὂ  Ἰ  Ἧ Ἳ ὂὖὄὕὖ  Ἰ ὅὖ Ὗὅὕ Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ἧὂὖ  

Ὕὂὕὀ ὑ Ὕὅὕ ὑὕἻ ὃὖἻ . ἰὄὕ  Ὂ Ὄὕ Ἰ Ὁὖ ὅὖὋ ὅὖ Ὗὅὕ Ὂ ὑὠὍ 

Ὀὀ Ἳ Ἧὂὖ ὑ ἽὖὋὖ ὟὃὊ ὃὖ . ἱ ὈὕὂὖὕὖὉὕὄ Ὗὃ ἻὍὖ Ὂ  Ἰ  Ὀ  Ὂ Ὄὕ 

Ἰ  ἱὑ Ὃὖ Ὗὑ ὅὕ Ἳὕὄ Ἰ ὉὖὉ Ἳ Ὃὖ  Ὂ  Ἰ Ὁὖ ὂὕ ὂ ὃὖἻ Ὕὑ ὁὖ 

ἳ ὍὠὈὉὖ  Ὕὂὕ ὠὀ Ἧὂὖ ὑὕ ἰ ἻὖὊὈὖ Ἳ ὅ ὀ ὅὊ ὝὅὠὌὉὖ  Ὕὂὕ ὠὀ 

Ἧὂὖ ὀ Ὕὂὕὀ ὝἻὕ ὀ ἻὕὌὃὗ ἽὖὈὕὋὕὠὈὉὖ Ὕὂὕὀ Ἵὖ ἰ . Ὂ Ὄὕ Ἰ  

Ἰ ὉὖὉ Ἳ Ὃὖ  ὟὈ ὝἽὕ ὄὠὑ Ὃὖ ἱ ὌὕὠὈ ἰ . 

 Ἰ  ὑὖ ὂ ὟὌὕ ἱ ὂὖὉὖὟὌὕ ὝὈ ὝὉὕ Ἳ  ὑὠἻὉὖ ὊὝὌὕ Ὁὖ 

ἳ ὅ ὂὖ (ὅὖὋ) Ἧὂ  ἻὕὌ ἯὍ  ὑ  Ὕὂὕ ὠὀ Ἧὂὖ ὑὕ ὅὖὝὂὕὀὊ ὅὀὕ, 

ὟὂὠὑὉὕὄ Ὗὑ ὅὕ ὠὀ ὝἽ  ὝἻὕ Ὅ (Ἳ ὝἻὕ Ὅ) Ὗὑ  Ἰ ὉὖὉ Ἳ 

Ὃὖ ἻὠὍ ὅὉ ὅ ὂ Ὗὑ . ἱ ὂ Ἰ ὉὖὉ Ἳ Ὃὖ ἻὍὖ ὂὌὕὑ Ὕὂὕ ὠὀ 

ὝἽὉ ὅὕὀ  Ὗὑ  ὑὐὖὉὖ Ὕὂὕὀ ὠὀὉ. ὃὕ Ὕὂὕὀ Ἳ Ἧὠὀ  ὝὈ ὝὉὕ ἻὍὖ 

ἵ Ἳὕ ὠὀ ἵ ὝἻὕ Ὗὑὕ, Ἧὂὕὑ par ἵ ὅὑ  bar ἵ ὅὂ  ἱὠὀὟὉ 

ἳ Ὅ Ὂ ὅὕ ὠὀ ἵ ὝἻὕ Ὗὑὕ. ἱ ὂ ἱ  ἯὠἽἻὍὖ Ἰ ὅὖ Ὗὅὕ Ἰ  

Ἳὁ ὂὖ Ὕὑ Ὕὅὕ Ὁὖ ὑὖὑὖ ὠὅ ἯὠὀὉὕὍ ὅ  ἱὠὊ Ἵ  Ὕὑ  (burst of 

noise) ἶ ὅ ; ἯὟὂ Ἳὁ ὂὖ Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ἧὂὖ Ἳ ἻὕὌ ὃὗ Ἵὖ ὈὕὋὕὂ 

Ἰ Ἳ ἻὕἻ Ὕὂὕὀ . /b/ ἱ  Ὕὂὕὀ  ἯὠἽὉὖ, Ἧὂὖ Ὕὑ ἰὊ ὅ ἱὠὊ Ἵ 
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Ὕὑ ὀ (voice plosion) ἸὟὊ Ἳὁ ὂὖ Ἧ Ὄ  Ἧ ὠὈ ὅ ὀ ἻὍ ὂὖ ὃὖἻ . /p/ ἱ  

Ὕὂὕὀ  ἯὠἽὉὖ, Ὕὑ  Ὕὂὕ ὠὀ Ἧὂὖ Ὕὑ Ὕὂὕὀ Ἳ ὂὖ ἱὠὀὉὖ ἻὕὌ 

ἱὠὀὝὑὍὖ ἱ Ἳὖ Ὃ. ἱ ὂ ἱὠὀὝὑὍὖ 50-70 Ὀὖ.ὝἽ. ἵ Ὃ ἻὖὊὕὈ ὂὖ ἱ . 

ἹὠἽὝὑ ὀ Ἧ Ὄ  Ὗὑ  Ἰ  ὃὖἻ ὀ Ὕὂὕὀ ὅ ὂὖ ὅὕ Ἳ ὅ Ὂ ὑὠὍ 

Ὀὀ ἻὍὖ ἯὂὖὝὑ  Ὕὂὕὀ Ἳ Ὂ Ὕὂὕὀ Ἳ ἻὕὌ (voice on set time Ἧ Ὄ  VOT) 

ἵ  Ὃὖ ὅὖὀ ὅ. VOT Ὂ - Ὂ Ὄὕ Ὗὑ ὅὕ Ἳ Ἳὕὄ ἻὖὉ Ἰ ὉὖὉ Ἳ 

Ὃὖ ὅὕἻ ἰ ἻὖὌ ὂὖ Ὀ Ὀ ὌὕὈ Ὗὑ ὅὌ ὝὈὕὐὖἻ  Ἳ ὅὖ Ἳὅ Ὅ. 

 Ἧὠὀ  ὝὈ ὝὉὕ Ἳ ἱ ὂὖὉὖ ὑ ὂὕ ὃὕ VOT Ἳὑὄ Ἳὁὖ ὠὅ (observation) 

ἱ  ἻὕὊὁ ἻὍὕ ὟὃὊὕἻ ὂὖ ὅ ἱὉὌὕ: ὂὌὕὑ ὊὝὌὕ  ὈὖἻ ἯὕὖὂὕἻ ὂὕ 

ἱὠὊ Ἵ Ὕὑ  ὑὠὊ Ὕὂὕ ὠὀ Ἧὂὖ ὠὑ Ὕὂὕὀ . ἱὊ ὀὕὑ ὅὌ Ὗὅ ὅὑ Ἳ  

ἱ ὂὖ Ἧὠὀ  Ἰ Ἳ  ὑὖ ὑὖ Ἳ ὅ ὑὂὖ ὠὌ. ἱ ὂ Ὗὅὕὂὖ ὊὝὌὕ- 

Ὂ ὌὕὝὑὕ  Ὗὑ ὅὕ ἱ  Ὕὂὕ ὠὀ ὝἽὉ ὅὕ ὀ Ὕὂὕὀ ὅ ὂὖ ὂὕ  

Ὃὖ  ὂὊ ὅ Ἳὖ Ὃ. bob Ὗὅὕ Ὃ ὝἽὕ ἻὍὖ ὊὝὌὕ Ὁὕ ὀ ὅ ὀ ἯὠἽὉὖ 

ἳὉὖὝὊὕ ὀ Ὕὅὕ ὂ  ἻὕὌὃὗ Ἵὖ ὈὕὋὕὂ Ἰ  ὂ  ἻὕὌ ἯὍ  ἱ ; 

Ἧὠὀ  Ὕὅὕ ὂ Ἧ ὅὠὀὉὖ ἻὖὉὂὕ Ὀ  Ὕὂὕ ὠὀ Ἧὂὖ  ὠὋ ὂ 

Ἧὠὀ ὅὖ Ὕὂὕὀ Ἳ ὑὠὊὉὖ  Ὕὂὕὀ . pop Ὗὅὕ Ὃ ὝἽὕ ἻὍὖ ἳ Ὅ Ὂ Ὄὕ 

Ἰ Ὁὖ ἳὉὖ ὅ ὂὖ (vowel part) ἻὖὉὂὕ, Ἧὠὀ  ὅ ὂὖ ὃὗ ὀὂὕ; Ὀ  

Ὕὂὕ ὀ Ἧὂὖ  Ἧὠὀ  ὝἽ Ὁ ὅ Ἳὁ ὂὖ ἱ ὂὖὉὠὀἻὖ Ὃ. ἱ ὂ Ὃὖ Ἳ 

VOT Ὃὖ  ὅὖ ὑ Ὀὕ  Ὕὅὕ ὠὈὉὕ Ἳ ὝἽ ὉὌὕ: Ἰ ἻὍὖ ἱὠὁὉὖ  ὊὝὌὕ  

Ἧ Ἳ ὂὖὄὕὖ Ὂ ὑὠὍ Ἧὂὖ  ὄὟὊ Ὕὂὕὀ Ἳὖ Ὃ Ὀ  ὅὖ ὄὑὠὊ 

Ὕὂὕὀ ἻὖὋ. ἰὄὕ  Ὂ Ὄὕ Ἧ Ἳ ὂὖὄ  Ὂ ὑὠὍ Ἧὂὖ ὅὖ ὄ Ὕὂὕὀ Ἳὖ Ὃ 

Ὀ  ὄ  Ἳὖ Ὃ. Ὗὑ ὅ ὑὀ  ἱ ὂ Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ ἱ ὅὠὂ 

ὅὀ  52ἱ  Ἰ ὑ ὁὠὄ  ὅὀ Ἳ ἳὀ  Ὗὃὕ Ἳὗ ὝἽ Ἵὕὖὅὕ ἻὌὕ: ἱὑ Ὃὖ /bop/ 

ἵ ὅ  /pop/ ἵ ὅ ὀ  Ἰ ὅὖὀ ὅ Ὅ. Ὕὅὕ ὑὕὄὑὐὖὉὖ 

ἳ ὑὕἻ ὅ ὀ/ ὠὋὅ ὂ ὅ ὀ (formulated) ἱ ὂ Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ Ἧὠὀ  

ἳὊὝἽὕ ἻὍὖ ἳὊὝἽὕ ἻὍὖ ἳ Ὅ Ὂ - Ὂ Ὄὕ Ὗὑ ὅὕ Ἳ  ὅὉ ὅ . 
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ὅὀ  52: bob Ὀ  pop-ἱ  ὃὖὋὈὕὠὌὑὠὊ Ἳ (Fry 1979: 136) 

  

 Ὂ  Ὂ Ὄὕ Ἰ ἻὍὖ Ὗὑ ὅὕ Ἳὕὄ ὄ  ὋὖὉ Ὀ ὝὋὕ Ἰ ὉὖὉ Ἳ 

Ὃὖ  ὅὖ ὑ Ὀὕ ἯὠὈ : ὝὈ ὝὉὕ Ὁὖ ἳ ὑὕ Ἳ  Ὀὗὂὕὄ ἵ ὂ ἱὠὊ Ἵ  

(noise) Ὂ  Ἰ ὠὉὑὖὀ Ὂ Ὄὕ Ἰ Ὁὖ ὂ  Ἳ ὠὈὠὉ  ὝἻὕ ; 

Ἧὠὀ Ὕὅὕ Ὁὖ ὑὖ ὑὖ ὅὕ ἶ ὅ ἱὠὊ Ἵ Ὕὑ ὅὕὄὕ Ἧὠὀ ὊὝἽὕ 

Ἧ Ὄ  ἳὊὝἽὕ ἱὑ Ὃὖ ἳὊὕ  ἱὠὊ Ἵ  ἰὄὕ  ὟὈ ὝἽὕ ὄὅ ὂὕ  ὑὖὠὍ . 

Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ἧὂὖ  ἯὠἽὠὉ ἳ ὑὕ Ἳ Ἳὖὠὀ  Ἵ ὂὖὉὖ Ἰ  ὅ ὂὖὠὉ 

ὅὉ ὅ ὂὖ ὑὖ Ἳὖ Ὃ. ἱ ὑὐὖὉὖ ἵ ὑὍ  ὠὋὑὕἻ Ἵ ὂὖ ὅὉ ὅ ὂ ὅ Ἳὖ ὋὟὂὕ 

Ἧὠὂ Ὕὅὕ  ἹὠἽ ἳ ὅ ὂὖὉὖ ὝἽὌὑὐὖ Ἳ ὅ. ἱὂ  ἻὕὊὁὈὕἻ Ὂ Ὄὕ Ἰ Ὁὖ 

ἹὠἽ ἳὉ ὂ Ἳ ὠὈὉὖ ἱ ὅ ὀ ὃὗ ὀ ὟὃὊ ὃὖἻ . 

2.11.5  Ἰ  ὠὋ Ἳὕὄ Ἰ ὉὖὉ Ἳ ὋὖἻ  (Acoustic cues of for manner of 

articulation) 

 Ἰ  Ἰ  ὊὝὌὕ ὉὕἻ Ἧ Ὄ  Ὂ Ὄὕ Ἰ Ὁὕ ἵ ὅ  Ἧ  ἳ ὅ ὂὖ 

ὝἽ Ὁ ὅ Ἳὖ Ὃ ὠὋὉὖ Ἰ  Ὗὃὕ ἻὈὕ. ἱ ὅὖ  ἱ ὂ ἻὠὌ ὝἽὕ Ὕὑ Ὕὅὕ 

(plosive), Ἧὠὀ ὊὝἽὕ (affricatie), ἳὊὝἽὕ (fricative), ὝἻὕ (nasal), Ὀ ὝἻὕ 

(lateral) Ὀ  ἯὠὊ ἳὉὖὝὊὕ (semi-vowel sounds) ἵ Ὃ Ἰ ἻὠὍ Ὗὑ ὅ ὂὟὑ 

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. ἱ ὂ Ἰ  ὑ ἻὍὖ Ἰ Ὕὑὕ Ὃὖ Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ 

ὄ ὅὕ ὂ Ἰ ὑ ὁὠὄ  ὅὀ ὅ  ἻὍὖ  ὝὂὍὖὑὕ. 

http://www.languageinindia.com/


153 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

 Ἧὠὀ Ὕὅὕ ὑ ὅὖ Ἳὕὄ Ἰ ὉὖὉ Ἳ Ὃὖ  Ἰ Ὁὖ Ἰ Ἳὖ ὃὖἻ  

ὂὠὀὉὕ . Ἧὂὕὑ ὝὈὥὄὟὈὕ Ἧ Ὄ  ἸὊὍ  ὝὈὥὄὟὈὕ Ὗὅ ὝἽὕ ὀ ὂὖ 40 

ἱ  120 Ὀὖ.ὝἽ ὑὠὊ ὃὗ . ἱ ὂ Ἰ ὉὖὉ Ἳ Ὃὖ ὠὅ ὅ Ἳὖ Ὀ ὝὋὕ Ἰ  ὑ  

Ἧὠὀ ὊὝἽὕ ὑ ὅὕ . ἱὂὖ ὝὈὥὄ ὂὖ ἻὕὌ ἯὍ  Ἰ ὅὖὀ ὂ Ἳὂὕ. ἱ  

ἱὠὊ Ἵ Ὃὖ ὂ  ἻὕὌ ἯὍὑὕ  Ὗὑ ὅ ὂ ὅ. Ἧὠὀ  ἳὊὝὌὕ  

ἳὊὝἽὕ  ἳ Ὅ Ἰ ὉὖὉ Ἳ Ὃὖ  Ἳ ὂ ὂ Ἳ ἻὕὌ ἯὍὑὖ, Ἧὂὕὑ 70 ἱ  

140 Ὀὖ. ὝἽ. ὑὠὊ, ἱὠὊ Ἵ ἱ ὅὂὕ. 

 ὝἻὕ Ἳ  Ὀ ὝἻὕ Ἳ ἯὠὊ Ὁὖ Ἳ ὠὂὉ  ὑ ἻὍὖ  

ἱὠὊ Ἵ  (noise) ἱ ὌὕὠὈὉὕ Ὕὂὕὀ ὂ Ὂ ὂὖ ἳ ὍὠὈὉὕ  

Ὗὑ ὅ ὂ ὅ. ὝἻὕ Ἳ Ὁὕ  ὂὕ ὂ ὃὖἻ Ὕὑ Ἰ Ἳ ὂὕ ἱ ὂ ὃὖἻ Ὕὑ 

ὅ ὠὀ  2000 Hz ἱὀ ὂὖ Ὕὂὕὀ  ὅ ὠὀ  ἱὠὀὉὖ Ἵ ὂὖὉὖ ἱ ὌὕὠὈὉὕ 

Ἰ ὉὖὉ Ἳ Ὃὖ  ὝἽ Ὁ ὅ . Ὀ ὝἻὕ Ἳ ἯὠὊ Ὁὖ Ἳ ἳὉὖὝὊὕ 

Ὗὅὕ Ὃ Ἰ ὝἽὋὖ ἻὍὕ ἯὠὀὉὕὍ ὅ ὂ ὅ . ἱ ὂ Ἰ ὝἽὋὖ Ἳ 

Ἰ ὝἽὋὖ ὃὖἻ Ὕὑ ὁὖ Ἰ ὂὋὖ Ἧ ὅὠὀὉὖ ὝὈ ὑὕὄ Ὗὑ ὅὕ ἻὠὍ 

ὝἻὕ . ἱ ὅὖ  Ἳὀ Ἳ (transitions) ἯὠὊ Ὁὖ ἻὠὍὑὖὀ Ὀ ὝἻὕ ἻὍὖ 

ὂ  ὟὑἻὈὕἻ ἱ . 

2.11.6  Ἰ  ἱὀ ὂὖ Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ (Acoustic cues for place of articulation) 

 ἱ ὑὠὊ Ἳὕ Ὁ Ἰ ὉὖὉ Ἳ Ὃὖ ἻὍὖ ὑὖὠὍ ὟἻ ὅὑὠὊ Ἧὑ  

ἰ Ἳὖ Ὃ ἵ ὂ Ἰ Ὁὖ Ἵὕ ὂὖὉὈὕὄ ἯὠὀὉὕὍ ἻὠὍ Ἰ ὅὖ ὅὕ ὠἻὉὖ ἽὖὋὖὉ 

ὑ ὅὕἻ ὠὋ ὅ ὂὕ. ἱὠὂ ἱ  Ἰ  ὂὄὖὉὕὄ ὂὗ ὑὕἻ ὠὋ Ἳ ὝἽ Ὁ Ὗὑ  

Ὗὅ ὐ ὅ Ὗὑ ὅ ὀ ὍὖὉὖὀἻὍὖ Ἰ ἻὠὍ Ὗὑ ὅ ὂ ἱὉὌὟὑ . ὃὕ 

Ὗὅ ὐ ὑ ὑὖ Ὀὕ Ὃ Ἳ ὐ  Ἰ ἻὠὂὟὉὕ ἱ  ὑὖὠὍ ἻὠὍὟὉὕ 

ὅὕὂὖ  ἵὄ  ὅὕ Ὗὂὕ; ἵὄὟὑ Ἰ ὅὖὀ Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ ἱ ὂ ἱ  

Ἳ ὅὕ ἻὍὖ Ὀὕ Ὃ Ἳ ὀ Ὕὂὕὀ ὅ ὂ ὅὀὟὑ. Ὗὅ  Ἰ  Ὕὂὕὀ ἽὖὉὕὄ 

ἱὉ Ἳ; ἽὖὌ ἱὉ Ἳ Ἳ ὑὖὄὕὑὕἻ ὝἽ Ὁ ὅ Ἳὖ Ὃὄ; ἽὖὌ ἱὉ Ἳ Ἳ Ἰ ὅὖ ὠἻὉὖ 

thought ἵ Ὃ ὝἽὕ  ὝὂὕὀἻ ὠὂ Ὗὅὕ ὂὌὕὄ Ὂ ἻὠὍ  ὅὖὋ tea ἵ Ὃ 

ὝἽὕ  Ὕὂὕὀ Ἳ ὠὂ ὟὅὕὌ ὠὋὑὕὄ Ὂ ὠὂ  ἳ Ὅὀ . ἱὉ Ἳ ὂὖ Ὂ  

ὟὑἻ  Ἰ ὉὖὉ Ἳ Ὀὕ Ὃ ἻὍὖ Ὀὂὖ ὅὖ ὃὗ ἽὖὉὖ ὅὖὊὂὖὅ Ἳὖ Ὃὄ; ἻὖὉὈὕἻ 
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Ἰ ὝἽὋὖ ὃὖἻ Ὕὑ ὁὖ ἱὠὊ Ἵ ἱ ὅὖ  ὅὖὊὂὖὅ Ἳὖ Ὃὄ. ἱ ὂὕ ὃὕ 

Ἰ  ἱὀ ὂὖ ἻὖὉὈὕὄ Ἰ ὉὖὉ Ἳ Ὃὖ ἻὠὍ Ἳὕ Ἳὖ ὟὋὕ. 

2.11.7. ἱὊ ὀὕὑ Ἰ ὝἽὋὖ ὃὖὠὌὈὕ Ὃ Ἰ ὉὖὉ Ἳ Ὃὖ (secocd formant transiton 

cue)  

 ὟἻ ὅὑ ἻὍὕ ὅὉ ὅ ὂ ἱὉ  ὂἻὑὌἻὠὍ ἵ Ὄὕ Ἰ ὝἽὋὖ 

ὃὖὠὌὈὕ Ὃ Ἳ Ὀ ; ἱ ὅὖ  Ὃὖ ὅὕἻ ἱὊ ὀὕὑ Ἰ ὝἽὋὖὑὖ 

ὃὖὠὌὈὕ Ὃ Ἳ ὂὕ Ἰ  ἱὀ ὂὖ Ἰ ὉὖὉ Ἳ Ὃὖ ὅὕἻ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ 

ἵ  ὅὕὖὟἽὕὂὠὄὉὕ Ἳ ὅὖ Ἳ ὅ Ὅ. Ὕὑ Ὕὅὕ ὑὖ ὑὖ Ἳ ὅ Ὗὅὕ ὈὖἻ 

ὑὖὠὊὑὕὄ Ἰ ὉὖὉἻ Ὀὕ Ὃ ἶ ὅ ; ἱ  ἵ Ὄὕ Ἰ ὝἽὋὖ ἻὠὍ ὅὕὂὖ  

Ἰ ὝἽὋὖ ὃὖἻ Ὕὑ ὁὖ ὑὖὠὊὑὕὄ Ὀὕ Ὃ ἻὍὖ ὅὖὊὂὖὅ ; ἶὝὄ Ὃὕ 

Ὗὅ ὐ Ἰ Ἳ ἻὍὖ Ἰ  Ἳὁ  (set) ἻὕὌ ὂὖ ὠὋ ὂ ἱὠὀὝὑὍὖὉὖ 

Ὀ ὝὋὕ ἻὁὈὕἻ (set) Ὀὕ Ὃ ὅ Ἳὖ Ὃ. ὟἻ ὅὑ  ἳὁ  ὑὖὠὍ  F2 

ὃὖὠὌὈὕ ὋἻὍὖ  ὅὕὂὖ/ὝἽ ὑὕ ὅὀ  53ἱ  ἵὍὖὠὈὉὕ Ἳ ὅ ὀ Ἰ ὉὖὉ Ἳ 

ὑ ὁὠὁ ὅὀ ἻὍὖ Ὗὃὕ Ἳὗ ὀὕ ὃ ὋὕἻ ἻὕὁὌὕ. ἱὠὑἻ  ἱὠὁ ὅὕἻ  

(synthesis) ὝἽ Ὁ ὅ ὀ ἯὠἽἻὠὍ ἳ ὑὕ ὑὂὖ ὅὉ ὅ ὂ ὅ 

ἯὠὈ Ὕὅὕ ἻὍὖ ὝὂὕὀἽὖἻὠὍ (series) ἰ Ἳὖ Ὃ. ἱ ὂ 14 ἯὠὈ Ὕὅὕ Ἳ 

F2 ὃὖὠὌὈὕ Ὃ ἵ Ὃ Ἰ Ὃὖ Ἧ ὅὠὀὉὖ Ὀ ὟὈ Ἰ ὝἻὕ  Ὗὑ ὅ Ἳὖ Ὃὄ. 

ὀ  1 ἱ  ὃὖὠὌὉὕὄ-ὃὖὠὌ Ἰ ὝἽὋὖὑὖ ὈὖἻ ὂὕ ὂ ὃὖἻ Ὕὑ ὁὖ  

ἱ  ὃὗ ἽὖὉὕὄ ὃὖὠὌὈὕ ὋὈὕ; Ὕὂὕὀ ἽὖὉὖ ὃ ὑὖ ὀ  8 ἱ  ἾὖὉ ὃὖὠὌὈὕ Ὃ 

ἱ Ἳὖ Ὃ; Ὀ  ὀ  14 ἱ  F2 ὃὖὠὌὈὕ Ὃ  ἳὉ ὂ ὃὖἻ Ὕὑ ὁὖ  

Ὀὖ ὂὖὉὕὄ ὂὕ ὑὕ. Ἰ Ὕὑὕ ἯὠἽ  300 ὈὖὝἽ ὃὗ  Ὀ  F1 ὃὖὠὌὈὕ Ὃ  

ὑ  ὃὖὠὌὉὕὄὂὕ; ἱὂὄὕ Ἰ Ὁὖ ἸὟὊ ὅ ὂὕ Ὗὑ ὅ . ἽὗὊ Ὃ 

ὃὖὊ  ἱ ὂ ἯὠἽἻ ὟἻ ὅὑ Ἳ  ὂὊ ὅ ὀὕ Ἧὑ Ἳ Ἰ Ὕὑὕ ὠὋ ἰ ἻὖὌ 

ὝἽὕ Ἳ bay, day Ἧ Ὄ  gay ἵ ὅὄὑ Ὃὖ Ἰ  ἵὄ ἯὠὀὉὕὍ Ἳὕὁ Ἳ ὄ ὠὂ 

ἳὁ ὑὂὖ ὠὌ (ἯὠὈ Ὕὅὕ Ἳ ἳὉὖ ἻὍὖ ἲ ὉὖὊὕ Ἳ ὂὖ Ὃὖ ὠὅ 

ὂ ὑὂὖὠὌ.). ὀ  ἵ Ἳ  1ἳ  2ἳ  /b/ἱ  Ὕὂὕὀ ἻὖὋ  ὀ  ἵ Ἳ  6ἳ  

7ἳ  /d/ ἱ  Ὕὂὕὀ ἻὖὋ , ὀ  ἵ Ἳ  13ἳ  14ἳ   /g/ ἱ  Ὕὂὕὀ Ἳὖ Ὃ  

http://www.languageinindia.com/


155 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

ἵ ὅὂὖ ὈὖἻ Ὕὅὕ ὑὕὄ ἳὀ ὅὕ ἱ Ἳὖ Ὃ. F2 ὃὖὠὌὈὕ Ὃ  Ἰ  Ὕὑ  

ὝὈ ὝὉὕ Ὁὖ  Ἰ ὅὖὀ ὂὖ ὅὉ Ὅ Ὃὖ ὅὕ .  

ὅὀ  53: F2 ὃὖὠὌὈὕ Ὃ ὟἻὕ Ἳ  ἳ ὑὕ Ἳὖ  Ἳ ὅὕ  ἯὠὈ Ὕὅὕ Ἳ  

(Fry 1979: 139) 

 

 ἱ ὂ ἯὠὈ Ὕὅὕ Ἳ ἵ Ὄὕ ὃὖὠὌὈὕ Ὃ Ἳ ὃὖὠὌὉὕὄ-ὃὖὠὌ 

Ἰ ὝἽὋὖ Ἳ Ὕὂὕὀ Ἳ ὂὖ ὃὖἻ ὑὂ  ὅὂὖὌὕἻ ἱ ὂὖὉὖ ὃὖἻ ὅ  ὅ Ἳὑὕ ὀὕἻ 

ὂὖ ὅ ὅ ὀὕ Ἰ Ὕὑὕ ἯὠἽ  ἱ ὂὖὉὖ Ἰ  Ὕὑ Ὕὅὕ Ὁὕ ὟἻ Ἳ ὅ. 

ὀ  ἵ  1 ὂὕ  F2 ὃὖὠὌὈὕ Ὃ ὠὂ  ὝἻὕ ; ὀ  ἵ  14 ἳὉ  F2 

ὃὖὠὌὈὕ Ὃ ὠὂ  ὝἻὕ ; ἱ ὑὕ  Ὕὂὕὀ . ἳὉὑ , ὂὕ ὑ  ἵ Ὃ 

ἻὠὌ ὝἽὕἻὠὍ  ὅὉ ὅ ὑ  ὐ ὅ ὠὂ ἳ ὑὕ ὑὠὂ ὂὑὖ Ἳ Ὀὕ Ὃ  

ὃὖὠὌὉὕὄ-ὃὖὠὌ Ἰ ὝἽὋὖ ἻὠὍὑὖὀ ὂὕ ὂ ὃὖἻ ὑ ὠὁ Ὗὃὕ Ἳὖ Ἧ Ὄ  Ἧὂὖ  

ὑὖὌἻὖ ἱ ὂὕ Ἳὐὖ ὂ ὃὖὠὌὈὕ Ὃ ἵ  ἳὉ ὂ ὃὖ Ὕὑ ὠὁ Ὗὃὕ Ἳὖ Ἧ Ὄ  

Ἧὂὖ  ὑὖὌἻὖ ἱ ὂὕ ὀ  ὃὖὠὌὈὕ Ὃ ἵ  ὑ  ὑὐ ἻὈὕ.  

 ὃὖὠὌὈὕ Ὃ Ἳ Ἧὑ ὀ  Ὕὂὕ ὀ ὠὀὉ ἳὉὖὝὊὕ Ἰ ὝἽὋὖ ἻὍὖ 

ὂ ὂὖὊὈὕἻ ἱ Ἳ ἱὉὌὕ. ὃὖὠὌὉὕὄ-ὃὖὠὌ F2ἱ  ὃὖἻ Ὕὑ ὁὕ Ἰ ὅὖὀ ὂὖ Ἳὕὄ 

F2 ὃὖὠὌὈὕ Ὃ  Ὃὖ  Ἰ  ἯὍ ἹὊὍ  ὃὖὠὌὈὕ Ὃ ὂὖ  ὂὖὠἽ 

ὂὕ Ἳ Ὅ. ἱ  ἻὖὉὈὕἻ Ἧ ὅ  Ἰ ὅὖὀ Ἰ ὅὖ Ἳὕὄ Ὃὖ ὠὅ ὅὕὂὖ Ἳὖ Ὃ; 
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ὃ Ὄ ἯὍ  ὝὅὕὠὈ ὀ  ἲὕὖὂ Ἰ  Ἰ  Ἳὐὖ ὂ F2 ὃὖὠὌὈὕ Ὃ ὠὂ  ἻὠὀὉὁ 

Ἰ  ὀ  F2 ὃὖὠὌὈὕ Ὃ ὠὂ  ἳ ὅ . ὠὋ ὂ ἯὍ  Ἳὐὖ ὂ Ἧ Ὄ  

ὀ   F2 ὃὖὠὌὈὕ Ὃ   Ἧ ὅ  Ἰ ὅὖὀ Ἰ ὅὖ Ἳὕὄ Ὃὖ  ἰ .  

 F2 ὃὖὠὌὈὕ Ὃ  Ὃὖ  Ἰ ὅὖὀὂὖ Ἳὕὄ Ὃὖ ὅὕἻ ἱ ὂὕ , Ὕὑ Ὕὅὕ  ὂὑὖὊ 

ὅὖὋ Ἰ  ὠὋἻ  ὝἽὉ ὅὀὟὑ ; Ὀ  ἱ  Ὗὃ ὑὕἻ ὃὖ ὅὖἻ ὅὀὟὑ. 

ἰ ἻὖὌ Ἰ  Ἰ ἻὠὈ  Ὕὑ Ὕὅὕ ἻὍὖ  ἯὟὂ Ἰ ὅὖὀ ἻὠὍ  ὝἻὕ ὀ  

ὝὈ ὝὉὕ ἻὠὍ ἳ ὅ  Ὀ  F2 ὃὖὠὌὈὕ Ὃ  Ὃὖ  Ἰ ὂ ὑὐὖὉὖ  Ἧὑ Ὃὖ  

ὝἽὉ ὅ . Ἰ ὅὖ  ὝἻὕ  ὠὋὠὉ Ἳὕ ὑὂὕἻ ὄ  ὋὖὉ 

Ἰ Ἳ Ἳ  ὟἻ ὅὑὠὊ Ἧὑ   ὝὈ ὝὉὕ ὠὉ  ὠἻὉὕ ἻὖὋὕ  ἵ  Ὀ  

Ὕὂὕὖὑὖ ; Ἧὠὑ ἲὕὖὂ  Ἰ , Ἧ ὅ  Ἰ , ἻὠὀὉὁ ὝἻὕ Ἳ  ἱὑ Ὃὖ ἻὖὠὀὉὖ  

Ὗὑ ὅὕ ὠὀ  Ἳὕὁ ὟἻ ὅὑὠὊ ἱὉὌ ὝἽ ὑὂὖ ὠὌ. ἱὂ  Ἧὑ  F2 ὃὖὠὌὈὕ Ὃ  

Ὃὖ  Ὗὂὠὑ; ὃὖὠὌὈὕ Ὃ  Ἳὐὖ ὂ  ἵ Ὃὕ  ὝἻὕ /m/  ἰ ; ὀ  ἵ Ὃὕ 

ὝἻὕ /n/ ἰ .  

 ὃὕ ἲὕὖὂ, Ἧ ὅ , ἻὠὀὉὁ  ἵ Ὃ  Ἰ ὅὖὀ ἻὠὍ ὅ Ὃὖ 

ὅὕ Ὗὂὕ; Ὗὅὕ ὐ  ὃὖἻ  ἵ ὂ ἱὉ Ἳ  ὟἻ ὅὑ  Ἵὕ ὂὖὉὈὕὄ Ὃὖ ὅὕἻ 

ἱ  ὃὖὠὌὈὕ Ὃ ὠὂ ἳ ὑὕ Ἳ ἱὉ  ἵ ὅ  ὝὂὍὖὑὕ. ἯὠὊ ἳὉὖ ἻὍὖ Ὗὃ ὑὖ 

ὃὕ ὅὕ ὂ Ἰ ὂὋὖ Ἧ ὅὠὀὉὖ ὝὈ ὑὕὄ ὃὖὠὌὈὕ Ὃ Ἳ ἱὀ  ὂἻὑὠὌ ὂ : 

ὀ  ὃὖὠὌὈὕ Ὃ /j / ἱ  ἱὠὀὉ ὁ  Ἰ ὠὅ Ἳὕ ; Ἳὐὖ ὂ ὃὖὠὌὈὕ Ὃ /w/ἱ  

ἻὠὀὉ ὁ Ἰ ὠὅ Ἳὕ . Ὗὑ  Ἰ  ὑὠἻἻὍὖ F2 ἱὀ  Ὃὖ ὅὖὋ Ὃὖ Ἳὀ  

ἱὠὁ  Ἧ Ὄ  ἳὊὝἽὕ ἻὍὖ  Ὗὃ ὑὖ  ὃὖἻ  Ὗὅὕ Ὗὅὕ  Ὕὅ ὅὕ  Ἧὑ Ὃὕ  

ἱὀ ὝὅὉ Ἳ ὅ .   

2.11.8. Ἰ ὅὖὀ ὂὖ Ἳὕὄ ἱὠὊ Ἵ ὑ Ἳ ὀ Ὃὖ (Noise filtering cue for place of 

articulation) 

 Ὗὅ  ὐ  ἱὠὊ Ἵ ἳ ὑὕ Ἳ ὅ ὠἻὉὖ ἱὠὊ Ἵ ἳ ὑὕ ἻὖὉὖ 

ἱ ὅὖὀ ὂὕ ὅ ὂὖ ἯὍ  ἱὠὊ Ἵ  ὑ Ἳ ὀ ὃὖ ὁὉὖ Ἳ ὅ Ἳὖ Ὃ; ἱὂ  

ὑὖὠὍὑὕἻ  Ἰ ὅὖὀ ὂὖ Ἳὕὄ ὂ  Ὃὖ  ἱὠὊ ἽὌὕ ἳ ὑὕ Ἳ ὅ Ὄ ὁ  

Ἳ ὅὂὖ ἰ . ἱ ὂ ἳ ὠὈ ὄ  Ὃ ὅ ὀ Ὕὑ ὝὅὕἻὍὖ ἱὠὊ Ἵ 

Ὕὑ ὅὖ ὃὖἻ Ὕὑ ὅ ὠὀ Ὀὗὂὕὄ ὅὕὖὟἽὕὂὠὄ  ὅὖ ὄὁὖὉὖ ἱ ἻὖὋ. ἲὕὖὂ 
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Ἰ  ὂὕ ὂ ὃὖἻ Ὕὑ ἻὍὖ Ἰ  ἳ Ἵ ὠὂ ἳ ὑὕ Ἳ Ὕὑ  ἱὠὊ Ἵ  

ὑ Ἳ ὀ  ὝἻὕ  ὝἽ Ἳὖ Ὃ; Ἧ ὅ  Ἰ  Ἰ  ἳὉ ὂ ὃὖἻ Ὕὑ ἳ Ἵ ὠὂ 

ἳ ὑὕ Ἳὖ Ὃ; ἻὠὀὉ ὁ Ἰ  Ἰ  ὃ /ἱὠὀ ὅ ὀ ὃὖἻ Ὕὑ ἳ Ἵ ὠὂ 

ἳ ὑὕ Ἳὖ Ὃ. ἵὄὟὑ Ὕὑ Ὕὅὕ ἻὍὖ F2 ὃὖὠὌὈὕ Ὃ  Ὃὖ  ὂὌὕἻ 

Ἧὠὀ  ὑὖ ὑὖ Ἳ ὅ ὠἻὉὖ ἱὠὊ Ἵ ἱ  Ὃὖ  ἵ Ὕὅὕ  ἱ Ἳὖ Ὃ; ἱ  

ἱ ὂ ὝὈ ὝὉὕ ἻὍὖ ὕὖὂ , Ὃὖ ὅὕἻ ἱὠὊ Ἵ Ὕὑ  ὈὖἻ ἯὂὖἻὈὕὄ Ἳ ὠὈὠὉ 

ὝἻὕ  Ὂ Ὄὕ Ἰ ἻὍὖ ὕὖὂ, Ἳ ὂ Ἳ ἯὍ  ὅ ἻὍὖ ὝἽ Ἳὖ Ὃ.  

 ἳὊὝἽὕ ἻὠὍ Ἧὠὀ  ἳὊὝἽὕ ἻὠὍ ἳ Ὅὀ ἻὖὉ ἰ ἻὖὌ Ἰ ἻὍὖ 

 ἱὠὊ Ἵ ἱ  Ὃὖ  Ὗὅ ὐ Ἰ ὅὖὀ ὟὈ  Ὗὄὕ Ἳὖ 

ὃἻ ὑὂὕ ἱὠὊἽ  ὅ ὅ Ὁὕὄ ἳὉ ὂ Ἧ ὂὖὉὕ Ἰ ὅὖὀ ὠὂ 

Ἳὕ Ἳὖ Ὃ; Ὗὑ ὑὖὂὈὕἻ Ὃὖὄὕ Ἰ Ἳ  ὅ ὅ ὉὕἻ ἳὉ ὂ ἱὠἽὠὈ 

ἳ Ὅ . /tr/, /dr/ ἵ Ὃ Ἧὠὀ  ἳὊὝἽὕ ἻὍὖ ἳ Ὅ ἳὊὕ  ἱὠὊ Ἵ Ἳὖ ὀ ὂ ὀ 1200 

Hz ἱ  Ἧ ὂὖὠὉ ὝἻὕ  ὂὕ ὂ ἱὠἽὠὈ ἳ Ὅ ; Ἧ ὂὂὕἻ Ὕὅὕ ὂ Ὅ Ἧὠὀ  

ἳὊὝἽὕ Ἳ ὀ Ἳὖ ὀ ὂ ὀ 1800 Hz ἱ  Ἧ ὂὖὠὉ ὝἻὕ  /j/ἳ   /ɖ/ ἳ  ὑ Ἳὖ Ὃὄ. 

/s/ἳ  /z/ ἳ  Ἳὖ ὀ ὂ ὀ 4000 Hz ἱ  Ἧ ὂὖὠὉ ὝἻὕ  ὑ Ἳὖ Ὃὄ; ἱ ὂὖὉὕἻ 

ἳὊὕ  Ἰ ἻὍὖ ὈὖἻ ὄὖ  / /̣ ἳ   /ð/ ἳ  Ὀ  /f/ἳ  /v/ ἳ  ἶὋ ὠὋὉ 6000 

Hz ἱ  Ἧ ὂὖὠὉ ὝἻὕ  ὑ Ἳὖ Ὃὄ. ἱὠὊ Ἵ ὑ Ἳ ὀ Ὃὖ  ἱ ὂὖ Ὀ ὂὖ 

Ἰ ὅὖὀ ὠὂ ὃὖ ὁὉὖ ὅὂ Ὗὅὕ Ὀὕὄ Ἧ Ὄ; ἱ  F2 ὃὖὠὌὈὕ Ὃ  Ὃὖ ὀ  

ὟἽ Ἳ ὅὀὟὑ 

2.11.9. Ὗὅ  ὟἻ ὀ  Ἰ ὉὖὉ Ἳ Ὃὖ ὅὖ ἱὠὁ   (Speech reception and the 

combination of acoustic cues 

 ἱ ὂ ὅ ὂὖὉὖ ἻὖὉὈὕὄ ὋὖὟἻὕ Ἰ ὑ Ὗὅ ὠἻὉὖ ὟἻ ὅὑ ἯὑὠὊ ὟἽ  

Ἰ ὉὖὉ Ἳ ὂἻὑ  Ἰ ὠἻ  ὅὉ ὅ ὑὂ Ἵὕ ὂὖὉὈὕὄ ἳ ὠὈ  Ἳ  

ὅὂὖ ὠὅ ὂ ὑὂὕ . Ὗὅ  Ἰ ἻὠὍ ἳ ὠὈὉὖ ὟἻ ὅὂ Ἰ ὉὖὉ Ἳ Ὃὖὠὅ 

ὅὉ ὅ ὑ Ὗὅ ὟἻ ὅὖ ἵ ὠὌὉ Ὃ ἻὌὠὑ ὂ ὠὈὉὕὄ ὝἽὉ ὅὕ Ἳὖ Ἰ  ὅ ὂὖ 

Ὀ  ὂὕ . ὃὕ Ὗὅ ὠἽ ὟἻ  Ὗὅὕ Ὗὅ ὅὑ ὃὈ  Ἧ  ὝἽὂὖὠὉ Ὀ  
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ἳ ὑὕ Ἳ ὝἽὉ  Ὗὅὕ Ὀὕὄ ὝἽ ὅὄὖὀὕὂ ὂ Ἳὕ Ἳ ἯὠὈ ὠὅ ὃὕ ἶ Ἳὖ ὟὋὕ. ἯὂὖἻ 

ἯὍὑὖ ἴἻ  Ὀ  Ἳὁὖ  ἱὑ ὠὋ ὟἽ  ὝὈὕὐὖὠὉ ὅ ὋὖὉ ὃὈ  ἯὋὖ ἱ ὂ 

Ὀ  ἳ ὑὕ Ἳὠὂ Ὕὑ ὋὖἻὊὈὕἻ  ὝἽὉ ὅ ὂ ἱὉὌ ὝἽ Ἳὖ Ὃ; ἰὄὕ  ἱὂ  

Ἧ ὅὠὀὉὕἻ ὃὕ ἳ  ὑ ἻὖὋ Ἰ ἻὍὖ Ἰ  ὑὖἻὖὂ ὠὂ ἯὋὖὉὟὑ  Ὀ  Ἧὑ Ὃὖ 

Ἰ ὉὄὖὉ ὑὠἻ ὅὕ ἻὠὍ ὉὈὕἻ ὂὊὟὑ . ἱ ὂὕ ὃὕ Ἰ Ὁὖ Ἳ 

Ὃὖ ἻὠὍ Ἵὕ ὂὖ Ἳὖ ὟὋὕ; ἱὑ ὠὋ ὃὕ ὑὐ ἻὈὕἻ ὅὉ ὅ Ἳὖ ὟὋὕ Ὀ   

ἱὑ ὠὋ ἵ Ὗὅὕ ὟἽ ὠἻὉὕἻὟὑ ὅὉ ὅ Ἳὖ ὟὋὕ. ὝὊὕ Ἳὕὄ Ἰ ὅὖὀ,   

ὝὊὕ , Ἰ ὠὋ, ἯὂὖὝὑ, Ἳ ὠὈ Ὀ  ἻὕὌ ἱὑ Ὃὖ Ὃὖ Ἳ Ὁὕ  

ὟἽ  ὅὖὊὟὉὕἻὖ Ἳ ὅ Ἳὖ Ὃὄ; Ἧὑ Ὃὖ ὝἽὉ ὅὕ ἽὕὖὉὕὄὠὑ ὂὑὖὊ ὅὖὋ ἵ Ὄὕ 

ὂὗ ἻὠὍ ὃὗ Ἳ ὃ ὠὈ Ἧ Ὀὂὖ ὅὂὕ.  ἵ Ὄὕ ὅὌ Ὃὖ Ἳ  ὃὕ ὂ  Ὀὂὖ  

ὟἻὕ ὠὑ/ὑὕὖὠἽ ὠὋ Ὀ  ὐ  Ἧ ὅὠὀὉὖ Ὀὕ . Ὃὖ Ὅ ἹὠἽὉὖ ἯὂὖἻὕὖ 

ἽὖὌ Ὃὖ ἻὠὍ ὅὉ ὅ ὂ ἱὉὌὕ ὝἽ ὉὌὕ Ὀ  ὅὖὋὑ ὠὋ 

ἻὖὉ ὍὠὑὉὕἻ Ὀὕ ; Ἵὕ ὂὖὉὈὖ Ὄὕὂ ὝἽὕ Ἧ  ἵ ὄὑ  ἵ Ὃ ὃὈ  

Ἳ ὠὂ ὑ  ὂὖ ὂὖὉὠὈ Ἳ Ἳὖὠὀ  Ἰ Ὕὑὕ Ἰ ὉὖὉ Ἳ Ὃὖ ὠὅ 

ἵ ὝἻὕ Ὅ ὝἽ ὉὌὕ.  

 ὟὅἽ ὅ ὀ ὝἽ ὂὖὉὖ ὕὖὂ ὠὂ/Ἵ ὂὠὂ ἱὠἽὟὉὕ ὀ ὠὂ ἰ ὑὂ  

ὟὂὠὑὉὕὄ Ὃὖ Ἳ ὅ Ὃὖ Ὃ ὅὀὑὖ ὠὌ. ὃὠὀὝὅ Ἳὖ Ὃ Ἰ Ὁ Ἵὕ ὋὖὉ ὂὖὊ ὀ 

ὠὍὉὕὄ  ἵ Ὄὕ ὟὃὊ ὂὖ ὝἽ ὂὖὉὖ ὋὖὉ ὂὖὋ ἻὖὉὈὕὄ Ὕὂὕὀ Ὅ 

Ἵ ὂ ὠὂ ἱὠἽὟὉὕ ὀ ὠὂ Ἳ ὅὖ Ἳ Ἳ ὠὈὉὖ ἶ Ὃ ἱὋ Ἳ ὠὂ Ὕὂὕ ὠὀ 

ὃὖἻ Ὕὑ ὁὖ Ὀὕ ὅὕ ἻὠὍ ἯὠἽἻὍὖ Ὕὂὕὀ ἽὖὉὕ ὠὑ Ἳ ὅ Ἳὖ Ὃ 

ἻὕὌ Ἵὕ ἯὠὈ Ὕὅὕ ἻὠὍ Ἳὑὄὖ Ἳὖ Ὃ. ὝἽὉ ὅὕ Ἳὖ ἱ ὂ ἵ Ὄὕ 

ὅ ὂὖἻ ἱὠὁὉὕἻ ἸὟὊἽὈὉ ὂὖ ὅὖ ὅ Ὃ ὅ Ἳὖ Ὃὄ; ὃὗ ὀ ὅὉὖ Ἵὖὂὕ ὠὍὠὉ 

ὟἻ ὀ, Ἳὁὖ ,  ὂὖ ὂὖὉὠὈ ὂ ἵ Ὃ Ὕὂὕὀ ἽὖὉὕὄ ὟὑὠὌὠὉ ὝἽ Ὁ 

ἱὉὌ ὝἽ Ἳὖ Ὃ; ἱ  ἵ ὠὌὉ Ὃ ἻὌὠὑ ὂ ὠὈὉὕὄ Ὀ  Ὗὅ Ἵὖ ὈὕἻὖὋ Ἰ  

ἯὠὌἻὠὍ ὝἽὕ Ἳ, Ὕὂὕὀ Ἳ, ὑὕ ἻὖὉ Ἳ ἱὑ Ὃὖ ὟἻὕ ὠὑἻὍὕἻ Ὀὕ Ὃ 

ἱὉὌ ὝἽ Ἳὖ Ὃ. Ὀὖ Ὁ Ἳὁ Ἳὖ Ὀὄὖὂ Ἳ ἱ ὂ ὝἽὉὠὌ ὃὕὍὖ Ἰ Ὕὑὕ 
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Ὀὖὄὖ  ὝἽ Ἳὖ Ὃὕ Ἳ ἵ Ὃ ἳ ὠὈ ἱ ὂ Ὀὕ Ὃὠὂ ὠὋ ὂ ἯὍ  

Ὃὖ ὅὖὀ ὂ ἻὂὕἻ Ὀὕ Ὃὑὖ ὠὌ. 

2.12. Ἳ ὠὊ 

 ὂὈὖ Ἰ ἻὍὖ Ἰ ὉὖὉ Ἳ ἰ  ὂὈὖ ὅ ὑ ἻὠὍ Ὗὅ ἽὕἻ Ὀὕ  

ὝἽὉ ὅὕ  Ὗὅ ὠἽ ἳὠὊὉὕἻ Ὀὕ  ὝἽὉ ὅὕ  Ἧ ὅὠὀὉὄ ὂἻὑ ἻὠὍ 

ἱ ὑὖὉ  ἱ  ὝὅὋ ἱὉ .  ὄ  Ὃὖ ὅὖ ὀ Ὗὅὕ  ὂὈὖ  Ἰ ὉὖὉ ἻὑὖὉ 

ὅ ὋὖὉ Ἰ   ὑὖὍ Ἳ  ἱ Ὄὕὂ ὠὋὠὉ ἱ ὑὖὉ ἹὊὍ  ὃὗ . 

Ἰ ὉὖὉ ἻὑὖὉ Ἧ ὅὠὀὉὕἻ ἯὠὈ  Ἰ Ὁὖ ὝὅὕὂὗἻ ὅ Ὃὖ Ἧ ὅὠὀὉὖ 

ἰὉ ὅ ὀ ὝἽ ὂὖἻ ἱ  ὂὊ ὅ Ὅὄ.  Ὗὅ  Ἧ ὅὠὀὉὕἻ ἯὠὈ  

Ὕὂὕ ὠὀὉὖ ἯὠὈ  ὅ Ὃὖ Ἰ ὉὖὉ ἻὑὖὉ ὀ Ὕὂὕὀ ὠὀὉ ὝἽ ὂὖἻ 

ὂὊ ὅ Ὅὄ. Ἰ ὉὖὉ ἻὑὖὉ ὅὌ ὅὕὖὈὕὁ Ἳ ὃ  ὑὖὍ Ἳ ὅ Ὅ.  ἰ ἻὖὌ 

Ἰ ἻὠὍ Ἧ ὅὠὀὉὕἻ ὝἻὕ  Ἰ ἻὍὖ Ἰ ὉὖὉ Ἳ ὅ Ἳ  ἰὉ ὅ Ὅὄ. 

ὝὈ ὝὉὕ Ἳ ἳὉὖὝὊὕ Ἳ Ἰ ὉὖὉ ἻὑὖὉ Ἧ ὅὠὀὉὖ ἰὉ ὅ Ὅὄ.  

Ἰ ὑ ὁὠὄ  ὅὀ ἻὠὍ  ὅὉ ὅ ὂὖ Ὗὅ ὝἽὕ ἻὍὖ Ἰ ὉὖὉ Ἳ ὅ Ἳ  

ὑὖὍ Ἳ ὅ Ὅὄ. Ἰ ἻὠὍ Ἳ ὀὋὖὑὂ Ἳὕὄ Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ Ὃὖ  ὑὖὕὖὑὕἻ 

ὟὅἽ ὅ Ὅ. Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ ὅ ὑ  Ὗὅ  ἳ ὑὕ  ὝἽὉ ὅὕ  

ἳ ὠὁὉὕ  ἯὠὈ . 
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     ἱὉ  3 

            ὂὈὖ  Ἰ ἻὍὖ  Ἰ ὅὖὉ  Ὀ  Ἰ Ὁὖ ἻὑὖὉ ἰ  

3.1. ὠὊ 

 ἱ ὑὖὉ ὂὈὖ Ἰ ὅὖὉ ἰ , ὂὈὖ Ἰ ὉὖὉ ἻὑὖὉ ἰ  ἵὄ ἱὊ ὀὕἻ 

ὅ Ἳ ὅ ὑὖὍ Ἳ ὅ Ὅ. ὂὈὖ Ἰ ἻὍὖ Ἰ ὉὖὉ ἻὑὖὉ ἰ  ὂὕ  ὃὈ  

ὂὠὌὉὕὉ Ὗὃὕ Ἳ ἵ Ὃὕ  ὂὈὖ Ἰ ἻὍὖ Ἰ ὅὖὉ ἰ ὑὖ ὅὖ ὄὁὖ ἱ ὌὕὈ 

ὂὈὖ Ἰ ἻὍὖ Ἰ ὉὖὉ Ἳ ὅ Ἳ ὅ Ὃὖ ὕὖ ὝἻὕ ὑ Ἳ ὄ . ἵὄὟὑὂὕ 

ὂὈὖ Ἰ ἻὍὖ Ἰ ὅὖὉ ἰ  ὅ Ὃὖ ἱ  ὑὖὍ Ἳ ὅ Ὅ. Ὀ Ὀ Ὃὖ ὂὈὖ 

ἳὠὊὉὖ  Ὗὅ  ἱὠὁ ὅὕ Ἳ ὂὖ ὂὈὖ Ἰ ἻὍὖ Ἰ ὅὖὉ Ὃὖ ὂ ὂἻὑ Ἳ 

Ὗὂὠὑ ὅ .  Ὃὖ ὅὕἻ ὐ  Ἧ Ὄ  ἱὌ Ἳὁ Ἧ ὅὠὀὉὖ ὂὈὖ Ἰ Ἳ  Ὀὕ ὑ 

ὅ ὋὖὉ ὑὖὂὖἻ ἳὠὊὉὖ  Ὗὅ  ἱὠὁ ὅὕ Ἳ ὂὖ ὈὖἻ ὟὂὠὑὉὕ. ἱ ὂὠἻὉ 

ὟὂὠὑὠὉ ὂὈὖ Ἰ ἻὍὖ Ἰ ὅὖὉ ἰ  Ἳ ὂὖ ὝἻὕ  ὑὖὍ Ἳ ὂ Ἳὖ Ὃ. 

3.2. Ἰ ὉὖὉ ἰ  

 ὝὈὕὐὖἻὍὖ Ἰ ἻὠὍ ὅὖὋ ὅὖ ὂ, Ἳὕ Ὃὖ ὅὊ ὂ, Ἳὕὂὕ ὟἻ  ἳὁ ὂ  

ἵ Ὃ Ἧ ὅὠὀὉὖ ὑὠἻ ὅ ὂὖ ἰ ὑ  Ἰ ὉὖὉ (phonetics) ἵὄ ὅ . Ἰ ὉὖὉ 

ἵ Ὃὕ Ἰ ἻὠὍ ὅ Ὃὖ ὅ ὅ ἵ  ὝὅὕὑὕἻ ὋὌὕ. ὝὈὕὐὖὉὖὉ Ὗὅ ὝἽὕ Ἳ 

Ὀ  ἰὉ ὅ Ἳὖ Ὃὄ ἵ ὅὂὕ Ἰ ὉὖὉ ἵ ὅὠὂ Ὗὅ ὝἽὕ ἻὠὍ ὅ Ὃὖ ἰ ὂ  

Ἧ Ὄ  ὅ ὂ ἵὄ ὑὖὍ Ἳ ὂὊὌὕ. Ἳ ὅὕὖὈὕ Ὃ ὈὕὂὖὕὖὉὖ ὂἻὑὠὌ Ἧ ὑ 

ὠὍὉὖ ἵ  ὂἻὑὌὕὄ ὃὊ ὅ ἻὍὖ ἳὂὑὖὉὕ ἱὉ Ἳὅ  Ἰ ἻὍὕ 

Ἰ ἻὍὕἻ ὋὖὉὕ Ἳ ὝἽ Ὁ ὅ, Ἳὕ  ἴὀἻ ὂὖ ὑὐὖὉὕἻ ὝἽ  Ὕὅ ὅὑ 

Ἳὕ ἻὠὍ Ἧὠὀ  ἯὑὊ  ὠὍὉὕ ὋὖὉ ὂὖὋ ὝἽ ὉὉ ὅ ὂἻὑ 

ὕὖ ὝἻὕ Ὅ ὅ Ἳὖ Ὃ. ἱὂ  Ἧ ὅὠὀὉὖ Ἰ ὉὖὉὠὌ  ὑὠἻἻὍὕἻ 

ὅὖὕὖ ἻὌὕ.  

 ὑὠἻ Ἰ ὉὖὉ (three types of phonetics or branches of phonetics): Ἰ ἻὠὍ Ἧὂ  

ὅὖὋ, Ἳὕ Ὃὖ ὅὊ ὂ, Ἳὕὂὕ ἳὁ ὂ  Ἧ ὅὠὀὉὖ ὋὕἻ ὅ ἻὌὕ:  

 Ἰ ὅὖὉ (articulatory phonetics) 

 Ἰ ὉὖὉ ἻὑὖὉ (acoustic phonetics)  
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 Ἰ ὁ ὑὖὉ (auditory phonetics)  

Ἰ ὅὖὉ (articulatory phonetics)  

 Ἰ ἻὠὍ Ἧὑ Ὃὖ ὅὖὋ Ἧ Ὄ  ἳ Ἵὕὖ Ἧ ὅὠὀὉὖ ὑὠἻ ὅ ὂὖ ἰ ὂ  

Ἰ ὅὖὉ ἵὄ ὅ . ἱὂὄὕ ἱ  ἳ Ἵὕὖ Ἰ ὉὖὉ ἵ  Ἰ  ὅὖὋ ὅὖὉ ἵ  

ἯὋὖὉ ὅ. ἱ ὑὕ ὠὋ Ὗὅ ἻὍὖ ἯὠὈ ὠὅ  ὝὂὕὐὖὠὌ ἰὂὕὊὈὕἻ 

ὝἻὕ  ἳὀ ὋὖὉ Ὗὃὕ Ἳὖ Ἰ ἻὍὖ ὅὖὋ ὠὅ ἰὊὕ . Ἰ Ἳ  Ἧὑ Ὃὖ 

Ἰ ὅὖὀ, Ἰ ὠὋ Ἧ ὅὠὀὉὖ ὑὠἻ ὅ ὂ ὅ. Ἰ ὅὖὉὠὌ  ἻὕὌ ὂὕ 

ὂὖὉ Ἰ Ὁὕ  ὠὋ ἵ ὅ. ἯὟὄἻὈὕἻ ἵ Ὄὕ ὝὈὕὐὖἻὍὖ Ὅ ὈὊὅὖὌ Ἳὁ ἻὍὖ 

Ἰ Ἳ  ἱ ὑὕ  ὠὋὉὖ ὂὕ ἰὊὕὉ ὅ Ἳὖ Ὃὄ. ἱ ὂὖὉ ὝὈὕὐὖἻὍὖ ὈὖἻ ὅὠὐὉ 

ὝὈὕὐὖἻὍὕἻ Ἳ ὂ ὅ Ἳὖ Ὃ ἽὈ Ἳὖ ὂ ὂὖ ὂὈὖὐὖ Ἰ ὅὖὉ ὠὋὉὖ Ἰ Ἳ  

ἰὊὕὉ ὅ Ἳὖ Ὃὄ. ἱ ὠὋὉ Ἰ ὅὖὉ ὑὍ Ἵὖ ἰὂὕὊὈὕἻ Ἧ ὅὠὀὉὕἻ 

ἯὠὈ ὂ ὅὕὁὖὄὖὉὖ Ἰ ὅὖὉ ὑὖὍ ἻὟὈ ἵ ὅ. ὈὊὅὖὌ Ἳὁ ἻὍὖ ἵ Ἳ  

Ἰ Ἳ  ἱὠὀὟὉ  ἵ ἻὍὖ ἵ ὁὖ ὠἻ  Ἰ ἻὍὖ ἵ ὁὖ ὠἻ  

ἱὠὀὟὉ  ὃὖὌὑὖ ὑ ὂ ὈὉ ἻὃὖὠὌ ἱ ὑὕ  ὠὋὉὕ ὝὂὍὖ ὂ. Ὀὄὖὂ ὠὀὉ 

ὑὕὉὠὋὉὖ ἳ Ὅ ὅ , ὃὕ , Ἧ ὁ  Ὗὅὕ Ὃ ὅ Ὗὑ ἱὀ ἻὍὖ ἱ  ὅ Ὗὑ 

Ὗὅ ὝἽὕ Ἳ ὅὖὋ Ἳὖ Ὃὄ. Ἰ  Ἰ  ὅὖὋ  ἱὀ ἻὠὍ  ὑὠἻἻὠὍ  ὑὖὍ Ἳὖ ἰὊὕ  

Ἰ ὉὖὉ ὅὖὕὖ Ἰ ὅὖὉ ἵὄ ὅ . Ἰ  ὝὈὕὐὖὉὖ Ἰ ὅὖὀ, Ἰ  ὠὋ 

ἰἻὖὉὑ ὠὋ ὅ Ὃὖ ὑὖὍ ὑ Ἰ ὅὖὉ Ἧ Ὄ  Ὗὅ ὝἽὕ ὉὖὉ ἵὄ ὅ . 

Ὗὅ ὝἽὕ ἻὠὍ ἳὉὖὝὊὕ Ἳ (vowels), ὝὈ ὝὉὕ Ἳ (consonants) (ἵὄ ὅὖὕὖ ὅ. ὂὈὖ 

ὈὊὅὖὌ Ἳὁ ὂὈὖ  Ἧ, ἰ , ἱ, ἲ Ὗὅὕ Ὃ 12 ἳὉὖὝὊ Ἳ ἱ ὅὂὕ 18 

ὝὈ ὝὉ Ἳ ἱ ὅὂὕ . Ἰ ἻὠὍ ὂὌὕὑὂὕἻ Ἧὑ Ὃὖ Ἰ  ὠὋ 

Ἧ ὅὠὀὉὖ ἳὉὖὝὊὕ Ἳ Ὀ  ὝὈ ὝὉὕ Ἳ ἵὄ  ὅ ἻὌὕ.  

Ἰ ὉὖὉ ἻὑὖὉ (acoustic phonetics)  

 Ἳὕ Ὃὖ ὅὊ  Ἰ ἻὍὖ ἱὉ Ἳ ὠὂ ὅ Ὃὖ ἰ  ὅ  Ἰ Ὁ ἻὑὖὉ ἰ . ἱ  

Ἰ ἻὍὖ Ἰ ὉὖὉ Ἳ ἯὠὈ ὠὅ ἰὊὕ ἻὖὋ. Ἱ  Ἰ ὠὉ Ὀ ὝὋὕ Ἰ Ὁὖ  ὟὑὋὕἻ 

ὃὕ ὟἻ ὁ ὑὂ ἻὖὉ ἻὕὊὁὈὕἻ ἯὠὈὑ  Ἧὂ  Ἰ ὉὖὉ Ἳ ἻὍὕ . 

Ἰ ἻὍὖ ὅ Ὗὑ Ἰ ὉὖὉ Ἳ ἻὠὍ ἰὊὕὉ Ἰ ὑ ὁὠὄ ὑὠὊὅὀ 
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Ἳ ὑὖ/Ἰ ὃὖὋὈὕὠὌ ὑὠὊὑὖ (spectrograph) ἵ Ὃ Ἳ ὑὖὠὉ Ἰ ὉὖὉ ἯὋὖἿ Ἳ  

ὠἻὉὕ ὑ. Ὗὅ ὝἽὕ ἻὍὖ ὅ  ὃὌ ἻὠὍ Ἰ ὉὕὊὕ Ἵὖ Ἳ ὑὖἻὍὖ Ὄ  

Ἳ ὀὋὖὑὟὂ Ἰ ὉὖὉ ἻὑὖὉ ὝἽὉὌὕ.  

Ἰ ὁ ὑὖὉ (auditory phonetics)  

 Ἰ ἻὠὍ Ἳὕὂὕ ὟἻ  ἳὁ ὑὠὂ ἰ  ὅ  Ἰ ὁ ὑὖὉ ἵὄ ὅ . ἱὠὂ  

ὟἻ Ὕὅὕ Ὁ, Ἳ ὌὑὖὉ ἵ  ὑ . Ἰ ὁ ὑὖὉ ἵ ὅ  Ἰ  Ἰ  ὝἽὑὖὉὕ 

ἳὁὊ ὅ  ὂ ὠὈὠὉ ὑὖὑὕὖ ὂ ἰ . Ἰ ὉὕὊὕ ἽὖὉὖ Ὃὕὑ ἰ  ὠὋὉὕἻ 

ἵ ὁ ὅ ὑ  Ἰ ὁ ὑὖὉὌὕ. ἱ ὑὕ  ὠὋὉὖ Ἰ Ἳ  Ἧὑ ὠὋ 

Ἰ ὉὕὊὕ ἽὖὉὕὍ ὟἻ  ὃὖὠὌὠὉ ἯὋὖ ὁ  ὑὠἻὠὉ  ἰὂὕὊὈὕἻ ὝἻὕ  

ἰὊὕὉ ὅ Ἳὖ Ὃὄ. Ἰ ὉὕὊὕ ἽὖὉὖ Ἰ ὅὖὉ ὑὊὟὑ Ἳ ὅ ὀ ἯὍὑὖ  Ἰ ὁ ὑὖὉ 

ὑὊὟὑ Ἳ ὅὀὑὖ ὠὌ. Ὕὅ ὅὕὌὕὄ ὝὈὕὐὖ ἰὊὕ ἽὖἻὍὖ Ἰ ὅὖὉὠὌὟὉὕ 

Ἰ ὉὖὉ ἻὑὖὉὠὌὟὉὕ Ἧ ὅὠὀὉὕἻ ὝἻὕ ὀ Ἰ ὉὕὊὕ ἽὖὠὉὟὉ ὅὕ Ἳ ἻὖὋ. 

3.3. Ἰ ὅὖὉ ἰ  

 ὄ  ὋὖὉὅ Ὗὅ ὝἽὕ ἻὍὖ ὅὖὋ ὅ Ὃὖ ἰ ὑ  Ἰ ὅὖὉ ἰ ὑὕ . ἱὂὖ 

Ἰ Ἳ ὅ Ὃὖ Ἧὠὑ ἵ ὑὕ Ὗὑ ὅ ὀ Ἰ ἻὠὍ ἳ ὑὕ Ἳὖ Ὃὄ ἵ ὅ  

ὅ Ὃὖ Ἧὑ ὠὋ Ἰ ὅὖὀ Ἧ ὅὠὀὉὖ Ἰ ὠὋ Ἧ ὅὠὀὉὖ ἵ ὑὕ 

Ὗὑ ὅ ὂὌὕ ἵ ὅ  ὅ Ὃὖ ἱ  ὑὖὍ Ἳ ὅ. Ὃὖ ὅὕἻ ὂὈὖ Ἰ ἻὍὖ ὅὖὋ ὅὖὉ 

ὅ Ὃὖ ἱ  ὑὖὕὖὑὕἻ ὟὅἽ ὅ. Ἰ ὅὖὉ ἰ  Ἰ ὉὖὉ ἻὑὖὉ ἰ  

ἳὠὊὉὖ  Ὗὅ Ἵὕ  Ὗὅ Ἵὖ  ἳὠὊὉὕ ὑὖ Ἧ ὅὠὀὉὕ ἯὠὈ .  

3.3.1. Ἰ Ἳ (organs of speech)  

 Ὗὅ ὝἽὕ ἻὠὍ Ἰ ὅὂ  ὅὉ ὅ  ἳὀ  ἳ ἻὟὍ Ἰ Ἳ 

ἵὄ ὅ Ἳὖ Ὃὄ. ὝὈὕὐὖὉὖ ἳ ὀὕ Ἳ Ὁ Ὗὅ ὝἽὕ Ἰ  ἵὄ ὅ . ἱ Ὕὑὕ ἻὠὍ 

Ἰ ὅὂ  ὅὉ ὅ  ἳὀ  ἳ Ἳ ἳ  ἵὄ ὅ . ἱὂ , ὠὊ Ὂ, Ὕὂὕ ὠὀ, 

ὑὕ , , ὅ , ὃὕ , Ἧ ὁ  Ὗὅὕ Ὃὠὑ ἱὂὖ Ἧὀ . ἱὑ Ὃὖ  ὅὖὋ ὝἽὉ Ἳ 

ὂ ὠὈ ὝἽὉ ἻὍὕἻ ἱ ὂὕ  Ὗὅ ὝἽὕ ἻὠὍ ἳ ὑὕ ὑὂὖ ἱὠὑ Ὕὅ  ὅ  

ὑἻὖ Ἳὖ Ὃὄ. ἱ ἻὠὍ  ὅὖὕὖ ἻὍὕἻ ὅὖὕὖ ἻὌὕ. 1. Ὕὃ  ὅ ὂὖ 2. 

Ὕὂὕ ὠὀ ὅ ὂὖ 3. ὂὠὌ  ὅ ὂὖ. ἱ ὂ ὅ ὂὖἻὍὖ ὠὋὟὉ ἳὉὖ ὂ (respiration), Ὂ  
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ἵ ὂ (voicing), Ἰ ὂ (articulation) ἵ Ὃ  ὝἽὉ Ἳ ὃὠὀὝὅ Ἳὖ Ὃὄ. 

ὠὊ Ὂ (lungs) ὂ  ἳὂ Ἳ (lips) ὑὠὊ ἳ Ὅ ἳ ἻὍὖ ἱὉ Ἳ ἻὟὍ 

Ὗὅ ὝἽὕ ἻὠὍ ὅὖὋ ὅὖ Ἳὖ Ὃὄ. Ἰ Ἳ ἵ  ὝὅὉ ὠὊ Ὂ ὂ  ἳὂ Ἳ 

ὑὠὊ Ὅ ἳ ἻὠὍ  Ἧὑ ὠὋ ἱὉ  ὂὠἽἻὠὍ  Ὃὖ Ἳὖ Ὃ. ἱ ὀ  

ὅ ὂὖὠὉ Ὗὅ ὅὕὠὂ (speech tract) ἵ  Ἧὠὐ ὅ. Ἰ ἻὠὍ ἵ Ὄὕ Ἳὗ ὑ 

Ὗὅ ὅὕὠὂὉὖ ὅὀ  Ἳὕ : ὅὀ  4  

 

Ὗὅ  ἳ Ἳ ὅὖ ὑ ὑὄὑ ὠὋ ἳ Ὅὀ : 1. ἱὂ  (ἳὂ ) (lips), 2. ὅ  (teeth), 3. 

ὄὖὉ ὁ  (alveolar ridge/alveolum), 4. ἱὠὀὉ ὁ  (dome), 5. ἻὠὀὉ ὁ  (velum), 

6. ἳ ὃὕ  (uvula), 7. ὄὖὃὕ (tip of the tongue), 8.ἱὠὀὃὕ (blade of the tongue), 9. Ἳὠὀὃὕ 

(dorsum), 10. Ἧ ὃὕ (root of the tongue), 11. ἻὠὋ (nasal cavity), 12. ἻὠὋ ὑὕὉὖ 

ἻὠὋ 

ὠὍ 

ἳὂ Ἳ 

ὃὕ  

ὅ  

ὑὕὉὠὋ 

ὂὕὠὀ 

ὑ ὄ ὁ  

                 ὝὈ Ὄ ὁ  

 

ὠὊ Ὂ 

ἳὂὊὑὖὂὕὄ 

Ὕὂὕ ὠὀὉὠὋ 

                 Ὂ ὑὠὍ 

            ἳὁ ὐ  

             Ἳὕ ὐ 
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(velic), 13. Ὕὂὕ ὠὀ (pharnx), 14.Ἳὕ ὐ  (epiglottis), 15. Ὂ ὑὠὍ Ὀὀ Ἳ 

(vocal chords), 16. Ἳὕ  ὐ  (trachea), 17. Ὂ  ὑὠὍ (larynx/adams apple).  

 (Nose)  

 ὑὕἽὖ ὅὂ ὑὕἽὠὄὠὉ ἯὋὖὑὂ  ὅὉ ὅ ἻὖὋ Ἰ  ἳὀ  ἳ   

ἵὄ ὅ . Ἰ  ὑὕὉὠὋ Ἰ ὠὉ ἵ  Ὗὅὕ ὅὖ ὄ ὁ ὠὂ Ἵ  ὂὕ ὂὖ ἻὠὋ 

ὑὐὖὉὕἻ Ἳὕ ὠὋ ὝὑὍὖὉὖ ὑὕὉὠὋ Ἰ ὠὉ ἹὊὍ ὝἻὕ ὉὕἻ Ὀὕ Ὃὖ ἳ Ἵὕὖ ὂ 

ὃὖἻ . Ἧὑ  ἵ Ὃ ὝἽὕ ὠὌ Ὗὅ  ὂὈὖὐὖ Ἧὑ( ) ἵὄ ὑ ἵ Ὃ Ἰ ὠὉ ὝἻὕ 

ἱὠὁ  ἳ Ἵὕὖ ὂ ἵ Ἳὕ ἰ .  

ὃὕ (tongue)  

 ὝὈὕὐὖὉὖ Ἳὕὁ ὅ Ἳὖ Ὃ ὅὌ Ἰ ἻὠὍ ἳ Ἵὕὖ ὅὂ ὅὉ ὅ  Ἱ  ἳ  ὃὕ. 

Ὗὅ ἻὍὖ Ἧ ὁ ὠὂ Ὗὃὕ Ἳὖ ὑὠὍὉ , Ἳ  ὝἽ ὑ ὃὕ ὑὠὍ ἵὄ ὅ . 

Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ἧὂὖ Ὗὑὕ ἰὄὕ  Ἰ ὅὕὠὂὉὖ ἵ ὑὖὂ ὂ  ἳὊἽ  ἱ Ὃὖ 

Ὗὂὕ ὑ ἳὉὖ Ἳ ἵὄ ὅ . ὃὕὑὕὄ ὄὖὃὕ (tip of the tongue), ἱὠὀὃὕ (blade of the 

tongue), Ἳὠὀὃὕ (dorsum), Ἧ ὃὕ (root of the tongue) ἵὄ ὃὕ ἻὕἻ ὅ Ἳ ὅ.  

ὑὖὍὖ (Blade) 

  ὄὖ ὃὕὑὖ ὠὄὠὉ  Ὃὖ, ἯὂὠὄὝὉὕ  ὅὖ ὄὕ Ὕὂὕὀ  

ἯὠὈ Ὅ ὃὕὑὖ ἹὊ ὑὖὍὖ ἰ .  

ἱὂ  (lip) 

  Ὗὅ ὑὂ  ὅὉ ὅ Ἳὖ Ὃ ἳ ἻὍὖ ἱὂ  ἻὖὉὈὕὄ ἳ ὅὕἻ 

Ἳ ὂ ὅ ἻὖὋ. ὝὈὕὐὖὉὖ ἳ Ὅ Ἰ ἻὍὕὄ ἳὉὖὝὊὕ ἻὠὍ ὝὈ ὝὉὕ ἻὠὍ 

ἳ Ἵὕὖ  Ὗὅὕ ἱὂὐὖ ὅ  ἻὖὉὈὕὄὂὕἻ ἳ Ὅ . Ὗὅ ἻὍὖ ἱὂ  ἯὠἽ  

ἳ ὅὕ . ἱὂὠὄ ὟὈ ὂ (upper lip), Ἳὗὐὖὂ (lower lip) ἵ  ἱὊ ὀὕἻ 

ὑὠἻ ὅ ὂὌὕ. ἽὖὌ Ἰ ἻὠὍ ἳ Ἵὕὖ ὅὂὖ Ἳὗὐὖὂ, ἽὖὌ Ἰ ἻὠὍ ἳ Ἵὕὖ ὅὂὖ 

ὟὈὐὖὂ ὝἽὉ ὅ ὑὂὕ Ἰ  ὑὠἻἻὍὖ Ἧ ὅὠὀὉὖ ἱ Ὗὑ ὠὈ ἻὖὉὈὕὄ 

ἵὄὌὕ. Ἳὗὐὖὂ Ὗὅὕ ὟὈ ὂ ἵ ὂ Ἰ ὠὉ  Ἰ ὅὂὖ ὂὄὖὉὕἻ ὝἽὉ ὅ ὑὂὖ ὠὌ. 

ἳὉὖὝὊὕ ἻὠὍ Ὕὅὕ ὂὑὠὊὉὖ ἱὂ ἻὍὖ ὅ  ὈὖἻ  ἻὖὉὈὕὄ. ἽὖὌ 
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ἳὉὖὝὊὕ Ἳ ἳ Ἵὕὖ Ἳ ὅ Ὗὅὕ ἱὂ Ἳ ὑὖ  Ὗὑ  ἽὖὌ ἳὉὖὝὊὕ Ἳ 

ἳ Ἵὕὖ Ἳ ὅ Ὗὅὕ ὑὖὕὖ ὝἽὉ ὅ Ἳὖ Ὃὄ.  

ὅ  (tooth) 

 Ὗὅ Ἳ Ὀ ὝὋὕ ἻὖὉὈὕὄ ἳ  ὅ  ἰ . ὅ  Ἰ  ὃὖὠὌὝὉὕ ὅὖ 

Ἧ Ὄ  ἯὠἽὉὕ ἳ  ἰ . ὅ ὝὌὕ ἻὍὖ ὅὖὋ ὅὖὀ ὅ Ὄὕ . ὅ  ὑὕὉὖ 

ὝἽὕ ἻὠὍ ἳ Ἵὕὖ Ἳ ἶ Ὃ ὑὠἻὉὖ ἱ  ὂὕὠὀἻὍὖ  ὑὕὖὠἽὉὕἻ ἯὠὈ ὂὖ  

ὂ ὠὀὉὕὄ Ἧ Ὄ  ὕὖὉ ὠὄ ὝἻὕ ὀ ἳ ὂὖὉὕὄ Ὕὑ ὁὖὋ ἳ  ἰ . 

Ἰ ὉὖὉ  ὅ  ἵ ὅ  ὟὈ ὅ ὑὕὖὠἽὠὉ Ἳὗ ὅ ὑὕὖὠἽὠὉ Ὃὖ ἻὖὋ. ἱ  

Ἧ ὅ ὠὌ  (alveolar) Ἧ ὁ ὠὂ  (palate) Ὃὖ ἯὠὈ ὂὖ ἻὖὋ. ἽὖὌ Ἰ ἻὍὖ 

ὅὖὋ ὅὕ Ἳ ὂὖ Ὗὅὕ ὟὈ ὅ ὑὕὖὠἽ Ἳὗ ὅ ὑὕὖὠἽ Ἰ ὅὖὀ ἻὍὕἻ ἯὠὈἻὖ Ὃὄ. 

ἱ ὂὕ  ὟὈ ὅ ὑὕὖὠἽὟὉ ὅὌ Ἰ Ἳ  Ἰ ὅὂ  Ἰ ὅὖὀὈὕἻ ἯὠὈἻὖὋ ἵὄὌὕ.  

Ἧ ὅ  (alveolar) 

  Ἧ ὅ  Ὗὅ ἻὍὖ Ἱ  ἯὠἽὉὕ ἳ  ἰ . ἱ  ὑὕὉὖ ὟὈ ὅ  

ὑὕὖὠἽὠὉ Ἧ ὂὖ ἻὖὋ. ὄὖ ὃὕ Ἧ ὅ ὠὌ  Ὕὅὕ ὂ ὅὌ Ἰ Ἳ  ὅὖὋ Ἳὖ Ὃὄ. 

ἱ Ὕὑὕ ἻὠὍ Ἧ ὅ  Ἰ Ἳ  ἵὄὌὕ. 

 Ἧ ὁ  (palate) 

  Ἧ ὁ  ὟὈ ὅ ὑὕὖὠἽὉὖ Ἧ Ὁὖ  ἳ ὃὕ  ὑὠὊ ὅὊ ὂὖ  

Ἳ ὄὈὕὄ ὅ ὂὖ. ὟὈ ὅ ὑὕὖὠἽὠὉ Ἧ ὂὖ  ὅ ὂὖὠὉ Ἧ ὅ / ὄὖὉ ὁ  

(alveolar) ἵ  Ἧ ὅ ὠὌ Ἧ ὂὖ  ὟὈ ὅὊ ὠὅ ἱὠὀὉ ὁ  (hard palate) 

ἵ  ἱὠὀὉ ὁ ὠὂ Ἧ ὂὖ  ὅ ὂὖὠὉ ἻὠὀὉ ὁ  (soft palate) ἵ  

Ἧ ὁ ὠὂ  ὅὖὕὖ ἻὌὕ. ἱὑ  Ἧ ὅ  ἱὠὀὉ ὁ ὂὖ  ἱ Ὄὕὂ Ἰ  

ἽὖὋ  ἻὠὀὉ ὁ ὂὖ ἳ . ὟὈ  Ἧ ὁ ὂὖ ὟὈ ὅὊ ὠὅ ὂ  ὃὕ Ἧ ὁ  

ἵ  ὄὖὃὕ Ἧ ὁ  ἵ  Ἳὠὀ ὃὕ Ἧ ὁ  ἵ  ὅὖὕὖ ἻὌὕ. ἱὠὑ Ἰ ὅὖ 

Ὗὅὕ ἱὉ ἻὕὈ ὃὖὠὌὉὕἻ ἱ ὅὂὕ ἱὠὑ ὃὖὠὌὝὉὕ ὅὖ (passive articulator) 

ἵὄ ὅ .  
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ἳ ὃὕ (uvula)  

 ἳ ὃὕ ὑὕὉὠὋὠὉ  (vocal cavity) ἻὠὋὠὉ  (nasal cavity) ὅὖὕὖ Ἳ ἳὂ . 

ὑὕὝὉὕ ἻὍὖ (vocal sounds) ἳ Ἵὕὖ ὅὖ Ὗὅὕ ἱ  ἻὠὋ ὑὕὉὖὠὌ Ἧὠὀ  Ἳὕ  

ἻὠὋ  ὝἽ ὑὠὂ ὂὠὀὝἽ . ὝἻὕ ἻὍὖ ἳ Ἵὕὖ ὅὖ Ὗὅὕ ἱ  ἻὠὋ 

ὑὕὉὖὠὌ ὂὖὋ Ἳὕ  ἻὠὋ ὑὐὖὉὕἻ ὝἽ ὑὠὂ Ἧ Ὀὂὖ . Ὂ ὑὠὍ Ὀὀ Ἳ 

(vocal chords) Ὕὂὕ ὠὀ Ὕὂ ἻὍὕ ἰὄ Ὕὅ Ὁὕ. ἱ Ὕὅ Ὁὖ 

Ἰ ὝἻὕ  ἱὊ  ὝὈ Ὁ Ἵ ἻὍὕὌὕὄ Ὗὅ ὠὅ Ὂ ὑὠὍ Ὀὀ Ἳ 

ἵ ὅ. Ὂ ὑὠὍ Ὀὀ Ἳ Ἧὠὀ  ὃὖὠὌὉὖ ἱ Ὗὅὕ ὅὖὋ  Ἰ ὠὉ Ὂ ὑὠὍ 

Ἧὠὀ Ὕὅὕ (glottal stop) ἵ ὅ. Ὂ ὑὠὍ Ὀὀ Ἳ ἯἻ  ὑὖὕὖ ὂὖ ὠἻὉὖ 

ὝὑὍὖὟὉ  Ἧὂὖ ὑὖ Ὃὖ ὝὑὍὖὟὉ. ἱ Ὕὑὕ ἹὠἽ Ὃὖ ἱ . ἱ ὑὕ  

ἳ Ἵὕὖ Ἳ ὅ Ἰ Ἳ  Ὂ Ὄὕ Ἰ Ἳ  (voiceless sounds) ἵὄ ὅ . Ὂ ὑὠὍ Ὀὀ Ἳ 

Ἧ ὠὈ ὅ  ἱ ὠἻὉὖ ὝὑὍὖὟὉ Ἳὕ  Ἧὂὖ ὠὑ Ὕὅ ὑὂὕ Ἧ Ὗὅὕ 

ἳ Ἵὕὖ Ἳ ὅ Ἰ  ἹὠἽ ὀὄὖ . Ἧ  ὊὝὌὕ (voiced sounds) ἵὄ ὅ .  

Ὂ  ὑὠὍ  (Epiglottis)  

 Ὂ  ὑὠὍ  Ὗὅ ἻὍὖ Ἰ . ἱ  ὟὈ  Ὕὂὕ ὠὀὉὖ ἯὠὈ Ὅ. 

ὑὕἽὖ  Ὂ  ὑὠὍ  ὂὖὋ Ὗὂ ἱ . ἱὂὄὕ  ἱὂ  ὑὐὖὟὉ ὂ ὂὠὀὉὖ Ὃὖ 

ὝἽ  ὑ .  

ὑὕὉὠὋ (Mouth Cavity)  

 ὑὕ  Ὗὅ ὑὂ Ἳὕὄ Ἰ  ἳ . ὠὊ Ὂ  ὝὑὍὖὟὉ ὠἽ ὅ Ὗὑ 

Ἰ ὉὠὌἻὍὕἻ Ὀὕ  ὅὌ Ὗὅ Ἳ Ἧὀ ἻὖὉ ὅ ὂὖ ὑὕὉὠὋὉὕ. cavity ἵ Ὃ 

ἰ ἻὖὌ ὝἽὕ ἯὠὋ ἵὄ  Ὕὅὕ ὅ. Ἰ  ἳ Ἳ Ἧὀ ἻὖὉ ὅ ὂὖ ἯὠὋ ἵὄ ὅ . 

ὑὕὉὠὋὉὖ ἳ ὑὕ  Ἰ ἻὠὍ ἵ Ὄὕ ὑὕὝὉὕ Ἳ ἵὄὌὕ. ἳὉὖὝὊὕ Ἳ 

Ὕὅ ὅὕὌὕὄ ὝὈ ὝὉὕ Ἳ ὑὕὝὉὕ ἻὍὕ. ἳὉὖὝὊὕ Ἳ ὅὖὋ  Ὗὅὕ 

ὠὊ Ὂ  ὝὑὍὖὑ  ὑὕὉὖ ἵ ὑὖὂ ὂὠὀ Ὀὖ Ὃὖ ὝὑὍὖὟὉ. ὈὕὋὕἻ 

ὝὈ ὝὉὕ Ἳ ὅὖὋ  Ὗὅὕ  ὑὕὉὖ ὅὌ ἱὀ ἻὍὖ ὂὠὀ ὅ  Ὀὕ ὋὈὠὀ  

ὝὑὍὖὟὉ. ἱ ὑὕ   ὑὕὉὖ ὂὠὀ ὅ  ὂὠὀὅὀὕὈ ὑ  ἱὉ ὠὅ 

Ἧ ὅὠὀὉὕἻ ὝἻὕ Ὗὀ Ἰ ἻὠὍ ἵ Ὄὕ ἱ ὑὖ ὑὠἻὉὕἻ ὑὠἻ ὅ ὂὌὕ.  
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ἻὠὋ (nasal cavity)  

  ὑὕὊ Ἳ  ἳ ὃὕ  ἱὠὀ ὅ ὀ ὅ ὂὖ ἻὠὋὉὕ. ἳ ὃὕ 

ὑὕὉὠὋὠὉ  (vocal cavity) ἻὠὋὠὉ  (nasal cavity) ὅὖὕὖ Ἳ ἳὂ . ὑὕὝὉὕ ἻὍὖ 

(vocal sounds) ἳ Ἵὕὖ ὅὖ Ὗὅὕ ἱ  ἻὠὋ ὑὕὉὖὠὌ Ἧὠὀ  Ἳὕ  ἻὠὋ  

ὝἽ ὑὠὂ ὂὠὀὝἽ . ὝἻὕ ἻὍὖ ἳ Ἵὕὖ ὅὖ Ὗὅὕ ἱ  ἻὠὋ ὑὕὉὖὠὌ 

ὂὖὋ Ἳὕ  ἻὠὋ ὑὐὖὉὕἻ ὝἽ ὑὠὂ Ἧ Ὀὂὖ . ἻὠὋὑὐὖὉὕἻ Ἳὕ  

ὝἽ ὠἻὉὖ ἳ Ἵὕὖ Ἳ ὅ Ἰ Ἳ  ὝἻὕ Ἳ (nasal sounds) ἵὄ ὅ . 

Ὂ ὑὠὍ Ἳὕ ὋὠὋ (Glottalic Chamber)  

 Ὕὂὕ ὠὀὉὖ ἱὊ  ὝὈ Ὁ Ἵ ἻὍὕὌὕὄ Ὗὅ ὠὅ Ὂ ὑὠὍ ἵὄὌὕ. 

ὠὊ Ὂ Ὄ  ὑ  Ἳὕ  Ὂ ὑὠὍ Ὀὀ ἻὍὖ ἱὠὀὝὑὍὖὉὕἻ ὝἽ . 

ἱ ὑὖὠὀὝὑὍὖὠὉ Ἳὕ ὋὠὋ ἵ  ὋὌὕ. Ὂ ὑὠὍ Ὀὀ Ἳ  ἯἻὌὈὕἻ ὑὖὕὖ ὂὖ 

Ὗὅὕ ὠὊ Ὂ  ὝὑὍὖὑ  Ἳὕ  ὂ ὂὠὀὉὖ Ὃὖ ὝὑὍὖὟὉ. Ἧ Ὗὅὕ 

ὝὈ ὠὈὉὕὄ Ἵ ἻὍὕὌὕὄ ἱ Ὂ ὑὠὍ Ὀὀ ἻὍὖ ἵ ὂ ὑὖὂὈὕὄ Ἧὂὖ  

ἱ ὅὂὖ ὠὌ. ἱ Ὗὑ Ὂ ὑὠὍ Ἳὕ ὋὠὋ ἵὄ ὅ .  

3.3.2. ὟἽὕ ὀ ἱὉ Ἳ (air-stream process)  

 Ἳὕ Ὃὕὄ  Ὀ  ὑὕ  ὑὐὖὉὕἻ ὑὖὠὊ ὠὊ Ὂ  ὝἽ  

ὑ ὂὠὌ ὟἽὕ ὀ ἵὄὌὕ. ὠὊ Ὂ ὂ  Ὂ ὑὠὍ Ὅ ἳ ἻὍὖ ἱὉ Ἳ ὠὂ 

ὟἽὕ ὀ ἱὉ Ἳ (air-stram process) Ὂ ὑὠὍὉὖ ὃὖἻ ὑὠὂ Ἰ ὀὠὈ ἱὉ Ἳ 

(phonation process) Ὂ ὑὠὍ ὂ  ἳὂ ὑὠὊ ὃὖἻ ὑὠὂ Ἰ  ἱὉ Ἳ (articulatry 

process) ἵ  ἻὠὋὉὖ ὃὖἻ ὑὠὂ ὑὕ  ἱὉ Ἳ (oral-nasla proeess) ἵ  

Ἧὠὐ Ἳ ὅ Ἳὖ Ὃ. Ἰ Ἳ ὟἽὕ ὀ ἱὉ Ἳ ὠὂ Ὀὕ Ὃὖ ὅὌὑὖὂ Ἰ ἻὠὍ 

ἵ Ἳὖ Ὃ ἵὄὌὕ .  

ὠὊ Ὂ Ἳὕ  (Pulnmonic air)  

  Ἳὕ  ὠὊ Ὂ  ὝὑὍὖὟὉ Ἳὖ Ὃ ὃὖὠὌὠὉὟὉ ὠὊ Ὂ Ἳὕ  

ἵὄὌὕ. ὠὊ Ὂ Ὀὄὖὂ ἳὀ  ἳ ἻὍὖ Ἰ . Ὀὄὖὂὄὖ Ὀὕ  ὟὍ 

Ἵ ὑὖὌὕὄ ὠὅἻὠὍ Ὗὅὕ Ὃ ἯὠὈ Ὗὅὕ Ὁ ἱ  ὑὕἽ ἳ ἻὠὍ ὠὊ Ὂ Ἳ 

ἵ  ὋὌὕ. ὠὊ Ὂ Ἳ Ὕὅ ὅὕὌὕὄ Ἰ Ἳ  ὅὖὋ  Ὗὅὕ ὠἽ ὝὑὍὖὟὉ 
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ὂ ἻὖὋ ὝἽὉὠὌ ὈὖἻ  Ὗὅὕ ὝἽ Ἳὖ Ὃὄ.  ὐ  ὑὐὖὟὉ ἱ  ὟὈ  

Ὗὃὕ Ἳὖ ὑ  ὑὕὉὖ ὅ Ὗὑ ἱὀ ἻὍὖ ὂὠὀὅ  ὂὠὀὅὀὕ ὅὌ Ἰ ἻὍὕἻ 

ὅὖὋ ἻὖὋὄ.  

ἯἻ Ὁὖ  Ἳὕ  (Ingressive) 

 ὑὕἽὖ  Ὗὅὕ ὝὑὍὖὟὉ Ὅ Ἳὕ  ὑὕ  Ἧ Ὄ   ὑὐὖὉὕἻ Ὕὂὕ ὠὀὠὉ 

ὑ ὂὠὀ  ὅὖ ὄ ὠὊ ὊὠὌ ὑ ὂὠὀἻὖὋ. ἱ ὑὕ  ἳ ὝἽ  Ἳὕ ὠὋ 

ἯἻ Ὁὖ  Ἳὕ  ἵὄὌὕ. Ὕὅὕ ὑὕἻ Ἳὕ  ὠὊ Ὂ Ἳ ὟὍ ὝἽ ἻὖὋ ὃὖὠὌὉὖ 

ἯὂὖἻὈὕὄ Ἰ Ἳ  ὅὖὋ ὅὂὖ ὠὌ. ὈὖἻ Ἧ ὑὈὕἻ ἽὖὌ Ἰ Ἳ  Ἰ Ἳ ὅὀὌὕ. ἰ ἻὖὌ ὂὖ 

yeah ἵ Ὃ ὝἽὕ ὠὌ Ἳὕ  ὠὊ Ὂ Ἳ ὟὍ ὝἽ  ὃὖὠὌὉὖ ἽὖὌ ἰ ἻὖὟὌὉ Ἳ 

ἳ Ἵὕὖ ὅὠὂ ἱὂ  ἵ Ἳὕ ὀὕἻ ὋὌὕ. 

 Ὃ Ὁὖ  Ἳὕ  (Egressives)  

 Ἳὕ  ὑὕἽὖ Ὗὅὕ ἯἻ Ὁὖ ὅὖὄὕ ὠὊ ὊὠὌ ὑ ὂὠὀ  Ἳὕ  Ὀὗ  

Ὕὂὕ ὠὀὠὀὉ Ἧὠὀ  ὑὕ  Ἧ Ὄ   ὑὐὖὟὉ ὝὑὍὖὟὉ ἻὖὋ. ἱ ὑὕ  

ὝὑὍὖὟὉ Ἳὕ ὠὋ Ὃ Ὁὖ  Ἳὕ  ἵὄὌὕ. Ὕὅὕ ὑὕἻ ἵ Ὄὕ Ἰ Ἳ  Ἳὕ  

ὠὊ Ὂ  ὝὑὍὖὟὉ ὃὖὠὌὉὖὠὌὟὉ ὅὖὋ Ἳὖ Ὃὄ. ὠὊ Ὂ  ὝὑὍὖὟὉ 

Ἳὕ Ὃὖ ὠὁὉὖ Ὃὖ ἽὖὌ Ἰ ἻὠὍ Ἰ Ἳ . ἵ Ἳὕ ὀὕἻ tut-tut, tsk-tsk 

Ὗὅὕ Ὃ ὝἽὕ ὠὀὝὉὕ ἻὠὍ Ἰ Ὗὅὕ ἱ Ἳὕ Ὃὖ ὟὂὠὑὉὖ ὠὈὠὉ ἳὁὊ 

.  

3.3.3. Ἰ ὅὖἻ  (Articulators)  

 Ὗὅ ὝἽὕ ἵ  ἳ Ἳ Ἰ ὅὖ ἵὄ ὅ . ἵ Ἳὕ ὀὕἻ, ὃὕ , 

Ἧ ὁ , ὅ , ἳὂ  Ὗὅὕ Ὃὠὑ. Ἰ ὅὖἻ ὃὖὠὌ Ἰ ὅὖἻ (fixed articulator), ἱὉ  

Ἰ ὅὖἻ (active articulator) ἵὄ ἱ ὑὠἻ ὅ . Ἰ Ἳ  Ἰ  Ὗὅὕ ἱὉ Ἳὕὂὖ ὅὄ 

ὃὖὠὌ Ἰ ὅὖἻὍὕ. ἵ Ἳὕ ὀὕἻ Ἧ ὁ  ὃὖὠὌ Ἰ ὅὖὉὕ. Ἰ Ἳ  Ἰ  

Ὗὅὕ ἱὉ ὑὄ ἱὉ Ἳ Ἰ ὅὖἻὍὕ. ἵ Ἳὕ ὀὕἻ ὃὕ ἱὉ Ἳ Ἰ ὅὖὉὕ. 

 ἱὉ  Ἰ ὅὖ (active articulator)  
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 Ἰ ὅὕὠὂὉὖ Ἰ Ἳ  ἵ ὅ ὅ Ὗὅὕ ὃὖὠὌ Ἰ ὅὖἻ ὀ ἱὉ Ἳὖ Ἰ ἻὠὍ 

ἵ  Ἰ ὅὕὠὂ ἳ  ἱὉ  Ἰ ὅὖ ἵὄ ὅ . ἵ Ἳὕ ὃὕ  ἱ  ὃὖὠὌ 

Ἰ ὅὖὉὈὕὄ Ἧ ὁ ὠὂ  Ὕὂὕ  , , ,  Ὗὅὕ Ὃὠὑ Ἰ ἻὠὍ ἵ ἻὖὋ.  

ὃὖὠὌ Ἰ ὅὖ (fixed articulator) 

  Ἰ ὅὕὠὂὉὖ Ἰ  Ἰ  ἵ  Ὗὅὕ ἱὉ Ἳὕ ὃὖὠὌὉὖ ἳ Ὅ Ἰ  Ἰ ὅὕὠὂ 

ἳ  ὃὖὠὌ Ἰ ὅὖ ἵὄ ὅ . ἵ Ἳὕ ὀὕἻ Ἧ ὁ  ὃὖὠὌ Ἰ ὅὖ ἰ . ὃὕ  

Ἧ ὁ ὠὂ  Ὕὂὕ  , ,  Ὗὅὕ Ὃ Ἰ ἻὠὍ ἵ  Ὗὅὕ ὃὕ  Ὀ ὟὈ 

ἱὉ ἻὖὋ. Ἧ ὁ  ἱὉ ὑὂὖ ὠὌ.  

3.3.4. Ἰ ὅὖὀ (Point of articulation)  

 Ἰ  ὅὕὠὂὉὖ ὅ Ὗὑ ὅ ὂὖὉὖ ὅ Ὗὑ ἳ ἻὍὕ Ἰ ὠὉ  ὂ  ὃὖ ὂὖ 

ὅ Ὗὑ Ἰ Ἳ  ἳ ὀὕ Ἳ ὅ Ἳὖ Ὃὄ. ἱ ὂ ἳ Ἳ Ἰ ὅὖὀ ἵὄ ὅ . 

ἵ Ἳὕ ἱ  ἱὂ Ἳ ἱὠὁ  Ἳὕ ὠὋ ὂ  ὃὖ ὑὂὕ  ἵ Ὃ Ἰ  

ὅὖὋ ἻὖὋ. ἱ  Ἰ  Ἰ ὅὖὀ. Ἰ  ὅὖὋ  ἱὀ ὠὂ Ὃὖ ὅ Ἰ ὅὖὀ ἵὄ ὅ . 

Ἰ  ἵ ὅ  ὝὈὕὐὖὉὖ ὝἽὕ Ἳ ἳ Ἵὕὖ Ἳ ὅ ὠὋ Ἧ Ὄ. ὝὈὕὐὖ ἳὕὖὉ Ἰ ἻὠὍ 

ὝὑὍὖ ὅ  ὠὋὉὕ .  

ἱὂ  Ἰ Ἳ  (Labial Sounds) - ,  [p, m]  

ὅ ὝὌὕ Ἳ (Dental sounds) - ,  [t, n]  

Ἧ ὅ ὝὌὕ Ἳ (Alveolar sounds)  , ,  [r, ɂ, n]  

ἱὠὀὉ ὁ  Ἰ Ἳ  (Palatal Sounds)  , ,  [c, ȶ, y]  

ἻὠὀὉ ὁ Ἰ Ἳ  (Velar Sounds) - ,  [k, ŋ]  

ὃὕὈ Ἰ  (Refroflex Sounds) - , , ,  [Ɍ, ȷ, ȱ, ὀ]  

3.3.5. Ἰ  ὠὋ (manner of articulation)  

 Ἰ  ὠὋ Ἧ ὅὠὀὉὖ Ἰ ἻὠὍ Ὕὑ Ὕὅὕ, ἳὊὝἽὕ, Ὀ ὝἻὕ, 

ἰὝὀὕ , ὝἻὕ, ὑ Ὕὀὕ ἵὄ  ὅ ἻὌὕ. (ὅὕ Ἳ ὝὈ ὝὉὕ Ἳ).  

ὄὖ ὃὕ Ἰ  (Apical Articulation) 

 ὄὖ ὃὕὑὖὄὕ ὃὖὠὌ ἳ ἻὠὍ Ὕὂὕ  ἳ ὀὕ  Ἰ  ὄὖ ὃὕ Ἰ  

ἵὄ ὅ . ἵ Ἳὕ ὀὕἻ ,  ἵ ὅὠὂ ὋὌὕ.  
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3.3.6. Ἰ  ὑ ὁὠὄ (Articulatory Description)  

 Ἰ Ἳ  ὅὖὋ  ἱὀ ὠὂ  ὅὖὋ  ὠὋὠὉ  ὑ ὁὖ ὅ Ἰ  ὑ ὁὠὄ 

ἵὄ ὅ . Ὀὄὖὂ ὠὀὉ ὑὕὉὠὋὉὖ ἳ Ὅ ὅ , ὃὕ , Ἧ ὁ  Ὗὅὕ Ὃ ὅ Ὗὑ 

ἱὀ ἻὍὖ  ὅ Ὗὑ  Ὗὅ ὝἽὕ Ἳ ὅὖὋ Ἳὖ Ὃὄ. Ὗὅ ὝἽὕ Ἳ ὅὖὋ  

ὑὠἻὉὕ / ὠὋὉὕ  Ὗὑ ὅ . Ἰ  Ἰ  ὅὖὋ  ἱὀ ὠὂ  ὑὠἻὠὉ  

( ὠὋὠὉ ) ὑὖὑὕὖ ὂ Ἰ  ὑ ὁὠὄ ἰ . ἵ Ἳὕ  ἵ Ὃ Ἰ  ἱ  ἱὂ Ἳ 

ἱὠὁ  ὅὖὋ  Ἰ ;. ἱ  ὅὖὋ  ὠὋὉὕ Ἧὠὀ Ὕὅὕ Ὁὕ. ἱ ὑὕ   ἲὕὖὂ 

Ἧὠὀ Ὕὅὕ ἵὄ ὑ ὁὠὄ Ὕὅ .  

ἳὉὖὝὊὕ (vowel)  

 Ἳὕ Ὃὕὄ ὑὕὉὠὋὉὖ ἵ ὑὖὂ ὂ  ὂὠὀ Ὀὖ Ὃὖ Ἧὂὕὑ, ἱὉ  

Ἰ ὅὕ Ἳ  ἱὉ Ἳὕ Ἰ ὅὕ Ἳ  ἱὠὀὟὉ ὂὠὀὉὖ Ὃὖ ὝἽ Ὗὅὕ 

ἳὉὖὝὊὕ Ἳ ὅὖὋ Ἳὖ Ὃὄ. ὝὈὝὉὕ Ἳ ὅὖὋ  Ὗὅὕ ὂὠὀὟὉὕ ἽὖὋὖὂὍ 

ὂὠὀὟὉὕ ὃὖ ἽὉ ἱ . ἳὉὖὝὊὕ Ἳ  ὂ ὠὈὉὕὄ ὅὕὖὈὕὁ Ἳ 

Ἧ ὅὠὀὉὖ ὑὠἻ ὅ ὂ ὅ Ἳὖ Ὃὄ:  

 ὑὕ  ὂὖὋ ὂὖ ἯὍ  (ὟὈ , ὟὈ ὠὀ, Ἳὗὐὖὠὀ, Ἳὗ Ἧ Ὄ  ὂὖὋ ὂ,ὅ ὂὖὂὖὋ ὂ, 

ὅ ὂὖ Ὁ, Ὁ)  

 ὃὕὑὖ ἳὉ ὂ ὅ ὂὖὉὖ ἱ ὅὖὀ ( , ὃ , ὅὖ)  

 ἱὂ ἻὍὖ ἱ  ( ὑὖ, ὑὖὕὖ)  

ὟὈ Ἳ ὀ ὅὕὖὈὕὁ ἻὍὖ Ἧ ὅὠὀὉὖ ὂὈὖ ἳὉὖ ἻὠὍ ὅὖ ὑ Ὀὕ ὑὠἻ ὅ ὂὌὕ:  

ἱ [i] - ὟὈ   ἱὂ  ὑὖὕὖ ὉὖὝὊὕ  

ἲ [i:] - ὟὈ   ἱὂ  ὑὖὕὖ Ὕὃ ὉὖὝὊὕ  

ἵ [e] - ὟὈ ὠὀ  ἱὂ  ὑὖὕὖ ὉὖὝὊὕ  

ἶ [e:] - ὟὈ ὠὀ  ἱὂ  ὑὖὕὖ Ὕὃ ὉὖὝὊὕ  

Ἧ [a] - Ἳὗ ὃ  ἱὂ  ὑὖὕὖ ὉὖὝὊὕ  

ἰ  [a:] - Ἳὗ ὃ  ἱὂ  ὑὖὕὖ Ὕὃ ὉὖὝὊὕ  

Ἰ [ ] - ὟὈ ὠὀ ὅὖ ἱὂ  ὑὖ ὉὖὝὊὕ  

Ἱ [o:] - ὟὈ ὠὀ ὅὖ ἱὂ  ὑὖ Ὕὃ ὉὖὝὊὕ  
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ἳ [u] - ὟὈ  ὅὖ ἱὂ  ὑὖ ὉὖὝὊὕ  

ἴ  [u:] - ὟὈ  ὅὖ ἱὂ  ὑὖ Ὕὃ ὉὖὝὊὕ  

ὂὈὖὐὖ ὅ  ἳὉὖὝὊὕ Ἳ ἱὊ  ἲ Ὁὖ Ἳ ἳ Ὅὄ.  

ὅὖ ἳὉὖὝὊὕ (Back Vowel)  

 ὃὕὑὖ ὅὖ ὅ ὂὖὠὉ ἳὉ ὂὖ Ἰ  ἳὉὖὝὊὕ ὅὖ ἳὉὖὝὊὕ ἵὄ ὅ . 

ἵ Ἳὕ ὀὕἻ ἳ, Ἰ. ἰἻὖὉὠὑ ὅὖ ὉὖὝὊὕ ἰ .  

 ἳὉὖὝὊὕ (front  Vowel)  

 ὃὕὑὖ  ὅ ὂὖὠὉ ἳὉ ὂὖ Ἰ  ἳὉὖὝὊὕ  ἳὉὖὝὊὕ ἵὄ ὅ . 

ὃὕὑὖ ὅ ὂὖ  ἵὄ ὅ . ἵ Ἳὕ ὀὕἻ ἱ, ἵ ἰἻὖὉὠὑ  ἳὉὖὝὊὕ ἰ . 

 ἲ Ὁὖ (dipthongs)  

 Ἱ  ἳὉὖ Ἰ Ὁὖ ἳ Ἵὕὖ Ὗὅὕ Ὕὂὕὀ Ἳὖ Ὀ ὝὋὕ ἳὉὖὝὊὕ Ὁὖ ἳ Ἵὕὖ Ὗὅὕ 

ὑὠὀ  ἳὉὖὝὊὕ Ὁὖ Ἰ Ὗὅ ἲ Ὁὖ (dipthongs) ἵὄ ὅ ἻὖὋ. ἱ  Ἰ  

Ὕὃ ὉὖὊὕἻ Ἰ Ἳ ὅ ἻὖὋ. ἱὊ  ἳὉὖὝὊὕ ἻὍὖ ἽὕὉ  ἱ Ὕὃ Ὕὀὕ Ὁὖ 

Ἳὕὁ ὅ . ὂὈὖ ἷ, Ἲ  ἰἻὖὉ ἱὊ  ἱ ὑὕ  Ἰ Ἳ ὅ  ἲ Ὁὖ ἻὍὕ. ἵ.Ἳὕ. Ἧ + 

ἱ = ἷ [ai] Ἧ + ἳ = Ἲ  [au]  

ἯὠὊ Ὁὖ (semi vowels)  

 ἱ  ἳὉὖὝὊὕ Ὗὅὕ  ἳ Ἵὕὖ Ἳ ὅ ὀὕ ὝὈὝὉὕ Ὗὅὕ  Ἰ ὅὖὀ 

ἳὠὀὉὂὕἻ ἯὠὈ . ἵὄὟὑ ὝὈ ὝὉὕ Ὁὖ ὂ ὠὈὟὉ ἯὂὖἻ Ὕὅ Ὃὖ ὅὂὕἻ 

Ἳ ὂ ὅ . ὟὈ  ἳὉὖὝὊὕ Ὗὅὕ  ἱ  ἯὠἽὉὕἻ (syllable) ἯὠὈὉὕ. Ἧὂὄὕ ,  

ἱὊ  ὂὈὖὐὖ ἯὠὊ ἳὉὖ ἻὍὕἻ Ἳ ὂ ὅ Ἳὖ Ὃὄ. Ἧὠὑ ὠὋὟὉ ἱ, ἳ ἵ Ὃ 

ἳὉὖ ἻὍὖ ὂ ὠὈὠὉ Ὕὅ  ὑὖὍ Ἳὖ Ὃὄ.  

Ὁὖ Ἳ (short vowel) Ὕὃ Ὁὖ Ἳ (long vowels)  

 Ἰ Ὕὑὕ Ἰ  Ἧ Ὕὑὕ ὟἻ ἳὕὖὉ ἻὕὌ ἯὍὟὑὕ ἳ Ἵὕὖ Ἳ ὅ ἻὖὋ. ἱ ἻὕὌ 

ἯὍ  Ὀὕ ὂὖὠὊ ἵὄ ὅ . ἽὖὌ Ἰ ἻὠὍ ἳ Ἵὕὖ  ἻὕὌ ἯὍ  Ἳὖ , ἽὖὌ Ἰ ἻὠὍ 

ἳ Ἵὕὖ  ἻὕὌ ἯὍ  ὃὗ  ἱ . Ἰ  Ὀὕ ὂὖὠὊ ἻὕὌ ἯὍὑὖ ὅὖὋ  Ἰ ἻὠὍ Ὃὖ 

(short vowel) ἵ , ἱὊ  Ὀὕ ὂὖὠὊ ἻὕὌ ἯὍὑὖ ὅὖὋ  Ἰ ἻὠὍ Ὕὃ  (long vowel) 

ἵ  ὑὠἻ ὅ ὂὌὕ.  
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ὑὖὠὋ Ὁὖ Ἳ (tense vowels)  

 Ὗὅ ἻὍὖ ὂὠἽὉὖ ἯὂὖἻὈὕὄ ὑὖὠὋ ὠὅ ἶ Ὃὖ ἵ ὅ ὅ ἳὉὖ Ἳ  

ὑὖὠὋ Ὁὖ Ἳ ἵ  ὝὅὉ. ἳὉὖὝὊὕ ἻὍὖ Ὃ , Ὕὃ  ὅὕ ὅὕ Ὄὕὂ ὝὈὕὐὖἻὍὖ 

ἱὠὑ ὑὖὠὋ Ὁὖ ἻὍὕἻ ἳ Ἵὕὖ Ἳ ὅ ἱὉ ὠὅ ἻὕὁὌὕ. ἵ Ἳὕ ὀὕἻ ἱ ὂὖ 

ὝὈὕὐὖὉὖ [e, o, a] ἰἻὖὉ Ἰ Ἳ  ὑὖὠὋ Ὁὖ ἻὍὕ. ὂὈὖ ὝὈὕὐὖὉὖ Ὕὃ Ὁὖ ἻὠὍ 

ὑὖὠὋ ὅὕἻ ἳ Ἵὕὖ  ἱὉ  ἳ . ὅὖὝὊ ὝὈὕὐὖὉὖ ἱ ὑὠἻ ἳὉὖ Ἳ ὈὖἻ 

ἽὕὂὕὊὁὈὕἻ Ἳὕὁ ὅἻὖὋὄ.  

ὃὕὑὠὍ ἳὉὖ Ἳ (Retroflex vowels)  

 ἳὉὖὝὊὕ ἻὍὖ ὅὖὋ ὅὕ Ἳ ὂὖ ἱὠὀὃὕ ἱὠὀὉ ὁ ὠὂ Ὗὃὕ Ἳὖ ἵ  Ὗὅὕ 

Ὁὖ Ἳ , ἱὠὀὃὕὑὖ  Ἳὠὀὃὕὑὖ ἱὠὀὟὉ ἳ Ὅ Ἧ ὁ ὅ ὂὖὠὉ Ὗὃὕ Ἳὖ 

ἵ  Ὗὅὕ ὃ Ὁὖ Ἳ ὅὖὋ Ἳὖ Ὃὄ. ὃὕ ἱ ὑὕ  ὝἽὉ ὅ  Ὗὅὕ ὄὖ ὃὕ ὟὈ ὅ 

ὑὕὖὠἽὠὉ Ὗὃὕ ἻὖὟὉὕ Ἧ Ὄ  Ἧ ὅ ὠὌ Ὗὃὕ Ἳὖ ὑὠὍ Ὗὂὕ Ἧ Ὄ  ἱὠὀὉ ὁ ὠὂ 

Ἧ  ὑὠὍ Ὗὂὕ ἱ . ἱ Ὁὖ Ἳ ὃὕὑὠὍ ἳὉὖ Ἳ ἵὄ ὅ .  

ὝὃἻὖ Ὁὖ Ἳ (Lax Vowels)  

 Ὗὅ ἻὍὖ ὂὠἽ ὅ ὂὖ ὂὍ ὂὖ Ἳ ἵ ὅ ὅ ἳὉὖ ἻὠὍ ὝὃἻὖ Ὁὖ Ἳ 

ἵὄὌὕ.  

ὊὝὌὕ (voiced sound) 

  ὊὝὌὕ ἵ ὅ  Ὂ ὑὠὍ Ὀὀ ἻὍὄὖ Ἧὂὖ ὀ ἵ ὅ ὅ Ἰ  ἵὄ  

Ὕὅὕ ὅ. ὠὊ Ὂ  ὝὑὍὖὟὉ  Ὂ ὑὠὍ Ὀὀ ἻὠὍ Ἳὀ ὂ ὅὖ ὄὟὊ 

ὅ Ὗὑ Ἰ Ἳ  ὅὖὋ Ἳὖ Ὃὄ. ἱ  Ὂ ὑὠὍ Ὀὀ Ἳ Ἱ  Ἰ ὠὉ Ἰ Ἳ Ὕὃ ἻὈὕἻ 

ὝἻὕὁ  Ὗὅὕ Ἧὠὑ Ἧὂὖ Ἳὖ Ὃὄ. ἱ ὑὂὖ Ὗὑὕ ὅὖὋ  Ἰ ὠὉ ὊὝὌὕ ἵ  

ὋὌὕ.  

Ὂ Ὄὕ Ἰ  (voiceless sound) 

  Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ἧὂὖ Ὗὑὕ Ἧὂὖ ὑὖ ὌὕὈ ὅὖὋ  Ἰ ἻὠὍ ἵὍὖὂὖ 

ἱὄ Ἳ  ὝἻὕ Ὅ . ἱὊ  Ἳὕ ἻὠὍ  ὃ ὋὕἻ Ὕὅὕὂὖ ὝἻὕ  ἰ ἻὖὌ 

ὝὈὕὐὖὉὖ ἳ Ὅ pack, bag ἵ Ὃ ὑὕ ὠὂἻὠὍ Ἰ Ὃ  ὅὖ Ἰ ὋὕἻ ἳὊ Ἳ ἳ Ἵὕὖ ὂὕ 

ἱὊ ὀὕὑ ὑὕ ὠὂὉὖ Ὕὂὕὀ ἽὖὉὕἻ Ἰ  ὑὖὂὈὕὄ Ἧὂὖ  ἱ ὅὠὂ ἳὁὊ . 
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ἱ ὑὂὖ ὠὑ ὑὖὊἻὍὕ Ὂ ὑὠὍὠὉ ὝὈ ὠὈὉὕἻ Ἧ ὂὖ ὅὕ  ἳὁὊὌὕ. pack 

ἵ Ὃ ὑὕ ὠὂὠὉ ἳ Ἵὕὖ  Ὗὅὕ ἱ ὑὂὖ ἱ ὅὂὖ ὠὌ. ὝὈ ὝὉὕ ἻὍὖ 

Ἧὂὖ Ὕὑὕ ἻὍὖ Ἧὂὖ ὑὖὌὕ Ἰ Ἳ  ἱὠὁὉὕἻ Ἧὂὖ Ὕὑὕ Ἳ ἳ Ὅὄ.  

ὝὈ ὝὉὕ Ἳ (consonants) 

 Ἳὕ Ἰ ὅὕ ὂ  ὃὖ ὂ ὅ ὑὂὕὟὌὕ Ὗὑ ὑὠἻὉὖ 

Ὀὕ Ὃ ὅ ὑὂὟὌὕ ὝὈ ὝὉὕ Ἳ ὅὖὋ Ἳὖ Ὃὄ. Ἧὂὕὑ ὠὊ Ὂ  ὝὑὍὖὟὉ 

 ὑὕὉὠὋὉὖ ἯὠὀὅὀὟὑὕ Ἧ Ὄ  ἽὖὋὖὉ ἱ Ἳὖ ὑὐὖὉὕἻ ὝἽ ὌὟὑὕ Ἧ Ὄ  

ὃὕὑὖ ἱ Ὀ  ὑὐὖὉὕἻ ὝἽ ὌὟὑὕ Ἧ Ὄ  ἻὠὀὉ ὁ  ἻὠὋ ὑὕὉὖὠὌ ὂὖὋ Ἳ 

ἻὠὋὉὖ Ἰ Ἳ Ὕὅ  ὃὕἽὖ ὑὕὊ Ἳ ὑὐὖὉὕἻ ὝὑὍὖὟὉὋὟὑὕ ὝἽ ὠἻὉὖ 

ὝὈ ὝὉὕ Ἳ ὅὖὋ Ἳὖ Ὃὄ. Ἰ ὅὖὀ ὠὂ (ἱὉ  Ἰ ὅὕ  ἱὉ Ἳὕ Ἰ ὅὕ  

Ὕὂὕὀ ὝἻὕ Ὀὖὀ) Ἰ  ὠὋὠὉ  Ἧ ὅὠὀὉὕἻ ὝἻὕ  ὝὈ ὝὉὕ ἻὠὍ 

ὝὂὍὖὑὕἻ ὑὖὍ ἻὌὕ. ἱ ὅὖὀ ὠὂ Ἧ ὅὠὀὉὕἻ ὝἻὕ  ὝὈ ὝὉὕ ἻὠὍ 

ὅὖ ὑ Ὀὕ ὅ ἻὌὕ.  

ἱὂ  Ἰ Ἳ  (Labial Sounds) - ,  [p, m]  

ὅ ὝὌὕ Ἳ (Dental Sounds) - ,  [t, n]  

Ἧ ὅ ὝὌὕ Ἳ (Alveolar sounds)  , ,  [r, r, n]  

ἱὠὀὉ ὁ  Ἰ Ἳ  (Palatal Sounds)  , ,  [c,  ȶ, y]  

ἻὠὀὉ ὁ Ἰ Ἳ  (Velar Sounds) - ,  [k, ŋ]  

ὃὕὈ Ἰ  (Refroflex Sounds) - , , ,  [t, ȷ, l, ]̦  

Ἰ  ὠὋ Ἧ ὅὠὀὉὖ Ἰ ἻὠὍ Ὕὑ Ὕὅὕ, ἳὊὝἽὕ, Ὀ ὝἻὕ, ἰὝὀὕ , 

ὝἻὕ, ὑ Ὕὀὕ ἵὄ  ὅ ἻὌὕ. ἱ Ὕὑὕ ἻὍὖ Ὗὑ ὅ ὀ Ἰ ὅὖὀ ἻὠὍ 

Ἰ  ὠὋἻὠὍ  ἯὋὖ ὝἻὕ Ὗὑὕ.  

Ἧὠὀ Ὕὅὕ (stop or plosive)  

 ἱὑ ὠὋ Ὕὑ Ὕὅὕ (plosive) ἵ  ὑ . ὑὕὉὠὋὉὖ Ἰὕὖὀ ὂὖ 

Ἳὕ ὑ  ὂὠὀ ὝἽ Ὁ ὅ ὂὖ ὝὊ Ὕὑ Ὗὅὕ ὝὑὍὖὟὉὋὖὄὕ Ἧὂ  

Ἧὠὀ Ὕὅὕ ἵ  ὝὅὉ. ἱ Ὕὑὕ ὅὖ Ὗὅὕ ἻὠὀὉ ὁ  ἻὠὋὉὖ  
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ὝἽ Ὄὕὂὑὕ Ἧὠὀ Ἳὖ Ὃ. Ὂ ὑὠὍ Ὀὀ Ἳ ἯὂὖὊὟὑὕ ἯὂὖὊὕὈὟὌὕ ἱ ἻὌὕ. 

ὂὈὖὐὖ ὑ ὄ ὝὈ Ἳ Ἧὠὀ Ὕὅὕ ἻὍὕ. ἵ.Ἳὕ. , , , ,  [k, c, t, t, p]. 

 ὝἻὕ (nasal) 

  Ἧὠὀ Ὕὅὕ ὟὅὕὌὟὑ ἯὠὈ  Ἧ ὁ Ἳὠὀ ὂὖὋ ἻὠὋ ὑὐὖὟὉ 

Ἳὕ ὝὑὍὖὟὉ ὝἽ  Ὗὅὕ ὝἻὕ Ὗὂὕ . Ὕὅ ὅὕ ὝἻὕ 

ἳ ὀὕ Ὗὅὕ Ὂ ὑὠὍ Ὀὀ Ἳ Ἧὂὖ Ἳὖ Ὃὄ. ὂὈὖὐὖ ὝὈ ὄ ὝὈ Ἳ 

ὝἻὕ ἻὍὕ: , , , ,  ,  [ŋ, ȶ, ȷ , m, n].  

ἳὊὝἽὕ (affricate)  

 ὑὕὉὠὋὉὖ Ἳὕ ὑ Ὗὅὕ ὑ  ὂ ἻὕὈὕ  ὝὑὍὖὟὉ  

ὅὕὠὂὠὉ Ἰ ὅὕὄὕ Ἳὖ Ἧ ὂ ἱ Ἳὖ ὑὐὖὟὉ ὝἽ ὂὖὄὕ ἳὊὕ ὂ ὠὈ 

(ἻἽiἳὑi ἱ) ἶ ὅ . ἱ ὅ  ἳὊὕ  ὂ ὠὈὟὉὕ ὅὖὋ  Ἰ ἻὟὍ ἳὊὝἽὕ Ἳ 

ἵὄ ὅ Ἳὖ Ὃὄ. ὂὈὖὐὖ ἽἻὊ /c/ ὅὕ  ὃὕ  ὂὈὖὠὐ ὂὑὖὊ ὅὖὋ Ὀὕὑ ὀ ἻὍὖ /s/ 

ἵ  ἳὊὝἽὕὉὕἻὟὑ ἳ Ἵὕὖ Ἳ ὅ ἻὖὋ. ἳὊὝἽὕ ἳ ὀὕ  Ὗὅὕ Ὂ ὑὠὍ 

Ὀὀ Ἳ Ἧὂὖ  ἯὂὖὊὕὈ ἱ ἻὌὕ. Ἧ Ὗὅὕ Ἧ ὁ Ἳὠὀ Ἧὠὀ  ἶ ὅ  

[̝, f, s, y, h]. 

 Ὀ ὝἻὕ (lateral)  

 Ἳὕ ὑὕὉὠὋὉὖ Ἱ  ἱὀ ὠὂ Ἧὠὀ  ὃὕ Ἳὖ ἱ  Ὀ Ἳὖ 

ὝὑὍὖὟὉ Ὗὅὕ ὅὖὋ  Ἰ  Ὀ ὝἻὕ ἵὄ ὅ ἻὖὋ. , ,  [l, ȱ, )̦  

Ὀ ὝἻὕ ἻὍὕ. ὑ Ὕὀὕ (flap) ὃὕ Ἳὖ ὄὖ ὟὈὟὌ ἵ  ἳ Ὗὃὕ Ἳὖ ὑὠὍ  ὅὖ 

ὟὑἻὈὕἻ ἻὗὟὐ ὑ Ὗὅὕ Ἧ ὁ ὂὖ ὟὈὕ ὑὂὕ ἵ ἻὖὋ Ἰ ὟὉ ὑ Ὕὀὕ. ἰὝὀὕ  

(trill) Ἳὕ ὝὑὍὖὟὉ  Ὗὅὕ ἱὂ ἻὟὍὕ ὄὖ ὃὕ ὟἻὕ ἳ ὃὕ ὟἻὕ ὟὑἻὈὕἻ 

Ἧὂὖ  ἰ ὅ  ἯὠὈἻὖὋ Ἰ ὟὉ ἰὝὀὕ  ἵὄ ὅ Ἳὖ Ὃ. ἱ  Ὀὕὖ Ὀὕὑ ὀ 

Ὀ ἻὍὕ Ὀ ὟὈ ὂὈὖ ὑὐ Ἳὖ  [r] ἵ Ὃ ἰὝὀὕ  ἳ Ἵὕὖ Ἳ ὅ ὑ ἻὖὋ.  

ὄὖ ὃὕ Ἰ  (Apical Articulation)  

ὄὖ ὃὕὑὖὄὕ Ἧ ὁ ὠὂ  Ὕὂὕ  ἳ ὀὕ  Ἰ  ὄὖ ὃὕ Ἧ ὁὝὑὕ  ἵὄ ὅ .  
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3.7. ὂὈὖ Ἰ ἻὍὖ Ἰ ὅὖὉ ἰ  

 ὂὈὖ Ἰ ἻὠὍ Ἰ  Ἧ ὅὠὀὉὖ ἳὉὖὝὊὕ Ἳ, ὝὈ ὝὉὕ Ἳ ἵὄ ὅ  

ἰὉὌὕ.    

3.7.1. ἳὉὖὝὊὕ ἻὍὖ Ἰ ὅὖὉ ἰ  

 Ἳὕ Ὃὕὄ ὑὕὉὠὋὉὖ ἵ ὑὖὂ ὂ  ὂὠὀ Ὀὖ Ὃὖ Ἧὂὕὑ, ἱὉ  

Ἰ ὅὕ Ἳ  ἱὉ Ἳὕ Ἰ ὅὕ Ἳ  ἱὠὀὟὉ ὂὠὀὉὖ Ὃὖ ὝἽ  Ὗὅὕ 

ἳὉὖὝὊὕ Ἳ ὅὖὋ Ἳὖ Ὃὄ. ὝὈ ὝὉὕ Ἳ ὅὖὋ  Ὗὅὕ ὂὠὀὟὉὕ ἽὖὋὖὂὍ 

ὂὠὀὟὉὕ ὃὖ ἽὉ ἱ . ἳὉὖὝὊὕ Ἳ  ὂ ὠὈὉὕὄ ὅὕὖὈὕὁ Ἳ 

Ἧ ὅὠὀὉὖ ὑὠἻ ὅ ὂ ὅ Ἳὖ Ὃὄ. 

1.ὑὕ  ὂὖὋ ὂὖ ἯὍ  (ὟὈ , ὟὈ ὠὀ, Ἳὗὐὖὠὀ, Ἳὗ Ἧ Ὄ  ὂὖὋ ὂ, ὅ ὂὖ ὂὖὋ ὂ, 

ὅ ὂὖ Ὁ, Ὁ) 

2. ὃὕὑὖ ἳὉ ὂ ὅ ὂὖὉὖ ἱ ὅὖὀ ( , ὃ , ὅὖ) 

3. ἱὂ ἻὍὖ ἱ ὃὖὠὌ ( ὑὖ,ὑὖὕὖ) 

ὟὈ Ἳ ὀ ὅὕὖὈὕὁ ἻὍὖ Ἧ ὅὠὀὉὖ ὂὈὖ ἳὉὖ ἻὠὍ ὅὖ ὑ Ὀὕ ὅ ὂὕὉὌὕ. 

 ἱ  ὟὈ   ἱὂ  ὑὖὕὖ ὉὖὝὊὕ 

 ἲ  ὟὈ   ἱὂ  ὑὖὕὖ Ὕὃ ὉὖὝὊὕ 

 ἵ  ὟὈ ὠὀ  ἱὂ  ὑὖὕὖ ὉὖὝὊὕ 

 ἶ  ὟὈ ὠὀ  ἱὂ  ὑὖὕὖ Ὕὃ ὉὖὝὊὕ 

 Ἧ  Ἳὗ ὃ  ἱὂ  ὑὖὕὖ ὉὖὝὊὕ 

 ἰ   Ἳὗ ὃ  ἱὂ  ὑὖὕὖ Ὕὃ ὉὖὝὊὕ 

 Ἰ  ὟὈ ὠὀ ὅὖ ἱὂ  ὑὖ ὉὖὝὊὕ 

 Ἱ  ὟὈ ὠὀ ὅὖ ἱὂ  ὑὖ Ὕὃ ὉὖὝὊὕ 

 ἳ  ὟὈ  ὅὖ ἱὂ  ὑὖ ὉὖὝὊὕ 

 ἴ   ὟὈ  ὅὖ ἱὂ  ὑὖ Ὕὃ ὉὖὝὊὕ 

ὂὈὖὐὖ ὅ  ἳὉὖὝὊὕ Ἳ ἱὊ  ἲ ὉὖὝὊὕ Ἳ ἳ Ὅὄ. 

ἲ Ὁὖ 
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 Ἱ  ἳὉὖὝὊὕ Ὁὖ ἳ Ἵὕὖ Ὗὅὕ Ὕὂὕὀ Ἳὖ Ὀ ὝὋὕ ἳὉὖὝὊὕ Ὁὖ ἳ Ἵὕὖ Ὗὅὕ 

ὑὠὀ  ἳὉὖὝὊὕ Ὁὖ Ἰ Ὗὅ ἲ Ὁὖ ἵὄ ὅ Ἳὖ Ὃ.  ἱ  Ἱ  Ὕὃ ὉὖὊὕἻ 

Ἰ Ἳ ὅ Ἳὖ Ὃ. ἱὊ  ἳὉὖὝὊὕ ἻὍὖ ἽὕὉ  ἱ Ὕὃ Ὕὀὕ Ὁὖ Ἳὕὁ ὅ .  

ὂὈὖ ἷ, Ἲ  ἰἻὖὉ ἱὊ  ἱ ὑὕ  Ἰ Ἳ ὅ ἲ Ὁὖ ἻὍὕ. 

 Ἧ + ἱ = ἷ 

 Ἧ + ἳ = Ἲ  

 3.7.2. ὝὈ ὝὉὕ ἻὍὖ Ἰ ὅὖὉ ἰ  

 Ἰ ὅὖὀ ὠὂ (ἱὉ  Ἰ ὅὕ  ἱὉ Ἳὕ Ἰ ὅὕ  Ὕὂὕὀ ὝἻὕ 

ἱὀ ) Ἰ  ὠὋὠὉ  Ἧ ὅὠὀὉὕἻ ὝἻὕ  ὂὈὖ ὝὈ ὝὉὕ ἻὠὍ ὅ ὂὕὉὌὕ. 

ἱ ὅὖὀ ὠὂ Ἧ ὅὠὀὉὕἻ ὝἻὕ  ὂὈὖ ὝὈ ὝὉὕ ἻὠὍ ὅὖ ὑ Ὀὕ ὅ ἻὌὕ. 

 ἱὂ  Ἰ Ἳ   , ,  

 ὅ ὝὌὕ Ἳ  ,  

 Ἧ ὅ ὝὌὕ Ἳ  , ,  

 ἱὠὀὉ ὁ  Ἰ Ἳ   , ,  

 ἻὠὀὉ ὁ Ἰ Ἳ   ,  

 ὃὕὈ Ἰ Ἳ   , , ,  

Ἰ  ὠὋ Ἧ ὅὠὀὉὖ ὂὈὖ ὝὈ ὝὉὕ ἻὠὍ Ὕὑ Ὕὅὕ, ἳὊὝἽὕ, ἰὝὀὕ , 

ὝἻὕ, ὑ Ὕὀὕ ἵὄ  ὅ ὂὕὉὌὕ.  

Ὕὑ Ὕὅὕ 

 ὑὕὉὠὋὉὖ Ἱὕὖὀ ὂὖ  Ἳὕ  ὑ  ὂὠὀ ὝἽ Ὁ ὅ ὂὖ ὝὊ 

Ὕὑ Ὗὅὕ ὝὑὍὖὟὉὋὖὄὕ Ἧὂ  Ὕὑ Ὕὅὕ ἵ  ὝὅὉ. Ἧ Ὗὅὕ Ἧ ὁ Ἳὠὀ 

Ἧὠὀ  ἶ ὅ . ὂὈὖὐὖ ὑ ὄ Ἰ ἻὟὍ Ὕὑ Ὕὅὕ ἻὍὕ: , , , , , . 

ὝἻὕ 

 Ἧὠὀ Ὕὅὕ ὟὅὕὌὟὑ ἯὠὈ  Ἧ ὁ Ἳὠὀ ὂὖὋ ἻὠὋ ὑὐὖὟὉ 

Ἳὕ ὝὑὍὖὟὉ ὝἽ  Ὗὅὕ ὝἻὕ Ἧ Ὄ  ὝὈ ὄ Ὗὂὕ . 

Ὕὅ ὅὕ ὝἻὕ ἳ ὀὕ  Ὗὅὕ Ὂ  ὑὠὍ Ὀὀ Ἳ Ἧὂὖ Ἳὖ Ὃὄ.  ὅὖ ὑ  

ὂὈὖ ὝὈ ὝὉὕ Ἳ ὝἻὕ ἻὍὕ: , , , , , . 
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ἳὊὝἽὕ 

 ὑὕὉὠὋὉὖ Ἳὕ ὑ Ὗὅὕ ὑ  ὂ ἻὕὈ ὝὑὍὖὟὉ ὅὕὠὂὠὉ 

Ἰ ὅὕὄὕ Ἳὖ Ἧ ὂ ἱ Ἳὖ ὑὐὖὟὉ ὝἽ ὂὖὄὕ ἳὊὕ  ὂ ὠὈ ἶ ὅ .  

ἱ ὅ  ἳὊὕ ὂ ὠὈὀ  ὅὖὋ  Ἰ ἻὟὍ ἳὊὝἽὕ Ἳ ἵὄ ὅ Ἳὖ Ὃὄ.  ὂὈὖὐὖ 

ἽἻὊ ( ) ὅὕ ὃὕ ὂὈὖὠὐ ὂὑὖ ὅὖὋ Ὀὕὑ ὀ ἻὍὖ  ἵ  ἳὊὝἽὕ ὉὕἻὟὑ 

ἳ Ἵὕὖ Ἳ ὅ Ἳὖ Ὃ. ἳὊὝἽὕ ἳ ὀὕ  Ὗὅὕ Ὂ ὑὠὍ Ὀὀ Ἳ Ἧὂὖ Ὗὂὕ 

ἯὂὖὊὕὈὟὌὕ ἱ ἻὌὕ .  

Ὀ ὝἻὕ 

 Ἳὕ ὑὕὉὠὋὉὖ Ἱ  ἱὀ ὠὂ Ἧὠὀ  ὃὕ Ἳὖ ἱ  Ὀ Ἳὖ 

ὝὑὍὖὟὉ Ὗὅὕ ὅὖὋ  Ἰ  Ὀ ὝἻὕ Ὁὕ. ὂὈὖὐὖ , ,  ἵ ὅὄ 

Ὀ ὝἻὕ ἻὍὕ. 

ὑ Ὕὀὕ 

 ὃὕ Ἳὖ ὄὖ ὟὈὟὌ ἵ  ἳ Ὗὃὕ Ἳὖ ὑὠὍ  ὅὖ ὟὑἻὈὕἻ ἻὗὟὐ ὑ Ὗὅὕ 

Ἧ ὁ ὂὖ ὟὈὕ ὑὂὕ ἵ ἻὖὋ Ἰ ὟὉ ὑ Ὕὀὕ ἵὄ ὅ . ὂὈὖὐὖ [ ] ὑ Ὕὀὕ Ὁὖ 

Ἳ  ὅ . 

ἰὝὀὕ  

 Ἳὕ ὝὑὍὖὟὉ Ὗὅὕ ἱὂ ἻὟὍὕ ὄὖ ὃὕ ὟἻὕ ἳ ὃὕ ὟἻὕ ὟὑἻὈὕἻ 

Ἧὂὖ  ἰ ὅ  ἯὠὈἻὖὋ Ἰ ὟὉ ἰὝὀὕ  ἵὄ ὅ Ἳὖ Ὃ. ἱ  ὈὕὖὈὕὑ ὀ 

Ὀ ἻὍὕ Ὀ ὟὈ [ ] ἵ Ὃ ἰὝὀὕ  ἳ Ἵὕὖ Ἳ ὅ Ἳὖ Ὃ. 

3.4. ὂὈὖ Ἰ ἻὍὖ Ἰ ὉὖὉ ἻὑὖὉ ἰ  

  ἱ ὅ ὂὖὉὖ ὂὈὖ Ἰ ἻὍὖ Ἰ ὉὖὉ ἻὑὖὉ ἰ  Ἰ ὑ ὁὠὄ  ὅὀ ὂὖ 

ἳὂὑὖ ὀ ὑὖὍ Ἳ ὅ. ὂὈὖ Ἰ ὉὖὉ ἻὑὖὉ Ὃὖ ὂ ὠἻὉ  Ὀ  ἱὊὑὖἽ Ἳὕὖ 

ἰ Ἳ  ὈὖἻ ἻὖὉὈὕὄὠὑ Ἧ ὅὠὀὉὕὄὠὑ ἰ . ἱὊὑὖἽ Ἳὕὖ ὂὈὖ 

ἱὠἽὟὉὕ ὀ Ὃὖ ὂ ἰ  (Ravisankar 1980, 1988, 1994) ἳὠὊὉὖ  Ὗὅ ἽὕἻ ὂὖ 

ἱὉ ὠἻ ὂ ὠὈὠὉ ὃ Ἳ ὅ Ὅὂὕ ἯὠὈ . Ἳ ὑὖ Ἰ ὉὖὉ ἻὑὖὉ Ἧ ὅὠὀὉὖὌὕὄ 

Ὁ ὉὃὕὊὕὉὁὕ, ὟὔὈὕ ὂὖ, ὊὕὟἾ ὂὖὊ ἰἻὖὟὉὕὕὖ ἰ Ἳ  ὃ Ὄ Ὗὃὕ Ἳὗ ἻὍὕἻ 

ἯὠὈ .  
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3.4.1.  ὂὈὖ Ἰ ὉὖὉ ἻὑὖὉ ὅ ὋὖὉ ὠὂὉ ἰ Ἳ  

ὂὈὖ Ἰ ἻὍὖ Ἰ ὉὖὉ ἻὑὖὉ ἰ Ἳ  ὟὈ ὝἻὕ Ὅ ὅ Ἳ ὠὊἻ ὅὌ 

ὝὑὍὖὑ Ὅὄ (ὅὕ Ἳ Ὗὃὕ Ἳὗ Ἳ). ἽὖὌ ἰ Ἳ  Ὃὖ ὅὖ ὀ ὂὈὖ Ἰ ἻὍὖ 

Ἰ ὉὖὉ ἻὑὖὉ Ὃὖ  ἰ ὂὄ. ἵ ἻὕὀὕἻ [ ], [ ] ἵ Ὃ Ἰ ἻὍὖ 

Ἰ ὉὖὉ ἻὑὖὉ ἰ Ἳ  ὟὈ ὝἻὕ Ὅ ὅ ὅὌ ἳ ὠὈἻ  ὝὑὍὖὑ Ὅὄ (Narayan et 

al 1999).  ὃὀὄἽὅὕὅὂὖὉὖ ὂὈὖ Ἰ Ὁὖ ἻὑὖὉ ἰ Ἳ  (Natanasapapathy 1974, 2002) 

ὃ Ὄ Ὗὃὕ Ἳὗ ἻὍὕἻ ἯὠὈ . Ἳὕ ὂὖἻὕ ἵ ὅὑὊὕ ὂὈὖ Ἰ ἻὍὖ Ἰ ὉὖὉ ἻὑὖὉ 

ἰ  Ἰ  ἰ ὂὖ ὀὈὕἻ ὟὈ ὝἻὕ Ὅ ὅ ὑ ὑὂὕἻ ἱὠὁὉὂὍ  Ὄ  

ἯὋὖὉ Ἳὖ Ὃ. ὃὕ  Ὀ  ὅὖὋ (Srinatha et al 1999) ὂὈὖ , , , ,  ἰἻὖὉ 

Ἰ ὝἻὕ Ἳ ὅ Ὃὖ Ἰ ὉὖὉ ἻὑὖὉ Ἧ ὅὠὀὉὖ ἰ  ὝἽ Ὅὄ. Ἧὑ Ἳ 

Ἰ ὝἻὕ ἻὍὖ Ἰ -Ἰ Ὁὖ Ἳ ἳὋ Ἳ  ὅ Ὃὖ ἰ Ὅὄ. Ὁ ὉὃὕὊὕὉὁὕ, ὟὔὈὕ 

ὂὖ ἰἻὖὟὉὕὕὖ ἰ Ἳ  (Hema Murthy and Yegnanarayana 1991) ἱ  Ὃὖ ὅὖὀ 

ὂ ὂὄ.  

3.4.2. ὂὈὖ Ἰ ὉὖὉ ἻὑὖὉ ὅ ὋὖὉ ὂ ὟὅὕὠὂὉ ἰ  

 ὂὈὖ  Ἰ Ὁ ἻὍὖ  Ἰ ὉὖὉ Ἳ  ὅἻ  ἱ ὑὕ ὑὖ  ἰὉ ὅ Ἳὖ Ὃὄ. 

ὂὈὖὐὖ  45 Ἰ Ὁ Ἳ  ἳ Ὅὄ; ἱὠὑ ἳὉὖ ἻὠὍ , ὝὈ ἻὠὍ  ἳὉὖ  

Ἰ Ὃὖὠὁ ἻὠὍ  ἳ ὅ . ἱ Ὕὑὕ Ὁ ἻὠὍ  ὝἻὕ  ἵ Ὄὕ 

ὝἽὕ Ἳ  3D Sound Blaster Pro in G-60 Hewlett Packard-ἱ  ἱὠὁ Ἳ ὅ Ὅ 

Ὄὕ Ὕὀ Ἰ Ὕὅ ἻὖὠὉ (Labtech Microphone) ὅὉ ὅ ὂὖ Ἰ ὅὂὖ 

ὝἽ Ὁ ὅ Ὅὄ.  ὟἻ ὠὅ ὅὖ Ἳ  ὅὉ ὅ ὂ ὅ ὀ Ὀ  ἵ Ὄὕ ὝἽὕ Ἳ  

ἹὝὊὕ ὉὕἻ 16KHz Ὀὕὂὖὕὖ ὑὖἻὖὂ ὀ Ὀ  16 ὠὅ  ἰὐ ὀ  ὅὂὖ ὝἽ Ὁ ὅ ὀὄ.  

 .wav ὟἻὕ ὠὅ Ὀ Ὄὕ  (MATLAB) ὅ ὂ ὀ ὅὖὍὕ Ἳ ὀὠὍ ἰὉ ὅ Ὅ 

ὝἽὕ  ἻὕὌ Ὕὅὕ ὠὈ ἻὍ ἯὠὌὑ ὠὑ ὅὀ  ὑὠὊὉ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. 

 Ἰ ὃὖὋὈὕὠὌ ὑὠὊ /Ἰ ὉὖὉ Ἳ ὑ ὁὠὄ ὅὀ (Spectrogram) ἵ ὑὕ ἻὕὌ 

Ἧ ὅὠὀὉὖ ὋὖὠἻὉὖ ὑ ὁ ὅ ὠὀ Ἧὀ ὂὖ Ὗὑ ὅ Ἳὖ Ὃ ἵ ὅὠὂ Ἳὕ  

Ὗὂὕ ὋὈὕ.  ὝἽὕ ἻὍὖ ἻὖὉ Ὀ  ἯἻ Ὃ ὑ ὁ ὅ ὠὀ  ὅὂὖ ὃὖὐ ὅὀ Ἳ 

ἰὉ ὅ  Ἳὕ ὀ ὅ Ἳὖ Ὃ. ἻὖὉ ὅ ὠὀ ὃὖὋὈὕὠὌ ὑὠὊ Ἳ ἻὖὠὀὈ ὀὈὕὄ 
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Ἰ ὂὖὠἽἻ ἯἻ Ὃ ὅ ὠὀ ὃὖὋὈὕὠὌ ὑὠὊ Ἳ ὝἽ  Ἰ ὂὖὠἽἻ ἳ Ὅὄ ἵ ὅ  

Ἳὑὄ ὂὖ ὝἻὕ Ὅὅ Ἳὖ Ὃ. Ἰ ὃὖὋὈὕὠὌ ὑὠὊὑὖ/Ἰ ὉὖὉ Ἳ ὑ ὁὠὄ ὅὀ 

ὅὕὖὈὕὁ ὑὠὊὅὀ  Ἳὕ ὀ ὅ Ἳὖ Ὃ. 

 Ἰ Ὁὠὄ  ὝἻὕ  ὝἽὕ  ὅ ὂὖ Ἳ ὂὖ ὝἻὕ Ὅ ὅ Ἳὖ Ὃ Ὀ  

ἱ ὅ ὂὖὉὖ ὅ Ὀ ἯὍ  ὃὖὋὈὕὠὌ ὝὀἽὖὝὅ  ὑὠὊὉ ὅ Ἳὖ Ὃ.  

ὅ Ὀ ὃὖὋὈὕὠὌ ὑὠὊ /Ἰ ὉὖὉ Ἳ ὑ ὁὠὄ ὅὀ Ὗὃ ὟἻὕὀὕὄ  ἴἻ ὃὖὋὈὕὠὌἽὕ 

ἳὠὋ ὀ  ὟὈ Ὀ ὂ ὅ Ὅ.  Ἰ Ὕὑὕ ὝἽὕ  ὅ ὂὖὉὖ ὃὗὍ ὟὑὋὕ . ἵὄὟὑ 

ὝἽὕ  Ἰ Ὁ  ὑ  ἱὀ Ἳ  Ὃὖ Ἳ ὅ Ὅὄ Ὀ  ὅ Ὀ ὃὖὋὈὕὠὌ Ὗὃ ὟἻὕὀὕὄ  

ἴἻ ὃὖὋὈὕὠὌἽὕ ἳὠὋ ὑὠὊὉ ὅ Ἳὖ Ὃ. 

 ἱ ὑὕ ὑὖ ὅὉ ὅ ὂ ὅ Ὅ ὝἽὕ Ἳ ἻὗὟὐ ὅ Ὁ ὀ ὅ Ὅὄ. 

Ἰ Ὕὑὕ ὝἽὕ  ἻὕὌ ἯὠὌὑ ὑ, ἻὖὉ ὅ ὠὀ ὃὖὋὈὕὠὌ ὑὠὊ , ἯἻ Ὃ ὅ ὠὀ 

ὃὖὋὈὕὠὌ ὑὠὊ /Ἰ ὉὖὉ Ἳ ὑ ὁὠὄ ὅὀ, ὃὖὋὈὕὠὌὉὖ/Ἰ ὉὖὉ Ἳ ὑ ὁὠὄ ὅὀ 

ὅὕὖὈὕὁ ὑὠὊ , ἰ Ὅὕ  Ἰ Ὁὄὖ ὅ Ὀ ὑὠὊ  Ὀ  Ἰ Ὃὖ ὟὈ  Ἰ  

ὑ  ὅ Ὀ Ὀ  Ὗὃ ὟἻὕὀὕὄ ἴἻ ὃὖὋὈὕὠὌ ἳὠὋὠὉ  Ἳὕ  ὑὠὊ .  ἽὗὊὕὄ 

ὑὠὍ  ὑὠὊὅὀ ὂὖ Ἳ  ὃὖὋ ὂὖ Ἳὕ ὀ ὅ Ὅ. ὟὈ  ὝἽὕ Ἰ Ὕὑὕ 

ὅ Ἳ ὂὖ Ἰ Ὃὖὠὁ Ἳ ὅ ὍὠὑἻὠὍ ὑὂὕ ὝἽὕ ὠὌ ὟἻ Ἳ ἱὉ .  

ὂὈὖ Ἰ ἻὠὍ ὅὖὊὕ Ὗὅὕ Ὃ ὝὈ Ὕὅὕ ὠὍ ὅὉ ὅ ὂὖ Ἰ ὉὖὉ Ἳ 

ὅὖ ὄὁὖὉὖ ἰὉ ἱὉ . ὅὖὊὕ ὂὈὖ Ἰ ἻὍὖ Ἰ ὉὖὉ Ἳ ὅ ἻὠὍ ὃὖὋὈὕὠὌ 

ὃὖὐ ὅὀ ἻὍὕἻ ὂὊὑ Ὄ. ἱ ὃὖὋὈὕὠὌ ὃὖὐ ὅὀ Ἳ Ὄ  ὂὈὖ ἳὉὖὝὊὕ Ἳ Ὀ  

ὝὈ ὝὉὕ Ἳ Ἰ ὉὖὉ Ἳ Ἧ ὅὠὀὉὖ ἰὉ ὅ  ἰ  Ἳ  ὂὊ ὅ Ὅὄ. 

 Ἰ  ὠὋὉὖ ἶ ὅ  Ὗὑ ὅὕ ἻὠὍ Ἰ ὉὖὉ Ἳ ὅ ἻὍὖ 

Ὗὑ ὅὕ Ἳ ὀ Ὕὂὕὀ ὅ ὂὖ ὅὕ Ἳ ἱὉ Ἳὖ Ὃ.  ὂὈὖ ἳὉὖὝὊ Ἳ Ἧὑ Ὃὖ 

Ἰ ὝἽὋὖ ἯὠὈ ὅὕ Ὗὑ ὅ ὑὠὂ ἯὋὖὉ Ἳὖ Ὃ.  ἳὉὖὝὊ ἻὍὖ Ἰ ὝἽὋὖ 

ἯὠὈ  Ἧὠὑ ὑ  ὐ  Ἧ ὅὠὀὉὖ Ὀὕ ὑὠὂ  ἯὋὖὉ Ἳὖ Ὃ.  

ὝὈ ὝὉ Ἳ Ἧὑ Ὃὖ Ἰ ὅὖὀ Ὀ  Ἰ  ὠὋ Ἧ ὅὠὀὉὖ Ὗὑ ὅ ὑὂ 
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ἻὕὊὁὈὕἻ Ἧ Ὗὑ ὅὕ Ἧὑ Ὃὖ Ἰ ὉὖὉἻ ὅ Ἳ Ἧ ὅὠὀὉὖ 

Ὗὑ ὅ ἻὖὋὄ. Ἰ ὅὖὀ ἻὠὍ Ἧὑ ὀ  Ὕὂὕὀ Ὅ Ἰ ὉὖὉ Ἳ 

ὅ ἻὠὍ  Ἰ ὠὋἻὠὍ Ἧὑ ὀ  Ὕὂὕὀ Ὅ Ἰ ὉὖὉἻ Ἳ 

ὅ ἻὠὍ  Ὕὂὕὀ ὅ ὂὖ ὅὕ Ἳ ἱὉ Ἳὖ Ὃ.  

3.4.2.1 ὂὈὖ ἳὉὖ ἻὍὖ Ἰ ὉὖὉ ἻὑὖὉ ἰ  

 ὂὈὖὐὖ  ἱ, ἲ, ἳ, ἴ , ἵ, ἶ, Ἰ, Ἱ, Ἧ, ἰ , ἷ, Ἲ  ἵ Ὃ ἳὉὖὝὊὕ Ἳ ἳ Ὅὄ. ἱὂὖ 

ἱ ἵ ὅ  ὟὈ   ἱὂ  ὑὖὕὖ ὉὖὝὊὕ Ὁὕ; ἲ ἵ ὅ  ὟὈ   ἱὂ  ὑὖὕὖ 

Ὕὃ ὉὖὊὕ. ἳ ἵ ὅ  ὟὈ  ὅὖ ἱὂ ὑὖ ὉὖὝὊὕ Ὁὕ. ἴ  ἵ ὅ  ὟὈ  ὅὖ 

ἱὂ  ὑὖ Ὕὃ ὉὖὊὕ.  ἵ ἵ ὅ  ὟὈ ὠὀ  ἱὂ  ὑὖὕὖ ὉὖὝὊὕ Ὁὕ. ἶ ἵ ὅ  

ὟὈ ὠὀ  ἱὂ ὑὖὕὖ Ὕὃ ὉὖὝὊὕ Ὁὕ. Ἰ ἵ ὅ  ὟὈ ὠὀ ὅὖ ἱὂ  ὑὖ 

ὉὖὝὊὕ Ὁὕ. Ἱ ἵ ὅ  ὟὈ ὠὀ ὅὖ ἱὂ  ὑὖ Ὕὃ ὉὖὝὊὕ Ὁὕ. Ἧ ἵ ὅ  Ἳὗ 

ὃ  ἱὂ ὑὖὕὖ  Ὕὃ ὉὖὊὕ. ἰ  ἵ ὅ  Ἳὗ ὃ  ἱὂ  ὑὖὕὖ Ὕὃ ὉὖὊὕ. 

 ἳὉὖὝὊὕ ἻὍὖ ἹὠἽ Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ἧὂὖ  Ὀ  Ὗὅ ὐὕὉὖ ὃὗὍ 

ἱὑ Ὃὖ ἱὠὁ  Ἧ ὅὠὀὉὖ ὂὗ Ὀὕὄὖ Ἳ ὅ Ἳὖ Ὃ.  Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ἧὂὖ  

ἵ Ὄὕ ἳὉὖὝὊὕ Ἳ  ὋὖὠἻὉὖ Ἧὂὖ Ὕὑ ἳ ὅ ὂ ὂὖ ὅὕ Ἳ ἱὉ  

ἱὠἽὉ ὀ  (harmonics) ἻὕὌ Ὄ ὂὖ ὃὖὠὋὑ Ὃ ἻὕὌ ὅ ὂὖ Ἵὕ ὂ ἯὠὌὑ ὠὑ 

(quasi-periodic waveform) ὂ Ἳὖ Ὃ. Ἧὂὖ Ὕὑ Ὄ ὂὖ ἱ ὂ ἱὠἽὉ Ἳ  

ἱὠὀὉὖὌὕὄ ἱὠὀὝὑὍὖ Ἧ Ὄ  ἻὕὌ Ὄ ὂὖ Ἰ  ἻὕὌ ὅ ὂὖὉὖ ὃὗὍ ὂὖ ὅὊ ὅὊ 

ἹὠἽὉὖ ἱὠἽὠὈ (Ἧ Ὄ  Ἧ ὅὠὀ) ὃὖἻ Ὕὑ ἰ . ἱ  Ὕὅ  Ὂ  

Ὕὅ ὅὕ ὠὈ ἯὂὖἻὈὕἻ ἱ . Ἰ Ὕὑὕ ὝἽὕ  ὃὖὋὈὕὠὌ ὃὖὐ ὅὀ 

ὂὖ ὀ ἻὍὖ Ὂ  Ἰ Ὁ ἻὍὖ ἱὠἽὉ ἻὖὠὀὈ ὀὈὕὄ ( ἻὖὉ ὅ ὠὀ) Ἧ Ὄ  

ὝἽ ὂὕὄ (ἯἻ Ὃ ὅ ὠὀ) ὑὕὖἻὍὕἻ/ὟἻὕ ἻὍὕἻ Ἳὕὁ ὅ .  ἵ Ὄὕ ὊὝὌὕ Ἳ 

ἳὉὖὝὊὕ Ἳ Ἧ Ὄ Ὀ  ἵ Ὄὕ ἳὉὖὝὊὕ Ἳ ὊὝὌὕ Ἳ ἵ ὅὠὂ Ἳ ὂὖ 

ὝἻὕ Ὅ . ὃὖὋὈὕὠὌ ὃὖὐ ὅὀ ὂὖ Ἰ ὝἽὋὖὑὖ ἱ ὅὖὀ Ὗὑ ὅὕ Ἳ (Ἧ Ὄ  

Ὂ Ἳ) ἱ ὉὖὝὊὕ Ἳ ἱὠὀὉὖὌὕὄ Ὗὑ ὅὕ ὠὀ ὝὑὍὖ ὅ .  
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 ὂὈὖὐὖ ἵ Ὄὕ ἳὉὖὝὊὕ Ἳ ὊὝὌὕ ἻὍὕ . Ἧὑ Ὃὖ ἳ ὑὕ Ἳ ὂὖ 

Ὗὅ ὐ ἱὊ  Ἧ Ὄ   ὃ ὋὕἻ ἯὠὀὉὕὍ ὅ ὂ ὅ ὀ Ἰ Ἳ ἻὠὍ 

Ἧὂὕὑ ἳὉὖὝὊὕ ὝἽὋὖ ἻὠὍ (F1, F2, F3) Ἳὕ .  Ἰ ὝἽὋὖ Ἳ Ὀὄὖὂ  Ὗὅ Ἵὖ 

Ὗὑ ὅ Ἳὖ Ὃ Ὀ  Ὕὅὕ ὑὕ ὂ ὃὖἻ Ὕὑ Ἳ  ἰ . ὑὠὊὉὠὋ ὑὖὍ Ἳ ὅ 

ἳὉὖὝὊὕ Ἳ ἻὖὠὀὉὖ Ὗὑ ὅ ὂ Ὀὄὖὂ Ἳ Ὗὂὠὑ ὅ  ὂἻὑ ἳὉὖὝὊὕ ἻὍὖ 

ὃὖἻ Ὕὑ Ὕὅὕ Ὅὀ Ἳ ὂὕ ἯὍ  Ἧ ὅὠὀὉὖ ἳ ὅ ὂ ὝἽ ὉὑὖὉ.  Ὗὅ Ἵὖ 

ἱ ὂ ἽὖὋ ὅ ὅ ὂὖἻ ὂὕ  ὟἻ ὅὑ Ἳ  ἳὉὖὝὊὕ ἻὠὍ ἯὠὀὉὕὍ 

Ἳὕ ἻὖὋ . Ὕὅ ὅὕὌὕὄ ἱ ὂ Ἰ ὝἽὋὖ Ἳ ὐὕ Ὀ  ἯὠὋ 

Ἧὂὖ Ὕὑὕ Ὕὅ Ἳ ὂὕ (tube and chamber resonance) ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ. ὠὋ ὂ 

Ἧὂὖ Ὕὑ ὝἻὕ ὀ Ἰ ὝἽὋὖ F1 ἵὄ ὅ ; ἱὊ ὀὕὑ F2 ἰ ; Ὃὕὑ F3 

ἰ . Ὕὅ ὅὕ ὠὈ ὂ  ἱ  Ἰ ὝἽὋὖ Ἳ , F1, F2 ἵ ὅὄ ἳὉὖὝὊὕ ἻὍὖ 

ὈὉ Ἳ ὂὗ Ἳ Ὗὅὕ Ὀὄὂὕ.  ἱ ὂ ἱ  Ἰ ὝἽὋὖ Ἳ ὂὖὋ ὂ/ Ὁ Ὀ  /ὅὖ 

ὅὕὖὈὕὁ Ἳ Ἧ ὅὠὀὉὖ  ἳὉὖὝὊὕ ἻὍὖ ὅ ὠὅ ὂὗ Ὀὕὄὖ Ἳὖ Ὃ.  ἱ ὅὕὖὈὕὁ Ἳ 

ὈὊ Ἰ  ὑὖὍ Ἳ Ἧ ὅὠὀὉὖ ὃὕ Ἳὖ ἱ ὃὖὠὌὠὉ  Ἵὕ  ἯὠὈ . ὂ  

Ἰ ὝἽὋὖ F1 ὂὖὋ ὂ ἳὉὖὝὊὕ Ἳ  (Ἧ) ἳὉ ὂ Ἧὂὖ Ὕὑ ὠὁ Ὁ 

ἳὉὖὝὊὕ Ἳ  (ἱ, ἳ) ὠὋ ὂ Ἧὂὖ Ὕὑ ὠὁ  ὝἻὕ .  ἱὊ ὀὕὑ 

Ἰ ὝἽὋὖ F2 Ὁὖ Ἳ  (ἱ, ἵ) ἳὉ ὂ Ἧὂὖ ὑ ὠὁ  ὅὖ Ὁὖ Ἳ  (ἳ, 

Ἰ) ὠὋ ὂ Ἧὂὖ ὑ ὠὁ  ὝἻὕ . ἳὉὖὝὊὕ Ἳ Ὕὅ ὅὕ ὠὈ ὃὕ ὟἻὕ 

Ἧὂ  ὟὈὟὌὕ Ὗὑ ὅ ὂὖ ἯὋὖ  Ἰ ὝἽὋὖ ἻὠὍ ὝἻὕ ; ἽὖὌ ὟὑὠὍἻὍὖ 

ἰ  ὟὈ ὅ ὀ Ἰ ὝἽὋὖ Ἳ ἱ . ἱ ὅὖ  ἳὉὖὝὊὕ Ὁὖ ὅ ὠὅ  

ὂὗ Ὀὕὄὖ Ἳ ὂ  ἱὊ  Ἰ ὝἽὋὖ Ἳ ἻὖὉὈὕ; ἱ  ὂ  Ἰ ὝἽὋὖ ἵὂὖὊὕὄ 

ἱὊ ὀὕὑ Ἰ ὝἽὋὖὑὖ ὑὠὊ  Ἧ ὅὠὀὉὖ Ἳὕ Ἵὖ ὅ ὂ ὅ Ἳὖ Ὃ; ἱ ὅὖ  

ἱὂ ὑὖ Ὗὅὕ Ὃ ἳὉὖὝὊὕ ἻὍὖ ὅ ἻὍὖ ἽὖὌ Ὗὃὕ ἻὠὍ Ἳ ὅὖ Ἳ 

Ὗὅὕ Ὀὕὄὂ Ὄ. 

 ἳὉὖὝὊὕ ἻὠὍ Ὕὅὕ ὂὑὠὊὉὖ Ἰ ὝἽὋὖ ἯὠὈ Ἳ Ἧὑ ὠὋ 

Ὗὑ ὅ  Ἰ ὉὖὉ Ἳ Ὃὖ ἻὍὕἻ ἳ Ὅὄ.  ὃὕ ἱ ὂ Ἰ  ὠὋ  ἳ ὅ Ἳὖ Ὃ 

Ἰ ἻὠὍ f1-f2 Ἰ ὉὖὉ Ἳ Ὃὖ  Ἧ ὅὠὀὉὖ ἯὋὖ  ὝἻὕ ἻὖὟὋὕ. 
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Ὕὃ ὉὖὝὊὕ Ἳ  ὉὖὝὊὕἻὠὍὑὖὀ ὂ  ἻὕὌ ἯὍ  ἱ ἻὖὋ  ἵ ὅ  

Ἰ ὉὖὉ Ἳ  Ὃὖ ἻὍὕ  ὝὑὍὖ ὅ  ἳ ὠὈ. ἲ Ὁὖ Ἳ ὃὗ ὀ ἳὉὖ ἻὍὖ ὑ ὅὖ 

Ἧὀ . ἱ ὂὖὉὕἻ ὂὖὋ ὂ ἳὉὖὝὊὕὝὌὕἻὠὍ Ὁ ἳὉὖὝὊὕ ἻὍὖὀὈὖ Ὗὑ ὅ ὂ 

ἳὂ  Ἳ ὠὈ Ἰ ὉὖὉ Ἳ Ὃὖ  ἱ ἻὖὋ. Ὗὑ ὅ ὂ  ὝὈὕ ὂ ὃὗ Ἵὖ ἵ ὠὌ 7dB 

ἰ . ἰὄὕ  ἱ ὂ Ἰ ὉὖὉ Ἳ Ὃὖ  ἳὉὖὝὊὕ ἻὠὍ ἯὋὖ  ὝἻὕ ὑὂὖ ὅ  

ὝἻὕ Ἳὖ Ὃ. ἱ ὂ ἱὀ ἻὍὖ Ὂ  Ἰ  Ὀ  Ὂ Ὄὕ Ἰ  ἱὑ Ὃὖ Ὗὑ ὅὕ Ἳὕὄ 

Ἰ ὉὖὉ Ἳ Ὃὖ  Ὂ  Ἰ Ὁὖ, Ὕὂὕ ὠὀ Ἧὂὖ ὑὕ ἰ ἻὖὊὈὖ Ἳ ὅ ὀ ἵ ὠὌὉὖ 

ὂὕ ὂ ὃὖἻ Ὕὑ ὁὖ ἳ ὍὠὈ  Ὕὂὕ ὠὀ Ἧὂὖ ὀ Ὕὂὕὀ ὝἻὕ ὀ 

ἻὕὌὃὗ ἽὖὈὕὋὕὠὈὉὖ Ὕὂὕὀ Ἵὖ ἰ . Ὂ Ὄὕ Ἰ  Ἰ ὉὖὉ Ἳ Ὃὖ  

ὟὈ ὝἽὕ ὄὠὑ ἱ Ὄὕὂὖ ὅὂὕ. 

3.4.2.1.1. Ἧ-ὑὖ Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ 

      Ἧ Ἳὕ 

 

Ἧ Ἳὕ 
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3.4.2.1.2. ἰ -ὑὖ Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὕὠὌὑὠὊ 

       ἰὈὕ  

 

 

 

 

 

 

 

 

ἰὈὕ  

http://www.languageinindia.com/


184 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

3.4.2.1.3. ἱ-Ὁὖ Ἰ ὉὖὉ Ἳ ὅ ἻὠὍ ὝὑὍὖ ὅ  ὃὖὋὈὕὠὌὑὠὊ 

      ἱὊ   

  

 

 

 

 

 

 

 

ἱὊ  
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3.4.2.1.4. ἲ-Ὁὖ Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὕὠὌὑὠὊ 

     ἲὊ 

 

 

 

 

 

 

 

 

ἲὊ 
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3.4.2.1.5. ἳ-ὑὖ Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὕὠὌὑὠὊ 

     ἳ ὟὍ 

 

 

 

 

 

 

 

 

ἳ ὟὍ 
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3.4.2.1.6. ἴ -ὑὖ Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὕὠὌὑὠὊ 

       ἴ Ἳ  

 

 

 

 

 

 

 

 

ἴ Ἳ  
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3.4.2.1.7. ἵ-Ὁὖ Ἰ ὉὖὉ Ἳ ὅ Ἳ  ὝὑὍὖ ὅ  ὃὖὋὈὕὠὌὑὠὊ 

     ἵ ὂὖ 

 

 

 

 

 

 

 

 

ἵ ὂὖ 
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3.4.2.1.8. ἶ-Ὁὖ Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὕὠὌὑὠὊ 

     ἶ Ἳ 

 

 

 

 

 

 

 

 

ἶ Ἳ 
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3.4.2.1.9. Ἰ-ὑὖ Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὕὠὌὑὠὊ 

     Ἰ ὀἻ 

 

 

 

 

 

 

 

 

Ἰ ὀἻ 
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3.4.2.1.10. Ἱ-ὑὖ Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὕὠὌὑὠὊ 

     Ἱ ὀ  

 

 

 

 

 

 

 

 

Ἱ ὀ 
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3.4.2.2. ὝὈὝὉὕἻὍὖ Ἰ ὉὖὉ Ἳ ὅ Ἳ  

 ὂὈὖὐὖ ἳ Ὅ ὝὈ ὝὉὕ ἻὠὍ Ἰ ὅὖὉ Ἧ ὅὠὀὉὖ Ἧὑ Ὃὖ 

Ἰ ὅὖὀ ὠὂ Ἰ ὠὋὠὉ Ἳ ὂὖ ὝἻὕ  ὅ ὂὕὉὌὕ ἵ  ὄ  

ὅὕ Ὗὂὕ. Ἰ ὅὖὀ Ἧ ὅὠὀὉὖ ,  ἵ ὅὠὑἻὠὍ ἱὂ  Ἰ ἻὍὕἻ , ,  

ἵ ὅὠὑἻὠὍ ὅ ὝὌὕ ἻὍὕἻ, , ,  ἵ ὅὠὑἻὠὍ Ἧ ὅ ὝὌὕ ἻὍὕἻ, , , 

 ἵ ὅὠὑἻὠὍ ἱὠὀὉ ὁ  Ἰ ἻὍὕἻ , ,  ἵ ὅὠὑἻὠὍ ἻὠὀὉ ὁ 

Ἰ ἻὍὕἻ , , , ,  ἵ ὅὠὑἻὠὍ ὃὕὈ Ἰ ἻὍὕἻ  ὅ ὂὕὉὌὕ ἵὄ  Ἰ  

ὠὋ Ἧ ὅὠὀὉὖ , , , ,  ἵ ὅὠὑἻὠὍ Ὕὑ Ὕὅὕ ἻὍὕἻ  , , , , ,   

ἵ ὅὠὑἻὠὍ ὝἻὕ ἻὍὕἻ , ,   ἵ ὅὠὑἻὠὍ Ὀ ὝἻὕ ἻὍὕἻ  ἵ ὅὠὂ 

ἰὝὀὕ ὉὕἻ ὅ ὂὕὉὌὕ ἵ  ὄ  ὅὕ Ὗὂὕ. 

 , , , ,  Ὕὑ Ὕὅὕ Ἳ Ὃὖ ἱ ἻὖὋ ἳὉὖὝὊὕ ἻὍὖ Ἰ ὝἽὋὖ ἻὍὖ 

ἱ ὅὖὀ ὠὂ Ὀὕ .   Ὗὅὕ Ὃ ἲὕὖὂ Ἰ Ἳ  Ἰ ὝἽὋὖ ἻὍὖ ἱ ὅὖὀ ὠὂ ὂὕ ; 

 Ὗὅὕ Ὃ ἻὠὀὉ ὁ Ἰ Ἳ  F1, F2 Ὕὅ ὅὕ ἵ Ὕὅὕ  ὟἽ ὑὑὠὂ 

Ἧ Ὀὂὖ . , ,  Ὗὅὕ Ὃ Ἧ ὅ ὝὌὕ Ἳ ἵ ὂ ἳὉὖὝὊὕ ἱ ἻὖὋ ἵ ὅὠὂ 

Ὕὅὕ  Ἧ ὑ  ἳὉὖὝὊὕ ἻὍὖ Ἰ ὝἽὋὖ ἻὍὖ ὠὋ ὂ ἯὍ  ἽὗὊὕὄ 

Ὀὕ Ὃ ἻὠὍ ἶ ὅ . ἳὉὖὝὊὕ Ἰ ὝἽὋὖ ὃὖἻ Ὕὑ ἻὍὖ ἱ ὂ Ὀὕ Ὃ ἻὍὖ ἻὕὌ 

Ἱ ὀ  Ἰ ὝἽὋὖ Ὀὕ Ὃ Ἳ (formant transitions) ἵ  Ἧὠὐ Ἳ ὅ.  

 Ὗὑ Ὗὑ ἱὀ ἻὍὖ Ἳὕ ὝὋὕ  Ἧὠὀ Ἳ ὅ  ὑὖ ὑὖ Ἳ ὅ ὑὂὕ 

Ὕὑ Ὕὅὕ Ἳ ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃὄ.  Ὂ ὑὠὍ Ὀὀ Ἳ Ἧὂὖ ὑὂὕ ἯὠὑἻ  

ὊὝὌὕ ἻὍὕἻ ὝὑὍὖ ὅ Ἳὖ Ὃὄ. Ὗὅ ὐὕὉὕὄ Ὕὑ Ὗὑ  ἱὀ ἻὍὖ 

Ἧὠὀ Ἳ ὅ ὑὂ ἻὕὊὁὈὕἻ Ἧὑ Ὃὖ Ἰ ἻὍὖ Ὀὕ Ὃ Ἳ ὑὖὠὍὑὖ Ἳ ὅ Ἳὖ Ὃὄ.  

ἱ  Ἧὑ Ὃὖ Ἧὂὖ Ὕὑ ἯὠὈ  ὑ ὑὖ  ὃὖὋὈὕὠὌ ὃὖὐ ὅὀ ἻὍὖ Ὀὕ Ὃ ἻὠὍ 

ὝὑὍὖ ὅ Ἳὖ Ὃὄ. Ὕὑ Ὕὅὕ Ἳ ὋὖὉὖ  ἳὉὖ ἻὍὖ Ἰ ὝἽὋὖ ἻὍὖ (F1, 

F2, F3) ἱ ὅὖὀ ὂὖ Ὀὕ Ὃ ἻὠὍ ὑὖὠὍὑὖ Ἳὖ Ὃ.  ἲὕὖὂ Ἰ Ἳ  ( ) Ἰ ὝἽὋὖ Ἳ 

ὂὕ ὑὠὂ ὑὖὠὍὑὖ Ἳὖ Ὃ. ἻὠὀὉ ὁ Ἰ Ἳ  ( ) F2-ἳ  F3-ἳ  Ὕὅ ὅὕ 

ἵ Ὕὅὕ  ὟἽ ὑ ὑὠὂ ὑὖὠὍὑὖ Ἳὖ Ὃ.  Ἧ ὅ  Ἰ Ἳ  ἳὉὖὝὊὕ Ἰ ὝἽὋὖὑὖ 
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Ἧ ὑ  ἳὉὖὝὊὕ Ἳ Ἰ ὝἽὋὖ ἻὍὖ ὠὋ ὂ ἯὍὑὖὟὌὟὉ ἽὗὊὕὄ Ὀὕ Ὃ ἻὠὍ 

ἶ ὅ ; ἱ  ἵ ὂ ἳὉὖ Ἳ ὑ Ἳὖ Ὃὄ ἵ ὅὠὂ Ὕὅὕ  ἯὠὈ . 

 Ὕὑ Ὕὅὕ ἻὍὖ Ἰ ὅὖ Ὗὅὕ Ἳὕ ὝὋὕ Ἳὕὄ ὂὠὀὅ ὑὂὕ Ἧὂὕὑ 

Ὗὅ ὐ ἽὖὌ Ἳὁ Ἳ  ὀ ὅ ὑὂὕ Ἧ  ὝὈὥὄ ὠὂ ἳ ὑὕ . ἱ  ὃὖὋὈὕὠὌ 

ὃὖὐ ὅὀ ὂὖ Ἳὕ ὉὖὀὈὕἻ Ὕὂὕὖ. ἶὝὄ Ὃὕ ἱ  ὅὂὖ ὝἽ ὑὂ  Ἰ  Ἵ ὂὖ ἱ ὠὌ.   

Ἧὠὀ  ὑὖ ὑὖ Ἳ ὅ Ὗὅὕ ἹὠἽὉὖ ἻὖὉ Ὕὑ  ὑ ὑὂὕ Ἧ  ἻὕὌ Ἧ Ἵὖ ὈὖἻ 

ἻὖὉ Ἰ Ἳ Ὃ ὑ ὠὀ ἳ ὑὕ . Ὕὑ Ὕὅὕ ἻὍὖ Ἰ ὅὖὀ Ἧ ὅὠὀὉὖ 

ὝὈὥὄ Ἧ Ὄ  Ἧὠὀ ὅὖ ἻὕὌ ἯὍ  Ὗὑ ὅ . ἱ  ὃὖὋὈὕὠὌ ὃὖὐ ὅὀ ὂὖ ὅὂὖ 

ὝἽ Ὁ ὅ. ἽὖὌ Ὕὑ Ὕὅὕ ἻὍὖ ἻὕὌ ἯὍ  ὈὖἻ Ἳὖ ἱ .  ἳὀ  

Ὕὂὕὀ ὠὀὉ ἻὕὌ ἯὍ  Ἳὖ ὀ ὂ ὀ 20 Ὀὖ  ὝἽἻ  ἰ ;  ἳὀ  Ὕὂὕὀ ὠὀὉ 

ἻὕὌ ἯὍ  Ἳὖ ὀ ὂ ὀ 115 Ὀὖ  ὝἽἻ  ἰ .   

 ὑὕ  ὅὕὠὂ Ἧὠὀὅ  ἻὠὀὉ ὁ  ἻὗὐὖὋ Ὕὅὕ Ἳὕ ὝὋὕ   ὐὕ 

ὑὐὖ ὂὖὠἽ ὂὖ ὅ ὅ ὠἻὉὖ ὝἻὕ Ἳ ὑὖὠὍὑὖ Ἳ ὅ.  Ἧὠὀ ὠὅ Ὕὅὕ ὂὈ  

, , , , ,  ἵ Ὃ ὝἻὕ Ἳ ὠὋὟὉ , , , , ,  ἵ Ὃ Ὕὑ Ὕὅὕ Ἳ ὀ 

Ὕὅὕ ὂ ὠὀὉὄ. ἰὄὕ  Ὗὅ ὐὕὉὖ ὃὗὍ  ὅὕὖὈὕὁ ἯὍ  Ἳὕ  ὑὐὖ  

Ὗὑ ὅ Ἳὖ Ὃὄ. ἱὂ  ἻὕὊὁὈὕἻ ὝἻὕ Ἳ Ὕὂὕὀ ὠὀὉ Ὕὑ Ὕὅὕ ἻὍὖ  

Ἰ ὉὖὉ Ἳ Ἧ ὅὠὀὉὖ Ὗὑ ὅ ὑὠὂ ἳὁὊὌὕ. 

Ἰ Ὁὖ Ἳ ἱὉ  Ἰ ὉὖὉ Ἳ Ὃὖ ἻὠὍ ἯὋὖ  ἰ  ὈὖἻ  ὅὉ  ἳ Ὅὂὕ . 

Ὗὅ ὝἽὕ ὅ ὋὖὉ ὅὌ ὝἽ ὂὖἻὠὍ Ἰ Ὁὖ Ἳ Ὃὖ Ἳ ὃὈ  Ὕὂὕὖὑὖ Ἳὖ Ὃὄ. ὝἽ Ἳ 

Ἰ Ὁ ἻὍὖ ὟἻὕ ὠὑὉὕ ἰὄὂὕἻ ἯὋὖὉ ὅ Ἳὖ Ὃ. Ὗὅ ὠἽ ἶ  ὂ  ὝἽὉ ὠὋ 

Ἰ  Ὃὖ ὅὖ ὀ Ἰ Ὁ  ὑὠἻ ὅὕ ὠὀ ἳ ὅ ὂ ὝἽ ὑὂὕἻ ἳ ὑ  Ἰ ἻὠὍ 

Ἳ ὅὖ ὅὂὕ. Ἰ  ὝὈὕὐὖὉὖ  Ἰ ὉὄὖὉ Ἰ ὠὋ ἳὋ ἻὍὖ 

ὂ ὄὖὠὋὑὕὄ Ἰ ὠὋὉὕἻ ὃὠὀὝὅ Ἳὖ Ὃ. Ἧὂὕὑ Ἰ  Ἰ ὠὉ  ὕὖ 

ὝἻὕ ὂ Ἧὠὂ Ἰ  Ἰ Ὁ  ὑὠἻ ὅὕ ὠὀ Ἵὕ ὂ Ἰ ὋὕἻ Ἳ  ὝἻὕ ὑ Ὀ Ὀ Ὄ, 

Ἧ  ὅὖὋ Ἰ Ὁ  ὑὠἻ ὅὕ ὠὀ Ἵὕ ὂὂ Ὄ ἵ ὅὠὂ  ὂὗ Ὀὕὄὖ ὅ ἰ . Ἰ  Ἰ  Ἰ  

Ὃὖ ὅὖ ὀ ὑὠἻ ὅὕ ὠὀ Ἵὕ ὂ ἵ ὅ  ἯὠὑἻ ἻὖὠὀὉὖ ὅὌ Ὕὅὕ ὑὕὄ 
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Ἰ ὉὖὉ Ἳ Ὃὖ ἻὠὍ ὝὑὍὖ ὅ . Ὀ Ὀ Ὃὖ Ἰ  ὑὠἻ ὅὕ ὠὀ Ἵὕ ὂ Ἰ Ἳ  

ὂ Ὀὖ ἵ ὑὕ Ὗὑ ὅ Ἳὖ Ὃὄ ἵ ὅὠὂ  Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ ὝὑὍὖ ὅ . 

Ὗὅ Ἵὖ ἯὠὈ Ὕὅὕ ὠἻ Ἳὕ ἽὖὉὕἻ Ὀὕ ὑὂὕ Ἧὂ  Ὄ  Ἰ ἻὠὍ ἯὋὖ  

ὝἻὕ ὑὂ Ἳὕὄ ἻὖὉ ὅ ἻὠὍ Ἳ ὝἻὕ Ὅ ἱὉ  ἵ  ὃ ὅ ὅ Ἳὖ Ὃ. 

Ἰ ὑ ὁὠὄ ὅὀ ἰ  Ὃὖ ὅὖ ὀ Ἰ Ὁὖ ἱ ἻὖὋ ἽὖὌ ὅ ἻὠὍ Ἳὖ Ὃ. 

ὟὈ  Ἧ ὂ ὅ  ἸὟὊ ὑὖὂὈὕὄ Ἰ ἻὍὖ Ὀὗ  Ὀὗ  ὑ ὑὠὂ  Ἳὖ Ὃ. 

ἱ ὅὖ  ἱ ὂ ὅ ὠὋ ὂὕ ὟἻ ὅὑ Ἳ ἳ ὠὈὉὖὟὌὟὉ Ἰ ὉὖὉ Ἳ Ὃὖ ὅὕἻ 

ὅὉ ὅ Ἳὖ Ὃὄ ἵ ὅὠὂ ὂὗ ὈὕὄὈὕἻ Ἰ ὑ ὁὠὄ  Ὃὑὖ ὠὌ. 

Ὕὅ ὅὕ Ἰ ὉὖὉ Ἳ ὑ ὁὠὄ ὅὀ ἻὠὍ ἰ  ὃὕ Ὗὑ ὅ ἻὖὋ 

Ἰ ὉὖὉ Ἳ Ὃὖ ἻὠὍ Ἳ ὅὖ ἻὌὕ. ἵ Ἳὕ ὀὕἻ, Ἰ  Ὕὑ  ὝὈ ὝὉὕ 

(plosive consonant) Ἧὂ  Ἧὠὀ  ὃὖὠὌὉὖ  ὑὖ ὑὖ Ἳ ὅ Ὗὅὕ Ἧὂὄὕ 

ὑὖὠὍἻὖὋ ἱὠὊ Ἵ  Ὕὑ  ὃὖἻ Ὕὑ ἯὍὠὑὉὖ ἶὂὕὑ Ἰ  ἱὀ ὂὖ Ἵ ὂὖὉὖ 

ἻὖὉ ἳ Ἵ ἱ . ἱ ὂ ἳ Ἵ ὂὖ ἱὀ  Ἰ Ὁὖ Ἰ ὅὖὀ Ἧ ὅὠὀὉὖ ὈὖἻ ἽὗὊὕἻ 

Ὀὕ ὅ . Ἧὂὕὑ ἲὕὖὂ Ἧ Ὄ  Ἧ ὅ  Ἰ  Ἧ Ὄ  ἻὠὀὉ ὁ Ἰ  ἵ ὅὂ 

Ἧ ὅὠὀὉὖ Ὀὕ ὅ . Ἰ  Ὗὅ  ἳ ὑὕἻὖὉὖ ἳὂὑὖὉὕ ὃὕ  ἯὠἽἻὍὖ  

ὑὕὖὠἽἻὠὍ ὃὖ ὑ ἱὉ ; ἱὂὖ Ὕὂὕὀ Ἳ ἱὠὊ Ἵ Ὕὑ  ὠὋ ὂ 

Ἧὂὖ Ὕὑὁὖ  Ὗὑ ὅὀ ὝἽ ὉὌὕ. ὃ ὠὀὉ ἰ ὂὊ ἳ ὑὕ Ἳ ὅ ὀ Ἰ ἻὍὖ 

Ὀὕ ὅὕ ἻὍὖ ἵ ὠὌ /b/, /d/, /g/ ἵ Ὃ  ὑ ἻὠὍ  ἳ ὅ ὑὂὕἻ 

ἵὂὖ ὅὕ ἻὌὕ ἵ  Ἳὖ Ὃ. 

ὂὈὖὐὖ  Ἰ ὉὄὖὉ  Ἧ ὅὠὀὉὖ  Ἧ Ὄ  ἵ ὂὖὉ  Ἧ ὅὠὀὉὖ  

Ὕὑ Ὕὅὕ Ἳ /Ἧὠὀ Ὕὅὕ Ἳ  ἱὠὀὉὖ  Ὗὑ ὅὕ Ἳ  ἱ ὠὌ ἵ Ὃὕ , 

Ἰ ὉὖὉ  ὃὖὠὌὉὖ  Ὗὑ ὅ Ἳὖ Ὃ Ἰ Ἳ  ἵ ἻὍὖ  Ἧ Ὄ  Ἰ Ὁ ἻὍὖ  

Ὀὕ ὝὋὕ ἻὍὕἻ ὑ Ἳὖ Ὃὄ. Ἧὠὑ ὑ  ἱὀ Ἳ  Ὂ ὅὀὕὈ  ὠὁὃὖὠὌ 

ὑ ὠἻ ὠὋὉὖ  ὑ . ἱ ὑὕ  , , , , ,  ἵ Ὃ ἵ Ἳ  Ἧ Ὄ  

Ἰ Ὁ Ἳ  ὊὝὌὕ- Ὂ Ὄὕ Ἰ  ἵ ὅὂ  Ἧ ὅὠὀὉὖ  ἱὊ Ὂ  

Ὀὕ ὝὋὕ Ἳ  ἳ Ὅὄ. Ἰ  ὠὋ Ὀ  Ἰ  ἱὀ  ἵ ὅὄ Ὗὑ ὅὕ ὀὕ 

ὊὝὌὕ Ὂ Ὄὕ Ἰ  Ὗὑ ὅὕ Ἳὕὄ Ἰ ὉὖὉ Ἳ Ὃὖ  ἵ Ὄὕ ἱὠὁἻ  

Ὕὅὕ ὑὕὄὂὕ. ὊὝὌὕ Ὀ  Ὂ Ὄὕ Ἰ  ἵ ὅὄ Ἰ Ὁὖ Ἰ ὅὖ Ὗὅὕ 

Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ἧὂὖ ὠὑὟὉὕ Ἧὂὖ  ἱ ὌὕὠὈὟὉὕ Ὃὖ  ὃὖ . ἽὖὌ ὐ ἻὍὖ 
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ἱ ὂ Ὂ ὅὕ  ὂ Ἳ ὠὑ Ἳ ὅ Ἳὖ Ὃ. ὅὌ ὂὈὖ  Ὗὅ ὅὑ Ἳ  ὝὈ ὝὉὕ Ἳ 

ἳὉὖὕὖὠὀὉὖ ὑ Ὗὅὕ ὝἻὕ Ἳ  ὄ  ὑ  Ὗὅὕ ὂὕ  ἱ  Ἵὕ ὂὖὉὈὕὄ.  

ἵ Ὃ ἵ  ἳὉὖὝὊὕ Ἳ ἻὖὠὀὉὖ ἯὂὖὝὊὕ ὉὕἻ ὑ . 

Ὕὑ Ὕὅὕ Ἳ ἯὠὑἻὠὍ Ὕὂὕὀ  ἳὉὖ ὑ ἻὖὋὂὕ ὝὈ ὑἻὖὋὂὕ ἵ ὅὂ 

Ἧ ὅὠὀὉὖ Ὗὑ ὅ . Ἰ ὅὖ Ὗὅὕ Ἰ  Ἳὁ ὂὖ Ὕὑ Ὕὅὕ Ὁὖ ὑὖ ὂὠὌὠὉ 

ἯὠὀὉὕὍ ὅ  Ὗὅὕ ἹὠἽὉὖ Ὕὑ  (burst of noise) ἶ ὅ  ἯὟὂ Ἳὁ ὂὖ 

Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ἧὂὖ Ἳ ἻὕὌ ὃὗ Ἵὖ ὈὕὋὕὂ Ἰ Ἳ ἻὕἻ Ὕὂὕὀ . Ὂ  Ὂ Ὄὕ 

Ἰ ἻὍὖ Ὗὑ ὅὕ Ἳὕὄ Ὀ ὝὋὕ Ἰ ὉὖὉ Ἳ Ὃὖ  ὅὖ ὑ Ὀὕ ἯὠὈ . 

ὝὈ ὝὉὕ Ὁὖ ἳ ὑὕ Ἳ  Ὀὗὂὕὄ ἵ ὂ ἱὠὊ Ἵ  (noise) Ὂ  Ἰ ὠὉὑὖὀ Ὂ Ὄὕ 

Ἰ Ὁὖ ὂ  Ἳ ὠὈὠὉ ὝἻὕ . ἵ ὑὍ  ὠὋὑὕἻ Ἵ ὂὖ 

ὅὉ ὅ ὂ ὅ Ἳὖ ὋὟὂὕ Ἧὠὂ Ὕὅὕ  ἹὠἽ ἳ ὅ ὂὖὉὖ ὝἽὌὑὐὖ Ἳ ὅ. ἱὂ  

ἻὕὊὁὈὕἻ Ὂ Ὄὕ Ἰ Ὁὖ ἹὠἽ ἳὉ ὂ Ἳ ὠὈὉὖ ἱ ὅ ὀ ὃὗ ὀ ὟὃὊ ὃὖἻ . 

ὝἻὕ Ἳ, Ὀ ὝἻὕ Ἳ Ὀ  ἯὠὊ Ὁὖ Ἳ ὠὂὉ ὑ ἻὍὖ  

ἱὠὊ Ἵ  (noise) ἱ ὌὕὠὈὉὕ Ὕὂὕὀ ὂ Ὂ ὂὖ ἳ ὍὠὈὉὕ  

Ὗὑ ὅ ὂ ὅ. ὝἻὕ Ἳ Ὁὕ  ὂὕ ὂ ὃὖἻ Ὕὑ Ἰ Ἳ ὂὕ ἱ ὂ ὃὖἻ Ὕὑ 

ὅ ὠὀ  2000 hz ἱὀ ὂὖ Ὕὂὕὀ  ὅ ὠὀ  ἱὠὀὉὖ Ἵ ὂὖὉὖ ἱ ὌὕὠὈὉὕ 

Ἰ ὉὖὉ Ἳ Ὃὖ  ὝἽ Ὁ ὅ . Ὀ ὝἻὕ Ἳ ἯὠὊ Ὁὖ Ἳ ἳὉὖὝὊὕ 

Ὗὅὕ Ὃ Ἰ ὝἽὋὖ ἻὍὕ ἯὠὀὉὕὍ ὅ ὂ ὅ . ἱ ὂ Ἰ ὝἽὋὖ Ἳ 

Ἰ ὝἽὋὖ ὃὖἻ Ὕὑ ὁὖ Ἰ ὂὋὖ Ἧ ὅὠὀὉὖ ὝὈ ὑὕὄ Ὗὑ ὅὕ ἻὠὍ 

ὝἻὕ . ἱ ὅὖ  Ἳὀ Ἳ/ὃὖὠὌὈὕ Ὃ Ἳ (transitions) ἯὠὊ Ὁὖ ἻὠὍὑὖὀ 

Ὀ ὝἻὕ ἻὍὖ ὂ  ὟὑἻὈὕἻ ἱ . 

Ἰ Ὁὖ Ἳ Ὃὖ Ἳ Ἰ Ἳ  Ἰ  ἱὀ  Ἧ ὅὠὀὉὖ Ὗὑ ὅ . ἱὂ  

Ἰ Ἳ  ( , ), ὅ ὝὌὕ Ἳ ( , ), Ἧ ὅ ὝὌὕ Ἳ  ( , , ) ἱὠὀὉ ὁ  Ἰ Ἳ  ( , 

, ), ἻὠὀὉ ὁ Ἰ Ἳ   ( , ) ὃὕὈ Ἰ Ἳ  ( , , , ) ἵ ὅὄ Ἰ  ἱὀ  

Ἧ ὅ Ὁὖ Ὗὑ ὅ . ἱ Ὗὑ ὅὕ ἻὠὍ ἳὁ  Ἰ ὉὖὉ Ἳ Ὃὖ ἻὠὍ ὃὕ 

Ἳ ὅὖ Ἳ ἱὉ .  
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 Ἰ ὅὂὖ Ἧ Ὄ  ὟἻ ὁ ὑὂὖ Ἵὖ ἻὠὌ ὑὖὠὍὑὖ  , ,  ἵ Ὃ Ἰ Ἳ  

Ἰ ὅὖὀ Ἧ ὅὠὀὉὖ Ἰ  ὠὋ Ἧ ὅὠὀὉὖ Ὗὑ ὅ ὑὠὂ ὃὕ ἯὋὖὟὑὕ. 

ἱὑ ὠὋ Ὗὑ ὅ  Ἰ ὉὖὉ Ἳ Ὃὖ ἻὠὍ ὃ Ὀὕ ὃὖὋὈὕὠὌ ὃὖὐ ὅὀ ἻὍὖ 

Ἳ ὀὋὖὉὌὕ. ἱ  Ὗὅὕ ,  ἵ ὅὄ  Ὗὑ ὅ ὑὠὂ ὃὖὋὈὕὠὌ ὃὖὐ ὅὀ ἻὍὖ  

Ἳ ὀὋὖὉὌὕ.  Ἧὂὖ Ὕὑὕ Ὁὕὄ -ἷ  ὑ Ὕὀὕ Ὁὕὄ -ἷ  Ὗὑ ὅ  Ἰ ὉὖὉ Ἳ 

Ὃὖ ἻὠὍ  ὃὕ ὃὖὋὈὕὠὌ ὃὖὐ ὅὀ Ἳ Ὄ  ἯὋὖ  ὝἻὕ ὍὌὕ. 
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3.4.2.2.1. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ  

      

 

 

 

 

 

 

 

 

ὅὕ ὅὕ 
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3.4.2.2.2. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ 
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3.4.2.2.3. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ   

    

  

 

 

 

 

 

 

 

ὂ ὠὀ 
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3.4.2.2.4. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ 

 

 

 

 

 

 

 

 

 

ἽὌ ὠἻ 

http://www.languageinindia.com/


201 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

3.4.2.2.5. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ 
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3.4.2.2.6. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ 

     Ὀ  

 

 

 

 

 

 

 

 

Ὀ  
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3.4.2.2.7. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ 

      ὃὕὂ 

 

 

 

 

 

 

 

 

ὃὕὂ 
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3.4.2.2.8.   Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ 

      Ὀὕ  

 

 

 

 

 

 

 

 

Ὀὕ  
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3.4.2.2.9. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ  

      Ἳ  
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3.4.2.2.10. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ 

      ἿὕὉ 

 

 

 

 

 

 

 

 

ἿὕὉ  
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3.4.2.2.11. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ 

     ὑὕ Ἳ 

 

 

 

 

 

 

 

 

ὑὕ Ἳ 
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3.4.2.2.12. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ 

         ὊἽ 

 

 

 

 

 

 

 

 

ὊἽ 
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3.4.2.2.13. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ 

        ὅὋὠὑ 

 

 

 

 

 

 

 

 

ὅὋὠὑ 
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3.4.2.2.14. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ 

     ὑὕ ὅ 
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3.4.2.2.15. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ  

      ὝὈὕὐὖ 
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3.4.2.2.16. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ  

     ὉὕὟὊὕ 

 

 

 

 

 

 

 

 

ὉὕὟὊὕ 
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3.4.2.2.17. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ  

     Ὄ  
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3.4.2.2.18. -ἱ  Ἰ ὉὖὉ Ἳ ὅ Ἳ ὝὑὍὖ ὅ  ὃὖὋὈὠὌὑὠὊ  

     Ἧὑ  

 

3.5. Ἳ ὠὊ 

 ὂὈὖ Ἰ ὉὖὉ ἻὑὖὉ Ὃὖ  ὅὌ ἰ Ἳ  ὟὈ ὝἻὕ Ὅ ὅ ὝὑὍὖὑ Ὅὄ 

ἵ ὅὠὂ ἱ ὂὖὉὖ ὂὊ ὅ Ὅ Ὗὃὕ Ἳὗ ἻὍὖ ὅ Ὁ  ἯὋὖὉὌὕ. 

ἱ ὑὖὉ  ὂὈὖ Ἰ Ἳ  Ἰ ὅὖὉ Ἧ ὅὠὀὉὖ ὅ ὂὕὉ ὅ ὑὖὍ Ἳ 

ὂὊὅ Ὅὄ. ὂὈὖ ἳὉὖὝὊὕ Ἳ Ὀ  ὝὈ ὝὉὕ ἻὍὖ Ἰ ὅὖὉ Ἧ ὅὠὀὉὖὌὕὄ 

ὑὖὍ Ἳ Ἳ ὂὊ ὅ Ὅὄ. ὟὈ  ὂὈὖ Ἰ Ἳ  Ἰ Ὁὖ ἻὑὖὉ Ἧ ὅὠὀὉὖ ἰὉ ὅ  

ὑὖὍ Ἳ ὂὊ ὅ Ὅὄ. ὂὈὖ ἳὉὖὝὊὕ ἻὍὖ Ἰ ὝἽὕὋὖ ἯὠὈ  ὅ Ὃὖ ὑὖὕὖὑὕἻ 

ὑὖὍ Ἳ ὅ Ὅ. ὂὈὖ ὝὈ ὝὉὕ Ἳ Ἰ ὉὖὉ ἻὑὖὉ Ἧ ὅὠὀὉὖ ἰὉ ὅ  

ὑὖὍ Ἳ ὅ Ὅὄ. ὂὈὖ ἳὉὖὝὊὕ Ἳ, ὝὈ ὝὉὕ Ἳ ἱὑ Ὃὖ ὃὖὋὈὕὠὌ ὃὖὐ ὅὀ Ἳ/ 

Ἧὑ  

http://www.languageinindia.com/


215 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

Ἰ ὑ ὁὠὄ  ὅὀ Ἳ ὂὊ ὅ Ὅὄ. ὃὖὋὈὕὠὌ ὃὖὐ ὅὀ ἻὠὍ/Ἰ ὑ ὁὠὄ  

ὅὀ ἻὠὍ Ἰ ἻὍὖ  ὅὌ ὅὕὖὈὕὁ Ἳ  Ἧ ὅὠὀὉὖ  ὂὊ ἱὉ  ἵ Ὃὕ  ὅ Ἳ ἻὍὖ  

ἵ ὁὖ ὠἻ Ἳ ὂὖ ἵἻὕ ὀἻ Ἰ  ἽὖὌ Ἰ ὑ ὁὠὄ  ὅὀ ἻὟὍ ἱ  ὂὊ ὅ Ὅὄ. 
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  ἱὉ  4 

ἳὠὊὉὖ  Ὗὅ Ἵὕ Ἳ 

 

4.1. ἯὋὖ Ἳ 

Ὗὅ  ὝἽὕ  Ὗὅ Ἵὖ  Ἵὖ  ἯὌ ἻὍὕ  Ἰ Ἳὖὠὁ Ἳ ὅ ὀ  ἵ Ὃ Ἰ  

Ἧ ὅὠὀὉὖὌὕὄ ἵ  Ἰ ὠὋὉὖ  ἳ ὠὋ Ἳ  Ἰ ὉὄὖὉ  ἵ Ὄὕ  

ὂ ἻὕὌ  ὟἻὕ ὅὕ ἻὠὍ  ἳ Ὅὀ  ἰ-ὟἻὕ ὅὕ  ἰ . ὃὕ  ἱ  ὂ ἻὕὌ  

Ὗὅ ἽὋὖὂ  Ὀ  Ὗὅ ὑὕ Ἳ Ὕὂὕὐὖ ὅ ὠὂ Ἳὁὖὄὖ Ἰ ὉὄὖὉ  (computational 

phonology)  ἵ Ὃ Ὕὂὕὀ Ὅ ὝὈὕὐὖὉὖὉ  ἻὖὠὍὠὍ  ἯὋὖ ὝἻὕὍ Ἧ ὅὠὀ 

ἳ ὍὋὖὠὑ  ὑὐὖ ὠὋ ὑὠὊ ἻὠὍ  ἯὋὖ Ἳ ὅ ὂ Ὗὑ .  

ὂὕὄὖὉ  Ὗὅ ἽὋὖ  ἻὖὉὈὕὄ ὝἽὉ ὅὕ  Ἰ ὉὖὉ Ἳ ἯὠὌὑ ὠὑ ἳ ὍὗὀὕἻ 

ἶ  ὝἽὕ ἻὍὖ  ὟἻὕ ὠὑὠὉ ὝὑὍὖ ὀὕἻ ἳ ὅ ὂὖ ὝἽ . ἵὂὖὕὖὠὀὉὕἻ 

ἳὠὊὉὖ  Ὗὅ ὑὕ Ἳ  ἵ Ὃ ἻὖὉ ὝἽὉ ὅὕ  ἳὠὊ  ὝἽὕ ἻὍὖ  ὟἻὕ ὠὑὠὉ 

ἳ ὍὗὀὕἻ ἶ  Ἰ ὉὖὉ Ἳ ἯὠὌἻὠὍ ὝὑὍὖ ὀὕἻ  Ὕὅ ὑὂὕ . Ὗὅ ὠἽ  ὕὖ  

ὝἻὕ ὂ  Ὀ  ἳ ὑὕ ὂ  ἱὑ Ὃὖ  ὅὉ ὅὕ  ὅ ὑὠἻ ὅ ὀὂὕ : ὂὕὄὖὉ  

ὟἻ Ὕὀ ὂ  (automatic dictation), Ἰ ὝὅὉ , Ἳὁὖ ὝὅὕὋὖ Ὗὅ  

Ἧ ὅὠὀὉὖὌὕὄ ἱὠὀ Ἳ Ἳ  Ὀ  ὝὂὕὠὌ ὟὅἽὖἻ, Ὗὅ  ὠὋ Ὅὑ Ἳ  

Ὂ Ἵὕ ὂ ἳ Ὅὗ  Ὀ  ὝὑὍὖ  ἵ ὅὄὑὕ .  

ἱ  ὃὕ  Ὗὅ ἽὋὖὑὕ  (speech recognizer) Ὀ  ἳὠὊὉὖ  Ὗὅ  (text-to-

speech) Ἰ ὠὋἻ  ἵ ὅὄὑ Ὃὖ Ἳὑὄ  ὝἽ Ὗὑὕ: ἵ ὑὕ  ὝἽὕ Ἳ  Ἰ Ἳ  

(phones) ἵ Ὃ ὂὄὖ ὅ ὀ Ὗὅ  ἯὌἻὖ  Ἧ ὅὠὀὉὖ  ἳ Ἵὕὖ Ἳ ὅ ἻὖὋ? Ὗὅ ἽὋὖ  

Ἰ ὠὋ Ἧ  ὕὖ ὝἻὕ Ὅ ἱὉ  Ἰ Ὕὑὕ  ὝἽὕ  ἳ Ἵὕὖ ὠὅ Ὗὑ . 

ἳὠὊὉὖ  Ὗὅ  Ἰ ὠὋ Ἰ Ὕὑὕ  ὝἽὕ Ἰ  ἳ Ἵὕὖ ὠὅ Ὗὑ . ὃὕ  

ἱ  ἳ Ἵὕὖ ὠὅ ὑὖὍ Ἳ Ἰ  Ὕὃ Ἳὁ ἻὠὍ (phonetic alphabets) Ἰ ὉὖὉ  (phonetics) 

ἻὍ ὂὖ  ὅ ὂὖὉὕἻ ἯὋὖ Ἳ ὅ ὂ Ὗὑ  ὑ . ὟὈ  ὃὕ  Ἰ ὠὋ Ἰ ὉὖὉ  

(articulatory phonetics)  ἵ ὅὠὂ  ἯὋὖὉ Ὗὑ  ὑ. ἱ  ἵ ὑὕ  ὑὕὉὖ Ὅ 

Ἰ ὅὕ ἻὍὕ  Ὗὅ ὝἽὕ Ἳ  ἳ ὑὕ Ἳ ὅ ἻὖὋ  ἵ ὅὠὂ ἰ .  

Ἰ  Ὃὖ ὅὖ ὀ Ἰ  ἵ Ὕὅὕ  Ἰ Ὕὑὕ  ὐ  ἸὟὊὈὕὂὖὕὖ ἳ Ἵὕὖ Ἳ ὅ ἻὖὋ  

ἵ Ὃὖ Ὀὕὄὕ  ἳ Ἵὕὖ ὠὅ Ὀὕὂὖὕὖ ὅ ὑ  ἵὍὖὂὕ . ἰὄὕ  ἱ  Ἧ ὑὕὋὖ ὠὌ. 

ἵ Ἳὕ ὀὕἻ, ὂὈὖὐὖ [ ] ἵ Ὃ Ἰ  Ὗὑ ὅ ὀ Ἰ  ὐ ἻὍὖ  ὈὖἻ Ὗὑ ὅ  

ὝὈ ὅ ὂ  ὝἽ Ὁ ὅ ἻὖὋ . ὝὈὕὐὖὉὖὉ  Ἰ ὉὄὖὉ  (phonology) ἻὍ  Ὗὑ ὅ ὀ 
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ὐ  Ἰ Ἳ  Ὗὑ ὅ  ὝὈ ὅ ὂ  ὝἽ Ὁ ὅ Ἳὖ Ὃ  ἵ ὅὠὂ  ἵ ὑὕ  Ἰ ἻὍὖ  

ἱ Ὕὑὕ ὠὋ Ὀὗὂὖ ἱὌ Ἳὁ ὀ  Ὕὂὕὀ ὠὀὉ  ἵ ὅὠὂ  ὑὖὍ ἻὖὋ . ὃὕ  

ἱ Ὗὑ ὅ ὀ ὝὈ ὅ ὂ ἻὠὍ ὑὖὍ Ἳ Ἰ ὉὄὖὉ  ὑὖὂὖἻὠὍ (phonological rules) ἵ ὂ 

Ὗὑ .  

Ἳὁὖὄὖ ὑὐὖ Ἰ ὉὄὖὉ  ἰ  Ἳὁὖὄὖ Ἰ ὉὄὖὉ  (computational phonology) ἵ  

ἯὋὖὉ ὅ . Ἳὁὖὄὖ Ἰ ὉὄὖὉ ἻὖὉὈὕὄ ὅ ὂὖ Ἰ ὉὄὖὉ  ὑὖὂὖἻὠὍ 

Ὀὕὂὖὕὖ ὅ  Ἳὁὖὄὖ ἱὉ ὠὋἻὍὖ  ἰ ὑὕ . ὃὕ  ἵ ὑὕ  ἵ ὀ  

Ὀὕ ὋὖἻ  (spelling-rule transducers) Ἰ ὉὄὖὉὠὌ Ὀὕὂὖὕὖ ὅ ὂ ἱὉ  ἵ  Ἳὕ ὀ 

Ὗὑ . ὅὖ ὄ  Ἰ ὉὄὖὉ  Ἳ Ὃ  (phonological learning)  Ἳὁὖὄὖ ὈὕὂὖὕὖἻὠὍ ὑὖὍ Ἳ 

Ὗὑ : ἵ ὑὕ  Ἰ ὉὄὖὉ  ὑὖὂὖἻ  ἱὉ ὂὖὊ  Ἳ Ὃ  ὑὐὖ ὠὋὑὠὊ ἻὍὕ  ὂὕὄὕἻ 

ἴ Ἳ ὅ ὂ ἱὉ . ἱ ὂὖὉὕἻ ὃὕ  ἳὠὊὉὖ  Ὗὅ  Ἰ ὠὋἻὍὖ  Ἰ  

ἻὖὉὈὕὄ Ἵὖ Ἳ  Ὗὑ  Ἰ ὉὄὖὉ  Ὀὕ Ὃὖ Ἧ ὅὠὀὉὖὌὕὄ ὈὕὂὖὕὖὠὉ 

(transducer-based model) ὅὖὊὟὉὕἻὖ Ἳ Ὗὑ : ἵ ἻὍὖ  ὟἻὕ ὠὑἻὍὖ  

Ἰ ἻὍὖ  ὟἻὕ ὠὑἻὠὍ  Ὕὅὕ ὂ . ὃὕ  ὂ  ὝὅὕὖὉ Ἰ  ἯἻὊὕὂὖὠὉ 

ἳ ὑὕ ὑὂὖ  ἳ Ὅ Ἵὖ Ἳ ἻὠὍ ἯὍὑὖὀ Ὗὑ . ὅὖ ὄ  ἵ ὑὕ  Ὀὕ Ὃὖ 

Ἧ ὅὠὀὉὖὌὕὄ ὝἽὕ ἻὍ ἽὖὉ Ἳ  ἵὀ  ἯὌ Ἳ  ἵ ὂὖ  

ἳ Ἵὕὖ  Ὕὅὕ ὑὂ  ἳ Ἵὕὖ ἻὍὕ  Ὕὅὕὖ ὅ ὂ ὅὀ Ὗὑ  ἵ  Ἳὕ ὀ 

Ὗὑ . 

4.2. ἳὠὊὉὖ  Ὗὅ  

 ἳὠὊὉὖ  Ὗὅ  ἵ Ὃ ἻὠὌ ὝἽὕ ἳ Ὅὗ  ἳὠὊὠὉ Ὗὅ  ὋὕἻ 

Ὀὕ ὑὠὂ Ὃὖ ἻὖὋ. ἳ Ὅὗ  ἳὠὊὉὖ ὝἽὕ Ἳ, ὑὕ ἻὖὉ Ἳ, ὅ ὂὖἻ, ἵ Ἳ  

Ὀ  Ἳ Ἳ ὀ ἳ ὅ ὂ ὅ. ἳὠὊὉὖ  Ὗὅ  Ὀὕ  ὝἽὉ ὠὋ 

ἳὠὊὠὉ ἯὠὀὉὕὍ Ἳὕὁ Ὗὑ . ἵ ὂ ὝὂὍὖὑ Ὃ ὂ ὠὈ  ἱ ὌὕὈ, Ἧὂ ὀ  

Ὕὂὕὀ ὠὀὉ Ἰ  ὝὑὍὖ ὠὀ ἶ ὝἻὕ Ὅ ὂ Ἳ ὑὠἻὉὖ ἳ ὑὕ . ἱὂ  Ὕὅὕ  

ἳὠὊὉὖ  Ὗὅ  ἱὉ ὂὖὊ ὂὖ ὝὑὍὖ  ὂὊ ἱὉ ὠἻὉὕὄ Ὗὅ  ὂὑὠὊ 

Ὕὃ ἻὈὕἻ ἱ ὅ ὝἽ Ὁ ὅὀ Ὗὑ . 

4.2.1 Ἰ Ὁ Ἳ  Ἰ Ὁ  ὑὖὂὖἻ 

  ἳὠὊὉὖ  Ὗὅ Ἵὕ Ἳ ὂὖ ἵ ἻὍὕ Ἧ Ὄ  ἵ ἻὍὖ ὟἻὕὠὑἻὍὕ 

ἰὄ ἳὠὊὉὕὄ  Ἰ ὑ ὑὖ Ἧ Ὄ  Ἰ ἻὍὖ ὟἻὕὠὑὉὕἻ Ὀὕ Ὃ ὅὀὟὑ . ὂ  

ἵ Ἳ Ἰ Ὁ ἻὍὕἻ (phonemes) Ὀὕ Ὃ ὅὀὟὑ . ὂὈὖ Ὗὅὕ Ὃ ὝὈὕὐὖἻὍὖ ἱ  
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ἵὍὖ ἶὝὄ Ὃὕ ὂὈὖ ἵ Ἳ ὂὈὖ Ἰ Ὁ ἻὍὖ ὟὃὊ ὑ ὑ  ὂὕ . ἰὄὕ  

ἰ ἻὖὌ  Ὗὅὕ Ὃ ὝὈὕὐὖἻὍὖ ἵ ὑ ὑ  Ἰ Ὁ  ὑ ὑ  ὟὑὋὕ . ἵ ἻὍὖ 

ὟἻὕὠὑἻ  Ἰ Ὁ ἻὍὖ ὟἻὕὠὑἻ  ἳ Ὅ Ὕὂὕὀ ὟὃὊ Ὁὕὄὂ Ὄ. ἵὄὟὑ 

ἰ ἻὖὌ Ὗὅὕ Ὃ ὝὈὕὐὖἻὍὖ ἵ  ὑ ὑ  Ἧ Ὄ  ἵ ἻὍὖ ὟἻὕὠὑ Ἰ Ὁ ἻὍὖ 

ὟἻὕὠὑὉὕἻ Ὀὕ Ὃ ὅὀὟὑ . ἵὄὟὑ ἵ ἻὍὖ  Ἰ Ὁ ἻὍὕἻ Ὀὕ  ὑὖὂὖἻ 

ἰ ἻὖὌ ὂὖ Ὗὂὠὑ. ὂὈὖὐὖ ἱ  ἵὍὖὂὕ.  

 Ἰ Ὁ ἻὍὖ ὟἻὕὠὑἻὍὕἻ Ὀὕ Ὃ ὅ ὀ ἳὠὊ Ἰ ἻὍὖ ὟἻὕὠὑἻὍὕἻ 

Ὀὕ Ὃ ὅὀὟὑ . Ἰ Ὁ Ἳ  Ὗὑ ὅ ὀ ὐ ἻὍὖ  Ὗὑ ὅ  ἳ ὑὕ Ἳ ὅ . 

Ἰ Ὁ Ἳ  ὂὈ  ὐ  Ἧ ὅὠὀὉὖ  Ὀὕ ὝὋὕ ἻὍὖ  (allophones) Ἰ  Ὀ ὂὕ  

ἳ ὅ ὂ  ὝἽ Ὁ ὅ . Ἰ Ὁ  Ἧὂ  Ὀὕ ὝὋὕ Ὁ Ἳ  ἱὠὀὉὖ  ἳ Ὅ 

ἳὋ  Ἰ Ὁ ἻὍὖ  ὑὖὂὖὉὕ  ὝὅὋ ὅ . ἵ Ἳὕ ὀὕἻ, ὂὈὖὐὖ  / / ἵ Ὃ Ἰ Ὁὠὄ 

ἳ ὅ ὂ  ὝἽ Ὁ ὅ   Ὀὕ ὝὋὕ ὉἻὠὍ  ὅὖ ὑ Ὀὕ  Ἰ ὉὄὖὉ  ὑὖὂὖὉὕ  

ὑὖὍ ἻὌὕ :  

      k                  g/N 

            k                  x/V-V 

            k                  k/ ὅὖὋ ὐ ἻὍὖ 

Ἧὂὕὑ  ὝἻὕ   ἻὠὀὉ ὁ  Ὂ Ὄὕ Ἰ Ὁὕὄ  ἻὠὀὉ ὁ  Ὂ  Ἰ ὉὕἻ  

ἱ  ἳὉὖ ἻἻὖὠὀὉὖ  ἻὠὀὉ ὁ ἳὊὝἽὕ ὉὕἻ  ὅὖὋ ὐ ἻὍὖ  Ὂ Ὄὕ 

Ἧὠὀ Ὕὅὕ ὉὕἻ  ἳ ὅ ὂ  Ὕὅ . ὂὈὖὐὖ  / / ἵ Ὃ Ἰ Ὁ  ὃὕ  

Ὀὕ ὝὋὕ Ἳ  ἳ Ὅὄ. ἱ Ὀὕ ὝὋὕ Ἳ  ἳ Ἵὕὖ ὅὕ  Ὗὑ ὅ  Ὀ  ἱὠὑ ὂὈ  

ὑ ὠἻὉὕ /ὑὖὄὖὟὉὕἻ ὂὕ  Ἧ Ὄ  Ὃὖ  Ἧὠὑ ὑ  ἱὀὂὕ  Ὗὑ ὅ . 

ἱ Ὗὅὕ  / /, / /, / /, / / ἵ Ὃ Ἰ ὉἻ  ὠὋὟὉ ὃὕ  Ὀὕ ὝὋὕ Ἳ  ἳ Ὅὄ. 

/ / ἵ ὅὂ   Ὀὕ ὝὋὕ Ἳ  ἳ Ὅὄ. ὅὖὋ ὝὈ ὝὉὕ Ἳ  ἸὟὊὝὉὕ  Ὀὕ ὝὋὕ ὠὉ  

ὝἻὕ Ὅὄ. ὝὈ ὝὉὕ Ὁ ἻὠὍ  ὟὅὕὌὟὑ ἳὉὖὝὊὕ Ὁ Ἳ  Ὀὕ ὝὋὕ ἻὠὍ  

ὝἻὕ Ὅὄ: /ἱ/ ἵ ὅ   Ὀὕ ὝὋὕ ἻὠὍ ὝἻὕ Ὅ ; /ἲ/ ἸὟὊὝὉὕ  

Ὀὕ ὝὋὕ  ὝἻὕ ὀ; /ἵ/ ἱὊ  Ὀὕ ὝὋὕ ἻὠὍ  ὝἻὕ ὀ ; /ἶ/ ἸὟὊὝὉὕ  

Ὀὕ ὝὋὕ ὠὉ  ὝἻὕ ὀ ; /Ἧ/ ἱὊ  Ὀὕ ὝὋὕ ἻὠὍ  ὝἻὕ ὀ ; /ἰ/ ἸὟὊὝὉὕ  

Ὀὕ ὝὋὕ ὠὉ  ὝἻὕ ὀ ; /ἳ/ ἱὊ  Ὀὕ ὝὋὕ ἻὠὍ  ὝἻὕ ὀ ; /ἴ/ ἸὝὊὝὉὕ 

Ὀὕ ὝὋὕ ὠὉ  ὝἻὕ ὀ ; /Ἰ/ ἱὊ  Ὀὕ ὝὋὕ ὠὉ  ὝἻὕ ὀ . /Ἱ/ ἸὟὊὝὉὕ  

Ὀὕ ὝὋὕ ὠὉ  ὝἻὕ ὀ . 
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 ἳὠὊὉὖ  Ὗὅ Ἵὕ Ἳ ὂὖ  Ἰ Ὁ ἻὍὖ  Ὀὕ ὝὋὕ Ἳ  Ἳὑὄ ὂὖ  

ὝἻὕ Ὅ ὅὀὟὑ . Ἧ ὑὕ  ὝἽ  Ὗὅὕ  ὂὕ  Ὗὅ Ἵὕ Ἳ  ἱὉ ὠἻὉὕὄὂὕἻ 

ἱ .  

4.2.2. Ἰ ὉὄὖὉ  ὑὖὂὖἻ  ὃὖὠὌ Ὀὕ ὋὖἻ   

Ἰ ὉὄὖὉ  ὑὖὂὖἻὠὍ ὃὖὠὌ Ὀὕ ὋὖἻὍὕ  ὃὠὀ ὠὋ ὅ ὂὌὕ . Ἰ ὉὄὖὉ  

ὑὖὂὖἻὠὍ ὝὈ ὅ ὂ  ὝἽ Ὁ ὃὖὠὌ  ὂὕὄὖὉ ἻὖὠὉ ὅὌὑὐὖἻὍὖ  ὅὉ ὅ  

Ἳὁὖὄὖ Ἰ ὉὄὖὉ  Ὗὑ ὅ ὀ ὈὕὂὖὕὖἻ  ἱ Ἳὖ Ὃὄ. ἱὑ Ὃὖ  Ἰ  ὃὕ  Ἳὁὖὄὖ 

ἳ ὅὄὖὉ  ὅὕ Ἳ ἱ  ὝἻὕ ὝἻ ὄὖὉὖ  ἱ Ὀ ὀ ἳ ὅὄὖὉὌὕ  (two-level 

morphology of Koskenniemi (1983)). ἱ Ὀ ὀ ἳ ὅὄὖὉ  ὝἽὕ  ὑ  Ὃ ὑ  

ἱὠὀὟὉ ἳ Ὅ Ὕὅὕ ὂ ὂὖ  Ὀὗ  ὃὖὠὌ ὃ ὑὕ Ἳ  Ἳ ὅὕ ἻὍὕἻ Ὀὕὂὖὕὖ 

ὝἽ  ἳ ὅὄὖὉ /Ἰ ὉὄὖὉ  ὟἻὕ ὅὕὀὕ . Ἳὁὖὄὖ Ἰ ὉὄὖὉ  ἳὉ ὑὕὄ 

Ἵὖ Ἳ ἻὠὍ Ὗὃὕὖὀ Ἰ ὉὄὖὉ  ἱ Ὀ ὀ Ἧ Ὄ  ὃὖὠὌ ὈὕὂὖὕὖὉὖ  ὂ  ἽὖὋ ὅὕὄ 

ἳὅὕὉ  ὅὉ ὅ ὂ ὅ . Ἰ ὉὄὖὉ  ὑὖὂὖἻὠὍ  ὝὅὕὋὖὉὕ  Ἳ Ἳ  ὝἽ ὉὌὕ . Ἰ  

ὅὊ ὅὖ  ἽὖὋὖ  ὂὊ  ὅὖὋ ὂἻὑ Ἳ  ὂὊ ὅ ὠἻὉὖ  Ἧ  Ἧ ὅὊ ὅὖ  ὂὕὄὕἻ Ἰ  

ὈὕὂὖὕὖὠὉ  ὑ  ὝὅὕὋὖ Ἳ Ὃ  Ἰ ὠὋὉὖ  ὟὑὠὌὉὕ . ἱ ὑὕ  Ἰ ὉὄὖὉ  

ὑὖὂὖἻὠὍ  Ἳ ἻὟὑ  Ἰ  Ἰ ὠὋ  Ἧὂὖ  ὀ ὝἽὕ ἻὍὖ  ( Ὃ 

ὑ ὑ ἻὍὖ ) ὠὋ ὂ  Ἰ  Ὀ ὑὖὂὖἻ  ὂὊ ὅ. Ἰ  Ἳ Ἳὕὁὖ Ἳ ὅ ὀ 

ὑὐὖ ὠὋὑὠὊ  (supervised algorithm) ἱ ὂὊὑὖ  Ἵὖ ὅ ὂὖ  ὑὖὠὀἻ  ὂὊ ὅ ὠἻὉὖ  

ἱ ὑὖὠὀἻὠὍ  ὅὉ ὅ ὂὖ Ἧ  ὄ  ὅὕ Ἳὕὂ ὂὖὉ ὂὊὠὑ  Ὕὅὕ ὠὈὉὕ Ἳ  

ὝἽ ὉὑὖὉ  Ἰ  ὈὕὂὖὕὖὠὉ  . Ἳ Ἳὕὁὖ Ἳ ὅὀὕὂ ὑὐὖ ὠὋὑὠὊ  

(unsupervised algorithm) ἱὠὂ  ὂὊὑὖ Ὗὂ ὝἽ Ἳὖ Ὃ . Ἳ Ἳὕὁὖ Ἳ ὅὀὕὂ 

ὑὐὖὉὠὈ Ἳ  ὑ Ἳ  ἽὕὖὉὕὄ Ὄ ὋὖἻὠὍ  ὅὕ ἻὕὈ  ἱ ὂὕ, ἯὠὑἻ  

ἳ ὑὕ Ἳ Ὗὑ Ὁ ὑὖὂὖἻὍὖ  Ἧ Ὄ  ὈὕὂὖὕὖἻὍὖ  ἱὉ ὠὅ  ὅ Ὃὖ Ὃὖ ὠὅ  ὂὊ ἱὉ . 

ἵ Ἳὕ ὀὕἻ, ὂὕὄὖὉἻὖ ὑ ὑὖ  ὈὕὂὖὕὖἻ  ἱ  ἵ Ὃ ἯὋὖ  Ἰ ὑὠἻ  

Ὃὖ ὅὕ . ἱ ὈὕὂὖὕὖὉὕὄ Ὃὖ Ἳ  Ἳ Ὃ Ἵὕ  ὂὑὋὕὄἻ Ἳ  (learning bias) 

ἵὄ ὅ .  

4.2.3. ἳὠὊὉὖ  Ὗὅ Ὗὑ  ἳὠὊὠὉ Ἰ Ὁ Ἳ  Ὕὅὕ ὂ 

  ὃὕ  Ἰ  ὝὈὕὐὖὉὖ  Ἰ ἻὍὖ  ὅ ὉὠὌ Ὕὂὕὖ  ὝἻὕ Ὅ ἵ ὑὕ  

Ἰ ὉὄὖὉ  ὑὖὂὖἻὠὍ Ὀὕὂὖὕὖ  ὅ ὑ  ἵ ὅὠὂ ἯὋὖ ὝἻὕ Ὅ  ὝἽ ὂὕ  

ἵ ὂὖ  Ἧ Ὄ  ἳὠὊ  ὝἽὕ  Ἧὂ  ἳ Ἵὕὖ  Ὕὅὕ  Ἵὖ ἻὠὌ ἰὉ  

ὂὉὕ  ἵ ὅὂὕ .  
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4.2.3.1. ἳ Ἵὕὖ  ἯἻὊὕὂὖἻ 

  ἳ Ἵὕὖ  ἯἻὊὕὂὖἻ  ἳὠὊὉὖ  Ὗὅ  Ὕὅὕ ὂ ὈὖἻ ὅὉ Ὅ Ἳ ὑὖὉὕ . 

ἵὍὖὉ ἳ Ἵὕὖ  ἯἻὊὕὂὖἻ  ὝἽὕ ἻὍὖ  ὅ ὉὠὌ  Ἧὑ Ὃὖ  ἳ Ἵὕὖ ὠὅ  ὂ 

(Jurafsky and Martin, 2000: 120).  

Word        Pronunciation Word            Pronunciation  

cat           [kæt] 

cats         [kæts] 

pig           [p̤g] 

pigs         [p̤gz] 

fox          [fax] 

foxes      [ fak.s̤z] 

goose           [gus] 

geese           [gis] 

hedgehog     [ hɨ̠.hӜg] 

hedgehogs   [ h̠ɨ.hӜgz]  

 

PRONLEX, CMUdict, Ὀ  CELEX ἵ Ὃ ἱὠὁὉ ὂὍ ἳ Ἵὕὖ  ἯἻὊὕὂὖἻ  Ὕὅὕ ὑὕἻ  

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃὄ. ἱὠὑ Ὗὅ ὠἽ  Ὕὂὕὖ  ὝἻὕ ὠἻ  ὅὉ ὅ ὂ ὅ ἻὖὋ . 

ἱὑ ὠὋ  Ὗὅ  ὠὁ  ὅὉ ὅ ὂ Ὗὑ  Ἳὕὖ  ὝἻὕ ὍὌὕ .  

4.2.3.2. ἯἻὊὕὂὖὠὉ Ὗὃὕ ὑὂ  Ἧ ὅὕ ὅ ὀ ἳὠὊ ἰ   

ἰὊ ὅἻὕὌ ἳὠὊἻὍὖ  Ὗὅ Ἵὕ Ἳ  ἳὠὊὉὖ Ἰ Ἳ  Ὕὅὕ ὂ 

ἳ Ἵὕὖ  ἯἻὊὕὂὖἻὠὍ Ἵὕ ὂὖ ὂὄ. ὄ  ὋὖὉὅ  ἳὠὊἻὍὖ  Ἰ ἻὍὕἻ  

Ὕὅὕ ὂὈὕ Ὃ  ὝἽ  Ἰ  ὑὐὖ Ἰ Ὕὑὕ  ὝἽὕ ἻὍὖ  ἳ Ἵὕὖ ὠὅ  ἳ Ἵὕὖ  

ἯἻὊὕὂὖὠὉ  ὅὕ ὂὋὖ  Ἰ ἻὍὖ  ὟἻὕ ὠὑὠὉ ἯἻὊὕὂὖὉὖ  ὅ ὅὂὕ . ἱὂ 

ὝὃὋὖ ὠὋ ἶ ὝἻὄὟὑ ἯἻὊὕὂὖὉὖ  ὂὊ ὅ ὀ ὝἽὕ Ἳ  Ὕὅὕ . ἰὄὕ  

ὅὌ ὝἽὕ Ἳ  ὄὟὊ ἯἻὊὕὂὖὉὖ  ὂὊ ὅὀὕὂὂ Ἳὕὄ ὐ  Ἵὕ ὂὖὉ  ἱ Ἳὖ Ὃὄ. 

ἱ ὂὠἻὉ ὃὖὠὌὉὖ  ὃὕ  ἯἻὊὕὂὖὉὖ  ὂὊ ὅὀὕὂ ὝἽὕ ἻὍὖ  ἳ Ἵὕὖ ὠὅ  Ὕὂὕὖ ὝἻὕ Ὅ 

ὃὖἻ Ἵὕ ὂὖὉ ὅ ἻὠὍ (probabilistic techniques) ὅὉ ὅ ὂ Ὗὑ ὑ . 

 4.2.3.3  ὃὖὠὌὈὕ Ὃὖ Ἧ ὅὠὀὉὖ  ἳ Ἵὕὖ  ἯἻὊὕὂὖ  

ἳὠὊὉὖ  Ὗὅ  Ἰ ὠὋἻὍὖ  Ὕὂὕὀ Ἳ ἻὕὌ ἳ Ἵὕὖ  Ὀὕὂὖὕὖ 

ἵ ὂὖ  Ἰ Ὕὑὕ  ὑὖὂὖ  ἵ ὑὕ  Ἰ  ἵ  Ἧ Ὄ  ἵ ἻὍὖ  ἱὠὁ 

Ἰ ἻὍὕἻ Ὕὅὕ ὂὈὕ Ὃ  ὝἽ Ὁ ὅ ὀὄ ἵ  Ὃὖ ὅὖ  Ἳὕ Ὁ . ἻὗὟὐ ὑὖ Ὃ  

(Witten, 1982)  ἵ ὅὑὕὖ  ὑὖὂὖ Ἧ ὅὠὀ ὑ  ὂὊ ὅ Ὅ  (Jurafsky and Martin, 2000: 

125): 
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Fragment                Pronunciation 

             - p -                       [p] 

 - ph -         [f] 

 - phe -        [fi] 

 - phes -        [fiz] 

 - place -      [ple̤s] 

 -placi -      [ple̤si]      

-plement -           [pl̤m̠nt] 

Ἦ ὟὊὕ  (Sproat) Ὀ  Ἧὑ ὀ  ὟἽ ὂ ὅὖὋ  ἳὠὊὉὖ  Ὗὅ  Ὀὕ ὋὖἻὠὍ  

ὅὉ ὅ ὂὖὄὕ Ἳ . ὃὕ  Ἧὑ ἻὍὖ  Ὀὕ Ὃὖ Ἧ ὠὋὠὉ ἷ  ὅὖὕὖ ἻὍὕἻ  

ὅὖὕὖ ἻὌὕ :  

1. ἯἻὊὕὂὖὉὖ Ὅ ὂὄὖ  ὝἽὕ Ἳ  ἳ ὅ Ἳ  ἳ Ἵὕὖ ὠὅ ἳ ὅ ὂ  

ὝἽ  ὃὖὠὌ Ὀὕ Ὃὖ 

 2. ἳ ὅ ἻὍὖ  Ἵὕ ὂὖὉὈὕὄ  Ὕὂὕὀ ἽὖὠὉ ἳ ὅ ὂ  ὝἽ  ὃὖὠὌ 

ὂὕὄὖὉ ἻὖἻ   

3. Ἰ Ὕὑὕ  ἳ Ἵὕὖ  ὑὖὂὖἻ  ὂὄὖὉὕὄ ὃὖὠὌ Ὀὕ Ὃὖ  

4. ὝὅὉ ἻὍὖ  Ὀ  Ἳ ὝὅὉ ἻὍὖ ἳ Ἵὕὖ ὠὅ Ὀὕὂὖὕὖ ὅ ὂ  

ὅὉ ὅ ὂ ὅ  ἳ ὁ  Ὀ  ἵ ὂὖ-Ἰ  ὑὖὂὖἻ / Ὀὕ ὋὖἻ   

5. ἵ ὂ ὅὖὋ ἯὋὖὉὕὂ ὝἽὕ Ἳ ὑ ὃὖὠὌ ἵ ὂὖ-Ἰ  ὑὖὂὖἻ /Ὀὕ ὋὖἻ   

 ἳὠὊὉὖ  Ὗὅ Ἳὕὄ ἳὠὊὉὖ  Ἰ  Ὕὅὕ ὂὈὕ Ὃ  (Jurafsky and 

 Martin, 2000:127):  

Orthographic 

Lexicon 

Lexicon 

Regular Nouns 

cat c/k a|æ  t|t 

fox       f|f o|ȕ  x/ks 

dog    d|d o|ȕ  g|g 

Irregular Singular Nouns 

goose        g|g oo|u s|s e|̠    
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Irregular Plural Nouns 

go:e  o:e se g| g oo|u: ee|i  s|s  e|̠    

 

ὟὈ ὝἽὕ ὄ  ὅὀ ὂὖ  ἯἻὊὕὂὖ  ἱὊ  ὃὖὠὌἻ  ἱ Ἳὖ Ὃὄ. Ἰ  ἳ ὠὋ  

ὝἽὕ Ἵὕ  Ὀ ὀ ; Ὀ ὝὋὕ  ἱὠὀ ὅ ὀ Ὀ ὀ . ἱὂὖ  ἱὠὀ ὅ ὀ Ὀ ὀ ὠὂ Ὃ 

Ὀ ὀ ὂὖ  Ὕὅὕ ὂὈὕ Ὃ  ὝἽ Ὁ ἵ ὀ  ὑὖὂὖἻὠὍ  ἳ Ἵὕὖ  ὑὖὂὖἻὠὍ  

ὅὉ ὅ  Ὀὕ ὋὖἻὠὍ  ὟἽ Ἳ Ὗὑ . ἱ  Ὗὑ ὅ ὀ ἵ ὀ  ὑὖὂὖἻὠὍ  

Ἰ Ὁ  ὑὖὂὖἻὠὍ  ἳ Ὅὀ . ὝἽὕ ἻὍ ἽὖὉ  Ὀ  ἸὉὄὖὉ  ὑὖὂὖἻ  Ὀ  

ὑὕὖὑ ὑ ὑὖὂὖἻ  ἵ ὅὄὑ ὠὋ  ὝἽὕ  ἳ ὅ ὂ ὂὖ  Ὃ ἳ ὅ ὂ ὂὖ  

ἱὠὀὉὖ  Ὕὅὕ ὂ Ὀὕ Ὃ  ὝἽ Ὁ  ὅὉ ὅ ὂὌὕ . ὝἽὕ ἻὍ ἽὖὉ  ὃὖὠὌ Ὀὕ ὋὖἻ, 

Ἧ Ἳ  Ὀ  Ἰ ὉὄὖὉ  ὅ  ἻὠὍ  ὝἻὕ ὀ ὝἽὕ  Ὀ ὀ ὂὖ ἳ ὅ ἻὍὖ  

ἵὍὖὉ ἱὠὁ ὠὅ ἳ ὅ ὂ  ὝἽ  ἱὠὀ ὅ ὀ Ὀ ὀ ὂὖ  ἱὠὀὉὖ  

Ὕὅὕ ὂὈὕ Ὃ  ὝἽ ἻὖὋ . ὅὖ ὄ  Ἰ  ὂὄὖ ἵ  ὑὖὂὖ  Ἳ ὅὕ  Ἧ Ὄ  ὂὄὖ 

Ἰ ὉὄὖὉ  Ἳ ὅὕ  ἱὑ Ὃὖ  Ἰ ὠὋ ἳ ὅ ὂ  ὝἽ  Ἰ Ὀ ὃὖὠὌ 

Ὀὕ ὋὖἻ ἱὠὀ Ὀ ὀ  Ὀ  ὋὈ ὀ  ἱὑ Ὃὖ ἻὖὠὀὉὖ  Ὕὅὕ ὂὈὕ Ὃ  ὝἽ Ὁ 

ἱὠὁὉὕἻ  ὝἽὉ ὅ Ἳὖ Ὃ . Ἰ Ὕὑὕ  Ὀ ὀ ὂὖ  ὑὕὖὑ ὑ Ὀ  Ἰ ὉὄὖὉ  

ἳ ὅ ὂ Ἳ  ἱ Ἳὖ Ὃὄ. ἳ Ὅὗ  ὝἽὕ ὑ ὑὖ  ἱ  ἳὠὊὉὖ-Ὗὅ  

ὅὉ ὅὕ Ἳ  (ἵ.Ἳὕ. Ἰ ὠὋ ὝἽὕ ὝἽὕ Ἵὕ  ἯὠὀὉὕὍ, Ἧὂ  

ὝἽὕ ὑὠἻ ὅὕ, Ἧὂ  ὂὖὕὖ  ἱὑ ὠὋ ἯὋὖ  ἳὠὊ ἰ Ἳ ὂὖ ) ὃὖὠὌ Ὀὕ ὋὖἻ  

ὝἽὕ ὑ ὑὖ  Ὃ ἳ Ἵὕὖ  Ὕὅὕ ὂ Ὀὕ Ὃ  ὝἽ Ὁ ἱὉ . ἳ Ὅὗ  Ὃ 

ἵ ὀὌὕἻ ἱ  ἳὠὊὉὖ-Ὗὅ  ὅὉ ὅὕ Ἳ (ἵ.Ἳὕ. ἳὠὊὠὉ 

ἳὊ Ἳ  ὅ  ὅὉ ὅὕ Ἳ ) ὃὖὠὌ Ὀὕ ὋὖἻ  ἳ ὠὋ  ὝἽὕ ὑ  ὑὐὖ 

Ὃ ὑὕὖὑ ὑ ὂὖ  Ὃ ἳ Ἵὕὖ ὠὅ Ὕὅὕ ὂὈὕ Ὃ  ὝἽ ὉὑὖὉ .  

ἱ ὂὖ  Ἵὖ Ἳ  ὂὠὌ Ὕὅ ὂ ἻὠὍ  (acronyms) ὅ ὋὖὉὂὕ . 

ὂὠὌ Ὕὅ ὂ ἻὠὍ  ὍὖἻ ὀ (ἵ.Ἳὕ. I.R.S.) Ἧ Ὄ  ὍὖἻ 

ἱ ὌὕὈ (ἵ.Ἳὕ. IRS) ἵ ὀὌὕ . ὍὖἻ ὀ  ἳ Ὅ 

ὂὠὌ Ὕὅ ὂ ἻὠὍ ἵ  ἳ Ἵὕὖ ἻὌὕ  (ἵ.Ἳὕ [aȮȕr̠s]). Ὕὅὕ ὑὕἻ 

ὍὖἻ ἱ ὌὕὈ Ὗὂὕ  ὂὠὌ Ὕὅ ὂ ἻὠὍ  (ἵ.Ἳὕ. AIDS, ANSI, ASCAP) 

ὝἽὕ ὌὕἻ ἵ ὀὟὑὕ ἳ Ἵὕὖ ἻὟὑὕ ὝἽ ὉὌὕ . ἵὄὟὑ AIDS ἵὄὠὂ aid ἵ Ὃ 

ὑὖὠὄὉὖ  ὅὀ ὠἻ ἱὀ ὑ  Ὗὅὕ ὟὋ ἳ Ἵὕὖ ἻὌὕ . ὅ Ὀὕ  Ὀ  Ἵ  (Liberman 
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and Church, 1992) ὝἽὕ ἻὍὕἻ ἳ Ἵὕὖ Ἳ ὅ  ὂὠὌ Ὕὅ ὂ ἻὍὖ  Ἰ  ἽὖὋὖὉ ἯἻὊὕὂὖὠὉ 

ὠὑ ὂὖ Ἳ  Ὀὗὂ Ὅὑ ὠὋ ἵ ὀ  ὟὉὕἽὠὄ Ἳὖ Ὃὕ .  

4.2.4. ἳὠὊὉὖ -Ὗὅ Ἵὖ  Ὀὗ   

ὄ  ὋὖὉ ὑὕὖὑ ὑὖ  Ἰ  ὝἽ  Ὀ Ὃὖ  ὝἽὉ ὅὕ  Ὗὅ ὠἽ 

ἳ ὑὕ  ἳὠὊὉὖ-Ὗὅ  Ἰ ὠὋὉὖ  ὅ ὂὖ  ἳὍὗ  ἻὖὉ  ὠὋ 

ἳ ὑὕ . ἳ Ὅὗ  Ὀ ὝὋὕ  ἻὖὉ ὅὕἻ  Ὀὗ Ὃὖ  Ὃὖ ὀὕ . Ὀὗ  ἵ Ὃ 

ἻὠὌ ὝἽὕ  Ὕὅὕ ὑὕἻ  ὝἽὕ ἻὍ ἽὖὉ ὂὖ  ἰ Ἳ ὅ ὀ Ἰ ἻὍὖ  Ὕὂὕὀ ἽὖὉὕ  

ὑὖὍ Ἳ ὅὀὕὂ Ἰ  ὑὕ ἻὖὉ ὂὖ  ἳ Ἵὕὖ ὅὖ  Ὗὃὕ ἻὠὍ  Ὃὖ ὅὖὀ ὅὉ ὅ . Ὀὗ  

Ἰ ἻὠὍ  Ἳὕ  ὃὗ ὀ ὝὈὕὐὖ ἯὌ ἻὍὖ  Ὀὗ  ὝἽὉ ὅ . ἵὄὟὑ ἱ  Ὀὗ  

ὃὀ ὅὖ  ἰ  ἵ  ἽὖὌὟὃὊ ἻὍὖ  Ἧὠὐ Ἳ ὅ . Ὀὗ   ἻὖὉ Ἰ ὉὄὖὉ  

Ὗὃὕ Ἳ  ἱ Ἳὖ Ὃὄ: ὟὈ ὠὈ (prominence), ἯὠὈ  (structure) Ὀ  Ὂ  (tune). 

ὟὈ ὠὈ ἯὠἽὉ ὂ ὠὂ  (stress) Ἰ Ὁ ὂ ὠὂ  (accent) ἳ Ὅὀ . ὟὈ ὠὈ 

ἵ ὅ  ἯὠἽἻὍὖ  ὂ ὠὈὉὕ . ἱ  Ἰ  ἯὠἽ Ὀ ὝὋὕ  ἯὠἽὠὉ Ἳὕ  

ὟὈ ὠὈ ὠὀὉ  ἵ  Ἰ ὂὋὖ Ἧ ὅὠὀὉὖ  ὑὖὍ Ἳ ὅ . ἳ Ἵὕὖ  

ὝἽὕ ἻὍ ἽὖὉ Ἳ  ὝἽὕ Ἵὕ  ἯὠἽὉ ὂ ὠὂ  Ὃὖ ὝἽ . ἵ Ἳὕ ὀὕἻ table 

ἵ ὅ  ἯὠἽὉ ὂ ὠὂ Ἧὂ  ὂ  ἯὠἽὉὖ  machine ἵ ὅ  Ἧὂ  ἯὠἽὉ ὂ ὠὂ 

ἱὊ ὀὕὑ  ἯὠἽὉὖ  ὝἻὕ . there, the Ἧ Ὄ  a Ὗὅὕ Ὃ ὝἽὉ ὅὕ  

ὝἽὕ Ἳ  Ὕὅὕ ὑὕἻ Ἰ Ὁ ὂὠὂ  ὝἻὕ Ἳὕ . ὝἽὕἻ  Ἰ ὋὕἻ 

ἱὠὁ Ἳ ὅ ὠἻὉὖ, Ἧὑ Ὃὖ  Ἰ Ὁ ὂ ἯὠὈ Ὕὅὕ  ἱὠὁ   

ὑὕ ἻὖὉ ὂὖ  Ἰ  ὝὅὕὖὉ Ἰ Ὁ ὂ ἯὠὈ Ὕὅὕ ὠἻ ἳ ὑὕ . ἵ ὑὕ  

Ἰ Ὁ ὂ Ἳ  ἱὠὁἻὖ Ὃὄ ἵ ὅὂὖ  ἽὗὊὕὄὂ ὠὈἻ  ἱ Ἳὖ Ὃὄ. Ἰ Ὁ ὂ ὂὖ  

ἱὀ  Ἳ ὂὕὀ  ἻὕὊὁὖἻὍὕ  ὈὖἻ ὑ ὑὕἻ  ὅὕὂὖ Ἳ ὅ .  

ἽὖὌ ὝἽὕ Ἳ  ἱὉ ὅὕἻὟὑ Ἰ ὋὕἻ  ὑὂὕἻ  ὝὂὕὖἻὖ Ὃ  ἵ Ὃ ἯὍὑὖ  

ὑὕ ἻὖὉ Ἳ  Ὀὗ  ἯὠὈ  ἱ Ἳὖ Ὃ . ἽὖὌ ὝἽὕ Ἳ  Ἧὑ Ὃὖ ἻὖὠὀὉὖ  

Ἳὕὁ ὂ Ἳ ἱὠὀὝὑὍὖ Ἧ Ὄ  ὅὖὕὖὃὖὠὌ ἱ Ἳὖ Ὃ . Ὕὅ ὅὕ  Ὀὗ  ἯὠὈ 

Ὀὗ  ὝὂὕὀὊὕ Ἳ  (prosodic phrasing) Ἧ ὅὠὀὉὖ  ὑὖὍ Ἳ ὅ . ἱ ὝὅὕὖὉ Ὀὗ  

ἯὌ Ἳ  ὅὉ ὅ ὂ ὅ  ἻὠὌ ὝἽὕ Ἳ  ἱὠἽὟὉὕ ὀ  Ὕὂὕὀ  (intonational phrase  

or IP) ἱὠἽὟὉὕ ὀ ἯὌ  (intonational unit) Ὀ  Ὂ ἯὌ  (tone unit) ἵ ὅὄὑ ὠὋ 

ἳ Ὅὀ .  

4.2.4.1. Ὀὗ Ὃὖ  Ἰ Ὁ  Ἧ Ὄ  Ἰ ὉὖὉ ἻὑὖὉ  Ὗὃὕ Ἳ   

 Ἰ ὉὄὖὉ  ἻὕὊὁὖἻ  ἴὀὕ ὀ  ὝἽ  Ὀ  Ἧὠὑ ὅὌ Ὗὑ ὅ ὀ 

Ἰ ὉὖὉ  Ὀ  Ἰ Ὁ ἻὑὖὉ  ὃὀ ἻὍὕ  ὝὈ ὅ ὂ  ὝἽ Ὁ ὅ . ὟὈ ὠὈὉὕὄ 
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ἯὠἽἻ  ὟὈ ὠὈὉ Ὃ ἯὠἽἻὠὍὑὖὀ Ὕὅὕ ὑὕἻ ἹὠἽ ὠὀὉὂὕἻ  ὃὗ ὀὂὕἻ  

ἱ . Ὀὗ  Ὕὂὕὀ  ἵ ὠὌἻ  Ὕὅ ὅὕ  ὑὖ ὠἽὉὕ  ἵ ὠὌ  ὄ  

ἯὠἽὉὖ  ὃὗ ἽὖὉὕ  ἽὖὌ Ἵ ὂ ὅ ἻὍὖ  ἵ ὠὌὉὖ  ἱὠἽὠὈὉὖ  ὠὋ ὅὕ  

Ὕὂὕὀὕ ὅ . ἱὠἽὟὉὕ ὀ  Ὂ  Ἧ ὅὠὀ ὃὖἻ Ὕὑ  (F0) ὝὑὍὖὑὊ ὅὖ  

ὝὑὍὖὅ ὂ ὅ Ἳὖ Ὃ .  

4.2.4.2. Ὗὅ  ἳ ὑὕ Ἳ ὂὖ  Ὀὗ   

ἳὠὊὉὖ -Ὗὅ  Ἰ ὠὋὉὖ  Ἰ  ἻὖὉὈὕὄ ὟὑὠὌ Ὀὗ Ὃὖ  

Ὕὅὕ ὂὈὕὄ ὝὈὕὐὖ ἳ ὅ ὂ ὠὂ ἳ ὑὕ ὑὕὂὕ. Ἧὑ Ὃὖ  ὝὑὍὖ  

Ὗὅ  ἯὠὌὑ ὑὖ  ὝὑὍὖ ὅ ὂ ὅ  Ὕὅὕ ὂὈὕὄ Ἰ Ὁὖ Ἳ ἯὠὈ Ὕὅὕ ὠἻ 

ἳ ὑὕ ὑὂὕ . ἱ ὂὠἻὉ Ὀὗ  ὅ ὂὖὠὉ ὝἻὕ ὀ Ἰ  ἳὠὊὉὖ-Ὗὅ  

Ἰ ὠὋὉὖ  ὝὑὍὖ  Ἰ  ἻὕὌ ἯὍ F0 (ἱὠἽὠὈ) Ὀὂὖ  ἳ Ὅ Ἰ ἻὍὖ  

Ὕὂὕὀ ἽὖὉὕ . Ἰ Ὕὑὕ  Ἰ Ὁὖ  ἻὕὌ ἯὍ  Ἰ ὉὖὉ  Ἵὕ  ὐὠὌ  Ὕὅὕ  

ἯὠὈ . F0 Ὀὂὖ ὝἽὕ Ἵὕ ἯὠἽ Ἧ ὂ, ὑὕ ἻὖὉ ὂὖ Ἰ Ὁ ὂ ὝἽ Ὁ ὅ ὀ 

Ἧ Ὄ  Ἳὑὄ ὑὖ ὝἽ Ὁ ὅ ὀ , Ὃὖ ἱὠἽὟὉὕ ὀ Ὂ  ἱὑ ὠὋ  

ἳ Ὅὀ ἻὖὉ ὄ  ὑὖὍ ἻὖὉ ἻὕὊὁὖἻὍὕ ὅὕὂὖ Ἳ ὅ Ὅ. ὅὖ ὑ  ὅὀ  FESTIVAL-

ἱ  (Black et al, 1999) Do you really want to see all of it?  ἵ Ὃ ὑὕ ἻὖὉ ὂὖ 

ἳὠὊὉὖ  Ὗὅ  Ἰ ὠὋὉὖ Ὀὕὂὖὕὖ ὝὑὍὖ ὠὀ Ἳὕ . ὅὀ  ἱὊ  

Ἳὕ ὀ ὅ ὀ F0 Ὀὂὖ Ἳ ὀ Ὁ ἱ ὂ ὝὑὍὖ  ἯὠὌὑ ὑ ἳ ὑὕ Ἳ Ἳὕὄ 

ἳ Ὅὗὀὕ. ἻὕὌ ἯὍ  CART-ὃὠὀ ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ ὅὕ Ἳὁ Ἳὖὀ ὅ Ὅ 

(Jurafsky and Martin, 2000:133). 

ὅὀ  1: Do you really want to see all of it? ἵ Ὃ ὑὕ ἻὖὉ ὂὖ FESTIVAL (Black et al., 1999) 

ὝὑὍὖ . ὅὀ  2-ἱ  ἽὕὖὉὕὄ ἱὠἽὟὉὕ ὀ ὑ ὑ Ὗὂὕ Ὃ ὂ ὅ Ὅ Jurafsky and 

Martin, 2000:133). 

    H*         L* L-H% 

do You really want to see all of it 

d uw y uw r Ih l iy w aa n t t ax s iy ao l ah  v ih t 

110 110 50 50 75 64 57 82 57 50 72 41 43 47 54 130 76 90 44 62 46 120 
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Ὀὕὂὖὕὖ ὑ ἻὖὉ ὂὖ FESTIVAL-ἰ  ἱὠὁ ὅὕ Ἳ Ἰ ἻὠὈὅὕ ἳ ὑὕ Ἳ ὅ ὀ F0 

ὑ ὑ Ὗὂὕ Ὃ (Jurafsky and Martin, 2000:133).  

 

 

 

 

 

 

 

 

 

           H%

           

           

           

         

 

         do           you             really               want                 to            see   all      of           it

        

L* L- 

 ὄ  ὅὕὖ ὠὊἻ ὅ ὀ Ὗὅὕ, ἵ ὂ ἯὠἽὠὉ Ἰ Ὁ ὂ ὝἽ ὉὟὑ  ἵ ὂ 

ἯὠἽὠὉ Ὂ ὠὂ ὅὉ ὅ ὂὟὑ  Ὗὅὕ Ὃ ἳ ὠὈ ἳὌἻ ἯὋὖ Ὀ  

Ὕὅὕ ὠὈὉὖὉ Ἵὕ ὂἻὑ Ὗὂὠὑ ἰὠἻὉὕ Ὀὗ  ἯὠὈ Ὕὅὕ ὠἻ ὂὗ Ὀὕὄὖ ὅ 

Ἳ ὄὈὕὄὂὕ. ἱ ὑὠἻὉὖὌὕὄ ὂἻὑ ἻὠὍ ἳὠὊὉὖ  ὅὖὕὖ Ὕὂ ὅ Ἳ ὄ  

ἵὄὟὑ Ὀὗ  Ὕὂὕ ὂὖἻ ἳ Ὅὗ ὝἽ Ὁ ὅ ὀ ὅ ὑ  Ἰ  ὃ ὃὖὠὌ ἯὋὖὑὖ  

ὅὂὖ ὠὅ ὑὖὠὍὑὖ Ἳ Ὗὃὕ Ἳ ὝἻὕ Ὅ.   

4.3. ἳὠὊὉὖ  Ὗὅ  ὠὁ ὅὕ Ἳ 

  Ὗὅ  ὠὁ ὅὕ Ἳ Ὀὄὖὂ Ὗὅ Ἵὖ ὝἽὉ ὠἻ ὂ ὠὈὉὕὄ ἳ ὅ ὂὖ; ἱ  

ὅὀ ὂὖ Ἳὕ Ὅ Ὗὅὕ  Ὗὅ  ὋὖὠἻὠὉ ἵ ὑ ὑ ὅ ὑὌὕἻ Ὀὕ  

ὝἽὉ ὅὕὀὕ. ὟὈ  ὃὕ ὂὈὖ ὅ ὑ -Ὗὅ  Ἰ ὠὋ ἳ ὑὕ ὑὂὕ ἱ ὂὕ 

ἱ Ὕὑὕ ὠὋ ἵ ὂ ἵ ὑ ὑ ἳ Ὅὗ ὠὀ ἶ ἻὟὑ . ἱὠὂ  

Ἳ ὂὖ ὝἻὕ Ἳὁὖὄὖ Ὗὅ ὠἽ ὅ Ὃὖ Ἰ  ἽὖὌ Ὗὑ ὅ ὂ Ἳ ὝἽ ὑ ὟὂὠὑὉὕ.  

ἶὂὕὑ Ὗὅ ὠἽ Ἰ ὅὂὖ ὝἽ  Ἳὁὖ ὝὅὕὋὖὉὖ ὟἽὈὖ ὠὑ Ἰ Ἳ ὝἽ 

ὟἻ ἻὌὕ.  ὅὌ Ἰ ὠὋἻ ἱὠὂ ὂὕ ὝἽ Ἳὖ Ὃὄ; ὑὖὠὀ ἵ ὂὖὊ (answer machine) 

ὅὂὖ ὝἽ Ὁ ὅ ὀ ὝἽ ὂὖἻὠὍ ὂὖ ὅ Ἰ Ἳὖ Ὃ; ὑὕὝὄὕ Ὕὅ ἶ ἻὄὟὑ 

ὅὂὖ ὝἽ Ὁ ὅ ὀ Ὗὃ ἻὕὁὠὌ ὂὖ ὅ Ἰ Ἳὖ Ὃ; ἱ ὑὕ  ὅὌ Ἰ ὠὋἻ 
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ἳ Ὅὄ. ἳὠὊ-Ὗὅ  ὅὖὄὁὖὉὕἻ ὑ  Ἳ  ἵ ὄὝὑ Ὃὕ "ὂὖ ὅ 

Ἰ Ἳ ὅ  ὝἽ ὂὖἻ ἳ ὠὈὉὖὟὌὟὉ Ἰ ὅὂὖ ὝἽ Ὁ ὅ ὀὠὑ Ἧ Ὄ.  ὂὖ ὅ 

Ἰ Ἳ ὝἽ  ὃὀ ὠὂὉὖ  Ἧ ὂὅ Ὁὕὄ ὃὀὑ ὠἻ Ὕὅὕ ὑὕὄ ὝἽὕ ἻὠὍὟὉὕ 

Ἰ ὅὂὖ ὝἽ  ὂὖ ὅ ὟἽ ὅὂὕ; ἱ ὂ ὅ ὝὂὕὠὌὟὅἽὖ ἳὠὊὉὕὀ ὟἽὠὑἻὍὖ 

Ἧ Ἳ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. ἽὖὌ ὟὑὠὍἻὍὖ ὅὉ ὑὖὠὍ ἶ ὝἻὕ Ὅ Ὁὂὕ 

ἱ ; ἽὖὌ ὟὑὠὍἻὍὖ ἶ ὝἻὕ Ὅ ἱὉὌὕὂὂὕ ἱ ; ὝἽὉ ὠἻὉὕἻ 

Ἰ ὟἽ Ἳ ὅ ὀ Ὗὅ  ὝἽὉ ὠἻὉὕἻ ἱ .  ὈὕὋὕἻ ἳὠὊ-Ὗὅ  ὑὖ ὅ ὅἻὖὋ 

ὝἽ ὂὖ ἳ ὠὈὉὖὟὌὟὉ ὟὅἽ ὅ ὀὕ ἱ Ὄὕὑὖ ὀὕ ἵὠὂ  Ὗὅ  ἱὌ ὠἻ 

ὝἻὕ ὀ.  

 

             

 

     

 

ἳ Ὅὗ  ἳὠὊ Ὗὅ  ἵ ὂὖὊ  

 

 ὂὖὊ  

ὟἻ Ὕὅὕ  

Ὂ Ἳ  

 ἰ ἻὖὌ  ὂὈὖ ὝἾ Ὀ  

4.3.1. Ὗὅ  

 Ὗὅ  ὋὖὠἻ (speech signal) Ἰ  Ὄ ὂὖ  ὟἻ ὅὑ  ἱὠὀὉὖ Ὅ  

ἴὀἻ ὂὖ ἶ ὅ  Ἧ ὂ Ὀὕ Ὃ ἻὍὖ ὑὕὖὠἽὉὕ . Ὗὅ  ὋὖὠἻὉὖ ὈὖἻ 

Ὕὅὕ ὑὕὄ ἳ ὅ ὂ Ὕὅ ὅὕ ἯὠὌὑ ὑ (wave form) ἵ  Ἧὠὐ Ἳ ὅ 

ἰἽὖὟὌὕἻὖὊὕ (ocillogram) ἰ . Ὗὅ  Ὀὄὖὂ  Ὕὂὕ ὠὀ, Ὕὂὕ ὠὀ, ὑὕ , ὃὕ  

ἱὑ Ὃὖ ὑὐὖὉὕἻ ὝἽ  Ἳὕ Ὃὖ Ὗὅὕ Ἳὖ ἶ ὅ  ὂὠὀἻὍὕ ἳ ὅ ὂὖ 

ὝἽ Ὁ ὅ Ἳὖ Ὃ. ἳὉὖὝὊὕ ἻὠὍ ἳ Ὅὀ ἻὖὉ Ὂ  Ἰ Ἳ  ἹὊὍ ἽὗὊὕὄ 

ἯὠὈ Ὕὅὕ ὠἻ Ἳὕ Ἳὖ Ὃὄ. ὊὝὌὕ Ἳ ἱὉ ὅὕἻ ἯὂὖἻ Ἵ ὂὖὠὉ 

ὝἻὕ Ἳὖ Ὃ;  Ὗὅὕ Ὃ Ὂ Ὄὕ Ἰ Ἳ   ἽὗὊ Ὃ ἯὠὈ Ὕὅὕ ὠἻ 

ὝἻὕ .  Ἰ  Ὗὅ  ὋὖὠἻὠὉ Ἰ Ὁ ἻὍὖ Ἧ Ὄ  Ὗὃὕ ὀ ἻὍὖ ὑὕὖὠἽὉὕἻ 
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ὕὖ ὝἻὕ Ὅ ὅὀὌὕ. Ὕὅὕ ὑὕἻ  ἯὂὖἻ ἯὍὑὖ ὑὐ ἻὈὕἻ 

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ ἷ.ὅὖ.ἵ. Ἰ ὉὖὉ Ὕὃ Ἳὁ Ἳὕ (IPA Phoneic Alphabet) 

Ἰ ὝὅὉ Ἳ ὅ Ἳὖ Ὃ.  

 Ὗὅ  ὋὖὠἻὠὉ ἳ ὅ ὂ ὝἽ  Ὀ ὝὋὕ ὑὐὖ ἱὠἽὠὈ ἰ ὑὕ  

ἳ ὅ ὂὖὝἽ Ὁὅ Ἰ . Ὗὅ  ἱ  ὅὕἻ ἻὠὍ ὝἻὕ ὀ ἱὉ ὅὖὉ ὝἽὉ ὅὕ ἰ : 

Ἰ  Ὄ ὂὖ ( Ὂ ὑὠὍ Ὀὀ Ἳ) Ὀ  ἱ ὂ  (ὃὕ , ἳὂ Ἳ, ὅ  

Ὗὅὕ Ὃὑ Ὃὕ) ἳ ὅ ὂὖ Ὕὅὕ . ἱὠἽὠὈ ἰ  ἱ ὂὖ Ὗὅ  ὠὋ ἰ ὑὂὕ Ἰ  

Ὄ ὂὖ Ἧ ὅὠὀ ὃὖἻ Ὕὑ ὠὁ Ἳ ὅὖ Ἳ Ὁ Ἳὖ Ὃ. Ἧ ὅὠὀ ὃὖἻ Ὕὑ 

Ὂ ὑὠὍ Ὀὀ ἻὍὕ ἳ ὅ ὂὖ ὝἽ Ὁ ὅ Ἰ Ὁὖ ὠὄ ὅὕὄ ὃὖἻ Ὕὑ ὁὕ.  

ἵ ὑὕ ὟἻ ὅὑ Ἳ Ὗὅ ὅὑ ἻὍὖ ἱὠἽὟὉὕ ὀὠὂ ἯὠἽ Ἧ ὂ ὠὂ 

ὟἻ Ἳὖ Ὃὄ ἵ ὅὂ  ὑ ὑὕὄ Ὕὂὕὀ Ὕὅὕ ὂ Ἧ ὅὠὀ ὃὖἻ Ὕὑ ὁὕ. 

ἰὁὖ  ἱὉ  F0 ὃὖἻ Ὕὑ ὠὌ 80-200 Hz ἰ ; Ὕὅ Ἳ  150-350 Hz ἰ .  

4.3.2 Ὗὅ  ἳ ὅ ὂὖ  

 Ὗὅ   ὠὊ Ὂ  Ὂ ὑὠὍ, ὑὕὉὠὋ, ἻὠὋ ὑὐὖὉὕἻ ὝἽ  

Ἳὕ ὝὋὕ Ἳὕ ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ. ἱ   ὝἽὉ ὅὕ ἻὠὍ ἳ ὅ : 

Ὕὂὕὀ Ἳ (initiation), ἱ ὠὈ (phonation), ὑὕ -  ὝἽὉ ὅὕ (oral-nasal process), 

Ἰ  (articulation). ὠὊ Ὂ ἻὍὖ  Ἳὕ  ὝὑὍὖὟὉ Ὃ ὅ ὑ Ὕὂὕὀ Ἳ 

ὝἽὉ ὅὕ ἰ . Ὕὂὕ ὠὀὉὖ ὃὖἻ  ὝἽὉ ὅὕ ἱ ὠὈ ἰ .  

 Ὕὂὕ ὠὀ Ἳὕ  ὑὐὖὉὖ ἱὊ  ὝἽ ὂὕὄ Ὀὀ ἻὠὍ ὝἻὕ Ἳὖ Ὃ; 

Ἧὠὑ Ὂ ὑὠὍ Ὀὀ ἻὍὕ (vocal folds). Ὀὀ Ἳ  ἱὠὀὉὖ Ὅ ἱὠὀὝὑὍὖ 

Ὂ ὑὠὍὉὕ (glottis).  Ὂ ὑὠὍὠὉ Ἧὂ ὑὐὖὟὉ Ἳὕ  ὟὅὕἻὕὂὅ ὀ ἱὉ  

Ἧ Ὄ  Ὂ  Ἰ ἻὠὍ Ἰ  ὑὖὂ ὂὖ ὊὑὠὍ Ὀὀ ἻὠὍ ἯὂὖὊ ὝἽ Ὁ ἱὉ  ὅ  

ἻὖὉ ὂὖὋ ὠὅ ὝἻὕ Ἳ ὝἽ ὉὑὖὉ. ἱ ὂὖὉὕἻ ἱὉ ὅὕὄ ὑὖ Ὗὅὕ 

Ἧὠὂ ἯὂὖἻὈὕἻ ὂὖὋ Ἳ ἱὉ ; ἱὂὄὕ Ὂ ὑὠὍ Ὀὀ ἻὍὖ Ἧὂὖ  ὠὋ Ἳ ὅ 

Ὂ Ὄὕ Ἰ Ἳ  ἳ ὅ ὂὖ ὝἽ Ὁ ὅ.   
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 Ὕὂὕ ὠὀ, ὟὈ Ὕὂὕ ὠὀ ὑὐὖὉὕἻ ὝἽ Ὃ ὅὖ ὄ Ἳὕ  ὑὕὉὠὋ Ἧ Ὄ  

ἻὠὋ ὑὐὖὉὕἻ ὝἽ Ὄ ἱὉ . ὅὖ ὄ ὁ /ἻὠὀὉ ὁ  ἱ ὂ Ὗὂ  

Ὕὅὕ ὅὕὄ ὅ ὂὖὉὕ. ὑὕ -  ὝἽὉ ὅὕ  ὝὈ ὝὉὕ Ἳ Ὀ  ὅὖὋ 

Ἰ ἻὠὍ ὂὗ Ὀὕὄὖ ὅὂ ἳὂ . ἱ ὂὖ ὝἽὉ ὅὕ ὑὕὉὠὋὉὖ ὃὖἻ  Ἰ  

ὝἽὉ ὅὕ ἰ ; ἱ ὂ ὝἽὉ ὅὕ Ὕὅ ὅὕὌὕὄ Ὗὅ ὝἽὕ ἻὠὍ Ὗὑ ὅ ὂ 

Ὀὄὖὂ  ἳὂ Ἳὖ Ὃ.  Ὗὅ  ἳ ὅ ὂὖὉὖ ἳὀ Ὁ ἻὖὉ/ἳὀ ὋὖὉ    ἻὗὟὐ ὅὀ ὂὖ 

ὂὊ ὅ Ὅ. Ὗὅ  ἳ ὅ ὂὖ ὅ Ὃὖ ἱὉ  3ἱ  ὑὖὕὖὑὕἻ Ὃ ὅ Ὅ. 

 

 

Hard palate ὑ Ὄ ὁ , trachea ὐ, teeth ὅ , Soft palate ὝὈ Ὄ ὁ , nasal 

cavity ἻὠὋ, oral cavity ὑὕὉὠὋ Pharangeal cavity  ὟὈ Ὕὂὕ ὠὀἯὠὋ, 
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nostril  ὠὍ, jaw ὂὕὠὀ, Larynx Ὕὂὕ ὠὀ lip ἱὂ , lung ὠὊ Ὂ , 

Esophagus ἳὁ ὐ , tongue ὃὕ, diapharam ἳ ὂὖ/ἳὂὊὑὖὂὕὄ. 

4.3.3 Ὗὅ  ὟἻ ὁ  

 ὟἻ ὁ  Ἰ ἻὠὈ ὅὖ ἱὊ  ἻὖὉὈὕὄ Ἳ /ὅ ὂὖἻ ἳ Ὅὄ: 

ὝὑὍὖ ὅὠὀὉὕὄ ὟἻ  ἳ Ἳ (Ἳὕ Ἳ) Ὀ  ὟἻ  ὃὊ  Ἰ ὠὋ ( ὠὍ). 

Ἳὕ  Ἰ  Ἧ ὂ ὋὖὠἻὠὉ ἰ Ἳὖ Ὃ; ὂ  Ἧὠὂ  ὟὅἽὖ Ὁὕ Ὗὂὕ/Ἶ  Ὀὗ 

ἵ ὂὖὊ ὂ ὠὈὉὕὄ Ἧὂὖ  ἯὠὈ Ὕὅὕ ἻὍὕἻ Ὀὕ Ἳὖ Ὃ; ὅὖ ὄ ὟἻ  ὃὊ ὅὕ 

Ἳὀ ὂ ὅ ὀ ἻὍὖ ὑὕὖὠἽἻὍὕ ἳ ὅ ὂ ὝἽ Ἳὖ Ὃ. ὟἻ ὁ  ὂἻὑ 

ὟἻ  ὃὊ  Ἰ ἻὠὈ ὅὖ ὅ Ὗὑ  ὃὖὠὌἻὍὖ ὅὖὕὖ Ὕὂ Ἳ ὅ Ἳὖ Ὃ.  

 Ὀὄὖὂ Ἳὕ   ὅ ὂὖἻὠὍ ὝἻὕ ὀ: ὝὑὍὖ Ἳὕ, ὃ Ἳὕ, ἯἻ Ἳὕ. 

ὝὑὍὖἻὕ  Ἳὕὁ Ὁ ὝὑὍὖ ὅ ὂὖ, Ἰ  ὅὉὁὖ  ὐὕ ὑ ὑ ὝὑὍὖ ὟἻ  ὐὕ 

(external auditory canal) ἱὑ ὠὋ ὝἻὕ .  ὐὕ Ἧὂ  Ἰ  ὠὄὉὖ 

Ἳὕ ὊἽὕ (ear drum) ὀ ὅ . Ἳὕ  Ἧ ὂ Ὗὑ ὅὕ Ἳ Ἳὕ ὊὠἽ 

Ἧὠὀ ὂ Ἧὠὂ ἯὂὖὊ ὝἽ; ἱ ὂ Ἧὂὖ ἻὠὍ Ἧὂ  ἵὂὖ ὅ Ἳ ἱ  

ἵ Ἳ  Ἳὀ . ἳ ὑ  Ἰ  Ἧ ὂ ἯὠὌ Ὗὅὕ Ὃ ἯὟὂ ὃὖἻ Ὕὑ ὁὖ 

( ὂ , ὑὖὕὖὂ ἱὠὑ ὈὕὋὖὈὕὋὖ ὃὖἻ ὂ) Ἳὕ ὊἽὖ Ἧὂὖ Ὕὑ ἱ .  ὃ Ἳὕ 

Ἳὕ  ὃὖὊ ὅ ὅ ὀ ἱὠὀὝὑὍὖ Ἧ Ὄ  ἯὠὋ ἰ . ἱ ὂ ἯὠὋ ὀ  ὠἻ  

Ὕὂὕ ὠὀὠὉ  ἱὠὁ  ὐὕ ὑὐὖ Ἳὕ  ὃ Ἳὕ ἯὠὋ  ὅὉὁὖ . ἯἻ  

Ἳὕ  (Ἳὕ ὍὖὉὕ) (cochlea) ἵ  ἱὠὀ Ἳ ὂὖ ἱ  ἽὖὋὖὉ Ὗὂὕ Ἱ ὑ ὑ  ἽὕὍὊ 

(oval window) ἰ . Ἳὕ ὍὖὉὕὑὖ ὑ Ἳ ἵ ὅὕἻ ἱ ὅὂὕ Ἵ ὂὖὉὕὄ 

Ὗὀ ἻὍὖ/ἳ ὝἽὑὖ ἵ ἻὍὖ (stapes) ἵ ὂὖὊ Ἵὕ ὝἽὉ ὅὕ ὀ Ἱ-ὑ ὑ ἽὕὍὊ ὂὖ 

ὟὈ  Ὗὅὕ ὂ ὅ Ὅ/ἱ Ἳ ὅ Ὅ Ὗὂὕ/Ἶ Ὀὗ Ἰ  ὅὂὖ ὅὕἻ 

Ἳὀ ὂ ὅ Ἳὖ Ὃ.  Ἳὕὂὖ ἯὠὈ  ὅὀ ὂὖ Ἳὕ ὀ ὅ Ὅ. 
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Hammer ὂὖ, Auricle Ἳὕ Ὀὀ , Outer ear canal ὝὑὍὖ Ἳὕ ὐὕ, Anvil ὅ ὀὠὋ 

ἵ , Stirrup Ἧ Ἳὑ  ἵ , Cochlea ἯἻ Ἳὕ, Ear drum Ἳὕ  Ὂ , Eustachian tube 

ὃ ὝἽὑὖ ὐ  

 Ἰ  ὟἻ ὁ  ἯἻ Ἳὕὂὖ/ἳ Ἳὕὂὖ ὟὂὠὑὉὕὄ ἯὠὈ /ὅ ὂὖ Ἳὕ ὍὖὉὕ 

ἰ ; ἱ  Ἰ Ὁὖ ἳ ὅ ὂὠὂ ὠὍ  Ἳὀ  ὟἻ  ὃὊ ὀ ὟὃὊ ὉὕἻ 

Ὕὂὕὀ ὝἻὕ Ἳὖ Ὃ.  ὅ Ἳ ὅ Ὅ; ὂ ὠὈὉὕἻ ὃὗὍὑὕ Ἳὖ Ἱ  ὅὕἽὖὌὕ 

Ἶ ὑὕ /ὟὂὕὌὕ ἱὊ  ὂὖὊὑ ὃὖὊ ὅ ὅ ὀ ἯὠὋἻὍὕ  ὅ Ἳ ὅ Ὅ. 

Ἳὕ ὍὖὉὕὠὑ ἶὋ ὠὋὉ ἱ  ὑ ἻὖὉὕὉ Ἳ ὂ ἱὉ ; ἱὂ  ὝὑὍὖ Ἳ 

Ἧὂὖ Ὕὑ-ἱὀ Ὀὕ Ὃ ὃὖὠὋὟὑ Ὃ ὅὀ Ὗὑ  ἱὀ ὂὕ Ἰ ὅ ὂ ὅ Ὅ. 

Ἳὕ ὍὖὉὕὑὖ Ἧ  Ἧ ὠὈὉὖ  ἱ ὅὕ Ἳ ἳὉ ὂ ὃὖἻ Ὕὑ Ἳ  

ὅὂὖὌὍὖ ὝἽ Ἳὖ Ὃ; ἳ Ἵὖ Ἧ ὠὈὉὖ ἱ ὅὠὑἻ ὠὋ ὂ ὃὖἻ Ὕὑ Ἳ  

ὅὂὖὌὍὖ ὝἽ Ἳὖ Ὃ. ὃὊ  Ἳὀ ὂ ὝἽὉ ὅὕ ἱὠὂ  Ὕὂὕὀ Ἳὖ Ὃ Ὀ  

Ὕὅ Ὂ ὋὖὠἻὠὉ (spectral signal) Ἳὖ ὀ ὂ ὀ ὅ  ὅὖὕὖ Ὕὂ 

/ὅ ὂὖ Ὕὅὕ ὂ  ὟἻ  ὃὊ ὅὖ (auditory nerve) ὝἽὉ ὅὕ ὋὖὠἻἻὍὕἻ 

Ὀὕ Ἳὖ Ὃ.  

4.3.4 Ὗὅ  ὠὁ ὅὕ Ἳ ὂὖ ὑὊὌὕ 

 ὅὌ Ὃὕ ἻὍὕἻ Ὀὄὖὂ ἱὄ ὂὖ ἻὄὑὕἻ ὝἽὉ ὠἻ Ὗὅ  ἱ ὂ.  ὋὖὠἻ 

ἰ ὠὑ  Ἳ ὅὖ ὅὂ ὄ  Ὀὄὖὂ Ὗὅ ὠἽ ἳ ὑὕ Ἳ ἱὉ  ἽὖὌ ἵ ὂὖὊ ἻὠὍ 

ἳ ὑὕ ὑὂ Ὁ ἽὖἻ ὟὈ ὝἻὕ Ὅ ὅ ὀὄ. Ὗὅ  ὠὁ ὅὕ Ἳ (speech 
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synthesis) ἱὉ ὂὖὊ Ἵὕ ὅὖ Ὀὖ ἽὕὊ Ἵὕ ὠὁ ὅὕἻ ὈὕὋὖὉ; ἱὉ ὂὖὊ Ἵὕ 

ὠὁ ὅὕ Ἳ 1779-ἱ  Ὕὂὕὀ Ἳ ὅ ὀ. 1779-ἱ  Ὂ Ὁ  ὟὅὊὕἽὖὕὖὉὊὕὄ 

ἻὖὋὖ Ὁ ἻὖὊὕ ὝἽ ὠὀ (Christian Kratzenstein) ἷ  Ὕὃ Ὁὖ Ἳ (Ἧ, ἵ, ἱ, Ἰ) 

ἱὠὀὟὉ Ὅ ἳ ὅὖὉ Ἵὕ Ὗὑ ὅὕ ἻὠὍ ὑὖὍ Ἳὖὄὕ; Ἧὑ  Ἧὑ ὠὋ ὝἽὉὠἻὉὕἻ 

ἳ ὅ ὂὖὝἽ Ὁ Ἳ ὑὖὠὉ ἳ ὑὕ Ἳὖὄὕ. ἻὖὊὕ ὝἽ ὠὀ ὅὀ ὂὖ Ἳὕ Ὅ Ὗὅὕ  

Ὀὄὖὂ Ὗὅ ὐὕ ὀ Ἰ ὠὈ Ὅ Ἰ ὉὖὉ Ἳ Ἰ ἻὖἻὠὍ (acoustic resonators) 

ἳ ὑὕ Ἳὖὄὕ; ἱὠἽ Ἳ ὑὖἻ Ὗὅὕ  Ἧὂὖ  ὃὕ Ἳὕ Ἰ ἻὖἻὠὍ 

ὝἽὉ ὅ ὂὖὄὕ .  

 ἻὖὊὕ ὝἽ ὠὀὄὖ Ἰ ἻὖἻ (Kratzenstein s resonators)  

 

  Ἧ                  ἵ   ἱ                Ἰ                       ἳ 

  

 

 

 1791-ἱ  Ὗὑὕ Ἦ Ἳὕ Ὗὑὕ  ὝἻ ὝὍ (Wolfgang von Kempelen) Ἰ ὉὖὉ Ἳ 

ἵ ὂὖὊ Ὗὅ  ἵ ὂὖὊ (Acoustic-Mechanical Speech Machine) ἵ ὅὠὂ ἯὋὖ Ἳ ὅὂὖὄὕ. 

Ἧ  ἽὖὌ ὂὄὖ Ἰ ἻὠὍ  Ἰ  ὟἽ ὠἻἻὠὍ ἳ ὅ ὂὖ ὝἽ Ὁ ὂ.  
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Ὗὑὕ Ἦ Ἳὕ Ὗὑὕ  ὝἻ ὝὍ Ἰ ὉὖὉ Ἳ ἵ ὂὖὊ Ὗὅ  ἵ ὂὖὊ 

 

 

Ἧὂ ὅὖ ὄ 1837-ἱ  Ἵὕ Ὄ Ὗὀὕ (Charles Wheatstone) ἵ ὅὑ ὑὕ  

ὝἻ ὝὍὄὖ Ὀὕὂὖὕὖ Ἧ ὅὠὀὉὖ Ἰ  Ὗὅ  ἵ ὂὖὊ ὠὂ ἳ ὑὕ Ἳὖὄὕ. ἱ ὂ Ὗὅ  

ἵ ὂὖὊ ὑὠἻ ἳὉὖὝὊὕ ἻὠὍ Ὕὅ ὅὕὌὕὄ ὝὈ ὝὉὕ ἻὠὍ  ἳ ὅ ὂὖὝἽ Ὁ 

ὂ; ἱ  Ἰ ὟἽ ὠἻἻὠὍ  ὝἽὕ ἻὠὍ ἳ ὅ ὂὖ ὝἽ Ὁ ὂ.  

Ὗὀὕὄὖ Ὗὅ  ἵ ὂὖὊ (Wheatstone s speaking machine) 

 

 Ὀὖ ὄὖὉ Ἵὕ ὠὁ ὅὕ Ἳ Ἳ ὑὖ (Electrical synthesis device) 1922-ἱ  

ἳ ὑὕ Ἳ ὅ ὀ. ὂ  Ὀὖ ὄὖὉ Ἵὕ ὠὁ  Ἳ ὑὖ Ὗὀὑὕ  (Stewart) 

ἵ ὅὑὊὕ ἯὋὖ Ἳ ὅ ὂ ὅ ὀ. ἱ ὂ ἵ ὂὖὊ ὂὄὖ ὃὖὠὌὉὕὄ ἳὉὖὝὊὕ ἻὠὍ ἳ ὅ ὂὖ 
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ὝἽὂ ; ἰὄὕ  ὝὈ ὝὉὕ ἻὠὍ ἻὠὍ  ἳ ὅ ὂὖ ὝἽ Ὁὑὖ ὠὌ. 1932-ἱ   

Ἰὅὕ ὀὕ (Obata),  ὝὀὒὖὈὕ (Teshima) ἵ Ὃ Ἶ ὅὄὖὉ ἰ ὑὕὍ Ἳ ἳὉὖὝὊὕ ἻὍὖ 

Ὃὕὑ Ἰ ὝἽὋὖὠὑ Ἳ ὅὖ ὂὄ. ὂ   Ἰ ὝἽὋὖ Ἳ Ὕὅὕ ὑὕἻ 

ὕὖὉ ὂ Ἳ Ὗὅ  ὠὁ ὅὕἻ ὂὖ Ὗὅὕ ὈὕὄὂὕἻ Ἳ ὂ ὅ ὀ.  

 ἱ ὅὖ  Ὗὅ  ὠὁ ὅὕὄὕἻ (speech synthesizer) Ἳ ὂ ὅ ὀ ὂ  

Ἳ ὑὖ 1939-ἱ  ὟὔὕὈ ὀ ὟὌ (Homer Dudley) ἵ ὅὑὊὕ ἯὋὖ Ἳ ὅ ὂ ὅ ὀ. ἱ ὂ 

Ἳ ὑὖ Ὗὑὕὀ (VODER  Voice  Operating Demonstrator) ἵ  ὝὅὉὕὖὀ ὅ ὀ. ἱ  

ὅὀ ὂὖ Ἳὕ ὀ ὅ Ὅ. ἱ  ὑὖὠἽ ὅὌὠἻὉὕ ἱὉ Ἳ ὅ Ὀὖ ὄ Ἵὕ Ὗὅ  

ἰ ὑὖὉὕ; ὠὁ ὅὕ 1930ἻὍὖ ὠὈὉ ὂὖ Ὕὅ  Ὄὕὅὕ (Bell lab) 

ἳ ὑὕ Ἳ ὅ ὀ. ὟὑὕὀὠὊ ὅὉ ὅ ὑ Ἳ ὄ . Ὀ Ὀ Ὃὖ ἱ ὂ ἱὉ ὂὖὊ ὂὕ 

ἳ ὅ ὂὖὝἽ Ὁ ὅ ὀ Ὗὅ Ἵὖ ὅ  ὕὖὂὖὋ ὃ Ὄὂ Ὄ.  ἱ ὂ Ἰ ὠὋ ὝἽὉ ὠἻ 

Ὗὅ ὠἽ ἳ ὅ ὂὖ ὝἽ ὑὂὖ Ἧὂ  ὂὖὋ ἻὕὊὁὈὕἻ Ἳ Ὕὅ Ὃ.   
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Ὗὑὕὀ Ὗὅ  ὠὁ ὅὕ (VODER speech synthesizer)  

 

   Ὄ  Ἳ ὅὕ          Ἰ Ὕὅ Ἳὖ

      

  

 

       ὝὈὥὄ  

            

                   

     ὃὖἻὖὋ   Ὗὑὕὀ   

        Ἳ ὟἽὕ  

        ὑὖὠἽὅὌὠἻ 

   

         ἱὠἽὠὈ  Ἳ ὅὕ  

Ὂ Ὄὕ Ὄ  
Ἰ Ἳ  Ἳ ὅὕ  Ἰ Ἳὖ 

Ὂ  Ὄ  

1 2 3 4 5 1 9 6 7 8 

Ὀὁ ὖἻ  ὅὕ  

Ἵὂὖ ὝἽὕ Ἳὖ 

 

Ὗὑὕὀὕὖ ὝἽ ὠὋ ὑὖὍ Ἳ ὂὖ ὅὖ ὄ ἯὋὖὑὖὉ ἳὌἻ  Ὗὅ  ὁ ὅὕ Ἳ ὂὖ 

ἯὂὖἻ ὑὖ ὅ ὠὂ Ἳὕ Ὁ. Ὗὑὕὀὕὖ Ἧ ὅὠὀ ἯὠὈ  Ἳ  Ὗὅ Ἵὖ Ὄ -

ἱ ὅὕ Ὀὕὂὖὕὖ (source-filter-model) ὂ ὟὅὕὠὂὉ Ἰ ὠὋἻ Ὗὅὕ ὋὟὂ. 

ὅὖὊὕ ἻὖὍὖ ὅ (Franklin Cooper) Ὀ  Ἧὑ ὂ ἳὂὑὖὉὕὍ Ἳ 1951-ἱ  

ὔὕ Ἳὖ  ἰ ὀ ὂὖ (Haskins laboratory) ἯὠὈ Ὕὅὕ  ὂὖ ὅὖ Ἰ  

ὠὁ ὅὕὠὄ (pattern playback synthesizer) ἳ ὑὕ Ἳὖὄ.  ἱ  ὅὂὖ ὝἽ Ὁ ὅ ὀ 
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ὃὖὋὈὕὠὌ ὃὖὐ ὅὀ/Ἰ ὑ ὁὠὄ ὅὀ ἯὠὈ Ὕὅὕ ὠἻ Ὄ Ἧ Ὄ  Ὀὕ Ὃ ὅ ὀ ὑ ὑὖ 

Ἰ ἻὍὕἻ ὂὖ ὅ Ὀὕ ὋὖὉ. ὃὖὋὈὕὠὌ ὃὖὐ ὅὀ/Ἰ ὑ ὁὠὄ ὅὀ ἯὠὈ Ὕὅὕ  

ἸὍὖ Ἳὑ Ὄ Ὕὅ  Ὀὗ ἸὍὖἽὕ ὂὂὕἻ/ἰ ἻὌὕἻ ὅὂὖὑὖ Ἳ ὅ Ἳὖ Ὃ.  

PAT (Pragmatic Artificial Talker) ὂ  Ἰ ὝἽὋὖ ὠὁ ὅὕ Ἳὖ ἰ ; ἱ  

ὑὕ ὀ ὌὕὊ Ἵὕ (Walter Lawrence) 1953-ἱ  ἯὋὖ Ἳ ὅ ὂ ὅ ὀ. ὅὕ ἱὠὁὉὕἻ 

ἱὠὁ Ἳ ὅ ὀ Ὀὖ ὄ  Ἰ ὝἽὋὖ Ἰ ἻὖἻὠὍ ὝἻὕ Ἳὖ Ὃ. ἳ Ὅὗ  

ὋὖὠἻ ὅ -ἰἻὟὑὕ ἱὠὊ ἽὌὕἻὟὑὕ (buzz or noise) ἱ . ὃἻὊ Ὁ Ἳ ὁὕ  

ὠὌ  (moving glass slide)  Ἰ ὝἽὋὖ ὃὖἻ Ὕὑ ἻὠὍ (formant frequencies), Ὂ , 

ἯὠὌ , Ἧ ὅὠὀ Ἧὂὖ Ὕὑ (fundamental frequency),  ἱὠὊ Ἵ ἯὠὌ  (noise 

amplitude) ἱὑ ὠὋ Ἳ ὅ ὂ ἰ  ἻὕὌ ὝἽὉ ὅὕ ἻὍὕἻ ὑ ὁ ἽὖὉ 

ἯὠὈ Ὕὅὕ ἻὠὍ Ὀὕ Ὃ ὅὉ ὅ ὂὖὄ.  ὄὕ Ἦὅ  (Kunnar Fant) 1950-ἱ  

ὂ  Ἰ  Ἰ ὝἽὋὖ ὠὁὅὕ Ἳὖ (cascade  formant synthesizer) Ἱ  1 (OVE I) 

(OVE- Orator Verbis Elecris) ἯὋὖ Ἳ ὅ ὂὖὄὕ; ἱ  Ἰ Ἳὖ ἱὠὁ Ἳ ὅ ὀ Ἰ ὝἽὋὖ 

Ἰ ἻὖἻὠὍ ὝἻὕ ὀ. 1962-ἱ  Ἦὅὕ  Ὀὕ Ὗὀὕὄὖ (Fant and Martony) 

ὟὈ ὅ ὂ ὅ ὀ Ἱ  2 (OVE II) ὠὁ ὅὕ ἻὖὠὉ ἯὋὖ Ἳ ὅ ὂὖὄὕ; ἱ  

ἳὉὖὝὊὕ Ἳ, ὝἻὕ Ἳ, ὂὠὀὝὈ ὝὉὕ Ἳ ἱὑ Ὃὖ  Ὗὅ ὐ Ἳὀ ὂ 

ὝἽὉ ὅὕ ὠὀ Ὀὕὂὖὕὖ ὅ ὂ ὂὄὖ ὅ ὂὖἻὠὍ ὝἻὕ Ἳὖ Ὃ.  Ὂ , ἳὉὖ  

ἱὠὊ Ἵ, ἳὊὕ  ἱὠὊ Ἵ ἵ ὅὄ Ἵὕ ὂὖὉὈὕὄ ὀ Ἳ  ἰ . 

ὅὕ Ὀ  Ἱ  (PAT and OVE) ἱὑ ὠὋ ἰ ὂ ὅὖ ὄ Ἶὕ  Ὗὔὕ  (John 

Holmes) 1972-ἱ  ἱὠὁ  Ἰ ὝἽὋὖ ὠὁ ὅὕ ἻὖὠὉ (paralle formant synthesizer) 

ἯὋὖἻ ὅ ὂὖὄὕ. 1978-ἱ  ὕὖ Ἵ Ἳὕ ὄὕ (Richard Gagnon) Ὀ ὑὕὄ Ὗὑὕ Ὂὕ 

Ἧ ὅὠὀὉὖὌὕὄ ὠὀ -ἵ ὀὕ Ἰ ὠὋὠὉ (Votrax-based Type-n-Talak system) 

ἯὋὖ Ἳ ὅ ὂὖὄὕ. 1982-ἱ  ὕὗ ἵὌ Ὂὕὄὖ (Street Electronics) ἵὂὖὝὊὕ Ὀ  

Ἰ Ὁὖ ὠὈ ὠὁ ὅὕ ἻὖὠὉ (Echo low-cost diaphone synthesizer) ἯὋὖ Ἳ ὅ ὂὖὄὕ. 

ὂ ἻὕὌ Ὗὅ  ὠὁ ὅὕ Ἳ Ὕὂὕὐὖ ὅ Ἳ ὈὖἻ Ἵὖ ἻὌὕὄ ὃ ὄὈὕὄ 

ὝὃὋὖ ὠὋἻὠὍ ὑὐὖ ὠὋὑὠὊ ἻὠὍ ἳ Ὅὀ ἻὖὉ. Ἰ Ὃὖὠὁ ὅὕ Ἳ Ὗὅ  

ὠὁ ὅὕ Ἳ, ὔὖ ὀ Ὀὕ ὟἻὕ ὈὕὂὖὕὖἻ (HMM models) Ἧ ὅὠὀὉὖὌὕὄ 
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ὠὁ ὅὕ Ἳ ἵ ὅὄ Ἧ ὠὈὉὖ ὅὉ ὅ ὂ ὅ Ὅ ὂ ἻὕὌ ὝὃὋὖ ὠὋἻ 

ἰ . 

4.4.  Ὗὅ  ὠὁ ὅὕἻ Ἧ ὠὋἻ  

 Ὗὅ  Ὀὄὖὂὑὖὄ Ἰ ὑ ὝἻὕ ὑ Ἳ ἻὠὍ ὅὕὖὈὕὋὖ ὝἻὕ 

ἱὉ ὠἻὉὕὄ ὠὋὉὕ .  Ὗὅ  ὠὁ ὅὕ Ἳ ὝἽ ὠἻὉὕἻ, Ὃὖ ὅὕἻ 

ἻὁὖὄὖὠὉ ὅὉ ὅ ὂὖ Ὗὅ ὠἽ ὠὁ ὅὕ Ἳ ὝἽ  ὝἽὉ ὠὋὉὕ.  

Ὀὄὖὂ Ὗὅ ὠἽ ὅὕὑὖ /ὟὅὕὌ ὝἽ Ἰ  ἳ ὑὕ Ἳ Ἳὗ Ὀ ὀ ὠὁ ὅὕ Ἳ 

ἵ  Ὃ ὅ Ἳὖ Ὃ. ὟὈ Ὀ ὀ ὠὁ ὅὕ Ἳ ἵ ὂ ὅ ὀ ἳὠὊὠὉ/ὅ ὑὠὌ 

Ἧ Ὄ  Ὃὖ ἻὠὍ Ἳὗ Ὀ ὀ ἳ ὑὕ Ἳ Ἰ ὠὋὠὉ ἱὉ Ἳ Ὕὅὕ ὂὈὕὄ 

ὑὖ ὅ ὅ ὀ Ἰ ὉὖὉ Ἳ Ὃὖ ἻὍὖ Ἧ ὑ ἳ ὅ ὂὈὕἻ Ὀὕ ὑὠὂ ὑὖὍ Ἳὖ Ὃ. 

ἳ ὅ ὂὖὉὖ ὝὃὋὖ ὠὋἻὍὖ Ἧ ὅὠὀὉὖ Ὗὅ  ὠὁ ὅὕ Ἳὠὂ ὃὕ  

ἻὖὉὈὕὄ ὑὠἻ ὅὕ ἻὍὕἻ ὑὠἻ ὅ ὂὌὕ. 

 1 Ἰ ὅὖὉ ὠὁ ὅὕ Ἳ (Articulatory synthesis)  

 2. Ἰ ὝἽὋὖ ὠὁ ὅὕ Ἳ (Forman snynthesis)  

 3. ἱὠὁ  ὠὁ ὅὕ Ἳ (Concatenative synthesis)  

4. ἵ .ἵ .ἵ . Ἧ ὅὠὀὉὖὌὕὄ ὠὁ ὅὕ Ἳ (HMM based synthesis)  

4.4.1. Ἰ ὅὖὉ Ἵὕ ὠὁ ὅὕ Ἳ 

 Ὗὅ  ὐὕὉὖ ὈὕὂὖὕὖὠὉ ὅὉ ὅ ὂὖ Ὗὅ  Ἰ ἻὠὍ ἳ ὅ ὂὖὝἽ ὑ  

Ἰ ὅὖὉ Ἵὕ ὠὁ ὅὕ Ἳ (articulatory synthesis) ἰ ; ἱ  ὟὃὊ ὉὕἻὟὑὕ 

ὈὠὋ ἻὈὕἻὟὑὕ Ὗὅ  Ἰ ὅὖἻὍὖ ἱὉ Ἳ ὠὂ ἴ ὑὖ Ἳὖ Ὃ. Ὗὅ ὐὕὉὖ 

ὑ ὑ ὠὂ ὅὌ ὑὐὖἻὍὖ Ἳ ὅ ὂ ἱὉ ; ἱ  ὃὕ , ὂὕὠὀ, ἳὂ Ἳ Ὗὅὕ Ὃ Ὗὅ  

Ἰ ὅὖἻὍὖ ἱ ὠὅ Ὀὕ ὑὠὂ ἳ ὅ . Ὗὅ ὐὕὉὖ ἳ ὅ ὂ ὑὐὖ Ἳὕ Ὃὖ 

Ἱ ὀ ὠὂ Ἶὖ ὀὌὕἻ ὟὅὕὌ ὝἽ ὑὂὕ/ὅὕὑὖ ὅὂὕ Ὗὅ  ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ. 

Ἰ ὅὖὉ Ἵὕ ὠὁ ὅὕἻ ὂὖ ἱὠὁ  Ἰ  ὑὖὠὍ Ἳ ἱὉ ὠἻὉὕἻ ὑ Ἳὖ Ὃ. 

Ὂ ὑὠὍἽὕ Ὄ  ὅ Ἳ, Ὗὅ ὐὕ Ὀ  Ὂ ὑὠὍ Ὀὀ Ἳ 

ἱὑ Ὃὖ ἻὖὠὀὟὉ Ὅ ἴὀὕ ὀ, ὠὁ  Ὂ ὑὠὍἽὕ Ἰ ὠὋὉὖ ὅ ἻὍὖ 
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Ὀ   ὐὕ Ὀ   ὠὍἻ  (sinus cavities) ἱὑ ὀ  ἱὠὂ  ἽὕὖὉὕἻ 

ὠἻὉὕὍ ἱὉ .   

 Ἰ ὅὖὉ Ἵὕ ἳ ὑὕ Ἳ ὅὀ ὂὖ Ἳὕ Ὅ Ὗὅὕ  ἱ  ὈὂὖὕὖἻὠὍ 

ἱὠὁ Ἳὖ Ὃ. Ἰ ὅὖὉ ὈὕὂὖὕὖὉὖ Ὗὅ  ὐ  ὅὌ ἽὖὋὖὉ ὅ ὂὖἻὍὕἻ 

ὅ Ἳ ὅ Ὅ Ὀ  Ὕὂὕὀ ὠὀὉ  Ὕὑ  ὅ ὂὖἻ (cross-sectional areas) 

Ὗὅ  ὐὕ  ἽὖὋ  ὅ ἻὠὍ ἳ ὅ ὂ ὝἽ ὑὂ  ἯὍ ἻὍὕἻ 

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ.  Ἰ ὉὖὉ ἻὑὖὉ ὈὕὂὖὕὖὉὖ Ἰ Ὕὑὕ Ἳὗὀὕὄ ὅὊ Ἳ  

Ὀὖ ἽὕὊ ἯὄὌὕ Ἳὀ  ὠὌὄὕ  (electrical analog transmission line) 

ὟὂὕὊὕὉὈὕ Ἳ ὅ Ὅ.  

 ἻὗὟὐ ὂὊ ὅ Ὅ Ἰ ὅὖὉ Ἵὕ Ὀὕὂὖὕὖ Ὗὅ  ἳ ὅ ὂὖὉὖ ἻὖὉὈὕὄ ἻὠὍ 

ἳ ὅ ὂ ὝἽ Ἳὖ Ὃ; ἱ  ὂὄ  ἵ ὠὌἻὠὍ ὠὋὟὉ Ὂ ὑὠὍὉὖ ὑὕὉὖ  

ἱὀὈὕἻ ὝἻὕ ὀ Ἰ ὉὖὉ Ἳ ὐὕὉὖ Ὕὑ  ὅὊ ὅὖ Ὗὑ ὅὕ ὠὀ 

ὅὖὊὂὖὅ  ὅὊ  ὝἽὉ ὅὕ  Ἳὁὖ  Ἧὂ ἻὖὉ Ὗὃὕ ἻὈὕ.  

 

 Ὄ ἯὍ       ὠὁ ὅὕἻ  Ὗὅ  

  

     

    Ἰ ὅὖἻὍὖ  ἱ ὅὖὀ  

Ἰ ὉὖὉ Ἳ Ὀὕὂὖὕὖ 

Ἰ ὅὖὉ  Ὀὕὂὖὕὖ 

 

Ὗὅ ὐὕὉὖ ἾὖὉὕὈ ὀὕὖ ὅὊ  (geomenteric area) Ἰ ὠὅ ὅ ὋὖὉ ὃὈ  

ὕὖὝἻὕ Ὅ  ἻὖὉὈὕ Ὀ  Ἧ  Ὗὅ  ἳ ὑὕ Ἳ ὂὖ ἻὖὉ 

ἻὕὊὁὖὉὕ.  Ὗὅ  ἳ ὑὕ Ἳ ὂὖ Ἰ ὉὖὉ Ἳ ὟἻὕ ὅὕ Ἧ ὅὠὀὉὖ ἽὗὊ Ὃ Ὀ  

ἻὕὌ Ὀὕ ὅὕ ὠὀὉ Ὕὑ  ὅὊ Ἳ Ὀὄὖὂ Ὗὅ  ὐὕὠὉ Ἰ  Ἰ Ὁ Ἳ 

ὐὕὉὕἻ (acoustic tube) ὈὕὂὖὕὖὉὕ Ἳ ὝἽ Ὁ ἱὉ . Ὗὑ ὅ ὀ ὝὈὕὐὖ Ἰ ἻὠὍ ἳ ὅ ὂὖ 
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ὝἽ Ὁ Ἧ  ἻὖὍ Ἵὖ Ὄ ὠὂ (excitation source) Ἰ ὅ ἻὖὋ. Ἰ  ἱὀ Ἳ  

Ὃὖ ὅὖὀ ὅ ὑὖ ὀὕ Ὕὑ  ὅὊ Ἳ Ὗὅ ὐὕ ἵ ὠὌ ὟἻὕ  Ὀὗ Ἰ  

Ἵ Ὄὠὀ ἯὠὈ ὠὅ  (grid structure) Ἰ Ὃὖ ὟὈ  Ἰ ὋὕἻ ὠὑ ὅὂὕ Ἳὁὖ Ἳ ὅ Ἳὖ Ὃ. 

ἱ ὂ Ἵ Ὄὠὀ ὟἻὕ Ἳ (grid lines) Ἰ ὅὖἻὍὖ ἱ ὅὖὀ Ἧ ὅὠὀὉὖ 

Ὗὑ ὅ Ἳὖ Ὃ (ἯὠὑἻ  ὝὈ ὝὈ Ὕὀ ὈὕὂὖὕὖὉὖ (Mermelstein s model) 

ὃὖ ὑ ὅ Ἳὖ Ὃ). ὝὈὕ ὂ 60 ὅ ὂὖἻ, Ὗὅ ὐὕ  59 ὅ ὂὖἻ Ὀ  ὃὈ  

ὈὕὂὖὕὖὉὖ ὅὉ ὅ ὂ ὅ Ὂ ὑὠὍὉὖ ὝὑὍὖὟὉ  ὑὐὖ  Ἰ  ὅ ὂὖ (ὃὖὠὌὉὕὄ 

ὃὗὍ Ὀ  ὅὊ ) ὃὈ  ὈὕὂὖὕὖὉὖ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ.   Ἧ ὑ ὑ Ὂ  (sagittal 

distance) ὅὖ ὑὉ-ὟὈ ὑὉ Ὀ  ὑὉ-ἻὗὑὉ ὝὑὍὖἵ ὠὌ ὟἻὕ Ἳ  

ἱὠὀὟὉ Ὅ Ἵ Ὄὠὀ ὟἻὕ ὅ ὂὖὉὕἻ ὑὠὊὉὠὋ ὑὖὍ Ἳ ὝἽ Ὁ ὅ Ἳὖ Ὃ.   

 Ὗὅ ὐὕὉὖ ὠὈὉ ὟἻὕ ὅ Ἳ ὂὖ Ὅ Ἵ Ὄὠὀ ὟἻὕ ἻὍὖ ὠὈὉ  

ὍὖἻὠὍ ἱὠὁ ὅὂὕ ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ.  ὠὈὉ  ὟἻὕ  ὃὗὍ Ὗὅ ὐὕὉὖ 

ὃὗὍ ὂὖ ἽὈὈὕὄὂὕἻ Ἳ ὂ ὅ Ἳὖ Ὃ. Ἧ ὑ ὑ Ὂ  ἱ ὂὖὉὖ Ἧ ὅὑὕὂ 

ὂὖὊ ἻὍὕ (empiric formulas) Ὕὑ  ὅὊ ἻὍὕἻ Ὀὕ Ὃ ὅ Ἳὖ Ὃ. Ὗὅ  

ἳ ὅ ὂὖὉὖ Ἰ ὉὖὉ Ἳ ὟἻὕ ὅὕ Ἧ ὅὠὀὉὖ ὃὕ ὂὊ ὅ ὀ Ὗὅ ὐ 

Ὕὑ  ὅὊ ὅὖ  Ἰ ὝἽὋὖ ὃὖἻ Ὕὑ ἻὠὍ Ἳὁὖ Ἳ ἱὉ .  ὂὊ ὅ ὀ 

Ὗὅ ὐ Ἰ ὉὖὉ ἻὑὖὉ Ὀὕ Ὃ ὝἽὉ ὅὕ ὠὀ Ἳὁὖ ὅὂὖ  Ἰ ὝἽὋὖ 

ὃὖἻ Ὕὑ ἻὠὍ ἰ Ἳ ἻὍὕἻ ὅὖὕὖ ὅ ἵὍὖ.  Ὗὅ ὐ Ὕὑ  ὅὊ  

Ὗὅ  ὋὖἻὠὍ ὅ ὋὖὉ Ἰ ὉὖὉ ἻὑὖὉ ὂἻὑ ἻὠὍ (Ἰ ὝἽὋὖ ὃὖἻ Ὕὑ ἻὠὍ) 

ὂ Ἳὖ Ὃ. ἱ ὂὖὉὕἻ ὃὕ Ἧὠὂ  Ἳ ὅὕ Ἳ ὀ Ὁ ὅ ὅὕὖὈὕὁ ὑὕὖὠἽὉ Ὄὕὂ 

ἳ ὂὈὈὕ Ἳ Ἵὖ ἻὌὕἻ (multi dimensional nonlinear optimization problem) Ἳ Ἳὖ ὟὋὕ 

Ὀ  ἳ ὂὈ Ἰ  Ὕὑ ὀὕὊὕἻ (optimum articulatory vector) Ἳὁὖ Ἳὖ ὟὋὕ.  

 Ὀὄὖὂ Ὗὅ  Ἰ ἻὠὈ ὅὖ Ἰ ὉὖὉ Ἳ Ὀὕὂὖὕὖ ὅὌ ὠὁὈὕὂὖὕὖἻὠὍ 

ὝἻὕ Ὅ.  Ὗὅ ὐ Ὀ  ὐ ὈὕὂὖὕὖἻ (vocal tract and nasal tract 

models) ἱ ὂ ὐ ἻὍὖ ἹὠἽ ὅὊὑὠὌ ὅὕὑὖ Ἳὖ Ὃ. ἻὖὍ Ὃ Ὄ Ὀὕὂὖὕὖ 

Ὗὅ ὐ  Ὂ  ἻὖὍ Ὃ ἯὠὌὑ ἻὠὍ (voice excitation waveforms) 

ἳ ὑὕ Ἳὖ Ὃ. ἳὊὝἽὕ Ἳ Ὀ  Ἧὠὀ Ὕὅὕ Ἳ ὕὖὉ ἱ ἻὍὖ ἻὖὍ Ὕὂ 
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Ἳὕ ὝὋὕ  ἹὠἽ Ὄ ὂὕ ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ.  ὅὊὑ Ὀὕὂὖὕὖ (radiation model) 

ἳὂ ἻὍὖ  ὑὕὊ ἻὍὖ  ὅὊ  Ἰ ὉὖὉ Ἳ Ἵ ὂὖὠὉ ὅὕὑὖ Ἳὖ Ὃ. 

Ὗὅ ὐ, ἵ  ἳ ὠὐἻ ὀ Ὁ   ὐ , Ὂ ὑὠὍ ὂὠὀ, ὠὁ  

Ὂ ὑὠὍ ὐ , ἻὖὍ ὂ Ὄ ,  Ὀ   ἻὖὍ ὂ ἱὠὊ Ἵ Ὄ  ἱὑ ὠὋ ἳ ὅ  

Ὗὅ  Ἰ ὠὋὉὖ Ἳὀ ὂ-ὟἻὕ  Ὀὕὂὖὕὖ (transmission-line circuit model) 

ἳ ὑὕ Ἳ ὅ ἻὖὋ. Ἰ Ὕὑὕ Ὗὅ  ὐ  ὠὁ  Ἰ ἻὠὈ ὅὖ Ἰ ὉὖὉ Ἳ Ὀὕὂὖὕὖ 

ἰὉ ὅ ἻὖὋ. 

 Ἰ  ὃὠὀ ὠὋ Ἰ  ὠὁ ὅὕ Ἳὖ (practical articulatory synthesizer) 

Ὗὅὕ ὐ, ἵ  ἳ ὠὐἻ ὀ Ὁ  ὐ , Ὂ ὑὠὍ ὂὠὀἻ, ὠὁ  

Ὂ ὑὠὍ Ἰ ὠὋ, ἻὖὍ Ὃ Ὄ , ἻὖὍ ὂ ἹὠἽ Ὄ  ἱὑ ὠὋ ἳ ὅ . 

Ὗὅ  Ἰ ὠὋὉὖ Ἰ ὉὖὉ Ἳ ἽὈ ὅὕ Ἳ ὅὕὖ ὠὊ Ἳ ὅ ὀ Ἰ  

ὠὁ ὅὕ Ἳὖ Ὗὑ  ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ.  ἻὕὌ Ὄ Ἧ ὠὋ (time-domain 

approach) Ὗὅ  Ἰ ὠὋὉὖ ἱὉ Ἳ ὅ ἻὠὍ ὅὕὑὖ Ἳ 

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. Ὗὅ  ὐ  Ὕὑ  ὅὊ  Ἧ Ὄ  Ἰ  ἯὍὠἻἻ 

(articulatory parameters), Ὗὃ ὟἻὕ Ἧ Ὄ  ἰ  ὀὕ  ὝἽὉ ὅὕ ὠὀ (arc tan function) 

ὅὉ ὅ ὂὖ ἱ  Ἧ ὂ ὂ Ἵ ὀ Ἳ  ἱὠὀὉὖ ὝἽ Ἳ ὅ Ἳὖ Ὃ. ὠὋὉὕἻ 

ὂὖ ὀὈὖὀ ὅ ὀ Ἰ  ἳ ὑὕ ἻὖἻ ἳὊὝἽὕ Ἳ Ὀ  Ἧὠὀ Ὕὅὕ ἻὍὖ ἵ Ὄὕ 

ἱὉ ὅὕὄ ὟὂὠὑὉὕὄ ὑὖὠὍ ἻὠὍ Ὀὗ ὑὕ Ἳ ὝἽ Ὁ  ἳ ὠὈὉὕὄ Ὗὅ  

ἳ ὑὕ Ἳ ὂὖ ὃὖἻ  ὝὅὥὂὖἻ ὝἽὉ ὅὕ ἻὠὍ Ἰ  ὑὖὂ ὂὖ ἱὠὁ  Ἰ  

Ὀὕ Ὃ ἻὠὍ Ὄ  ὐὕ ἴὀὕ ὀ ὠὂ Ὀὕὂὖὕὖ ὅ ὂ ἱὉ .    

4.4.2  Ἰ ὝἽὋὖ  ὠὁ ὅὕ Ἳ 

 Ἰ ὝἽὋὖ ὠὁ ὅὕ Ἳ (formant synthesis) Ἱ ὀὟὃὊὂὖ Ὀὄὖὂ Ὗὅ  

ὈὕὂὖὕὖἻὠὍ ὅὉ ὅ ὑὂὖ ὠὌ.  ὈὕὋὕἻ Ἰ ὉὖὉ Ἳ ὈὕὂὖὕὖἻὠὍ ὅὉ ὅ ὂὖ ὝὑὍὖ  

ὠὁ ὅὕ Ἳ ὝἽ Ὁ ὅ ὀ Ὗὅ  (output synthesized speech) ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ.  

Ἧ ὅὠὀ ὃὖἻ Ὕὑ, Ὂὅ ὂ (voicing), ἱὠὊ Ἵ ὃὖὠὌἻ (noise levesl) Ὗὅὕ Ὃ 

ἯὍὠἻἻ ὝἽὉ ὠἻ ὟὅἽὖ ἯὠὌὑ ὠὑ ἳ ὑὕ  ὅ  ἻὕὌ Ἧ ὅὠὀὉὖ 
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ὈὕὋ ὅἻὖ Ὃ. ἱ ὂ Ἧ ὠὋ ἽὖὌὟὑὠὍἻὍὖ ὑὖὂὖ Ἧ ὅὠὀὉὖὌὕὄ ἳ ὑὕ Ἳ 

(rule-based synthesis) ἵ  Ἧὠὐ Ἳ ὅ Ἳὖ Ὃ; ἱ ὅὖ  ἽὖὌ ὅὌ Ἰ Ὃὖὠὁ  

Ἰ ὠὋἻ Ἰ ὠὋὉὖ ἽὖὌ ὅ ὂὖἻ  ὑὖὂὖ Ἧ ὅὠὀὉὖὌὕὄ 

ἳ ἻὠὍ/ὅ ὂὖἻὠὍ ὅὉ ὅ Ἳὖ Ὃὄ ἵ  ὑὕὂὖ Ἳὖ Ὃὄ,   

 Ἰ ὝἽὋὖ ἳ ὑὕ Ἳ Ὕὂὕὐὖ ὅ Ἧ ὅὠὀὉὖὌὕὄ ὅὌ Ἰ ὠὋἻ 

Ἳὗ ὑ ὅὀ ὂὖ Ἳὕ Ὅ Ὗὅὕ ὝἽὉ ὠἻὉὕὄ, ὊὟὅὕ  ἹὠἽ Ὗὅ  Ὀ  

ὝὑὍὖ ὠὀ ἳ ὑὕ Ἳὖ Ὃ; ἱ ὅὖ  ἯὂὖἻ ἱὉ ὠἻ ὂ ὠὈ Ὗὅ  

ὠὁ ὅὕ Ἳ Ἰ ὠὋὉὖ (speech synthesis system) ἱὌ  Ἧ Ὄ; Ἰ ὝἽὋὖ 

Ἰ ὠὋἻ (formant synthesis systems) Ἰ Ὃὖὠὁ  Ἰ ὠὋἻὠὍὑὖὀ 

(concatenative systems) ἽὖὌ Ἧ Ὄ ἻὠὍ ὝἻὕ Ὅὄ.   

 Ἰ ὝἽὋὖ ὠὁ ὅὕ Ἳ ὝἽ Ὁ ὅ ὀ Ὗὅ  ὈὖἻ ἯὂὖἻ ὟὑἻ ὂὖ 

Ἰ Ὃὖὠὁ  Ἰ ὠὋἻὠὍ Ἵὖὠὂ  Ἰ ὉὖὉ Ἳ ὂ Ὀὕ Ὃ ὠὂ ὑὖὌ ὑὂὕ 

ὃ ὅἻὈὕὄ ἯὍὑὖ ὕὖὉ Ὁ. ἱὊ ὀὕὑ Ἰ ὝἽὋὖ ὠὁ ὅὕ ἻὖἻ  

Ἰ Ὃὖὠὁ  Ἰ ὠὋἻὠὍὑὖὀ Ὕὅ ὅὕ ὠὈ ὠὋ ὂ ὑὐὖὉὠὈ ὑὠὊ Ἳ 

ὝἻὕ ὀ; ἶὝὄ Ὃὕ Ἧὠὑ Ὗὅ  ὈὕὂὖὕὖἻὍὖ ὂὊ Ἧ ὂὍ ὠὂ ὝἻὕ Ἳὑὖ ὠὌ. 

ὃὖὠὄὑἻ ἱὀ , ἰ  ἰ Ὃ  Ὕὅ ὅὕ ὠὈ ἯὕὖὂὕἻ ἱ ἻὖὋ ἳ ὅ  Ἳὁὖ  

ὐ ἻὍὖ (embedded computing situations) Ἧὑ ὠὋ ὅὉ ὅ ὂ ἱὉ . ἱ ὂὖὉὕἻ 

Ἰ ὝἽὋὖ Ἧ ὅὠὀ Ἰ ὠὋἻ ὝὑὍὖ  Ὗὅ Ἵὖ ἵ Ὄὕ Ὗὃὕ Ἳ ὀ 

 Ἳ ὅὕ ὝἻὕ ὅὂ ἻὕὊὁὈὕἻ ὟἻ ὑὖἻὠὍ ἻὠὍ  

Ὀ Ὀ ὌὕὈ ὅὌὑὠἻ ἳὁ ἽὖἻὠὍ Ὗὅ Ἵὖ Ὂ ἻὠὍ  ὝὑὍὖ ὅ  Ὀὗ  

Ἧ Ὄ  ἱὠἽὟὉὕ ὀ ὂὖ ἯὂὖἻ ὑὠἻἻ ὝὑὍὖ ὀὕἻ ἱ ἻὑὖὉ.  
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Ὗὅ  Ὄ  

ἹὠἽ ἳ ὑὕἻὖ 

ἱὠὁὉὕἻ/Ὕὂὕὀ Ἵὖ

ὉὕἻ ἳ Ὅ Ἰ Ἳὖ 

Ἳὂὖ  

ὅ Ἳ  

Ὗὅ  

+ 

 

4.4.3 Ἰ Ὃὖὠὁ  ὠὁ ὅὕ Ἳ 

 Ἰ Ὃὖὠὁ  Ὗὅ  ὠὁ ὅὕ Ἳ (concatenative synthesis) ἱὉ ὅὕὄ 

Ὗὅ Ἵὖ  ἰ Ἳ ὅ ὀ Ὗὑ ὅ ὀ ὃὗὍ Ὅ ἶ ἻὄὟὑ ὅὂὖ ὝἽ Ὁ ὅ ὀ Ὗὅ  

ἯὌ ἻὠὍ ὅὉ ὅ  ὝἽὉ ὅὕὀὕ. Ἰ Ὃὖὠὁ  ἳ ὑὕ Ἳ ὂὖ 

ὅὂὖ ὝἽ Ὁ ὅ ὀ Ὗὅ Ἵὖ ὂὊ ὂὍ ὂὖ  ἳ Ὅ Ὗὅ  Ἳ  

Ἰ Ὃὖὠὁ Ἳ ὅ. Ἰ Ὃὖὠὁ  Ὗὅ  ὠὁ ὅὕ Ἳ ὅ Ἳ Ὄ  ὅὌ 

Ὕὑ ὋὖἻὊὈὕὄ Ἰ ὠὋἻ ἳ ὑὕ Ἳ ὅ Ὅὄ. ἱ ὅὖ  Ἰ Ὃὖὠὁ ὅὕ Ἳ ὂὖ 

ὅὌ Ἵὖ Ἳ ἳ Ὅὄ. ἯὂὖἻ ἯὍ  ἱὉ ὠἻ ὂ ὠὈὉὕὄ Ἰ ἻὠὍ ἳ ὑὕ ἻὟὑ  

ἯὠὑἻ  Ἳὑὄ ὂὖ ὝἻὕ Ὅ ὅὀὟὑ . ἽὖὌ Ἵὖ Ἳ Ἳ ἻὗὟὐ ὅ Ὁ ὀ ὅ Ὅὄ.   

1. ἳ ὑὕ Ἳ ὅὀ Ὗὅ Ἵὖ ἱὠὁ Ἳ ὅ  ἱὀ ἻὍὖ Ὕὂὕὀ Ἵὖ ἱ ὌὕὠὈ. 

2. Ὃὖ ὅὕἻ ἯὠἽἻ, ὝἽὕ Ἳ Ὗὅὕ Ὃ ὃὗ ὀ Ἰ Ὃὖὠὁ  ἯὌ Ἳ  

ὅὉ ὅ ὂ ὅ Ὗὅὕ ὃὖὠὄὑἻ Ὗὂὠὑ Ὕὅ ὅὕ ὠὈ ἯὂὖἻὈὕ. 

3. ὂὊὠὑ ὟἽἻὕὖ ὅὂ ἯὠὀὉὕὍ ὅ ὑὂ Ὕὅ ὅὕ ὠὈ ἻὕὌ 

ἯὂὖἻὈὕἻ Ὗὂὠὑ ὅ . 

4. ὝὑὍὖ  Ὗὅ  Ὗὂ Ὕὂ Ἳ ὅ ὀ ὂὊ Ἧ ὂὍ ὠὂ ἯὂὖἻὈὕἻ Ἵὕ  

ἯὠὈ .   
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ὟἻὕ ὅὕ Ἧ ὅὠὀὉὖ ἵ Ὄὕ Ἵὕ ὂὖὉὈὕὄ Ὀὕ ὝὋὕ Ἳ ἳ ὅ ὂ ὅὀὟὑ ; 

ἱ ὅὖ  ὂὊ ὂὖ ὈὕὂὖὕὖἻὍὖ ἵ ὁὖ ὠἻἻ  ἱὠὀὉὖ Ἵ ὠἻἻ 

ὝἽ ὝἻὕ ὍὟὑ . Ἰ Ὃὖὠὁ Ἳ ὅὀὟὑ Ὁ Ὗὅ  ἯὌ Ἳ  ὅὂὖ ὝἽ Ὁ ὅ ὀ 

Ἰ Ὁὖ Ὗὑ ὅ ὀ ἱὀ ἻὍὖ  ὅὖὕὖ Ὕὂ Ἳ ὅ ὑὂὕ Ἰ ὠὉ  ὅὂὖ ὝἽ  Ὗὅὕ 

ἵ Ὗὅὕ ἱὠἽὠὈ Ἰ Ὗὅὕ ἱ Ἳ ἱὉὌὕὂὂὕ Ὗὑ ὅ ὀ ὝἽὕ Ἳ Ὗὑ ὅ ὀ 

ἱὠἽὈἻὠὍ ὝἻὕ ὅὂὕ  Ἰ Ὃὖὠὁ  ἱὀ ἻὍὖ Ὕὂὕὀ Ἵὖ ἱ ὠὈ 

ἶ ὅ Ἳὖ Ὃ. ἱὉ ὅὕὄ Ἰ ὠὉ  Ὕὅ ὑὂ ἻὕἻ ἱὠὁ Ἳ ὅ  ἱὀ Ἳ  

ἯἻ Ὃ ὅὀὟὑ ; ἱὠὁ Ἳ ὅ  ἱὊ  Ὗὅ  ἯὌ ἻὍὖ ἱὠἽὠὈὠὉ 

ἽὈ ὅ ὂὖ ἱὠὂ  ὝἽ ὉὑὖὉ.   

 ἱ ὂ ὝἽὉ ὅὕ  ὃὕ Ὗὂὠὑ ὅ  ἻὠὍ ἳ ὑὕ ὑὂ ἻὕἻ 

Ἰ ὅὂὖ ὝἽ Ὁ ὅ ὀ ὂὊ Ἧ ὂὍ ὂὖ  Ὗὅ Ἵὖ ἻὠὍ  Ὕὂὕὖ Ὕὂ 

Ἰ ὟὋὕ Ἰ  ἱὠὁ Ἳὖ Ὃ ἻὕὊὁ ὂὕ ὅὖ ὑ  ὅὀ ὂὖ Ἳὕ ὀ ὅ Ὅ 

Ἰ Ὃὖὠὁ  ἳ ὑὕ Ἳ Ὕὑ  Ἰ  ὠὁ ὅὕ Ἳ (cut and paste synthesis) 

ἵ  Ἧὠὐ Ἳ ὅ Ἳὖ Ὃ. ἱ ὂ ὝἽὉ ὅὕ  ὃὕ Ὗὂὠὑ ὅ  ἻὠὍ 

ἳ ὑὕ ὑὂ ἻὕἻ Ἰ ὅὂὖ ὝἽ Ὁ ὅ ὀ ὂὊ Ἧ ὂὍ ὂὖ  Ὗὅ Ἵὖ 

ἻὠὍ  Ὕὂὕὖ Ὕὂ Ἰ ὟὋὕ Ἰ  ἱὠὁ Ἳὖ ὟὋὕ.  
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Ἰ ὅὂὖ ὝἽ ὑὂ  Ὕὅὕ ὑὕὄ Ὗὂ  Ἰ Ὁ Ἳ  Ἰ Ὁὖ ὠὈἻ (diphones) ἰ ; 

ἶὝὄ Ὃὕ ἯὠὑἻ  Ὗὅὕ Ὀὕὄ ὝὃἻὖ Ὕὅ ὑὂ  Ὗὑ  ὃὖὠὄὑἻ 

ὟὂὠὑἻὠὍ Ὗὅὕ Ὀὕὄ ἯὍ  ὠὑ ὅὂ  Ὗὑ   Ἳὖ ἳ Ὅὄ. ὅὌ 

ἻὕὊὁ ἻὍὕ ἯὠἽἻ Ἧ Ὄ  ὝἽὕ Ἳ Ὗὅὕ Ὃ ὃὗ ὀ ἯὌ ἻὠὍ ὅὉ ὅ ὑ 

Ἵὕ ὂὖὉὈὖ Ὄὕὂ Ὀ  ὃὠὀ ὠὋ ὅ ὂ ἱὉὌὕὂ ἰ . Ἰ Ὃὖὠὁ ἻὍὖ 

Ἰ Ὁὖ ὠὈἻὠὍ (diaphones) ὅὉ ὅ ὑ Ἰ ἻὠὍ ὠἻὉὕὍ ὃ Ὄ Ἵὕ ὂὖὉ ἻὠὍ 

ὂ Ἳὖ Ὃ; ἶὝὄ Ὃὕ Ἰ Ὁὖ ὠὈἻ Ἰ  Ἰ Ὁὄὖ  Ὀ ὝὋὕ Ἰ Ὁ  

Ὀὕ ὑὠὂ  Ὀ  ὂ  Ἰ Ὁὄὖ ὅὖ ὅ ὂὖὠὉ ἱὊ ὀὕ Ἰ Ὁὄὖ  

ὅ ὂὖὠὉ  ὝἻὕ Ἳὖ Ὃ. ἱὂ  ὑὖὠὍὑὕἻ Ἰ Ὃὖὠὁ  ἱὀ  Ἰ Ὕὑὕ 

Ἰ Ὁὄὖ ὠὈὉ ὂὖ ἱὀ Ἳὕὁ ὅ  Ὀ  ἱ  Ἰ Ὁὄὖ ὃὖὠὌὉὕὄ ἱὀὈὕἻ 

ἱ ὅὂ ἻὕὊὁὈὕἻ ἵ ὠὌἻὍὖ ἶ ὅ  Ὗὑ ὅὕ  ἯὍ  ὠὋὑὠὂ ἵὂὖ ὅὕ Ἳ 

ἱὉ .  Ἰ  ὂὊ Ἧ ὂὍ ὂὖ Ὗὑ ὅ ὀ Ἰ Ὁ ἻὍὖ ἵ ὁὖ ὠἻ Ἳὖ ὀ ὂ ὀ 40-

ἱ  50-  ἱ ὠἻὉὖ Ὕὅὕ ὂ Ὅ Ἰ Ὁὖ ὠὈἻὍὖ ἵ ὁὖ ὠἻ ἱὉ ὅὕἻ 

1500-ἱ  2000 ὑὠὊ  ἱ ; ἱ ὅὖ  ἱ ὂ ἯὍ  ὂὊ Ἧ ὂὍ ὠὂ 

ὝἻὕ ὀ ὠὁ ὅὕ Ἳὖ Ὕὅὕ ὑὕἻ ὝἽὉ ὠὋ ὅ ὂ ὂ Ἳὂὕ.  

 Ὕὅὕ ὑὕἻ Ἰ Ἳὖὠὁ ὅὕ Ἳ ὈὖἻ ἱὉ ὠἻὉὕὄ ἳ ὑὕ Ἳ ὅ ὀ Ὗὅ ὠἽ 

ἳ ὑὕ .  ἱ ὅὖ  Ὗὅ Ἵὖ ἳ Ὅ ἱὉ ὠἻὉὕὄ Ὗὑ ὅὕ Ἳ  
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ἯὠὌὑ ἻὠὍ Ὃὖ ὑὂ Ἳὕὄ ὂὕὄὖὉ ἻὈὕὄ ὅ ἻὍὖ ἱὉ  ἱὠὀὉὖὌὕὄ 

Ὗὑ ὅὕ Ἳ ὝὑὍὖ  ὟἻ Ἳ ὂ Ἳ ὂ Ὀὕ Ὃ ὂὖ ὑὖὠὍ . Ἰ Ὃὖὠὁ ὅὕἻ ὂὖ 

 ἻὖὉ ὠὁ  ὑὠἻἻ ἳ Ὅὄ.  

4.4.4 ἯὌ  Ὗὂ  ὠὁ ὅὕ Ἳ 

 ἯὌ  Ὗὂ  ὠὁ ὅὕ Ἳ (unit-selection synthesis) ὅὂὖ ὝἽ Ὁὅ ὀ 

Ὗὅ Ἵὖ ὝὅὕὖὉ ὂὊ Ἧ ὂὍ ἻὠὍ ὅὉ ὅ Ἳὖ Ὃ.  ὂὊ Ἧ ὂὍ ἳ ὑὕ Ἳ ὂὖ 

Ὗὅὕ Ἰ Ὕὑὕ ὅὂὖ ὝἽ Ὁ ὅ ὀ  ὅὖ ὑ ὑὄὑ Ὃὖ ἽὖὌὑὕἻ Ἧ Ὄ  

ἵ ὌὕὈὕἻ Ὃὖὀ ὅ: ὂὄὖ ὅ ὀ Ἰ Ἳ , Ἰ Ὁὖ ὠὈἻ, ἯὠὊὝὉὕ Ἳ, ἯὠἽἻ, 

ἳ ὅ Ἳ, Ὕὂὕὀ Ἳ, Ὀ  ὑὕ ἻὖὉ Ἳ.  ἱὉ ὅὕἻ ἻὍὕ  ὅ  ἽὖὋ ὅὕἻ 

Ὀὕ Ὃ ὅ ὀ Ἰ  Ὗὅ  ὕὖὑὕ Ὀ ὠὂ ὅὉ ὅ ὂὖ ἯὠὌὑ ὑ, ὃὖὋὈὕὠὌ 

ὃὖὐ ὅὀ/Ἰ ὉὖὉ Ἳ ὑ ὁὠὄ ὅὀ Ὗὅὕ Ὃ Ἳὕ Ἵὖ ἳ ὅ ὂ ἻὠὍ ὅὉ ὅ ὂὖ 

ὅὖ ὄ ἽὖὌ ὠἻὉὕὌὕὄ ὂὖ ὂ Ἳ ὀ Ἰ  Ἳ ὀὕὉ ὅ ὂ ὅ ὀ ὑὕὖὠἽὉὕ Ἳ 

ὠὋ  ὝἽ Ὁ ὅ Ἳὖ Ὃ. Ὗὅ  ὂὊ Ἧ ὂὍ ὂὖ ἯὌ ἻὍὖ ὝἽὕ Ὄὠὀ, ὅ  

Ὀ  Ἧ ὅὠὀ ὃὖἻ Ὕὑ (ἱὠἽὠὈ), ἻὕὌ, ἯὠἽὉὖ ἱ ὅὖὀ, Ἧ ὑ  Ἰ Ἳ  

Ὗὅὕ Ὃ Ἰ ὉὖὉ Ἳ ἯὍὠἻἻὍὖ Ἧ ὅὠὀὉὖ ἳ ὑὕ Ἳ ὅἻὖ Ὃ. ὑὐὖ ὠὋὑὠὊ 

ἱὉ Ἳ ἻὕὌἻ ὀ ὂὖ (runtime) ὑὖ ὅ ὅ ὀ ἱὌ   ὂὊ Ἧ ὂὍ ὂὖ  

Ὗὂ ὠὑ ὃὕ  ἯὌ ἻὍὖ ὃ  Ὕὂὕὀ ἽὖὉὖὠὉ ἳ ὂὖὝἽ ὑὂὕ ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ. 

ἱ ὂ ὝἽὉ ὅὕ ἽὖὋ ὅὕἻ Ὀὂὖ ὝἽ Ὁ ὅ ὀ ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ ὠὅ ὅὉ ὅ ὂὖ 

ὑὐ ἻὈὕἻ Ἵὕὂὖ Ἳὕ ὀ ὅ Ἳὖ Ὃ. 

 ἯὌ  Ὗὂ  ὅὂὖ ὝἽ Ὁ ὅ ὀ Ὗὅ  ἱὌ ἻὝὑ ὁὖὉ/ Ἶὖ ὀ 

ὋὖὠἻ/ἽὈὖ ὠἻ ὅ ὅὕ ὑὖ (digital signal processing) ὠὋ ὂ ἯὍὠὑὟὉ 

ὅὉ ὅ ὑὂ ἻὕὊὁὈὕἻ ἯὂὖἻ ἱὉ ὠἻ ὂ ὠὈὠὉ ὑὐ Ἳὖ Ὃ. 

ἱὌ ἻὝὑ ὁὖὉ ὋὖὠἻ ὅ ὅὕ  Ὕὅ ὅὕ ὠὈ ὅὂὖ ὝἽ Ὁ ὅ ὀ Ὗὅ ὠἽ 

ὠὋ ὂ ἯὍ  ἱὉ ὅὕὄὂὕἻ ὝἽ Ἳὖ Ὃ; ἽὖὌ Ἰ ὠὋἻ ἯὠὌὑ ὠὑ 

Ὗὃ ὂὖὝἽ Ὁ Ἰ Ὃὖὠὁ  ἱὀ ὂὖ ὋὖὠἻ ὅ ὅὕ ὑὖ ὠὋ ὂ ἯὍὠὑὟὉ 

ὅὉ ὅ Ἳὖ Ὃὄ. ὃ  ἯὌ Ὗὂ Ἰ ὠὋἻὍὖ (best unit  selection systems) 
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ὝὑὍὖ   ἻὖὉὈὕἻ ὅ ὑ  Ὗὅ  Ἰ ὠὋ Ἰ ὂὖὠἽ ὝἽ Ὁ ὅ ὀ 

ὐ ἻὍὖ Ὕὅ ὅὕ ὠὈ ἳ ὠὈὉὕὄ Ὀὄὖὂ Ὂ ἻὍὖ  Ὗὑ ὅ ὂ 

ἱὉὌὕὂὄὑὕ ἳ Ὅὄ.  ἱ ὅὖ  ἯὂὖἻ ὅ Ὁὕὄ ἱὉ ὠἻ ὂ ὠὈ ἱὉ ὅὕἻ ἯὌ  

Ὗὂ  Ὗὅ  ὂὊ Ἧ ὂὍ ὂὍ ἻὠὍ ὈὖἻ ὝὅὕὖὂὕἻ Ὗὑ Ἳὖ Ὃ; ἽὖὌ 

Ἰ ὠὋἻὍὖ ὟὅἽὖ ὃὗ ὀ ὈὁὖὟὃὊ ἻὠὍ ἳ ὅ ὂ ὝἽ  ἻὖἻὕὠὅ 

ἯὍὑὖὌὕὄ ὅὂὖ ὝἽ Ὁ ὅ ὀ ὂὊὠὑ Ὗὑ . ὟὈ  ὂὊ Ἧ ὂὍ ὂὖ ὃ  Ὗὂ  

Ἵὕ ὂὖὉ ἱ ὂὟὅὕὂὖ ὠὋ ὂ Ὗὅ  ὠὁ ὅὕ Ἳ ὠὂ ὑὖὠὍὑὖ  

ἻὠὍὟὉ Ὗὂ ὝἽ  ὑὐ Ἳ ὂὖ ἯὌ  Ὗὂ   ὑὐὖ ὠὋ ὑὠὊ Ἳ (unit selection 

algorithms) ἯὋὖὉ ὅ ὑὄ ἰ .  

4.4.5  Ἰ Ὁὖ ὠὈ ὠὁ ὅὕ Ἳ (Diaphone synthesis) 

 Ἰ Ὁὖ ὠὈ ὠὁ ὅὕἻ (Diaphone synthesis) ὝὈὕὐὖὉὖ Ὗὃ  ἵ Ὄὕ 

Ἰ Ὁὖ ὠὈἻὠὍ ὝἻὕ  ὠὋ ὂ ἯὍὑὖὌὕὄ Ὗὅ  ὂὊ Ἧ ὂὍ ὠὂ 

ὅὉ ὅ Ἳὖ Ὃ. Ἰ Ὁὖ ὠὈἻὍὖ ἵ ὁὖ ὠἻ ὝὈὕὐὖὉὖ Ἰ Ὁ  ὑὊ ὠὋὠὉ 

(phonotactics) Ὕὅὕ  ἯὠὈ .  Ἰ Ὁὖ ὠὈ ὠὁ  ἳ ὑὕ Ἳ ὂὖ Ἰ Ὕὑὕ 

Ἰ Ὁὖ ὠὈ  ἸὟὊὝὉὕ ἵ Ἳὕ ὂὕ Ὗὅ  ὂὊ Ἧ ὂὍ ὂὖ ἱ . 

ὑὐὖὉὠὈ ἱὉ Ἳ ἻὕὌἻ ὀ ὂὖ Ἰ  ὑὕ ἻὖὉ ὂὖ ἱὌ  Ὀὗ  ἱὌ ἻὝὑ ὁὖὉ 

ὋὖὠἻ ὅ ὅὕ  ὅ ἻὍὖ Ὄ  ἱ ὂ ὠὋ ὂ ἯὌ Ἳ  Ὀὗ Ὀ ὂ ὅ.  

ὑὖὠὍὑὖ Ἳ ὅ Ὗὅ  ἯὌ Ὗὂ Ἰ ὠὋἻὠὍ Ἳὕ  Ὕὅὕ ὑὕἻ 

ὟὈὕἽὈὕὄὂὕἻ ἱ ; ἰὄὕ  Ἰ ὝἽὋὖ ὠὁ ὅὕ ἻὖἻὍὖ ὝὑὍὖ ὠὀ 

Ἳὕ  ἯὂὖἻ ἱὉ ὅὕὄὂὕἻ ἱ . Ἰ Ὁὖ ὠὈ ὠὁ ὅὕἻ Ἰ Ὃὖὠὁ  

ὠὁ ὅὕἻ ὂὖ Ἰ Ἵὕ ὂ Ὀὕ Ὃ ἻὍὕ Ἰ ὝἽὋὖ ὠὁ ὅὕ Ἳ ὂὖ 

ὝἽὉ ὠἻ Ἰ  ἱὉ ὅὕ  ὠὋ Ὃὖ ; ἽὖὋὖὉ ἯὍ  ἵ ὅὠὂ ὂὑὖὊ ἱ ὑὖ 

Ἧ ὠὋἻὍὖ  ὠὋ ὂ ἯὍ  Ἧ Ὄ ἻὠὍὟὉ ὝἻὕ Ὅ.   ἵὄὟὑ ἱὂ  

ὑὁὖἻὑὉὈὕὄ ὅὉ ὅὕ Ἳ ὠὋἻὖ Ὃὄ; ἱ ὅὖ  ὅὌ ὝὈ Ὕὅὕ  

ὃὠὀ ὠὋ ὅ ὂ Ἳ ἱὌὑἽὈὕἻ Ἳὖὠὀ ὅὂ ἻὕὊὁὈὕἻ ἱ  Ὕὂὕὀ  ἰ ὑὖ 

ὅὉ ὅ ὂ ὅ ὑ Ἳὖ Ὃ.  
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4.4.6 Ὕὅὕ ὠὈ ἻὍ ἽὖὋ  ὠὁ ὅὕ Ἳ (Domain-specific synthesis) 

 Ὕὅὕ ὠὈ ἻὍ ἽὖὋ  ὠὁ ὅὕ Ἳ (Domain-specific synthesis)  

ὠὋ  ἳ ὑὕ Ἳ  Ἰ ὅὂὖ ὝἽ Ὁ ὅ ὀ ὝἽὕ ἻὠὍ Ὕὂὕὀ ἻὠὍ 

Ἰ Ὃὖὠὁ Ἳὖ Ὃ. ἱ  ὅὉὁ  ἻὕὌ Ἧ ὀὑὠὁ ἯὋὖὑὖ Ἳ Ἧ Ὄ  ὑὕὄὖὠὌ 

ἯὋὖ ὠἻἻ Ὗὅὕ Ὃ Ἰ  Ὃὖ ὅὖ ὀ Ὕὅὕ ὠὈ ἻὍ ὠὂ ἵ ὠὌ ὅ  

ὝὑὍὖ ἻὍὖ ὅὉ ὅὕ ἻὍὖ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. ἱ Ὕὂὕὐὖ ὅ ὃὠὀ ὠὋ 

ὅ ὑὂ  ἵὍὖὉ Ὀ  Ὗὅ  Ἳ ἻὕὊ Ἳ Ἳὁὖ ὅὕ Ἳ Ὗὅὕ Ὃ Ἳ ὑὖἻὍὖ 

ὃὗ ὀἻὕὌ ὑὁὖἻ ὅὉ ὅὕ ὝἻὕ Ὅ. ὑὕ ἻὖὉ ὑὠἻἻ ἵ ὠὌ ὅ 

ἱ ὅὂὕ  Ὀ  Ἧὠὑ Ὄ Ἰ ὅὂὖ ἻὍὖ Ὀὗ  Ὀ  ἱὠἽὟὉὕ ὀ ὀ 

Ὕὃ ἻὈὕἻ Ὕὅὕ ὑὂὕ ἱ Ὕὑὕ ἻὠὈ ἻὍὖ ἱὉ ὠἻ ὂ ὠὈ ὃὖὠὌ ὈὖἻ  

ἳὉ ὂὂὕ ἱ Ἳ ἱὉ .   

 ἱ Ὕὑὕ ἻὠὈ Ἳ Ἧὑ Ὃὖ ὂὊ Ἧ ὂὍ ἻὍὖ ὝἽὕ Ἳ Ὀ  

Ὕὂὕὀ ἻὍὕ ἵ ὠὌ ὅ ὂ ὅ Ὅὂὕ Ἧὠὑ Ὕὅὕ Ὗὃὕ Ἳ ὂὖ ἳἻ ὂὂ Ὄ 

Ὀ  Ἧὠὑ  ὑὐὖὉὠὈ ὝἽ Ὁ ὅ ὀ ὝἽὕ Ἳ Ὀ  Ὕὂὕὀ ἻὍὖ 

Ἰ Ὃὖὠὁ ἻὠὍ Ὀ ὟὈ ὠὁ  ἳ ὑὕ Ἳ ὝἽ Ὁ ἱὉ .  

4.4.7 ἵ .ἵ .ἵ . Ἧ ὅὠὀὉὖὌὕὄ ὠὁ  ἳ ὑὕ Ἳ (HMM based synthesis) 

 ἵ .ἵ .ἵ . Ἧ ὅὠὀὉὖὌὕὄ ὠὁ ὅὕ Ἳ Ἧ ὠὋ (HMM based synthesis) 

ὔὖ ὀ Ὀὕ ὟἻὕ ὈὕὂὖὕὖἻ Ἧ ὅὠὀὉὖὌὕὄ. ἱ ὂ Ἰ ὠὋὉὖ ὃὖἻ Ὕὑ 

ὃὖὋὈὕὠὌ/ἯὠὌὈὕὠὌ (Ὗὅ  ὐὕ), Ἧ ὅὠὀ ὃὖἻ Ὕὑ (Ὗὅ Ὄ ), Ὗὅ Ἵὖ ἻὕὌ 

ἯὍ  (Ὀὗ ) ἵ ὅὄ ἵ .ἵ .ἵ .ἻὍὕ ἸὟὊ ὟὃὊ ὂὖ Ὀὕὂὖὕὖ ὅ ὂ ὅ Ὅὄ. Ὗὅ  

ἯὠὌἻ  ὂ  Ἵὕ ὂὖὉ ἯὍ  (maximum likelihood criterion) Ἧ ὅὠὀὉὖ 

ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ. 

 ἱ Ὕὑὕ ἻὠὈ ἱὊ  ὃὖὠὌἻὠὍ ὝἻὕ Ὅ: ὅὉὖ Ἵὖ ὃὖὠὌ, (training 

stage) ὁ ὅὕ Ἳ (ὟἽὕὂὠὄ) (testing).  ὅὉὖ Ἵὖ ὃὖὠὌὉὖ Ἰ Ὁ  ἵ .ἵ .ἵ .Ἳ  

Ὗὅ  ὂὊ Ἧ ὂὍ ὠὂ ὅὉ ὅ ὂὖ ὅὉὖ Ἵὖ ὝἽ Ὁ ὅ Ἳὖ Ὃ. ὃὖὋὈὕὠὌ/ἯὠὌὈὕὠὌ 
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(spectrum), Ἧ ὅὠὀ ὃὖἻ Ὕὑ (F0) ἵ ὅὄ ὅ ὝὌὕ  ἵ .ἵ .ἵ .ἻὍὕ 

Ὀὕὂὖὕὖ ὅ ὂ ὅ Ὅὄ; ἱὂὖ ὃὖὋὈὕὠὌ/ἯὠὌὈὕὠὌ Ὀ  F0 ὅ ὂὖἻ  

ὝὑὍὖ  ὑὖὄὖὟὉὕἻ Ἳ (output distributions) ὠὋὟὉ Ὕὂὕὀ ἽὖὉὕὄ ὃὖἻ ὂἻ 

ὑὖὄὖὟὉὕἻ (continuous probability distribution) Ὀ  ὅ  ἱὠὀὝὑὍὖ ὃὖἻ ὂἻ 

ὑὖὃὖὟὉὕἻ (multi-space probability distribution) ἱὑ ὠὋ ὅὉ ὅ ὂὖ 

Ὀὕὂὖὕὖ ὅ ὂ ὅ Ὅὄ  

 ὃὖὋὈὕὠὌ/ἯὠὌὈὕὠὌ Ὀ  F0 ἱὑ Ὃὖ Ὗὑ ὅὕ ἻὠὍ Ὀὕὂὖὕὖ ὅ ὂ Ἰ ὉὖὉ, 

Ὀὗ , Ἰ Ὁ  ἯὠὀὉὕὍ ἻὕὊὁὖἻ, Ἧ ὂ Ὕὂὕὀ ὅὕὄ ἻὕὊὁὖἻ, ἱὀ Ἵὕ 

ἻὕὊὁὖἻ Ὗὅὕ Ὃ ὝὈὕὐὖ ὐ  ἻὕὊὁὖἻ Ἳ ὂὖ ὝἻὕ Ὅ ὅ Ἳὖ Ὃὄ. ὅὖ ὄ 

ὂὗ Ὀὕὄ ἻὖὠὍ Ἧ ὅὠὀὉὖὌὕὄ ὐ  ὝἻὕ ὂὕ Ἳ ὅ (decision tree based context 

clustering technique) ὐ  Ἵὕ Ἰ Ὁ  ἵ .ἵ .ἵ .ἻὍὖ ὃὖὋὈὕὠὌ/ἯὠὌὈὕὠὌ Ὀ  F0 

ὅ ὂὖἻ  ὂὄὖ ὂὄὖὉὕἻ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. ἱ ὂὖὉὕἻ ὃὖὠὌ ἻὕὌ ἯὍ Ἳ  

ὅ ὅὕὖὈὕὁ ἻὕἽὖὉ ὑὖὄὖὟὉὕἻ ἻὍὕ (multi-dimensional Gaussian distributions) 

Ὀὕὂὖὕὖ ὅ ὂ ὅ Ἳὖ Ὃ Ὀ  ὃὖὠὌ ὝἻὕ ὂὕ Ἳ ὅ  (state clustering technique) ἻὕὌ 

ἯὍ  ὈὕὂὖὕὖἻ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. ἵ .ἵ .ἵ . ἱ  Ἳ  ὑὠὊὅὀ ἻὗὟὐ 

ὂὊ ὅ Ὅ.   

 ὠὁ ὅὕ Ἳ (ὅὕὖὟἽὕὂὠὄ) ὃὖὠὌὉὖ ὂὊ ὅ ὀ Ἰ  ὅ ὑ  ὐ  Ἵὕ Ἰ Ὁ  

Ὄ Ὃὖ Ὕὂὕὀ ἽὖὉὕἻ Ὀὕ Ὃ ὅ Ἳὖ Ὃ. Ὄ Ὃὖ Ὕὂὕὀ Ἵὖ Ἧ ὅὠὀὉὖ Ἰ  

ὑ ἻὖὉ ἵ .ἵ .ἵ . ὐ Ἵὕ Ἰ Ὁ  ἵ .ἵ .ἵ .ἻὠὍ Ἰ Ὃὖὠὁ ὅὂὕ 

ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ. Ἰ Ὁ  ἻὕὌ ἯὍ Ἳ  ὃὖὠὌ ἻὕὌ ἯὍ  ὑὖὄὖὟὉὕἻ ἻὠὍ 

ὅὉ ὅ ὂὖ ὝὅὋ ὅ Ἳὖ Ὃ; ὅὖ ὄ ὃὖὋὈὕὠὌ/ἯὠὌὈὕὠὌ Ὀ  F0 ἯὍὠἻ 

Ὕὂὕὀ ἽὖἻ ὑὕ ἻὖὉ ἵ .ἵ .ἵ .-ἱ  ἵ .ἵ . ἯὍ  Ἧ ὅὠὀὉὖ 

ὝὅὋ ὅ Ἳὖ Ὃ. ἱ ὂὖὉὕἻ ἵ .ἵ .ἵ .ἵ.-ἷ  ὅὉ ὅ ὂὖ ἳ ὑὕ Ἳ ὅ ὀ ὝὈ -

ὝἽ Ὂ (Mel-septral) Ὀ  F0 ἯὍὠἻ Ὕὂὕὀ ἽὖἻ ἱὑ Ὃὖ  ἱ  Ὗὅ  (filter 

speech) ὠὁ ὅὕ Ἳ ὅ Ἳὖ Ὃ. 
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 ἱ ὂ Ἧ ὠὋὉὖ Ὗὅ  ὅὕὁὖἻ/ὃὠὀἻ ἱὊ  ὑὐὖἻὍὖ 

Ὀὕὂὖὕὖ ὅ ὂ ὅ Ὅ: ὃὠὀ/ὅὕὁὖ Ἵὕ ὈὕὂὖὕὖὉὕ Ἳ Ἧ Ὄ  ὃὠὀ ἻὌὠὑ 

ὈὕὂὖὕὖὉὕ Ἳ. ὃὠὀἽὕ ὈὕὂὖὕὖὉὕ Ἳ ὂὖ Ἰ Ὕὑὕ ὃὠὀ  ὂὄὖ ὂὄὖὉὕἻ 

Ὀὕὂὖὕὖ ὅ ὂ ὅ Ἳὖ Ὃὄ. ὈὕὋὕἻ ὃὠὀ ἻὌὠὑ ὈὕὂὖὕὖὉὕ Ἳ ὂὖ Ὗὅ  

ὅὕὁὖἻ /ὃὠὀἻ  ἳὁ Ἵὖ ὝὑὍὖ Ἳ ὐ  ἻὕὊὁὖἻὍὕἻ Ἰ ὉὖὉ Ὀ  

ὝὈὕὐὖὉὖὉ ἻὕὊὁὖἻὍὕἻ ἵ ὝἻὕ Ὅ ὅ Ἳὖ Ὃ; Ὀ  ἵ Ὄὕ ὃὠὀἻ  ἸὟὊ 

ὟὃὊ ὂὖ Ἰ  ὂὄὖὉὕὄ Ἰ ὉὖὉ Ἳ ὈὕὂὖὕὖὉὕ Ὀὕὂὖὕὖ ὅ ὂ ὅ Ὅὄ. ἱ ὑὖ 

ὈὕὂὖὕὖὉὕ Ἳ Ἧ ὠὋἻ  ἸὟὊ ὃὖὠὋὟὑ Ὃ ὠὂ ὝἻὕ  Ὀ  ὅὂὖ 

ὝἽ Ὁ ὅ ὀ Ὗὅ ὀ Ἰ ὠὈ Ὅ Ὗὅ ὠἽ ὠὁ ὅὕ Ἳ ὝἽ ὑ Ἵὕ ὂὖὉὈὕ .  

 ὃ Ὀὖὀ Ὗὑ ὅ ὀ ἱ  ὃὅ ἻὍὖ ἱ  Ὗὅ  ὃὠὀ ὈὕὂὖὕὖἻ ἱ ὂὕ ἱ  

ὃὅ ἻὍὖ ὈὕὂὖὕὖἻὠὍ ἱὠὀ  ὝἽ ὑὂὕ ἱ  Ὗὅ ὅὑ Ἳ  ἱὠὀὉὖ ἱὠὀ ὅ ὀ 

Ὂ  ἽὖὋ ὅ ἻὠὍ ὝἻὕ ὀ Ὗὅ ὠἽ ὠὁ ὅὕ Ἳ ὝἽ Ὁ ἱὉ .  ἱὂ  

ὃὕ Ἳὑὄ ἻὁὖἻ  (observation) ἱὠὀ ὝἽὕ Ἳ ἵὄ ὅ  ἵὍὖὉ ἱὠὀ ὝἽὕ Ἳ  

ὝὃὋὖ ὠὋὠὉ (interpolation method) ὅὉ ὅ Ἳὖ ὟὋὕ.  
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 ἯὍ Ἳ  ὅὖὕὖὝὂ  ὃὖὋὈὕὠὌἽὕ ἯὍ Ἳ  ὅὖὕὖὝὂ  

ἵ .ἵ .ἵ . ὅὉὖἽὖ 

 

ἳὠὊ ἰ  

ὅὖὕὖὝὂ  Ὀ  

ὃὖὋὈὕὠὌ ἯὍ Ἳ  

 ἯὍὠἻἻ  ἳ ὑὕἻ ὅ ὀ  ὠὁ ὅὕἻ ἱ ὅὖ 

Ὗὅ  ὋὖὠἻ ὅὉὖἽὖ 

ὅὕὖὟἽὕὂὠὄ 

ἳὠὊ ὐ  Ἵὕ  ἵ .ἵ .ἵ  

Ὄ Ὃὖ  

Ὗὅ  ὂὊ ὂὍ  

ἳ ὑὕἻ ὅ ὀ Ὗὅ  

 ἯὍὠἻἻ  ὃὖὋὈὕὠὌ ἯὍὠἻἻ  

 

4.5. Ὗὅ  ὠὁ ὅὕ Ἳ ὝὃὋὖ ὠὋἻὍὖ ὃὖὠὋἻ ὠὋἻ  

 

ὠὁ ὅὕ Ἳ ὑὠἻ ὃὖὠὋ ὠὋ 
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Ἰ  ὠὁ ὅὕ Ἳ Ὗὅ Ἵὖ ὝὅὥὂὖἻ ὅὕὑὠὄ; 

ὊὟὅὕ  

ὅὉ ὅὕ Ἳ  

Ὕὅὕ ὂὈὕὄ. 

ἱὉ ὂ ὠὈ/ ἱὉ ὠἻ 

ὂ ὠὈ ὠὋ  

Ἰ ὝἽὋὖ 

ὠὁ ὅὕ Ἳ 

Ὗὑ ὅ ὀ Ὗὅ  

ὃὠὀἻ ἻὠὍ ἳ ὅ  

ὝὃἻὖ ὂ ὠὈ. 

ἯὍὠἻἻὍὖ ὠἻὉὖὌὕὄ 

ἱὠἽὑὖ 

Ἰ Ὃὖὠὁ  

ὠὁ ὅὕ Ἳ 

ὃ Ὄ ἱὉ ὠἻ ὂ ὠὈ. ὠὋὑὕὄ ὕὖ ὝἻὕ ὠἻ; 

ἯὂὖἻ ὃὖὠὄὑἻ Ὗὂὠὑ 

ὅ ὂ.  

ἵ .ἵ .ἵ . 

Ἧ ὅὠὀὉὖὌὕὄ 

ὠὁ ὅὕ Ἳ 

ὃ Ὄ ὅ Ὅ ὕὖὉὑὖὉ 

Ὗὅ ὠἽ ὝὅὋ ὠὋ ὂ 

ἯὍὑὖὌὕὄ ὃὖὠὄὑἻ 

ὟὂὠὑἻ 

ἯὌ  Ὗὂ ὀ 

Ἰ ὅὖ ὠἻὉὖ ἱὉ ὠἻ 

ὂ ὠὈὉὖ ὂὊ ὠὋ. 

 

4.6.  ἳὠὊ-Ὗὅ  Ἰ ὠὋἻὍὖ ὅὉ ὅὕ Ἳ   

 ἳὠὊὉὖ  Ὗὅ  Ἰ ὠὋ ἱὉ ὅὕὄ ὝὈὕὐὖὠὉ (ἳὠὊὠὉ) Ὗὅ ἽὕἻ 

Ὀὕ Ἳὖ Ὃ. ὂ ἻὕὌ ὂὖ ἳὠὊὉὖ  Ὗὅ  Ἰ ὠὋ ὅὌ Ὗὃὕ Ἳ Ἳ ἻὕἻ 

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. ἳὠὊὉὖ  Ὗὅ  Ἰ ὠὋ ἽὖὌ ὅὉ ὅὕ Ἳ  

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. ἱὂ  ἽὖὌ ὅὉ ὅὕ Ἳ ἻὗὟὐ ὅ Ὁ ὀ ὅ Ὅὄ. 

 1.ἱὌ ἻὝὑ Ἵὕ  ὅ ὅὕ (digital reader) 

 2.ὠἻὟὅἽὖ ὝἽ ὂὖ ὅ ὅὕ (mobile news reader) 

 3.Ὗὅ  Ἰ ὠὋ (speech system) 

 4. ὟἻὍὖ ὠἻ/Ὕὅὕ Ὗὅὕ  Ὕὂὕὐὖ (entertainment industry) 
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4.6.1. ἱὌ ἻὝὑ Ἵὕ ὅ ὅὕ 

 Ἳὁὖ ὝὅὕὋὖ ὂὖὠὊὉὖ ἳὠὊἻὠὍ ὅ ὅὂ  ὃὖὠὋὉ ἻὕὌ ἵ ὝἻὕ Ἳὖ Ὃ. 

ὅὉ ὅ ὅὑ Ὀὖ Ἧ ἽὠὌ ὅ ὅ, ὝὊ ὒὗ ἻὠὍ ὃὖὊ ὑ, ἱὠὁὉ 

ὂὍ ὂὖ  ὂἻὑ ἻὠὍ ὟἽἻὕὖὅ, ὝἽὕ Ὄὕ ὑὖὉὖ Ἳ ὠὊἻὠὍ ὂὖ ὑ; ἱ  

Ὗὅὕ  ὅὌ ὝἽὉ ἻὠὍ ὝἽ ὑ. Ὕὅ ὅὕ ἵ ὟὌὕ  Ἳ  ἻὠὍ  ἰὍὕὉὖ ὅ. 

ἳὠὊὉὖ  Ὗὅ  Ἰ ὠὋ ἱ ὝἽὉ ἻὠὍ ἵὍὖὂὕ Ἳὖ Ὃ. Ἧ  ἻὁὖὉὖ ἳ Ὅ 

ἳὠὊἻὠὍ ὟἻ Ἳ Ὁ ὑ ὑὖ Ὀὕ Ὃὖ ὂ ἻὖὋ .  

4.6.2 ὠἻὟὅἽὖ ὝἽ ὂὖ ὅ ὅὕ 

 ἵ ὟὌὕ  ὅὌ ὟὑὠὌἻ ἱ . Ἧὑ Ἳ ὂ Ἳ ἱὉ ὅὕὄ ὟὑὠὌἻὍὖ 

ἲ ὅ ὑὂ  ἱὠὀὉὖ ὝἽ ὂὖἻὠὍ ἯὋὖὉ ὑὖ ὑ. ἱ ὠὋὉ ἻὕὌ Ἳ ὀ ὂὖ ἵ ὟὌὕ 

ὠἻὉὖ  ὠἻ ὟὅἽὖ ἳ Ὅ . ἳὠὊὉὖ  Ὗὅ  Ἰ ὠὋὠὉ ὠἻὟὅἽὖὉὖ 

ὃὖ ὑὖὄὕ ὝἽ ὂὖἻὠὍ ἳὠὊ-Ὗὅ  Ἰ ὠὋ ὅ Ἳ ὟἻ ἻὌὕ.  

4.6.3. Ὗὅ  Ἰ ὠὋ 

  ἳὠὊ-Ὗὅ  Ἰ ὠὋ Ὗὅ  Ἰ ὠὋὉὖ ὅ ὂὖὉὕ. ἱ  Ἰ  ὝὈὕὐὖὉὖ 

ἵ ὂ ὅ Ὅ ἳὠὊἻὠὍ ἱὌ  ὝὈὕὐὖὉὕἻ Ὀὕ Ἳὖ Ὃ. ἱ ὂὖὉὖ Ὗὅ -ἳὠὊ 

Ἰ ὠὋ ἵ  ἳὠὊὠὉ Ὗὅ  ἳὠὊὉὕἻ Ὀὕ Ὃὖ ὂ .  

4.6.4 Ὀ ὑ Ὄ  

 ἳὠὊ-Ὗὅ  Ἰ ὠὋ Ὕὂὕὐὖ ὅ ὂὖ ἳὂ  Ἳ ὑὖἻὍὕἻ ὅὉ ὅ Ἳὖ Ὃ.   

ὈὖἻ ὝὅὕὖὉ ὅὉ ὅὕ ὅὕ ὠὑ ὠὋὅὕ ἳ Ὅὑ Ἳ  ὂὖὠὊ ὅ ὅὕὄὕἻ 

ὅὉ ὅ ὑ. ἳὠὊ-Ὗὅ  Ἰ ὠὋ ὅὕ ὠὑὉ Ὃὑ Ἳ ἻὠὍ  ὅ  

Ἳὕ ; Ὀὖ ὄ Ἵ ἻὠὍ ὅ Ἳὕ ; ἱὠὁὉ ὂὍ ὂὖ  Ὗὑ Ὁ 

ὝἽ ὂὖἻὠὍ ὂἻὑ ἻὠὍ ὅ  Ἳὕ . Ὀ Ὀ Ὃὖ ὅ ἻὑὖὉὌὕὂ Ἧ Ὄ  ὅ Ἳ 

Ὁ Ἵὖ  ὐ ὠὂἻ  ὅ  Ἳὕ  ὅὉὖ ἽὖὉὕὍὊὕἻ  ὅὉ ὅ Ἳὖ Ὃ. Ὗὅ  

ὠὋὅὕ ἳ Ὅὑ Ἳ  ὅὉὖ ἽὖὉὕὍὊὕἻ ὅὉ ὅ ὂ ἱὉ .  
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4.6.5. ὟἻὍὖ ὠἻ Ὕὂὕὐὖ 

 ἱ ὠὋὉ ἻὕὌ Ἳ ὀ ὂὖ ἳὠὊ-Ὗὅ  Ἰ ὠὋ ὅ ὀἻ Ὕὂὕὐὖ  Ὕὅὕὖ 

ὅὉ ὅ Ἳὖ Ὃ. ἳὠὊ-Ὗὅ  Ἰ ὠὋ Ἳὁὖὄὖ ὑὖὠὍὉὕ, ὟὉὕ ὑὖὠὍὉὕ 

Ὀ  ὅὖὋ ὅὌ ὟἻὍὖ ὠἻ Ὕὂὕὐὖ ἻὍὖ ὅὉ ὅ Ἳὖ Ὃ. Ἰ ὝὈὕ ὂ ὅὉ ὅὕ  Ὀὕὂὖὕὖ 

ἻὗὟὐ Ἳὕ ὀ ὅ Ὅ. 

ὅὀ  ἵ  

 

 

 

 

 

 

 

 

ὠἻὟὅἽὖ ἵ .ἵ .ἵ . 

ἱὌ ἻὝὑ Ἵὕ  

ἵ ὠὊ 

ὝἽ ὂὖὂὕ , Ὀὖὄ Ἵ  

ἱὌ ἻὝὑ Ἵὕ  Ἳ ἻὕὊ  

Ὗὅ  ὝὑὍὖ  

Ὗὅ  ὠὁὅὕἻ  

 

4.7. Ἳ ὠὊ 

 ἱ ὑὖὉ ἳὠὊὉὖ  Ὗὅ Ἵὕ Ἳ ὠὂ ἯὋὖ Ἳ ὝἽ Ἳὖ Ὃ. ἱ ὑὖὉ  

ὟὅὝἽὕἻὍὖ Ἰ ὝὅὉ , Ἰ Ὁ  ὑὖὂὖἻ ὃὖὠὌ ὈὕὋὖἻ, ἳὠὊὉὖ  

Ὗὅ Ὗὑ ἳὠὊὠὉ Ἰ Ὁ Ἳ  Ὕὅὕ ὂ, ἳὠὊὉὖ  Ὗὅ Ἵὖ Ὀὗ  

ἵ ὅὄ ὅ Ὃὖ ὑὖὍ Ἳ ὅ Ὅὄ. ὟὈ  Ὗὅ  ὠὁ ὅὕ Ἳ ὂὖ ὑὊὌὕ, Ὗὅ  
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ὠὁ ὅὕ Ἳ Ἧ ὠὋἻ , ἳὠὊ-Ὗὅ  Ἰ ὠὋἻὍὖ ὅὉ ὅὕ Ἳ ἱὠὑ 

ὅ Ὃὖ ὑὖὕὖὑὕἻ ὑὖὍ Ἳ ὅ Ὅὄ. 
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       ἱὉ  5 

                   ὂὈὖὐὖ ἳὠὊὉὖ  Ὗὅ Ἵὕ Ἳ    

5.1.ἯὋὖ Ἳ 

 Ὗὅ  Ὀ  Ἳ Ὄ Ὗὅὕ Ὃ Ὀὄὖὂ ὑἽὂὖἻὠὍ ἱὉ ὂὖὊ ὂὖ ἳ ὅ ὑ 

ὝἽὉ ὠἻ ἯὋὖ ἰ ὑὖ Ἧ ὅὠὀ ὑὖἽὉὈὕ. Ὗὅ  ὝὑὍὖ ὠὀ ἳ ὑὕ  

Ἳὁὖ ὝὅὕὋὖὉὖ ὂὖὋ Ὗὅ  ὠὁ  ἳ ὑὕ Ἳ ἵὄ Ἧὠὐ Ἳ ὅ Ἳὖ Ὃ. ἱ  

Ὗὅ  ἳ ὅ ὂὖ Ὀ  Ὄ ὁ ὑὖ ἰὐὈὕὄ ὕὖ ὝἻὕ ὍὠὌ Ὗὑ Ἳὖ Ὃ.  

Ἳὁὖ ὝὅὕὋὖ Ὀὄὖὂ ἱὠὀ Ἳ ὂὖ Ὗὄ Ὃ ὠὂ ὅ Ὃὖ ὅὊὑὌὕὄ Ὗὅ  

ἱ Ἳὖ Ὃ. Ὀ Ἳ ὟὂὠὑὉὕὄ ὂὊὠὑ ἳ Ἳὕ  ὂ ὀ  ὝἽ Ὁ ὑὖ ὅὑὖ ὠὌ Ἧ Ὄ  

Ἳὁὖὄὖ ὂὖὠὊὉὖ  ὂὊὠὑ ὅ Ἳ ὑὖ ὅὑὖ ὠὌ.  ἱ Ὗὃὕ Ἳ ὂὖ Ὗὅ  ὠὁ  

ἳ ὑὕ Ἳ Ἳὁὖ ὝὅὕὋὖ Ὀὄὖὂ ἱὠὀ Ἳὠὂ ὟὈ ὅ ὂ ἻὖὉὈὕὄ ὅ ἻὍὖ Ἰ ὋὕἻ 

ἯὠὈἻὖ Ὃ. ἱ ὑὖὉ  ὂὈὖ  ἳὠὊὉὖ /ὅ ὑ  Ὗὅ  

ὠὁ ὅὕ Ἳ ὠὂ (speech synthesis) ὃὠὀ ὠὋ ὅ ὑ ὅ Ὃὖ Ὃ ὅ .  

5.2.  ὂὈὖὐὖ ἳὠὊὉὖ  ὟὅἽὕἻ ὂὖ ὅὖ ὄὠὀ 

ὂὈὖὐὖ ἳὠὊὉὖ /ὅ ὑ  Ὗὅ ὠἽ ἳ ὑὕ  Ὁ Ἵὖ ὅὖ ὑ  

ἻὕὊὁ ἻὍὕ ὅὖ ὄὠὀ Ἳὕ Ἳὖ Ὃ. 

1. ὂὈὖ ὝὈὕὐὖὉὖ ἻὌὠὑ ὂ ὠὈ 

2. ὂὈὖ ὝὈὕὐὖ ἱὌ Ἳὁ ὂὖ ἻὌὠὑ ὂ ὠὈ (Ἰ Ὁ  ὑὊ ὠὋ, 

ὝὈ ὈὉ Ἳ ἻὍὖ ἯὠὈ , ὁ Ἵὖ Ὀὕ Ὃ Ἳ)  

3. ὉὂὈὖ Ἵὖ Ἳ (Ὗὅ  ὂὈὖ  Ὁ ἵ  ὂὈὖ  ἳ Ὅ Ὗὑ ὅὕ Ἳ) 

4. ἶ ἻὄὟὑ ἳ ὑὕ Ἳ ὅ ὀ ὂὈὖ ἳὠὊὉὖ /ὅ ὑ  Ὗὅ  

Ἰ ἻὠὈ ἻὍὖ ὝἽὉ ὠἻ ὂ ὠὈ. 

5.3. ὂὈὖὐὖ ἳὠὊὉὖ  Ὗὅ Ἵὕ Ἳ ὂὖ Ὁ ἽὖἻ 

ὂὈὖὐὖ ἳὠὊὉὖ  Ὗὅ Ἵὕ Ἳ ὂὖ Ὁ ἽὖἻὍὖ ὂ ὠὈὉὕἻ 

Ὃὖ ὅὖὀ ὂ ὂὑ Ἳ Ὁ ἿὃὕὊὕὉὁὕ (Yegnanarayana et al., 1994) ὟὔὈὕ ὂὖ 

ἰὑ . ὂὈὖ ὝὈὕὐὖἻ Ἳὕὄ Ὗὅ  ὠὁ ὅὕ Ἳ ὂὖ ἻὕἻ ἰ Ἳ  ὟὈ ὝἻὕ  
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Ἳ ὠὊἻὍὕἻ ὝὑὍὖὉὖ Ὅὄ. ὟὔὈὕ ὂὖ ὅὌ ἰ ὂὖ ὀ ἻὠὍ ὟὈ ὝἻὕ  

ὂὈὖὐὖ ἳὠὊὉὖ  Ὗὅ Ἵὕ Ἳ ὂὖ Ἳὕὄ Ἰ ὠὋὠὉ ἳ ὑὕ Ἳὖ Ὅὕ. 

ὂὈὖ ἳὠὊὉὖ  Ὗὅ Ἵὕ ὑὖ ἱ ὂὖὉ ἯὋὖὑὖὉ ὃὖ ὑὄ ὠὂ Ἵ ὂ 

ὊὕὈἻὖ ὁὕὑὖ ὅ ἻὍὖ ἱ  Ἳ ὀὕὉ Ὃὖ ὅὖὀ Ὗὑ Ὁ Ἰ Ὃὕ . ἳὠὊὉὖ  

Ὗὅ  ἳ ὑὕ Ἳ ὂὖ Ἧὑ  Ὕὅ  ὅ ἻὍὖ ὝἽ Ὅὕ. ὅὖὊὂὖὅὕ Ἧὑ  ἵ ὂὖὉ 

ὂὈὖ Ἳὕὄ ἱὠὁὉ  Ἵὕ ὂὖὉὈὕὄ Ὗὅ  ἳ ὑὕ Ἳὖ (Prathibha and Ramakrishana 2002),  

Ἧὑ  ὅὖὋ  (Ramakrishnan, Kaushik, Laxmi Narayana 2007) ἵ ὂὖὉ ὂὈὖ ἳὠὊὉὖ  

Ὗὅ  ἱὉ ὠἻὝὈὕὐὖ ἰ   Ὀ  Ἧὑ  ἵ ὂὖὉ Ὗὅ  ὅ  ὂὈὖ  

(Ramakrishana 2014) ἵ ὅὄ Ἵὕ ἻὍὕ.   

 ὝἾὉὑ ὂὄὕ Ὀ  ὅὖὋ (Jayavardhana Rama et al 2001) ὂὖ Ὃ  Ἰ  

ἳὠὊὉὖ  Ὗὅ  ὠὁ ὅὕ Ἳ Ἰ ὠὋ ἳ ὑὕ Ἳὖ Ὅὄ. Ἧὑ Ἳ ὂὈὖ 

ὝὈὕὐὖὉὖ ἳὠὊὉὖ  Ὗὅ  Ὀὕ Ὃ ὂὖ Ἰ  ὂὖὉ ὝὃὋὖ ὠὋὠὉ ὑὖὍ Ἳὖ Ὃὄ.  

ἱ  ἱὊ  ὃὖὠὌἻὠὍ ἳ Ὅὀ ἻὖὉ: ὟὃὊ Ὕὂὕὀ ὅὖ Ὄὕ ὃὖὠὌ/ἰ ὠὌ  ὃὖὠὌ (offline 

phase) Ὀ  ὟὃὊ Ὕὂὕὀ ὃὖὠὌ/ἰ ὠὌ  ὃὖὠὌ (online phase). ὟὃὊ Ὕὂὕὀ ὅὖ Ὄὕ 

ὃὖὠὌ ὝἽὉ ὅὕ (preprocessing), ὅ ὂ (segmentation), ἱὠἽὠὈ 

ἯὠὀὉὕὍ ὅ ὂ (patch marking) ἱὑ ὠὋ ἳ ὅ .  Ὀὗ  (prosody)  

ὝὑὍὖ ὅὕ  ὅὉ ὅ ὂ ὅ ὝὅὥὂὗἻ, Ἰ ὉὖὉ ὑὖὠὍ ἻὍὖ 

ἻὌὠὑ ὂ ὠὈὉὕὄ ἯὠὌὉὕ .  Ὀὗ  ἱὠἽὠὈ (pitch), ὑὖ ὠἽ (pause), Ὀὕ ὂὖὠὊ 

(duration),  Ἰ ὑ ὠὈ/Ἰ ὈὖὠἻ (loudness) ἱὑ ὠὋ ἳ Ὅὀ . ἱὠἽὠὈ Ὗὅ  

ὋὖὠἻὉὖ ἯὂὖἻ ὝὑὍὖ ὅ  ὅ ὂὖ ἰ .  Ὀὕ ὂὖὠὊ ὠὁ ὅὕ Ἳ ὝἽ Ὁ ὅ ὀ 

Ὗὅ Ἵὖ ἱὉ ὂ ὠὈὠὉ ὅὕὂὖ  ἻὖὉ ἻὕὊὁὖὉὕ.  Ἰ  ὝἽὕ  Ἧ Ὄ  

ὑὕ ἻὖὉ ὂὖ Ὗὑ ὅ ὀ ἱὀ ἻὍὖ ὑ  ἸὟὊ ἳὉὖὝὊὕ Ὗὑ ὅ ὀ Ὀὕ ὂὖὠὊἻὠὍ 

ὝἻὕ .  ἱὂ  ὅὖ ὑ  ἵ Ἳὕ ὂὊ ὅ Ὅ: ὃὕ  ἰ  Ὀὁὖ  

ὑὊὌὕὈὕ. ἱ ὂ ὑὕ ἻὖὉ ὂὖ ἳὉὖὝὊὕ /ἰ / Ὗὑ ὅ ὀ ἱὀ ἻὍὖ Ὗὑ ὅ ὀ Ὀὕ ὂὖὠὊὉὖ 

ὑ ἻὖὋὄ. ἱὠἽὠὈ ἯὠὀὉὕὍ ὂὖ ἯὠὌὑ ὑ Ἳ Ἰ Ὃὖὠὁ Ἳ ὅ ὑὂὕ 

ἱὠἽὠὈὠὉ ἯὠὀὉὕὍ ὅ ὂ ἻὖὉὈὕὄὂὕ.  ἱὠἽὠὈὠὉ Ὀὂὖ  ὝἽ Ὁ 

ὂὕὄὖὉ Ἳ Ὕὅὕ ὂ ὝὃὋὖ ὠὋ (auto-correlation method) ὅὉ ὅ ὂ ὅ Ὅ.   ἻὕὌ 
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ἯὍὑὖ ὃὗ Ἵὖ ὂ Ὅ Ὃὖ ἯὂὖἻὅ Ἵ ὂὕὄὖὉ Ἳ Ὕὅὕ ὂ ὠὂ Ἳ ὅὖ ὅὂὕ 

Ἳὁὖ Ἳ ὅ Ἳὖ Ὃ.  ἳὠὊ/ὅ ὑ  ἰ  ὃὖὠὌ Ὗὅ Ἵὖ Ἧ ὅὠὀ ἯὌ ἻὍὖ 

ὟἻὕ ὠὑἻὍὕἻ ὅ ὅὕ  ὝἽ ὑὠὂ  ὂὈὖ ὑὖὂὖἻὠὍ ὅὉ ὅ ὑὠὂ 

ἳ ὅ .  ὠὁ ὅὕ Ἳ ὃὖὠὌ ἽὕὖὉὕὄ ὑὕὖὠἽἻὖὊὈ ὂὖ ἱ ὑὌ ἻὍὖ 

ἯὠὌὑ ἻὍὖ Ἰ Ὃὖὠὁ ὠὅ ἳ ὅ .  ἱὉ ὠἻ ὂ ὠὈ Ἧ ὅὠὀὉὖ 

ἱ ὂὖ ὀ ὑὖὕὖ ὅ ὂὅ Ὅ. 

 Ὗὅ  ὠὁ ὅὕ Ἳ Ὀ  Ἧὑ Ὃὖ ἳὉ ὂ ὃὖὠὌ ὅὉ ὅὕ Ὕὂὕὀ ὅὕἻ 

ὂὈὖ ἳὠὊ-Ὗὅ  ἱὉ ὂὖὊ ὂὖ ὃὠὀ ὠὋὉὕ Ἳ, Ὗὄ Ὃ, ὃὠὀ ὠὋ ὅ ὂ 

Ἵὑὕ Ἳ ἱὑ Ὃὖ ὅ Ὗὑ ὝὃὋὖ ὠὋἻ ἻὈὕἻ Ὃ ὅ Ὅ.  ὅ ὑ -

Ὗὅ  Ἰ ὠὋὉὖ ὃὠὀ ὠὋὉὕ Ἳ Ἰ Ὃὖὠὁ  ὝὃὋὖ ὠὋὠὉ ὅὉ ὅ ὂὖ 

ὝἽ Ὁ ὅ Ἳὖ Ὃ; ὅ ὑ  Ὗὅ  ἱὉ ὂὖὊ ὂὖ ὟὂὠὑὉὕὄ ὅ ὂὖἻὍὕὄ ὝἽὕ 

ὅ ὅὕ ὑὖ (lexical analyzer), Ἰ Ὁ  Ἳ ὅὖ ὅὖ (phoneme identifier), Ὂ  Ὕὅὕ ὂ 

(voice mapping), Ὗὅ  ὠὁ ὅὕ Ἳὖ (speech synthesizer), Ὂ   ἽὗὊὕ Ἳ (voice 

modulation) ἱὠὑὅ Ὃὖ ὑὖὍ Ἳ ὅ Ὅ. ἱ  ὅὉ ὅ ὂ ὅ ὝἽὕ Ὄὕ ὑὖ 

ὑὐ ἻὈὕὄ ὝἽὕ Ὄὕὑὖ ὀ Ἰ ὠὈ Ἳὕ Ἳὖ Ὃ; Ἧὠὑ ὂὈὖ ἵ ἻὠὍ 

ἳ ὅ ὂ ἱὉ  (ἵ.Ἳὕ. Ὂ  Ἧ Ἵ ); ὅ ὑὠὌ/ἳὠὊὠὉ Ἰ ὉὖὉ Ἧ ὅὠὀὉὖ 

ἳ Ὅὗ ὝἽ  Ἧ Ὄ  ὂὈὖ ὑὖὠἽ ὅὌὠἻὠὉ ὅὉ ὅ  ὑὖ ὅ Ὗὂ 

ὝἻὕ Ἳὖ Ὃ. ἱ  ὂὊ Ὗὅ ἽὕἻ ὝὑὍὖ ὅ ὂὅὀ Ὗὑ   ἵ  ὑὖ ἻὖὋ 

ὅὉ ὅ ὅὑὕὖὀὈὖ ἳὠὊ/ὅ ὑ  ὅὂὖὠὑ Ὕὅ . Ἰ Ὕὑὕ ὝἽὕ  ὅὖ 

ὟὑἻ, Ἳὄ ἯὍ  Ὗὅὕ Ὃ Ὀὂὖ Ἳ ὑ ὃὖὠὌὉὕἻ ὠὑ Ἳ ὅ .  

 ἵ.Ἳὕ.  

 /s[75]/v[75]Ἧ/t ὠὄs/[75]Ἰ/t /s[75]/v[75]Ὕὂ/t ὑ  

ἱ  ὝἽὕ ἻὠὍ 75% ὟὑἻ ὂὖ 75% Ἳὄ ἯὍὑὖ  Ὕὅὕ ὂὈὕὄ ἯὠἽ Ἧ ὂ ὂὖ 

ἱὠἽ . ὝἽὕ Ἵὕ ἯὠἽ Ἧ ὂ ἰ ὑὖ ὠὑὉ Ὃ ὑὖὠὍὠὑ ὃὗ Ἳ ἳὂὑ Ὗὑ  

ὑὕ ἻὖὉ ὂὖ ὅ Ὗὑ ὅὕἻ Ἳ  ὝὑὍὖ ὅὠὀὉὕἻ Ὃ ὅὀὕὂὠὑ ὂὑὖὊ ὅὖὋὑ Ὃὖ 

ἽὕὖὉὕὄ ἯὠἽ Ἧ ὂ ὠὂ ὟἽ ὅὂ ἻὕἻ ὂ Ὅ ὅ ὑὠὌ ὂὈὖ ἱὌ Ἳὁ ὂὖ ἻὕἻ 

ὅὕὖὟἽὕὂὖ. Ἰ Ὁ  ἯὠὀὉὕὍ Ἳ ὅὖ ὅὖὉὕ Ἧ ὠὄ ἵ Ὃ ὝἽὕ  A  N NAI 
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ἵ  ὅ ὅὕ  ὝἽ Ὁ ὅ; ἱὂὖ Ἰ Ὕὑὕ  Ἧὑ Ὃὖ Ὕὂὕὀ Ὅ Ἰ ἻὠὍ 

ὝἻὕ . ἱ Ὗὅὕ  ἵ Ὄὕ ὝἽὕ ὠὌ ὅ ὂὕὉὌὕ.  

ἻὖὟὒὕ Ὀ  ὅὖὋ (Kishore, Rohit Kumar and Rajeev Sangal 2002) 

Ἰ Ὃὖὠὁ  ἯὠἽἻὠὍ Ἧ ὅὠὀὉὕἻ ὅὉ ὅ ὂὖ ὂὊ-ἱὉ Ἳ 

Ἧ ὠὋ/ὝὃὋὖ ὠὋ (data-drivan method) Ἧ ὅὠὀὉὖ  ἱ ὂὖὉ ὝὈὕὐὖἻ  

ἳὠὊὉὖ  Ὗὅ  ὠὁ ὅὕ Ἳ ὂὖ Ὁ Ὅὄ.  ἱ ὝὃὋὖ ὠὋὉὖ 

ἯὌ Ὗὂ ὑὐὖ ὠὋὑὠὊ Ὀὗ  Ὕὅὕ ὂ ὝἽὉ ὅὕ ὠὀ ὠἻὉὕ  

Ἧ Ὄ ὠὂ ὝἻὕ Ὅ; ἱ  ὝἽὕ Ἳ, Ὕὂὕὀ Ἳ, ὑὕ ἻὖὉ Ἳ Ὗὅὕ Ὃ ὝὅὕὖὉ 

ὑὕὖὠἽἻὠὍ ἳ ὅὠὀὉὕἻ Ὗὂ Ὕὂ Ἳ ἱὉ . ὝὈὕὐὖὉ ὅ ὀ ἱ ὂ Ἧ ὠὋ 

ἱ ὂὖὉ ὝὈὕὐὖἻ  ἳὉ ὂ ἽὖὋ ὅ Ὅ Ὗὅ ὠἽ ὂ ὑὂὕἻ Ἳὖ Ὃὄ.   

Ἳὖ ὂὖἻὕ, Ἳὗὂὕ ἰἻὖὟὉὕ (Krithiga M.V. and Geetha T.V. 2004) ἵ .ὅὖ.Ἵὖ. 

Ἧ ὅὠὀὉὖὌὕὄ Ἰ Ὁὖ ὠὈ ὂὊ Ἧ ὂὍ (diaphone database) Ὀ  ἻὕὌ ἯὍ ὠὑ 

Ὀὕ Ὃ ὑὐὖ ἯὠἽ ἱὠἽὠὈὉὖ Ὀὕ Ὃ ἱὑ ὠὋ ὅὉ ὅ ὂὖ ὂὈὖ ὅ ὑ  Ὗὅ  

ἳ ὑὕ Ἳ ὂὖ ὅ ὅὖ Ὕὄ Ὃ ὠὂ ὅ Ὃὖ ὑὖὍ Ἳὖ Ὃὄ.  Ἰ Ὃὖὠὁ  Ὗὅ  

ὠὁ ὅὕ ἻὖὉὕ (concatenative speech synthesizer) Ὗὅ  ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ. 

ἯὠἽ ἯὌ Ἳ  Ἧὑ Ὃὖ ὅ ὠὅ  ὠὋ ἻὕὈ ἯὌ  ἵ ὠὌἻὍὖ Ὕὅ ὀὊ 

Ὕὂὕὀ ἽὖὉὖ ὠὈὠὉ ὠὋ  ὅ  Ἰ Ὃὖὠὁ Ἳ ὅὀὟὑ. Ἰ Ὃὖὠὁ  ἵ ὠὌὉὖ 

Ὕὅὕ ὂὈὕὄ ἲὝὊὕ ὠὉ ὝἽ ὑὂὕ ἻὕὌ ἯὍὠὑ Ὀ Ὃ ὠὂ ὃὖὠὋὟὑ ὑὂὕ 

Ὗὃ ὂὖ ἶ ὅ ὂ ὅ Ἳὖ Ὃ.  

ἱ ὂὖὉ ὝὈὕὐὖἻὍὖ Ὕὂὕὐὖ ὅ Ὕὄ Ὃ (Technological Development of Indian 

Languages) ἵ Ὃ ἱ ὂὖὉ ἯὊἽὖ ἰ ὑὖ ὂὖ ὀ ὂὖ Ἳὗ ὂὈὖ ὝὈὕὐὖ ἻὕἻ ἵὂὖὝὊὕ ἵ Ὃ 

Ἰ ὠὋ ὝἽ ὠὄ Ἧ ὁὕ  ὅ ἻὠὌ Ἳὐ ὂὕ ἳ ὑὕ Ἳ ὅ Ὅ.  

Ἵὕ ὑ ὂὕὈ Ὀ  ὅὖὋ (Samuvel Thomas, Nageshwara Rao, Hema A. Murthy, 

Ramalingam) Natural Sounding Tts Based On Syllable-Like Units  ἵ Ὃ ὂὈ  Ἳ ὠὊὉὖ 

Ἰ Ὃὖὠὁ ὅὕ Ἳ Ὗὅ  ὠὁ ὅὕ Ἳ ὂὖ ὂὖὉ ἯὠἽὟὅὕ Ὃ ἯὌὠἻ  

ὅὉ ὅ ὑ ὅ Ὃὖ ὑὖὍ Ἳὖ Ὃὄ.  ἱ ὂ ἯὌ Ἳ  Ὀ ὂὕὈὂ Ἧ ὅὠὀ ὅὖὕὖ 
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ὑὐὖ ὠὋὑὠὊ (delay based segmentation algorithm) Ὀ  Ἰ ὉὖὉ Ἳ Ἧ ὅὠὀὉὖ 

C*VC* (C: consonant, V: vowel) ὑ  Ὕὅὕ ὂ ἱὑ ὠὋ ὅὉ ὅ ὂὖ 

ὂὄὖὉ ἻὈὕἻ ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃὄ. ἱ ὂ Ἰ ὠὋὉὖ ὂὖὋ ὂὈὖὐὖ ἱὉ ὅὕἻ 

Ἰ  Ὗὅ ὠἽ ὠὁ ὅὕ Ἳ ὝἽ  ὃὖ ὅὖ Ἳ ὅ Ὅ. ἹὊὠἽ ἯὌ Ἳ  

ὅὂὖὌὕἻ ἲὊὠἽ ἯὌ ἻὠὍ ὅὉ ὅ ὂὖὉὟὅὕ Ὃ ὂ Ἳ ὂὊ Ὗὄ Ὃ 

Ἳὖὠὀ Ἳ Ὕὅ Ὃ; ἱὂ  ὑὖὠὍ ὈὊ Ἰ Ὁὖ ὠὈ Ἧ ὅὠὀὉὖὌὕὄ Ἧ ὠὋὠὉὑὖὀ 

ὈὖἻ ἽὖὋ ὂὂὕἻ ἯὠὈ ὂ. ἱ ὂ Ἧ ὠὋὉὖ ἻὖὉὈὕὄ ἽὕὂἻὃὖὠὌ Ὀὗ  

ὑὖὂὖἻὠὍ ὃὗ Ἳὖὑὖ ὑὂὕ. ὝὅὋ ὅ ὀ Ὗὅ  ἱὉ ὅὕἻ ἯὠὈὑ  ἱ ὂ Ἧ ὠὋὉὖ 

ἽὖὋ ὅὕ. (ἵ ὅὄ ἱὑ ἻὍὖ ὑὕὂ). 

Ὗὑ ἻὟἻὕὅὕὌἻὖ ὁὕ Ὀ  ὅὖὋ (Venugopalakrishna Y R, Ὀ  ὅὖὋ 2008)  

Design and Development of a Text-To-Speech Synthesizer for Indian Languages  ἵ Ὃ ὂὈ  

Ἳ ὠὊὉὖ Ἰ Ὃὖὠὁ ὅὕ Ἳ ὂὖ ἯὌ ἻὍὕἻ ἯὠἽἻὠὍ  ὅ ὌὠἽἻὠὍ ὝἻὕ  

ἯὌ  Ὗὂ  Ἧὠὀ ὅὠὀὉὖὌὕὄ ἳὠὊ-Ὗὅ  ὠὁ ὅ ἻὖὉὖ ὂὖ ὀὑὠὊ Ὀ   

ὃὠὀ ὠὋ ὅ ὂ ὅ Ὃὖ ὑὖὍ Ἳὖ Ὃὄ. ἱ ὂὖὉ ὝὈὕὐὖἻ ἯὠἽὠὉ ὠὈὉὈὕἻ 

ὝἻὕ ὀὠὑ ἰὂὌὕ ἱ ὂὖὉ ὝὈὕὐὖἻ  ἯὠἽὠὉ ἯὌἻὕἻ Ὕὂὕὖ ὝἽ ὂ 

Ὕὅὕ ὂὈὕὄὂὕ. ἯὠἽ Ἧ ὅὠὀὉὖὌὕὄ ὠὁ ὅὕ Ἳ Ὃ ὂ Ἳ Ὀὗ  

Ὀὕ Ὃ ὠὂ Ὗὑ ὀὕὑὖ ὀὕ ἯὠἽὉὖ ὐ  ὃὖὠὋὟὑ Ὃ ὅὀὟὑ Ὁ Ὀὗ  

Ὀὕ Ὃ ὈὊ Ἰ Ὁὖ ὠὈ Ἧ ὅὠὀὉὖὌὕὄ ὠὁ ὅὕ Ἳὠὂὑὖὀ Ὃ ὂ Ἳ ὑὖὂ ὂὖ 

Ὗὑ ὅ ὀὂὕ. (ἵ ὅὄ ἱὑ ἻὍὖ ὑὕὂ). 

ὑὖὟὄὕ Ὀ  ὅὖὋ (Vinodh M.V., Bellur A., Narayan, B.K., Thakare D. M., Susan A., 

Suthakar N.M. and Murthy H.A.) Using polysyllabic units for text to speech synthesis in Indian 

languages  ἵ Ὃ ὂὈ  Ἳ ὠὊὉὖ ὅ ὌὠἽ ἯὌ ἻὠὍ (polysyllabic units) ὅὉ ὅ ὂὖ 

ἱ ὂὖὉ ὝὈὕὐὖἻ  ἳὠὊ-Ὗὅ  Ἰ ὠὋὠὉ ὂὖ ὀὈὖ ὑ Ὀ  ἳ ὑὕ ὑ 

Ὃὖ  ὑὖὍ Ἳὖ Ὃὄ. ὂ  Ἰ Ὁ  Ἧ ὅὠὀὉὖὌὕὄ ἳὠὊ-Ὗὅ  Ἰ ὠὋ 

ἳ ὑὕ Ἳ ὅ ὀ. ὅὖ ὄ ἳὠὊ-Ὗὅ  ἹὊὠἽ ὝἻὕ  ἯὌ  (monosyllable cluster unit) 

ἳ ὑὕ Ἳ ὅ ὀ. (Ὕὅὕ ὂὈὕὄ ἯὌ Ἳ  Ἳὖὠὀ ὂὕ) ὅ ὌὠἽ ἯὌ Ἳ  

ὅὉ ὅ ὂ ὅ Ὗὅὕ ὠὁ ὅὕ Ἳ ὑὕ ἻὖὉ ὂὖ ὂὊ ἯὂὖἻὕὖ Ἳ ἱὉ  ἵ ὅ  

http://www.languageinindia.com/


259 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

Ἳ ὁὊ ὅ ὀ; ἶὝὄ Ὃὕ ἱ ὈὕὂὖὕὖὉὕὄ Ὗὃ ἻὍὖ ἽὕὝὊὕ ὅὖ (co-articulation) 

ὑὖὠὍ ὂ Ἳὠὑ Ἳ ὅ. ἵὄὟὑ ἱ ὂὖ Ὀ  ὂὈὖ  Ἰ  ὟὈ ὅ ὀ ὑὠἻ ὈὉ Ἳ 

ἯὌ Ἳ  ὝἻὕ ὀ ὅ ὌὠἽ ἯὌ Ἳ  ἳ ὑὕ Ἳ ὅ ὀὄ. Ἰ ὠὋ ἯὌ  Ὗὂ  

ὝἽὉ ὅὕ Ἳὖ Ὗὅὕ ἯὌ ἻὍὖ ἽὖὋ ὂὠὂ Ὕὂὕὖ Ὕὂ ; ἱὂ ἻὕὊὁὈὕἻ ὟἽ  

Ὗὅὕ  Ἰ Ὃὖὠὁ  Ὗὅὕ  ὑὖὠὍἻὖ Ὃ ἱὐ ὠὅ ὠὋ Ἳ ἱὉ . ἰὊ ὅ Ἳ ὀ 

ὟἻ ὀ ὅὕὖὟἽὕὂὠὄ ὅ ὌὠἽ ἳὠὊ-Ὗὅ  Ἰ ὠὋ ἽὖὋ ὂ ὂὊ ἳ Ὅ  ἵ ὅὠὂ 

Ἳὕ Ἳὖ Ὃ. (ἵ ὅὄ ἱὑ ἻὍ ὑὕὂ). 

ὑὕ Ὂ Ἳὃὕὂὄὖ ὂὈὖ ὂ ὑὖὉ ἻὁὖὄὖἽὕ Ἰ ὉὄὖὉ , ἳὠὊὉὖ  

Ὗὅ Ἵὕ  (Ranganathan 2014, 2016) ὃ Ὄ Ὗὃὕ Ἳὗ ἻὍὕἻ ἯὠὈ .  

 ὂὈὖὐὖ  ἳὠὊὉὖ  Ὗὅ  ἳ ὑὕ Ἳ ὂὖ Ἳὕὄ Ὗὄ ὅὕ Ἳ  ὅὌ 

ὃὀ Ὅὄ. Ὃὖ ὅὕἻ ὝἽ ὠὄὉὖ Ὅ IIT-Ὁὖ  ἱ  Ὕὂὕὀ ὅὕὄ ἰ Ἳ  

ὟὈ ὝἻὕ Ὅ ὅ Ὅὄ. Ἧ ὃὖ ὑὄ ὂὖ  ὅὁὖ ὕὖ ὂ Ὁ ἼὃὕὊὕὉὁὕ, ὟὔὈὕ 

ὂὖ, ἱὊὕὟἽ ὂὖὊ  Ὗὅὕ ὟὋὕ  ἳὠὊὉὖ  Ὗὅ Ὕὂὕὀ ὅὕὄ Ἳ ὑὖἻὠὍ  

ὝἽ ὑὂ  Ὁ ἽὖἻ ὟὈ ὝἻὕ  Ὕὑ ὋὖὝὅ Ὅὄ . 

Ἧ ὁὕ ὅ ἻὠὌ ἻὐἻ ὂὖ  ὃὠὀὝὅ Ὃ RCTDIL-T ἵ Ὃ ἰ ὂὖ ὀ ὂὖ  

ἱὂ Ἳὕὄ Ὁ ἽὖἻ  ὝἽ Ὁ ὅ Ὅὄ. ὂὖ ὑὄ ὂὊ ὂὖ Ὅ ἳὌἻ  ὂὖὊὕὑὖὀ 

ὝὈὕὐὖἻὍὖ  ὅ Ὅὖ (ISDL) ὈὠὌὉὕὍ ὂὖ  ἳ ὑὕ ἻὖὉ ὈὠὌὉὕὍ ἳὠὊὉὖ  

Ὗὅ  Ἰ ὠὋ ὂὈὖ  ἳὠὊ  ὃ Ὄ Ὗὅ  ὝὑὍὖ ὠὀ  ὂ Ἳὖ Ὃ . ἵ  ἵ  

ἵ  Ἳ ὕὖὠὉ  Ἵὕ ὂ ὃὕἻὊὕἾ  Ἧὑ Ἳ  ἳὠὊὉὖ  Ὗὅ  ἳ ὑὕ Ἳ ὂὖ  

ὂὄ  ὂὖὠὊὠὉ  ὅὂὖ Ὅὕ . 

ἵὂὖὟὊὕ ἵ ὅ  ὂὈὖὐὖ Ἳὕὄ Ἰ  ἳὠὊὉὖ  Ὗὅ  ἱὉ ὂὖὊ ἰ . 

ἳὠὊὉὖ  Ὗὅ   Ὗὂὠὑ ὅ Ἳὖ Ὃ ἵ ὂὝὑὕ ὅὉ ὅὕ  ὝἽ Ἳ ἱὉ Ὀὕ 

ἱὉ ὂὖὊ ὑ ὑὠὈ Ἳ ὅ Ὅ. ὂὈὖ ἳὠὊ ἳ ὍὗὀὕἻ ὑὐ Ἳ ὅ Ὗὅὕ, Ἧ   

ὝἽὉ ὅὕ ὝἽ Ὁὅ , ὝὈὕὐὖὉὖὉ ὑὖὂὖἻὠὍ ὅὉ ὅ ὂὖ Ἰ Ἵὕ 

ὈὉ Ἳ ὠὂ/ὝὂὍὖὑὖ ὠὈἻὠὍ ἯἻ ὑὂ ἻὕἻ Ἰ ὉὖὉ Ἵὕ ἳ ὅ ὂ 

ὝἽ Ὁὅ ἻὖὋ. ἸὟὊ ἵ  Ἧ  ὃὖἻ  ὃὖὠὌὠὉ Ὕὅὕ  Ὕὑ Ὗὑ Ἰ ἻὠὍ 

ὝἻὕ Ἳ  ἵ ὅὂὕ Ἰ Ἵὕ ὈὉ Ἳ/ὝὂὍὖὑὖ ὠὈ ὂὈὖὐὖ ἵ ἻὖὋ. 

ἵ Ἳὕ ὀὕἻ, ὂὈὖὐὖ ἳ Ὅ ὑ ὄ  ἵ Ἳ ( , , , , , ,) Ἰ  ὝἽὕ  
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ὃὖἻ  ὃὖὠὌὉὖ Ἧ ὅὠὀὉὖ Ἰ  ὟὈ ὅ ὀ Ἰ ἻὠὍ  ὝἻὕ Ὅὄ. ἱ ὂ 

Ἰ ὝὅὉ  ἳὠὊὉὖ ἳ Ὅ Ἰ Ὕὑὕ ὑὕ ὠὂ CVCV ὈὕὂὖὕὖὠὉ ὅὉ ὅ ὂὖ 

Ἧὂ ὀ  Ὕὂὕὀ ὠὀὉ Ἰ Ὁ ἻὍὕἻ ὅὖὕὖ Ἳ ὅ ἻὖὋ. Ἰ Ὁ Ἳ ἯὠὀὉὕὍ 

Ἳὕὁ ὅ ὀ ὀ, Ἰ Ὁ Ἳ ὀ  Ὕὂὕὀ ὠὀὉ Ἰ  ὟἻὕ Ἳ Ἰ Ὃὖὠὁ Ἳ ὅ Ὗὅ  

ὝὑὍὖ ὠὀ ὝἻὕ  ὑὠἻὉὖ ὑὕὖὠἽ ὅ ὂ ὅ Ἳὖ Ὃὄ. ὂ Ὗὅὕ, ἱ ὂ ὠὋὠὉ  

ὅὉ ὅ ὂὖ ὂὈὖ Ὗὅ ὠἽ ἳ ὑὕ Ἳ 4000 ἯὠἽἻ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃὄ. 

ὟὈ Ἳ ὀ ἳὠὊὉὖ  Ὗὅ  Ὀὕ Ὃ Ἰ ὠὋἻὍὖ Ἰ ἽὖὌ ὑὖὕὖὑὕἻ 

ὂὊ ὅ Ὅὄ. 

5.3.1. ὅὖ  Ὀ  ὀὕὍὖἻὍὖ ἳὠὊὉὖ  Ὗὅ  Ὀὕ Ὃ 

 ὅὖ  Ὀ  ὅὖὋ (Pilips et al 2005) ἳὠὊὉὖ  Ὗὅ  Ὀὕ Ὃ  ἵ Ὃ ὂὈ  ὂὕ 

ἳ ὑὕ Ἳὖ Ὅ ἳὠὊὉὖ  Ὗὅ  Ὀὕ Ὃ Ἰ ὠὋὠὉ ὅ Ὃὖ ὑὖὍ Ἳὖ Ὃὄ 

5.3.1.1. ὠὊ 

 . Ὕὅὕ ὑὕἻ ἳὠὊὉὖ  Ὗὅ  Ὀὕ Ὃ  ὑὐὖἻὍὖ ὝἽ Ὁ ὅ Ἳὖ Ὃ; 

Ἧὠὑ Ἦὅ Ὀ  Ἧ ὅὠὀ (formant based), ἯὍ  Ἧ ὅὠὀ (parameter based), 

Ἰ Ὃὖὠὁ  Ἧ ὅὠὀ (concatenation based). 

 ὂ ὟὅὕὠὂὉ ἳὠὊὉὖ  Ὗὅ  Ὀὕ Ὃ Ἰ ὠὋ ἱὠὁ ὅὕ Ἳ 

Ἧ ὅὠὀὉὖὌὕὄὂὕ. ἱὠὁ ὅὕ Ἳ ἱὊ  ὃὖὠὌἻὠὍ ἳ Ὅὀ : ἱὠὁὉὕ ὃὖὠὌ 

(offline), ἱὠὁ  ὃὖὠὌ (online phase). ἱὠὁὉὕ ὃὖὠὌ Ἧ ὅὠὀ ἯὌ  Ὕὂὕὖ, ὝὈὕὐὖ 

ὑὖὂὖἻὠὍ Ἳ ὀὋὖὂ (Ἰ ὉὖὉ Ἵὕ ὑὖὂὖἻ Ὀ  Ὀὗ Ἵὕ ὑὖὂὖἻ) Ὀ  Ἰ  

ὂὊ ὂὍ ὂὖ Ὕὂὕὖ ἱὑ ὠὋ ἳ ὅ . ἱὠὁὃὖὠὌ ἳ Ὅὗ  ἳὠὊὠὉ  Ἧ ὅὠὀ 

ἯὌ ἻὍὕἻ ὅὖὕὖ ὂ Ὀ  ὂὈὖ ὝὈὕὐὖ ὑὖὂὖἻὠὍ  ὅὖὊὟὉὕἻὖ ὂ ὅὖ ὄ Ἧὑ ὠὋ 

Ὗὅ ἽὕἻ Ὀὕ ὂ ἱὑ ὠὋ ἳ ὅ . ἱ ὂ Ἰ ὠὋ Ἰ  ἱ Ὃὖ ὂ ὠὈὉὕὄ 

ἳὠὊ ὟἻὕ ὠὅ ἶ ὝἻὕ  Ὕὅὕ Ὅὀ Ἳ ἻὠὍ ἵ ἻὍὕἻ ὅ  ἳὠὊ ἰ ὑὖ 

ὃὖὠὌἻ  ὅ ὅὕ  (Ἧὂὕὑ Ἧ ὅὠὀ ἯὌ ἻὍὖ Ἳ ὀὋὖὂ ), ὝὈὕὐὖ 

ὑὖὂὖἻὍὖ ὅὖὊὟὉὕἻ ὂὖ ἱ ὂὖὉὕἻ  Ὗὅ  ὝὑὍὖ ὠὀ ἳ ὑὕ Ἳ Ἰ Ὃὖὠὁ  

ἳ ὑὕ Ἳ ὂὖ Ἳὀ Ἳὖ Ὃ.  
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ὅὀ : ἳὠὊὉὖ  Ὗὅ  ἵ ὂὖὊὂὖ  Ὕὂὕ ὂὖ ὅὀ  

  

 

 

 

 

 

 

 

Ἰ ὉὖὉ Ἵὕ  

ὑὖὂὖἻ  

Ὀὗ Ἵὕ 

ὑὖὂὖἻ  

Ἰ  

ὂὊ ὂὍ  

 
ἳ Ὅὗ ὅ ὅὕ  ὑὖὂὖἻὍὖ  ὅὖὊὟὉὕἻ  Ἰ Ὃὖὠὁ  

ἱὠὁὉὕ ὃὖὠὌ 

ἱὠὁὉὕ ὃὖὠὌ 

5.3.1.2. ὝὈὕὐὖ ὑὖὂὖἻ (Language Rules) 

5.3.1.2.1. ὂὈὖ ἵ Ἳ 

 ὂ ἻὕὌ ὂὈὖ ἵ  ὠὋ 12 ἳὉὖὝὊ Ἳ, 18 ὝὈ  ἵ Ἳ, 216 

ἳὉὖὝὈ  ἵ Ἳ (Ἧὂὕὑ 18 × 12 = 216) Ὀ  ἰ ὂ  ἵὄ ὅ  Ἰ  ἵ  

ἰἻὖὉὑ ὠὋ ὝἻὕ Ὅ. ἳὉὖὝὊ  ὅ ὂὖἻ. ὂὈὖὐὖ 247 ὝὈὕ ὂ ἵ Ἳ 

ἳ Ὅὄ. 

ἳὉὖ Ἳ 

 ἳὉὖ Ἳ Ἧὑ Ὃὖ ἳ Ἵὕὖ Ἳὀ  Ἳὗ ὑ Ὀὕ ὂὊ ὅ Ὅ. 

  

ἳὉὖ Ἳ ἳ Ἵὕὖ Ἳ 

Ἧ a 

ἰ  aa/A 

ἱ i 

ἲ ii/I 

ἳ u 

ἴ  uu/U 

ἵ e 

ἶ ee/E 

http://www.languageinindia.com/


262 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

ἷ ai 

Ἰ o 

Ἱ ao/O 

Ἲ  au 

ὝὈ Ἳ  (Consonants) 

 ὝὈ Ἳ Ἧὑ Ὃὖ ἳ Ἵὕὖ Ἳ ὀ Ἳὗ ὑ Ὀὕ ὂὊ ὅ Ὅ. 

   

ὝὈ Ἳ ἳ Ἵὕὖ Ἳ 

 k 

 ng 

 ch 

 nj 

 t 

 N 

 th 

 nth 

 p 

 m 

 y 

 r 

 l 

 v 

 zh 

 L 

 tR 

 n 

ἱ ὂ ὝὈ Ἳ ὋὕἻ ὅ Ἳ ὅ Ὅὄ. 

http://www.languageinindia.com/


263 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

 ὑ ὄ : , , , , ,  

 ὝὈ ὄ: , , , , ,  

 ἱὠὀὉὖὄ: , , , , ,  

ἰ ὂ : ἰ ὂ ἵ  Ἦ ἵ  ἵ ὂ ὅ ; h ἵ  ἳ Ἵὕὖ Ἳ ὅ. ἱ  ὂὈὖὐὖ ὠὋὑὕὄ 

ὝἽὕ ἻὍὖὟὌὟὉ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. 

ἳὉὖ ὝὈ ἵ Ἳ: 18 ὝὈ  ἵ Ἳ 12 ἳὉὖ ἵ Ἳ ὀ ὟἽ  ὑ ὠἻὉὖ 

18x12 = 216 ἳὉὖ ὝὈ ἵ Ἳ ὑὖὠὍἻὖ Ὃὄ. 

5.3.1.2.2. ὂὈὖ Ἰ ὉὖὉ Ἵὕ ὑὖὂὖἻ (Tamil phonetic rules) 

 ὂὈὖ ἵ Ἳ ὂὄὖ ὂ ὠὈὉὕὄ Ἰ Ἳ Ὅ ὑ ὑ ἻὠὍ ὝἻὕ Ὅὄ. ἽὖὌ 

ἵ Ἳ Ἧὠὑ ὑ  ἱὀ  Ἧ ὅὠὀὉὖ Ὗὑ ὅ ὀ Ἰ ἻὠὍ ὝἻὕ ὀ ἸὟὊ ὑ ὠὑ  

ὝἻὕ Ἳὖ Ὃὄ. ἵὄὟὑ ἱ ὂ ἱὀ  Ἧ ὅὠὀὉὖὌὕὄ Ἰ  Ὗὑ ὅὕ 

ὑὖὍ Ἳ ὅὀὟὑ.  ἵ Ἳὕ ὀὕἻ Ἳ ἵ Ὃ ἵ  Ἧὠὑ ὑ  ἱὀ  Ἧ ὅὠὀὉὖ  

[ka], [ha], [ga] ἵ Ὃ Ἰ  Ὗὑ ὅὕ ἻὠὍ ὝἻὕ Ὅ.      

         

    

   Ἳ ( ka)   Ἳ (ha)    Ἳ (ga)   

              

ὂὈὖ ὑ ὄ ἵ Ἳ , , , , ,  ἵ ὅὄ Ἧὠὑ ὑ  ἱὀ  Ἧ ὅὠὀὉὖ 

Ὗὑ ὅ  Ἰ .   

ἱὉ  Ἰ  (Normal sound): ὑ ὄ ὝὈ ἻὍὖ  ἯὠὑἻὟὍ ὑ Ὗὅὕ Ὀ  

ὝἽὕ  Ὕὂὕὀ Ἳ ὂὖ Ὀὕ ὋὈὖ Ὃὖ ἱὉ  Ἰ ἻὍὕἻ ( Ὂ Ὄὕ Ἰ ἻὍὕἻ/voiceless 

sounds) ὑ .  
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ὂὈὖ ἵ  ἳ Ἵὕὖ 

Ἳ ka 

Ἵ cha 

ὀ ta 

ὂ tha 

ὅ pa 

Ὃ tRa 

 

Ἳ ὄ Ἰ Ἳ  (Hard Sounds): ὑ ὄ ὝὈ Ἳ  ὝὈ ὄ Ἳ , , , , ,   

ὑ ὠἻὉὖ Ἧὠὑ Ἳ ὄ Ἰ ἻὍὕἻ ( Ὂ  Ἰ ἻὍὕἻ/voiced sounds) ὑ . 

     

ὂὈὖ ἵ  ἳ Ἵὕὖ ὄ  ὑ  

Ἰ  

Ἳ ga  

Ἵ cha  

ὀ da  

ὂ dha  

ὅ bha , ,  

Ὃ dRa  

 

ὝὈ  Ἰ  (Soft Sound): ὝὈ  Ἰ  ὝἽὕ  Ὀ ὂὖὉὖ Ἧὑ Ὃὖ ὝὈ Ἳ ὄ  ὑὊὕὂ 

ὃὖὠὌὉὖ ὑ . 

    

ὂὈὖ ἵ  ἳ Ἵὕὖ 

Ἳ ha 

Ἵ sa 

ὀ da 

ὂ dha 
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ὅ bha 

Ὃ Ra 

 

5.3.1.2.3. ὂὈὖ Ὀὗ  ὑὖὂὖἻ (Tamil Prosodic rules) 

 Ὀὗ  ἵ ὅ  ὝὑὍὖ ὅὕ  ὅὉ ὅ ὂ ὅ ἻὖὋ Ἰ  ὝὅὥὂὖἻ Ἰ ὉὄὖὉ Ἵὕ 

ὑὖὠὍ ἰ . ἱ ὂ ἱὉ ὠἻὉὕὄ Ἰ  ἳὠὊὠὉ ἳ ὑὕ Ἳ ὅὉ ὅ ἻὖὋ. Ὀὗ  

ὠὋὉὕὄ Ὄὁ ὠὑ  ὝἻὕ Ὅ; Ὀ  ἱὠὀὃὖ ὂ Ἳ, ἱὠἽὠὈ, ἻὕὌ Ὀ  

Ἵ ὂ ὂὖ Ἧ ὅὠὀὉὖ Ὗὅ ἽὕὍὕὖ Ὗὃὕ Ἳ ἻὠὍ Ὀὗ Ὕὀ ὅὠὂ  ὝἻὕ Ὅ. 

Ὗὅ  ἽὈὖ ὠἿὉὖ ὈὖἻ ὝὑὍὖ ὅὠὀὉὕὄ ὅ ὂὖὉὕἻ ἱὠἽὠὈ ἰ . Ὀ Ἳ ὂ Ἳ 

ἱὠἽὠὈ Ὀὕ ὅὕ Ἳ Ὄ  ὂ Ἳ ἳὁ ἽὖἻὠὍ ὝὑὍὖ ὅ ὂ Ὁ Ἵὖ ἻὖὋὕ Ἳ. ἵὄὟὑ 

ἱὉ ὠἻὉὕὄ Ἰ  Ὗὅ ὠἽ ὝὅὋ ἱὠἽὠὈ Ὀ  ἻὕὌ ἯὍ  ὅ ὋὖὉ ὑὖὕὖὑὕὄ ὅ ὅὕ  

ὝἽ Ὁ ὅὀ Ὗὑ . ἱ  ὅὌ Ὀ  ὝἽ ὠἻἻ ὀ Ὁ ὈὖἻ  Ἳ ὄὈὕὄ ὅὁὖ 

ἵ ὅὂὕ, ἱ ὂ ὝἽὉ ὅὕ  Ἰ Ὕὑὕ ἯὌἻὖ ἻὕὌ  Ὀ ὟὈ Ἳ ὂ ὅ Ὅ . 

Ὗὂὠὑ ὅ Ὗὅὕ ἽὕὖὉὕὄ ἯὍ  Ὀ silence ὄ ὠὂ ὝἽ ὑ  Ἰ  ἻὖὉὈὕὄ 

ὅὁὖὉὕ. ὃὖ ὂ Ὃὖ/ Ὅὖ (full-stop), Ἳὕ Ὅὖ (coma), ἯὠὊ Ὅὖ (semicolon), 

Ἳὕ Ὅὖ (colon) Ὗὅὕ Ὃ ἱὀ ἻὍὖ ἯὋὖ Ἳ ὅ ὂ ὅὀ Ὗὑ Ὁ Ὀὕ ὅὕ Ἳ 

Ἳὁ Ἳὖ ἵ ὝἻὕ Ὅ ὅ ὀ. 

5.3.1.3. ὃὠὀ ὠὋ ὅ ὂ/ὝἽὉ ὅ ὂ (Implementation) 

 ἱὠὁὉὕ (ἰἮ ὠὌ ) Ἳ ὀ, ἱὠὁ  (ἰ ὠὌ ) Ἳ ὀ Ὀ  ὅὉὄ 

ἱὠὀ Ἳ ὂὖ ἳ ὑὕ Ἳ ἱὑ ὠὋ ἳ Ὅὀ ἻὖὉ ἳὠὊὉὖ  Ὗὅ  ἱὉ ὂὖὊ ὠὂ 

ὝἽὉ ὅ ὑ  ἱ ὂ ὅὖὕὖὑὖ ὑὖὑὕὖ Ἳὅ ἻὖὋ. 

5.3.1.3.1. ἱὠὁὉὕ  (ἰἮ ὠὌ ) Ἳ ὀ 

 ἻὁὖὄὖὉὖ ἱὠὁὉὕ (ἰἮ ὠὌ ) ὝἽὉ ὅὕ  Ἧ ὅὠὀ ἯὌ ἻὠὍ 

Ὗὂ Ὕὂ ὅ Ὀ  Ἰ  ὂὊ ὂὍ ἳ ὑὕ ὑ ἰἻὖὉὠὑ Ἧὀ  

Ἧ ὅὠὀ ἯὌἻὖ Ὕὂὕὖ (Selection of basic unit) 

 Ἧ ὅὠὀ ἯὌ ἻὍὖ Ὕὂὕ ὅὖ ὂὈὖὐὖ ἳ Ὅ Ἧὠὄ  Ἰ Ἳ  / ὝἽὕ Ἳ  

ἱ Ἳ Ὗὑ . ὟὅἽὖ ἱ ὂ ἯὌ  ἯὠἽἻ, Ἰ Ὁ Ἳ, ἲὝὊὕ Ἳ, ὝἽὕ Ἳ, 
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ὝἽὕ ὝὋὕὀ Ἳ Ἧ Ὄ  ὑὕ ἻὖὉ ἻὍὕἻ ἱ ἻὌὕ. ἱὑ Ὃὖ ὈὖἻ ὃὗὍὈὕὄ ἯὌ  

ὑὕ ἻὖὉ ἰ ; Ὀ  ἻὖὉ ἯὌ  Ἰ Ὁ /ἲὝὊὕ ἰ .  

 ὃὕ ὑὕ ἻὖὉ ὠὂ (sentence) Ἧ ὅὠὀ ἯὌ  ἵὄ  Ὗὂ ὝἽ ὂὕ, 

Ἰ Ὃὖὠὁ ἻὍὖ ἵ ὁὖ ὠἻ ὠὋὑὕἻ ἱ . ἵὄὟὑ ὂὊ ἯὂὖἻὈὕἻ ἱ . 

ἰὄὕ  ἯὌ ἻὍὖ ἵ ὁὖ ὠἻ ἵ ὠὌὉ ὋὂὕἻ ἱ , Ἧ  ἱ  ἵ ὂὝὑὕ 

Ἳὖὕὖ ὀ ὟὑὠὌ ὝἽ Ὁ Ἧ ὂὠἻὉ ἯὠὈ ὠὅ ὑ ὑὠὈ Ἳ ἱὉὌὕ. 

Diphone 

 ὃὕ Ἰ Ὁὠὄ (phoneme) Ἧ ὅὠὀ ἯὌ  ἵὄ  ὝὂὕὖὝἽ ὂὕ, 

Ἰ Ὃὖὠὁ ἻὍὖ ἵ ὁὖ ὠἻ ἯὂὖἻὈὕἻ ἱ . ἵὄὟὑ ὂὊ ὠὋὑὕἻ ἱ . 

ἱ ὅὖ , ὂὊ ὂὍ ὂὖ ἯὍ  Ἰ  ἻὖὉὈὕὄ Ἳ ὂὖ ὝἻὕ Ὅ Ὗὑ Ὁ ἻὕὊὁὖ 

ἰ . 

 ἯὠἽ  (syllable) Ἧ ὅὠὀ ἯὌ  ἵὄ  Ὗὂ Ὕὂ Ἳ ὅ ὀὕ, ἯὠἽ Ὕὑ Ὗὑ 

ἱὀ ἻὍὖ ὑ Ὗὅὕ Ἧὠὑ Ἰ Ὕὑὕ Ὃὖ Ἰ  Ὀὕ ὅὕ ἻὠὍ ὝἽὉ ὅ ὂ Ὗὑ ; 

Ἧ  Ἵὕ ὂὖὉὈὖ ὠὌ; ἶὝὄ Ὃὕ Ἰ  ἯὠἽ ὂὈὖ ἵ ἻὠὍ Ὀ ὟὈ ὝἻὕ Ὅ. 

 ἲὝὊὕ Ἳ ( ἮὟὅὕ/diphone) ἵ ὅ  ἱὊ  Ἧ Ἳὖ Ὅ ἱὊ  ἯὠἽἻ  

ὃ ὑὖ Ὗὂὕ  Ἰ  ἰ . ἵ Ὃὕ ἱ  Ἧ ὅὠὀ ἯὌ  ἵὄ  Ὗὂ Ὕὂ Ἳ ὅὀὕ 

Ἰ Ὃὖὠὁ  ἳ ὠὌ ὠὋὑὕἻ ἱ . ἰὄὕ  ὂὊ ὂὍ ὂὖ ὟἽὈὖ Ἳ Ὗὑ Ὁ 

ἯὌ Ἳ  ἵ ὁὖ ὠἻ ἯὂὖἻ ἰ ; ἶὝὄ Ὃὕ Ἰ Ὕὑὕ Ἧ Ἳὖ Ὅ ἯὠἽἻὍὖ 

Ἰ ἻὠὍ ὟἽὈὖ Ἳ Ὗὑ Ὁ  ἯὑἽὖὉ ἰ . 

 ἱ ὂ ἳ ὠὈἻ  Ἧὠὄ ὠὂ  ὅὕὖἽὗ ὂὅὖ, Ἰ Ὁ  ἱὂ Ἳὕὄ Ἧ ὅὠὀ ἯὌ  

ἵὄ  Ὗὂ Ὕὂ Ἳ ὅ Ὅ. ἱ  Ἰ  ὝὈὕὐὖὉὖ Ἧ ὅὠὀ Ἰ  ἯὌ  ἰ . 

ἰ ἻὖὌ ὠὂ Ὕὅὕ ὂὑὠὊ, 26 ἵ Ἳ ἳ Ὅὄ; ἰὄὕ  ἰ ἻὖὌ ὂὖ ὃὖὠὋὉ 

ὈὉ Ἳ Ἳ/ὝὂὍὖὑ Ὃ ὂ ὠὈἻ ἳ Ὅὄ. ὂὈὖὐὖ ὈὖἻ  ὠὋὑὕὄ 

ὈὉ ἻὟὈ/ὝὂὍὖὑὖ ὠὈ ἳ Ὅ  Ἧὑ Ὃὖ ὈὖἻ  ὂὄὖ ὑὈὕὄ ἳ Ἵὕὖ Ἳ ὀ 247 

ἳ Ὅὄ ἳ Ὅὄ ἵ ὅὟὂ ἳ ὠὈ. ὂὖ ὅ Ὗὑ ἵ Ἳ  ὂὈὖὐὖ Ὀὕ 343 Ἰ Ὁ ἻὍὖ 

ὝὅὕὖὉ ὅ ὉὠὌ ἳ ὑὕ Ἳὖ Ὃὄ, ἱ  ὂὈὖ Ὗὅ  Ἧ ὅὠὀὉὕἻ ἯὠὈἻὖὋ. 
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Ἰ  ὂὊ ὂὍ ὠὂ ἳ ὑὕ ὂ (Creation of sound database) 

 Ἰ Ὁ Ἳ Ἧ ὅὠὀ ἯὌ  ἵὄ  Ὗὂ Ὕὂ Ἳ ὅ ὀὂὕ, ἵ Ὄὕ Ἰ Ὁ Ἳ  

ὅὂὖ ὝἽ Ὁὅ  ὂὊ ὂὍ ὂὖ ὟἽὈὖ Ἳ ὅ ἻὖὋ. Ἰ  ὂὊ ὂὍ ὂὖ ὂὊ Ἰ  

ἻὖὉὈὕὄ ἻὕὊὁὖὉὕ ἳὠὊὉὖ  Ὗὅ ὠἽ Ὕὅὕ ὂὑὠὊὉὖ ὝὑὍὖ  ὂὊ 

ἻὖὉὈὕὄὂὕ.  

 Ὗὅ ὠἽ ὅὂὖ ὝἽ Ὗὅὕ, ὠὋ ὂ 8 ἻὖὟὌὕὝὔ  ὅὂὈὕὂὖὕὖ (sampling) 

ὂ  8-ὅὖ  ὅὂὈὕὂὖὕὖ ἱ Ἳ Ὗὑ . ἱ  ὟὈὕἽὈὕὄ ὂὊὈὕὄ Ὗὅ ὠἽ 

ἳ ὑὕ ἻὖὋ, ἰὄὕ  Ἧὠὂ  ὕὖ ὝἻὕ Ὅ . ὂὊ ὠὂ ὈὕὂὖὕὖὉὖ ἳ Ὅ ὅὖ ἻὍὖ 

ἵ ὁὖ ὠἻὠὉ 12 ὅὖ Ἳ Ἧ Ὄ  16 ὅὖ ἻὍὕἻ ἯὂὖἻὕὖ ὅὂ Ὄ  ὟὈ ὅ ὂὌὕ. 

Ἶὖ ὀὌὕ Ἳ ὃὖὠὌἻὠὍ ἯὂὖἻὕὖ ὅ Ἰ  ἯὠὀὉὕὍ ὋὖὠὉ Ἵ ὂ ὑὖἻὖὂ ὂὖ 

ἯὂὖἻὕὖ. ὅὂὈὕὂὖὕὖ ὑὖἻὖὂὠὂ 8 kHz  ὟὈ , Ἧὂὕὑ 10 kHz, 16 kHz Ἧ Ὄ  20 kHz 

ὑὠὊ ἯὂὖἻὕὖὅ  Ἧὂὖ Ὕὑ ἳ Ὅὀ Ἳ ὠὂ ὟὈ ὅ ἻὖὋ. ἯὂὖἻ ὅὂὈὕὂὖὕὖ Ἧὂὖ Ὕὑ 

ἯὂὖἻ ὂὊ ὠὂ ὂ . ἳὉ ὂὊ Ὗὅ  ὅὂὖ  ὂὖ ὅὖ ὟἻ ὅὂ  16 ἻὖὟὌὕὝὔ  

ὅὂὈὕὂὖὕὖ ὂ  ὃὖὉὕὈὕὄὂὕ. 

 Ἰ  ὂὊ ὂὍ ὠὂ ὝἽὉ ὅ ὑ 4 Ἳ ὀἻὍὖ ὟὈ ὝἻὕ Ὅ ὅ ὀ. 

1. Ἰ ἻὠὍ ὅὂὖ ὝἽ ὂ (Recording sounds): Ἰ ἻὠὍ ὅὂὖ ὝἽ ὑ Ἰ  ἱὉ  

ὂὈὖ ὝὈὕὐὖ Ὗὅ ὅὑὠὊ ὅὉ ὅ ὂὖ ὟὈ ὝἻὕ Ὅ ὅ ὀ. 30-16000 Ὕὔ  Ἧὂὖ Ὕὑ 

ὅὂὖ ὝἻὕ ὀ ὠὈ ὟὊὕἮὟὅὕ Ὄ  Ἵ ὂ ἱ Ὄὕὂ ἯὠὋὉὖ ἱ  ὝἽ Ὁ ὅ ὀ. 16 

ὅὖ Ἳ ὅὂὈὕὂὖὕὖ ἯὍ ὀ  8 kHz ὅὂὈὕὂὖὕὖ Ἧὂὖ Ὕὑὀ  ὅὂὖ ὝἽ Ὁ ὅ ὀ. 

ὅὂὈὕὂὖὕὖ Ἧὂὖ Ὕὑ ἽὖὋὖὉ ἵ Ὃὕ  ὕὖ ὝἻὕ Ὅ Ὁ Ὂ  ὝὑὍὖ ὠὀ ἳ ὑὕ Ἳ 

ἱ  Ὗὅὕ ὈὕὄὂὕἻ ἱ ὂ. 

2. Ἰ Ὁ ἻὠὍ  ὅὖὕὖ Ὕὂ ὂ (Extracting phonemes): ὅὂὖ ὝἽ Ὁ ὅ ὀ Ἰ  ὟἻὕ  

Ἧὠὄ  ἯὌ Ἳ  (ἳὉὖὝὊ Ἳ, ὝὈ  Ὀ  ὝὈ -ἳὉὖ ὅὖὕὖ Ἳ) Ὕὂὕὀ ἽὖὉὕὄ 

ὟἻὕ ὅὕ. Ἰ Ὕὑὕ Ἰ Ὁ  Ὕὅὕ  ὅ ὂὖ ἱ ὂ ὟἻὕ ὅὖ  

ὅὖὕὖ Ὕὂ Ἳ ὅ Ἰ  ὂὄὖ *.wav ὟἻὕ ὅὕἻ ὟἽὈὖ Ἳ ὅ ὀ. ἱ  Ἰ  ἵ  

ὝὈ Ὕὅὕ Ὅὕὄ Sound Forgeἷ  ὅὉ ὅ ὂὖ ὝἽ Ὁ ὅ ὀ. 
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3. ἱὠἽὠὈ Ὃὖ ὂ (Pitch marking): ἱὂ  Ὕὅὕ  Ἰ Ὕὑὕ Ἰ Ὁὄὖ ἳ ὠὈὉὕὄ 

Ὕὂὕὀ Ἳ Ὀ  ἱ ὂὖ ὍὖὠὉ Ἳ ὀὋὖὂ ἰ . ἱὠἽὠὈ Ὃὖ ὂ ἻὍὖ 

ἯὠὌὑ ὑ Ἳ Ἰ Ὃὖὠὁ Ἳ ὅ ὑὂὕ ἱ  ἯὑἽὖὉ ἰ . ἵὄὟὑ Ἰ Ὕὑὕ 

Ἰ Ὁὄὖ Ὕὂὕὀ Ἳ  ἻὑὄὈὕἻ ὟἻ ὅὂ Ὄ  Ἳ ὀὋὖὉ ὅ ὀ Ὀ  

Ἧ ὂ ἱὊ  ἱὠὀὟὉ ἳ Ὅ ὅ ὂὖ Ὗὂ Ὕὂ Ἳ ὅ Ἰ  ὂὄὖ *.wav ὟἻὕ ὅὕἻ 

ὟἽὈὖ Ἳ ὅ ὀ. Ἧὂ ὅὖὋ ὂὖ Ἰ Ὕὑὕ Ἰ Ὁὄὖ ἳ ὠὈὉὕὄ ἻὕὌ ἯὍ  ὟἽὕὂὠὄ 

Ὀ  ὅὖὠὐ ( trial and error ) Ὄ  ὂὗὈὕὄὖ Ἳ ὅ ὀ. 

4. Ἰ  ὟἻὕ ἻὠὍ ὂὖ ὂ (Editing sound files): ἱὠἽὠὈ Ὃὖ Ἳ ὅ ὀ Ἰ  ὟἻὕ Ἳ 

Ὕὅ ὅὕὌὕὄ Ἵ ὂ ὅ ἻὍὖ ἶ ὝἻὕ Ὅ Ὁ ὂὊ ὂὖ ἱ ὅὂὖὠὌ. ἵὄὟὑ 

ἱὠὁ ὂὕ Ἧὠὑ Ἰ  ὃ Ὄ ὂὊὈὕὄ ὝὑὍὖ ὠὀ ἳ ὑὕ ὅ Ἧὑ Ὃὖ ὂὊ ὠὂ 

ὟὈ ὅ ὂ ὂὖ ὂ Ὗὑ . ἱ ὂ Ἳ ὀ ὂὖ Ὗὅὕ Ἵ ὂ ὠὋ  ὑἽὂὖἻ ἳ Ὅ Ἵ  

ἮὟὅὕ  ἵ ὅ  ὅὉ ὅ ὂ ὅ ὀ. 

5.3.1.3.2. ἱὠὁ  (ἰ ὠὌ ) Ἳ ὀ 

 ἱὠὁ /ἰ ὠὌ  Ἳ ὀ ὂὖ ὃὖὊ ἱ  Ὗὅὕ ὅὖ ὄὁὖὉὖ 

ὟὈ ὝἻὕ Ὅ ὅ ὅὁὖἻ Ἧὀ  ἱὉ ἻὖὋ. ἱ   ἻὖὉὈὕὄ Ἳ ὀἻὠὍ 

ἳ Ὅὀ ἻὖὉ, Ἧὂὕὑ ἳὠὊ ὅ ὅὕ  Ὀ  ὅὕ ὅ ὂ (text analysis & parsing), 

ὝὈὕὐὖ ὑὖὂὖἻὍὖ ὅὖὊὟὉὕἻ Ὀ  ἳὠὊὉὖ  Ὗὅ  Ὀὕ Ὃ ἳ ὑὕ Ἳ ὝὈὕὐὖ 

ἯὌ ἻὍὖ Ἰ Ἳὖὠὁ ἵ ὅὄ. 

ἳὠὊ ὅ ὅὕ  Ὀ  ὅὕ ὅὕ : ἱ ὂ Ἳ ὀ ἳ Ὅὗ  ἳὠὊὠὉ ὅ ὅὕ  ὝἽ  

Ἰ ὠὋ ἻὖὍὖἮὠὅ ἵ Ἳ, ἱὊ ὠὀ ἻὖὍὖἮ ἵ Ἳ Ὀ   ἻὖὍὖἮ 

ἵ Ἳ Ἳὕ ὅὖἻὖὋ . ὅὖ ὄ Ἧ  ἳ Ὅὗ  ἳὠὊὠὉ Ὗὅ Ἵὖ Ἧ ὅὠὀ 

ἯὌ ἻὍὖ ὑὕὖὠἽὉὕἻ ὅὖὕὖ ἻὖὋ . 

ὝὈὕὐὖ ὑὖὂὖὉὖ ὅὖὊὟὉὕἻ/ὅὉ ὅὕ: ἳ Ὅὗ  ἳὠὊὠὉ Ἧὂ  Ἧ ὅὠὀ ἯὌ ἻὍὕἻ 

ὅὖὕὖ ὂ ὅὖὋ, ὂὊ ὂὍ ὂὖ ἽὕὖὉὕὄ Ἰ Ὁὠὄ  ὅὖὕὖ Ὕὂ Ἳ ὝὈὕὐὖ ὑὖὂὖἻ 

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃὄ. ἱ ὂ Ἳ ὀ ὂὖ ἱὉ ὠἻὉὕὄ Ἰ  ὟὅὠἽ 

Ἰ Ἳὖὠὁ ὅὂ ἻὕἻ/ἳ ὑὕ ὑὂ ἻὕἻ ὝὈὕὐὖ ὂὖ ὀὑ ὀὈὕὄ Ἰ  ὑὖὂὖἻ 

ἱὠὁ ὝἻὕ Ὅὅ ὀὄ. 
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Ἰ Ὃὖὠὁ : ἱ ὂὖ Ἳ ὀ ὂὖ Ὗὅὕ, ἽὕὖὉὕὄ ὑὕὖὠἽὉὖ Ἧ ὅὠὀ ἯὌ ἻὍὖ 

ἯὠὌὑ ὑ ἻὍὖ Ἰ Ὃὖὠὁ  ὟὂὠὑὉὕὄ Ἰ  ἯὠὌὑ ὑ ὠὂ ἳ ὑὕ Ἳ 

ὟὈ ὝἻὕ Ὅ ὅ Ἳὖ Ὃ. Ἧ ὅὠὀ ἯὌ ἻὍὖ ἯὠὌ ὑ ὑ Ἳ ὂὊ ὂὍ ὂὖ  

ὅὖὕὖ Ὕὂ Ἳ ὅ Ἰ Ὃὖὠὁ Ἳ ὅ Ἳὖ Ὃὄ. 

5.3.1.3.3. ὅὉὄ ἱὠὀ Ἳ (User Interface) 

 ὑὖὒὙὑ ὟὅἽὖ 6.0-ἷ  ὅὉ ὅ ὂὖ Ἰ  ἵὍὖὉ ὑὠὊἻὠὌ ὅὉὄ ἱὠὀ Ἳ 

graphical user interface (GUI) ἳὠὊὉὖ  Ὗὅ ἱὉ ὂὖὊ ἳ ὑὕ Ἳ ὅ ὀ. ἱὠὀ Ἳ 

ὂὈὖὐὖ ἳὠὊὠὉ ἳ Ὅὖὀ ἳὠὊ  Ὕὅ ὠὉ  Ὗὅ  Ἰ ὠὉ ἱὉ Ἳ Ὕὅὕ ὂὕὠὄ 

ὝἻὕ Ὅ. ἳ Ὅὗ  ἳὠὊ ὂὈὖ ὑὕ ὠὂὉὕἻὟὑὕ Ἰ  ἵ ὁὕἻὟὑὕ 

ὑὕ ἻὖὉὈὕἻὟὑὕ ἱ ἻὌὕ. ἳὠὊὉὖ  Ὗὅ  Ὀὕ Ὃ ὠὂ ἳ ὑὕ Ἳ ἳ Ὅὖὀ ὅ ὀ 

ἳὠὊὠὉ ὟἽὈὖὠὑ Ἳ Ἧ Ὄ   ὟἽὈὖὠὑ ὂ ἳὠὊὠὉ ὂὖὋ Ἳ Ἰ  ὑὖ ὅ ὠὂ 

ἱὠὀ Ἳ ὅὉὄ  ὑὐ ἻὖὋ. TSC_Avarangal  ἵ Ὃ ὂὈὖ ἵ  ὅὉὄ 

ἱὠὀ Ἳ ὂὖ ἳ ὑὕ Ἳ ὂὖ ὅὉ ὅ ὂ ὅ ὀ. eKalappai 1.0  ἵ Ὃ ὝὈ Ὕὅὕ  

ὂὈὖ ἳὠὊὠὉ ἳ Ὅὗ ὝἽ Ὁ ὅὉ ὅ ὂ ὅ ὀ.   

 ἱὠὂ ὅ Ὃὖ ὅὖ ὑ Ὀὕ ὠὊ ὂὊ ὅ Ὅ: 

 ἵ ὂὝὑὕ ὂ ὄὖ ὠἽὉὕὄ ὂὈὖ ἳὠὊὠὉ  Ὗὅ  ὋὕἻ Ὀὕ Ὃ Ὁ Ἰ  

ἳὠὊὉὖ  Ὗὅ Ὀὕ  ἱὉ ὂὖὊὠὂ ὂὈὖ ὝὈὕὐὖ Ὕὑ ὋὖἻὊὈὕἻ ἳ ὑὕἻ ἱὉ  

ἵ ὅὠὂ  ἱ ὂ ὝἽὉ ὅὕ Ἳὕ ἻὖὋ. ὂὈὖ ὝὈὕὐὖὉὖ Ἧ ὅὠὀ ἯὌ ἻὍὕἻ 

Ὗὂ Ὕὂ Ἳ ὅ ὀ 343 Ἰ Ὁ ἻὍὕ ἳ ὑὕ Ἳ ὅ ὀ ἱὉ ὂὖὊ ὂὖ ὅὖ ὂὍ 

Ἰ ἻὠὈ ὅὖ ἱὂὉὈὕἻ ὝἽὉ ὅ ἻὖὋ. Sound Forge  ἵ Ὃ Ἰ  ἵ  ὝὈ Ὕὅὕ  

Ἰ Ὁ ἻὠὍ ἽὕὖὉὕὄ ἱὠἽὠὈ ὀ ὂὉὕὕὖ Ὗὅὕ ὅὉ ὅ ὂ ὅ ὀ. Ἰ Ὁ ἻὠὍ  

ὅὂὖ ὝἽὉ 8 kHzἷ ὑὖὀ ἽὖὋ ὂ ὅὂὈὕὂὖὕὖ ὟὑἻ ὠὂ ὅὉ ὅ ὑὂ Ὄ  Ἰ  

ὝὑὍὖ  ὂὊ ὟὈ  ἯὂὖἻὕὖ Ἳ . ἳ ὑὕ Ἳ ὅ ὀ ἳὠὊὉὖ -Ὗὅ  

ἱὉ ὂὖὊ ὝἻὕ Ἳ ὅ ὀ ἳὠὊὠὉ Ἧ ὅὠὀ ἯὌ ἻὍὕἻ ὅὖὕὖ ὅ, ἽὕὖὉὕὄ 

Ἰ Ὁ ἻὠὍ ὅὖὕὖ Ὕὂὅ , ὂὊ ὂὍὀ  Ὕὅὕ ὑ  Ὀ  ὟὂὠὑὉὕὄ Ἰ  

ἯὠὌὑ ὑ ὠὂ ἳ ὑὕ ὑὂ ἻὕἻ ἽὕὖὉὕὄ ὑὕὖὠἽὉὖ Ἧ ὅὠὀ ἯὌ  

ἯὠὌὑ ὑ ἻὠὍ Ἰ Ὃὖὠὁ ὅ  ἵ ὅὄὑ ὠὋ Ὕὑ ὋὖἻὊὈὕἻ ὝἽὂ . ἵ Ἶὖὄὖ  
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ἱ ὂὖὉὖ ὑὖὒὙὑ ὟὅἽὖ Ὄ  ἳ ὑὕ Ἳ ὅ ὀ Ἰ  ὑὠὊἻὠὌ ὅὉὄ Ἳ ἱὠὀ Ἳ 

ἰ . ἱ  ὅὉὄ Ἳ ὂὈὖ ἳὠὊὠὉ ἵ ἻὍὖ Ἧ Ὄ  ἵ ἻὍὖ ἳ Ὅὖὀ 

Ἧ Ὀὂὖ ἻὖὋ. ἱ ὂ ἱὠὀ Ἳ ὅὉὄ ἻὠὍ ἳὠὊὠὉ ὅὖ ὄ ὟἽὈὖ Ὀὗ  ἱὉ Ἳ 

Ἧ Ὀὂὖ ἻὖὋ. ὅὉὄ ἱὠὀ Ἳ ὠὂ ἳ ὑὕ Ἳ ἵ ὑὕἻ TSC_Avarangal  ὂὈὖ 

ἵ  Ὗὂ Ὕὂ Ἳ ὅ ὀ.  

 ἱ ὂ ἰ ὑὖ ἽὕὖὉὕὄ Ἰ Ὃὖὠὁὅὖ ἻὕἻ Ἧ ὅὠὀ Ἰ  ἯὌἻὖ Ἰ  

ἻὕὌ ὠὂ ἽὕὖὝἽ Ὁ ἻὖὉ ὑ ὝἻὕ Ἳ ὅ ὀ. ἱ ὅὖ , ὝὑὍὖ ὠὀ 

ἱὉ ὠἻὉὕὄ Ὗὅ  Ὕὃ ἻὈὕἻ Ὀὕ ὑὂ Ἳὕὄ ἱὠἽὠὈὠὉ ἽὕὖὝἽ ὂ Ὄ  

ὟὈ  ὟὈ ὅὕ Ἳ ὟὈ ὝἻὕ Ὅ ὅὀ Ὗὑ .   

5.3.2. ἳὂὉ Ὀὕ Ὀ  ὀὕὍὖἻὍὖ ὂὈὖὐὖ Ἳὕὄ ἵ ὂὖ  Ἰ ὉὄὕἻ Ὀὕ  

ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ  Ἳ Ὃ (Decision Tree Learning for Automatic Grapheme to 

Phoneme Conversion for Tamil) 

5.3.2.1. ὠὊ 

 ὂὈὖὐὖ Ἳὕὄ ἵ ὂὖ  Ἰ ὉὄὕἻ Ὀὕ  ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ  Ἳ Ὃ  

ἳὂὉ Ὀὕ  ὀὕὍὖἻ (Udhyakumar  et la 2004) ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ Ἳ ὋὠὌ 

ὅὉ ὅ ὂὖ ὂὈὖ ἵ ὠὂ  Ἰ ὉὄὕἻ Ἰ  ὂὖὉ Ἧ ὠὋὠὉ ὑὖὍ Ἳὖ Ὃὄ. 

ὝὈὕὐὖὉ ὅ ὀ ἱ ὂ Ἧ ὠὋ, ὑὖὂὖ Ἧ ὅὠὀὉὖὌὕὄ Ἧ ὠὋ ὟὅὕὌ Ὃὖ ὅὊ ὂ 

ἯὍὑὖὌὕὄ ὐ  ὑὖὂὖἻὠὍ ἳ ὑὕ Ἳ ; ἱὂὄὕ Ὀὕ Ὃὂὖ  ἽὖὋ ὂ Ὁ ὠὂ 

ὂ . 

 ἵ ὂὖ  Ἰ Ὁ  Ὀὕ Ὃ (Grapheme to phoneme conversion) ἳὠὊὉὖ   

Ὗὅ  Ὀὕ Ὃ ἯὠὈ  Ὗὅ  ἯὋὖὂ ἯὠὈ  ἻὖὉὈὕὄ ἰ . 

ὝὈὕὐὖὉὖὉὌὕὍ ἻὍὕ ὂὉὕὕὖἻ ὅ ὀ ἯἻὊὕὂὖἻ ὈὖἻ  ὃ ὅἻὈὕὄ ἰὂὕὊὈὕἻ 

ἱ ὂὕ , Ἧὠὑ ἵ ὂ ὝὈὕὐὖὉὖ ἳ Ὅ ὝἽὕ ἻὍὖ ὠὈὉὕὄ ὅ ὉὠὌ ἳ ὅ ὂ 

Ὁὕὂὂὕ Ἧὠὑ Ἰ Ὗὅὕ  ὠὈὉὕὄὠὑ Ἧ Ὄ. Ἰ  ὑὖὕὖὑὕὄ ἯἻὊὕὂὖ ὃὖὠὋὉ 

ὟἽὈὖ ἱὀ ὠὂ  ὅὉ ὅ ἻὖὋ. ἱ  Ὗὅ  Ὕὂὕὐὖ ὅ ἻὠὍ Ὀὕ  ὝἽὕ ὌἻὊὕὂὖ 

ὐ Ἳ  ὅὉ ὅ ὑὠὂ Ἳ ὅ ἻὖὋ. ἵὄὟὑ ἵ  ὑ ὑ ὂὖ  

ἳ Ἵὕὖ ὠὅ Ἳὁὖ  Ὀὕ  ὃὠὀ ὠὋ ἯὑἽὖὉ ἰ . 
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 ὂὕὄὖὉἻὈὕἻ ἵ ὠὂ Ἰ ὉὄὕἻ Ὀὕ ὑὂ Ἳὕὄ ὅὌ Ἧ ὠὋἻ  

ὅὉ ὅ ὂ ὅ Ὅὄ. Ἰ  ὝὈὕὐὖἻὍὕ ἲ Ἳὅ , ἵ ὠὂ Ἰ ὉὄὕἻ Ὀὕ ὑ  

Ὕὅὕ ὑὕἻ Ἰ  Ὀ ὑὖὂὖἻὍὕ ὟὈ ὝἻὕ Ὅ ὅ ἻὖὋ. ἯὠὑἻὠὍ ἳ ὑὕ Ἳ ὃὖὠὋὉ 

ὃὖ ὁ ὑ Ὗὂὠὑ ὅ ἻὖὋ Ὀ  ἽὖὌ ὟὃὊ ἻὍὖ ὑὖὂὖ Ἳὗ Ὀ  ὈὖὠἻὠὉ 

Ἵὕὖὅὕ Ἳ Ἳ ὄὈὕἻ ἳ Ὅ . ἰ ἻὖὌ, ὅὖὊ  Ὀ  ὝἾ Ὀ Ὗὅὕ Ὃ ὅὌ ὝὈὕὐὖἻὍὖ 

ἵ ὠὂ Ἰ ὉὄὕἻ Ὀὕ  ὑὖὂὖἻ  ὍὖὑὖὑὊ ὈὕὂὖὕὖὉὠὈ ὂ (Statistical modeling) 

Ὕὑ ὋὖἻὊὈὕἻ ὅὉ ὅ ὂ ὅ Ὅ. ἵ ὠὂ Ἰ ὉὄὕἻ Ὀὕ ὑὂ  ὃὊ ὅὖὉ 

ὑὠὌ ὅὖ ὄ  (neural networks) ὅὉ ὅὕ ἰὊὕὉ ὅ ἻὖὋ. ἱ ὂ Ἧ ὠὋἻ  ὑὖὂὖ 

ἵ  ὟὃὊ ὠὂ ὂὑὖ ; ἵὄὟὑ ὅὉὖ Ἵὖ ὝἽὉ ὠὋὠὉὠὉ ὑ  ὂὕὄὖὉ ἻὈὕἻ 

ὝἽ Ὁ ἱὉ . ἵ ὂὖ  Ἰ Ὁ  Ὕὅὕ ὂ ὂὖ Ἳὕὄ Ἰ  ὂὗ Ὀὕὄ ἻὖὠὍ Ἵὕ ὂ 

ὂὕὄὖὉ Ἳὖ ἱ Ἳ ὠὊὉὖ ἰ  ὝἽ Ὁ ὅ ἻὖὋ. ἱὂ  ἻὖὉ Ὗὃὕ Ἳ, ὂὈὖ 

ἳὠὊὉὖ  Ὗὅ  Ὀὕ Ὃ Ὀ  Ὗὅ  ἯὋὖὂ (ὟὅἽὖ  ἳὠὊ  Ὀὕ Ὃ) ἰἻὖὉ 

ὅὉ ὅὕ Ἳ ἻὕἻ ὂὗ Ὀὕὄ ἻὖὠὍ Ἧ ὠὋὠὉ  ὅὉ ὅ ὂὖ Ἰ  ὂὕὄὖὉ Ἳὖ 

Ἰ ὠὋὉ ἳ ὑὕ ὑ ἰ . 

 ὅὖὋ ἱ ὂὖὉ ὝὈὕὐὖἻὠὍ ὟὅὕὌὟὑ ὂὈὖ  ἵ  Ἰ Ὁ  ἱὠὀὉὖ 

Ἳὖ ὀ ὂὀ Ἰ  Ὕὅὕ ὂ ὠὂ Ἳὕ Ἳὖ Ὃ. ἱ ὅὖ  ὟὃὊ Ὁὕὄ ἵ ὂὖ  

Ἰ Ὁ  Ὕὅὕ ὂ Ἵὕ ὂὖὉ ἱ ὠὌ; ἶὝὄ Ὃὕ ὂὈὖ ἵ Ἳ ἽὖὌ ὐ ἻὍὖ 

Ὗὑ ὅ ὀ Ἰ ὠὉ ἳ ὑὕ .  ἵ Ἳὕ ὀὕἻ  ἵ ὅ  Ἳὀ  ἵ ὅὂὖ k  ἵὄ  ὂ Ἳ 

ἵ ὅὂὖ g ἵὄ  ὅἻ  ἵ ὅὂὖ h ἵὄ  ἳ Ἵὕὖ Ἳ ὅ. ὂὈὖὐὖ ἳ ὅὄὖὉ Ὀ  

Ἰ ὉὖὉ ἰ Ἳ  ἱ ὂ Ὗὑ ὅὕ Ἳ ἽὖὌ Ἵὖ ἻὌὕὄ ὝὈὕὐὖ Ἵὗ ὠὈἻὠὍ (complex 

language regularities) ὅὖ ὅ Ὃὖ ἯὠὈἻὖ Ὃὄ ἵὄ ὃὖ ὅὖ Ἳὖ Ὃὄ. ἱ ὂ ἽὗὊὕὄ ὂ ὠὈ 

ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ Ἳ Ὗὅὕ Ὃ (decision trees) ὂὊ-ἱὉ Ἳ ὅ ἻὠὍ (data-driven 

technique) ὅὉ ὅ ὂ ἻὖὋ. ἻὖὠὍὉὠὈ Ἳ Ὀὄὖὂ Ὁ ἽὖὉὕ Ἰ ὝὅὉ  

ὝἽ Ὁ ὅ ὀ ὈὖἻ ὝὅὕὖὉ ἯἻὊὕὂὖὉὕ ὅὉὖ Ἵὖ ὝἽ Ὁ ὅὀὟὑ . ὂὈὖ  Ἧ ὂὠἻὉ 

ἳ Ἵὕὖ ἯἻὊὕὂὖ ἱ ὠὌ.  ἵὄὟὑ ἳ Ἵὕὖ ἯἻὊὕὂὖὠὉ ἳ ὑὕ Ἳ ὑὖὂὖ Ἧ ὅὠὀὉὖὌὕὄ 

Ἰ ὠὋ ἱ  ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ; ἱ  ὅὖ ὄ ὠἻὉὕ ὂὖ ὂ ὅ.  
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 Ἳ ὠὊ ὅὖ ὑ Ὀὕ ἯὠὈ . ὅὖὕὖ 1 ἯὋὖ Ἳ ἰ ; ὅὖὕὖ 2 ὂὈὖ ἵ ὠὋ 

Ἰ Ὁ  Ὕὂὕ  ὅ Ὃὖ ὑὖὑὕὖ ἻὖὋ. ὑὖὂὖ Ἧ ὅὠὀὉὖὌὕὄ Ὀ  ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ 

Ἧ ὠὋἻ  ὅὖὕὖ 3 Ὀ  4ἱ  ὠὋὟὉ ὑὖὍ Ἳ ὅ Ὅ. ὅὖὕὖ 5 ὂὗ Ὀὕὄ 

ἻὖὠὍὉὈ ὠὅ ὅὉ ὅ ὂὖ ὂὕὄὖὉὈὕἻ ἵ ὂὖ  Ἰ Ὁ  Ὀὕ ὑὂ  ἻὠὍ 

ὑὐ ἻὖὋ. ἱ ὂὖ ὅὖὕὖ 6 ὠὊὉὕ . 

5.3.2.2. ὂὈὖ ἵ ὠὋ  Ἰ  Ὕὂὕ ὂὖ 

 ὂὈὖ ἵ  ὠὋ 12 ἳὉὖὝὊ ἻὠὍἻὠὍ  18 ὝὈ  ἵ ἻὠὍ  

ὝἻὕ Ὅ. ὝὈ  ἵ Ἳ ὂὄὖ ὂὄὖὉὕἻ ἳὉὖὝὊ Ἳ ὀ ἱὠὁ  ἳὉὖὝὈ  

ἵ Ὃ 216 ὂ  ἵ ἻὍὖ ὂὖὉ Ὕὂὕ ὠὅ ἳ ὑὕ . Ἦ ἵ Ὃ ἵ  ἰ ὂ  

ἵ Ὃ ὂὄὖ ὑὈὕὄ ὝὅὉ ἳ . ὂὈὖ Ἰ Ἳ  43 Ἰ Ὁ ἻὍὕἻ 

ὑὠἻ ὅ ὂ ὅ Ὅὄ. Ἧ ὀὑὠὁ 1 ὂὈὖ Ἰ Ὁ  Ὀ ὂὖ ὑὖὑὊ ἻὠὍ ἯὍὖ ἻὖὋ. 

ἵ  Ἰ  ἵ Ἳὕ 

Ἧ ax Ἧ Ὀὕ 

ἰ  aa ἰ  

ἱ ih ἱὠὌ 

ἲ iy ἲὠἻ 

ἳ uh ἳὁ  

U  

ἴ  uw ὂ  

ἵ ae ἵ  

ἶ ey ἶὁὖ 

Ἰ ao Ἰ  

Ἱ ow Ἱ  

Ἲ  aw Ἲ  

 sh ὑὖὒ 

 jh Ἶὕὂὖ 

 k Ἳ ὑὖ 
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g ὅ  

hh ὅἻ  

 ng ὂ Ἳ 

 ch Ἳὕ Ἵὖ 

s Ἵ  

 ny Ἷὕὄ  

 t Ἧ ὠὀ 

 d ὑ  

 nn Ἳ  

  tx ὂ  

dh ὅ ὂ 

T Ὀὂὖ 

 nd ὅ  

n ὃὕ  

 p ὅὕὀ 

b Ἧ  

P Ὄὕὅ  

 m Ἳ  

 y Ὁ ὠὄ 

 r ὈὊ 

 l ὈὕὠὌ 

 v ὑὉ  

 lzh ὅὐ  

 ll ἳ Ὅ  

 

 

tr Ἰ Ὃ  

dr Ἳ  

rr ἯὋ  

 n Ἧ ὠὄ 
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5.3.2.3. ὑὖὂὖ Ἧ ὅὠὀὉὖὌὕὄ ἵ ὂὖ  Ἰ Ὁ  Ὀὕ Ὃ (Rule-based Grapheme to 

phoneme conversion) 

 Ἧ ὀὑὠὁ 1ἱ  ἳ Ὅ ἵ Ἳὕ ἻὍὖ ὂὈὖ ἵ Ἳ  

Ἰ Ὁ Ἳ  ἱὠὀὟὉ Ἰ  Ἰ  Ἰ  ἽὖὋὖὉ ὑὠὊὅὀ ἱ ὠὌ Ἧ  ὝὂὍὖὑὕἻὖὋ.. 

ἱ ὅὖ , Ὕὅ ὅὕὌὕὄ Ὗὃ ἻὍὖ ἱ ὂ Ὀὕ ὅὕ Ἳ ὐ  Ἧ ὅὠὀὉὖ 

ὋὖὉ ὂὖὋ ὝἽ Ὁ ὅὀὌὕ. ἵὄὟὑ ὑ Ὅ ὐ  Ἵὕ ὑὖὂὖἻ ἳ Ἵὕὖ ὠὅ ὉὈὕἻ 

Ἳὁὖ Ἳ ὑ ὑὠὈ Ἳ ὅ Ὅ. ὑὖὂὖἻ ὅὕ ὠὑ, ὐ  Ὀ  ἱὌ  Ἰ Ὁ  Ὃὖ ὂ 

Ὃὖ ὅὖ ὀ ὈὊ ἻὠὍ ὝἻὕ Ὅὄ. ἵ.Ἳὕ. ὑὖὂὖ ὝἽὕ k (*) Ý g ἵ ὅ   k ὄ  

ὝἽὕ  (ἵ.Ἳὕ. ng ( )) Ὗὑ  ἶ  Ἰ Ὁὕ  Ὕὂὕὀ ὅ ὠἻὉὖ ὅ  ἵ ὅὂὖ 

ἳ Ὅ  Ὗὅὕ g ἰἻ Ὀὕ . ἵ ὂ ὑ ὃ ἯὠὈ ὟὅὕὌ ἵ Ὄὕ Ὕὂὕὀ ὠὀὉ 

Ὗὃ ἻὠὍ ἵὂὖ ὅὕ ὅ Ἳ ὄὈὕ . ἵ Ἳὕ ὀὕἻ ἻὖὊὕὈ ἵ ὅὂὖ ἳ Ὅ k ἵ ὅ  

ὝἻὕ  ὑὊὕὈὟὌὟὉ g ἵὄ ἳ Ἵὕὖ Ἳ ὅ. ἱ Ὗὅὕ  ὅ ὂ ἵ ὅὂὖὍ p 

ἵ ὅ  ὝἻὕ  ὑὊὕὈὟὌὟὉ b ἵὄ ἳ Ἵὕὖ Ἳ ὅ. ἱ ὂ ὑὖὂὖὑὖὌ Ἳ ὂὄὖὉὕἻ 

ὑὖὂὖὑὖὌ ἯἻὊὕὂὖὉὖ ὟἽἻὕὖ Ἳ ὅὀὟὑ. Ὕὅὕ ὑὕἻ ὑὖὂὖὑὖὌ ἯἻὊὕὂὖ 

ὑὖὂὖἻὍὖ ἻὌὠὑ ὂ ὠὈ  ἱὠὀὉὖ ἲ Ἳ ὀ ἱ . ἱ  ἵ ὂὖ  Ἰ Ὁ  

Ὕὅὕ ὂ  ὈὖἻ Ἵὖ ἻὌὕὄ ἵ ὅὠὂ ὃὖ ὅὖ; ἱ  ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ Ὗὅὕ Ὃ 

ἵ ὂὖὊ Ἳ Ὃ ὑὐὖ ὠὋἻ  (machine learning algorithms)  ἱ ὂ Ὄ ὠὂ Ἳὑ ἽὖἻὊὈὕ 

ἰ Ἳὖ Ὃ. 

5.3.2. 4. ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ Ἧ ὅὠὀὉὖὌὕὄ ἵ ὂὖ  Ἰ Ὁ  Ὀὕ Ὃ (Decision 

tree based Grapheme to phoneme conversion) 

 Ἧ ὠὀ Ἰ ἻὍὖ ἱὉ  Ἧ ὅὠὀὉὖ Ἰ  Ἰ Ὁὄὖ Ἰ ὉὖὉ Ὀὕ ὅὕ ἻὠὍ  

Ἳ ὅὖ Ἳ ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ Ἳ ὅὉ ὅ ὂ ὅὀὌὕ. ἱὠὂ ἵ  ὑ ὑὖ 

Ἧ ὑ ἻὖὋ ἵ Ἳ  ἶ ὅ ὑὖὍ ἻὌὕ; ἱὠὂὝὉὕ  ἱ ὂ Ἰ ὠὋ ἵ ἻὠὍ 

Ἰ ὝὅὉ ὠὅ ἳ ὑὕ Ἳ ἱ ὂ Ἰ ὉὖὉ Ὗὑ ὅὕ ἻὠὍ ὅὉ ὅ ὂ ἱὉ . 

 ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ Ἳ ὑὖὂὖἻὠὍ  ὠὄἻὠὍ  ὝἻὕ ὀ  Ἳ ἻὠὍ 

ὝἻὕ ; Ἧὠὑ ἱὌ  ὑ Ἳ ὀ Ὄ Ὃὖ ὝἽ Ὁ ὅ . Ἰ Ὕὑὕ 
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Ἳ ἻὍὖ  Ἰ  ὂὗ Ὀὕὄ Ἧ ὅὠὀ Ὕὅὕ ὠὍ ἱὀ  Ἧ Ὄ  ὑὌ  ὠὁ  

ἻὖὠὍὉὠὈ  Ἰ . Ὕὅὕ  Ἰ  ἱὠὌὠὉ Ἧὠὀ  Ὗὅὕ,  ἱ ὂ ἱὠὌὉὖ ὑ  

Ὄ Ὃὖ Ὃὖ ὅὖ ὀ ἵ ὝὅὉ  ὅὂὖὌὕἻ ὅὉ ὅ ὂ ὅ ἻὖὋ.  

5.3.2.4.1. ὑὕὖὠἽ ὅ  ὝἽὉ ὠὋ 

 ὅὉὖ Ἵὖ , Ἰ Ὕὑὕ ἵ  Ἧὂ ὀ  Ὕὂὕὀ ὠὀὉ Ἰ ὀ  

ὑὕὖὠἽ ὅ ὂ ὅὀὟὑ. ὂὈὖὐὖ ἵ Ἳ  Ἰ Ἳ  ἱὠὀὟὉ ἳ Ὅ 

ὑ ὑὕὄ ἳὋ  ἻὕὊὁὈὕἻ, Ἵὖ ἻὌὕὄ ὑὕὖὠἽ ὅ  ὃὠὀ ὠὋἻ ὟὂὠὑὉὖ ὠὌ. 

ὂὈὖὐὖ ἵ  ὟἻὕ ὠὑἻ Ἰ  ὑὕὖὠἽἻ  ἽὈὈὕἻὟὑὕ Ἧὠὂὑὖὀ ὃὗὍὈὕἻὟὑὕ 

ἱ . Ἰ  ὑὕὖὠἽἻ ὀ Ἰ ὝἻὕ Ὃὕὄ ὑὕὖὠἽ Ὕὅὕ ὂ ὠὂ ὝἻὕ Ἳ 

Ὗὑ ) Ὕὅὕ ὂὈὕὄ ἱὀ ἻὍὖ Ἰ ὉὄὖὉ Ἵὕ ἵ ἽὖὟὌὕ Ἳ ( Ὁ Ἳ 

ὝἽ Ἳ ὅ Ἳὖ Ὃὄ. ἵ Ἳὕ ὀὕἻ ὝἽ ὠὄ ἵ ὅὂὖ Ὅ ἵ   /ch/ ἵὄὟὑὕ /s/ 

ἵὄὟὑὕ ἳ Ἵὕὖ ἻὅὀὌὕ. ὃὕ Ἰ  Ὀ ὂὖ /ch*s/ ἵ Ὃ ὂὖὉ ὠὐὠὑ  ὟἽ ὅὂ 

Ὄ  ἱ ὂ Ὗὃ ὠὑ ἽὈὕὍὖ ἻὌὕ. Ὕὂὕὀ ὠὀὉ Ἰ ὀ  Ὕὅὕ ὂ Ἧ Ὀὂὖ Ἳ ὅ ὀ 

Ἰ ἻὍὖ Ὕὂὕ  Ἰ Ὕὑὕ ἵ  Ὃὖ ὅὖὀ ὅ Ὅ. 

5.3.2.4.2. ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ ἻὍὖ ὅὉὖ Ἵὖ (Training of decision trees) 

 Ἧ ὅὠὀ ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ ἰ -ἱ ὠὌ ἵ Ὃ ὟἻ ὑὖἻὍὖ Ὕὂὕ ὠὅ 

Ὀ  Ὗὑὕὖ  ἻὖὠὍὉὠὈ ὠὅ ὑὍ Ἳ Ἰ Ὕὑὕ Ἳ  ὅὖὍὑὖ ὂἻὑ ἰὂὕὉ ὠὂ 

ἯὂὖἻὕὖ Ἳ ἽὖὋ ὂ ὟἻ ὑὖὠὉ Ὗὂ Ὕὂ ὅὂ Ἳὕὄ ὃὠὀ ὠὋὠὉ  ὝἻὕ Ὅ . ἱ ὂ 

ὂἻὑ ἵ ὟὊὕὅὖ ἵὄ ἯὍὑὖὀ ὅὀ Ὗὑ  (ἽὈ ὅὕ 1). ὂἻὑ ἯὂὖἻὕὖ ὑὠὊ  - 

ἵ ὟὊὕὅὖὉὖ ὠὋ  ὑὠὊ  Ἰ  Ὕὂὕὀ Ἳ ὃὖὠὌὉὖ  ὑὖ  ὑὠὊὅὖὍ 

Ὕὂὕὀ ἻὖὋ (ἽὈ ὅὕ 2). 

5.3.2.4.3. ὂὗ ὈὕὄἻ Ἳὕὄ ὟἻ ὑὖἻ (Questions for decision trees) 

 ἵ ὂὖ  Ἰ  Ὀὕ Ὃ ὂὖ Ἳὕὄ Ἧ ὅὠὀ ἰ -ἱ ὠὌ ὟἻ ὑὖ ὅὖ ὑ Ὀὕ 

ἯὠὈ :  ὂ  ἱὀ  ἵ  m  ἵ ὅὂὕ? . ὂὈὖὐὖ ἵ Ἳ Ἳὕὄ ὟἻ ὑὖἻ 

Ἰ Ἳ Ἳὕὄ ὟἻ ὑὖἻὠὍ ὈὖἻ  Ἰ ὂὖ ὅὂὕ Ἧὠὑ ὟἽ Ἳ ὅὀὑὖ ὠὌ. ὟἻ ὑὖ 

ὃὖὠὌἻὍὖ  ὃὗὀ  Ὂ Ἰ ὉὄὖὉ  Ὀὕ ὅὕ ἻὠὍ ἳ ὅ ὂ Ὗὅὕ ὈὕὄὂὕἻ ἱ Ἳ 

Ὗὑ . 5 ἵ  ἽὕὍὊ (ἱὀ  ὐ  2 Ὀ  ὑὌ  ὐ  2) Ὕὅὕ ὑὕἻ 
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Ὗὅὕ Ὀὕὄ ἵ  Ἳ ὀὋὖὉ ὅ Ὅ . Ἰ  ὅὐὠὈὉὕὄ Ὕὂὕ  ἵ ὅ  Ἧὠὄ  

Ἵὖ Ἳὖ ὀ ὟἻ ὑὖἻὍὖ (Ἰ ὠὋ ἵ /Ὕὃ Ἳὁ  ὅ ὋὖὉ ὟἻ ὑὖ) Ὕὂὕ ὅὕἻ (set) 

ἱ . ἵὍὖὠὈὉὕὄ ὟἻ ὑὖἻὠὍ Ὀ ὟὈ Ἧ Ὀὂὖ ὅὂὖ Ἰ  Ἵὖ Ἳ ἱὂ  ὑὖὠὍὑὕἻ 

Ὕὑ Ὗὑ ἱὀ ἻὍὖ ἸὟὊ ἱὠὌἻ  ὑὖὠὍ  ὅ  ὂὊ ἯὂὖἻὈὕἻ  ὅ ὂ ὅὀὌὕ. 

Ὕὑ Ὗὑ Ἳ ἻὍὖ ὂὊὠὑ ὅὖὕὖ ὅ ὈὖὠἻ/ὟὂὠὑὉ Ὃ ὝἻὕ Ἳ  ὠὋ Ἳ ὅ ὀ 

ὅὉὖ Ἵὖ ὠὋ ὂ Ὁ  ἵ ὟὊὕὅὖ ὠὋ   ὑὐὖὑ . 

 Ἰ ὀ Ὕὂὕὀ ὠὀὉ ὟἻ ὑὖἻ ὀ "ἱὀ  ἵ  Ἰ  ὝἻὕ Ὁὕ?" Ὗὅὕ Ὃ 

Ἵὖ ἻὌὕὄ ὟἻ ὑὖ Ἳ ὠὑ Ἰ  Ἧ Ὀὂὖ ὂὕ ἻὖὠὍὉὠὈ ὅὖ ἰὐ  Ὕὅὕὖ 

ὠὋ Ἳ ὅ ὝἽὉ ὂὖὋ  ὟὈ ὅ ὂ ὅ ἵ ὅ  ἳ Ὗὃὕ Ἳ ὅ ὀ. Ἵὖ ἻὌὕὄ 

ὟἻ ὑὖἻ ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ ὑὐὖ ὠὋ ὟὅὊὕὠἽ ὂ ὠὈὉὕ ἶ ὅ  ὂὊὠὑ 

ὅ  Ἵὖ ἻὠὌ  ὂὁὖ . ἳὉὖὝὊὕἻ , ὝὈὝὉὕ Ἳ, ὝἻὕὝὌὕἻ, 

Ἧὠὀ Ὕὅὕ Ἳ, ἳὀ ὅ ὂὖἻ  Ὀ  ὑὠὍὃὕ Ἰ Ἳ  ἰἻὖὉὠὑ Ἰ  ὝἻὕ ἻὍὖ 

ἽὖὌ ἻὌ  ὟἻ ὑὖἻὠὍ ἳ ὑὕ Ἳ ὅὉ ὅ ἻὖὋ. 

5.3.2.4.4. Ἰ  ὑὕὖὠἽἻὍὖ ἳ ὑὕ Ἳ  Generation of phone sequences 

 ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ Ἳ ὅὉὖ Ἵὖ Ὕὅ Ὃ ὅὖὋ, ὝἽὕ ὝὋὕὠἻὉὖ ἳ Ὅ 

ὝἽὕ Ἳ Ἳὕὄ Ἰ  ὑὕὖὠἽἻὠὍ ἳ ὑὕ ὑὂ Ἧὑ ὠὋ ὅὉ ὅ ὂὌὕ. Ἰ Ὕὑὕ 

ὑὕ ὠὂ , ἸὟὊ ὟὃὊ ὂὖ ὝἽὕ  ἱὀὈὖ  ὑὌὈὕἻ ὝἽ ὑὂ Ὄ  Ἰ  Ἰ Ὁ  

ὑὕὖὠἽ ἳ ὑὕ Ἳ ὅ ἻὖὋ. ὐ  ὂἻὑ Ἧ ὅὠὀὉὖ Ὗὑ  Ἳ ὑὖ  Ὕὂὕὀ Ἳὖ 

ἻὖὠὍὉὠὈ Ἳὀ ὝἽ Ὄ ὅ ἻὖὋ. Ἰ  ἱὠὌὠὉ ἯὠὀἻὖὋ ὑὠὊ ὃὖὊ (program) 

ἻὖὠὍὉὠὈ  ὑὐὖὉὕἻ ὝἽ ἻὖὋ; ἱὠὌὠὉ ἯὠὀὉὕὍ Ἳὕ ὂ  ὂ ὟὅὕὠὂὉ ἵ ὂὖ 

Ἰ ὝὅὉ ὅὕ. ὅὖ ὄ ὝἽὉ ὠὋ ἱὟὂὟὅὕ  Ἧ ὂ ἵ  ὃἻ ἻὖὋ. Ἰ  

ὟὑὠὍ Ὗὅὕ Ἰ ὉὄὕἻ ἱ ὂὕ ἱ ὂὖ Ἰ ὝὅὉ ὠὅ ἯὠὀὉ Ὀὕ  ἳ Ἵὕὖ Ἳ 

ἳ ὑὕ Ἳ ὅ Ἳὖ Ὃ. ἵ.Ἳὕ. ὝἽ ὠὄ /ch*s ae n h ax y / ἵ ὅ  /ch ae n h ax y / Ὀ  / s 

ae n h ax y / ἰἻ ὑὖὕὖὑὕ Ἳ ὅ ἻὖὋ. 

5.3.2.5. ὟἽὕὂὠὄἻ 

 ὟἽὕὂὠὄἻ  EMILLE ὑὖὕὖὂὊ/ὂὊ Ὕὂὕ ὂὖ (corpus) ὅὉ ὅ ὂ ὅ ὀ. ἱ ὂ 

ὂὊ Ὕὂὕ ὂὖ ὄὖὟἻὕὀὕ  ἳ ὅ ὂ ὝἽ Ὁ ὅ Ὅ Ὀ  ὝὈ Ὕὅὕ Ὅὕ 
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ἵὍὖὂὕἻ ὠἻὉὕὍ ὅ ὑὂἻὕἻ ἰ Ἳὖ Ὗὅὕ Ὃ ἳ ὅ ὂὂὖ ὈὕὋ ὅ ὀ. 

ὂὊ Ὕὂὕ ὂὖὉὖ 85,000 ὝἽὕ Ἳ Ὗὂ Ὕὂ Ἳ ὅ ὀ Ὀ  ὂὗ Ὀὕὄ 

ἻὖὠὍὉὠὈ  ὅὉὖ Ἵὖ ὝἻὕ Ἳ ἯἻὊὕὂὖὠὉ ἳ ὑὕ Ἳ ὅ ὀ. ὂὗ Ὀὕὄ 

ἻὖὠὍὉὠὈ Ἳ ὃὖ ἽὖὌὕὂὖ Ὅ ὠὑἻὕὟὀὕ ὅ ἻὠὌ ἻὐἻὂὕ (University of Waikato, 

New Zealand) ἳ ὑὕ Ἳ ὅ ὀ ἱὉ ὂὖὊ Ἳ Ὃ ὑὐὖ ὠὋἻ ὀ ὟἽὕὂὠὄ Ἳὕὄ Ἳ ὑὖὉὕὄ 

Ὕὑ Ἳὕὠὑ  (Weka) ὅὉ ὅ ὂὖ ὝἽὉ ὅ ὂ ὅ ὀ. 

5.3.2.5.1. ὑὖὂὖ Ἧ ὅὠὀὉὖὌὕὄ ἵ ὂὖ  Ἰ Ὁ  Ὀὕ Ὃ Ἰ ἻὠὈ  

 ἵὍὖὉ ἵ -Ἰ Ὁ  Ἵὕ ἻὠὍ  Ἳ ὅὖ Ἳ ὝὈὕὐὖὉὖὉ ὑὖὂὖἻ Ἧ ὅὠὀὉὖ  

Ἰ  ὑὌ  Ἰ  ἱὀ  ὐὠὌ  ὅὉ ὅ ὂὖ ὑὖὂὖ Ἧ ὅὠὀὉὖὌὕὄ ἯὠὈ  

ὂὉὕὕὖ Ἳ ὅ ὀ. Ἰ  ἵ  ἱὠὀὝὑὍὖὠὉ ὂὕ  ὑὖὂὖἻὠὍ Ἳ ὅὖ ὅ ὑὖὂὖ 

Ἧ ὅὠὀὉὖὌὕὄ Ἰ ἻὠὈ ὅὖ ὈὖἻ  Ἳ ὄ . Ἰ ὠὋ Ἧὂ  Ὁὂὖ  

ὅὕὖὟἽὕὂὖ Ἳ ὅ  Ἧ ὀὑὠὁ 2 ἱ  ὅ Ὁ ὀ ὅ Ὅ. 

5.3.2.5.2. ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ Ἧ ὅὠὀὉὖὌὕὄ ἵ ὂὖ  Ἰ Ὁ  Ὀὕ Ὃ 

Ἰ ἻὠὈ   

 Ἰ ὝὅὉ ὠὅ ἳ ὑὕ ὑὂ ἻὕἻ ὠἻ ὠὋὉὕἻ ἳ ὑὕ Ἳ ὅ ὀ ἯἻὊὕὂὖὠὉ  

ὅὉ ὅ ὂὖ ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ Ἳ  ὅὉὖ Ἵὖ ἯὍὖ Ἳ ὅ Ἳὖ Ὃὄ. ἰὊ ὅ ὂὖ ὑὖὂὖ 

Ἧ ὅὠὀὉὖὌὕὄ ἯὠὈ ὠὅ ὅὉ ὅ ὂὖ Ὂὕ ὝἽ Ὁ ὅ ὀ Ὀ  Ἰ  ὑ ὄ 

ὝὈὕὐὖὉὖὉὌὕὍὊὕ ὠἻ ὠὋὉὕἻ Ἵὗ ὅ ὂὅ ὀ. ὂ ,  ὂὗ Ὀὕὄ ἻὖὠὍἻὠὍ 

ἳ ὑὕ Ἳ ἵ  ἯὠὀὉὕὍ ὠὂ ὅ ὋὖὉ Ἵὖ Ἳὖ ὀ ὟἻ ὑὖἻ ὅὉ ὅ ὂ ὅ ὀ. 

Ἰ ἻὠὈ  ὅὕὖὟἽὕὂὖ Ἳ ὅ ὀ  Ὀ  Ὁ  ὑὖὂὖ Ἧ ὅὠὀὉὖὌὕὄ 

Ἧ ὠὋ ὀ  Ἰ ὅὖὀ ὅὀ .  

 ὟὈ , Ὁ ὠὂ ἯὂὖἻὕὖ Ἳ, ὝἻὕἻ   ἳὉὖὝὊὕἻ , ὅὖ ἳὉὖὝὊὕἻ , 

ὝὈὝὉὕἻ , Ἧὠὀ ὝὅὕἻ  Ὗὅὕ Ὃ Ἰ ὉὄἻἻὍὖ Ἰ  ἴ ἻὈὍὖ  ὝἻὕ Ἳ  

ἳ ὑὕἻ ὅ ὀ  Ὀ  Ἧὠὑ ἻὖὠὍὉὠὈ Ἳ  ὅὉὖ ἽὖὉὍὖ Ἳ ὟἻ ὑὖἻὍὕἻ 

(Ἵὖ ἻὌὕὄ ὟἻ ὑὖἻ) ὅὉ ὅ ὂ ὅ ὀὄ. Ἧ ὀὑὠὁ 2 ἱ ὂ ὟἽὕὂὠὄἻὕὄ 

ὝἽὉ ὂὖὋ ἻὠὍ ὅ Ὁ ἻὖὋ. 
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ἵ ὂὖ  Ἰ Ὁ  Ὀὕ Ὃ 

Ἰ ἻὠὈ  

ὝἽὕ ὃὖὠὌ Ἰ  ὃὖὠὌ 

ὑὖὂὖ Ἧ ὅὠὀὉὖὌὕὄ 94% 95.5% 

ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ 

Ἵὖ Ἳὖ ὀ ὟἻὍὖὑὖἻ 

96.5% 98% 

ὂὗ Ὀὕὄ ἻὖὠὍὉὠὈ 

ἻὌὠὑ ὂ ὠὈὉὕὄ 

ὟἻ ὑὖἻ 

98% 98.5% 

5.3.3 Ἧ Ὀὕὕὖ ὂὈὖ ἳὠὊ-Ὗὅ  ὠὁ ὅὕ Ἳ Ἰ ὠὋ 

 Ἧ Ὀὕ (2010) ὂὈὖ ἳὠὊ-Ὗὅ  ὠὁ ὅὕ Ἳ Ἰ ὠὋ (Text to speeh 

for Tamil) ἵ Ὃ ἯὑὊ  ἰ Ὗὑ  ἰ ὑὖ ὂὈὖ ἳὠὊ-Ὗὅ  ὠὁ ὅὕ Ἳ  

Ἰ ὠὋ ὅ Ὃὖ ὑὖὕὖὑὕἻ Ὗὅ Ἳὖ Ὃὕ. ὂ ὟὅὕὠὂὉ ἳὠὊ-Ὗὅ  ὠὁ ὅὕ Ἳ 

Ἰ ὠὋ ἰ  ἱὂ   ὝἽ Ὁ ὅ ὀ ἳὠὊ-Ὗὅ  Ἰ ὠὋἻὠὍ Ἳ ὂὖ 

ὝἻὕ  Ἧὑ ὠὋὑὖὀ ὟὈ ὅ ὀ Ἰ ὠὋὠὉ ἳ ὑὕ  ἵ ὁ ὂὖ ὂὖ ὀὈὖὀ ὅ 

ὃὠὀ ὠὋ ὅ ὂ ὅ Ὅ ἵ  Ἧὑ  ὑὕὂὕ Ἳὖ Ὃὕ. ἱ  ἻὁὖὝὅὕὋὖ ὂὖὠὊὉὖ 

ὅ ὅὠὂὑὖὀ ὟἻ ὅὠὂ ὑὖ ὅὑ Ἳ  Ἶὖ ὀ ἻὠὍ  ὅ Ἳ ὑὖ ὅὕὈ 

ὟἻ Ἳ ὑὖ ὅὑ Ἳ  ἻὁὖὝὅὕὋὖ ὂὖὠὊὉὖ ὅ Ἳ ἱὉὌὕ ὠὋὅὕ 

ἳὠὀὉὑ Ἳ  ἳὂ  Ὗὃὕ Ἳ ὀ ὟὈ ὝἻὕ Ὅ ὅ ὀ. ἱ  Ὃὖ  ἱ ὅ ὂὖὉὖ 

ὑὖὍ Ἳ ὅ Ὅ. 

5.3.3.1 Ἰ ὠὋ ὂὖ ὀὑὠὊ (system design) 

 Ἰ ὠὋ ὂὖ ὀὑὠὊ Ἰ ὠὋὉὖ ὟὈὟὌὕ ὀ ὅὕ ὠὑ, Ἰ ὠὋ 

Ἳ ὀὠὈ  ἱὑ ὠὋ ἳ ὅ  

5.3.3.1.1 Ἰ ὠὋὉὖ ὟὈὟὌὕ ὀ ὅὕ ὠὑ 

 ἱ ὂ Ἰ ὠὋ ὂ ὀ  ὝἽ Ὁ ὅ ὀ ὂὈὖ ὝἽὕ ἻὠὍὟὉὕ ὕὖ ὝἻὕ 

Ὀ  Ἧὂ  Ὕὅὕ ὂὈὕὄ Ὗὅ ὠἽ ἳ ὑὕ . ἱ Ὕὑὕ ὠὋὉὖ ἯὠὈ  

ὅὖ ὄ ὂὊ ὅ Ὅ. ἱ ὂ Ἰ ὠὋ ἱὊ  ὃὖὠὌἻὠὍ ὝἻὕ ὀ. 
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¶ ἳὠὊ ὅ ὅὕ  ὃὖὠὌ  (Text processing) 

¶ ἱὠὁ ὅὕ Ἳ ὃὖὠὌ  (Concatenative phase) 

ἻὗὟὐ ὂὊ ὅ ὀ Ἰ ὠὋ  ἳ Ὅὗ ὟὃὊ ὉὕἻ ὂὊ ἱὉὌὕ; ἽὖὌ ἳὠὊ ὅ ὅὕ  

ὝἽ Ὁ ὅὀὟὑ . ὅὖ ὄ ἱ ὂ ὅ ὅὕ  ὝἽ Ὁ ὅ ὀ ἳ Ὅὖὀ ὅ ὀ ἳὠὊ Ὗὅ  

ὝἽὉ ὅὕ Ἳὖ ἳ ὍὗὀὕἻ ὂὊ ὅ . ὝἽὉ ὅὕ ὑὠὂ ὂὅὖ ὄ 

ὝἽὉ ὅὕ ὝἽ Ὁ ὅ ὀ ἳ Ὅὗ ἳὠὊ Ἧ ὅὠὀὉὖ ὂὊ Ἧ ὂὍ ὂὖ  

Ὕὅὕ ὂὈὕὄ Ὗὅ  ὟἻὕ  ἵ Ἳ ὅὀὟὑ .  Ἰ Ὕὑὕ Ἰ Ὁ  Ἧ Ὄ  

Ἰ Ὁὖ ὠὈ Ἰ  ὂὄὖ Ὗὅ  ὟἻὕ  ὂ ὅ ἱὠὁ Ἳ ὅὀ Ὗὑ .  Ὗὅ  ὟἻὕ ὅὖ 

ἱ ὂ Ἰ Ὃὖὠὁ  ὝἽὉ ὅὕ Ἰ Ὃὖὠὁ  ὃὖὠὌὉὖ ὝἽ Ὁ ὅ Ἳὖ Ὃ. 

5.3.3.1.2 Ἰ ὠὋ Ἳ ὀὠὈ  (system architecture) 

 ἳὠὊὉὖ ὝἽὉ ὅὕ Ὕὅ  ὑὐὖ ὠὋ ὂὖ ὀ ὠὂ ὅὉ ὅ ὂὖ (Per program) 

ὃὖὠὋὟὑ Ὃ ὅ Ὅ.Ἰ Ὕὑὕ ὝἽὉ ὅὕ Ἳὖ Ἧ ὅὠὀὉὕὄ ὃὠὀ ὠὋ 

Ἰ ὠὋ  Ἰ Ἳ ὀὠὈ ὠὅ ἳ ὑὕ ὑὂὕ; ἶὝὄ Ὃὕ Ἧ  Ἰ  Ἳ ὀὀ ὂὖ 

ὑὠὊὅὀ Ὗὅὕ Ὃ.  ἳὠὊ-Ὗὅ  Ἰ ὠὋὉὖ Ἳ ὀὠὈ  ὅὀ  1-ἱ  2-ἱ  

Ἳὕ ὀ ὅ Ὅ. 

ὅὀ  1: ἳὠὊ-Ὗὅ  Ἰ ἻὠὈ ὅὖ Ἧ ὅὠὀἯὠὈ 

ἳὠὊ ἳ Ὅὗ   

  

     

 

ἳὠὊ ὝἽὉ ὅὕ  

Ὗὅ  Ὀὕὂὖὕὖ 

ὠὁ ὅὕἻ  

ἱ ὂ Ὗὅ  ὠὁ ὅὕ Ἳ Ἰ ὠὋ ὅὌὑὠἻ ὅὉ ὅὕ ἻὠὍ ὝἻὕ ὀ. Ὗὅ  

ὠὁ ὅὕ ἻὖἻ Ὗὅ  ὕὖὑὕ ἻὍὖ ὝὂὕὠὌὟὅἽὖ Ἧ ὅὠὀὉὖὌὕὄ Ὀ Ἳ ὀ 

Ἳ ὂὕὀ ὝἽ  Ἳ ὂὕὀ ὝἽὉὌ ἻὍὖὠὀὟὉ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. Ὗὅ  

ὠὁ ὅὕ ἻὖἻ Ὀ ἻὍὖὀ Ὗὅ  Ἳ ὂὕὀ Ἧ Ὄὕὂ ὅὉ ὅὕ ἻὍὕὄ ὅὕ ὠὑ 
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ὠὋὅὕ Ὅὑ Ἳ   ἳὊ Ἳ ὅ ὂ, ὟὉὕ ὑὖὠὍὉὕ Ἳ Ἧ Ὄ  ὐ ὠὂἻὍὖ 

Ὕὅὕ ὠὈἻ ἱὑ Ὃὖ  ἻὖὉ ὑ ὑὕ ὂ.  ἱ ὂὖὉὕἻ Ὗὅ  ὠὁ ὅὕ Ἳὖ ὃὊ  

ὟἻὕὍὕ ἻὕὊὁὈὕἻ ὅ Ἳ ἱὉὌὕὂὑ Ἳ  Ὗὑ  ὟὅἽ ἱὉ .  

  ὅὀ  2: ἳὠὊ-Ὗὅ  Ἰ ἻὠὈ ὅὖ ἳ Ὅ ὝἽὉ ὅὕ Ἳ 

    ἳ Ὅὗ  ἳὠὊ 

            

     

   

 

  

 

   

   

    Ὗὅ  ὝὑὍὖ  

      ἳὠὊ  ὅ ὅὕ  

    ἱὌ Ἳὁ  ὑὖὂὖἻ  

      ἯὌ  Ὗὂ  

   Ἰ Ὃὖὠὁ ὅὕἻ  

 

5.3.3.1.2.1 Ὗὅ  ὠὁ ὅὕ Ἳ ὝἽὉ ὅὕ 

 ἳὠὊ-Ὗὅ  Ἰ ἻὠὈ ὅὖ ἻὖὉὈὕὄ ὝἽὉ ὅὕ ἳ Ὅὗ  ἳὠὊὠὉ Ὗὅ  

ὟἻὕ ἻὍὕἻ Ὀὕ ὑὂὕ. ἱ ὂ Ἰ ὠὋὉὖ ὂὈὖ ἳὠὊὠὉ ὂὈὖ ἳὠὊὉὕἻ Ὀὕ  

ὝἽὉ ὅὕ ὃὖὠὋὟὑ Ὃ ὅ Ἳὖ Ὃ. ἱὠὂ ἻὗὟὐ ὂὊὅ Ὅ ἵ Ἳὕ  

ὕὖ ὝἻὕ Ὅ ἱὉ . Ὗὅ  ὠὁ ὅὕ ἻὖὉὖ ὝἽὉ ὅὕ ὅὖ ὑ Ὀὕ ἳὠὊὠὉ 

ἯὠὌὑ ὑὖ Ὀὕ ὑὂὕ. 
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   ὂὈὖ ὝὈὕὐὖ ἱὄὖὠὈὉὕὄ.  

 

Ὗὅ  ὠὁ ὅὕ Ἳ Ἰ ὠὋ ἱὊ  ὃὀὑ ὠἻἻὠὍ ἳ Ὅὀ : 

1. ὂ  ἳ Ὅὗ  ἳὠὊὠὉ Ἰ ὉὄὖὉ ἯἻ ἳ ὅ ὂ ὂὈὕἻ (phonemic 

internal representation) Ὀὕ ὑ. 

2. ὅὖ ὄ ἱ ὂ ἯἻ ἳ ὅ ὂὠὂ ἯὠὌὑ ὑὈὕἻ Ὀὕ ὑ. 

ὂ  ὃὀὑ ὠἻ ἳὠὊ ἰ  ἵ  ἱὊ ὀὕ ὃὀὑ ὠἻ  ἯὠὌὑ ὑ 

ὠὁ ὅὕ Ἳ. 

5.3.3.1.2.2  ἳὠὊ  ὝἽὉ ὅὕ (text  processing) 

 Ἰ ὉὄὖὉ ἯἻ ἳ ὅ ὂ ὠὂ ἳ ὑὕ Ἳ Ὗὑ  ὅὌ ὑὐὖἻὍὖ 

ὅ ὑ ὅ ὂ ὅὀὕὂ ἳὠὊ ὝἽὉ ὅὕ Ἳὖ ἳ ὅ ὂ ὅὀ Ὗὑ  Ἧ Ὄ  

ἱὉ ὅὕ Ἳ ὅὀὟὑ.  ὂ  ὝἽὉ ὅὕ ἳὠὊ ἱὉ ὅὕ Ἳ ὑὕ ἻὖὉ ὠὂ 

Ὗὀὕ Ἳ ἻὍὕἻ/ ἻὍὕἻ ὅὖὕὖ ὂ. ὠὁ ὅ Ἳὂὖ Ὗὑ  ὅ ὂὖὠὉ ὂὄὖ 

ἻὍὕἻ ὅὖὕὖ ὅὂ ὑὕ ἻὖὉ Ὅὖ  ὅὖὋ Ἳὖ Ὃ ἵ  

ἯὋὖὉὟὑ ; . ἵ Ὃ Ὃὖ ὑ  -  ὅὖὋ ὑ  Ὅὖ  ὅὖὋἻ Ὄ. Ἰ  

Ὅὖ ὈὕὋὕἻ Ἳὕ Ὅὖ ὃὖ ὂ ὋὖὉὕἻ ὑ ὂὕ  ὟἽἻὕὖ Ἳ ὅ ὀ ὝἽὕ ἻὍὖ 

ἱ ὂὖὉὖ ὑὕ ἻὖὉ Ἳὖ Ὃ ἵ  ἯὋὖὉ Ὗὑ . ἱὊ ὀὕὑ ἱὉ ὅὕ Ἳ 

ὝἽὉ ὅὕ ὃὖὠὌὟὅὋ Ὃ ὝἽὕ ἻὠὍ ὠἻὉὕ ὂ. ὃὖὠὌὟὅὋ Ὃ ὝἽὕ Ἳ ἵ Ἳ , 

ὂὠὌ Ὕὅ ὂ Ἳ, Ἳ ὝἽὕ Ἳ Ὗὅὕ Ὃὑ ὠὋ ὠἻὉὕ ὂ. ἵ Ἳὕ ὀὕἻ Ὀὕ  

31  ἵ ὅ  Ὀὕ   Ἰ  ἵ Ὃ ὌὕὈ Ὀὕ  ὅ Ὕὂὕ ὅ ἵ  

Ὀὕ Ὃ ὅὀὟὑ .  1  ἵ Ὃ Ἳ  Ἰ  ἵ Ὃ ὌὕὈ ὅὕ Ἰ  ἵ  

Ὀὕ Ὃ ὅὀὟὑ .  ἳὠὊ ἱὉ ὅὕ Ἳ ὂὖ ἱὊ ὀὕὑ ὃὀὑ ὠἻ ὃὖὠὌὟὅὋ Ὄὕὂ 

ὝἽὕ ἻὠὍ ἱὉ ὅὕ ὂ. ἵ Ἳ  Ἧ Ὄ  Ἳ ὝἽὕ Ἳ Ἧὠὑ Ὗὅ ἽὕἻ Ὀὕ Ὃ ὅ 

ὄ  ὑὖὕὖὑὕ Ἳ ὅὀὟὑ.  
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 ἵὄὝὑ ὃὕ ὂὈὖὐὖ ὂὄὖ ἵ ἻὠὍ Ἰ ὅὂὖ ὝἽ ὑὂ  ὅὂὖὌὕἻ 

ἵ ἻὍὖ Ἧὂὕὑ Ἰ Ὁὖ ὠὈἻὍὖ Ἰ Ὃὖὠὁ ἻὠὍ ὅὂὖ ὝἽ Ἳὖ ὟὋὕ. ἱ ὑὕ  

ὝἽ ὑ Ἰ ὠὋὉὖ ἱὉ  ὂ ὠὈὠὉ ὟὈ ὅ .  

5.3.3.1.2.3. ἱὌ Ἳὁ ὑὖὂὖἻ 

 ἳὠὊ  ὝἽὉ ὅὕ Ἳὖ ὅὖ ὄ ὃὈ  ὝἽὉ ὅὕ Ἳὖ ἳ ὅ ὂ ὅ ὀ ὂὈὖ ἳὠὊ 

Ἳὖὠὀ Ἳ Ὕὅ. Ἧὠὂ ὟὃὊ ὉὕἻ Ὀὕ Ὃ ὝἽὉ ὅὕ Ἳὖ ὂὊ ἱὉὌὕ. ὂὈὖ ἳὠὊ 

ὟὊὕὈ ὑ  Ὀὕ Ὃ ὅὀὟὑ . ἶὝὄ Ὃὕ  Ἳὁὖ ὝὅὕὋὖ ὂὈὖ ὂὊὠὑ Ἧ ὅ ὟὉ 

ὝἽὉ ὅὕ ὝἽ Ὁ ἱὉὌὕ; ἵὄὟὑ Ὀὕ Ὃ Ἳ ὀὕὉ ὝἽ Ὁ ὅὀὟὑ .  ὂὈὖὐὖ 

ἵ Ἳ Ὕὑ Ὗὑ ἱὀ ἻὍὖ ὟὑὟὑ ὑὖὂὈὕἻ ἳ Ἵὕὖ Ἳ ὅ Ἳὖ Ὃὄ.   

 ὈὉ Ἳ Ἧ ὅὠὀὉὖ ὂὈὖ Ἰ ὠὋὠὉ ἯὠὈ ὅ ἰ ἻὖὌ Ἰ ὠὋὠὉ 

ἯὠὈ ὅὠὂ Ἳὕ  ἵὍὖὉὂὕ.  ἰ ἻὖὌ ἵ ὠὋ Ὕὃ Ἳὁ  

Ἧ ὅὠὀὉὖὌὕὄ; ἵ  ἳ Ἵὕὖ  ὟὃὊ  Ὕὂὕὀ ἱ ὠὌ; ὅὌ ἵ Ἳ  

ἳ Ἵὕὖ ἱ ὠὌ. ἵ Ἳὕ ὀὕἻ ἰ ἻὖὌ ὂὖ thought ἵ Ὃ ὝἽὕ ὠὌ 

ἵ ὝἻὕ ὀὕ ἽὖὌ ἵ Ἳ  ὟὃὊ ἳ Ἵὕὖ ἱ Ὄὕὂὠὂ ἯὋὖὉ ἱὉ . ὂὈὖ 

ἵ Ἳ ἯὠἽ Ἧ ὅὠὀὉὖὌὕὄὠὑ; ἵ Ἳ  ὟὃὊ ἳ Ἵὕὖ ἱ Ἳὖ Ὃ.  

ὂὈὖὐὖ ἳ Ὅ ἵ Ὄὕ ὝἽὕ ἻὠὍ ἳ Ἵὕὖ Ἳ ὂὈὖ  ὠὋὑὕὄ ἵ ἻὟὍ 

Ὗὂὠὑ ὅ ; ἰὄὕ  ἵ ἻὍὖ ἳ Ἵὕὖ Ἧὠὑ ὑ  ἱὀ  Ἧ ὅὠὀὉὖ Ὀὕ .  

ἱὠὂ Ἰ ὉὄὖὉ ὑὖὂὖἻὍὕ Ἧ Ὄ  ἱὌ Ἳὁ ὑὖὂὖἻὍὕ ὠἻὉὕὍὌὕ. ἱ ὂ ὑὖὂὖἻὠὍ 

ὝἻὕ  ὃ Ὀὕ ὑ  ἱὀ  Ἧ ὅὠὀὉὖ ὂὈὖ ἵ ἻὍὖ ἳ Ἵὕὖ ὠὅ ἴἻὖ Ἳ 

ἱὉ . ἱ ὂ ὝἽὉ ὅὕ ἱὌ Ἳὁ  Ὕὂὕ ὂὖὉὖ ὝἽ Ὁ ὅ. 

5.3.3.1.2.4 Ὗὅ  ὂὊ Ἧ ὅὠὀ ὂὍ 

 ὂὈὖὐὖ ἳ Ὅ ἵ Ὄὕ ἵ Ἳ  Ἰ ὅὂὖ ὝἽ Ὁ ὅ ὂὄὖὟὉ Ἰ  ὂὊ 

Ἧ ὅὠὀ ὂὍ ὂὖ ὠὑ Ἳ ὅὀὟὑ . ἳὠὊ/ὅ ὑ  ὝἽὉ ὅὕ, ἱὌ Ἳὁ Ὀὕ Ὃ, 

ὟὊὕὈ ἵ  Ὀὕ Ὃ ἱὑ Ὃὖ  ὅὖὋ Ἰ ὠὋ Ὗὅ  ὂὊ Ἧ ὂὍὂὖ  
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Ὕὅὕ ὂ Ὅ Ὗὅ  ὟἻὕ ὠὅ  ἵ ἻὟὑ .  ὂὈὖ ἵ ἻὍὖ Ὗὅ  Ἰ ἻὍὖ 

Ἰ ὅὂὖ ὂ  ὋὖὠἻ ὝἽὉ ὅὕ Ἳὖ Ὗὑ ἽὖὌ ὟὂὠὑἻὠὍ ἯὑἽὖὉ ὅ.  

 Ἰ ὅὂὖ Ἰ  ὅὕ Ἳὕ ἯὠὋὉὖ ὝἽ Ὁ ὅὀὟὑ ; ὂὈὖ ἵ ἻὍὖ 

ἳ Ἵὕὖ ἽὖὋ ὅὕἻ ἱ ἻὟὑ ; Ὗὅ  ὟἻὕ ὅὖ ἱὠὊ ἽὠὌ ὂὑὖ Ἳ ὃ Ὄ 

Ἰ ὑὕ Ἳὖ ὅὉ ὅ ὂ ὅὀὟὑ . Ὗὅ  ὠὁ ὅὕἻ ὂὖ Ὁ  Ὗὅ  

ὝὑὍὖ ὠὀ ἱὉ ὠἻ ὂ ὠὈ Ἧ ὅὠὀὉὖ Ἳὁὖ Ἳ ὅ Ἳὖ Ὃ.  ἵὄὟὑ ὂὈὖὐὖ ὂὄὖ 

ἵ ἻὠὍ Ἰ ὅὂὖ ὝἽὉὑὂ  ὅὂὖὌὕἻ ὃὕ ἵ ἻὍὖ Ἰ Ὃὖὠὁ ὠὅ Ἧὂὕὑ 

Ἰ Ὁὖ ὠὈὠὉ Ἰ ὅὂὖ ὝἽ Ἳὖ ὟὋὕ. ἱ  ἳὠὊ-Ὗὅ  Ἰ ἻὠὈ ὅὖ ὂὊ ὠὂ 

ἳὉ . 

5.3.3.1.2.5 Ἰ Ὃὖὠὁ ὅὕ Ἳ 

 ἳὠὊ-Ὗὅ  Ἰ ὠὋὉὖ ἱ ὂὖ ὃὖὠὌ Ἰ Ὃὖὠὁ ὅὕ Ἳ ἰ . ἱ  

ἱὉ ὅὕὄ ὑ ὠὑ  Ὕὅ Ὃ ὅὖ ὂὊ Ἧ ὂὍ ὂὖ  Ὕὅὕ ὂὈὕὄ Ὗὅ  ὟἻὕ ὠὅ 

Ὕὂὕὖ Ὕὂ ὅὠὂ ἱ ὂ ἵ Ὄὕ Ὗὅ  ὟἻὕ ἻὠὍ ἸὟὊ ὟἻὕ ὅὕἻ 

Ἰ Ὃὖὠὁ ὅὠὂ ἳ ὅ .  Ἰ Ὃὖὠὁ ὅ Ἳ ὝἽὉ ὅὕ ὟὈ Ὄὕὅὖ ὑὐὖ ὠὋ 

ὂὖ ὀ ὂὖ ἳὂὑὖὉὕ ὃὠὀ ὠὋ ὅ ὂ ὅ. ἱὊ  Ὗὅ  ὟἻὕ ἻὠὍ 

Ἰ Ὃὖὠὁ  Ὗὅὕ  ἶ ὅ  ὂ Ὀὕ Ὃ ὠὂ ὂὑὖ Ἳ ὟὈ Ὄ  ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. 

5.3.3.2. ὃὠὀ ὠὋ ὅ ὂ  

ὂὈὖὐὖ ἳὠὊ  Ὗὅ  ὠὁ  ἳ ὑὕ Ἳ ὠὂ Ἰ Ὃὖὠὁ  

ὝὃὋὖ ὠὋὠὉ ὅὉ ὅ ὂὖ ὃὠὀ ὠὋ ὅ  ὠὋ ὅὖ ὑ  ὅὀ ὂὖ 

Ἳὕ ὀ ὅ Ὅ. 
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ἳὠὊ-Ὗὅ  Ἰ ὠὋὉὖ Ὕὂὕ ὂὖ ὅὀ  

 

        ὂὈὖ 

  ἳὠὊ ἳ Ὅὗ  

             

    

  ἯὠἽ ὑὕὖὠἽ ὠὋ  

   

 

  ἯὠἽ ὑὕὖὠἽ ὠὋ 

  

 

     Ὗὂ Ὕὂ Ἳ ὅ ὀ ἯὌ Ἳ   

   

   

 

  Ὗὅ  ὝὑὍὖ  

              Ὗὅ  

    ὅ ὑ  ὅ ὅὕ  

    ἱὌ Ἳὁ  ὑὖὂὖἻ  

       ἯὌ  Ὗὂ  

  Ἰ Ὃὖὠὁ ὅὕἻ  

Ὗὅ  Ἧ ὅὠὀ 

ὂὊ  ὂὍ  

 

5.3.3.2.1. ἳὠὊ  ὅ ὅὕ  

 ἳ Ὅὗ ὝἽ Ὁ ὅ ὀ ὂὈὖὠὐ ἯὌ  Ὗὂ  ὟὃὊ ὉὕἻ ὂὊ ἱὉὌὕ; 

ὅὂ ὅ ὂ ὅὀὕὂ ἳὠὊ/ὅ ὑ  ὝἽὉ ὠὋ ὅ ὂ ὅὀὟὑ  Ὀ  Ἧ  ὟὈ  

ὝἽὉ ὠὋ ὅ ὂ  ὂὊ ὅ .  ἳὠὊὉὖ /ὅ ὑ  Ὗὅ  

Ἰ ἻὠὈ  ὃὕ ἳ Ὅὗ ὠὀ ἯὠἽἻὍὕἻ ἯὑἽὖὉ ὅ Ἳὖ ὟὋὕ.  ὝἽὕ ἯὠἽἻὍὖ 

ὑὕὖὠἽὉὕἻ ὂὊ ὅ  Ὗὅὕ  ἱ ὂ Ἰ ἻὠὈ  ἵ ὟἻ ὅὖὕὖ ἻὟὑ ἵ  ἯὋὖὉὕ; 

ἵὄὟὑ ἱ ὂ ὑὕὖὠἽ ἯὠἽὉὕ Ἳ ὠὂ ὝἽ Ὁ ὃὕ ἱὉ ὂὖὊ ὂὖ ὝἽὕ ὠὌὟὉὕ 

ὑὕ ἻὖὉ ὠὂὟὉὕ ἵ ὟἻ ὅὖὕὖ ἻὟὑ ἵ  ὝἽὕ Ὄ Ὗὑ . 
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5.3.3.2.1.1 ὝἽὉ ὠὋ ὅ ὂ 

 ἯὠἽὅὖὕὖ ὝἽὉ ὠὋ ὅ ὂ ὂὖ ὂ ὑὂ   ἽὖὌ 

ὝἽὉ ὠὋ ὅ ὂ ὝἽ Ὁ ὅὀὟὑ .  Ἧὂὕὑ ὝἽὕ ὅὖὕὖ 

ὝἽ Ὁ ὅὀὟὑ .  ὅ ὑ  ἱὉ ὅὕ Ἳ ὂὖ ὂ  ὝἽὉ ὅὕ ὑὕ ἻὖὉ ὠὂ 

ὝἽὕ ἻὍὕἻ ὅὖὕὖ ὅὂὕ.  ὠὁ  ἳ ὑὕ Ἳ ὂὖ Ὗὑ  ὂὈὖ ὅ ὂὖἻὠὍ 

ὂὄὖ ὂὄὖ ἻὍὕἻ ὅὖὕὖ ὅὂ ὂ  ὑὕ ἻὖὉ  Ὅὖ  ὅὖ ὄ 

ὑὠὀ  ἵ   Ὅὖ Ἧ Ὄὕὂ ὂὕ.ὃὕ Ὗὅὕ Ὃὑ Ὃὖ ἳ Ὅ ὍὖἻὍὖ 

Ὃὕ ἵὄ  Ὕὂὕὖ ὝἻὕ ὑ ἯὑἽὖὉ.  ὝἽὕ ὠὌ  ὅὖὕὖ Ὕὂ ὅ ἹὊ  ἵὍὖ; 

Ἧὂὕὑ Ὕὅ ὅὕὌὕὄ ὑὕ ἻὖὉ Ἳ  ὍὖὉὖ .  ἱ ὅὖ  ἱ  Ἳ 

Ὃὖ ἻὍὕ ἯὠὊ ὍὖἻὍὕ Ἧ Ὄ  ὠὂὉ Ὗὃ ὠὑ Ὗὅὕ  ὅὖὋ ὃὖ ὂ 

ὋὖἻὍὕ  ἽὖὌ Ὗὃ Ἳ ἳ Ὅὄ.  

 Ἳ Ὃὖ ἻὠὍ ὑὖὕὖὑὕ Ἳὖ ὟὂὠὑὉ Ὃ ὃὖ ὂ ὋὖἻὠὍ ὃὗ Ἳὖ 

ἱ Ἵὖ Ἳ  ὂὗ Ἳὕὁ ἱὉ . ἵ Ἳὕ ὀὕἻ ὅὖ ὑ  ὑὕ ἻὖὉ ὠὂ 

ἵ ὝἻὕ Ὗὑὕ. 

 Ἧὑ   ὝἽ Ὃὕ. 

ἱ ὑὕ ἻὖὉ ὠὂ Ὅὖ/ Ὅὖ ὀ Ὕὂὕὀ ὅ ὂὖ ὝἽὕ ἻὠὍ 

ὂὄὖ ὂὄὖὉὕἻ ὅὖὕὖ Ἳ ἱὉ ; ἵὄὟὑ  ἱ ὑὕ ἻὖὉ ὂὖ ὝἽὕ ἻὠὍ ὂὄὖ ὂὄὖὉὕἻ 

ὅὖὕὖ ὅὂὖ Ἵὖ Ἳ ἱ ὠὌ. ἰὄὕ  ὅὖ ὑ  ὑὕ ἻὖὉ Ἵὖ Ἳ ἳ Ὅὂὕ .  

 Ἧὑ  ὂὕ.ὃὕ. ὝἽ Ὃὕ. 

ἱ ὑὕ ἻὖὉ ὂὖ Ἳ Ὃὖ Ἳ ὑ Ἳὖ Ὃὄ; Ἧὑ Ὃὖ ὅὖ Ὅὖ ὑ Ἳὖ Ὃὄ. 

Ἳ Ὃὖ ἻὠὍ ὑὖὕὖὑὕ Ἳὖ ἱ Ἵὖ ἻὠὌ ὂὗ ἻὌὕ.  ἱὂὄὕ ἱὠὂ ὠὂὉ Ὗὃ ὠὑ 

Ὗὅὕ  ὝἽὕ ἻὍὕἻ ὅὖὕὖ Ἳ ἱὉ . ἵ Ὄὕ ὂὈὖ Ἳ Ὃὖ ἻὠὍ ὑὖὕὖὑὕ Ἳ 

ἱὉὌὕ; ἶὝὄ Ὃὕ ἽὖὌ ἯὂὖἻὈὕἻ ὅὉ ὅ ὂ ὅ Ἳ Ὃὖ Ἳ ὂὄὖ ὂὊ 

Ἧ ὂὍ ὂὖ ὟἽἻὕὖ Ἳὅ . Ἧ ὂ Ἳ Ὃὖ  ἱ ὂὕ Ἰ ἻὠὈ  ὅ ὑὠὌ 

ἱὀ ὝὅὉ ; ἱ Ὄὕὑὖ Ἧ  Ὄ  ὅ ὑὠὌ Ἧ ὑὕὟὋ ὑὖ ὑὖ.  ἵ Ὄὕ 

Ἳ Ὃὖ ἻὠὍ ὂὊ Ἧ ὂὍ ὂὖ ὟἽ ὅ Ἳ ὄ ; ἵὄὟὑ ἽὖὌ ἯὂὖἻὈὕἻ 
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ὅὉ ὅ ὂ ὅ Ἳ Ὃὖ Ἳ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃὄ. ὅὖ ὑ ὑὄ 

ἵ Ἳὕ ἻὍὕ. 

 ὂὕ.ὃὕ.            ὂὈὖ ὃὕ 

 .  ὅὕ 

  ὐ ὅ ὠὂ ὂὑὖ Ἳ Ὗὅ Ἵὖ ἱὉ ὠἻ ὂ ὠὈ ὝἻὀὕὂὖ Ἳ  ὂὊ ὅ Ὅ 

ὂὈὖ ὅ ὂὖὉὖ  ὟὂὠὑὉ Ὃ ὃὖ ὂ Ὃὖ Ἳ (:, ;, ,  Ὗὅὕ Ὃὄ)  ὃὗ Ἳ ὅὀὟὑ.  

ἳ Ὅὗ  Ἰ Ὕὑὕ ὅ ὑ  Ἰ Ὃὖὠὁ  Ὗὑ  ἵὂὕὑ Ἰ  ὟἻὕ  

Ἰ Ἳ ὅὀὟὑ .  ὃὕ ἱ ὂ ὃὖ ὂ ὋὖἻὠὍ ὠὑ ὂὖ  Ἧὑ Ὃὖ ἶὂὕὑ Ὗὅ  

ὅ ὑ  Ἰ Ἳὖὄὕ Ἧ  ἱ ὂὖ ὝὑὍὖ  Ὗὅ  ὟἻὕ ὅὖ ἱὉ ὅὖ ὠὈ  

ὝἻὕ ὝἽ . ὂὊ ὅ ὀ ὑὐὖ ὠὋὑὠὊ ἱὑ ὠὋὝὉ Ὄὕ ὝἽ  Ὀ  Ἧ  

ἳ Ὅὗ  ὅ ὑ  ἳ Ὅ ἱὠὀὝὑὍὖἻ  @ Ὃὖ ὠὀ Ἰ .  ἽὖὌ ὅ ὂὖἻὍὖ 

ὂ  ἱὠὀὝὑὍὖ ἱ  Ὀ  ἯὂὖἻ ὅ Ὁὕὄ ὃὖ ὂ ὋὖἻ ἱ ; ὃὖ ὂ Ὃὖ 

Ὕὑ  ἱὠὀὝὑὍὖὉὕἻ ἰ Ἳ ὅ  Ὀ  Ἰ  ὂὄὖ ἱὠὀὝὑὍὖὉὕἻ ὂ  

ἱὠὀὝὑὍὖἻ ἰ Ἳ ὅ . ἱ ὂὖὉὕἻ ἱὠὀὝὑὍὖἻ  @ Ὃὖ  Ἰ Ἳ ὅ; ἱ ὂ @ 

Ὃὖ  Ὀὕ Ὄὕὅὖ ὝὈὥὄὈὕἻ Ἰ Ἳ ὅ.  ἱ  ὟὈ  ὑ  ὝἽὉ ὠὋὉὖ 

ἳὂὑὖὉὕἻὕ ἱ .  

 ὅ ὑ  ὑὐὠὈὉὕ ὑὂὖ Ἧ ὂ ὃὀὑ ὠἻ ὂὊὈ Ὃ ὝἽὕ ἻὠὍ 

ὑὐὠὈὉὕ ὑὂὕ. ἵ Ἳ  Ἧ Ὄ  Ἳ Ὃὖ Ἳ  Ὗὅὕ  ὂὊὈ Ὃ ὝἽὕ Ἳ 

Ὗὀὕ Ἳ ἻὍὕ; ἯὠὑἻ  ἳ Ἵὕὖ Ἳ ὅ ὑὂ ὄ  ὂὈὖ ὝἽὕ ἻὍὖ ὑὕὖὠἽὉὕἻ 

ὑὖὕὖὑὕ Ἳ ὅὀ Ὗὑ . ἱ ὂ ὂὊὈ Ὃ ὝἽὕ ἻὠὍ ὅ ὋὖὉ Ἵὖ Ἳ ἵ ὄὝὑ Ὃὕ Ἧὠὑ 

Ὕὅ ὅὕ ὠὈ ὈὉ Ἳ ἳ Ὅὠὑ. ἵ Ἳὕ ὀὕἻ 1750 ἵ Ὃ ἵ  ὐ  

Ἧ ὅὠὀὉὖ ὠὋ ὂ  Ὗὑ ὅ ὀ ὑὐὖἻὍὖ ὟὅἽ ὅὀ ἱὉ . 

 ὅὂὖὟὄ ἷ ὅ . 

 ἰὉὖὊ  ἵ Ὃὖ ἷ ὅ . 

  ἶ  ἷ  ἾὖὉ. 

ἱ Ὕὑ Ὄὕ Ὗὃ Ἳ  Ἰ  ὂὄὖὉὕὄ ὝὃὋὖ ὠὋὠὉ Ἳ ὂὖ ὝἻὕ ἱ Ἵὖ ἻὠὌ 

ὠἻὉὕὍὌὕ.  ὂὈὖ  ἵ  Ἰ ἻὠὈ  ὠὅ ὂὕ  ὋὖὉὄὖ ἶ ἻὄὟὑ 
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ἳ ὑὕ Ἳ ὅ Ὅ. ἱ    Ὁ ὠὂ ὂ ; ἱὠὂ  ὅ ὑ  

Ὗὅ  Ἰ ὠὋὉὖ ἳ ὅ ὂ ἱὉ ; Ἧὄὕ  ἱ  Ἰ ὠὋὠὉ ὂὕὈὂ ὅ .  

5.3.3.2.1.2 ἯὠἽ ὅὖὕὖ ὂ (Syllabification) 

 ἱὠὂ  ὅὌ ὑὐὖἻὍὖ ὝἽ Ὁ ἱὉ ; ἵ Ἳὕ ὀὕἻ ἯὠἽ ὅὖὕὖ ὂ 

ὑὐὖ ὠὋὑὠὊ Ἰ  ὝἽὕ ὠὌ ὠὋ ὂ ἵ ὁὖ ὠἻὉὖὌὕὄ ὅὖὕὖ Ἳ ὑ ὅ 

ὝἽὕ ὠὌ ὅὖὕὖ; ἶὝὄ Ὃὕ ὠὋ ὂ ἵ ὁὖ ὠἻὉὖὌὕὄ Ἰ ὟἽ Ἳ ὠὋ ὂ 

ὝἽὉ ὠἻ ὑὖὠὍ ἻὠὍ ὝἻὕ . ὑὐὖ ὠὋὑὠὊ ὝἽὕ ὠὌ ἳ ὑὕ  ὅ ὌὠἽ 

ἯὌ Ἳ  Ὗὑ  Ὗὂ ; ἯὌ ἻὍὖ Ἳ ὅὖ  Ὗὑ  ὂὊ Ἧ ὂὍ ὠὂ 

Ὀὗ  Ἵὕὖὅὕ ; ὅὖ ὄ ὝἽὕ ὠὌ Ἧὂ ὅ  ὅὖὕὖ.  ὅ ὌὠἽ ἯὌ Ἳ  

Ἳὖὠὀ Ἳὕὑὖ ὑὐὖ ὠὋὑὠὊ ἱὉ ὅὕἻ ἽὖὋὖὉ ἯὌ ἻὠὍ ἵ . ἱὂ  Ἧ ὂ 

ἯὠἽ ἯὌ Ἳ ὀ  ὝὈὕὐὖὉὖ ἵ Ὄὕ Ἰ ἻὍὕ  ὂὊ Ἧ ὂὍ ὃὖὠὋ Ἳ ὅ ὀὕ 

ὑὐὖ ὠὋὑὠὊ ὝὅὕὖὉ ἯὌ Ἳ  Ἳὖὠὀ Ἳὕὑὖ Ἰ ἻὠὍ Ὕὂὕὖ ὝἽ.  

 ἰὄὕ  ὂ ὟὅὕὠὂὉ Ἰ ἻὠὈ ὅὖ ἱ ὂ ὝὃὋὖ ὠὋ ὅὖ ὅ Ὃ ὅὀὑὖ ὠὌ; ὈὕὋὕἻ 

ὂὈὖ ἵ ἻὠὍ ὝἻὕ  Ὕὅὕ ὂ ὟἻὕ  (mapping file) 

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. ἳ Ὅὗ ὝἽ Ὁ ὅ ὀ ὂὈὖ ἵ Ἳ  ὅὂὖ Ὕὂὕὀ Ὅ 

ἳὟὊὕὈ ἵ Ἳ ἵ Ἳ ὅ ἯὠἽἻὍὕἻ Ὀὕ Ὃ ὅ Ἳὖ Ὃὄ.  ἱ ὂ Ὕὅὕ ὂ 

ὟἻὕ ὅὖ ἻὖὉ ὝἽ ὂὖ ἵ ἻὍὖ ὑὕὖὠἽ ὂὈὖ ἵ ἻὍὖ ὃὗὍ Ἧ ὅὠὀὉὖ 

ἯὠὈὉ Ὗὑ .  ἵ Ἳ Ὗὂὠὑ ὅ  ὠὋὉὖ ὑὕὖὠἽ ὅ ὂ ὅὀὕὑὖ 

Ἰ ἻὠὈ  ὂὑ  ὃὖἻ  Ὀ  ὝὑὍὖ  Ἳὖὠὀ Ἳ ὝὅὋὕ. 

 ἵ Ἳὕ ὀὕἻ ἳ ὍὗὀὕἻ Ἧ Ὀὕ ἵ Ὃ ὂὈὖ ὝἽὕ ἱ ὂὕ Ἧ Ὀ   ἵ ὅὄ 

Ἵὖ Ἳ ὑὕ ὂὄ Ἧ Ὄ.  Ὀ ἵ ὅ  Ὀὕ  ὑ ὂὕ ὝὅὕὖὉ Ἵὖ Ἳ ὑ . ὑὐὖ ὠὋὑὠὊ Ὀ-

 Ὗὑ  Ὗὂ ; ὅὖ ὄ Ὀὕ-ἷ Ὀ-ἰἻ ἱὀ  ὝὅὉ .  ἱὂὄὕ Ἰ  

ὕὖ ὝἻὕ Ὅ ὅὀὕὂ ἵ  ὑ ; ἵὄὟὑ Ἰ ἻὠὈ  ἯὌ  Ὗὂ  Ὗὑ  ἱὠὂ  

ὝἽὉ ὅὕ ὝἽ Ὁ ἱὉὌὕ; ἵὄὟὑὂὕ ἵ ἻὍὖ ὑὕὖὠἽ ὠὋ Ἳ ὀὕὉ ἰ .  
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ἻὕὈὊὕἾ ἵ Ὃ ὝἽὕ  ἯὠἽ ὅὖὕὖ 

                          ἳ Ὅὗ  ἳὠὊ 

 

 

    

     ἯὠἽ  

ἻὕὈὊὕἾ  

Ὕὅὕ ὂ  ὟἻὕ  

kA\ma\rA\ja\r 

 

ὂὈὖ ἵ -ἳὟὊὕὈ ἵ  Ὕὅὕ ὂ 

ὂὈὖ ἵ  ἳὟὊὕὈ ἵ  

ἱ i 

ἲ I 

ἳ u 

ἴ  U 

ἵ e 

ἶ E 

ἷ ai 

Ἰ o 

Ἱ O 

Ἲ  au 

Ἦ q 

Ἳ ka 

Ἴ nga 

Ἵ sa 

Ἷ nja 

ὀ da 
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ὁ  Na 

ὂ tha 

ὃ wa 

ὅ pa 

Ὀ ma 

Ὁ ya 

Ὂ ra 

Ὄ la 

Ἵὕ sA 

Ἵὖ si 

Ἵὗ sI 

 su 

 sU 

ὝἽ se 

ὟἽ sE 

ὠἽ sai 

ὝἽὕ so 

ὟἽὕ sO 

ὝἽὥ sau 

Ὕὂὕὀ Ὅ ἳὟὊὕὈ ἵ ὀ Ὕὅὕ ὂ ὅ Ὅ ὂὈὖ ἵ   Ὕὅὕ ὂ ὟἻὕ ὅὖ 

ὅὕἻὈὕ. ἱὂὖ ἵ Ἳ  ἵ Ὄὕ ὃὗὍ Ἧ ὅὠὀὉὖ ὑὕὖὠἽ ὅ ὂ ὅ Ὅὄ. 

5.3.3.2.2. ἱὌ Ἳὁ ὑὖὂὖἻ 

 ὂὈὖὐὖ ὅ ὑ  ὑ ὑὠὈ ὅὖ ἳ Ὅ ἸὟὊ ἵ  Ἧὠὑ ὑ  Ὗὑ ὅ ὀ ἱὀ Ἳ  

Ἧ ὅὠὀὉὖ Ὗὑ ὅ ὀ ἳ Ἵὕὖ ἻὠὍ ὝἻὕ .  ἱὠὂ  ὅὌ ὑὐὖἻὍὖ ὂὗ  

ἻὕὁὌὕ: ὑὖὂὖἻὠὍ ἵ ὂὖὟὉὕ Ἧ Ὄ  ἵ .ὑὖ.ἵ . ὑὐὖ ὠὋὑὠὊ, ἵ .ἵ .ἵ  Ὗὅὕ Ὃ 

ἱὉ ὂὖὊ Ἳ Ὃ Ἧ ὠὋἻὍὖ Ἰ ὋὕὟὌὕ ὂὗ ἻὁὕὌὕ. ἱὉ ὂὖὊ Ἳ Ὃ 

Ἧ ὠὋὠὉ  ὅὉ ὅ  ὠὂὉ ὅὌ Ἧ ὠὋἻ  ὟὅὕὌ ὌὕὈ ἱ  

Ἰ ὉὖὉ  ὅὉ ὅ ὂ ὅ Ἳὖ Ὃὄ. 

http://www.languageinindia.com/


290 

 

==================================================================== 

Language in India www.languageinindia.com ISSN 1930-2940 19:10 October 2019 

Prof. Rajendran Sankaravelayuthan 

Acoustic Phonetics and Text to Speech Processing and Speech to Text Processing (Tamil) 

 ἵ Ὄὕ ἵ ἻὠὍ ἳ Ἵὕὖ ὅὠὂ ὃὖὠὋὟὑ Ὃ ὂὈὖ ἵ Ἳ Ὗὅὕ Ὀὕὄὠὑ 

Ἧ Ὄ ἵ  Ὃ ἱὉ .  ὈὠὌὉὕὍ, Ἳ ὄὀὕ Ὗὅὕ Ὃ Ὕὂ  ὂὖὊὕὑὖὀ ὝὈὕὐὖἻ ἳ Ἵὕὖ 

Ὀὕ Ὃ ἻὠὍ ὠἻὉὕὍ ἯὂὖἻ ἵ ἻὠὍ ὝἻὕ Ὅὄ. ἵὄὟὑ ὂὈὖὐὖ ἳ Ἵὕὖ 

Ὀὕ Ὃ ἻὠὍ ὠἻὉὕὍ  ἱὌ Ἳὁ, Ἰ -Ἰ ὉὄὖὉ ἯὠὈ ἻὠὍ ἯὋὖ ὂὖ ὅ 

ἯὑἽὖὉ . ἰ ἻὖὌ ὂὖ ἵ Ἳ ἳ Ἵὕὖ ὈὉ Ἳ Ἳὕ Ἳὖ Ὃὄ. ὂὈὖὐὖ Ἧ ὂὠἻὉ 

ὃὖὠὌ ἱ ὠὌ. 

 ὅὖ ὑ  ὑὕ ἻὖὉ ἵ Ἳὕ ἻὠὍ Ὗὃὕ Ὗὑὕ. 

 Ἳὀ  Ὀὖ  ὝἽ Ὃὕ. 

 Ἳὁὅὂὖ ὅ Ὅὖ  ὝἽ Ὃὕ. 

ὂ  ὑὕ ἻὖὉὂὖ ὂ  ἵ  Ἳ ἵ ὅ  [ka]  ἵὄ  ἱὊ ὀὕὑ  ὑὕ ἻὖὉ ὂὖ ὂ  

ἵ  Ἳ ἵὄὅ   [ga] ἵὄ  ἳ Ἵὕὖ Ἳ ὅ Ἳὖ Ὃ. ἱ ὑὖὂὈὕὄ ἳ Ἵὕὖ Ὗὑ ὅὕ Ἳ 

ἳ Ὅ ἵ Ἳ ὂὈὖὐὖ ὟὈ  ἳ Ὅὄ. ὅὖ ὑ  ἵ Ἳὕ ἻὠὍ Ὗὃὕ Ἳ. 

 ὠὀ   ὝἽ Ὃὕ. 

 Ἳὀ  Ὀὖ  ὑ ὂὕ. 

ὂ  ὑὕ ἻὖὉ ὂὖ  ἵ ὅ  [pU]  ἵ  ἱὊ ὀὕ ὑὕ ἻὖὉ ὂὖ  ἵ ὅ  [bU] ἵ  

ἳ Ἵὕὖ Ἳ ὅ Ἳὖ Ὃὄ. ἱ  Ὗὅὕ  Ἵ ἵ Ὃ ἵ  Ὗὑ ὅ  ἳ Ἵὕὖ Ἳ ὅ. ὅὖ ὑ  

ἵ Ἳὕ Ἳ ἱὠὂ ὝὂὍὖ ὅ . 

 Ἧὑ  ὂὖὠἽ Ἳὕ ὄὕ. 

 ὝἽ  ὅ ὠἽὉὕἻ ἱ . 

ὂ  ὑὕ ἻὖὉ ὂὖ ὠἽ ἵ ὅ  [sai]  ἵὄ  ἱὊ ὀὕὑ ὑὕ ἻὖὉ ὂὖ [cai] ἵὄ  

ἳ Ἵὕὖ Ἳ ὅ Ἳὖ Ὃ.  ἱ ὂ ἳ Ἵὕὖ Ὀὕ Ὃ ὠὂ ὑὖὂὖἻὍὕ ὂὊ ἱὉ .  ἵ ὅ  

ἳὉὖ Ἳ ἻὖὠὀὉὖ [s]  ἵὄ  -  ὅὖὋ [c] ἵὄ  ἳ Ἵὕὖ Ἳ ὅ Ἳὖ Ὃ ἵὄ ὑὖὂὖ 

ὂὊὌὕ. Ἵ ἵ ὅ  ὝὈὕὐὖ ὂ  ἽὖὌ Ὗὅ  ὃὠὀἻὍὖ [sa]  ἵὄ  Ὗὑ  ἽὖὌ Ὗὅ  

ὃὠὀἻὍὖ [ca] ἵὄ  ἳ Ἵὕὖ Ἳ ὅ. 

 Ἵ Ἳ [sanggam] / [canggam] 

 Ἵὕὂὖ [saadi]   /[caadi] /[jaadi] 
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 ὅὖ ὑ  ὑὕ ἻὖὉ ἻὠὍ ἵ ὝἻὕ Ὗὑὕ. 

ὊὕὈ ὅὕὀ ὅ ὂὕ. 

Ἧ  ὅ ὀ ὑὖ ὀὕ. 

ὂ  ὑὕ ἻὖὉ ὂὖ ὀ ἵ ὅ  [da] ἵ  ἱὊ ὀὕὑ ὑὕ ἻὖὉ ὂὖ [ta] ἵὄ  

ἳ Ἵὕὖ Ἳ ὅ ὑὠὂ ἳὁὊὌὕ.  ἱ ὂ ἳ Ἵὕὖ Ὀὕ Ὃ ὠὂ ὑὖὂὖἻὍὕ ὂὊ ἱὉ .  ἵ ὅ  

ἳὉὖ Ἳ ἻὖὠὀὉὖ [d]  ἵὄ  -  ὅὖὋ [t] ἵὄ  ἳ Ἵὕὖ Ἳ ὅ Ἳὖ Ὃ ἵὄ ὑὖὂὖ 

ὂὊὌὕ.  

 ἱὠὑ Ὀ Ὀ Ὃὖ ἽὖὌ ὂὈὖ ἵ Ἳ Ἰ ὂὋὖ Ἧ ὅὠὀὉὖ ὃὗ ὀ, ἻὖὉ, Ὀὖὂ 

ἳ Ἵὕὖ ἯὍὝὑ ὠὌἻὠὍ Ἧὠὑ ὑ  ἱὀ ὂὖ  ὂ ὂὕ Ὗὅὕ ὝἻὕ  

ἵ Ἳὕ ὀὕἻ  ἵ ὅ  Ἧ  ὑ  ἱὀ ὂὖ  ὂ ὂὕ Ὗὅὕ Ἰ ὂὋὖ Ἧ ὅὠὀὉὖ 

ὃὗὀ, ἻὖὉ, Ὀὖὂ ἳ Ἵὕὖ ὠὅ ὝἻὕ . 

 ἵ.Ἳὕ. 

 ὅ  (  ὃὗ ὀ ἳ Ἵὕὖ ὠὅ ὝἻὕ Ὅ.) 

 ὑ Ἳὖὄὕ (  ἻὖὉ ἳ Ἵὕὖ ὠὅ ὝἻὕ Ὅ) 

 ὅὕ Ἳὕ (  Ὀὖὂ ἳ Ἵὕὖ ὠὅ ὝἻὕ Ὅ) 

ἱ Ὗὅὕ   ἵ ὅ  ὅὖ ὑ Ὀὕ  ἳ Ἵὕὖ ἻὠὍ ὝἻὕ . 

 ὅ  (  ὃὗ ὀ ἳ Ἵὕὖ ὠὅ ὝἻὕ Ὅ.) 

 Ὄὑ (  ἻὖὉ ἳ Ἵὕὖ ὠὅ ὝἻὕ Ὅ) 

 Ἧ ὠὀὉὕ (  Ὀὖὂ ἳ Ἵὕὖ ὠὅ ὝἻὕ Ὅ) 

60% ἵ Ἳ ἱ ὂ ὅ ὠὅ  ὝἻὕ Ἳὖ Ὃὄ. ἵὄὟὑ ὅ ὑ  Ὗὅ  

ὠὁ ὅὕ Ἳ ὂὖ ἱ ὑὠἻὉὖὌὕὄ ὂἻὑ Ἳ Ὗὂὠὑ. ὃὈ  ὑὐὖ ὠὋὑὠὊ 

ἵ ἻὍὖ ἱὀ  Ἧ Ὄ  ὐ  Ἧ ὅὠὀὉὖὌὕὄ ἳ Ἵὕὖ Ὀὕ Ὃ ἻὠὍ ὠἻὉὕ  

ὑὠἻὉὖ ἯὠὈ Ὅ. ὅὖ ὑ  Ἰ ὅὀ ὅ ὑ  Ὗὅ ὠἽ 

ὠὁ ὅὕ Ἳ ὝἽ  ὝἽὉ ὅὕ ὠὀ Ἰ  ἵ Ἳὕ ὀὕ ὑὖὍ . 
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ἳὠὊ  ὝἽὉ ὅὕ  

          

       ἳὟὊὕὈ  ὑ ὑ  

 

      ἱὌ Ἳὁ  ὑὖὂὖἻ  

 

Ἧὑ  ὅὕ Ἳὕ  ὑὐ Ἳ ὅ ὀ  

Ἧὑ  ὅὕ Ἳὕ  ὑὐ Ἳ ὅ ὀ  

avanukku paathukAppu vazangkappattathu 

avanukku paathu(M)kAppu vazangkappattathu(L) 

ἳὠὊ ἳ Ὅὗ 

 

5.3.3.2.3 Ὗὅ  ὂὊ Ἧ ὂὍ 

 ἱ ὂ ἰ ὑὖ ἻὖὉὈὕὄ ὅ ὂὖ ὂὈὖὐὖ ἵ Ὄὕ ἵ ἻὠὍὉὖ Ἧὂὕὑ 247 

ἵ ἻὠὍ  ὟὂὠὑὉὕὄ Ἰ  ἽὖὌ ὑὀὝὈὕὐὖ ἵ ἻὠὍ Ἰ ὅὂὖ ὝἽ ὑὂὕ.  

ἱ ὂὖὉὖ ὂὊ Ἧ ὂὍ 350 ὑὠὊ Ὗὅ  ὟἻὕ ἻὠὍ ὝἻὕ Ὅ. ἱὌ Ἳὁ 

Ἧ ὅὠὀὉὖ Ἧὂὕὑ ὐ  Ἧ ὅὠὀὉὖ ἳ Ἵὕὖ ὅὖ Ὗὑ ὅ  ἵ Ἳ Ἧὑ Ὃὖ 

Ὕὂὕὀ Ὅ Ὗὅ  ὟἻὕ ὅὖ ὠὑ Ἳ ὅὀὟὑ ; ἵὄὟὑ ἯὠὑἻ  ὟἻὕ ἻὍὖ 

Ἰ ὅὂὖ ὝἽ Ὁ ὅ ὅ ἯὑἽὖὉὈὕ. Ὕὅ ὅὕὌὕὄ ὂὈὖ ἵ Ἳ  

ὑὠἻὉὕὄ ἳ Ἵὕὖ ἻὠὍ ὝἻὕ . ἱ ὂἻὑ Ὗὅ  ὝὑὍὖὉὖ  ἻὖὉὈὕ. 

  ἱὉ ὅὕὄ ἵ ἻὍὖ  ἸὟὊ ἵ ὂὖ  Ὗὑ ὅ ὀ ὑ ὑ Ἳ 

Ἰ ὅὂὖ ὝἽ Ὁ ὅ ὂὊ Ἧ ὂὍ ὂὖ ὟἽἻὕὖ Ἳ ὅὀὟὑ. ἸὟὊ ἵ  Ὗὑ ὅ ὀ 

ἱὀ ἻὍὖ Ὗὑ ὅ  ἳ Ἵὕὖ Ἳ ὅ ὑὂὕ Ἧ ὅὠὀ Ὕὃ Ἳὁ Ἳὖ  ὂὄὖὉὕἻ 

ἱὌ Ἳὁ Ἧ ὅὠὀὉὖ Ἧ Ὄ  ὐ  Ἧ ὅὠὀὉὖ Ὗὑ ὅ  ἵ Ἳ ὂὄὖὉὕἻ 

Ἰ ὅὂὖ ὝἽ Ὁ ὅὀὟὑ . ἱ ὂ ὂὊ Ἧ ὅὠὀὉὕ ὃὕ ὈὖἻ ὉὈὕὄ 
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ἳ Ἵὕὖ ὠὅ ὝὅὋ ἱὉὌὕ; Ἧὂὕὑ ἱὉ ὅὕὄ Ἧ Ὄ  ἱὉ ὠἻὉὕὄ ἳ Ἵὕὖ ὠὅ ὝὅὋ 

ἱὉὌὕ. 

 ὃὕ ἵ Ὄὕ ὂὈὖ ὝἽὕ ἻὠὍ Ἰ ὅὂὖ ὝἽ Ὁ ἱὉ ; ἱὂὄὕ ὃὕ ὈὖἻ ἳὉ ὂ 

ἱὉ ὅὕὄ ἳ Ἵὕὖ ὠὅ ὝὅὋ ἱὉ ; ἰὄὕ  ἵ Ὄὕ ὂὈὖ ὝἽὕ ἻὠὍ Ἰ ὅὂὖ 

ὝἽ Ὁ ἱὉὌὕ.  ὠὋ ὂ Ἧ Ἳ ὅὉ ὅ ὂ ὅ ὝἽὕ ἻὠὍ ὂὊ Ἧ ὂὍ ὂὖ 

Ἰ ὅὂὖ ὝἽ  ὠὑ ὂὖ ὅ ὃ Ὄ ἱὉ ὂ ὠὈ ὑὐὖ ὑ .  ὂὊ Ἧ ὂὍ ὂὖ 

ἱὠὂ  ὟἽ ὅ ἯὂὖἻ ἯὍ  ἱὀ  Ὗὂὠὑὅὀὕ;  Ὀ Ὀ Ὃὖ; ὠὂὉ ὝὃὋὖ ὠὋὟὉὕ 

Ἰ ὅὖ ὠἻὉὖ ὝἽὉ ὅὕ ἻὕὌ  ὠὋὑὕ . 

 ἱ ὅὖ  ἱ  ὝἽὕ ὠὌ ὅὂὖ ὝἽ ὑ Ὗὅὕ  ὝὑὍὖ  Ὗὅ  

ἱὉ ὂ ὠὈὠὉ ὂ .  Ἧ Ἳ ὅὉ ὅ ὂ ὅ ὝἽὕ Ἳ ἳ ὅὄὖὉ 

Ἧ ὅὠὀὉὖ ὂὖὕὖ ὑὊὌὕ. ἵὄὟὑ ἱ  ἯὂὖἻ ἻὕὌ ὠὂ ἵ  ὟὑὠὌὉὕ . 

ἳὉὖ Ἳ Ὀ  ὝὈ ἻὍὖ Ἰ Ὃὖὠὁ  ὅ ὑ -Ὗὅ  Ἰ ὠὋὉὖ ὃ Ὄ ὑὖὠὍὠὑ 

ὂ . ἱ ὂ Ἰ Ὃὖὠὁ  4457 ὟἻὕ ἻὠὍ ὝἻὕ ; ἱ  ὂὊ Ἧ ὂὍ ὂὖ 

ὟἽ Ἳ ὅ. ἵ Ἳὕ ὀὕἻ Ἰ Ὃὖὠὁ  Ἧ ὀὑὠὁ ὅὖ ὑ Ὀὕ ἯὠὈ . 

ἳὉὖὝὊὕ

Ἳ  

ὝὈ ὝὉὕ

Ἳ  

Ἧ ἰ  ἱ  ἲ ἳ  ἴ  ἵ ἶ ἷ  Ἰ  Ἱ  Ἲ  

 Ἳ Ἳὕ Ἳὖ Ἳὗ   ὝἻ ὟἻ ὠἻ ὝἻὕ ὟἻὕ  ὝἻὥ 

 Ἴ            

 Ἵ Ἵὕ Ἵὖ Ἵὗ   ὝἽ ὟἽ ὠἽ ὝἽὕ ὟἽὕ ὝἽὥ 

 Ἷ Ἷὕ Ἷὖ Ἷὗ   ὝἿ  ὟἿ ὠἿ ὝἿὕ ὟἿὕ ὝἿὥ 

 ὀ ὀὕ     Ὕὀ Ὗὀ ὠὀ Ὕὀὕ Ὗὀὕ Ὕὀὥ 

 ὁ  ὁὕ ὁὖ ὁὗ   Ὕὁ Ὗὁ ὠὁ  Ὕὁὕ Ὗὁὕ Ὕὁὥ 

 ὂ ὂὕ ὂὖ ὂὗ   Ὕὂ Ὗὂ ὠὂ Ὕὂὕ Ὗὂὕ Ὕὂὥ 

 ὃ ὃὕ ὃὖ ὃὗ   Ὕὃ Ὗὃ ὠὃ Ὕὃὕ Ὗὃὕ Ὕὃὥ 
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 ὅ ὅὕ ὅὖ    Ὕὅ Ὗὅ ὠὅ Ὕὅὕ Ὗὅὕ Ὕὅὥ 

 Ὀ Ὀὕ Ὀὖ Ὀὗ   ὝὈ ὟὈ ὠὈ ὝὈὕ ὟὈὕ ὝὈὥ 

 Ὁ Ὁὕ Ὁὖ    ὝὉ ὟὉ ὠὉ ὝὉὕ ὟὉὕ ὝὉὥ 

 Ὂ Ὂὕ ὕὖ ὕὗ   ὝὊ ὟὊ ὠὊ ὝὊὕ  ὟὊὕ ὝὊὥ 

 Ὄ Ὄὕ     ὝὌ ὟὌ ὠὌ ὝὌὕ ὟὌὕ Ὕὑὥ 

 ὑ ὑὕ ὑὖ    Ὕὑ Ὗὑ ὠὑ Ὕὑὕ Ὗὑὕ Ὕὑὥ 

 ὐ ὐὕ ὐὖ ὐὗ   Ὕὐ Ὗὐ ὠὐ Ὕὐὕ Ὗὐὕ Ὕὐὥ 

 Ὅ Ὅὕ Ὅὖ Ὅὗ   ὝὍ ὟὍ ὠὍ ὝὍὕ ὟὍὕ ὝὍὥ 

 Ὃ Ὃὕ Ὃὖ Ὃὗ   ὝὋ ὟὋ ὠὋ ὝὋὕ ὟὋὕ  ὝὋὥ 

 ὄ ὄὕ ὄὖ ὄὗ   Ὕὄ Ὗὄ ὠὄ Ὕὄὕ Ὗὄὕ Ὕὄὥ 

   

 ὂὊ Ἧ ὂὍ ὅ ὂὖ ὑὖ ὀὕ ἱὌ Ἳὁ ὑὖὂὖἻὍὖ ὂὕὄ ὝὑὍὖ  

ἳὟὊὕὈ ὑ ὑὖ ἱ ; ἱ  ἶ ἻὄὟὑ ἯὠἽὅὖὕὖ ὝἽὉ ὅὕ Ἳὖ ἳ ὍὕἻὖ 

ἱ .  ἵὄὟὑ ἯὌ  Ὗὂ  ὅ ὂὖ ἽὕὖὉὕὄ Ὗὅ  ὟἻὕ ὠὅ ἶ ἻὄὟὑ 

ἳ ὑὕ Ἳ ὅ ὀ Ὗὅ  Ἧ ὂὍ ὂὖ  ἵ . ἱ ὂ ἯὌ  Ὗὂ ὑὖ ὝἽ Ὁ ὅ 

ὝἽ Ὁὅ  ἻὖὉ ὝἽὉ ὅὕ Ὕὂὕὀ Ὅ ἯὠἽὅὖὕὖ Ἳ ὅ ὀ ὑὕ ἻὖὉ ὂὖ Ὗὅ  

ὟἻὕ ὠὅ ἵ  Ὀ  ἱ ὂ Ὗὅ  ἯὌ ἻὠὍ  ἯὠὈ ὠὅ ἳ ὑὕ .\ 

5.3.3.2.4 Ἰ Ὃὖὠὁ ὅὕ Ἳ (Synthesis) 

 ἱ ὂὖὉὕὄ Ὀ  ὑὕὄ ὝἽὉ ὅὕ Ἰ Ὃὖὠὁ  ὝἽὉ ὅὕ Ἳὕ. 

ὑὕὖὠἽ ὅ ὂ ὅ ὀ Ὗὅ  ἯὌ Ἳ  Ἰ Ὃὖὠὁ  ὑὐὖ ὠὋὑὠὊὠὑ ὅὉ ὅ ὂὖ 

Ἰ Ὃὖὠὁ Ἳ ὅ.  Ὗὅ  ὟἻὕ ἻὍὖ Ἰ Ὃὖὠὁ  Ὀὕ Ὄὕὠὅ ὅὉ ὅ ὂὖ 

ὝἽ Ὁ ὅ Ἳὖ Ὃ. Ἰ Ὃὖὠὁ  ὝἽὉ ὅὕ Ἳὖ ἻὖὉὈὕὄ Ἵὖ Ἳ ὟἽ  ἱὀ ἻὍὖ 

ὂ Ὀὕ Ὃ Ἳ ἶ ὅ ὑὂὕ. ἱ ὑὕ ὑὖ ὂ Ὀὕ Ὃ Ἳ Ὗὃ ὂὖὉὕὄ Ἰ ὅὂὖὑὕ 

ὂὑὖ Ἳ ὅ Ὅ.   Ἰ Ὃὖὠὁ  ὝἽὉ ὅὕ ἯὌ  Ὗὂ  ὝἽὉ ὅὕ Ἳὖ 

ὝὑὍὖ ὀὕἻ ὂὊ ὅ  ἵ Ὄὕ Ὗὅ  ὟἻὕ ἻὠὍ Ἰ Ὃὖὠὁ  Ὀ  Ἰ  ὂὄὖ 

Ὗὅ  ὟἻὕ ὅὕἻ Ὀὕ . ἱὠὂ ἵ Ὗὅὕ Ὗὑ Ὀὕὄὕ  ἱὉ ἻὟὑὕ ὃὖ ὂὟὑὕ 
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ἱὉ . ἱ ὑὕ ὑὖ ἻὖὉὈὕὄ Ὗὃὕ Ἳ Ὗὅ  ὝὑὍὖ  ἱὉ ὠἻ ὂ ὠὈὠὉ/ 

ἱὉ ὂ ὠὈὠὉ Ὕὅ ὑὂὕ.  

5.3.3.2.5.  

 ἳὠὊ-Ὗὅ  Ἰ ἻὠὈ ὅὖ ὝὑὍὖ ὠὀ Ἳὕ ὑὂ ὑὠὊὅὀ ὅὉ ὅὕ ὀὕὍ  

ἱὠὀ Ἳ (Graphical User Interface (GUI)ὂὉὕ ὝἽ Ὁὅ Ὅ. Ἶὖ. .ἷ.-  ὅὖ ὄὕ 

ὅ ὑ  ὝἽὉ ὅὕ Ἳὖ Ἰ  ὑὐὖ ὠὋὑὠὊ Ἰ Ὃὖὠὁ ὅὕ Ἳ ὂὖ Ὀ ὝὋὕ 

ὑὐὖ ὠὋὑὠὊ ἰ Ἳ ὅ Ὅὄ. ὅ ὑ  ὝἽὉ ὅὕ ὑὐὖ ὠὋὑὠὊ Ὕὅ  

ὑὐὖὉὠὈ ὅὕ ἰ Ἳ ὅ Ὅ.  Ἰ Ὃὖὠὁ  ὑὐὖ ὠὋὑὠὊ ὟὈ Ὄὕ ὑὐὖὉὠὈ ὅὕ 

ἰ Ἳ ὅ Ὅ. ὂὈὖ ὑὕ ἻὖὉ ὠὂ ὅ ὑ  Ὕὅ Ὁὖ ὂ ὀ  ὝἽ  ὅ ὑ - Ὂ  

Ὕὅὕ ὂὕὠὄ ὄὕ ἱ ὂὖ Ὗὅ  ὝὑὍὖ  ὟἻ . Ὗὅ  ὟἻὕ ὠὅ ὃὖ ὂ 

Ὕὅὕ ὂὕὠὄ  ἵ ὂ ἻὕὌ ὂὖ ὃὖ ὂ ἱὉ .  

5.4. Ἳ ὠὊ 

 ἱ ὑὖὉ  ἳὠὊὉὖ  Ὗὅ  ὠὁ  ἰ Ἳ  ὅ Ὃὖ Ἧὂ  ὅὌ 

Ἧ ὠὋἻ  ὅ Ὃὖ ὑὖὍ Ἳ ὅ Ὅὄ; Ὗὅ  ὠὁ  ἳ ὑὕ Ἳ 

ὝὃὋὖ ὠὋἻὍὖ ὃὖὠὋἻ ὠὋἻ  ὅ Ὃὖ Ὃ ὅ Ὅὄ. ὟὈ  ὂὈὖὐὖ 

ὟὈ ὝἻὕ Ὅ ὅ ὀ ἳὠὊὉὖ  Ὗὅ  ἰ Ἳ  Ὃὖ  ὑὖὕὖὑὕὄ ὑὖὍ Ἳ 

ὂὊ ὅ Ὅ. 

 ἳὠὊὉὖ  Ὗὅ Ἵὕ Ἰ ὠὋἻ Ὗὅ  ὠὋὅὕ ἳ Ὅὑ Ἳ  

Ὀὖ ὂἻ ἻὠὍ ἳὊ Ἳ ὅ Ἳ ὑὖ ὑ Ἳ  ὅὉ Ὅὂὕ . ἱ ὠὋὉ ὃὕὍὖ ὅὌ 

ὂὈὖ Ἳ  ἱὌ ἻὝὑ ὁὖὉὌὕ Ἳ ὝἽ Ὁ ὅ Ἳὖ Ὃὄ.  ὅὌ Ὗὑ  ὝὈὕὐὖ Ἳ  

ὂὈὖὐὖ ὝὈὕὐὖ ὝὅὉ Ἳ ὅ ἱὌ ἻὝὑ ὁὖὉ ὑ ὑὖ ἳ Ὅὄ. ὂ ὟὅὕὠὂὉ 

Ἰ ὠὋ ὑὕ ὑὖ  ὅ Ἳ ἱὉὌὕὂὑ  ὑὕ ὑὖ ὅ  Ἵ ὂὖὠὉ ὁὕ Ἳ 

ὑὖ ὅὕὂὑ Ἳ ὑὊ ὅὖὊἽὕὂὈὕ ἯὠὈ . 
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           ἱὉ  6 

     Ὗὅ Ἵὖ  ἳὠὊὉὕἻ    

6.1. ἯὋὖ Ἳ 

 Ὗὅ  ἯὋὖὂ ἵ ὅ  Ἳὁὖὄὖ ὝὈὕὐὖὉὖὉ Ἰ  ἱὠὀὃὖὠὌ ὠὁ  ὠὋὉὕ ; 

ἱ  ἻὁὖὄὖἻ Ὄ  Ὗὅ  ὝὈὕὐὖὠὉ ἳὠὊὉὕἻ Ὀὕ Ὃ  ὝὈὕὐὖὝὅὉ Ἳ ἳὂ  

ὠὋἻ  Ὀ  Ὕὂὕὐὖ ὅ ἻὠὍ ἳ ὑὕ ἻὖὋ. ἱ  ὂὕὄὖὉ Ἳὖ Ὗὅ  ἯὋὖὂ 

(Automatic Speech Recognition-ASR), Ἳὁὖὄὖ Ὗὅ  ἯὋὖὂ Ἧ Ὄ  ὟὅἽὖ  ἳὠὊ 

(Speech to text - STT) ἵ  Ἧὠὐ Ἳ ὅ ἻὖὋ. ἱ  ὝὈὕὐὖὉὖὉ, Ἳὁὖὄὖ ἯὋὖὑὖὉ 

Ὀ  Ὀὖ ὝὅὕὋὖὉὖὉ ὠὋἻὍὖ ἯὋὖ Ὀ  ἰὊὕ ἽὖὠὉ Ἰ Ἳὖὠὁ ἻὖὋ. 

 ἽὖὌ Ὗὅ  ἯὋὖὂ Ἰ ὠὋἻ  "ὅὉὖ Ἵὖ" ("ὅὂὖ" ἵ  Ἧὠὐ Ἳ ὅ ἻὖὋ) 

Ὗὂὠὑ ὅ ἻὖὋ, Ἧ  Ἰ  ὂὄὖ ὅ ὀ Ὗὅ ἽὕὍ ἳὠὊ Ἧ Ὄ  ὂὄὖὠὈ ὅ ὂ ὅ ὀ 

ὝἽὕ ὝὋὕὠἻὠὉ ἻὁὖὄὖὉὖ ὅ ἻὖὋὕ. Ἳὁὖὄὖ ὃὅὕὖ Ὃὖ ὅὖ ὀ ὊὠὌ ὅ ὅὕ  

ὝἽ , Ἧ ὂ ὃὅὕὖ Ὗὅ  ἯὋὖὂ  ὃ ὋὕἻ ὅὉ ὅ ὑὂ  ὅὉ ὅ ἻὖὋ, ἱὂ  

ὑὖὠὍὑὕἻ Ὁ  ἯὂὖἻὕὖ. ὅὉὖ ἽὖὠὉ ὅὉ ὅ ὂὕὂ ἯὠὈ Ἳ "Ὗὅ ὅὑ 

ὂ ὂὖὊὈὕὄ Ἰ ὠὋἻ  ἵ  Ἧὠὐ Ἳ ὅ Ἳὖ Ὃὄ. ὅὉὖ ἽὖὠὉ ὅὉ ὅ  

Ἰ ὠὋἻ  "Ὗὅ ὅὑ Ἵὕ " Ἰ ὠὋἻ ἵ  Ἧὠὐ Ἳ ὅ Ἳὖ Ὃὄ. 

 Ὂ  ἯὋὖὂ Ἧ Ὄ  Ὗὅ ἽὕὍ ἯὠὀὉὕὍ Ἳὕὁ  ἵ ὅ  Ἧὑ Ἳ ὝἽὕ ὑὠὂ 

Ἳὕ  Ὗὅ ἽὕὍὠὊ ἯὠὀὉὕὍ Ἳὕ ὅὠὂ Ὃὖ ἻὖὋ. Ὗὅ ἽὕὍὠὊ ἯὋὖὂ Ἰ  

Ὃὖ ὅὖ ὀ ὃὅὕὖ Ὂ  ὅὉὖ ἽὖὉὍὖ Ἳ ὅ ὀ ἯὠὈ ἻὍὖ Ὗὅ ὠἽ ὝὈὕὐὖὝὅὉ 

ὅὁὖὠὉ ἵὍὖὂὕἻὖὋ Ἧ Ὄ  ὅὕ Ἳὕ  ὝἽὉ ὅὕ  Ἰ  ὅ ὂὖὉὕἻ Ὗὅ ἽὕὍὕὖ 

ἯὠὀὉὕὍ ὠὂ ἯὋὖὉ Ἧ Ὄ  Ἵὕὖὅὕ Ἳ ἱ  ὅὉ ὅ ὂ ὅὀὌὕ. 

 Ὕὂὕὐὖ ὅ Ἳ Ὗὁὕ ὀ ὂὖ, Ὗὅ  ἯὋὖὂ ὅὌ ὝὅὕὖὉ Ἳ ὅὖ Ἳ ὀ 

ὃὗ ὀ ὑὊὌὕ ὠὋ ὝἻὕ Ὅ. ὈὖἻ ἽὈὗὅ ὂὖ, ἰ ὂ Ἳ Ὃ  Ὀ  ὝὅὕὖὉ ὂὊ ἻὍὖ 

Ὗὄ Ὃ ἻὍὕ ἱ ὂ ὠὋ ὅὉὄὠὀ Ὅ. ἱ ὠὋὉὖ Ὗὄ Ὃ ἱ ὂ 

ὠὋὉὖ ὝὑὍὖὉὖὀ ὅ ὀ ἰ Ἳ ὠὊἻ Ὀ Ὀ ὌὕὈ, ὈὖἻ ἻὖὉὈὕἻ ἳὌἻὍὕὑὖὉ 

Ὕὂὕὐὖ ὠὋ Ὗὅ  ἯὋὖὂ ὠὋἻὠὍ ὑ ὑὠὈ ὅὂὖ ὅὉ ὅ ὑὂὖ ὅ Ὗὑ 

ἰὐὈὕὄ Ἳ Ὃ ὠὋἻὠὍ ὅὖ ὅ ὑὂ Ὄ  ἯὋὖὉ ὅ Ἳὖ Ὃ 
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6.2. Ὗὅ  Ἰ Ἳ  ἵ ὝὅὉ  

  Ὗὅ Ἵὖ  ἳὠὊὉὕ Ἳ ὝἽ ὑ Ἰ ὑ ὑὖ ἱ  Ὗὅ ὠἽ ἵ  ὑ ὑὖ 

Ὀὕ ὑὂὕ. Ἰ Ἳ  ὂ  Ἰ Ὁ ἻὍὕἻ Ὀὕ Ὃ ὅὀὟὑ . Ἰ Ὁ Ἳ 

ἵ ἻὍὕἻ Ὀὕ Ὃ ὅὀὟὑ . Ὗὅ  ἵ ὅ  Ὕὂὕὀ ἽὖὉὕὄ Ἰ ἻὍὖ ὟἻὕὠὑὉὕ. 

ἱ Ὕὑὕ  ὟἻὕὠὑ Ἰ Ὁ ἻὍὖ ὟἻὕὠὑὉὕἻ Ὀὕ Ὃ ὅὀὟὑ . Ἰ Ὁ ἻὍὖ 

ὟἻὕὠὑ ἳ ὅ ἻὍὖ Ἧ Ὄ  ὝἽὕ ἻὍὖ ὟἻὕὠὑὉὕἻ ἳ ὅ ὂ ὝἽ Ὁ ὅὀὟὑ . 

ὝἽὕ ἻὍὖ ὟἻὕὠὑ, ὝἽὕ ὝὋὕὀ ἻὍὖ ὟἻὕὠὑὉὕἻὟὑὕ ὑὕ ἻὖὉ ἻὍὖ ὟἻὕὠὑὉὕἻὟὑὕ  

ἳ ὅ ὂ ὝἽ Ὁ ὅὀὟὑ . 

 Ἰ Ὁ  ἵ ὅ  Ἰ   Ἰ ἻὍὖ Ὀ  ἰ . Ἰ   Ἰ ἻὠὍ Ἰ ὉὄὕἻ 

ἳ ὅ ὂ ὝἽ ὑ ἽὑὕὌὕὄ ὝἽὉ ὅὕὀὕ. ὝὈὕὐὖὉὖὉὌὕὍ Ἳ ἯὋὖὉὕὂ ὝὈὕὐὖὠὉ 

ἰὑὁ ὅ ὂ Ὁ ὠἻὉὖ Ἧὑ Ἳ ἱὌ  ὝὈὕὐὖ Ὗὅ ὅὕὖ Ὗὅ ὠἽ ὕὖ ὝἻὕ 

ὂὈ  ἱ  ὅὉὖ ἽὖὠὉ ὅὉ ὅ ὂὖ Ἧὠὂ ἵ  ὑ ὑὖ ἵ ὑ. ἱ  

ἵ ὝὅὉ  ἵὄ ὅ  (transcription). ἱ ὂ ἵ ὝὅὉ  ὝἽ Ὁ ὅ ὀ 

ἰὑὁ ὠὂ  ὅὉ ὅ ὂὖ Ἧὑ Ἳ ἱὌ  ὝὈὕὐὖὉὖ Ἰ Ὁ ἻὠὍ Ἳ ὅὖ ὅ. ἱ ὂ 

Ἰ Ὁ  ὟἻὕὠὑἻ ὄ  ὝἽὕ ὄ Ὗὅὕ ὝἽὕ ὟἻὕὠὑἻὍὕἻ ἳ ὅ ὂ 

ὝἽ Ὁ ὅὀὟὑ . ἱ ὝἽὉ ὅὕ Ὗὅ Ἵὖ  ἳὠὊὉὕ ὑὠὂ Ἰ  

 ὝἽὕ ἻὍὖ  ἳ Ἵὕὖ ὠὅ ἰ ὑ  Ἰ ὉὖὉ  Ἰ  ὅ ὂὖὉὕ . Ἰ ὉὄὖὉ  ἳὌἻ 

ὝὈὕὐὖἻὍὖ  ὅὉ ὅ ὂ ὅ  Ὗὅ  Ἰ ἻὍὖ  ἰὑὕ . ὃὕ  Ἰ  ὝἽὕ  ἳ Ἵὕὖ ὠὅ 

Ἰ Ἳ  Ἧ Ὄ  Ἳ  ἱὑ ὠὋ ἳ ὅ ὂ  ὝἽ  Ὃὖ ἻὍὖ  ὟἻὕ ὠὑὉὕ  

ἵ  Ὀὕὂὖὕὖ ὅ ὂὌὕ . ὃὕ  Ἰ ἻὠὍ ἰ ἻὖὌ  Ὗὅὕ Ὃ Ὕὃ Ἳὁ  ὝὈὕὐὖὉὖ Ὅ 

ἵ Ἳ ὀ  Ἰ ὠὈ Ὅ Ἰ  Ὃὖ ἻὍὕ  ἳ ὅ ὂ ὝἽ Ὗὑὕ . 

ἵ Ἳὕ ὀὕἻ, [ ] ἵ ὅὂὕ  ἳ ὅ ὂ ὅ  Ἰ   ἵ Ὃ ἵ ὀ  Ὕὅὕ . 

ἯὟὂὟὅὕὌ  ἵ ὅὂὕ  ἳ ὅ ὂ ὅ  Ἰ  [ ] ἵ Ὃ Ἰ ὀ  Ὕὅὕ . Ἰ Ἳ  

ἵ ἻὠὍ  Ἳὕ  ὂ  Ὗὑ ὅὕ  ἱ . Ὀὗ  (prosody) ἱὠἽὠὈ (pitch) 

Ὀ  Ὀὕ ὂὖὠὊ (duration)  ἵ ὅὄὑ ὠὋ ἳ Ὅὀ . 

 Ὗὅ ὠἽ ἵ ὝὅὉ ὝἽ Ὁ Ὗὑ  ἳὌἻ Ἰ ὉὖὉ ἻὐἻ ὂὕ Ἰ ἻὍὖ 

Ὕὃ Ἳὁ ὠἻ ὂ Ὅὄ. ἱ  ἳὌἻ Ἰ ὉὖὉ ἻὐἻ ὂὕ Ὕὃ Ἳὁ  (International 

Phonetic Association Alphabets) ἵ  Ἧὠὐ Ἳ ὅ Ἳὖ Ὃ. ὅὖ ὑ  Ἧ ὀὑὠὁἻ  

ὝὈ ὝὉὕ Ἳ Ὀ  ἳὉὖ Ἰ ἻὍὖ ἳὌἻ Ἰ ὉὖὉ ἻὐἻ ὂὕ Ὕὃ Ἳὁ Ἳ Ὅὕ. 
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ἳὌἻ Ἰ ὉὖὉ ἻὐἻ ὂὕ Ὕὃ Ἳὁ  (International Phonetic Association Alphabets)  

  bilabial labio- 

dental 

dental alveolar retroflex palato- 

alveolar 

palatal velar uvular glottal 

plosives uv. p   t Ɍ  c k q ɘ 

v. b   d Ț  ȣ g Ȧ  

fricatives uv.  ̑ f  ̣ s Ɇ ɇ ç x  ̲ h 

v.  ̝ v ð z ɔ ɖ ɡ  ̞ Ʌ Ȫ 

nasals  m ȵ  n ȷ  ȶ ŋ ȸ  

Semi-vowels uv. ɑ          

v. w ɏ  Ƚ ȿ  j    

Rolled / trilled  Ζ   r     Ʉ  

Tapped / flapped     ɂ Ɂ      

laterals     l ȱ   ̦ L   

lateral-fricatives uv.    ł       

v.    Ȳ       

ὟὈ Ἳ ὀ Ἧ ὀὑὠὁὉὖ ἳὌἻ Ἰ ὉὖὉ ἻὐἻ ὂὕ Ὕὃ Ἳὁ  (International Phonetic 

Association Alphabet) Ἵὕ ὂὖὉὈὕὄ ἱὀ ἻὍὖ ὂὈὖ ὝὈὕὐὖ Ὃὖ Ἳ ὂὊ ὅ Ὅὄ. 

= ὊὝὌὕ, ἱ= Ὂ Ὄὕ Ἰ .  

ὝὈ ὝὉὕ Ἳ (Consonants) 

 

 

 

 

 

 

  

ἲὕὖὂ  

 

 

ἱ     

ὅ ὂ  

 

 

ἱ      

ὅ  

 

 

ἱ     

ὄὖὉ  

ὁ / 

Ἧ ὅ  

ἱ       

ὄὖὉ

ὁ  

ὅὖ Ὃ 

ἱ     

ὃὕὑὠὍ  

 

 

ἱ    

ἱὠὀ 

Ὁ ὁ   

 

ἱ    

Ἳὠὀ 

Ὁ ὁ

  

 

ἱ    

 

Ὕὂὕ

ὠὀ  

ἱ    

Ὂ ὑ

ὠὍ  

 

ἱ   

ὝἻὕ 

            

           m 

 

 

            

           n 

             

           n 

            

           ȷ 

            

            ȶ 

           

           ŋ 

  

Ἧὠὀ  

Ὕὅὕ 

 

p           b 

 

 

 

t            d 

    

Ɍ          Ț 

          

c          j 

 

k         g 

  

ἳὊὝἽὕ

 

   

f           v 

         

s          z 

               

            Ɇ 

    

h 

Ὀ

ὝἻὕ 

                   

           l 

 

 

            

            ȱ 

             

             ̦

   

ἰὝὀὕ

 

                

           r 

      

ὑ

Ὕὀὕ 

     

  ɂ 
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ἳὉὖὝὊὕ Ἳ (Vowels) 

 front central back 

high i   y Ȭ    ɍ ȳ   u 

 Ȯ   ɓ       Ɏ 

middle e   ø Ƞ     ȝ     ȹ Ȩ   o 

 ȟ   œ Ȕ        ɐ      Ș 

low æ   a  ̜   Ȗ 

ἳὉὖ Ὕὃ Ἳ Ἳὕ ὍὖἻὍὕ ἯὠὀὉὕὍ ὅ ὂ ὅ (ἵ.Ἳὕ. i:). ὝἻὕ 

ἳὉὖὝὊὕ Ἳ ἳὉὖ ὟὈ ὟὀὉὕ ἯὠὀὉὕὍ ὅ ὂ ὅ (ἵ.Ἳὕ. ã) 

 front central back 

high   ἱ i    ἳ  u 

ἲ i:  ἴ  u: 

middle ἵ e     Ἰ  o 

ἶ e:   Ἱ  o: 

low  Ἧ ̜     

 ἰ  :̜    

6.3. ὂὕὄὖὉ Ὗὅ  ὕὖὂ (automatic speech recognition (ASR) 

 ὂὕὄὖὉ Ὗὅ  ὕὖὂ (automatic speech recognition (ASR) ἰ  Ἰ Ὁὖ ἻὑὖὉ 

Ὃὖ ὀ Ἰ  ὟἻὕ ὠὑ ὝἽὕ ὠὌ Ὕὅὕ  Ἰ ἻὠὈ ἻὠὍ ἳ ὑὕ Ἳὖ Ἳὁὖὄὖ 

Ἧ ὅὠὀὉὖ Ἵὖ ἻὠὌ Ἧ ὑὂὕ . ὂὕὄὖὉ Ὗὅ  ἯὋὖὂ (automatic speech 

understanding (ASU) ἱ ὂ Ὗὃὕ ὠἻ ὝἽὕ ἯὍὑὖ Ἧ ὌὕὈ ὑὕ ἻὖὉ ὂὖ Ἰ ὑὠἻὉὖὌὕὄ 

ἯὋὖὂὠὌ ἳ ὑὕ ὑὂὕ.  

 ἵ ὂ ὐ  ἵ ὂ Ὗὅ ὅὑὊὕ Ὗὅ Ἵὖ ὂὕὄὖὉ Ἰ ὝὅὉ ὅὖ  

Ὕὅὕ ὑὕὄ ἽὖἻ  ἱ ὑὠὊ ὂὗ  Ἧ ὅὕ ὅ Ἳὖ Ὃ. Ἧ ὠὈ  ἻὕὌ ἻὍὖ 

ὂὕὄὖὉ  Ὗὅ  ὕὖὂ Ὕὂὕὐὖ ὅ ἽὖὌ ἵ ὠὌ ὅ ὀ ἻὍ ἻὍὖ  Ὕὂὕὖ ὅ 

ὂὖ Ὅ. Ὀὄὖὂ-Ἳὁὖὄὖ ἴὀὕ ὀ (human-computer interaction) Ἰ  ἻὖὉ 

ὅὉ ὅὕὀὕ. ὅὌ ὟὑὠὌἻ ἻὕἽὖ Ἧ Ὄ   ἱὠὀ Ἳ ὂὕ (visual or pointing 

interface) ὂὗ Ἳ ὅ ὠἻὉὖ   ὝὈὕὐὖ Ἳ  ὅὕὖὈὕ Ὃ ὅὉ ὍὂὕἻ ἯὠὈ  

ὟὑὠὌἻὍὖ Ἧ Ὄ   ὂ ὀ  ὅὌὠἻ Ὕὅὕ ὂὈὕἻ ἱὊὕὂ ὟὑὠὌἻὍὖ ὂ ὀ  
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ὅὌὠἻὠὉὑὖὀ Ὗὅ  ἽὖὋ ὂ ἱὠὀ ἻὈὕἻ ἱ ὅὂ  ὂὖὋ ὝἻὕ Ὅ . ἱ  

ὅὉ ὅ ὅὑ ὠἻὉὕ ὑὂ  Ὕὅὕ ὟὍὕ Ἳ ὅ ὑὂ Ἳ ὑὖὟὉὕ ὠὑ ὂὖ  

ὠἻἻ  Ἧ Ὄ  Ἳ Ἳ  Ἱ ὑὖ Ὄὕὂὖ ὅὉ ὅὕ ἻὠὍ ἳ ὅ .  Ὀ ὝὋὕ 

ὅὉ ὅὕ  ἻὍ  ὝὂὕὠὌὟὅἽὖὉὕ; ἱ  Ὗὅ  ὅὉ ὅὕ Ἧὠὐ ἻὠὍ ἶ  

ἰὈὕ  ἵ ὅὠὂ  ἯὋὖ  ἱὌ Ἳ ἻὠὍ ὅὂὖ ὅὂ Ἧ Ὄ  Ἧὠὐ ὠὅ ὑὐὖὅ ὂ 

ἳὂ . ἽὖὌ ὅὉ ὅὕ ἻὍὖ Ὗὅ ἽὖὌὕὂ ὑὠὊὅὀ ὅὉὄὕὍὖ ἱὠὀ Ἳ ὠὂὑὖὀ (graphical user 

interface) Ὗὅ    ἱὠὁ ὂ ὅ Ὀὕὂὖὕὖ ἱὠὀ Ἳ (multi model interace) 

ὂὖὋὠὈὉὕὄὂὕἻ ἱ . ἱ ὂὖὉὕἻ ὂὕὄὖὉ Ἳ Ὗὅ  ὕὖὂ ὑὝὂ ὂ  

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ;  Ἧὂὕὑ Ἰ  ὂὄὖ Ὗὅ ὅὕὖ ὃὗ Ἵὖ Ὃ  ὂ ὠὊὉὖ 

Ἰ ὝὅὉ   

 Ὗὅ  Ὕὂὕὐὖ ὅ ὂὖ Ὗὑ ὅ ὀ ὅὉ ὅὕ Ἳ Ἵὖ Ἳ ἻὍὖ Ὗὑ ὅ ὀ 

Ἳ ὅὕ ἻὠὍ ὠὑ Ἳὖ Ὃ Ὀ  Ὗὑ ὅ ὀ ὑὐὖ ὠὋἻ  ὝἻὕ  

ὝἽ Ἳὖ Ὃ. ἱ  ὃὕ ὃὗ ὀ ὝἽὕ ὝὋὕὠἻ Ὕὂὕὀ ἽὖὉὕὄ Ὗὅ  ὕὖὂ (Large-

vocabulary Continuous Speech Recognition (LVRSR)  ἵ ὅὂὖ Ἳὑὄ  ὝἽ Ὗὑὕ. 

ὃὗ ὀ ὝἽὕ ὝὋὕὠἻ ἵ ὅ  Ἰ ὠὋἻ Ἳὖ ὀ ὂ ὀ 5,000-ἱ  60,000 ὑὠὊ 

ὝἽὕ ἻὠὍ ὝἻὕ  ἵὄ  Ὕὅὕ ὅ. Ὕὂὕὀ ἽὖὉὕὄ ἵ ὅ  ὝἽὕ Ἳ 

ἱὉ ὠἻὉὕἻ Ἰ Ὃὖὠὁ  ὝἽ  ἵ ὅὂὕ . ἱ  ὝἽὕ Ἳ ἱὠὀὝὑὍὖὉὕ ὅὖ 

ὝὂὕὀὊ ὅ ὂ ὠὈ ὅ ὂ ὅ ὀ ὝἽὕ Ὗὅ  ὕὖὂ (isolated-word speech recognition) 

ἵ ὅ ὀ  Ὂ ὅ .  

 Ὗὅ  ὕὖὂ ἵ ὅ  Ὗὅ  ὋὖἻὠὍ ὝἽὕ ἻὍὖ ὑὕὖὠἽἻὍὕἻ Ἰ ὝὅὉ  

ὝἽ  Ἵὖ Ἳ ὀ Ὕὂὕὀ ὠὀ. ἱ ὠὋὉ ὐ  ὃ ὋὕἻ ὝἽὉὌὕ  

Ἰ ὠὋἻ Ὗὅ Ἵὖ ὍὖὉὖὉ ὈὕὂὖὕὖἻὠὍ ὅὉ ὅ Ἳὖ Ὃ. ἱὂ  

Ἧ ὅὠὀὉὖ Ὗὅ , ὝὈὕὐὖ ὈὕὂὖὕὖὉὕ ἳ ὑὕ Ἳ ὅ ὑὂὕἻ Ἳ ὂ ὅ Ἳὖ Ὃ; ἱ  

ἵ Ὄὕ w  ὝἽὕ ὟἻὕ ὠὑἻ  ἳ Ὗὃὕ Ἳ ὅ ὀ ὋὖἻὍὖ  ὂ ὄὖ ὠἽὉὕἻ Pr(w) 

ἵ Ὃ Ὀὂὖ ἻὠὍ f(x|w) ἵ Ὃ ὃὖἻ ὂἻ Ἧὀ ὂὖ ὝἽὉ ὅὕ ὀὕ ἳ ὅ ὂ 

ὝἽ Ὁ ὅ x  ἵ Ὃ ὋὖὉὖ w  ὝἽὂὖὠὉ ὋὖὉὈὕ Ἳ (encoding) ὝἽ  Ἰ ὉὖὉ Ἳ 

ὈὕὂὖὕὖὠὉ ὂ Ἳὖ Ὃ. ἳ Ὗὃὕ Ἳ ὅ ὀ Ἰ ὉὖὉ Ἳ Ὃὖ (observed acoustic signal) 

ὂὊ ὅ ὠἻὉὖ ὈὖἻ  Ἵὕ ὂὖὉὈὕὄ ὝἽὕ ὟἻὕ ὠὑὠὉ Ἳ ὅὖ ὅ Ὗὅ  ὕὖὂ 

Ὗὃὕ Ἳ ἰ . Ὗὅ  ὋὖὉὑὖὍ Ἳ/ ὋὖὉ ὂὖὋ  (decoding) Ἵὖ ἻὌὕὄ x ἵ Ὃ Ὗὅ  
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Ὃὖ ὂὀ ὅ ὠἻὉὖ w ἵ Ὃ Ἵὕ ὂὖὉ ὠὂ ἯὂὖἻὕὖ ὅὠὂὟὉὕ Ἧὂ  Ἰ ὅὕἻ Pr(w) f(x|w) 

Ὕὅ Ἳ ὅὌὠὄ ἯὂὖἻὕὖ ὅὠὂ ἳ Ὅὀ Ἳὖ Ὃ.  

 ἱ ὂ Ἰ ὠὋἻ Ἧ ὅὠὀὉὕἻ ὝἻὕ Ἳὖ Ὃ ὝἻὕ ὠἻἻ ὅὌ 

ἰ ἻὍὕἻ ἯὋὖὉὅ ὀὂὕ; ἱ  Ὗὅ  ὕὖὂ  ὂἻὑ ὟἻὕ ὅὕ  (information 

theory) ὅὉ ὅὕ ὠὀ (application) Ὗὅ  ἯὠὀὉὕὍ ὋὖὉὖ (speech signal) ὃὖὋὈὕὠὌ 

ἳ ὅ ὂ ὂὖ (spectral representation) ὅὉὠὄ  (use) ὋὖὉ ὂὖὋ Ἵ ὂὖὑὕ ὂ 

ὃὖὊὌὕ Ἳ ὂὖ (dynamic programming) ὅὉὠὄ  ὐ  Ἳ ὀ Ἰ ὉὖὉ Ἳ ὈὕὂὖὕὖἻὍὖ 

(context dependent acoustic models) ὅὉὠὄ   ἳ ὅ . ἱ ὂ ἳ ὂὖἻ/ ὅ Ἳ ὅ  

ἰ Ἳ  Ὗὅ ὝὈὕὐὖὉ ὅ ὀὕ Ἧ ὠὈ ἻὕὌ ὂὖ ὑὖὕὖὑὕὄ Ὗὅ  Ὀ  

ἳὠὊ  ὂὊ Ὕὂὕὂὖ Ἳὖὠὀ ὅὂ ἻὕὊὁὈὕἻ ὝἽὉ ὅ ὑὂ Ἵὖ ἻὌὕὄ 

ὈὕὂὖὕὖἻὠὍ ὑὐὖ ὠὋἻὠὍ Ἧ Ὀὂὖ  ὟὈ ὅ ὂ ὅ ὀ ὝἽ ὠὋ ἻὕὊὁὈὕἻ 

Ὃ ὂ Ἳὑὖὂ ὂὖ Ὗὄ Ὃ ἶ ὅ Ὅ. ὅ ὂὕ Ἳ  ὄ  ἱ ὂ 

Ὕὂὕὐὖ ὅ ὂὖ Ὗὄ Ὃ ὃὖὠὌ ὀ Ἰ ὅὖὠἻὉὖ  Ἰ ὉὖὉ Ἳ ὈὂὖὕὖὉὕἻ ὂὖ 

Ὗὄ Ὃ Ἳ Ὗὑ ὅ ὀ ὂὊ ὑὠἻἻ Ὀ  Ἰ ὉὖὉ Ἳ ὃὖὠὌὠὈἻ (Ἳ ὅὕ Ἳ) 

ὅ Ὃὖ Ἳὖὠὀ Ἳ ὝὅὋὟὑ Ὁ ὃὖὉὕὉὈὕὄ ὝἽὉὌὕ Ἳ ὠὂ Ἵὕ ὂὖὉ ὅ ὂὖ Ὅ. 

6.4. Ὗὅ  Ὕὂὕὐὖ ὅ ὂὖ ὠὈ  Ἳ Ἳ  

 Ὗὅ  ἯὋὖὂ Ἰ ὠὋ Ὕὅ  Ὄὕὅὖ 1950ἻὍὖ ὂ  ἳ ὑὕ Ἳ ὅ ὀ. ἱ ὂ 

Ἰ ὠὋὉὖ ὟὑὠὌ Ἰ  Ὗὅ ὅὑὕὖ  ἱὠὀὃὖ ὂ ἻὍὕ ὅὖὕὖ Ἳ ὅ ὀ 

ἱὌ Ἳ ἻὠὍ ( Ἶὖ ὀ ἻὠὍ) ἯὋὖὑὂὕ. ἱ ὂ Ἰ ὠὋ ἯὄὌὕ ἵὌ Ὂὕὄὖ ὠἽ 

ὅὉ ὅ ὂὖ ἳ ὑὕ Ἳ ὅ ὀ; ἱ  Ὃ ὅ ὀ ἱὌ Ἳ ὂὖ Ἦὅὕ ὝὈ Ἳ/ 

Ἰ ὝἽὋὖ Ἳ ἵ  Ἧὠὐ Ἳ ὅ Ἳὖ Ὃ Ἰ ὂὂὖ ὃὖἻ Ὕὑ ἳ ἽὖἻὠὍ Ἳ ὅὖ  

(resonant frequency peaks) ἯὋὖὂὠὌ  ὝἽ Ἳὖ Ὃ. ἱὂ  Ὂ ὂ ὠὈ ὑὖὌ ἻὕἻ 

ἱ ὂ Ἰ ὠὋ 98% Ὁ ὠὂ ἵ ὂ ὂ. ἱ  ἵ ὂὖὊ Ὀὄὖὂ Ὗὅ ὠἽ 

ὕὖὉ  ἵ Ὃ Ἳ ὠὑ ὃὖ ὅὖ ὂ. 

 ἰ  1960ἻὍὖ  1970ἻὍὖ  Ὕὂὕὀ  ὃὀ ὂ; ἱ  ὋὖὠἻ 

ὝἽὉ ὠὋὠὉ (signal processing) Ὀ  Ὗὅ  ἰὋὖὂὠὌ (speech recognition) 

ἳ ὑὕ ὑὠὂ (ἯὠὈ Ὕὅὕ  ἯὋὖὂ (patten recognition) Ἳὑὄ Ὃὖ ὝἽ  

Ἶὖ ὀ Ἳὁὖ ὂ Ὕὂὕὐὖ ὅ ὂὕ ἴ Ἳ ὅ ὂ ὅ ὀ. Ὗὅ  ἰ ὑὖ ἻὖὉὈὕὄ 

ὅ ἻὍὖ Ἳ ὑὖὠὊὑὕὄ Ἦ Ὁ  Ὀὕ Ὃ (fast fourier transform (FFT)), ὝἽ Ὂ ἰ ,   
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ὟὃὕὖὉ ὄὋὖὑὖ  ὋὖὉὈὕ Ἳ (Linear Predictive Coding (LPC) ἱὑ ὠὋ ἳ ὅ ; 

ἱ  ὄ  ὅὉ ὅ ὂ ὅὀ ὑ Ἳ  ὑ ἻὖἻὠὍ ἱὀ ὝὅὉ ὂ. ὝἽὉ ὠἻ ὃὊ  

ὑὠὌ ὅὖ ὄ Ἳ (Artificial Neural Net-works) , ὠὀὄὈὖ ὠὀ  ὑὕ ὅὖ (Dynamic Time 

Warping) Ὀ  ὔὖ ὀ Ὀὕ ὝἻὕ ὈὕὂὖὕὖἻ (Hidden Markov Models) ἵ ὅὄ 

Ὕὑ ὋὖἻὊὈὕἻ Ὗὅ Ἵὕ ὑὖ ὅὉ ὅ ὂ ὅ ὀὄ. ἱ ὂ ὑὐὖ ὠὋἻ ὅ Ὗὑ 

ὅὉ ὅὕ ἻὍὖ ὅὌ ὝἽὉ ὅὕ Ὀ  ὅὉ Ὅ Ἰ ὠὋὉὕἻ ὑὖὠὍ ὂ.  

 1980ἻὍὖ  1990ἻὍὖ  ἰ Ἳ  ὂὄὖὉ Ἳ Ὗὅ Ἰ ὠὋἻὠὍ (Automatic 

Speech Recognition Systems (ASR) Ὗὅὅὑ  ὂ ὂὖὊὈὕὄ ὂὊ  Ὀ Ἳ (speaker 

independent data sets), ὝὅὕὖὉ ὝἽὕ ὝὋὕ ὂὖἻ (larger vocabularies) Ὀ  Ἵ ὅὂ ὑ ὑὕὄ 

ἯὋὖὂ (noise robust recognition) ἱὑ ὠὋ ἳ ὅ ὂὖὉ ἯὂὖἻ 

ἻὌὠὑ ὂ ὠὈὉὕὄ/Ἳ ὄὈὕὄ ὝἽὉ Ἳ  ὑὖὕὖ ὅὂ Ἳὑὄ ὑὖ ὝἽ ὂ . ὝὈ  

ὃὖἻ Ὕὑ ὝἽ Ὂ  ὟἻὕἵἮὅὖὒὖὉ Ἳ (Mel frequency cepstal coefficients (MFCC)) 

Ὗὅὕ Ὃ ὅ  ὅὖὕὖ Ὕὂ  Ὗὅ  ἶ ὅ ἳ ὑὕ Ἳ ὅ ὀ ὋὖὠἻ ὝἽὉὌὕ Ἳ 

ὝὃὋὖ ὠὋἻὠὍ (speech-tailored signal processing methods) ἳ ὅ ὂὖ Ὗὄ Ὃ  

ὝἽ Ὁ ὅ ὀ. ἵ .ἵ .ἵ . ὝὃὋὖὠὋἻ  (HMM methods) ἵ ὅὄ ὟὈ  ἽὗὊὕ Ἳ ὅ 

ὂὄὖὉ Ἳ Ὗὅ  ἯὋὖὂ ὃὖὠὌὃὖ Ὕὂὕὐὖ ὅὈὕἻ ὈὕὋὖὉ. ὟὈ  ἰ  Ἵ Ἳ 

ἰ ὑὕὍ Ἳ ἻὖὠὀὟὉ Ἰ  ὝἽ Ὁ Ὗὑ  ὂὊ ὑἽὂὖὝἽ ὑὂ ὝὈ Ὕὅὕ  

ὅ Ἳὖὀ ὂ   ἶ ὠὀὉὂὕ Ἳ ὅ ὀ.                              

 TIMIT ὂὊ Ὕὂὕ ὂὖ Ὀ  ὌὑὍ ὟὈὌὕ ὠὈ ὂὊ Ὕὂὕ ὂὖ (Resource 

Management Corpus) Ὗὅὕ Ὃ ὂὊὈὕὄ Ὗὅ  ὂὊἻ  Ὕὂὕ Ἳ ὅ 

ὑὖὄὖὟὉὕἻὖ Ἳ ὅ ὀὄ. ὟὈ  ὂὖὋ ὂ Ὄ Ὃὖ ἻὠὍ ὝἻὕ ὀ Ὗὅ  ὝὈ Ὕὅὕ  

Ἳ ὑὖ Ὕὂὕ ὂὖἻ Ἳὖὠὀ Ἳ ὂ ἻὄὑὕἻ ὝἽ Ὁ ὅ ὀ; ὔὖ ὀ Ὀὕ ὝἻὕ Ὀὕὂὖὕὖ 

Ἳ ὑὖ Ὕὅ (Hidden Markov Toolkit (HTK) ἵ ὅ  Ἰ  ἵ Ἳὕ ὀὕ. ἱ ὂ ἻὕὌ 

ὅὌ ὑὁὖἻ ὂὉὕὕὖ ἻὍὖ ὝὑὍὖ ἻὍὕ ἻὖὉ ὑ Ὕὅ Ὃ.  ἷὅὖἵ ὑὐὖ Ὂ  (IBM 

Via Voice) Ὀ  ἱὉ ὠἻὉὕἻ Ὗὅ Ἳὖ Ὃ ὊὕἻ Ἰ ὠὋἻ (Dragon Systems 

Naturally Speaking) ἳ Ὅὀ ἻὖὉ ὝἽὕ ὑὝὂ ὂ Ἳὁὖὄὖ Ἰ ὠὋ (personal computer 

dictation systems) ἵ ὅὄ ὈὖἻ Ἳ ὑὕ ὂὠὑ.  
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6.5. Ὗὅ  ὝἽὉὌὕ Ἳ ὂὖ ὑὠἻἻ 

 Ὗὅ  ὝἽὉὌὕ Ἳ ὅὖ ὑ  ἰ  ὑὠἻἻὍὕἻ ὅὖὕὖ Ἳ ὅ Ὅὄ: 

1. Ὗὅ  ὋὖὠἻὉὖ ὝὈὕὐὖἽὕ Ὕὅὕ Ὅὀ Ἳ ὂὖ ὅ ὅὕ ὠὑ ὠἻὉὕ  Ὗὅ  

ἯὋὖὂ 

2. Ὗὅ ὅὑὠὊ ἯὠὀὉὕὍ Ἳὕ ὑὠὂ Ὃὖ ὟἻὕὍὕἻ ὝἻὕ ὀ Ὗὅ ἽὕὍ ἯὋὖὂ 

3. Ὗὅ  ὋὖὠἻἻὍὖ ὑὖὕὖὑὕἻ, ἵ.Ἳὕ. ἱὠὊ Ἵ ὠὋ  

4. Ὗὅ Ἵὖ Ἳ  ὅὊ ὂ 

5. Ὀ ὑ Ὗὃὕ Ἳ ὂὖ ἻὕἻ Ὂ  ὅ ὅὕ   

6. Ὗὅ  ἱὠὁ ὅὕ Ἳ: Ὗὅ Ἵὖ ὝἽὉ ὠἻ ἳ ὑὕ Ἳ 

Ὗὅ  ὕὖὂ ἵ ὅ  Ἰ ὑὕ ἻὖὉὕ Ἧ Ὄ  ὝὂὕὠὌὟὅἽὖὉὕ ἶ Ἳ ὅ Ἰ ὉὖὉ Ἳ 

ὋὖὠἻὠὉ ὝἽὕ ἻὍὖ Ἳὁ ἻὍὕἻ Ὀὕ  ὝἽὉ ὅὕ ἰ .  

6.6. Ὗὅ  ἯὋὖὂ  ὑὠἻἻ 

 Ὗὅ ὅὑὕὖ Ὗὅ  ἯὋὖὂ Ἧ ὅὠὀὉὖ Ὗὅ ὠἽ Ὗὅ ὅὑ Ἵὕ ὂ (speaker 

dependent) Ὀ  Ὗὅ ὅὑ ἽὕὊὕὂ (speaker independent) ἵ  ὑὠἻ ὅ ὂὌὕ.  

Ὗὅ ὅὑ  Ἵὕ ὂ 

 ἱ ὑὠἻὉὖὌὕὄ ὈὕὂὖὕὖἻ ἸὟὊἸ ὃὅὕὖ Ὗὅ  ἯὠὈ Ὕὅὕ ὠἻ 

ἯὋὖ / ὕὖ ὝἻὕ. Ὗὅ ὅὑ Ἵὕ ὝὈ Ὕὅὕ  ὑὐ ἻὈὕἻ ὝἽὕ ὑ ἵ  

ὝὈ Ὕὅὕ Ὅὖ (dictation software) ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ; Ὗὅ ὅὑ ἽὕὊὕ ὝὈ Ὕὅὕ  

ὑὐ ἻὈὕἻ ὝὂὕὠὌὟὅἽὖ ὅὉ ὅὕ ἻὍὖ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. Ὗὅ ὅὑἽὕ 

ὝὈ Ὕὅὕ  Ἰ  ὂὄὖ ὃὅὕὖ Ὗὅ Ἵὖ ὂὄὖ ὂ ὠὈὉὕὄ ὅ ἻὠὍ Ἳ ὝἻὕ  

ὝἽὉὌὕ Ἳὖ Ὃ. ὂὖὉ ὅὉ ὅὕ ὀὕὍ Ἳ ὝὈ Ὕὅὕ ὀ ὟὅἽὖ Ἧὠὂ  ὅὉὖ ὑὖ Ἳ 

Ὗὑ ; ἱὂ ὅ  Ἳὁὖ ὝὅὕὋὖ Ἧ ὂ ὃὅ ἵ ὑὕ Ὗὅ Ἳὖ Ὃὕ ἵ  Ἳ ὝἻὕ . 

ἱὂ  Ὕὅὕ  Ὗὅ  ὕὖ ὝἻὕ ὝὈ Ὕὅὕ ὠὍ ὅὉ ὅ ὑὂ  ὅὉὄ Ἳ 

Ἳὁὖ ὝὅὕὋὖ Ἧὂὕὑ ὝὈ Ὕὅὕ  ἽὖὌ ὅ Ἳ ἻὠὍ ὅ  ὂὈ  Ὗὅ ὠἽ 

Ἳὁὖὄὖ ἯὋὖ Ἳ ὅ ὂὟὑ. 
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Ὗὅ ὅὑ ἽὕὊὕὂ 

 Ὗὅ ὅὑ ἽὕὊὕ ὈὕὂὖὕὖἻ Ἰ  ὝὅὕὖὉ ὠὑ  Ἵὕ ὂ Ὗὅ ὅὑ ἻὍὖ Ὗὅ  

ἯὠὈ ὝὅὕὠἻ ὕὖ ὝἻὕ Ἳὖ Ὃὄ/ἯὋὖ ὝἻὕ Ἳὖ Ὃὄ. ἱὠὑ ἵ ὂ ὃὅὕὖ ὊὠὌ  

ὕὖ ὝἻὕ ὅ ὑ ὑὠὈ Ἳ ὅ Ὅὄ; ἵὄὟὑ ὅὉὖ Ἵὖ ὟὂὠὑὉὖ ὠὌ.  

ἵὂὖ ὈὠὋὉὕὄ ὂἻὑ ἵ ὄὝὑ Ὃὕ Ὗὅ ὅ ἽὕὊὕ ὝὈ Ὕὅὕ  Ὕὅ ὅὕ Ὗὅ ὅὑ 

Ἵὕ ὂ ὝὈ Ὕὅὕ ὠὍὑὖὀ ὠὋ ὂ Ὁ  ἳ Ὅὂὕ ἱ .  

 Ὗὅ  ἯὋὖ  Ἰ ὠὋἻὠὍ ἯὋὖὉὟὑ Ὁ ἻὍὖ ὑὠἻὉὖ 

ὑὖὍ Ἳ ὂὕ ὅὌ ὑ ἻὍὕἻ ὅὖὕὖ ἻὌὕ. ἱ ὂ ὑ Ἳ ἵ Ὗὅὕ Ὗὅ ὅὑ Ἰ  

ὠὋ  Ὕὂὕὀ Ἳὖ ἻὖὋ ἵ ὅὠὂ ὕὖ ὝἻὕ Ὗὅ ὕὖ Ἰ ὠὋὉὖ 

ὂὖὋ Ἧ ὅὠὀὉὖ ἯὠὈ . ὅὖ ὑ ὑὄ ἽὖὌ ὑὠἻἻὍὕ . 

ὂὄὖ ὝἽὕ Ἳ ὕὖὑὕ Ἳ 

 ὂὄὖ ὝἽὕ Ἳ ὕὖὑὕ Ἳ (isolated word recognizers) ὑὐ ἻὈὕἻ ὅὂὈὕὂὖὕὖὉὖ 

(sample) ἱ ὅ Ἳ ἻὍὖ ὝὈὥὄ ὠὂ (ὟἻ  ὋὖὠἻἻὍὖ ὠὋ ) Ὗὑ . ἱὂ  

Ἧ ὂ ἱ  ὂὄὖ ὝἽὕἻὠὍ Ὀ  ἶ  ἵ ὅὂ Ὄ; ἱ  Ἰ ὟὃὊ ὂὖ Ἰ  ὠὋ 

Ὗὑ  ἵ ὅὂὕ . Ὕὅ ὅὕ ἱ ὂ Ἰ ὠὋἻ ὟἻ /ὟἻ ἻὕὟὂ ὃὖὠὌἻὠὍ 

ὝἻὕ ; Ἧὠὑ Ἳ ἻὖὠὀὉὖ Ὗὅὅὑ  Ἳὕ ὂὖ ὅὠὂ Ὗὑ .  

ἱὠὁ Ἳ ὅ ὀ ὝἽὕ Ἳ Ἳὕὄ Ὗὅ  Ἰ ὠὋἻ  

 ἱὠὁ Ἳ ὅ ὀ ὝἽὕἻ Ἳὕὄ Ὗὅ  Ἰ ὠὋἻ (connected word recognition 

system) ὂὄὖ ὝἽὕ Ἳ Ἰ ὠὋὠὉ Ὗὅὕ Ὃὠὑ; ἰὄὕ  ὂὄὖ ἻὠὍ 

Ἧὑ Ὃὖ ἻὖὠὀὟὉ ὠὋ ὂ ἱὠὀὃὖ ὂ ὀ ὟἽ  ὟὅὕἻ Ἧ Ὀὂὖ Ἳὖ Ὃ. 

Ὕὂὕὀ ἽὖὉὕὄ Ὗὅ Ἳὕὄ Ὗὅ  ἯὋὖὂ Ἰ ὠὋἻ 

 Ὕὂὕὀ ἽὖὉὕὄ Ὗὅ Ἳὕὄ Ὗὅ  ἯὋὖὂ Ἰ ὠὋἻ (Continuous speech 

recognition system) Ἵὖ ἻὌὕὄ; ἶὝὄ Ὃὕ  ἵ ὠὌἻὠὍ ὃὖ ὁὉὖ Ἳ ἽὖὋ ὅὕὄ 

ὝὃὋὖ ὠὋἻὠὍ ὅὉ ὅ ὂὟὑ . Ὕὂὕὀ ἽὖὉὕὄ Ὗὅ  ἯὋὖὑὕ Ἳ (continuous 

speech recognizers) Ὗὅ ὅὑὠὊ ἱὉ ὠἻὉὕἻ ὟὅἽ Ἧ Ὀὂὖ Ἳὖ Ὃ; Ἳὁὖὄὖ 

Ὕὅὕ Ὅὀ Ἳ ὠὂ ὃὖ ὁὉὖ. 
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ὂ ὄὖὉ ὅὕὄ Ὗὅ  Ὗὅ  ἯὋὖὂ Ἰ ὠὋἻ 

 ὂ ὄὖὉ ὅὕὄ Ὗὅ Ἳὕὄ Ὗὅ  ἯὋὖὂ Ἰ ὠὋἻ  (spontaneous speech 

recognition systems) ὝἽὕ Ἳ ὟὈ ὑ, ἳ , ἰὔὕ  Ὗὅὕ Ὃ ἳὁ ὋὖἻ Ὀ  

ἽὖὋὖὉ ὑὖ Ἳ Ἳ Ὗὅὕ Ὃ ὅὌὑὖὂὈὕὄ ἱὉ ὠἻὉὕὄ Ὗὅ  ὅ ἻὠὍ ὠἻὉὕὍ 

ὂὖὋ ὝἻὕ ἻὟὑ . ἱ ὂ Ἰ ὠὋἻ Ὗὅ ὠἽ ἱὉ ὠἻὉὕὄ/ἱὉ ὅὕὄ 

ὐ  ἯὋὖὉὟὑ ; Ὗὅ  Ἰ ὂὖὠἻ ὅὕ Ὗὅὕ ὝἽὉ ὠἻὉὕἻ ἱ Ἳὕ. 

Ὂ  Ἵὕὖὅὕ Ἧ Ὄ  ἯὠὀὉὕὍ Ἳὕ ὂ  

 ἱ ὑὠἻὉὖὌὕὄ Ὗὅ  ἯὋὖὑὕ Ὃὖ ὅὖ ὀ Ὗὅ ὅὑὠὊ ἯὠὀὉὕὍ Ἳὕ  ὂὖὋ 

ὝἻὕ ἻὟὑ . 

6.7. Ὗὅ  ἯὋὖὂ Ἰ ὠὋἻὍὖ ὅὉ Ἳ  ὅὉ ὅὕ Ἳ  

 Ὗὅ  ἯὋὖὂ Ἰ ὠὋἻὍὖ ὅὉ Ἳ  ὅὉ ὅὕ Ἳ  ὅὌὑὕ . ὅὖ ὑ ὑὄ 

ὈὖἻ Ὕὅὕ ὑὕὄὠὑἻὍὕ. 

ὝἽὕ ὑὝὂ ὂ  (dictation) 

 ὝἽὕ ὑὠὂ ἵ  Ὗὅ  ἯὋὖ  Ἰ ὠὋ ὈὖἻ Ὕὅὕ ὑὕὄ ὅὉ ὅὕὀὕ. ἱ  

Ὀ ὑ Ἵὕ Ἰ ὝὅὉ ὂ (medical transcription) Ἵ ὀ Ἵὕ Ὀ  ὑὁὖἻ 

ὝἽὕ ὑὝὂ ὂ Ὀ  Ὕὅὕὑὕὄ ὝἽὕ ὅ ὅὕ  ἱὑ ὠὋ ἳ Ὅὀ . ἽὖὌ 

Ὗὃ ἻὍὖ Ἰ ὠὋὉὖ Ὁ ὠὂ ἯὂὖἻὕὖ Ἳ ἽὖὋ ὝἽὕ ὝὋὕ ὂὖἻ 

ὅὉ ὅ ὂ ὅ.  

Ἳ ὀὠὍ  Ἳ ὅὕ 

 ὝἽὉ ὅὕ ἻὠὍ ὝἽὉ ἻὠὍ ὃὖἻ ὂ Ὗὑ  ὑ ὑὠὈ Ἳ ὅ ὀ Ἰ ὉὖὉ Ἳ 

Ὗὅ  ὕὖὂ (Acoustic Speec Recognition (ASR)) Ἰ ὠὋἻ Ἳ ὀὠὍ Ὀ  

Ἳ ὅὕ Ἰ ὠὋἻ (Command and control systems) ἵ  ὑὖὍ Ἳ Ὕὅ . Open 

Netscape , Start a new xterm  Ὗὅὕ Ὃ Ἳ  ἱὠὂ  ὝἽ . 

ὝὂὕὠὌὟὅἽὖ 

 PBX Ἧ Ὄ  Ὂ  Ἧ Ἵ  (Voice Mail) Ἰ ὠὋἻ  Ὃὖ ὅὖ ὀ Ὂ ὠὂ Ἧ ὅ 

Ὗὑ  Ὕὅὕ ὂὕὠὄ Ἧ ὑὂ  ὅὂὖὌὕἻ Ἧὠὐ ὅὑ Ἳ Ἳ ὀὠὍἻὠὍ ὟὅἽ 

Ἧ Ὀὂὖ Ἳὖ Ὃ. 
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Ὀ ὑ ἴὄ Ἳ  

 ὂὖ ὅὟὃ ὈὖὠἻ Ὁ Ἵὖ ἻὕὉ Ἳ (repetitive strain injuries (RSI), ὂὠἽ Ὗὂ  

(muscular dystrophy) Ὀ  ὅὖὋ ἳὀ Ἵὕ ὂ ἵ ὠὌἻ ἻὕὊὁὈὕἻ ὅὌ  

ὂ ὀ ὝἽ ὑ Ἳ ὄὈὕἻ ἱ ; ἱὑ Ἳ Ὗὅ  ὕὖὂ Ἰ ὠὋὠὉ 

ὅὉ ὅ Ἳὖ Ὃὄ. ὟὅὠἽ ὟἻ ὅὂὖ ἽὖὊὈ ἳ Ὅὑ Ἳ ὝὂὕὠὌὟὅἽὖ ὀ 

ἱὠὁ Ἳ ὅ ὀ Ἰ ὠὋὠὉ ὅὉ ὅ ὂὌὕ; Ἧ  Ἧὠὐ ὅὑἻὍὖ Ὗὅ ὠἽ 

ἳὠὊὉὕἻ Ὀὕ Ὃὖ ὂ. 

6.8. Ὕὅὕ ὑὕὄ Ὗὅ ὕὖὂ Ἰ ὠὋ  

 Ἰ  Ὕὅὕ ὑὕὄ Ὗὅ  ὕὖὂ Ἰ ὠὋὉὖ (generic specch recognition system) 

ἻὖὉ ἳ Ἳ  ὅὖ ὑ  ὅὀ ὂὖ Ἳὕ ὀ ὅ Ὅ (Lamel and Gauvain, 2003: 306). 

ἻὖὉ ἯὋὖ Ὄ Ἳ  (Ὗὅ  Ὀ  ἳὠὊ ὅὉὖ Ἵὖ Ὕὅὕ Ἳ Ὀ  ἳ Ἵὕὖ ἯἻὊὕὂὖ), 

ὅ  ἰ  (Ἧ Ὄ  ἯὍ ὑὕ Ἳ (parameterization)),  ὅὉὖ Ἵὖ Ἳ ὀ ὂὖ 

Ὀὂὖ ὅὖὀ ὅ Ἰ ὉὖὉ Ἳ Ὀ  ὝὈὕὐὖ ὈὕὂὖὕὖἻ  Ὀ  ὋὖὉ ὂὖὋὅὕ Ἳ/ ὋὖὉ 

ὑὖὍ ἻὖἻ (decoders) ἵ Ὃ ὂὄὖὈ Ἳ Ἳὕ ὀ ὅ Ὅὄ. ἱὑ Ὃὖ ὑὖὍ Ἳ ἻὗὟὐ 

ὂὊ ὅ Ὅ (Lamel and Gauvain, 2003: 306).   
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6.9. Ἰ ὉὖὉ Ἳ ἯὍ ὑὕ Ἳ ὈὕὂὖὕὖὉὕ Ἳ 

 Ἰ ὉὖὉ Ἳ ἯὍ ὑὕ Ἳ ὈὕὂὖὕὖὉὕ Ἳ (acoustic parameterizagtion and 

modelling) Ὗὅ  ὕὖὂ Ἳὕὄ ὝὈὕὐὖὉὖὉ ὂἻὑ ἻὠὍ ὅὊὕὈὕὖ Ἳ Ὁ ὠἻὉὖ Ὀὕὂὖὕὖ 

Ἵὖ ἻὠὌ ὠὋ ὅὂ ἻὕἻ Ἰ ὉὖὉ Ἳ ὅ ἻὍὖ Ὗὂ  (choice) Ὀ  

ἳἻ ὅὕ Ἳ ὀ (ὈὖὠἻὉὕ Ἳ) (optimization) Ἧ ἻὠὋὝἻὕ Ὅ. Ἰ ὉὖὉ Ἳ 

ὈὕὂὖὕὖὉὕἻ Ὗὅ  ἯὠὀὉὕὍ ὋὖὉὖ ἱ  Ὀὕ ὅ ὂ ὠὈὉὖ Ὗὑ ὅ ὀ 

Ὄ ἻὠὍ Ἳὁ Ἳὖ ἵ ὝἻὕ ὍὟὑ: ὝὈὕὐὖὉὖὉ ὐ  Ὗὂὕ ὅὠὑ Ὀ   

Ὗὅ ὅὑ Ὀ  Ἰ ὉὖὉ Ἳ ὐ   (ἵ.Ἳὕ. ὅὖ ὄὁὖ ἱὠὊ Ἵ, ἱὠἽ) Ὗὅὕ Ὃ ὝὈὕὐὖὉὖὉ 

ὠἻ Ἰ ὝὅὉ  
ἱὉ ὅὕ Ἳ 

ὅ  ὅὖὕὖ Ὕὂ   

ἵ .ἵ .ἵ  ὅὉὖ Ἵὖ 

Ὗὅ  

ὂὊ Ὕὂὕ ὂὖ 

ὅὉὖ Ἵὖ ἯἻὊὕὂὖ 
ἵ   ἻὖὊὕ Ὀὂὖ  

Ἰ ὉὖὉ Ἳ ὈὕὂὖὕὖἻ 
ὕὖὑὕ ἯἻὊὕὂὖ ὝὈὕὐὖ Ὀὕὂὖὕὖ 

ὅ  

ὅὖὕὖ Ὕὂ 

ὋὖὉ ὂὖὋ ὅὕ 

ἳὠὊ  ὂὊ  

Ὕὂὕ ὂὖ 

Ὗὅ  Ἵὕ ὅὖ 
Ὗὅ  Ἰ ὝὅὉ  

ὅὉὖ Ἵὖ 

ὋὖὉ ὂὖὋ 
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Ἧ Ὄὕὂ ὐ  Ὀ  ὅὂὖ ἯὠὌὑὕὖὠἽ (recording channel) (ἵ.Ἳὕ. ὟὃὊ Ὁὕὄ Ἰ Ὕὅ Ἳὖ, 

ὝὂὕὠὌὟὅἽὖ) ἱὑ ὀ  Ὕὂὕὀ ὠὀὉὠὑ. ὂ ὟὅὕὠὂὉ Ὕὂὕὐὖ ὅ 

Ἰ ὠὋἻὍὕὄ (state-of-art systems) Ἰ ὉὖὉ Ἳ ὅ  ὂὖὠἽὉ ἻὍὖ 

(acoustic feature vectors) Ἰ  ὟἻὕ ὠὑὉὖ ὃὖἻ ὂἻ Ἧὀ ὂὖ ὝἽὉ ὅὕ ὠὀ (probability 

density function) ὈὕὂὖὕὖὉὕ Ἳ ὝἽ ὑὠὂ ὝἻὕ  Ἰ ὉὖὉ Ἳ ὈὕὂὖὕὖὉὕ Ἳὂὖ 

ὈὠὋ Ἳ ὅ ὀ Ὀὕ ὟἻὕ ὈὕὂὖὕὖἻὠὍ (Hidden Markov Models (HMM)) 

ὅὉ ὅ Ἳὖ Ὃ. ἱ  Ὕὅὕ ὑὕὄ ἯὍ ὑὕ Ἳ Ἳ ὑὖὍ Ἳ ὅ ὑ ὀ Ἰ ὉὖὉ Ἳ 

Ὀὕὂὖὕὖ Ὀὂὖ /Ἳὁ Ἳὗ (acoustic model estimation) Ὀ  ἶ ὝἻὕ ὠἻ (adaptation) 

ὑὖὑὕὂὖ Ἳ ὅ  (Lamel and Gauvain, 2003: 307-312). 

6.9.1. Ἰ ὉὖὉ Ἳ ὅ  ἰ  

 Ἰ ὉὖὉ Ἳ ὅ ὋὖἻὍὖ ἰ ὑὖ ὂ  ὅ  ἱὌ ἻὈὕ Ἳ (digitization) ἰ ; 

ἱὂὖ Ὕὂὕὀ ἽὖὉὕὄ Ὗὅ  ἯὠὀὉὕὍ Ὃὖ ὝὑὟὑὋὕὄ Ὀὕὂὖὕὖ ἻὍὕἻ Ὀὕ Ὃ ὅ. 

ὈὖἻ Ὕὅὕ ὑὕἻ ὅὉ ὅ ὂ ὅ Ὀὕὂὖὕὖ ὂ Ἳ ὟὃὊ Ὁὕὄ Ἰ ὑὕ Ἳὖ 

ἳ Ὅὗ  16 Ἳὖ.Ὕὔ  10 Ἳὖ.Ὕὔ  ἰ ; ὝὂὕὠὌὟὅἽὖ ἯὠὀὉὕὍ ὋὖἻ 8 

Ἳὖ.Ὕὔ  ἰ .  Ἧ ὂ ὅ  ὅ  ὅὖὕὖ Ὕὂ ὅὕ (ἯὍ ὑὕ Ἳ Ἧ Ὄ 

ὄὖ ὂὖ ἰ ); ἻὖὉὈὕὄ ὝὈὕὐὖὉὖὉ ὂἻὑ ἻὠὍ ὂ Ἳὠὑ ὝἻὕ 

ὈὖὠἻὠὈὠὉ ὃὗ Ἳ Ὀὕ ὅ ὂ ὠὈὠὉ ὠὋ Ἳ  Ὁ ἽὖὝἽ ὝἻὕ  ὂ  

Ἳ ἽὖὂὈὕὄ ὑὐὖὉὖ ὟἻ Ὕὅὕ ἯὠὀὉὕὍ ὋὖἻὠὍ ἳ ὅ ὂ ὝἽ ὑ Ἧὂ  

Ὗὃὕ ἻὈὕ. Ὕὅ ὅὕὌὕὄ ὕὖὂ Ἰ ὠὋἻ Ἦ Ὁ Ὀὕ Ὃ (Fourier transform) 

Ἧ Ὄ  ὟὃὕὖὉ Ἳὁὖ  Ὀὕὂὖὕὖ (linear prediction model) Ἧ ὅὠὀὉὖὌὕὄ ἻὖὉ ἻὕὌ 

ὝἽ ὀὊ ὅ ἻὠὍ  (short-time spectral features) ὅὉ ὅ Ἳὖ Ὃὄ. Ἳ ἽὖὂὈὕὄ 

ἳ ὅ ὂ ἵ ὅὂὕ  ὟὃὊ ὝἽ ὀὊ ἻὠὍ Ἳὕ  (direct spectral components) 

ὠὋὑὕἻὟὑ ἱὠὉ ὅ ὂ ὅ Ὅ ἵ Ὃ ἻὕὊὁ ὂὕ ὝἽ ὀὊ ἯὍὠἻἻ 

ὅὖὊὅὌὈὕὄὠὑ ἰ . ἱ  ὅ  Ἵὕ ὠὅ (feature dependency) Ὀὕὂὖὕὖ ὅὂ 

Ὗὑ Ὁ ὟὂὠὑὠὉ ὠὋ  ἵ .ἵ .ἵ . ἯὍὠἻἻὍὖ (HMM parameters) Ἳὁ Ἳὗ ὠὀ 

ἵὍὖὠὈ ὅ Ἳὖ Ὃ. Ὗὅ  ὋὖἻ Ὕὂὕὀ ἽὖὉὕἻ ὈὕὋὖ ὝἻὕ ὂὕ 

Ὗὅ ὝἽὕ ὅὕ Ἳ ἱὉ ἻὑὖὉ ὑὖἻὖὂ ὂὖ Ὀὗὂὕὄ ἱὉ ὅὖὉ Ἵὕ Ἳ ὅὕ Ἳ 

ἻὕὊὁὈὕἻ ὋὖἻὠὍ ὠὋ ὂ ἻὕὌ ἯὍ ἻὍὖ ὅ ὂὖ ὃὖὠὌὉὕὄὠὑ (quasi-stationary) 

ἵ  Ἳ ὂ ἱὉ  ἵ ὅ  ἱὉ ὅὕὄ ἴἻ  ἰ .   
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 ὈὖἻ ὅὖὊὅὌὈὕὄ ἱὊ  Ὀ  ὅ Ἳ ὝὈ  ὃὖἻ Ὕὑ ὝἽ Ὂ (Mel 

Frequency Ceptral (MFC) ὅ ὅὕ ὑὕ Ἧ Ὄ  Ὕὅ-ὝἽ Ὂ ὟὃὕὖὉ Ἳὁὖ  (Per-

ceptral Linear Prediction (PLP) ὅ ὅὕ ὑὕ Ἳὖὠὀ Ἳ Ὕὅ ὝἽ Ὂ ὁἻ Ἳ  (ceptrum 

coefficients)  ἰ . ἱ ὂ ἱὊ  Ὗὃ ἻὍὖ ὝὈ  ἯὍ  ὠὋ ὂἻὕὌ ὂὖὋ 

ἯὠὌὈὕὠὌ (short-term power spectrum) Ἰ  Ὃὖ ὅὖ ὀ ἽὕὍὊ ὂὖ (Ὕὅ ὅὕ ὠὈ 20 

ὂ  30 Ὀὖ ὝἽἻ) Ἳὁὖ Ἳ ὅ Ὅ. Ἰ ὋὖὉὖ ἽὕὍὊὈὕἻ ὂὕ ἶ ὅ ὀ 

Ὕὂὕὀ ὅὖ ὠὈἻ ἻὕὊὁὈὕἻ ἯὠὌὈὕὠὌὉὖ Ὗὅὕ Ὁὕὄ ὈὖἻ ἳὉ ὂ ὃὖἻ Ὕὑ ὠὁ 

ὂὑὖ Ἳ ὔὕὈὖ ἽὕὍὊ (Hamming window) Ὗὅὕ Ὃ Ἰ ἻὖὉ ἽὕὍὊ ὠὂ ὅὉ ὅ ὑ 

Ὕὅὕ ὑὕὄὂὕ. ἽὕὍὊ ὅὖ ὄ ἱὀ ὝὅὉ Ἳ ὅ (Ὕὅ ὅὕ ὠὈ ἽὕὍὊ 

ὅὕὖὈὕὁ ὂὖ Ἳὕ Ἧ Ὄ  ἯὠὊ) Ὀ  Ἧ ὂ ὅ  ὂὖὠἽὉ  (Ὕὑ ὀ) 

Ἳὁὖ Ἳ ὅ. ὈὖἻ Ὕὅὕ ὑὕἻ ὅὉ ὅ ὂ ὅ ἰ ὝἽ (ὃ ὀ ἲ /ὅ Ἳ ἻὖὠὍ) 10 

Ὀὖ  ὝἽἻ  ἰ . ὠὋ ὂ ὃὖἻ Ὕὑ ὅὊ ὝὅὠὌὉὖ (1000 Ὕὔ  Ἳὗ) 

Ὀ  1000  ὟὈ  Ὄὕ ἻὖὊὂὈὖ ἻὕἻ ὟὃὕὖὉὌὕἻ ἱ ὅὂὕ ὝὈ  ἯὍ  Ὀὄὖὂ 

ὝἽὑὖ Ὄ Ἰ ἻὠὈ ὠὅ  (human auditory system) Ἳὖ ὀ ὂ ὀ Ἰ ὂὖ Ἳὖ Ὃ. 

ἱ ὅὕ ὑ Ἳὖ ἯὍὠἻἻὍὖ Ὄὕ Ἳὖ Ὀ ὂὠὌ Ὀὕ Ὃ ὠὂ ἵ ὝἻὕ ὝἽ ὀ 

ἯὍὠἻἻ ὝὅὋ ὅ Ἳὖ Ὃ. ἵ .ἵἮ .Ἵὖ. ὁἻ ὂὖ Ὗὃ ὑὖ Ἰ  ὝἻὕὠἽ Ὀὕ Ὃ Ὄὕ 

ὅὑ  ἯὠὌὈὕὠὌ  ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ;  ἰὄὕ  Ἰ  - ὄὖὉὕ Ἳὁὖ  

ὋὖὉὄὕ Ἳ (root-Linear Predictive Coding (LPC) ὅ ὅὕ  ὅὖ.ἵ .ὅὖ. ὝἽ Ὂ 

ὁἻ ἻὠὍ Ὕὅ ὑὂ ἻὕἻ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. LVCAR-  ἱ  Ὀ  

ὅ Ἳ  Ὕὑ ὋὖἻὊὈὕἻ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ; ἰὄὕ  ὅὖ.ἵ .ὅὖ. ὅ ὅὕ  

ὅὖ ὄὁὖ ἱὠὊ Ἵ  ἱ ὅὖ ἽὖὌ Ἰ ὠὋἻ ὂ  ὅὌὈὕὄὂὕἻ 

Ἳὕὁ ὅ Ἳὖ Ὃ. Ἰ  ὋὖὉὖ ἽὕὍὊ  ὅ ὂὖ ὀ Ὕὂὕὀ ὠὀὉ ὝἽ ὀ ὁἻ ὂὖ 

Ὀ  Ἵ ὀἻ Ἧ Ὄ  ὅὕὊὈὗ ὀ Ὕὑ ὀ ἵ  Ὃὖ ὅὖὀ ὅ Ἳὖ Ὃ. ὝἽ ὀὊ 

ἽὊὕἽὕὖὠὉ Ἳὁὖ ὅ ὝἽὉ ὅὕ Ἳὖ ὄὟὊ Ἰ ὋὖἻ ἵ Ὄὕ Ἳὖὠὀ ὅὠὂ 

Ὗὑ ;  ὝἽὉ ὅὕ ὅὂὖ ὝἽ ὑ ὀ Ἰ ὂὖὠἽὉὟὑ ὑ ἻὖὋ Ἰ ἽὖὌ ὅὉ ὅὕ  

ἱ  Ἧ ὅ Ὁ Ὄ. ἱ Ὗὃ ὑὖ ὝἽ Ὂ ὠὋ ὂ  Ὀὕ ὋὖὉὠὈ Ἳ ὅ ὀ ὑ ὑὠὂ 

ὃὖὠὋὟὑ Ὃ ἱὉ ; ἱὂὖ ἱ ὂὖ n Ἵ ὀἻ ἻὍὖ  (n ἵ ὅ  Ὗὅ Ἵὖ 1s  

ἱὠὁὉὕἻ/Ὕὅὕ ὂὈὕἻ Ἳὖ ὀ ὂ ὀ 100 ἵὄ  Ὕὂὕὖ Ὕὂ Ἳ ὅ) ὃὀ  ἽὊὕἽὕὖ 
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Ἳὁ Ἳὖὀ ὅ Ἳὖ Ὃ. Ὗὅ  ὋὖἻὍὖ ἱὉ Ἳ ἱὉ ὠὅ Ὕὅ ὑὂ ἻὕἻ Ὕὀ ὀὕ ἯὍὠἻ 

ὝἻὕ ὀ ὅ  ὂὖὠἽὉὠὄ ἯὂὖἻὕὖ ὅ Ὕὅὕ ὑὕὄὂὕ.  Ἧ ὂ ὂ Ἵ ὀἻ ἻὍὖ 

ἯὍὠἻἻὍὖ ὂ  Ὀ  ἱὊ ὀὕὑ Ὗὑ ὅὕ ἻὠὍ ἵ ὝἻὕ Ὕὀ ὀὕ 

ἯὍὠἻἻ Ἳὁ Ἳὖὀ ὅ Ἳὖ Ὃ.  

6.9.2. Ἰ ὉὖὉ Ἳ ὈὕὂὖὕὖἻ 

 ὈὠὋ Ἳ ὅ ὀ Ὀὕ ὟἻὕ ὈὕὂὖὕὖἻ Ἰ ὉὖὉ Ἳ ὅ  ὂὖὠἽὉ ἻὍὖ (acoustic 

feature vectors) ὟἻὕ ὠὑἻὠὍ Ὀὕὂὖὕὖ ὅ ὂ ὅὊὑὌὕἻ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. 

ἱ ὈὕὂὖὕὖἻ Ἧὠὑ  ὝἽὉ ὂὖὋ Ὀὖ Ἳὠὑ Ὀ  ὃ ὋὕἻ ὃὖ ὑ ὅ ὀ ὅἻὠὍ  

ὅὉ ὅ ὂὖ Ἧὑ Ὃὖ ἯὍὠἻἻὠὍ ὂὖὋὠὈὉὕἻ Ὀὂὖ ὅὖὀ ἱὉ  ἵ Ὃ ἻὕὊὁ ἻὍὕ 

ὅὖὊὅὌὈὕὄὠὑ.  ἱὊ  Ἳ ὀ ἻὍὖ Ὗὅ  ὅ  ὂὖὠἽὉ ἻὍὖ (speech feature 

vector) ἳ ὅ ὂὖὠὉ Ὀὕὂὖὕὖ ὅ ὂ  Ἧὠὑ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃὄ.  ὂὌὕὑ Ὀὕ ὟἻὕ 

Ἵ Ἳ Ἰ  ὟἻὕὠὑ ὃὖὠὌἻὠὍ ἳ ὑὕ Ἳ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ; ἱὊ ὀὕὑ 

Ἰ Ὕὑὕ ὃὖὠὌ ὀ Ὕὂὕὀ ὠὀὉ ὃὖἻ ὂἻ Ἧὀ ὂὖ ὝἽὉ ὅὕ ὠὀ (probability 

density function) ὅὉ ὅ ὂὖ  Ὗὅ  ὂὖὠἽὉ Ἳ ὝὅὋ ὅ Ἳὖ Ὃὄ. Ὀὕ ὟἻὕ Ἵ Ἳ 

ὃὖὠὌἻὍὖ ἵ ὁὖ ὠἻὉὕ ὃὖὠὌἻ  ἱὠὀὉὖ Ὅ ὃὖὠὌὈὕ Ὃ ὃὖἻ ὂἻ ἻὍὕ 

ὑὖὍ Ἳ ὅ Ἳὖ Ὃ. 

 ἵ .ὑὖ.Ἵὖ.ἵ .ἰ  (LVCSR) Ἰ ὠὋἻὍὖ ὈὖἻ ὅὊὑὌὕἻ ὅὉ ὅ ὂ ὅ 

Ὕὂὕὀ ἻὃὖὠὌ Ἰ ὉὖὉ Ἳ ἯὌ Ἳ  Ἰ  Ἧ ὅὠὀὉὖὌὕὄὂὕ; ἱὂὖ Ἰ Ὕὑὕ Ἰ  

ὠὋ ὂ ἵ ὁὖ ὠἻὉὖὌὕὄ ὃὖὠὌἻ ὝἻὕ ὀ Ὀὕ ὟἻὕ Ἵ Ἳὖ Ὁὕ ἳ ὅ ὂ 

ὝἽ Ὁ ὅ Ὅ. Ὗὑ ὅ ὀ Ἳ ὀὠὈ ὅὖὉ Ἳ ὝὈὕὐὖὉ ὅ ὀὕ ἻὕὌ ἻὕἻ 

ἯὠὌὈὕὠὌ Ὀὕ Ὃ ὠὂ Ὕὅ ὑὂ  ἱὀὈὖ  ὑὌὈὕὄ ὃὖὠὌ ὟἻὕ ὠὑἻὠὍ (state 

sequences) ὅὉ ὅ Ἳὖ Ὃ  (Lamel and Gauvain, 2003: 309).  ὈὖἻ ἯὂὖἻὈὕἻ 

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ Ἳ ὀὠὈ  Ἰ Ὕὑὕ Ὀὕὂὖὕὖ ἳὈὖ  ὃὖὠὌἻὠὍ Ὃὖ  

ἷ ὂὖ  ἱὠὀὉὖ ὝἻὕ ὅὂὕ; ἱ  ὃὖὠὌἻὍὖ ἵ ὁὖ ὠἻ ἯὌἻὖ  Ἰ  

ὠὋ ὂ ἻὕὌ ἯὍὠὑ ὑ ἻὖὋ. ἽὖὌ Ἳ ὀὠὈ Ἳ Ὗὂὠὑ ὅ Ἳὖ Ὃ ἻὕὌ ἯὍὠὑ 

ὠὋ ὅὂ ἻὕἻ ἽὖὌ ὃὖὠὌἻὠὍ ὂὑὖ Ἳ Ἧ Ὀὂὖ Ἳὖ Ὃ. Ἳὑὄὖ ὂ ὃὖἻ ὂἻ 

(Ἧὂὕὑ Ὗὅ  ὂὖὠἽὉ) ὂ  Ἰ ὠὋ Ὀὕ ὟἻὕ  Ἳ ὟἻὕ (firs-order Markov 

assumption) ἵ  Ἧὠὐ Ἳ ὅ Ἳὖ Ὃ  ὃὖὠὌὠὉ Ἵὕ ὂὖ ὅὂὕἻ Ἳ ὂ ὅ Ἳὖ Ὃ.  
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 ἽὕὖὉὕἻ ὝἽὕ ὄὕ l ἯὍὠἻ ὂὖὠἽὉ ὝἻὕ ὀ n ὃὖὠὌ ἵ .ἵ .ἵ . ὂὊ ὅ ὠἻὉὖ, 

ἵ .ἵ .ἵ . ὑὕ ὅὖὉ ὝἽὉ ὅὕ ὅὖ ὑ  ἱὠὁ ὂ ὃὖἻ ὂἻ Ἧὀ ὂὖ ὝἽὉ ὅὕ ¥(x,s| 

l) x=(x1, .,xT)   ἵ Ὃ Ἳὑὄὖ Ἳ ὅ ὀ Ἰ Ὃὖ  s = (s0, .sT) ἵ Ὃ Ἳὑὄὖ Ἳ ὅὀὕὂ 

ὟἻὕ ὠὑ, 

 

 ¥(x,s| l) x=pso Ô ȕs-s  ¥ xt|st) 

 

ἱὂὖ pi Ὕὂὕὀ Ἳ Ἵὕ ὂὖὉ ὃὖὠὌ i,  ȕij i ὃὖὠὌὉὖ  j ὃὖὠὌ  ὃὖὠὌὈὕ Ὃ Ἵὕ ὂὖὉ Ὀ  

¥(.|s) ἵ ὅ  Ἰ Ὕὑὕ s ὃὖὠὌ ὀ Ὕὂὕὀ ὠὀὉ ἳὈὖ  PDF. ὅὖ ὑ  ὅὀ  

ὃὖὠὌὈὕ Ὃ ὃὖἻ ὂἻ Ἳ Ὀ  ὅὖ. .ἵἮ Ἳ Ἳὑὄὖ ὂ Ὕὂὕὀ ὠὀὉ  ἵ .ἵ .ἵ . 

 ὃὖὠὌὠὉ Ἳὕ Ἳὖ Ὃ (Lamel and Gauvain 2003:309).  

 

Ὗὅ  ἻὠὍ ἳ ὅ ὂ ὝἽ  (x1 x2) ὂὖὠἽὉ ἻὠὍ ἳ ὑὕ  ὂὑὖ  ὃὖὠὌ 

ὝἻὕ ὀ ἵ .ἵ .ἵ . Ἰ  ἵ Ἳὕ ὀὕὄ ἱὀὑὌ 3-ὃὖὠὌ Ἰ  

 

 

 

1 
2 3 

a22 a33 

a12 

a11 

a0 a23 

       x1                       x2             x3        x4                  x5                x6             x7                  x8           

f(¶/s2) 
f(¶/s1) f(¶/s3) 

T 

t=11 
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Ἰ  Ἧ ὅὠὀὉὕὄ ὈὕὂὖὕὖἻ (phone based models) Ἰ  ὂὊ ὅ ὀ ὝὈὕὐὖὉὖ Ὕὂὕὀ Ἳ 

ἯὌ ἻὠὍ (elementary units) ὅὉ ὅ ὂὖ ἯὋὖὂ ἯἻὊὕὂὖἻὠὍ (recognition dictionaries) 

ὑὖὍ Ἳ ἱὉ  ἵ Ὃ  Ἧ Ὄ ὠὂ ὂ Ἳὖ Ὃ; Ὀ  ὅὌ ὝὈὕὐὖὉὖὉ ἰ ἻὍὖ  

ὃ ὠὈὠὉ  Ὕὅ Ἳὖ Ὃ. Ἰ  Ἰ ὉὄὖὉ ἯἻὊὕὂὖὠὉ ὅὉ ὅ ὂὕὈὟὌὟὉ ὝἽὕ 

ὈὕὂὖὕὖἻ ( word models ) Ἧ Ὄ  ἮὝὅὟὄὕ Ἳ (fenones) Ὗὅὕ Ὃ Ὗὑ ὅ ὀ 

Ὕὅὕ ὂ ὂὕ Ὗὅ  ἯὋὖὂὠὌ ὝἽ Ὁ ἱὉ . (ὝἽὕ Ἳ, ἯὠἽἻ, ἳὅ ἯὠἽἻ Ὗὅὕ Ὃ) 

ὝὅὕὖὉ ἯὌ Ἳ ὀ  Ἰ ὅὖ ὠἻὉὖ ἽὖὋὖὉ ὠὁ ὝἽὕ ἯὌ Ἳ  ἯὍὠἻἻὍὖ 

ἵ ὁὖὠἻὠὉ ὠὋ Ἳὖ Ὃ; ὝἽὕ ὈὂὖὕὖὉὕ Ἳ ὠὂ ἱὉὌ ὝἽ Ἳὖ Ὃ; ὂὖὉ 

ὝἽὕ ὝὋὕὠἻὠὉ ἵ ὝἽ Ὄ ὑἽὂὖὝἽ Ἳὖ Ὃ; ὈὖἻ ἻὖὉὈὕἻ Ἧὕὖὂὕὄ ὐ ἻὠὍ 

Ὀὕὂὖὕὖ ὅ ὂ ὅὖ ὑὕ  ὅ Ἳ ὀ (back-off mechanisms) Ὕὂὕὀ ὅ ὂ ἱὉ . 

ἮὝὅὝὄὕ ὂὕὄὖὉ  ὅὉὖἽὖ  ὂ  Ἧ Ὄ ὠὂ (ὃ ὠὈὠὉ) ὂὊ ἱὉ ; 

ἱ ὅὖ  ἻὕὊὁἻὕὕὖὉὈὕὄ ὝὈὕὐὖὉὖὉ ἯὋὖὠὑ (a priori linguistic knowledge) ἳ ὅ ὂ 

ὂὖὋὄὖ ὠὌ.  

 Ἰ  ὂὊ ὅ ὀ ἵ .ἵ .ἵ . Ἰ  Ἰ Ὁὖ Ἧ ὠὈὉὖ ὍὠὑἻὠὍ ( ὐ -ἽὕὊὕ Ἧ Ὄ  

Ἰ ὠὋὝὉὕ Ὀὕὂὖὕὖ (context-independent or monophone model)) Ἧ Ὄ  Ἰ  Ὃὖ ὅὖ ὀ 

ὐ  Ἰ  Ἰ ὠὉ  (context-dependent model) Ἳ ὂὖ ὝἻὕ ὍὕὈ   Ἰ  Ἰ ὠὉ 

ἳ ὅ ὂ ὝἽ Ὁ ἱὉ . ὐ  Ἰ  ὝἽὕ  (ὝἽὕ-ἱ ὅὖὀ Ἵὕ ) Ἰ  Ἰ Ὁὖ 

ἱ ὅὖὀ ὠὂ ἳ ὅ ὂὟὑὕ ἳ ὅ ὂὕὂὖἻὟὑὕ ὝἽ ὉὌὕ Ὀ  ὝἽὕ ἯἻ Ὀ  

 ὝἽὕ ὐ Ἳ Ἰ Ὃὖὠὁ Ἳ ὅὀὟὑὕ Ἧ Ὄ  ὂὄὖὉὕὄ ὈὕὂὖὕὖἻὍὕἻ 

Ἳ ὂ ὅὀὟὑὕ ὝἽ ὉὌὕ. ὝἽὕ Ἳὕὄ ὐ ἻὠὍ ὅὉ ὅ ὑ Ὃὖ ὂὖὋὠὑ 

Ἵὖ ἻὌὕ. ὃὖἻ Ὕὑ Ἧ ὅὠὀὉὖ Ἧ Ὄ  ὝἻὕ ὂὕ Ἳ ὅ ἻὠὍ (clustering 

techniques) Ἧ Ὄ  ὂὗ Ὀὕὄ ἻὖὠὍ ἯὠὈ ἻὠὍ (decision trees) ὅὉ ὅ ὂὖ ὐ  

ἯὌ ἻὠὍ Ὗὂ Ὕὂ Ἳ Ὗὑ ὅ ὀ Ἧ  ὠὋἻ  ὅὉ ὅ ὂ ὅ Ἳὖ Ὃὄ; Ὀ  

Ὗὑ ὅ ὀ ὐ  ὑὠἻἻ ὑὖ ἰὉ ὅ Ὅὄ: (ἳ  Ἧ Ὄ   ὝἽὕ)   

ἱ ὅὖὀ Ἵὕ  ὝἻὕ ὀ Ὀ  Ἵὕ ὅὖ Ὄὕὂ ὂὄὖ Ἰ  ὐ Ἳ (single phone contexts), 

Ὕὑὕ Ἳ (triphones), Ὕὅὕ ὠὈὉὕ Ἳ ὅ ὀ Ὕὑὕ Ἳ (generilzied triphones), 

ὃὕὝὌὕ Ἳ (quadphones), ἷ Ὕὂὕ Ἳ (quinphones). Ὀὕὂὖὕὖ ἯὍὠὑ ὠὋ  ὅ   Ὀὕὂὖὕὖ 
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ὃὖὠὌἻ ὝἻὕ ὂὕἻ ὝἽ Ὁ ὅ ὀὄ; ἱ  Ἳ ὀ ὅ ὀ ὃὖὠὌ ὈὕὂὖὕὖἻ ( tied state models) 

ἵ  Ὃὖ ὅὖ ὅ ὑὖὠὍὠὑ ἶ ὅ ὂὖ Ὅ.  

 Ἰ ὉὖὉ Ἳ Ὀὕὂὖὕὖ ὅὉὖ Ἵὖ Ἰ Ὕὑὕ ἵ .ἵ .ἵ . ἯὍὠἻἻὠὍ Ὀὂὖ  ὝἽ ὑὠὂ 

ὝἻὕ . Ὕὂὕὀ ἽὖὉὕὄ Ἧὀ ὂὖ ἻὕἽὖὉ ἻὌὠὑ (Gaussian mixture) 

ἵ .ἵ .ἵ .Ἳ  ἱ  ἽὊὕἽὖὕὖἻὠὍ/ὑὐὖἻὠὍ Ὀ  ἱὠὁὈὕ ὅὕ  ἯὁὖἻ, ἻὌὠὑ 

ἵὠὀἻ Ὀ  ὃὖὠὌὈὕ Ὃ  ὃὖἻ ὂἻ Ἳ ἱὑ ὠὋ Ὗὑ . ὈὖἻ ὅὖὊὅὌὈὕὄ 

Ἧ ὠὋἻ  Ὀὕὂὖὕὖ ὅὉὖ Ἵὖ ὂὊ  ὃ Ὄ Ὕὅὕ ὂ ὠὂ ἳ ὂὖὝἽ Ἳὖ Ὃ ἯὂὖἻ 

Ἵὕ ὂὖὉ ἯὍ ὟἻὕὠὌ (maximum likelihood criterion) ὅὉ ὅ Ἳὖ Ὃὄ.   

 Ὀὕὂὖὕὖ ἯὍὠἻἻὍὖ Ὀὂὖ  ἵὂὖ ὅὕ ἳ ἽὈὠὀὉὝἽ ὂ (expectation-

maximization (EM)) ὑὐὖ ὠὋ ὀ ὝἽ Ὁ ὅ Ἳὖ Ὃ; ἱ  Ὀὕὂὖὕὖ ἯὍὠἻἻὍὖ Ὕὂὕὀ Ἳ 

Ὀ ὀ Ὕὂὕὀ ἻὖὋ ὅ ὠὋὃὖἻ ὝἽὉ ὠὋὉὕ. Ὀὕὂὖὕὖ ὃὖὠὌἻ  ὅὉὖ Ἵὖ 

ὂὊ  ὟἻὕ ὠὑἻ ὀ ὑὕὖὠἽ ὅ ὂ ὅ Ἳὖ Ὃ; Ὀ  ἱ ὂ ἯὍὠἻἻ ὅὕ-Ὕὑ  

Ὀὗ Ὀὂὖ  ὑὕ ὅ ἻὠὍ (Baum-Welch re-estimation formulas) (Baum et al 1970; 

Liporace 1982; Juang 1985) ὅὉ ὅ ὂὖ ἱ ὂὖὉ ὑὕὖὠἽ ὅ ὂ Ἧ ὅὠὀὉὖ 

Ὀὗ Ὀὂὖ ὝἽ Ὁ ὅ Ἳὖ Ὃ. ἱ ὑὐὖ ὠὋ  ὂὊ ὅ ὀ ὅὉὖ Ἵὖ ὂὊ ὈὕὂὖὕὖἻὍὖ 

ὃὖἻ ὑὖὉ Ἰ Ὕὑὕ Ὀ ὝἽ ὠἻὉὖ ἯὂὖἻὕὖ ὅὠὂ ἳ ὂὖ ὝἽ Ἳὖ Ὃ. ὑὕὖὠἽ 

ὅ  Ἳ ὀ ὂὖ ὂὊ ὅ ὀ Ὗὅ Ἵ ὀἻ Ὗὄὕ ἻὖὉ-ὅὖ Ὗὄὕ ἻὖὉ ὑὐὖὠὋἻὠὍ 

(forward-backward algorithm) ὅὉ ὅ ὂὖ ὅ ὃὖὠὌἻ  Ἧ Ὄ  ὑὖ ὀ ὅὖ ὑὐὖ ὠὋὠὉ 

(Viterbi algorithm) ὅὉ ὅ ὂὖ Ἰ  ὂὄὖ ὃὖὌ  Ἰ Ἳὗ ὝἽ Ὁ ἱὉ . ἱ ὂ ἱὊ ὀὕὑ 

Ἧ ὠὋ ἽὖὋὖ ὠὋ ὂ ὃὖἻ ὑὖὉ ἻὠὍ ὂ Ἳὖ Ὃ; ἰὄὕ  ὃὠὀ ὠὋὉὖ 

Ὃὖ ὅὕἻ ἯὂὖἻ ἯὍὑὖὌὕὄ ὂὊ Ἳὖὠὀ ὠἻὉὖ Ὁ ὂὖ Ἧ ὑὍὑὕἻ Ὗὑ ὅὕ 

ἱ Ἳὕ. ἵὂὖ ὅὕ ἳ ἽὈὠὀὉὝἽ ὂ ὑὐὖ ὠὋ (EM algorithm) ἳ ὠὈὉὕὄ 

ἯὂὖἻὅ Ἵ ὃὖἻ ὑὖὉ ἯὍὠἻ Ὀὂὖ ἻὠὍ (true maximum likelihood parameter values) 

Ἳ ὀὋὖὑὠὂ ἳ ὂὖ ὝἽ Ὁὕ; Ὀ  ἳ ὠὈὉὕὄ ἯὂὖἻὅ Ἵ ὃὖἻ ὑὖὉ ἯὍὠἻ 

Ὀὂὖ Ἳ (true maximum likelihood estimates) ὝὅὋ ὅ ὀὕ Ὗὅ  ἯὋὖὂ  ὈὖἻ 

ἽὖὋ ὂὠὑἻὍὕἻ ἱ Ἳὕ. ἵὄὟὑ ἽὕὖὉὕὄ Ὕὂὕὀ Ἳ ὝἽὉ ὠὋἻ Ὀ  ἯὍὠἻ 

Ὀὂὖ ἻὍὖ Ὀὗ Ἳ ὅὕ ἻὠὍ ὅὉ ὅ ὂ ὟὅὕὋ ὃὠὀ ὠὋὅ  ὑὖὍ Ἳ Ἳ 

ὈὖἻ ἻὖὉὈὕὄὂὕἻ ἱ ἻὑὖὉ. 
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  ὅὉὖ ἽὖὉὖ Ὗὃὕ Ἳ Ἳὑὄὖ Ἳ ὅ ὀ ὂὊ  ὑὖὍ ἻὈὍὖ Ἳ ὃ Ὄ ὈὂὖὕὖὠὉ 

Ἳ ὅὖ ὅ ἵ ὅὂὕ Ὗὅ  ἯὋὖὑὕὄὖ (speech recognizer) ὝἽὉ ὂὖὋ ὅὉὖ Ἵὖ 

ὂὊὑὖ ὅὖὊὂὖὃὖὂὖ ὑ ὠὂ Ὃὖ  Ἵὕ  ἱ Ἳὖ Ὃ. ἱ ὂ Ἵὕ ὠὅ ὠὋ ὅὂ Ἳὕὄ 

ἽὖὌ ὠὋἻ  Ἧ ὂὅ ὂὖὉὖ Ὃ ὅ Ὅὄ. ὝὅὕὖὉ Ὗὅ ἽὕὍ ὝὂὕὠἻὉὖ  

ὝὅὋ ὅ ὀ ὂὊὠὑ ὝἻὕ ὀ ὝὅὕὖὉ Ὗὅ  ὑὖὕὖὂὊ Ἳ Ὀὗὂὕὄ Ἰ ὉὖὉ Ἳ ὈὕὂὖὕὖἻὍὖ  

ἯὍὠἻἻὠὍ Ὀὂὖ ὝἽ Ὗὅ ἽὕὍ ὂ ὂὖὊ ὝὅὋὅ Ὅ.  ἳὀ ὋὖὉὖὉ Ὀ  

Ἵ Ἳ Ὗὑ ὅὕ ἻὍὖ ἻὕὊὁὈὕἻ ἰ  Ὗὅ ἽὕὍ Ἳ  Ὕὅ  Ὗὅ ἽὕὍ Ἳ  

ἱὠὀὉὖ Ὗὅ  ὑ ὑὖ ἻὁὖἽὈὕὄ Ὗὑ ὅὕ Ἳ ἳ Ὅὄ. (ἽὊὕἽὖὕὖὉὕἻ Ὕὅ Ἳ  

Ὗὅ  ὐ  ὃὗὍ ὠὋὑὕἻ ἳ Ὅὂὕ ἱ  ἯὂὖἻ Ἰ ὂὂὖ Ὕὂὕ/Ἰ ὝἽὋὖ 

(formant) ὃὖἻ Ὕὑ ἻὠὍ ὑὖὠὍὑὖ ; Ὂ ὑὠὍ Ὀὀ Ἳ (vocal folds) ὠὈὉὕἻ 

ὀὕὂὂ ἻὕὊὁὈὕἻ Ὕὅ ἻὍὖ Ὂ  Ὕὅ ὅὕ ὠὈ ἽὖὠὊ ὀ ἱ ). 

ἱὂ  ἻὕὊὁὈὕἻ Ὗὅ  ἯὋὖὂ ὂὖὋὠὄ ὟὈ ὅ ὂ ἰ Ἳ  Ὕὅ Ἳ  

ὂὄὖ ὂὄὖὉὕὄ ὈὕὂὖὕὖἻὠὍ ὅὉ ὅ ὑ Ὕὅὕ ὑὕὄ  ὃὠὀ ὠὋὉὕ; ἱ  

ὠὋ ὅ ὉὕἻ ὂὕὄὖὉ ὅὕ ἯὠὀὉὕὍ ἻὕὁὠὌ Ὗὑ .  

6.9.3. ὂ ὑ  (adaptation) 

 ἱ ὅ ὂὖὉὖ Ὕὂὕὀ ἽὖὉὕὄ Ἧὀ ὂὖ ἵ .ἵ .ἵ . ὝἻὕ  ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ 

ὅ Ἳ ὅ Ὃὖ ὑὖὍ Ἳ ὅ  (Lamel and Gauvain 2003:311-312).   

 ὅὉὖ Ἵὖ ὃὖὠὌὠὈἻ  (training conditions) ὟἽὕὂὠὄ ὃὖὠὌὠὈἻ  (test 

conditions) ἱὠὀὉὖ Ὕὅὕ ὂὈὖ ὠὈ (mismatch) ἱ Ὀὕὄὕ Ὗὅ  ἯὋὖὑὕ ἻὍὖ 

(speech recognizers) ὂὖὋ Ἳ ὠὋ . Ὕὅὕ ὂὈὖ ὠὈὠὉ ὠὋ Ἳ Ὕὅὕ ὂὈὕὄ 

ὃὖὠὌὠὈἻὍὖ Ἳὖὠὀ  Ὁ ὠὂ Ὕὅ ὑὂ  ὅὌ Ἧ ὠὋἻ  

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃὄ. Ἰ ὉὖὉ ἻὑὖὉ ὐ  (acoustic environment), Ἰ ὑὕ Ἳὖ 

(microphone) Ὀ  Ἰ ὅὊ  ἯὠὌὑὕὖὠἽἻ (transmission channels), Ἧ Ὄ  Ἰ  

Ὃὖ ὅὖ ὀ Ὗὅ ὅὑὕὖ ἽὖὋ ὅὖὉἻ  ἱὑ Ὃὖ ἳ Ὅ Ὗὑ ὅὕ Ἳ Ὗὅὕ Ὃ ὅὉὖ Ἵὖ Ὀ  

ὟἽὕὂὠὄ Ἳ ὅὕ Ἳ  ἱὠὀὟὉ ἳ Ὅ Ὕὅὕ ὂὈὖ ὠὈἻὠὍ ἲ ὝἽ Ὁ Ἰ ὉὖὉ Ἳ 

Ὀὕὂὖὕὖ ὂ ὑὠὌ ὅὉ ὅ ὂ ἱὉ . ἱ ὂ ὅ Ἳ ἱὠὊ Ἵ ἲὀὕ Ἳ (noise 

compensation), ἯὠὌὑὕὖὠἽ ὂ ὑ  (channel adaptation), Ὗὅ ὅὑ ὂ ὑ  (speaker 

adaptation) ἵὄ ὠὋὟὉ Ὕὅὕ ὑὕἻ Ἧὠὐ Ἳ ὅ Ἳὖ Ὃὄ. Ὕὅὕ ὑὕἻ ἯὠὌὑὕὖὠἽ ὑὠἻ 

(channel type), ὅὖ ὄὁὖ ἱὠὊ Ἵ ἽὖὋ ὅὖὉ Ἳ (background noise characteristics) Ἧ Ὄ   

Ὗὅ ὅὑ ἱὑ Ὃὖ ὄὋὖ ἱ Ὄὕὂὂ ἻὕὊὁὈὕἻ Ἳ Ἳὕὁὖ Ἳ ὅὀὕὂ ὠὋὉὖ 
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(unsupervised mode) ὟἽὕὂὠὄ ὂὊὠὑ (test data) Ὀ  ὅὉ ὅ ὂὖ ὂ ὑ  

ὃὖὠὋὟὑ Ὃ ὅ Ἳὖ Ὃ.  

 ὅὌ Ὗὃ ἻὍὖ ὅὖὊὂὖὃὖὂὖ ὑ ὂὊ Ἳ ὠὋ ὂ ἯὍὑὖὟὌὟὉ Ἳὖὠὀ ὅὂὕ ὠὋ ὂ 

ἯὍὑὖὌὕὄ ὂὊὠὑ ἲ ὝἽ Ὁ Ὗὑ  Ἰ ὉὖὉ Ἳ Ὀὕὂὖὕὖ ὅὉὖ ἽὖὉὖ (acoustic model training) 

ἸὟὊ Ἳ ὑὖἻὠὍ ὅὉ ὅ ὂ ἱὉ . ὅὖὋ ὝὅὕὖὉ ἯὍὑὖὌὕὄ Ὄ  ὂὊὑὖ Ὀὗ 

ὅὉὖ ἽὖὝἽ Ὁ ὅ ὀ ὈὕὂὖὕὖἻὠὍ ὂ ὑ ὝἽ Ὁ ὅὖὊὂὖὃὖ ὑ ὂὊὑὖ ἽὖὋὖὉ ἯὍὠὑ  

ὅὉ ὅ ὑ Ἧ ὅὠὀὉὕὄ Ἳ ὂὕ. ὅὕ Ἵὕ ὂ (gender-dependent), Ὗὅ ὅὑ 

ὑὠὊὉ Ἳ ὅ ὀ (speaker-specific), Ἧ Ὄ  ὝἽ ὅὕ ὑὠὊὉ Ἳ ὅ ὀ (task-specific) 

ὈὕὂὖὕὖἻὠὍ ἳ ὑὕ ὑ Ἧ Ὄ  ὝἽὉ ὂὖὋὠὄ ὟὈ ὅ ὂ Ὗὅ ὅὑ ὂ ὑὖὉ 

ὅὉὖ ἽὖὠὉ (speaker adaptive training (SAP)) ὅὉ ὅ ὑ ἵ ὅὄ ἽὖὌ ἵ Ἳὕ ὀὕὄ 

ὅὉ ὅὕ Ἳ ἰ . 

 ἵ .ἵ .ἵ .-ἱ  ἯὍὠἻἻὠὍ ὂ ὑ  Ὕὅὕ ὑὕἻ ὅὉ ὅ ὂ ὅ 

ὂὖ ὀ ἻὠὍ Ὗὑ ὅ ὂ ἱὉ : Ὕὅ ἽὖὉ ὂ ὑ  (Bayesian adaptation), ὟὃὕὖὉὌὕὄ 

Ὀὕ Ὃ Ἳ (linear transformation) Ἧ ὅὠὀὉὖὌὕὄ ὂ ὑ , Ὀὕὂὖὕὖ ἱὠὁ ὅὕ Ἳ ὅ Ἳ 

(model composition techniques). Ὀὕὂὖὕὖ ἯὍὠἻἻ Ὀὗ ὃὖἻ ὂἻ Ἳ ὅὕ ἻὠὍ 

ὟἽ  ὅὉὖ Ἵὖ ὝἽὉ ὠὋὉὖ ὄὋὖὠὑ ἳ ὅ  ὑὐὖὉὕἻ Ὕὅ ἽὖὉ 

Ἳὁ Ἳὗ ὠὀ ἻὕὁὑὖὉ .  ἵὂὖ ὅὕ ἳ ἽὈὠὀὉὝἽ ὂ ὑὐὖ ὠὋὠὉ (EM algorithm) 

ὝἻὕ , ἰὄὕ  ἯὂὖἻὅ Ἵ ὑὖὂὖὑ ὠὋὉὖὌὕὄ (maximum a posteriori (MAP) 

Ὀὗ Ἳὁ Ἳὗ ὑὕ ὅὕ ἻὠὍ (re-estimation formulas) ὅὉ ὅ ὂὖ  ἵ .ἵ .ἵ . ἯὍὠἻἻ 

ἱ  Ἳὁ Ἳὖὀ ὅ Ἳὖ Ὃ. ἱ  ἯὂὖἻὅ Ἵ ὑὖὂὖὑ ὠὋ (MAP) ὂ ὑ  ὅ ὂὖ 

ὝἻὕ ὝἽ Ἳὖ Ὃ; ἱὂὖ ἵ .ἵ .ἵ . ἯὍὠἻἻ Ὀὗὂὕὄ Ἳ ὅὕ Ἳ ὃὖὌὑὖ Ἳὖ Ὃ 

ὈὕὂὖὕὖὉὖ ἯὍὠἻἻὍὖ Ἧ ὅὠὀὉὖ Ἳὁ Ἳὖὀ ὅ Ἳὖ Ὃ. Ὗὅ ὅὑ ὂ ὂὊὈὕὄ 

Ἰ ὉὖὉ Ἳ ὈὕὂὖὕὖἻ ὅὕ ἽὖὋ  ὂὊὠὑ ὅὉ ὅ ὂὖ ὅὕ ὂ ὑ  Ὕὂὕὀ Ἳ 

ὈὕὂὖὕὖἻὍὕἻ ὝἽὉ ὅὀ ἱὉ . ἯὠὀὉὕὍ ὅ ὂ ὅ ὀ ὅὉὖ Ἵὖ ὂὊ Ἳ Ἳὖὠὀ Ἳὖ Ὃ 

ἯὂὖἻὅ Ἵ ὑὖὂὖὑ ὠὋὉὖὌὕὄ (maximum a posteriori (MAP)  ὂ ὑ  ἵ ὂ ὑὖ ὅ Ἳὖ Ὃ 

ὃὖὠὌὠὈὠὉ ὂ ὑὂ  ὅὉ ὅ ὂ ἱὉ . ὟὃὕὖὉ Ὀὕ Ὃ Ἳ ἯὂὖἻὅ Ἵ 

ὃὖἻ ὑὖὉ ὅὉὖ ἽὖὝἽ Ὁ ὅ ὀὠὑ Ὀ  ἵ .ἵ .ἵ . ἻὕἽὖὉ ἽὊὕἽὖὕὖἻ 

ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ; Ὀ Ὀ Ὃὖ ἻὕἽὖὉ Ὀὕ ὅὕ  ἯὍὠἻἻ  ὅὉ ὅ ὂ 

ἱὉ .  ἯὂὖἻὅ Ἵ ὃὖἻ ὑὖὉ ὟὃὕὖὉ ὅὖ ὄὠὀ ὅ  Ἳ Ἳὕὁὖ Ἳ ὅὀὕὂ 
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ὂ ὑ  Ὕὅὕ ὂὈὕὄὂὕ; ἶὝὄ Ὃὕ ὂ ὑ  ἯὍὠἻἻ ὈὖἻ ὠὋὑὕὄὠὑ 

ἰ .  ἵ .ἵ .ἵ .ἰ . ὂ ὑ  ὅὕὖὟἽὕὂὠὄ ὂὊ  ὅὉὖ Ἵὖ ὂὊ  ὅὉ ὅ ὂ 

ἱὉ . ὅὖ ὄὁὖ ἱὠὊ ἽὠὌ ὝὑὍὖ ὅὠὀὉὕἻ Ὀὕὂὖὕὖ ὅ ὂὖ Ὀ  ἱ ὂ ὈὕὂὖὕὖὠὉ 

ὂὈὕὄ Ὗὅ  Ὀὕὂὖὕὖ ὀ ἱὠὁ  ὀ ὂ Ἳ ἱὠὊ Ἵ  ἲ ὝἽ Ὁ Ὀὕὂὖὕὖ 

ἱὠὁ ὅὕ Ἳ Ὕὅ ὅὕ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. ἱ ὂ Ἧ ὠὋ ἱὠὊἽ  

ἯὠὌὑὕὖὠἽὠὉ ὟὃὊ ὉὕἻ Ὀὕὂὖὕὖ ὅ Ἧ Ὄ  ἳ Ὅ ; ἱ  ἸὟὊ Ἵὖ Ἳ  

ἵ .ἵ .ἵ .ἰ . ὅ ὂὕ ὃὖὠὋὟὑ Ὃ ὅ Ἳ ὂὄὈὕὄ ὂ ὑ  ἵὂὖὊὕὄ.  

 Ὕὂὕὖ Ὕὂ Ἳ ὅ ὀ ὂ ὑ  ὠὋ Ὕὅὕ ὂὈὖ ὠὈὉὖ ὑὠἻ  Ὕὅὕ  

Ἳὖὠὀ Ἳὖ Ὃ ὂ ὑ  ὂὊὑὖ ἯὍὠὑ  Ὕὅὕ  ἯὠὈ . Ἰ ὉὖὉ Ἳ Ὕὂὕὀ Ἳ 

ὈὕὂὖὕὖἻὍὖ ὂ ὑ  ὂὖὉ ὑὖὕὖὂὊ ὟἻὕ Ἧ Ὄ  ὅὉὖ Ἵὖ ὂὊὑὖ ὠὁ Ὀ ὂὖ ὟἻὕ 

ἱ ὅ  Ὗὅὕ  ὂ ὑ  ὂὊ ὅὉὖ Ἵὖ ὂὊὑὖ (ὅὕ, ἻὖὠὍὝὈὕὐὖ, Ὗὅ ὅὑ, Ἧ Ὄ  

Ἰ ὉὖὉ Ἳ ὃὖὠὌὠὈ ὂὖ ὀὑ ὀ) ὅ ὂὖὉὕἻ ἱ ἻὌὕ Ἧ Ὄ  ὅὉὖ Ἵὖ ὂὊὑὕἻ (Ἧὂὕὑ 

Ἰ ὝὅὉ ὂ ὝἽ ὉὟὑ Ὁ ὂὊ)  ἱ ἻὌὕ.  ὂ ὑ  ὂὊ  Ὗὃὕ Ἳὗ Ἰ ὝὅὉ  

Ἳὖὠὀ Ἳ  ἵ ὅὂὕ ὠὂὉ Ὗὃ ὑὖ  Ἳ Ἳὕὁὖ Ἳ ὅ ὀ ὂ ὑ  ὅ ἻὠὍ 

ὅὉ ὅ ὂ ἱὉ . ὅὖ ὠὂὉ Ὗὃ ὑὖ Ἳ Ἳὕὁὖ Ἳ ὅὀὕὂ ὅἻὠὍ  ὅὉ ὅ ὂ 

ἱὉ . 

6.10.ὝἽὕ Ἵὕ Ὀ  ἳ Ἵὕὖ ὈὕὂὖὕὖὉὕ Ἳ 

 Ἰ ὉὖὉ Ἳ ὃὖὠὌ ἳ ὅ ὂὂὖ (acoustic-level representation) Ὗὅ  ἯὋὖὑὕὄὖ 

ὝἽὕ ὟἻὕ ὠὑ ὝὑὍὖ  (word sequence output) ἱὠὀὉὖ ἱ  Ὕὂὕὀ 

ἯἻὊὕὂὖ (lexicon) ἰ  (Lamel and Gauvain 2003:311-313). ὝἽὕ ὑ ὑὠὈ  (lexical 

design) ἱὊ  ἻὖὉ ὅ ὂὖἻὠὍ ὂ ὟἻὕ ὝἽ : ὝἽὕ ὝὋὕὠἻ ὝἽὕ ἻὍὖ 

ὑὠὊὉὠὋὑὖὍ Ἳ Ὗὂ  Ὀ  ἯὋὖὑὕὄὖ Ἧ ὅὠὀ Ἰ ὉὖὉ Ἳ ἯὌ ἻὠὍ 

ὅὉ ὅ ὂὖ Ἰ Ὕὑὕ ἳ Ἵὕὖ ὅὂὖὑὖ ἳ ὅ ὂ . ἯὋὖὂ ὂὖὋ ὝὑὍὖ ὅὠὀὉὕἻ 

ὝἽὕ Ἵὕ  ἳ Ὅὀ Ἳ ὅὊ ὀ Ὕὂὕὀ ὠὀὉ Ὀ  Ἰ ὉὖὉ Ἳ ὈὕὂὖὕὖἻὍὖ Ὁ  

Ἰ Ὕὑὕ ὝἽὕ ὅὂὖ ὀ Ὕὂὕὀ ὠὀὉ ἳ Ἵὕὖ ὅὖ ἳ ὂὖ ὅὕ ὀ 

Ὕὂὕὀ ὝἻὕ .   

 ἯὋὖὂ ὝἽὕ ὝὋὕὠἻ Ἰ  ὂὊ ὅ ὀ ἯὍὑὖὌὕὄ ἯἻὊὕὂὖὉὖ ὝἽὕἽὕ ἳ Ὅὀ Ἳ 

ὅὊ ὠὅ  Ὀὖ ὂὖὉὕ Ἳ Ὕὅ ὅὕ Ὗὂ Ὕὂ Ἳ ὅ Ἳὖ Ὃ. ἽὊὕἽὕὖὉὕἻ 

ὝἽὕ ὝὋὕὠἻὉὖ ἱ Ὄὕὂ ὝἽὕ Ἰ  ὂὄὖ ὅὖὠὐὠὉ ὑὖὀ ὂ  ὅὖὠὐὠὉ 
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ὑὖὠὍὑὖ ὅὂὕ ἯὋὖὂ ὝἽὕ ὝὋὕὠἻὠὉ Ὀὂὖ ὅ ὀ Ὗὂ Ὕὂ ὅ ἻὖὉὈὕ. 

ὝἽὕ ὅ Ὁ Ὗὂ  Ἧ ὂ ὂὠὌ ὅὖ ὑὖὍ Ἳ ὅ Ὅ. Ὕὂὕὖ Ὕὂ Ἳὅ ὀ Ὕὂὕὀ Ἳ 

ἯὌ ἻὠὍ (Ὕὅ ὅὕ  Ἰ Ὁ Ἳ Ἧ Ὄ  Ἰ  Ὗὅὕ Ὃ ἯὌ ἻὠὍ) ὅὉ ὅ ὂὖ 

ὑὖὍ Ἳ ὅ Ὅ Ἰ ὟὋὕ Ἧὂ  ὟὈὟὌὕ ἳ Ὅ ἳ Ἵὕὖ Ἳ Ἰ Ὕὑὕ ὝἽὕ ὅὂὖ ὀ 

Ὕὂὕὀ ὅ ὂ ὅ Ὅ. ἱ ὈἯὌ Ἳ ὝὂὍὖὑὕἻ ὝὈὕὐὖ ὂ ὂὖὊὈὕὄὠὑ.  

ἵ Ἳὕ ὀὕἻ Ὕὅὕ ὑὕἻ ὅὉ ὅ ὂ ὅ Ἰ  Ὀ  ἰ ἻὖὌ ὝὈὕὐὖ 45, 

ὝἾ Ὀ ὝὈὕὐὖ 49 , ὅὖὊ  ὝὈὕὐὖ 35, ὅὕὄὖ ὝὈὕὐὖ 26 ἰ . ἳ Ἵὕὖ 

Ἧ ὅὠὀ ὑ ὑ ἻὠὍ ἳ ὑὕ ὑὂὖ Ὕὅ ὅὕὌὕὄ ἯἻὊὕὂὖἻ ὂὊὈὕὄ ἳ ἽὕὖἻὠὍ 

ἳ ὅ  Ὀ  ὝὑὍὖ ὅὠὀὉὕἻ Ὀὕ ὝὋὕ ἻὠὍ ἳ ὅ ὂ ὝἽ Ὁὕ. ἱ ὂ 

ἳ ὅ ὂ Ἳ Ὕὅ ὅὕὌὕὄ Ὀὕ ὝὋὕ Ὗὅὂ ἻὍὕἻ ὑὖὂὖἻὍὕ  ὑ ὑ ὠὊ Ἳ ἱὉ  

Ὀ  Ἧὑ Ὃὖ ὅὉ ὅὕ ὑὖ ὅὕ. ὈὖἻ ἻὖὉὈὕἻ Ἰ  ὂὊ ὅ ὀ Ἰ Ὁὄὖ Ὗὑ ὅ ὀ 

Ὀὕ ὝὋὕ Ἳ  ἱὠὀὟὉ Ὕὅ ὅὕ Ἰ  Ὕὂὕὀ Ἵὖ Ἳὕὁ ὅ ; ἵ  Ἰ  ὂὊ ὅ ὀ 

Ὃὖ ὑ Ἳὖ Ὃ ἵ ὅ  ἯἻὑὉὈὕὄὂὕ. Ἰ Ὁ Ἵὕ ἳ ὅ ὂ ὠὂ ὅὉ ὅ ὂὖ 

ἵ ὂ ἳ ὂὖὉὕὄ ὂὗ Ὀὕὄ ὂὖὁὖ Ἳ ὅ ὑὂὖ ὠὌ; ὅὉὖ Ἵὖ ὂὊὑὖ Ἳὑὄὖ Ἳ ὅ ὀ 

Ὀὕ ἻὠὍ ἳ ὅ ὂ ὝἽ ὑ  Ἰ ὉὖὉ Ἳ ὈὕὂὖὕὖἻὍὖὀ ὑὖὀ ὅ Ὅ. ἳ Ἵὕὖ 

ἯἻὊὕὂὖἻ Ὕὅ ὅὕ (Ἧ Ὄ  ὅ ὂὖ ἯὍὑὖὌὕὑ)  Ὀὄὖὂ Ὁ ἽὖὉὕὌ ἳ ὑὕ Ἳ ὅ 

Ὗὅὕ ὂὕὄὖὉ ἻὈὕἻ ὝἽὕ ἳ Ἵὕὖ ἻὠὍ Ἳ ὅὂ  ἳ ὑὕ ὑὂ  ὅὌ 

Ἧ ὠὋἻ  ἰὉ ὅ Ὅὄ.  

 Ὀὕ  ἳ Ἵὕὖ Ὀὕ Ἳ Ἳὑὄὖ Ἳ ὅ Ὅ  ὅὌὑὠἻ ὝἽὕ Ἳ ἳ Ὅὄ; 

ἱ ὂ Ὀὕ Ἳ ἲ Ὁὖ ὀ ἳ Ἵὕὖ Ἳ ὅ (/ȕi/ Ἧ Ὄ  ὑὕ /ȝ/)  ization ἵ Ὃ 

ὅὖ Ὕὄὕ  Ἳὕὁ ὅ ὑ Ὗὅὕ  Ὀὕ ὝὋὕ Ὗὑ ὅὕ Ἳ Ἧ Ὄ.  excuse, record, 

produce Ὗὅὕ Ὃ Ὗὑ ὅ ὀ ὝἽὕ ὑὠἻὅὕἻὠὍ (ὑὖὠὄὠὉ Ἧ Ὄ  ὝὅὉὠὊ) Ἵὕ ὂ 

Ἰ Ὕὅ  ὝἽὕ Ἳ  (homographs) (ἸὟὊ ἵ ἻὠὍ ἳὠὀὉ ἰὄὕ  Ὕὑ Ὗὑ 

ἳ Ἵὕὖ ἻὠὍ ὝἻὕ ὀ ὝἽὕ Ἳ) Ὀὕ  ἳ Ἵὕὖ Ἳ Ὗὂὠὑ. interest, company Ὗὅὕ Ὃ 

 ἯὠἽἻὠὍ ὝἻὕ ὀ ὝἽὕ Ἳ Ὕὅ ὅὕ ὠὈ ἱὊ  ἯὠἽἻὍὕἻ 

ἳ Ἵὕὖ Ἳ ὅ Ἳὖ Ὃὄ. ἵ Ἳὕ ὀὕἻ interest ἵ Ὃ ὝἽὕ Ὗὑ ὅ ὀ Ὗὅ ὅὑ ἻὍὕ 

Ὗὑ ὅ  ἳ Ἵὕὖ Ἳὅ Ἳὖ Ὃὄ.  Ἰ  Ὗὃ ὑὖ interest /IntrIst/ ἵ ὅ  t ὃὗ Ἳ ὅ n  

ὑ Ὕὀὕ ὉὕἻ  /InȡIs/ ἵ  Ὀ ὝὋὕ Ὗὃ ὑὖ ἱ  ἯὠἽἻὍὕἻ ὑὖ  ἳὉὖ ἱ Ὃὖ tr  

ὈὉ ἻὈὕἻ /IntrIs/ ἵ  ἳ Ἵὕὖ Ἳ ὅ Ἳὖ Ὃ.  Ὗὂὠὑ ὅ ὀ Ὀὕ ἻὠὍ ἳ Ὅὀ ἻὖὉ 
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ἳ Ἵὕὖ ἯἻὊὕὂὖ ὀ Ὁ ἳἻ ὂ ὑὕὖὠἽὉὕ Ἳ /intrist/, /intris/, /InȡIs/ ἵ ὅὠὑἻὠὍ 

ὝἻὕ ἻὟὑ . ἽὕὖὉὕὄ ὑὕὖὠἽὉὕ Ἳ ὂ  ὉὈὕὄ Ἰ ὉὖὉ Ἳ Ἰ  

ὈὕὂὖὕὖὉὖ ὑὖὠὍ . ἻὑὄὈὕὄ ὝἽὕ Ἵὕ ὑ ὑὠὈ  Ὗὅ  ἯὋὖὂ ὂὖὋὠὄ ὟὈ ὅ .  

 ὑὖὠὊὑὕἻ Ὗὅ ὅὑὕὖ Ἧ Ὄ  ὂὍ  Ὗὅ  ὃὠὀἻ ἳ Ὅ Ὗὅ ὅὑ ἻὍὖ Ὗὅ  

ὑ ὑὖ Ἧ ὂὈὖ Ὄὕὂ ἯὠἽἻ, Ὃὖ ὅὕἻ Ἧ ὂὈὖ Ὄὕὂ ἯὠἽἻὍὖ ὑὕὖὠἽἻ ὝἻὕ ὀ 

ὃὗ ὀ ὝἽὕ ἻὍὖ, ὝὂὍὖὑ ἳ Ἵὕὖ Ἳ ὅ ὑ (Ἧ Ὄ  ἳ Ἵὕὖ ἻὕὈ ὑὖὀ ὅ ὑ) 

Ὕὅὕ ὑὕὄ Ὗὃ ὑὕ. ὃὗ ὀ ὝἽὕ Ἳ ἵ Ἳὕ ὀὕἻ ὃ ὋὕἻ ἯὋὖὉ ὅ ὀὕ 

Ὕὅ ὅὕ Ἧ ὑ  ὝἽὉ ὅὕ  ὝἽὕ ὃὗ Ἳ ὅ Ἳὖ Ὃ. ἱ ὑὠἻὉὖὌὕὄ 

ὂὑ ἻὠὍ ὠὋ Ἳ positioning (/pȝzȮɇȝnȬŋ/ Ἧ Ὄ (/pȝzȮɇȝnȬŋ/) Ὗὅὕ Ὃ ὃὗ ὀ ὝἽὕ Ἳ  

Ὀὕ  ἳ Ἵὕὖ ἻὠὍ ὑὕ ὃὗ Ἳ Ἧ Ὄ  Ἧ ὂὈὖ Ὄὕὂ ἯὠἽἻὍὖ ἯὠἽ ὝὈ Ἳ 

ἱὑ ὠὋ Ἧ Ὀὂὖ  ἯἻὊὕὂὖὉὖ ἳ ὅ ὂ ὅὀὟὑ. dija  ἵ  ἳ Ἵὕὖ Ἳ ὅ did 

you  Ἧ Ὄ  gonna  ἵ  ἳ Ἵὕὖ Ἳ ὅ going to  Ὗὅὕ Ὃ Ὕὅὕ ὑὕὄ ὝἽὕ 

ὟἻὕ ὠὑἻ  ὠὋ Ἳ ὅὀ ὑ ἻὠὍ ἳ ὅ ὂ ὝἽ  ὑὐὖὉὕἻ  

ὝἽὕ Ἳ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃὄ. ὈὕὋὕἻ Ἧ ὈὕὂὖὕὖὉὕὄ ἽὊὍὈὕὄ Ὗὅ  ὑὖὠὍ ἻὠὍ 

Ἰ ὉὄὖὉ ὑὖὂὖἻὠὍ ὅὉ ὅ ὂὖ ὈὕὂὖὕὖὉὕ Ἳ ὝἽ Ὁ ἱὉ . ἱ ὂ Ἰ ὉὄὖὉ 

ὑὖὂὖἻ  ὅὖ ὄὕ ὑ  ὝἻὕ ὠἻἻ ἱ ὈὕὂὖὕὖὉὕὄ Ὗὑ ὅὕ ἻὠὍ Ἳὁ Ἳὖ ἵ Ἳ 

Ἧ Ὀὂὖ Ἳ ἱὉ  Ἰ ὟἻὕ ὠὑἻὠὍ Ὀὕ ὑὂ  ἰ . ἱ ὑὖὂὖἻ ὅὉὖ ἽὖὉὖ 

Ὗὅὕ  ἯὋὖὂ  Ὗὅὕ  ὑὖ ὅὕἻ ὅὉ ὅ ὂ ὅ Ἳὖ Ὃ. Ἰ Ὁ  ὑὖὂὖἻ ὂὑὋὕὄ 

Ἰ ὝὅὉ ὅὕ Ὀὕ ὅ ὂ ὅ ὑ ὠὋ  ἰὠἻὉὕ ὅὉὖ ἽὖὉὖ Ὗὅὕ Ἰ Ὁ  

ὑὖὂὖἻὠὍ ὅὉ ὅ ὑ ἽὖὋ ὂ ὈὕὂὖὕὖἻὍὖ ὑὖὠὍ . ἯὋὖὂ  Ὗὅὕ Ἧὑ ὠὋ 

ὅὉ ὅ ὑ ὂὑ ἻὍὖ ἵ ὁὖ ὠἻὠὉ ὠὋ  (Lamel and Gauvain 2003:311-

313).  

6.11. Ἳ ὠὊ 

 ἱ ὑὖὉ  Ὗὅ Ἵὖ  ἳὠὊὉὕ Ἳ Ἧ Ὄ  Ὗὅ  ὕὖ ὝἻὕ Ὅ 

ἯὋὖ Ἳ ὅ ὂ ὅ ὀ. Ὕὅὕ ὑὕὄ Ὗὅ ὕὖὂ Ἰ ὠὋὅ Ὃὖ ὑὖὍ Ἳ ὅ ὀ. 

Ἧ ὂὂὕἻ Ἰ ὉὖὉ Ἳ ἯὍ ὑὕ Ἳ ὅ Ὃὖ ὈὕὂὖὕὖὉὕ Ἳ ὅ Ὃὖ ὑὖὑὕὖ Ἳ ὅ ὀ. 

ἱὠὂ  Ὕὂὕὀ  ὝἽὕ Ἵὕ Ὀ  ἳ Ἵὕὖ ὈὕὂὖὕὖὉὕ Ἳ ὅ Ὃὖ Ὃ ὅ ὀ. 
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ἱὉ  7 

        ὂὈὖὐὖ Ὗὅ Ἵὖ  ἳὠὊὉὕ Ἳ  

7.1. ἯὋὖ Ἳ 

 ὟὅἽὖ  ἳὠὊ (Speech to text (STT) Ἧὂὕὑ ὟὅὠἽ ἳὠὊὉὕἻ Ὀὕ ὑ  

ἱὉ ὠἻὝὈὕὐὖ ἰ ὑὖ Ἰ  ἽὑὕὌὕὄ ὅὁὖὉὕ. ἱὠὂ ὅ Ὃὖ ὑὖὕὖὑὕἻ ἱὉ  6ἱ  

ὅὕ Ὗὂὕ. ὂὈὖὐὖ Ὗὅ Ἵὖ  ἳὠὊ ἳ ὑὕ Ἳ Ὁ ἽὖἻ ὅ Ὃὖ ἱ ὑὖὉ  

ὑὖὍ Ἳ ὅ Ἳὖ Ὃ. 

7.2. ὂὈὖὐὖ Ὗὅ Ἵὖ  ἳὠὊ ἳ ὑὕ Ἳ Ὁ ἽὖἻ 

 ὝὉ ὄὃὕὊὕὉὁὕ (Nayeemulla Khan and Yegnanarayana 2001.), ὟὔὈὕ ἶ. ὂὖ 

(Lakshmi A. and Hema A. Murthy. 2006), ἶ.Ἶὖ.ὊὕὈἻὖὁ  Ὀ  .ὃὕἻὊὕἾ ἰἻὖὟὉὕ 

Ὗὅ ὠἽ ἳὠὊὉὕἻ Ὀὕ ὑὂ Ἳὕὄ Ἧ ὂὍ ὠὂ ἯὠὈ Ὅὄ. ἶ.Ἶὖ.ὊὕὈἻὖ ὄ Ἰ  

ὝὅὕὖὉ ὝἽὕὝὋὕὠἻὠὉ ἳ Ὅὀ ἻὖὉ ὂὈὖ ὝὑὍὖ ὅὕ ἻὠὍ ἯὋὖὉ ὃὊ ὅὖὉ ὅὖ ὄ 

Ὀ  ὃὖὠὌ ὈὕὋὖἻὠὍ ὅὉ ὅ ὂὖ Ἰ  ὂὕὄὖὉ Ἳὖ Ὗὅ  ἯὋὖὂ ὠὋὠὉ 

ἳ ὑὕ Ἳὖὄὕ. . ὃὕἻὊὕἾ DST-TIDE- ὃὖὂὖ ἳὂὑὖ ὀ "Ὕὅ ὠὍ ὑὕὂ ὝἻὕ ὀ 

Ὗὅ ἽὕὍ Ἳ Ἳὕὄ Ὗὅ -ἳ Ὅὗ  Ὗὅ -ὝὑὍὖ  Ἳ ὅὕὖὈὕ Ὃ Ὕὂὕὀ 

ἳὂὑὖἻ ὑὖ (Speech-Input Speech-Output Communicatin Aid (SISOCA) for speakers of 

Cerebral Palasy) ἵ Ὃ ὝὈὕ Ὕὅὕ ὠὍ ἳ ὑὕ Ἳὖὄὕ. Ὗὅ Ἵὖ  ἳὠὊ ἻὕἻ Ἳὖ 

ἰ ὝὈὕ (Google AdMob) Ἰ  ὝὈ Ὕὅὕ ὠὍ ὝἻὕ Ὅ.  ἱ  Ἰ ὑὕ Ἳὖ Ὄ  

ὟὅἽ ὅ ὊὠὌ ἯὠὀὉὕὍ Ἳ  ὂὈὖ ἳὠὊὠὉ  ὂὕὄὕἻ ὂ ὀ  ὝἽ . ἱ ὂ 

ὂ ὀ  ὝἽ ὂ ἳὠὊὠὉ Ἰ ὑ ὟἽὈὖ ἵ  ὅὉ ὅ ὂὌὕ. ἱ ὂ ὝὈ Ὕὅὕ  Google 

Chrome (ὅὂὖ 25 Ἧ Ὄ  Ἧὂ  ὟὈ ὅ ὀ) ἳὌὕὑὖὉὖ (browser) Ὀ ὟὈ ὝἽὉ ὅ . 

Ἳὖ ὅὖὟὍ ὂὈὖ ὟὅἽὖ  ἳὠὊ Ὀὕ ὋὖὠὉ ὑὐ ἻὖὋ. ἯὐἻὖ ἰ Ὂὕ  ὅὉ ὅὕ-

Ὂ  ἳ Ὅὗ ἵ ὅ  100+ ὝὈὕὐὖἻἻὕὄ ὟὅἽὖ  ἳὠὊ ὈὕὋὖὉὕ. ἯὐἻὖ 

ἰ Ὂὕ  ὅὉ ὅὕ ὠὀ ὅὉ ὅ  Ὗὅὕ, ὂ ὀ  ὝἽ ὑὠὂ ὂὑὖὊ, Ἰ ὑ ὂὈὖ 

ἳ ὅὀ ὅὌ ὝὈὕὐὖἻὍὖ ὟὅἽὌὕ Ὀ  Ἰ ὑὕὖ ἳὠὊἻὠὍ ἳ ὑὕ ἻὌὕ. ὟἻὕὉ  

ὝἻὕ  ὝὅὕὋὖὉὖὉ Ἳ ὕὖὉὖ ὂ ἻὊὕἾ ὂὈὖὐὖ Ἳὕὄ ὟὅἽὖ  ἳὠὊ ἯὠὈ ὅὖ 

ὑὍ Ἵὖ ὅ ἻὍὖ Ὅὕ (Thankarajan et al 2008 a, 2008 b). ἯἻὖὌὕ Ὀ  ὅὖὋ (Akila 

and et al 2013, 2015) ὂὈὖὐὖ Ὗὅ Ἵὖ  ἳὠὊ ἳ ὑὕ Ἳ ὂὖ Ἳὕὄ Ὁ ἽὖἻ 

ὟὈ ὝἻὕ Ὅὄ.  
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7.2.1. Ὗὅ ὂὊ Ἳ 

 ὟὅἽὖ  ἳὠὊὉὕ Ἳὂὖ  Ὗὅ ὂὊ ἻὖὉὈὕὄὂὕ. ὠὈ ὕὖ Ὅ 

ἱ ὂὖὉ ὝὈὕὐὖἻὍὖ ὠὈὉ ὃὖ ὑὄ ὂὈὖ Ὗὅ ὂὊὠὑ ἳ ὑὕ Ἳὖ Ὅ. ἱὂ  ὑὖὑὊ 

ἻὗὟὐ ὂὊ ὅ Ὅ. 

ὝὈὕ ὂ Ὗὅ ὅὑ Ἳ =   453 

ὝὈὕ ὂ ὈὁὖἻ          =     213:37:27 

Ὃὖ :  Ὗὅ  ὂὊὑὖ ὝὈὕ ὂ ὈὁὖἻ ὂὊὈὕὄ ὅὕὖὟἽὕὂὠὄ ὠὈὉὠὀ  Ὗὅὕ 

Ὀὕ .  

Ὗὅ ὂὊ ἯὠἽἻὍὕἻ ὅὖὕὖἻ ὅὀὟὑ. ἯὠἽἻ  Ἰ Ἳ /Ἰ Ὁ Ἳ  

ἯὠὀὉὕὍ ὅ ὂὟὑ .  ἱ ὂ ἯὠὀὉὕὍὅὅ ὂ ὅ ὀ Ὗὅ ὂὊὠὑ ὅὉὖ Ἵὖ 

Ἳ ὀὂὖ ὅὕὖὟἽὕὂὠὄ Ἳ ὀ ὂὖ ὅὉ ὅ ὂὌὕ.  

7.2.2.ὂὈὖ Ἳὕὄ ἯὠἽ Ἧ ὅὠὀὉὖὌὕὄ Ὕὂὕὀ ἽὖὉὕὄ Ὗὅ  ἯὋὖὑὕ (A Syllable Based 

Continuous Speech Recognizer for Tamil) 

 Ὄ Ὀὖ Ὀ  ὟὔὈ ἵ. ὂὖ ἵ Ὗὅὕὕὖ (Lakshmi A. and Hema A. Murthy. 2006) A 

Syllable based continuous speech recognizer for Tamil (ὂὈὖἻὕὄ ἯὠἽ Ἧ ὅὠὀὉὖὌὕὄ 

Ὕὂὕὀ ἽὖὉὕὄ Ὗὅ  ἯὋὖὑὕ) Ὃὖ ὅὖὀ ὂ ὂ ἰ ὑὕ . Ὄ Ὀὖ Ὀ  ὟὔὈ ἵ. ὂὖ 

ἵ Ὗὅὕ  ὂὈ  Ἳ ὠὊὉὖ ἯὠὀὉὕὍ ὅ ὂὅὀὕὂ Ἰ ὝὅὉ  ὝἽ Ὁ ὅ ὀ ὅὉὖ Ἵὖ 

ὂὊ ἱ  Ὗὅὕ ἯὠἽὠὉ Ἧ ὅὠὀὉὕἻ ὝἻὕ ὀ Ὗὅ ἯὋὖὑὕὠὄ ἳ ὑὕ  Ἰ  

ὂὖὉ ὅ ὠὂ ὠὑ ἻὖὋὄ . Ἧὑ Ἳ  ὟὅὠἽ  Ὀ  Ὕὅὕ ὂ Ὅ ἳὠὊὠὉ  

Ἰ ὅὖὀ ὂ Ἳ ἯὠἽὟὅὕ Ὃ ἯὌ ἻὍὕἻ Ὃὖὀ  ἱὊ  Ὕὑ Ὗὑ Ὃὖ  

ὑὐὖ ὠὋἻὠὍ (two different segmentation algorithms) ὠὑ ἻὖὋὄ . Ὗὅ  

ὂὊὑὖ  ὉὈὕἻ ἯὠἽὟὅὕ Ὃ ἯὌ ἻὠὍ Ὃὖὀ Ἰ   ὂὕὈὂὠὂ 

Ἧ ὅὠὀὉὕἻ ὝἻὕ ὀ ἱ  ὃὖὠὌ Ὃὖὀ ὑὐὖ ὠὋὠὉ (group delay based two level 

segmentation algorithm) ὝὈὕὐὖἻὖ Ὃὄ. Ἰ  ὑὖὂὖ Ἧ ὅὠὀὉὖὌὕὄ ἳὠὊ Ὃὖὀ ὑὐὖ ὠὋ 

Ὗὅ ὀ Ὕὂὕὀ ὠὀὉ ἳὠὊὠὉ ὂὕὄὖὉ ἻὈὕἻ ἯὠἽ ἯὌ ἻὍὕἻ ἯὠὀὉὕὍ ὅ ὂ 

ὅὉ ὅ ὂ ὅἻὖὋ . ἯὠὀὉὕὍ ὅ ὂ ὅὀ Ὗὅ Ἵὖ  ἵ Ἳὕ ἻὠὍ 

ὟἽἻὕὖ ὅὂ Ὄ  ἵ Ὄὕ ὂὄὖ ὑὈὕὄ ἯὠἽἻ  ὅὌ Ἵ ὀ ἯὍὠὑ  (multiple frame 
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size (MFS)) Ὀ  ὅὌ Ἵ ὀ ὂ ὠὂ  (multiple frame rate (MFR)) ὅὉ ὅ ὂὖ Ὕὂὕὀ ὅ Ὃ 

ὅὕὁὖ ἯὠἽ ὈὕὂὖὕὖἻ (isolated style syllable models) ἳ ὑὕ Ἳὅ Ὅὄ. ὂὈὖ ὝὈὕὐὖὉὖ 

ὃὖἻ ὂ ὅ ὀ ὟἽὕὂὠὄἻ Ὗὅ ἽὋὖ ὝἽὉ ὂὖὋ ὠἻ ὠὋὠὉ  ὅὉ ὅ ὂὖ 

Ὃὖὀὅ ὀ ὅὉὖ Ἵὖ ὂὊ ὅὉ ὅ ὂὖ ἳ ὑὕ Ἳ ὅ ὀ ἯὋὖὑὕ ὀ Ἰ ὅὖὀ ὂ Ἳ ἵ  

Ἳὕ Ἳὖ Ὃ. ἱ ὂ ὟἽὕὂὠὄἻ Ὗὅ  ὂὊὑὖ ὑὕ ἻὖὉ ὃὖὠὌ Ἰ ὝὅὉὊὕ Ἳ Ἳὖὠὀ ὂὕ 

Ὗὅ ἯὋὖ  Ἰ ὠὋὠὉ ἳ ὑὕ  ὝἽὌὠὑ ὠὋ Ἳ ἱὉ  ἵ  

ὅὕὖ ὠὊ Ἳὖ Ὃὄ.  

 Ὕὂὕὀ ἽὖὉὕὄ Ὗὅ  ἯὋὖ  Ἰ ὠὋὠὉ ἳ ὑὕ ὑὂὖ ὂ ὟὅὕὠὂὉ ὃὕ 

Ἵὑὕ ἯὠὈ  ἵ ὅ  ὟὂὠὑὉὕὄ ἯὠὀὉὕὍ ὅ ὂ ὅ ὀ Ἰ ὝὅὉ Ἳ ὅ ὀ ὅὉὖ Ἵὖ 

ὂὊὠὑ Ὕὅ ὑὂ Ἳὕὄ ὝἽὌ ἰ ; ἱ  Ὀὄὖὂ Ἵ ὂὖ Ὀ  ὟὃὊ ἵ Ὃ ἱὊ  

Ἧ ὅὠὀὉὖ Ἰ  ὑὖὠὌ Ὁ ὂ ὝἽὉ ὠὋὉὕ. Ἰ ὝὅὉ  ὝἽ Ὁ ὅὀὕὂ ὂὊὠὑ 

ὅὉ ὅ ὂὖ Ἳ Ἳὕὁὖ Ἳὅὀὕὂ ὅὉὖἽὖ ὅ Ἳ Ἧ ὅὠὀὉὖ ὅὌ ἰὊὕ ἽὖἻ  

ὟὈ ὝἻὕ Ὅ ὅ Ὅὄ. ἱ ὂ ἳ ὂὖἻ Ὕὅ ὈὍὑὖ ὃ ὅἻὈὕὄ Ὗὅ  ἯὋὖὑὕ (trusted 

recognizer, ὝὅὕὖὉ ἯὍὑὖὌὕὄ Ἰ ὉὖὉ ἻὑὖὉ Ἵὕ ὂὊ (acoustic data) Ὀ  Ἰ  ὃ Ὄ 

ὝὈὕὐὖ ὈὕὂὖὕὖὠὉ  language model Ὕὅὕὖ ὃ ὅὖὍ . ἯὠἽἻ Ἰ ὉὖὉ Ἳ 

Ἧ ὅὠὀὉὖ ὟἻ  Ἧ ὅὠὀὉὖ ὃὖὠὌὉὕὄ ἯὌ Ἳ  ἵ  ἯὋὖὉ ὅ ὑὂὕ 

Ἳὀ ὂ ὅ ὂὕ ἻὍὕἻ ἯὠἽ Ἧ ὅὠὀὉὖὌὕὄ Ὗὅ  ἯὋὖὂ Ἰ ἻὠὈ ἻὍὖ 

ἻὖὉ ὑ ἳὁὊ ὅ Ὅὄ. ἯὠἽ Ἧ ὅὠὀὉὖὌὕὄ Ὗὅ  ἯὋὖὑὕ  ὅὉὖ Ἵὖ 

ἯὍὖ Ἳ Ἳ Ἳὕὁὖ Ἳ ὅὀὕὂ ἯὂὖἻὕὖ Ἵὕ ὅ Ἳ (unsupervised incremental clustering 

techniques) Ὁ Ἵὖ Ἳ ὅ ὀὄ (Sarada, Nagarajan Hemalatha and Hema A. Murthy 2004). 

ἱ ὂ ὅ Ἳ ἯὂὖἻὕὖ Ἧ ὅὠὀὉὖ ἳ ὑὕ Ἳ ὅ ὀ Ὗὅ  ἯὋὖὑὕὠὄ ὅὉ ὅ ὂὖ 

ἯὠἽ  ὝἻὕ ἻὠὍ/ὂὖὊ ἻὠὍ ὂὕὄὖὉ ἻὈὕἻ ἳ ὑὕ Ἳ ὅὀ Ἧ Ὀὂὖ Ἳὖ Ὃ Ὀ  

ὅὖ ὄ ὝἻὕ Ἳ/ὂὖὊ Ἳ ὠἻ ὠὋὉὕἻ Ὄ Ὃὖ ὝἽ Ὁ ὅ Ἳὖ Ὃὄ. ἱ ὂ 

Ἧ ὠὋὉὖ ὠὋὅὕ Ὗὑ ὅ ὀ Ἰ Ὗὅὕ Ἰ  ἯὠἽἻ Ὕὅ ὅὕ 

Ἰ ὋὕἻ ὝἻὕ ὂὕἻὖ ὝἻὕ ἻὠὍ Ὄ Ὃὖ ὝἽὑὂὖ Ἵὖ ἻὠὍ ἶ ὅ Ἳὖ Ὃὄ.  

ὠὋὑὕὄ ὉὈὕἻ ὝἻὕ ὂὕἻ ὂὊ Ὀ  ὝἻὕ ἻὠὍ Ὄ Ὃὖ ὝἽὑὂ Ἳὕὄ 

Ὀὄὖὂ ἳὠὐ  ἵ ὅὄ ἱ ὂ ὅ Ἳ ὠὋὑὕἻ ὑὖ ὅ ὂ ἻὠὑὉὕἻ ὝἽ Ἳὖ Ὃὄ. 
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 ὂ Ὗὅὕ Ὂὂὕ Ὀ  ὀὕὍὖἻ (Sarada, Nagarajan Hemalatha and Hema A. 

Murthy 2004) Ὗὅ  ὋὖὠἻ (speech signal) ὑὕ ἻὖὉ ὃὖὠὌ Ἰ ὝὅὉ Ἳ ἱ Ἳὖ Ὃὄ 

ἵ  Ἧ Ὀὕὄὖ Ἳὖ Ὃὄ. ἯὠἽ ὃὖὠὌ Ὃὖὀ ὑὐὖ ὠὋ Ἰ ὉὖὉ Ἳ ὋὖὠἻ Ὀὗ 

ὅὖὊὟὉὕἻὖ Ἳ ὅ Ἳὖ Ὃ. ἱ ὂ ἯὌ Ἳ  ὂὕὄὖὉ Ἳ ἯὠὀὉὕὍ ὅ ὂὠὌ ἳ ὑὕ Ἳ 

Ὕὅὕ ὂ ὅ Ἳὖ Ὃὄ. 

 ὠὂὉ ὝἽὉ ὅὕ (Kamashi Prasad et al 2004)  ὂὕὈὂ Ἧ ὅὠὀὉὖὌὕὄ 

Ὃὖὀ ὑὐὖ ὠὋ  ἵ ὠὌἻὠὍ ἽὕὖὉὕἻ ἯὠὀὉὕὍ Ἳὕ ὄὕ   ὉὈὕἻ, 30% 

ἯὠἽ ἵ ὠὌἻ ὂὑὋ ὅ ὀὄ. ὃὕἻὊὕἾ ὀὕὍὖἻ (Nagarajan and Hema A Murthy 

2004) ἵ ὠὌ Ἳ ὀὋὖὂ  ὑὐὖ ὠὋ ὈὕὋὖ 10% Ὗὄ Ὃ ὂὖ ὑὐὖὑ ὂὄ. ἵ ὠὌ 

Ἳ ὀὋὖὂ ὑὐὖ ὠὋἻὍὖ ὑὊ  ἵ ὠὌἻὍὖ Ὗὅ  ὋὖὠἻ ὅ ἻὍὖ Ὁ  

Ὃὖ ὅὕἻ ὠὋ  ὂὕ  ὈὕὋὖ ἯὠἽ ὑὖἻὖὂ Ἵὕ ὂ ἵ Ὃ ἳ ὠὈὉὕ .  Ὂὂὕ 

Ὀ  ὀὕὍὖἻ ἱὊ  ὃὖὠὌ Ὃὖὀ ὑὐὖ ὠὋὠὉ ὝὈὕὐὖἻὖὋὄ ; ἱ  

Ὗὂὠὑ ὅ ὀὕ ἯὠἽ ἻὕὌ ὂἻὑ ἻὠὍ ἯὌ ἻὠὍ Ὀ  Ὃὖὀ  ὅὉ ὅ ἻὖὋ. 

Ἵὕ  Ὀ  ὅὖὋ ὂὈὖ Ὗὅ  ἯὋὖὑὕ ἳ ὑὕ Ἳ Ὁ Ἵὖ ὂὂὕἻ Ἧὑ ἻὍ 

Ἳ ὠὊὉὖ  ὝὂὕὖὉὑ Ἳὖ Ὃ (Charales A.P.H. and Devaraj G. 2004).  

 ἳὠὊ Ὃὖὀ ἵ ὅ  ὝὈὕὐὖὉὖ  ὝὅὋ ὅ ὀ ὝὈὕὐὖὉὖὉ ὑὖὂὖἻὠὍ 

Ἧ ὅὠὀὉὕἻ ὝἻὕ ὀ. ἵ ὂ ἯὠἽ Ἧ ὅὠὀὉὖὌὕὄ ὝὈὕὐὖὠὉ Ὕὅὕ ὑὕὄ 

ὑὖὂὖἻὠὍ ὅὉ ὅ ὂὖ ἯὠἽἻὍὕἻ ὅὖὕὖ ἻὌὕ. ἳὠὊ  ἻὠὍ  Ὗὅ  ἯὌ Ἳ  

ἽὈὈὕἻ ἽὕὖὉὕἻ ἳ ὑὕ Ἳ ἽὖὌ ὝὈὕὐὖ ἽὖὋ ὑὖὂὖἻ ὅὉ ὍὂὕἻ ἱ . ἳὠὊ 

Ὃὖὀὅ ὀ ὅὖὋ Ὃὖὀὅ ὀ ἯὠὌὑ ὑ  Ὃὖὀ ὅ ὀ ἳὠὊ  Ὕὅὕ ὂ ὅ . 

Ἰ Ὕὑὕ ὂὄὖ ὑὈὕὄ ἯὠἽὉὖ ὅ  ὝὈ ὅ ὂ Ἳ ὅὖὕὖ Ὕὂ Ἳ ὅ Ἳὖ Ὃὄ Ὀ  

HMMἻ  Ἰ Ὕὑὕ ἯὠἽ  ὅὉὖ Ἵὖ ἯὍὖ Ἳ ὅ Ἳὖ Ὃὄ. Ἰ ὉὖὉἻ ὈὕὂὖὕὖἻ ὅ Ἳ 

Ἵ ὀ ἯὍ Ἳ  (multiple frame sizes (MFS)) Ὀ  ὅ Ἳ Ἵ ὀ ὑὖἻὖὂ Ἳ (multiple frame 

rates (MFR)) ὅ  ὅὖὕὖ Ὕὂ ὂ Ἧ ὅὠὀὉὖὌὕὄ ὅ ὅὉ ὅ ὂὖ 

ἳ ὑὕ Ἳὅ Ὅὄ. ἱ  ἻὕὌ Ὗὅὕ Ἳὖ ὃὖὋὈὕὠὌ Ὀὕ ὅὕ Ἳ  ὅὉὖἽὖ ὂὊὑὖ 

ὠὋ  ἻὕὊὁὈὕἻὖὋ. ὂὕὄὖὉ ἻὈὕἻ ἯὠὀὉὕὍ ὅ ὂ ὅ ὀ Ὗὅ ἯὋὖὑὕὄὖ 

ὝἽὉ ὂὖὋ (automatically annotated recognizer (AAR)) ὑὐ ἻὈὕὄ HMM Ἧ ὅὠὀὉὖὌὕὄ 
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Ὕὂὕὀ ἽὖὉὕὄ Ὗὅ  ἯὋὖὑὕ ὀ (conventional HMM based continuous speech recognizer 

CCSR) Ἰ ὅὖὀ ὅ Ἳὖ Ὃ. AAR Ὗὅ  ἯὋὖὑὕ ἯὠἽ ἻὕἻ Ὃὖὀ ὅ ὀ ἳὠὊὠὉ  

 ἵ ὠὌ ὂἻὑ ὝἻὕ ὀ Ὕὂὕὀ ἽὖὉὕὄ Ὗὅ ὠἽ ἯὠἽ ὈὕὂὖὕὖἻὠὍ ὅὉ ὅ ἻὖὋ; 

Ἵὖ.Ἵὖ.ἵ .ἰ . ἵ ὠὌἻὠὍ ὂὕὄὖὉ ἻὈὕἻ Ἳ ὀὋὖ  ὑὕὖὠἽ ὅ ὑὂ Ὄ  

Ὕὂὕὀ ἽὖὉὕὄ ὟὅὠἽ Ἰ ὝὅὉ  ὝἽ Ἳὖ Ὃ.  

AAR Ἧ ὅὠὀὉὖὌὕὄ Ἰ ἻὠὈ  

 

 

 

 

 

Ἰ ὉὖὉ Ἳ  Ἳ  

Ὃὖὀ ὅ ὀ ἳὠὊ 

AAR ὅὉὖἽὖὉὕὍ  ἯὠἽ ὈὕὂὖὕὖἻ  ὝὑὍὖ  Ἰ ὝὅὉ  

Ὃὖὀ ὅ ὀ ὅὕὖὟἽὕὂὠὄ  ὋὖὠὈ 

 

CCSR Ἧ ὅὠὀὉὖὌὕὄ Ἰ ἻὠὈ  

   

 

 

 

 

 

ὝὂὕὀὕὖἽὖὉὕὄ ὋὖὠὈ 

Ὃὖὀ ὅ ὀ ἳὠὊ 

CCSR ὅὉὖ ἽὖὉὕὍ  ἯὠἽ ὈὕὂὖὕὖἻ  ὝὑὍὖ  Ἰ ὝὅὉ  

ἯἻὊὕὂὖ ὝὂὕὀὕὖἽὖὉὕὄ ὟἽὕὂὠὄ  ὋὖὠὈ 

                                       

7.3. Ἳ ὠὊ 

 ὟὅὠἽ ἳὠὊὉὕἻ Ὀὕ  ὝἽὉ ὅὕ Ἳὕὄ Ὁ ἽὖἻ ὅὌ ὂὈὖὐὖ 

ὟὈ ὝἻὕ Ὅ ὅ ὑ Ἳὖ Ὃὄ. Ὀὖ Ἳὕ ὄὈὕὄ ὝἽὉ ὅὕ ὠὀ Ὕὑ ὋὖἻὊὈὕἻ ὝἽὉ ὅ ὂ 

ἱ  Ὁ ἽὖἻ ὟὈ ὝἻὕ Ὅ ὅὀὟὑ.  
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ἱὉ  8 

ὠὊ 

 ὂὈὖὐὖ Ἰ ὉὖὉ ἻὑὖὉ ὅ Ὃὖ ἳὠὊὉὖ  Ὗὅ Ἵὕ ὅ Ὃὖ Ὗὅ Ἵὖ  

ἳὠὊὉὕ  ὅ Ὃὖ ὑὖὍ  ἵ ὂ  ἱ  ὑὠὊ ἱ Ὄὕὂὖ ὂ. ἱ ὠὋὠὉ 

ἲ ὝἽ  Ὗὃὕ Ἳ ὂὖ ἱ  ὑὖὕὖὑὕἻ ἵ ὂ ὅ Ὅ . ὂὈὖ Ἰ ὉὖὉ ἻὑὖὉ 

Ὃὖ  ἳὠὊὉὖ  Ὗὅ , Ὗὅ Ἵὖ  ἳὠὊ Ὗὅὕ Ὃ ἰ Ἳ  ὝἽ Ὁὑὖ  ὂὈὖ 

Ὀ  ἯὋὖ  ἰ ὑὕὍ Ἳ  ὃὖ ἽὉὈὕἻ ἱ  Ἧ ὂὍὈὕἻ ἯὠὈ  ἵ Ὃ Ὗὃὕ ὀ 

ἱ  ὝὑὍὖὉὖὀ ὅ Ἳὖ Ὃ. 

 Ἰ ὉὖὉ ἻὑὖὉ ὅ ὋὖὉ ὑὖὕὖὑὕὄ ὑὖὍ Ἳ ἱ  ὂὊ ὅ Ὅ. 

Ἰ ὉὖὉ ἻὑὖὉ ὅὌ ὅὕὖὈὕὁ Ἳ ὂὊ ὅ  ὑὖὍ Ἳ ὅ Ὅὄ. ὃὖὋὈὕὠὌ ὑὠὊ Ἳ 

Ὄ  Ὗὅ ὝἽὕ ἻὍὖ Ἰ ὉὖὉ ἻὑὖὉ ὑὖὕὖὑὕἻ ὑὖὍ Ἳ ὅ Ὅ. Ἰ ἻὠὍ ἯὠὀὉὕὍ 

Ἳὕὁ  ὅὉ ὅ  Ἰ ὉὖὉ Ἳ Ὃὖ Ἳ ὑὖὕὖὑὕἻ ὂὊ ὅ Ὅὄ.  

 ὂὈὖ  ἸἻὍὖ  Ἰ ὅὖὉ  Ὃὖ  ἸὉὖ ἻὑὖὉ Ὃὖ  Ἧ ὅὠὀὉὕὄ 

ὂἻὑ ἻὍὖ Ὗὂὠὑ ἱ Ὄὕ  ὃὖὠὋ  ὝἽὉ ὅἻὖ Ὃ . ὂὈὖ  Ἰ Ὁὖ ἻὑὖὉ Ὃὖ ὂ 

ὑὖὍ Ἳ Ἳ  ἱ  ὂὊ ὅ Ὅὄ. ὃὖὋὈὕὠὌ ὃὖὐ ὅὀ ὑὠὊὑὖὠὉ  (spectograph) 

ὅὉ ὅ ὂὖ ἳ ὑὕ Ἳ ὅ ὀ Ἰ ὃὖὋὈὕὠὌ ὅὀ Ἳ ἱ  ὂὊ ὅ 

ὑὖὍ Ἳ ὅὍὄ. ἸὃὖὋὈὕὠὌ  ὅὀ ἻὠὍ Ἰ ἻὍὖ  ὅὌ ὅὕὖὈὕὁ Ἳ  Ἧ ὅὠὀὉὖ , 

Ὃὖ ὅὕἻ ἱ ὅὖὀ Ἳ  Ἧ ὅὠὀὉὖ  ὂὊὅ  ὑὖὍ Ἳ ὅ Ὅὄ.  

 ὂὈὖ Ἰ ἻὠὍ Ἰ ὉὖὉ ἻὑὖὉ ὅὖ ὄὁὖὉὖ ἰ ὑ  ὂὈὖ ὅ ὑ ἻὠὍ Ἧ Ὄ  

ἳὠὊἻὠὍ Ὗὅ ἽὕἻ Ὀὕ  Ἰ ὠὋὠὉ ἳ ὑὕ ὑ  ὈὖἻ ὟὂὠὑὉὕὄ 

ὝἽὉ ὅὕὀὕ. ἳὠὊὉὖ  Ὗὅ  ὠὁὅὕἻ ἯὋὖ Ἳ ὅ ὂ ὅ ἱ  

ὑὖὕὖὑὕἻ  ὟὅἽ ὅ Ἳὖ Ὃ. Ὗὅ , Ὗὅ  ἳ ὅ ὂὖ, Ὗὅ  ὟἻ ὁ /ὝἽὑὖ Ὄ ἳὁ  

ἵ ὅὄ Ὃὖ  ὑὖὍ Ἳ  ὂὊ ὅ Ὅ . Ὗὅ  ὠὁ ὅὕ Ἳ ὂὖ  ὑὊὌὕ  

Ὃ ὅ Ὅ . ἱ ὂἻὑ  ὝἽὉ ὠἻ Ὗὅ  ἳ ὑὕ Ἳ Ὁ ἽὖἻ  ἳὠὊ-Ὗὅ  

Ὁ ἽὖἻ  ἵ ὑὍ  ὅὐὠὈὉὕὄ  ἵ  Ἧ Ὁ ἽὖἻ  ἱ  ὅὌ Ὗὄ Ὃ ἻὠὍ 

Ἧ Ὄ  ὟὈ ὅὕ ἻὠὍ Ἧὠὀ  Ὕὂὕὀ  ὝἽ Ὁ ὅ ὑ ἻὖὋ  ἵ  

ἯὋὖὉ Ἳὖ Ὃ . ὟὈ  Ὗὅ  ὠὁ ὅὕἻ Ἧ ὠὋἻ  ὅ Ὃὖ ἱ  ἻὈὕἻ 

ὟὅἽ ὅ Ἳὖ Ὃ. Ὃὖ ὅὕἻ Ἰ ὅὖὉ ὠὁ ὅὕ Ἳ (articulatory synthesis), 

Ἰ ὝἽὋὖ ὠὁ ὅὕ Ἳ (formant snynthesis), ἱὠὁ  ὠὁ ὅὕ Ἳ 
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(concatenative synthesis), ἵ .ἵ .ἵ . Ἧ ὅὠὀὉὖὌὕὄ ὠὁ ὅὕ Ἳ (HMM based 

synthesis) ἵ Ὃ ἳὠὊ-Ὗὅ  ὠὁ ὅὕ Ἳ Ἧ ὠὋἻ  ὅ Ὃὖ Ὃ ὅ Ὅ ὀ 

Ἧὑ Ὃὖ ὃὖὠὋ ὠὋἻ  Ἰ ὅὖ  ὅὕ Ἳ ὅ Ὅὄ. ὟὈ  ἳὠὊ-Ὗὅ  

Ἰ ὠὋἻὍὖ ὅὉ ὅὕ Ἳ  ἱ  ἻὈὕἻ ὂὊ ὅ Ὅὄ. 

 ὂὈὖ ἳὠὊἻὠὍ Ἧ Ὄ  ὅ ὑ ἻὠὍ Ὗὅ ἽὕἻ Ὀὕ  ὝἽὉ ὅὕ Ἳ ὅὌ 

ἰ ἻὍὕἻ ὃὠὀὝὅ ὑ Ἳὖ Ὃὄ. ἳ ὑὕ Ἳ Ἧ ὅὠὀὉὖ Ὗὅ  ἳ ὑὕ Ἳ ὠὂ 

ὃὕ  ἻὖὉὈὕὄ ὑὠἻ ὅὕ ἻὍὕἻ ὑὠἻ ὅ ὂὌὕ. ὃὕ ὑὠἻὉὕὄ ὅ ὑ -Ὗὅ  

ὠὁ  ἳ ὑὕ Ἳ Ἳ ὅὉ ὅὕ  ἳ Ὅὄ. ἯὠὑὉὕὑὄ Ἰ ὅὖὉ ὠὁ  

ἳ ὑὕ Ἳ,  Ἰ ὝἽὋὖ ὠὁ  ἳ ὑὕ Ἳ, ἱὠὁ  ὠὁ   ἳ ὑὕἻ, 

ἵ .ἵ .ἵ . Ἧ ὅὠὀὉὖὌὕὄ ὠὁ  ἳ ὑὕ Ἳ.  Ἱ Ὕὑὕ ὠὁ  Ὗὅ  

ἳὠὊὑὕ Ἳ ὠὋ ὃὖὠὋἻὠὍ ὝἻὕ Ὅὄ. Ὗὅ Ἵὖ ἱὉ  ὂ ὠὈὠὉ Ἧ Ὄ  

ἱὉ ὠἻ ὂ ὠὈὠὉ ἳ ὑ ὑ ὂὕ ἳὠὊὉὖ  Ὗὅ  ὁ ὅὕ Ἳ ὂὖ 

Ὗὃὕ ἻὈὕἻ ἯὠὈὉ Ὗὑ .  ἳ ὑὕ Ἳ ὅ ὀ Ὗὅ  ὠὁ   Ἰ ὠὋἻ  

ὝἽὉ ὠἻ ὂ ὠὈὉὕὄ Ὗὅ  ἱὉ ὠἻ ὂ ὠὈὉὕὄ Ὗὅ  ἵ Ὃ ἯὍὑὖ 

Ὗὑ ὅ Ἳὖ Ὃὄ. ὅὌ ἳὠὊὉὖ  Ὗὅ ὠἽ ἳ ὑὕ  Ὁ ἽὖὉὖ ἲ ὅ ὂὄ; 

ὂ Ὕὅὕ ἲ ὅ  ὑ Ἳὖ Ὃὄ.  ἱ ὑὕ Ἳ ἵ Ὄὕ ἱὉ ὅὕὄ Ὗὅ ὠἽ Ὗὃὕ ἻὈὕἻ 

ὝἻὕ  ἯὠὈ ὂὕ  ἵ Ὄὕ Ἰ ὠὋἻ  ἳὠὊὉὖ  ἱὉ ὅὕὄ Ὗὅ ὠἽ 

ἳ ὑὕ  ἵὄ  Ὃ ἱὉὌὕ.   

 ὂὈὖ Ὗὅ ὠἽ ἳὠὊὉὕἻ Ὀὕ  Ὁ ἽὖἻ ὟὈ ὝἻὕ Ὅ ὅ 

ὃὠὀ ὠὋ ὅ ὂ ὅ ὑ Ἳὖ Ὃὄ. ὂ Ὗὅὕ Ὗὅ ὠἽ ὟὃὊ ὉὕἻ ὝὈὕὐὖ Ὀὕ Ὃ ὝἽ  

Ὁ ἽὖἻ ὟὈ ὝἻὕ Ὅ ὅ ὑ Ἳὖ Ὃὄ.  ἱὊ  ὝὈὕὐὖἻὍὖ Ὗὅ  ἱὠὁ  ὑὖὕὖὂὊ 

ὝἻὕ  Ὗὅ ὠἽ ἳὠὊὉὕἻ Ὀὕ  Ὁ ἽὖἻ ὟὈ ὝἻὕ Ὅ ὅ ὑ Ἳὖ Ὃὄ. ἱὂ  Ὄ  

Ὗὅ ὠἽ ὟὃὊ ὉὕἻ Ὕὂὕὀ Ὅ ἱὌ  ὝὈὕὐὖ  Ὀὕ ὑ ἵὍὖ. ἰὄὕ  ἱ ὂὠἻὉ 

ὑὖὕὖὂὊὠὑ ἳ ὑὕ ὑ Ἳ ὄὈὕὄ ὝἽὉ. ἱὂ Ἳὕὄ Ὁ ἽὖἻ ὟὈ ὝἻὕ Ὅ ὅ 

ὑ Ἳὖ Ὃὄ. 
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