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SINGER’S FORMANT
 • MOST MALE OPERA SINGERS CONCENTRATE ENERGY INTO THE 2-5 kHz RANGE IN ORDER TO BE HEARD OVER THE ACCOMPANIMENT OF A LOUD ORCHESTRA. THEY DO THIS BY LOWERING FORMANTS F5 AND F4 SO THAT THEY COMBINE WITH F3.
 • PHYSIOLOGICALLY, THEY LOWER THE LARYNX SO THAT THE LARYNX TUBE IS MISMATCHED TO THE PHARYNX AND FORMS A RESONATOR OF ITS OWN.
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SINGER’S FORMANT
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SINGER’S FORMANT
 THE CENTER FREQUENCY OF THE SINGER’S FORMANT VARIES SLIGHTLY WITH DIFFERENT VOICE CLASSIFICATIONS: ~2.4 kHz FOR BASSES; ~2.6 kHz FOR BARITONES; ~2.8 kHz FOR TENORS.
 FEMALE SINGERS PRODUCE A SINGER’S FORMANT THAT IS NARROWER IN FREQUENCY AND MUCH LESS PROMINENT. THE SINGER’S FORMANT WILL MATCH THEIR WIDELY-SPACED PARTIALS ONLY FOR CERTAIN TONES OF THE SCALE.
 http://images.google.com/imgres?imgurl=http://blog.silive.com/weather/2009/04/opera-singer.jpg&imgrefurl=http://www.rosstraining.com/forum/viewtopic.php?f=1&t=51013&start=0&usg=__r1uip-Msu-bKRzo8rSYaf8tAEQo=&h=310&w=500&sz=130&hl=en&start=11&um=1&tbnid=noyRd2aVLEREKM:&tbnh=81&tbnw=130&prev=/images?q=OPERA+SINGERS&ndsp=21&hl=en&rlz=1T4SKPB_enUS347MX349&sa=N&um=1
 http://images.google.com/imgres?imgurl=http://www.cbc.ca/gfx/pix/domingoplacido_cp_7482884.jpg&imgrefurl=http://www.cbc.ca/arts/story/2006/10/01/placidodomingo-book.html&usg=__2LKRTSGfibUxWbCozqPu7YOkLB8=&h=266&w=220&sz=22&hl=en&start=39&um=1&tbnid=zlFLjZ6x5Rn_dM:&tbnh=113&tbnw=93&prev=/images?q=OPERA+SINGERS+DOMINGO&ndsp=21&hl=en&rlz=1T4SKPB_enUS347MX349&sa=N&start=21&um=1
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SOLO SINGING IN OPERA
 ANOTHER TECHNIQUE USED BY OPERA SINGERS IS TO TUNE THE SECOND FORMANT F2 SO THAT IT COINCIDES WITH A PARTIAL OF THE SUNG NOTE (OFTEN THE 3RD HARMONIC)
 COMPARE THE HIGH FINAL B4-FLAT IN THE ARIA “Celesta Aida” AS SUNG BY LUCIANO PAVAAROTTI AND PLACIDO DOMINGO.
 PAVAROTTI PRODUCES HIS DOMINANT THIRD HARMONIC BY TUNING TO IT THE SECOND FORMANT F2 OF THE VOWEL IN “sol.” ONE EVIDENCE OF PAVAROTTI’S SKILL IN APPLYING THIS STRATEGY IS THE EXTENT TO WHICH HE DELIBERATELY DISTORTS F2 TO MATCH THE 3RD HARMONIC. HE RAISES THE FORMANT AT LEAST 50 Hz (MORE THAN 50%) FROM ITS SPEECH VALUE OF ABOUT 900 Hz.
 DOMINGO, ON THE OTHER HAND, RELIES ON HIS SINGER’S FORMANT TO PRODUCE A STRONG 5TH HARMONIC AT ABOUT 2.8 kHz.
 http://images.google.com/imgres?imgurl=http://www.cbc.ca/gfx/pix/domingoplacido_cp_7482884.jpg&imgrefurl=http://www.cbc.ca/arts/story/2006/10/01/placidodomingo-book.html&usg=__2LKRTSGfibUxWbCozqPu7YOkLB8=&h=266&w=220&sz=22&hl=en&start=39&um=1&tbnid=zlFLjZ6x5Rn_dM:&tbnh=113&tbnw=93&prev=/images?q=OPERA+SINGERS+DOMINGO&ndsp=21&hl=en&rlz=1T4SKPB_enUS347MX349&sa=N&start=21&um=1
 http://images.google.com/imgres?imgurl=http://www.lifeinitaly.com/files/imagecache/medium/Pavarotti_operatic_tenor_white_bow_tie.jpg&imgrefurl=http://www.lifeinitaly.com/music/Pavarotti.asp&usg=__GsJBSwqhP4C0uhLcYti1AfHuXrs=&h=366&w=300&sz=15&hl=en&start=5&um=1&tbnid=6SLD3ezYQtmF_M:&tbnh=122&tbnw=100&prev=/images?q=OPERA+SINGERS+PAVAROTTI&hl=en&rlz=1T4SKPB_enUS347MX349&sa=N&um=1
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SOLO SINGING IN OPERAPAVAROTTI: KING OF SECOND FORMANT TUNING
 PAVAROTTI IS SOMETIMES CALLED THE “KING OF THE HIGH C’s,” BUT MOST OPERA TENORS SING C5 WITH EASE.
 POWER SPECTRA OF B4b AS SUNG BY PAVAROTTI (UPPER) AND DOMINGO (LOWER). (Full scale is 100 dB). DOMINGO USES THE SINGER’S FORMANT, WHILE PAVAROTTI EMPHASIZES THE SECOND FORMANT TO PROJECT OVER THE ORCHESTRA (Miller, Resonance in Singing, Chapter 1).
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PAVAROTTI AND SECOND FORMANT TUNING
 POWER SPECTRA OF F4-sharp (UPPER) FOLLOWED BY A4-sharp (LOWER), BOTH IN A CONTINUOUS PHONATION OF VOWEL /ε/ (“e di pensier”) FROM PAVAROTTI’S RECONDING OF “La donna e mobile” from Rigoletto.
 THE F4-sharp IS DOMINATED BY THE 4TH HARMONIC, BOOSTED BY THE 2ND FORMANT. AS THE PITCH MOVES UP TO A4-sharp, PAVAROTTI FOLLOWS H4 WITH F2, MODIFYING THE VOWEL IN THE DIRECTION OF /i/.
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CHOIR SINGING
 CHOIR SINGING AND SOLO SINGING ARE TWO DISTINCTLY DIFFERENT MODES OF MUSICAL PERFORMANCE, MAKING DIFFERENT DEMANDS ON THE SINGERS. WHEREAS SOLO SINGERS WANT TO BE HEARD OVER THE SOUND OF AN ORCHESTRA OR CHOIR, CHORAL SINGERS ARE EXPECTED TO “BLEND” WITH THE VOICES OF THEIR COLLEAGUES.
 A SERIES OF EXPERIMENTS AT THE ROYAL INSTITUTE OF TECHNOLOGY IN STOCKHOLM COMPARED IDENTICAL PASSAGES SUNG IN “SOLO” AND “CHOIR” MODES BY SINGERS EXPERIENCED IN BOTH MODES. A NUMBER OF DIFFERENCES WERE NOTED, IN BOTH MALE AND FEMALE SINGERS.
 MALE SINGERS TENDED TO EMPLOY A MORE PROMINENT SINGER’S FORMANT IN THE SOLO MODE, WHILE THE FUNDAMENTAL WAS EMPHASIZED MORE IN THE CHOIR MODE, AS MIGHT BE EXPECTED (ROSSING, SUNDBERG, AND TERNSTRÖM, 1986).
 FEMALE SINGERS ALSO TENDED TO PRODUCE MORE ENERGY IN THE 2-4 kHz RANGE IN THE SOLO MODE. CHANGES IN BOTH ARTICULATION AND VOICE SOURCE WERE NOTED (ROSSING, SUNDBERG, AND TERNSTRÖM, 1987).
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AVERAGE SPECTRUM ENVELOPES OF BASS IN SOLO AND CHOIR MODES
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FORMANT FREQUENCIES OF CHOIR SINGERS
 FORMANT FREQUENCIES SPOKEN AND SUNG BY 8 BASS SINGERS IN A CHOIR.SPOKEN FORMANTS SHOW MUCH GREATER VARIATION THAN SUNG FORMANTS, ESPECIALLY IN F3 AND F4, WHICH DETERMINE VOICE QUALITY
 https://cm-mail.stanford.edu/cgi-bin/webmail/openwebmail-viewatt.pl/Figure%207.jpg?action=viewattachment&sessionid=rossing*cm-mail.stanford.edu-session-0.401969520825148&message_id=%[email protected]%3E&folder=INBOX&attachment_nodeid=0-1&convfrom=none.iso-8859-1
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CHOIR SINGINGCHOIR VS. SOLO SINGING MALE SINGERS HAVE LESS PROMINENT SINGER’S FORMANT IN CHOIR MODE
 “SELF” TO “OTHERS” RATIO (S0R) CHOIR SINGERS PREFER SOR OF ABOUT 6dB (AVE) MEASURED SORs ARE 4 dB (SINGLE ROW) TO 3 dB (DOUBLE ROW) IN OPERA CHORUS, SOR IS 10 –15 dB (Ternström, 2005)
 UNISONS /u/ IS MORE DIFFICULT TO MATCH TO A REFERENCE TONE THAN /α/, PROBABLY BECAUSE OF LACK OF HARMONICS PITCH ACCURACY STANDARD DEVIATION IN A BASS SECTION FOUND TO BE 16 CENTS
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PITCH ERROR DEPENDS ON REFERENCE LEVEL
 -20 -10 0 10
 ABILITY TO SING ON THE SAME PITCH AS A REFERENCE TONE DEPENDS UPON THE LEVEL OF THE REFERENCE TONE.
 ERROR IS LEAST WHEN THE SINGER SINGS AT THE SAME LEVEL AS THE REFERENCE.
 WHEN THE REFERENCE TONE IS MORE THAN 5dB GREATER THE ERROR INCREASES RAPIDLY, INDICATING THAT SUBJECTS HAD DIFFICULTY HEARING THEIR OWN VOICE (THEY STARTED TO “HUNT” FOR THE CORRECT PITCH.
 WHEN THE REFERENCE TONE IS SOFTER THAN THE SUNG TONE, THE ERROR INCREASED ONLY GRADUALLY. (Ternström 1986)
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OVERTONE OR HARMONIC SINGING
 OVERTONE SINGING IS A SPECIAL TYPE OF VOICE PRODUCTION RESULTING IN A SEPARATE HIGH TONE WHICH CAN BE HEARD OVER A MORE OR LESS CONSTANT DRONE. IT IS HEARD DURING RELIGIOUS AND SECULAR FESTIVITIES IN MONGOLIA, TUVA, AND TIBET. IN RECENT YEARS “HARMONIC” SINGING HAS BEEN PRACTICED IN EUROPE AND NORTH AMERICA.
 OVERTONE SOUND RESULTS FROM AN INTERACTION OF CLOSELY SPACED FORMANTS. FOR LOWER OVERTONES, THESE MAY BE THE 1ST AND 2ND FORMANTS. FOR OVERTONES WITH FREQUENCY HIGHER THAN 800 Hz, THE OVERTONE SOUND MAY RESULT FROM A COMBINATION OF THE 2ND AND 3RD FORMANTS.
 APPARENTLY A LONG GLOTTAL CLOSURE IS USED IN OVERTONE SINGING.
 SEE THE WEBSITE http://www.phys.unsw.edu.au/jw/xoomi.html

Page 16
						

TUVAN THROAT SING ING
 http://www.youtube.com/watch?v=4kDXGSwiRmA&feature=relatedhttp://www.youtube.com/watch?v=MgVqMMDBQrM&feature=relatedhttp://www.youtube.com/watch?v=DY1pcEtHI_w&feature=related
 TUVAN THROAT SINGING IS ONE PARTICULAR VARIANT OF OVERTONE SINGING PRACTICED BY THE TUVA PEOPLE OF SOUTHERN SIBERIA. THERE ARE SEVERAL STYLES, INCLUDING KHOOMEI, KARGYRAA, AND SYGYT.
 KHOOMEI IS THE MOST POPULAR STYLE. THE FUNDAMENTAL (DRONE) IS IN THE LOW TO MID-RANGE OF THE SINGER’S VOICE. 2 OR 3 HARMONICS CAN BE HEARD 2 TO 3 OCTAVES ABOVE THE FUNDAMENTAL
 SYGT (“WHISTLING”) HAS A MIDRANGE FUNDAMENTAL AND IS CHARACTERIZED BY A RATHER PIERCING HARMONICS SOUNDING LIKE WHISTLING.
 KARGYRAA HAS A DEEP GROWLING SOUND TO IT AND IS RELATED TO TIBETAN CHANT
 EXAMPLES ONLINE:
 http://www.youtube.com/watch?v=4kDXGSwiRmA&feature=related
 http://www.youtube.com/watch?v=MgVqMMDBQrM&feature=related
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THEORIES OF TWO-PITCH HARMONIC SINGING
 1. TWO-SOURCE THEORY: FALSE VOCAL FOLDS ACT AS A SECOND SOURCE. IT HAS BEEN SUGGESTED THAT FOR SOME SYGYT SINGERS A STRONG VOCAL TRACT RESONANCE DRIVES AN OSCILLATION IN THE FALSE VOCAL FOLDS. OTHERS HAVE SUGGESTED RAYLEIGH SURFACE WAVES IN THE FALSE VOCAL FOLDS CAN ACTIVELY AMPLIFY A HARMONIC.
 2. RESONANCE THEORY: A HIGHER HARMONIC IS EMPHASIZED BY AN EXTREME RESONANCE OF THE VOCAL TRACT
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COMPARING NORMAL SINGING TO HARMONIC
 SINGINGNORMAL SINGING
 HARMONIC SINGING
 4TH AND 6TH HARMONICS SHOW PEAKS BECAUSE THEY ARE NEAR THE FORMANTS OF THE VOWEL IN “HOARD.” THE SUNG PITCH IS Bb3 (117 Hz).
 VOCAL TRACT RESONANCE IS SET TO AMPLIFY THE 8TH HARMONIC OF THE FUNDAMENTAL
 http://www.phys.unsw.edu.au/jw/xoomi.html
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NORMAL SINGINGWHISPER
 HARMONIC SINGINGEMP. 8TH HARMONIC 12TH HARMONIC
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OVERTONE (HARMONIC) SINGING
 How do you do it? With some difficulty! One way to strengthen the second resonance, at the expense of the others, is to make a small mouth opening and also a relatively tight constriction between the tongue and the roof of the mouth. But mainly it takes a lot of practice, using feedback.
 DAVID HYKES HAS POPULARIZED OVERTONE SINGING IN THE USA WITH HIS PROFESSIONAL “HARMONIC CHOIR.” AND THE HARMONIC PRESENCE FOUNDATION
 HIS WEBSITE http://www.myspace.com/davidhykes IS HIGHLY RECOMMENDED
 http://www.myspace.com/davidhykes
 http://viewmorepics.myspace.com/index.cfm?fuseaction=user.viewAlbums&friendID=50738879
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OVERTONE OR HARMONIC SINGINGVOCAL TRACT IS SHAPED TO GIVE STRONG EMPHASIS TO CERTAIN HARMONICS
 HARMONIC CHANT
 NORMAL SINGING
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POPULAR SINGING
 LESS VOWEL MODIFICATION (“STRAIGHT TEXT”)NATURALNESS AT THE EXPENSE OF BEAUTYSONG IS FREELY CHANGED TO SHOW OFF SINGER’S VOICE
 BELTING – EXTENDING CHEST REGISTER ABOVE NORMAL RANGE
 COUNTRY SINGERSSPECTRA OF SPOKEN & SUNG VOWELS ARE SIMILAR“SINGER’S FORMANT” USUALLY MISSING
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BELTING IN POPULAR SINGING
 BELTING IS A MANNER OF LOUD SINGING THAT IS CHARACTEERIZED BY CONSISTENT USE OF “CHEST” (MODAL) REGISTER (>50% CLOSED PHASE OF THE GLOTTIS) IN A RANGE IN WHICH LARYNX ELEVATION IS NECESSARY TO MATCH THE FIRST FORMANT WITH THE 2ND HARMONIC IN OPEN (HIGH F1) VOWELS (~G4 TO D5 IN FEMALE VOICES).
 THE HIGHER FORMANT FREQUENCIES OF THE CHEST REGISTER ARTICULATION, CHARACTERISTIC OF MORE “OPEN” SINGING, ARE CLOSER TO AVERAGE SPEECH VALUES THAN THOSE OF THE MORE “COVERED” SOUND OF CLASSICAL ARTICULATION.
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VOCAL TRACT INPUT IMPEDANCE
 VOCAL TRACT CARICATURES (left) AND CORRESPONDING INPUT IMPEDANCES (right) AS A FUNCTION OF FREQUENCY (THICK LINES ARE REACTANCES AND THIN LINES ARE RESISTANCES) (Titze and Worley, 2009)
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COMPUTER SIMULATION OF GLOTTAL AIRFLOW
 COMPUTER SIMULATION OF GLOTTAL AIRFLOW WITH A SELF-SUSTAINED OSCILLATION VOCAL-FOLD MODEL THAT INTERACTS WITH: A UNIFORM TUBE OF DIFFERENT AREAS (left) AND A NEUTRAL TUBE WITH DIFFERENT EPILARYNX AREAS (right) (Titze and Worley, 2009)
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MOUTH-TO-HEAD AREA RATIOS
 Table I. Mouth-to-head area ratios.
 Note Ratio Vowel
 Male operatic (Luciano Pavarotti)
 D#4 0.0137 /e/
 E4 0.0205 //
 F#4 0.0288 //
 G4 0.0290 //
 A4 0.0291 //
 Male belt (Cab Calloway)
 D 0.0170 /u/
 E4 0.0364 /o/
 F 0.0614 /a/-/o/ (diphthong)
 G4 0.0662 /a/
 A4 0.0840 /a/
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