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Gi4o trinh nay dwoc bién dich, tdng hop hau hét tir cubn sach Live Sound Reinforcement cla
tac gia Hunter Stark, mét soundman néi tiéng & mién déng bac My va ca thé gidi vao thap nién 7, 80
clia thé ky truéc.

Loi twa ctia Bob Bralove, mot soundman ciing ndi tiéng khong kém.

Trong bubi biéu dién truc tiép, cong thirkc cho mét chuong trinh 16 thuc sy nam & sw két hop
cla nhiéu yéu to:

Ren luyén, tw do, cam hieng, chuén bj, khoa hoc va ma thuéat ky diéu. Sé lwgng chinh xac cua
méi cai c6 thé khéac trong bét ky tac phdm nhét dinh nao d6, nhung né la tat ca nhu cau dé thuc hién
thanh céng va phai duoc tinh thém bdi tét cé nguoi tham dw, déu la bo phan cia chuwong trinh ma ho
dang gép phén tao nén.

Khi chwong trinh dang hoat déng, moi sw biéu hién déu phai ré rét va manh. Khi ¢é tinh
huéng dang chéng lai, ban phai né luc dé chi nghe chinh minh, dirng dé y téi céc thanh vién khac
trong khi biéu dién, dang lam buc boi nhiing nhac sT hay nghé si, ky thuét vién va khan gia khéc.
Khoa hoc cta pro-sound la mét trong nhitng yéu té quan trong nhét vé sw két hop ky diéu. N6 la
phuong tién ma nguoi biéu dién xt dung dé lién hé y tuéng cta ho dén khén gid. Néu khéng cé né,
ho sé bj giang cép thanh nhw tuc ngd: “Nhiing céi cay bi nga dé trong rirng, néu khéng cé ai & dé
nghe né, né cé tao ra tiéng doéng (sound) khéng?”

T6i da danh phén Ién sw nghiép 4m nhac dé "dinh chat” dén pro-sound, chién déu véi nhiing
vén dé gitra monitor va FOH va c6 gdng lam cho nhac si cdm thay than thiét véi &m thanh cua riéng
minh va &m thanh cta ban nhac trong khi 6ng/cé ta dang dirng bén canh mét chéng loa dang phéat
tan nhac rock-and-roll vao dam déng 60.000 nguwoi. Tuy nhién, tbi d& c6 van may, trong quy trinh kinh
doanh am nhac, t6i da cé nhing co hoi dé lam viéc véi nhiéu nguoi gidi nhat. Tirng nguwoi trong doé da
cho toi thay tat c nhitng yéu té vé viéc thuc hién nghiém tuc la cach chuén bj duy nhét cho tinh
huéng khi ma thuat ky diéu xay ra.

Mot nghé si biéu dién hiéu biét cong nghé nao la phu hop cho &m thanh cta minh luén luén
tién truéc hon nhiing ngudi chi biét thiét bj cia minh va khéng c6 manh méi nao vé céch thuc hién dé
dwa dén dém déng tét nhét ra sao. Twong tw nhw vay, néu chuyén gia vé pro-sound khéng hiéu duoc
ban chét cua sw kién, nguoi dé thuong xuyén sé lam viéc nhuw tré bai tap thudc Iong, thiéu ngudn cadm
hirng va nghé thuéat. Day khoéng phéi dé ndi, sw hoc tap dé hiéu biét khdng thiét yéu. Néu cdm nhén
theo cach do, téi sé khéng viét 10i twa cho gigo trinh nay.

Nhiing diéu trinh bay & day cung cép cho ban kién thirc va hiéu biét vé khoa hoc cua pro-
sound va nhu céu ttrng bo phan céng cu &m thanh cua ky sw. Hiéu biét nhiing gi ban dang néi vé né,
luén Iam cho né dé truyén dat hon. D6 la su két hop cua khoa hoc nay véi nghé thuét Idng nghe va
nhay cdm v&i &m thanh dé thanh ky sw gidi, du trong tinh hudng live hay trong studio. Am thanh
khéng phai chi don thuén la chuyén dén cho khan gid ma nguoi ky sw khéng duoc may mo, ngét gian
doan, hay t6 diém. Bét cw ai ciing c6 thé mix duoc, nhung khéng phai ai ciing cé thé lam ra mix tot.
Tim hiéu khoa hoc, y tuéng, tiép tuc Idng nghe va thir nghiém. N6i chuyén véi dién vién va tim hiéu
ho wa thich céi gi trong loa monitor ctia ho. Néu ban muén lam duoc diéu gi ma ho yéu thich, khéng
chi nhin vao nhiing nut vén, hdy bé qua va ldng nghe. Nén nhé, kién thire chi la buwéc khéi dau.

Bob Bralove

Gi&i thiéu

Trong nhitng ndm gén déy, sw tién bé trong ky thuat thu 4m & studio, sw céi tién &n twong
trong nhiing hé théng nghe nhac dan dung, sang loc ra tinh tiy cho ky vong ctia khan gi phé bién,
da tao ra nhiéu nhu cau trong linh vurc pro-sound, va la diéu hau nhw khéng thé tuéng tuong duoc
trong vai thap ky triéc day. Yéu céu hé théng hién nay phéi dép (rng dé 4p dung khéng chi cho mirc
do Ién c6 sén ctia né, ma con phai nhé gon va hiéu suét cao nita, nhung cé 16 quan trong nhét Ia 4m
thanh xuét ra phong phu, ré rét va tron ven.

Chung ta ky vong cdi thién chét lvong &m thanh trong nhirng hé théng P.A khéc nhau, tir
nhing hé thong xtr dung cho nha tho nhé, dam tiéc va budi hop mat dén nhirng cong trinh doi héi
nhiéu phtrc tap & nhikng trung tdm vén chuyén Ién, dau trieong thé thao, dién dan céng cdng, va trong
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nhitng hé théng khuéch dai &m nhac khéc nhau, tir nhiing hé théng “vali” cho ban nhac cudi tuén dén
hé théng siéu coéng suét “portable” cho lwu dién nhac rock. Tém lai, chung ta phai thuee hién sao cho
am thanh tét hon va tét nhét.

Phén I6n, dé dap tng véi nhu cau nay, hé théng &m thanh hién dai da tién héa thanh ra céng
cu cuc ky linh hoat. Tuy nhién, véi tinh linh hoat cua tat cd nhitng céng nghé cé sén, nhiing tién bod
trong nganh céng nghiép &m thanh da di nhanh dén murc kién thirc phé théng giika ngudi mua va
nguoi xtr dung thiét bj cé khuynh huéng thoét khéi nhu céu ctua ho. Sw thiéu théng tin toan dién va dé
hiéu d6i khi c6 thé lam cho ngudi mua hé théng va ngudi xtr dung bi thiét thoi khéng chi trong viéc déi
phé véi chinh thiét bi, ma con & sw hiéu biét vé nhiktng tac déng nhw méi trudng thinh giac, nhan té
con nguoi, va trién khai cac gidi phap khé thi cho céc van dé ma ho da gici thiéu.

Thudng bi de doa la danh tiéng va sinh ké cta nhiing nguoi xir dung hé théng pro-sound.
Mot hé théng bi thiét ké tbi hay van hanh khéng dung céch cé thé lam cho tai ndng &m nhac biéu dién
c6 vé kém hon, hay lam giong néi ctia nguoi dién thuyét bj méat ttr va &m thanh khéng mach lac. Mét
khéc, néu hé théng duoc thiét ké tét va xir dung hiéu qua, cé thé lam giong néi dé nghe hay cho phép
théng diép cda dién gid sé gdi téi cong ching dung theo kha néng that sw cda nguoi do. Tém lai, hé
théng &m thanh cé thé tao sw khéc biét quan trong gitra that bai va thanh céng. .

Gigo trinh nay dwoc viét dé giup thu hep sw thiéu hut théng tin. N6 duoc thiét ké dé cho phép
nghién ctru khé toan dién cho nhiing nguoi mudn theo duéi kién thirc tong déi chi tiét vé pro-sound,
cho ¢3 hoc vién Ian chuyén gia sé tim thdy nhitng kién thirc ma nhiéu ngudi cho la hitu ich. N6 ciing
co nghia la phai dé hiéu cho nhiing ngudi chi can nhiing thong tin co ban vé cach hé théng lam viéc
va cach xc dung trong nhirng tinh huéng thuc té ra sao. Phé réng di cung dan chirng bédng hinh minh
hoa gitp doc gid c6 nhu cau tép trung vao chi tiét cu thé trong chi dé rong nay.

Quan tam dén viéc trich dan va xtr dung sé lugng téi thiéu vé toan hoc cu thé téi can thiét dé
co s thure tien va kien thire kha vé pro-sound. Cing goi ra nhiéu lwu y, cung cap cho ngudi doc co
SO la sé dwgc ap dung, du cho nghé thuéat hién dai van tiép tuc thay doi trong twong lai.

Hunter Stark 2008.
Ghi chu:

Gi4o trinh nay duwoc viét bdi mot soundman, dan k§ thuat, khéng phai la nha van. B&i thé,
van phong trong gido trinh nay hoi lubm thuém, cé qua nhiéu tinh tir kém theo cé 18 khéng can thiét
ldm. T6i chuyén ng cling vay, cling la tay ngang nén trong nay chac chan sé c6 nhirng khuyét diém
khong dang. Téi ton trong tac gia, cd gang dich sat tir trwéc, thoat y sau, cbt sao cho cac ban hiéu
nhirng van dé ky thuat quan trong 1a dugc.

Vai chwong dau, t6i dich nhirng tir tiéng Anh sang tiéng Viét mot cach twong ddi, nhung cé
thém chd thich tiéng Anh. Vi cé nhiéu tir hay thuat ngi¥ chwa cé trong tw dién VN, néu rang dich sé
thanh ra gwong gao, nén chi can cac ban hiéu dwoc noéi dung. Nhivng chwong sau, nhirng thuat ngir
vé k¥ thuat quan trong, t6i déi sang viét hoan toan bang tiéng Anh. Nhirng thuat ngir nay la tir qudc té
(nhé&t 1a nhivng tlr in nghiéng), cac ban nén cb gang thudc long, vi trong twong lai, cé thé ban phai
giao tiép v&i ddng nghiép ngoai qudc, ban sé khong bi bé ngd. Trwédc mét, ban sé doc va hiéu dwoc
nhirng tir nay trong bét ky tai liéu ky thuat nao ma ban dang hay sép c6 (cé thé t6i sé bd sung cho
céac ban rat nhiéu tai liéu bd sung cao cap hon, nhung bang tiéng Anh, cac ban sé dé hiéu hon khi
nghién clru xong giao trinh nay).

Cubi cung, vi chwa dwoc phép cla tac gia, gido trinh nay chi lwu hanh trong ndi b, xin cac
ban hay khoan phd bién rong rai, mét phan Ia lgi ich cGa chinh ban.

Lé Tuyén Phuc, bién dich, chuyén ngir (http://soundlightingvn.com).
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PHAN MOT: Nhirng nguyén tac co ban

CHUONG 1

Hé théng co’ ban

Khai niém vé& nguyén tic co ban cltia hé théng
Micro va nhirng cdm bién dau vao khac
Mixer va phu kién lién quan

Equalizers

Amplifiers

Speaker (Loa)

Crossovers

Quan diém vé hé thdng thiét thyc

Maéi tredng Am hoc

Yéu t6 con ngudi

CHUONG 2

Ban chéit cia am thanh
Séng am thanh

Téc dd cia am thanh
Bién do

Tan sb

Buwdc sdng

Séng Sin

Céng huéng

Am phé

Phase va sy can thiép

Nhirng dang song phtrc tap

CHUONG 3
Ban chét cua thinh giac
Tai

Decibel
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Trinh tw cla thinh giac

Sw nhan thirc vé cwdng dd
Nhan thirc vé Huwéng

Nhip va sw khac biét am séc
Sw mét tich nét nhac gbc

S sai léch cac tan sé / do 1on
Mai trwdng nghe

Hiéu rng thr bac

CHUONG 4

Do lwéng am thanh, Thuat ngir va khai niém
Déap (rng tan sb

Luat binh phwong nghich dao

Sw suy gidm tan sé cao trong khéng khi

Do dién co ban

Ap lyc va cong suat

Tré khang dau ra (Nguén) va tré khang dau vao (Tai)
Gia tri RMS

Pon vi am lwong

Cép do lon

Decibel

dB SPL

dBu

dBm

dBV va dBv

Céu tric gain co ban

Sy sai, méo giong (Distortion)
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PHAN HAI: Thiét bi: Loai thiét ké va xir dung

CHUONG 5

Microphones

Loai thiét ké

M6 hinh dinh hwédng can ban

Hiéu (rng gan

X& dung thwc té ctia md hinh dinh hwéng
Giai tan va dap tuyén

X& dung Micro Téng quat

Mach dién micro can bang va khéng can bang
Tr& khang ctia microphone

Nghién ctru cac mach khac (micro condenser)
D6 nhay

bd méo

Nghién ctru micro khéng day

CHUONG 6

Equalizers

Nhirng loai thiét ké co ban

EQ thém

EQ Dinh, Nhung

Switchable Cut / High Pass and Low Pass

EQ hai, ba, bdn way dién hinh
Switchable-Frequency and Sweepable-Frequency
EQ Graphic va nhirng bd loc da band khac

EQ Tham sb

Céach xtr dung tbng quat EQ dé diéu khién am sac

Céach xtr dung tdng quat EQ dé kiém soat tiéng hu

CHUONG 7
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Mixer

Chtrc nang co ban cta Mixer
B6 suy giam input

Onboard EQ

Output phu (Géi di)

Input phu, hiéu *ng return
Nhiém vu cla pan va submaster
Meter, PFL, Solo

Hoan tat cAu trac gain kha thi

CHUONG 8

Nhirng b xtr ly va hiéu rng tin hiéu khac
Compressor va Limiters

Noise Gates va Downward

Expanders

Delay / Echo va Reverb Units

Bd kich thich tai nghe (Exciter)

CHUONG 9

Loa va Crossovers

Thiét ké co ban

Thung loa co ban

Loa horn co ban

Loa horn tan sé thap

Crossover, Khai niém co ban
Crossovers, cach x&r dung co ban

M6 hinh kiém soat phat tan va hwéng.
Thiét ké horn mid /high DPap tuyén va nang lwong dau ra cia tan sb Mid-/High
Cone Driver tan sé low va low-mid

Horn tan sé thap va thung loa (tiép theo).

X& dung thwec t& mé hinh dinh hwéng cua thiét bi
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CHUONG 10

Bo6 khuéch dai céng suat va nhirng quan diém vé tré khang
PHAN BA: Hé thong: Thiét ké va xtr dung

CHUONG 11

Dai cwong vé hé théng

Nhirng can nhac

DPanh gia téng quat yéu cau cta hé théng.
Lwa chon thiét bj (Pai Cuwong)

Hé théng loa don so v&i loa doi.

Hé thdng phan phbi.

Xem xét mach co ban.

Maoi tredng

CHUONG 12
Am thanh héi nghi.

CHUONG 13

Hé théng ca nhac

Yéu ciu chung

Bé tri micro cho ca si

B4 tri micro cho nhac cu

B tri micro cho tréng va bd gb

Input truc tiép.

CHUONG 14

Xem xét chung

CHUONG 15

Hé théng monitor

CHUONG 16
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Hé théng day dan
Tdng can nhac

Hé théng tiép dat

CHUONG 17

Ky sw nhw nghé si

Nguyén tc chung

Dién thuyét va giong nai (voice) trong am nhac
Nhac cu Bass

Nhac cu treble
Tréng (drum)
Nhirng van dé co ban vé EQ

T chirc mot Mix

Chu giai
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PHAN MOT

Nhirng nguyén tac co’ ban

Basic Principles

1 4
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CHUONG 1

Am thanh chuyén nghiép
Pro-Sound

Hé thong co ban
System Basics

Khuéch dai am thanh va truyén tai nd, sao cho tai ctia khan gid cdm thay thu vi va hiéu qua,
goi don gian la hoan thién am thanh (sound reinforcement - khé dich nghfa - tam dich la pro-sound-
ND), 14 nhiém vu co ban nhét trong tat ca linh vwc am thanh khac nhau. Nhwng & khia canh khac,
trong that té, né la mét trong nhirng viéc sé& thye hién gian nan nhét.

Khai niém vé nguyén tac co ban cta hé théng

Trwédc hét, ¢ vai van dé rat co ban ma co 18 cac ban truéc day khong quen thudc 1dm. Hinh
1.1 cho thdy so dd hé théng am thanh co ban nhét, bao gdm hai bo chuyén dbi va bod khuéch dai
(amplifier) don gidn . Bd chuyén dbi (transducer) la bat ky thiét bi nao cé thé thay déi nang lvong
nhan dwoc bang loai nang lwong khac.

Microphone sé thay dbi séng am thanh (acoustical energy-am nang) thanh tin hiéu am thanh
(electrical energy-dién nang) twong dwong, di nhién mét cai loa, s& chuyén ddi tin hiéu am thanh
thanh séng am thanh. Dau doc (playback head) clia mét may thu am (tape recorder) hay cdm bién
(sensor) ctia may nghe nhac CD, hay trong nhirng thiét bj khac, cling thudc vao loai chuyén déi, cung
cép tin hiéu dién am thanh c6 thé dwa vao dau vao (in-put) cta hé théng am thanh.

Hinh 1.1

Hé théng >>
pro-sound

| =

Input Two or More Crossover
m Sound & Lighting
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Amplifier (b6 khuéch dai) cho ra phién ban cua tin hiéu dién (electric signal) (vé& k¥ thuat,
cling khéng nhét thiét can phai manh hon ban sao cta chinh né). Sau cling, sé dwa tin hiéu dién
manh nhét vao dé diéu khién loa (speaker driver). Diéu nay duwgc thyc hién trong nhiéu giai doan, méi
giai doan bao gém mét hay nhiéu bd khuéch dai & tirng thanh phan/thiét bj (trong hé théng don gian,
c6 thé tich hop nhirng cai nay vao mot chassis (vé may)). Su gia tdng cuwdng dd tin hiéu, goi la gain
(d6 lgi), c6 thé Ién bang 1,000,000.000 hay hon nhiéu lan tin hiéu in-put.

Theo y nghia d4, cé thé dung méi thanh phan trong hé thdng co bén dé tao ra nhirng phién
ban tin hiéu nhan dwoc gibng hét hay gan dung. Bo chuyén dbi (Transducer) thyc hién diéu nay béng
phwong phap dac biét, chuyén tir loai nang lwong nay sang loai khac (nhw tir &m thanh sang tin hiéu
dién hay nguoc lai). Amplifier xuat ra nhiéu tin hiéu & dau ra (out-put), ndng lwong dwoc cung cap
b&i ngudn dién riéng biét, |y t» ngudn dién tiéu chuan (CB, 6 cdm v.v). Tin hiéu input dwoc xtr dung
lam huwéng dan dé cho ra nhirng tin hiéu out-put chinh xac hon.

Tuy nhu cau, hé thédng am thanh thworng dwoc thiét ké dé dbi phé véi tin hiéu am thanh béng
nhiéu cach khac nhau, ngoai viéc kiém soat bién dd (volume / gain / fader). Sau khi am thanh duoc
chuyén déi thanh tin hiéu dién twong dwong, c6 thé cé nhidu cach, né co thé bi tron I1an (mixed), dinh
hinh lai (reshaped), chia ra (split) va nhiéu chirc nang khac. Nhirng chirc nang bd sung khac thuwdng
goi la x& ly tin hiéu (signal processing).

Khi dung nhiéu micro va/hay nhiéu loai nguén am thanh khac, sé& x(r dung thiét bi trén am
thanh (audio-mixer), audio-mixer cé thé xt ly tirng kénh dau vao (input channel), trén nhirng tin hiéu
nay lai va cho ra mét hay nhiéu tin hiéu dau ra (output signal). Mixer théng thwéng cling ¢é vai chire
nang khac dé xt ly va dinh tuyén (re-route) lai nhitng tin hiéu do n6 diéu khién. Equalizers don gian
chi c6 vai chirc nang nhuw diéu khién am sac, hay c6 thé chia nho ra dé kiém soat vai tan sé dao dong
hep hon, t& am trdm (bass) sau nhét t&i am bong (treble) cao nhat. Mot hé théng tiéu biéu cé thé bd
sung sw can bang am séc bang mot hay nhiéu thiét bj riéng biét (phia ngoai- outboard), viéc xt dung
nhirng thiét bi hiéu ng (effect) d& x&r ly am thanh, hay copy thém tin hiéu dwa dén loa bd sung nham
cho phép ngudi néi (talker) hay ngwdi bidu dién tw kiém tra chinh ho, nghia den goi 1a monitor (giam
sat).

Théng thwéng, nhiéu va déi khi, tt ca giai doan can cho sy khuéch dai, x& ly tin hiéu, va
chrc nang tron (mix) sé két hop trong mot thung may (chasiss), loai thiét bi nay thwéng dung cho
nhirng ’ng dung twong ddi co' ban. Ngoai nhirtng rng dung co ban, hé thdng hién dai thwéorng bao
gdm tlr nhiéu thanh phan twong tac do, trong gi¢i han nhéat dinh, nhwng khi can, né c6 thé két néi lai
v&i nhau.

Micro va nhirng cam bién dau vao khac

Microphones, cung cap tin hiéu in-put cho hé théng am thanh, déng vai tro rét chién lugc
trong viéc xac dinh chat lwgng cla nhirng am thanh ma cudi ciing sé duwgc loa phan phoi.

X0 dung micro cho hiéu qua dwoc nhiéu k§ s’ &m thanh coi la bwéc quan trong nhéat trong
viéc cho ra am thanh chat lwong cao.

Micro |a thiét bi dau tién rat thiét yéu trong viéc dinh hinh chét lwgng am séc cia am thanh
khi n6 di vao hé théng. X& dung micro v&i chat lwgng am séc thich hop lién quan dén (tAn sb dap
(ng-dap tan) dac diém cé thé don gian héa quy trinh equalizing (can bang) va mixing, d&c biét trong
hé thédng biéu dién am nhac. (Pap ng tan sb (Frequency response) sé néi dén trong chwong 4.
Thuat ngl "tdn sb", cung véi nhitng diéu khodn am thanh co ban, sé giai thich twéng tan trong
chwong 2). Sw dinh hwéng clia microphone, khi x& dung nhanh tri, cé thé 1am ngudén am thanh cho ra
hiéu qua tét nhat (Hinh 1.3). Ciing vi thé, né ciling c6 thé gitp gidm thiéu nhirng loai &m thanh khéng
muén cé, bao gébm ca nhirng am thanh out-put cia chinh né (dwec goi la phan héi (hu, feedback)).
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Hinh 1.3

Hwéng tiép nhan am thanh cta microphone.

O day, mii tén day hon hién thj hwéng dén

cla cac loai am thanh. Hinh nay thé hién loai
micro cardioid, tén goi nay la vi loai nay thay

dbi hinh biéu dién giéng trai tim trén cac dé
thi dwoc thé hién trong chuong 5.

Mot trong nhirng loai nay, con goi la loai don

hwéng (uni-directional), rat hivu ich trong viéc

giam thu nhan cac am thanh khéng muédn co6
khi xtr dung chinh xac. (Loai nay, di nhién la

ba chiéu, do d6, xoay micro nhwng khéng
thay déi hwéng mat trwéc ciia né (front-to-
back), sé khong anh hwédng té¢i am thanh cla

tin hiéu thu duwoc).
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Hinh 1.2

Bb tri hé thbng am thanh
co ban .

Trong hinh 1a cAu hinh
co ban duéng dan tin
hiéu ctia mét hé théng
am thanh,

O day chwa noi toi cach
cai dat (thiét lap-setup)
hé théng monitor.

Hé thdng I&n hon c6 thé
sé& bao gébm bd gidi han
(limiter) va nhirng thiét bi
xt ly tin hiéu khac hon
nhiéu, sé& gidi thiéu trong
chuong 8.

'-1.5dB

Maximum Pickup

-1.5dB




Contact pickup (tén goi chung ctia nhirng thiét bj thu nhan séng am thanh), dwoc dung cha
yéu cho cac nhac cu khéng dung dién (acountic instrument), la moét loai input transducer. Tin hiéu cta
magnetic pickup (nhw cla guitar bass dién) va tin hiéu tlr nhirng ngudn dién t& khac, chang han nhw
keyboard hién dai va bd x& ly guitar (guitar processor), truc tiép dwa vao hé théng am thanh, con goi
la tiém truc tiép (direct injection). VAn dé& nay duoc tiép tuc mé ta trong chuwong 13 va 16. Nhac cu
nhw guitar dién co thé dwa vao trwc tiép hay qua micro, tlly theo cé ampli guitar hay khéng, chinh né
déng moét vai trd quan trong cho chét lwgng am thanh.

Nhirng ngudn am thanh input khac bao gom hé théng playback nhw tape-deck, dia CD, hay
nhirng (rng dung dac biét hon nhw videotape hay film sound track. Nhirng nguon nhw vay sé mé ta
trong chwong 16.

Mixer va nhirng phu kién lién quan

Ngoai chirc nang co ban Ia tron (mix) nhirng tin hiéu input khac nhau roi tao thanh tin hiéu &
out-put, mixer dwoc thiét ké dé thwc hién vai chirc ndng x@ ly tin hiéu khac.

Mixer, rat da nang, nhwng trong nhirng ng dung co ban nhat, thuéng cho phép diéu chinh
tin hiéu & nhiéu giai doan, tan dung tdi wu nhi*ng mach dién ctia hé théng. C6 thé thém nhirng thiét bi
bb sung bén ngoai dé tu dong diéu hoa (regulate) mirc do tin hiéu (signal level) téi da va/hay téi
thiéu, goi la compressor, limiter, va gate (s& mé ta trong chwong 8).

Ngoai viéc cung cép thém vai loai diéu chinh am séc (EQ) trén méi input channel riéng biét
(xem hinh 1.4), nhiéu thiét ké cla mixer cling c6 thém bd EQ cho phan tin hiéu output kha tot.

Main and Monitor Mix Equalization Hinh 1.4

HittHt THHH T Pl Pl

B& cuc co ban clia mixer.

—_—

Mixer, loai 12 chls va it hon, thiét ké co

|nput|_eve| [ N N N N N N N N N N N ] ® =
000000000000 > Q%)glgrr{evels ban (cé graphic EQ) dwgc ban trén thi
Equalizationf—© © © OO0 0000000  Jlpgsscgend trudng ¢6 2 loai, c6 va khong kém
A g g g g ; g ; ; g g g g o |and Return amplifier. TAt ca loai thiét ké& nay di
Z‘f?mior(AUX-) L as e s beasse Level. nhién kha tién dung cho nhirng trng
e dung don gian, dic biét la d& co dong.
Faders —& % % % % % % % % % % % Q % % Twong dbi ré tién va dé diéu khién, bu

lai bi giam tinh linh hoat. Néu c6 diéu
kién, nén xtr dung thém nhirng thiét bi
nhw EQ, amplifier, crossover, limiter v.v.

(Mixer co ban thwong xtr dung
faders output dbi va ngay ca graphic
EQ, chung cho ca& hai bén left va right
trong hé thdng stereo (4m thanh néi),
nhirng chi tiét phirc tap hon sé& mo ta
trong chwong 7 va trong suét phan Il).

“Dai da s6 mixer cho phép chia tin hiéu thanh nhiéu dwong dn dién ti riéng biét, co thé bd
sung bat ky hiéu tng nao da thiet ke aé cai thién hay dieu chinh nhirng tin hiéu @m thanh output cho
tot hon. Cong nghé hién dai can nhirng thiét bi nhw vay, cho ca hai: that té l1an sang tao.
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Tin hiéu da chinh stra sau d6 quay lai (return) va di t6i mét input bé sung dé thanh mét phan
cltia sw pha tron (hén hop). (Day la loai tin hiéu bd sung, con goi 1a vong lap hiéu &ng (effects loop)
hay vong lap phu (auxiliary loop)).

C6 thé g&i (send) ban sao tin hiéu da diéu chinh riéng biét dén bo khuéch dai céng suét bd
sung va dwa ra loa monitor (thwong goi la foldback, nhwng hién nay thuwdng goi don glan la stage
mon/torlng) Pay la chirc ndng ma tat cd nhirng mixer co ban nhéat déu cé. Trong hé théng cao cép,
sé xtr dung mixer chuyén biét khac dung v&i muc dich la mix nhirng am thanh dé cho monitor.

Trong sb nhwng tinh nang co ban khac, cé thé thiét k& mixer c6 nhiéu out-put, cho phép glri
tin hiéu dén nhiéu diém khac nhau, nhw in-put ctia multitrack tape recorder. Submasters neu co, co
thé cho phép soundman (soundperson) phan chia thanh nhiéu loai theo y mudn va kiém soat né trong
nhi*rng nhém (group) (nhirng chirc nang mix khac sé mo ta trong chwong 7).

Nhw da néu trwde day, chirc nang bb sung thwdng bao gém trong cung mét thung may
(chassis). Thiét bj tét nhat 1a mixer kém thém graphic EQ va ampli dé dwa thang ra loa (thwdng goi la
mixer/amplifier hay powered mixer). Vai thiét bj hién dang san xuét ciing bao gdm nhiéu tinh nang
nhu tich hop thém nhikng hiéu &ng reverb kj thuat sé (built-in digital reverb).

Equalizers

Thuat ngr equalization vén dwgc ap dung cho quy trinh bu sw thiéu hut dién td& trong mot
thiét bi hay hé thdng dé tai tao am thanh hay tin hiéu am thanh that chinh xac. Néi chung, thuat ngi®
nay (viét tit 1a EQ) ap dung cho béat ky sw thay dbi dap tn cé chd y nao, bao gébm su kiém soat am
séc, cho du ly do 14 that té hay sang tao.

Nhw da dé cap, mixer cung cap kha néng can bang nhirng channel doc lap (goi la onboard
EQ). EQ onboard thuwdng cho phép kiém soat 2 - 4 gidi am s&c trong toan bd gjai tdn nghe dwoc. Thi
du, EQ 3 band sé cho phép tang hay gidm tan sbé bass, tan sé mid va tan sb treble. Phd bién hon,
mixer cung cap EQ switchable, cho phép ngwdi diéu khién lwa chon gitra hai hay nhiéu giai tAn sé cb
dinh trén mot nat van (knob) nao dé, hay sweepable cho phép ngudi diéu khién (operator) chon gii
tAn sé bi anh hwéng dan dan. Mixer da nang cé EQ tham sbé (parametric), cho phép kiém soat ba
tham sb quan trong cla quy trinh nay. (Nhirng dang thirc EQ co’ ban sé mé ta trong chwong 6).

Hé thong cong suét cao (high-power) hay chat lwong cao (high-quality) bat budc phai diéu
chinh nhiéu gidi am séc bi chia nhé (divided tonal ranges), con goi la band that chinh xac. Dang thtrc
EQ r&i ngoai (outboard) phd bién nhat la EQ graphic, mac du nhiéu loai khac x& dung ciing van kha
tb6t. Hién tai, EQ dang san xuét c6 thé diéu chinh riéng biét hon 45 manh chia &m thanh trong giai tan
con ngudi nghe dwoc (vai thiét bi cao cép c6 thé chia ra nhiéu hon).

Nhirng loai khac cho phép ngwdi van hanh nham chinh xac vao nhirng &m tan twong dbi can
thiét cho mot tng dung cu thé. Ung dung that té cla loai EQ chia nhd nay cé thé dé bu dép cho
nhirng bat thuwéng cia micro, loa va am thanh trong nha, dung 6c sang tao dé thay dbi am thanh,
giong hat (vocal) hay nhac cu, hay gilp loai bd nhirng tiéng ha (feedback) khé chiu cho ngwdi bidu
dién va dién gia.

Amplifiers

Chirc nang co ban cta bd khuéch dai (amplifier), la tao ra ban sao cua tin hiéu. Khéng gidng
nhw micro (trong dé dap tan khac nhau 1a wu diém ré rang) va bd EQ (cho phép thay dbi dap tan),
nhiém vu ctia bo khuéch dai la 1am ra mét tin hiéu sao chép sw thay déi tbt nhat cla tin hiéu in-put
that chinh xac. Céng suét cla tin hiéu cé thé ting lén, nhwng tét nhat la diém thiét yéu (4m thanh cla
nd) khéng bi thay déi.

Amplifier thwérng dung trong thiét ké ctia nhirng hé théng va thiét bi (component) am thanh &
moi tiép giap quan trong tai v sd nhirng mach dién cta né. Trong nhiéu thiét bi nhw mixer va thiét bj
xt ly tin hiéu khac, amplifier mirc do thap (low level) cé nhiém vu c6 1ap mach dién véi mét mach
khac, do d6 cho phép cé mach dién thiwc hién chirc nang xt ly tin hiéu ndi bo riéng. Amplifier cling bu
dap khoan hao hut cwdng dé cua tin hiéu trong mach. Thwéng goi la line amplifers hay line drivers.
Mbi thiét bi x( ly tin hiéu déu cé mét bo line amplifers nbi véi jack out-put, tao ra nhirng tin hiéu
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output cung cép di liéu in-put cho nhirng thiét bi ampli ké tiép qua hai day néi. Ciing dung nhirng loai
mach khuéch dai & mac thap (low level amplifier) dé két hop nhirng bd khuéch dai (combining
amplifier), that t& n6 thwc hién chirc n&ng mix trong mét mixer (xem hinh 1.5). Dé tin hiéu am thanh
da tao ra c6 thé di vao in-put cia moét thiét bi, tuy thudc vao thiét ké cta thiét bi d6, duwoc x& ly qua bod
khuéch dai vi sai (differential amplifier). N6i chung, chung ta khéng can quan tam dén viéc nay, ngoai
trir dé& biét n6 da ton tai, va né phai cé kha nang sinh ra mét tin hiéu chinh xac, hop ly, ddy dd ndng
lwong, va nhirng in-put, out-put déu phai twong thich véi nhirng thiét bj khac trong hé théng. (Kha dé
quén ly kha n&ng twong thich trong hau hét trudng hop, nhwng sé bi gi¢i han cong suét téi da, dac
biét v&i nhirng thiét bj ré tién).

High Output Level Hinh 1.5

\ Nhirng giai doan khuéch dai co
<. Power g[q >>> / ban trong hé thong pro-sound.
Amp

[RRRRRREEL]

H : oss oss s33+]| Boost Nang lwgng hao hut lién quan dén
RORAAGRRAAAD ReE Low Output Level ca hai : bo chuyén dbi in-put 1an
/m out-put, ciing nhw trong tirng giai
Line Amp or Ll gigng{ doan xt ly tin hiéu, dwgc bu dap
Amp at Input s e | Froossby bé&ng bd khuéch dai bb sung, am
Output 1 thanh sé tang |Ién & giai doan out-

Loss in Signal put ra loa. Amplifier dung cach

\ Hi Level —
»>>/ oG ) phuc vu khac cho phtvng mach
Each Component Has dién nodi bd cla thiét bi.
Low Level — Line Amp at Output to
Provide Appropriate Level. Két hop nhiéu bod khuéch dai cho
ra tdbng hop nhirng tin hiéu déc
lap.

)
k2

Line amps, also referred to as line drivers, are B3 khgech dai vi sai (dlffererltlal
used within electronic components as well (below). amplifier hay op-amp) dung & tang

in-put ctia nhidu thiét ké thiét
'| > ? bi.(trong nhiéu thiét ké khac, xr

dung bién thé (transformer) nhé
lam in-put, theo sau la line ampli).

Tién khuéch dai (viét tat pre-amp) dung dé tang murc tin hiéu trwédc khi khuéch dai, tao ra mot
tin hiéu vira A4 manh dé dap (ng cho ngé vao cla bd khuéch dai cong suét (power-amplifier), dua
dén cho né murc tin hiéu ma né cé kha nang tiép nhan. Théng thwdng, thiét bj pre-amplifier chi dung
cho (rng dung stereo dan dung. N6i chung, thiét ké thiét bj pro-sound déu cé cwdng do dong out-put
dd manh, khéng can bd sung pre-amp. C6 |8 ching ta sé gép trac trd khi tiép can nhirng cai jack
(connector) ctia ampli nhac cu. Trong trwdng hop nay, ching ta cé thé thira nhan né am chi dén line
level. Sé& can thiét ké bd ting tir low-level micro lén high-level micro hay dén line-level. Ampli céng
suét (power amplifiers) dung dé cho ra tin hiéu output di manh dé tai loa. Nhw d& dé cap trudc, cé
thé thuwc hién vai hay tat ca nhiém vu khuéch dai da mé ta trong phan nay, bao gdm t4t ca trong mot
thung may. Trwdng hop dac biét la mixer cé graphic EQ va loa & out-put, trong do tat ca quy trinh
dién t& co ban déu thwe hién badng mét thiét bi duy nhéat. Trong nhirng hé théng dwoc thiét ké theo
yéu cau, théng thwong x&r dung gia dung ampli cdng suét (rack-mountable power-amplifier) chi dé
thwe hién giai doan cudi ctia sw khuéch dai. (Xem thém chuwong 4).

Speaker (Loa)

Thiét b loa, trong viéc trién khai budc cudi cing, tir linh vire dién vao Iinh viec am thanh, chiu
trach nhiém khéng nhirng tao ra séng &m thanh cé ngudn gbc tr tin hiéu dién, ma con diéu khién am
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thanh cho thich hop v&i ting dung. Trong nhiéu ndm qua, diéu nay da la thach thirc Ién cho nhirng
hang thiét ke loa.

O cép dd co ban nhat, mot trong nhirng chuyén ddi toan giai (full-range) c6 thé cé kha nang
tai tao gidi thn con ngudi nghe duoc it nhiéu (nhu trong tai nghe (head-phone) hay loa am thanh
stereo dan dung ré tién). Tuy nhién, cach hoat déng ciia &m thanh khéng cho phép thiét bj loa kiém
soat mo hinh dinh hwéng mot cach da twong thich d& hau hét cac ng dung pro-sound déu cé hiéu
qua rd rang. (Han ché véi nhirng loai loa stereo dan dung ré tién, don gian hon, chi di chuyén dan ti
bén nay sang bén kia va ghi nhan chét lwgng am séc thay ddi ra sao khi di chuyén. O vi tri truc tiép
phia trvéc loa nhu vay, nghe tiéng treble cao rat d&, trong khi gidi am sac thap hon cé khuynh huéng
ndi bat hon, néu so sanh) Ngoai ra, it quan trong hon, am thanh mirc d6 cao (high sound level), néu
chi dung mét loai loa dé xt ly toan gidi tAn sé rong, tir am bass rat thdp dén am treble rét cao, sé
khoéng kha thi.

V6&i phan 16n, nhung khéng phai tat ca nhivng trng dung co ban, nhiém vu clia loa 1a phan
chia gitra hai hay nhiéu thiét bi, (ly twéng, it nhat) la mdi mot trong sé d6 déu tai tao nhirng tan sbé
trong giai tAn dw dinh thich hop nhat. Hé thdng tiéu biéu kéo theo hai, ba hay bdn, d6i khi la nam giai
tan s6, mdi loai xt ly bang loai thiét bi khac nhau. (c6 thé nhiéu hon nhwng khéng can). Théng
thwdng, trong hau hét bo stereo dan dung, cé nhiéu hé thdng tich hop vao moét ti ké, mac du trong
tng dung pro-sound, thiét ké clia nhirng thiét bj thwerng khac véi bo stereo dan dung tiéu biéu rat
nhiéu. M6i phuong phap thiét ké co ban déu cé mat wu diém va khuyét diém riéng, sé trinh bay trong
chuwong 9.

Khi dung hai hay nhiéu thiét bi theo cach nay, tin hiéu chia cho méi thiét bi cAn phai gi¢i han
trong giai tAn s& ma thiét bj c6 trong trach thwc hién. Piéu nay duoc thuc hién bang frequency
dividing network (mang chia tan sé), thwéng goi don gian 1a crossover.

Hinh 1.6

Mét loai thiét bi loa don da bij bién doi
hwéng loa, va ciing khéng thé cho ra
nhirng gidi &m séc rong & mirc cao ma
kbc“)ng bi bién dang (distortion) dang
(A) Rough depiction of lower frequency direction ke.
Day 14 ly do, tai sao phai dung nhiéu

thiét bj trong hé théng prosound hién
‘ dai. Nhirng lién quan dén viéc phai

dung nhiéu thiét bj s& thao luan trong
chwong 9, va trong su6t phan .

-6 db Angle

/ —6 db Angle

(B) Rough depiction of higher frequency direction

\

Crossovers

~Nhiém vu cﬂq crossover la phan chia tin hiéu out-put c;ﬂa r]é cho nhiéu mach gcirCiL’Jt) riéng
biét, méi mach bao gdm mét band kha cu thé hay |a giai tAn sb. Diéu nay cho phép méi thiét bi loa

m Sound & Lighting



cho ra giai tan ma n6 hoat dong t6t nhat. Bong thoi, crossover gidp bao vé nhitng yéu t6 loa khéng bi
hw hai do hoat déng ngoai gi¢i han gidi tan da an dinh cho no.

Trong thiét ké hé théng am thanh don gidn cho dén trung binh, co thé cai d&t crossover sau
khi qua giai doan khuéch dai cong suét. Trong hé théng am thanh cao cap hay tét hon, sé& dat ra viéc
kiém soat hoat déng, hé thédng am thanh sé tang hiéu qua hon khi chia phd am thanh truéc khi dén
giai doan khuéch dai cong suét. Loai thiét bi nay goi 1a crossover chi dong (active crossorver) hay
crossover dién t& (electronic crossover) va thiét bj cii goi la crossover thu déng (passive crossover).

Mbi cai déu c6 wu diém riéng. Passive crossover dung it power amplifier hon, sé it day néi
gira thiét bi hon, va néi chung ngudi xtr dung sé thuan tién hon. Mé&t khac, Active crossover, xt ly
tbng s6 power amplifier hiéu qua hon va cho phép tinh chinh dé chinh xac nhirng diém giao tan
(crossover) dé hon, va ciing c6 thé kiém soat vai yéu tb khac lién quan dén viéc phan chia giai tan sé.
Thoéng thwdng, ca hai déu x& dung rat hiéu qua trong cing mét hé théng, nhw minh hoa trong hinh
1.7.

Mics Hinh 1.7
\I/ \J/ \l/ \l/ (ng dung cla crossover trong mét hé théng
Mixer | don gian.
Master Level (A) Crossover loai Passive gan trong, thuwdng

Fassive gén trong mot t& hop nhiéu thiét bj tiéu chuan.

XVR
I—rj_'!‘ (B) Hé théng ampli doi don gian, hai way, c6
crossover active.

(C) Hé théng hai way tiéu chun, cé loa siéu
tram (subwoofer). Nhirng vén dé lién quan dén
cach x&r dung hé thong nay va cach thiét ké sé

Mics th&o luan trong chwong 9, 10, 11, 13, va 14.

AR
Mixer E

Master Level

Low

\

Crossover
Low— Hi

Dual Power Amp

Mics

Ll

Crossover
Low— Hi

Dual Power Amp! I:
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Quan diém vé hé théng thiét thuc

Hiéu qua toan dién cta hé thdng chéc chén khong tét hon mét xich yéu nhét ctia né. Ngoai
ra, chét lvong thiét bi, clia nhirng loai day dan va cach han néi day cla hé théng day dién dong vai
trd co ban cho hiéu qua cua hé thong Céch thirc tin hiéu am thanh dan truyen (flow), di tir giai doan
nay dén giai doan khac trong hé thong (va/hay thiét bi) cling dong vai tro ca hai: vé chét lwong am
thanh 14n khia canh van hanh that té. Chwong 11 dén chuwong 16 sé xem xét tbng quan vé nhirng
khia canh lién quan dén pro-sound.

Méi trwé'rng Am hoc (Acoustic Environment)

Linh virc am hoc 14 lién két du tién va cubi cung trong chudi, tir ngudn am thanh dén tai
ngwdi nghe. Trong khi hau hét nhirng that t& co ban nay déu hién nhién, nhirng d&c diém cta moi
trrong &m hoc thuéng bi bé qua hay do nhiéu ngudi van hanh va thiét ké hé théng am thanh thiéu
kinh nghiém hiéu sai. Chwcmg 2s8chd gang gidi thiéu quan diém ban dau vé am thanh néi chung.
Sau d6 chwong nay sé& c6 mé& rong quan diém nay.

Yéu té con ngwoi (Human Factor)

Dai khi, hé thong pro-sound dwgc nght don glan la dién t& hoa (hay electro- acoustic-am
thanh dién tr) hé thong Nhung thwdng bd quén yéu té con nguo’l & ca hai diém cubi cung cuia bat ky
hé théng nao. D6 1a yéu té con ngwdi clia nghé si, nguwdi dién thuyét trwéc khan gia va cong chang,
va nhi*rng ca nhan khéac gil¥ cho hé théng tdn tai, nhung rét cudc, hé thdng lai chiu trach nhiém.

Trong sé nhirng trong tdm nay, ban than tai con ngudi xt ly khac xa sy do lwong dién tir va
nhirng loai may do. Nhan thirc v& am thanh thwéng thay ddi dang ké tir ngudi nay sang nguoi khac,
thay déi theo cuérng d6 clia am thanh, va ciing c6 thé thay ddi béi thdi diém va dia diém noi biéu
dién, c6 vai quan diém rat thu vi va ddi khi gan nhw ky la. Chéc chan, kha nang mét thinh lwc (diéc)
dai han hay vinh vién ciing lién quan t&i nhirng hé théng cao cap. (Chwong 3 gidi thiéu nhirzng khai
niém vé ban chat thinh giac cla con ngwdi va vai cach anh hwéng théng thuwérng dén quy trinh hoan
thién &m thanh).

) Thém nira, s& xem xét sy lién quan that té vé nhirng nhu cau khac nhau cda tirng nguoi biéu
di&n va dién thuyét. Chang ta sé& cb géng c6 nhirng quan diém théng nhét trong nhirng chwong sau.
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CHUONG 2

Ban chat ciia Am thanh
The Nature of Sound

Chuong nay 1a nhirng théng tin co ban tiép theo vé am thanh, mét sé trong d6 1a quan niém
sai lam dé lay lan trong nhiéu hoc vién thiéu kinh nghiém dwoc dao tao tai Iép pro-sound that sw,
trong sé nhirng hoc vién hoc &m thanh néi chung. Cac ban nén doc lai toan bd chuong nay it nhat hai
lan that triét d& bao dam hiéu ré nodi dung twédng tan.

Séng am thanh (Sound Waves)

] Hinh 2.1 va 2.2 hién thi chuyén dong clia mét cai loa dang tai tao lai &m thanh co ban nhét,
chang han nhw clia am thoa hay trong nhirng thiét bi don gidn clia organ dién t&r va synthesizer.

Khi cone (vanh loa hinh nén) loa di chuyén ra phia ngoai (Hinh 2.1-B) khéng khi ngay truéc
mét loa bj nén vwot qua ap suat khong khi binh thwong. Sau dé dong khi nén di chuyén ra ngoai va
tang thém ap lwc 1én nhirng hat khong khi & mét truéc, 1an lwot di chuyén ra phia ngoai va nén véi
nhirng hat sau, va lap lai. Nhw thé, lan séng nén tao ra trong ap lwc nay bi bién thién nhanh thanh tap
hop nhiéu hat khéng khi va tiép theo 1a séng bi dich chuyén ra phia ngoai.

Khi cone loa di chuyén vao bén trong (Hinh 2.1-D) né tao ra mét phan chan khéng, hay gian
né (con goi la lodng khi). Nhirng hat khong khi & phia trwéc cone loa sé quay tré lai dé 1ap day chd
gian n&, nhirng hat nay ciing bat dau di chuyén tré lai, vi vay sau d6, nhirng hat phia sau sé& vong ra
phia ngoai. Theo cach nay, séng bi gian n& cling dwoc bién thién tr mot tap hop hat khong khi cho
t&i khi né theo sau nhirng lwc nén cuing tbc do. Mbi 1an cone loa tao ra sy nén va gian né, sau dé tré
lai diém kh&i dau, 1a da hoan thanh mét chu ky (cycle) ctia séng am thanh.

Cone loa tiép tuc di chuyén theo cach twong tw (hinh 2.2), né tao ra hang ha viéc nén va gian
n& lién tuc ra phia ngoai, bién thanh hiéu trng gon séng. Nhitng gon séng giébng nhuw sw bién thién
clia ap suéat khong khi nhw thé nay Ia nhirng cai ma tai ching ta nghe dwoc va phat hién ngay lap
tire, sau d6 dwoc phién dich d6 1a mét loai am thanh. Mac du nhirng dot séng di chuyén ra ngoai tir
ngudn ctia nd, hat khong khi tw ching khéng di chuyén xa hon mirc can thiét dé tién t¢i mot sy nén
bén ngoai, thay vao dé né bi hut tré lai bang cach gian né, ké tiép, 1ap di lap lai tién trinh sudt thoi
diém c6 am thanh.

Trong khu vic mé, tréng trai, séng am thanh di xa khdi ngudn ctia né theo cach ching ta cé
thé tam vi nhw séng bé mat trong ao nwéc, khi ném vao dé mot vién séi. Khi séng di chuyén ra phia
ngoai, né lan tda nang lwong ctia minh trén dién tich ngay cang 1&n hon, gidm bét chiéu cao lai cho
dén khi khoang cach tir ngudn khong con phat hién dwoc niva. Séng am, tda ra trong bat ky cac mé
hinh ba chiéu ndo, hon Ia trén mat phéng, thi du nhw bé mét cta nuéc.
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Hinh 2.1

Mét chu ky chuyé&n déng cua
cone loa. (E, cone loa tré vé
A)

Nhi*ng céi da minh hoa & day
khéng gon séng, nhung la sy nén
va gian n& khong khi, dwa ra phia
ngoai. Dw&i day 13 mot phan nhd
clia tAn s6 mét sdéng tién ra phia
ngoai. That t&, mlrc d6 cla viéc
bung ra sang mét bén di nhién sé
Ia ba chiéu (thi du, trai, phai,
hwéng 1&n trén, va di xudng tir
nhiéu hwéng cia cone loa), va
m(rc d6 phan tan cta né cé thé
thay @i tuy thudc tan sb cla
song.

@ Sound & Lighting




Trong khu vuc kin, chang han nhu trong phong hay thinh phc‘>ng am thanh c6 khuynh hwéng
hoat déng kha glong nhw nhi*rng séng tao ra boi mét vién soi roi vao bé ca (hinh 2.3). Néu nhirng birc
tuo’ng san va trAn nha tréng trai, am thanh trai qua sw phan doi rat nhiéu trwdc khi né bién ra ngoai.
(Piéu nay ciing tvong tw nhw cach anh sang hoat dong trong can phong I6t bang gwong, ngoai triv
mot diéu & véi anh sang, né xay ra nhanh hon nhiéu). Két qua nay goi la reverbration (vang doi),
nhiéu tiéng 1ap lai (echo) rat gan nhau khéng thé phan biét, c6 thé nghe gibng nhw sy phan ra
(decay) lién tuc theo sau nhirng am thanh ban dau.

Vé&i mbi sy doi am, mét sb nang lwong trong nhirng séng nay sé bi mat dan béi bé mat phan
ddi, cho dén khi n6 dwoc hap thu hoan toan. Nguwoi trong phong, dau tién s& nghe nhixng am thanh
tryc tiép tir nguon sau d6 la nhirng &m thanh phan doi tir nhirng bé mét trong phong. Cach xay ra
diéu nay la phan 1&6n nguyén nhan cho nhirng cai thwérng goi la am cach (acoustic — tinh am) cua
phong.

Khi phong c6 thém ndi that, rém, tham, v.v , tdc déng nay sé xay ra twong tw nhw trong hd ca
khi c6 thuwe vat va vat liéu x6p nho 1én méat nuwéc hay khong (hinh 2.3 ). O phong nhw vay, séng tiép
tuc khuéch tan va bi hap thu bdi nhitng vat thé bd sung va bé mat xbp, da lam am thanh phan ra
nhanh hon. Mrc d6 va loai reverberation trong phong rat quan trong véi &m thanh. Tuy thudc vao tinh
hudng, né s& dem dén ca hai diéu: hanh phuc |an tai hoa.

Néu thém reverberation du lwong, viéc biéu dién s& hoan hdo hon. Nhuwng, cé sb lwong qua
murc thi c6 thé 1a 4&c méng cho c& nguwdi biéu dién va khan gid . Sé lwong reverb téi wu trong bat ky
moi trwéng nao ciling c6 thé thay ddi tly theo viéc ching ta dang khuéch dai tiéng néi hay am nhac,
va con lién quan t&i loai &m nhac nao nira.

Hinh 2.2

Day 1 thoi gian tiép xtc thuc cia mét phan séng am thanh phat ra tir loa.

BPuoc thuc hién rat sang tao bang phwong phap quét moét micro nhd gan véi mét béng dén neon déng
bd v&i anh sang, dé hién ra giai doan séng nén dan dan khi di qua camera. Gia st loa 15”, tAn sb phat ra lién tuc
sé& o trinh tw kha cao, thi du la 5.000 Hz. Lwu y, day 1a mé hinh phan séng rat hep 1&n nhét (nhivng diém & ving
phia trén va dwai, d6 dB sé thap hon nhiéu, va hau nhw khéng nghe dwoc). Diém déc trwng nay 1a ly do chinh,
tai sao 4am thanh phai dung loa horn tan s cao, dung dé phat tan tan sé cao cho khan gia thich hgp, ddng déu
hon. Tuy nhién, khéng phai moi hé thdng thwc hién viéc nay dat dwgc cling mét mire dd hiéu qua, cha dé nay sé
thao luan trong chwong 9.
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Hinh 2.3

(A) Séng am trong bé ca c6 thé ding lam
tiéu biéu cho hoat déng ctia am thanh trong phong cé
nhidu birc twong déi am. Ngoai tiéng doi nay, ciing
xay ra cong huéng trong can phong chuén. N6 co thé
lam thay déi d&c tinh am thanh trong bt ky phong
nao rat dang ké.

(B) Vat liéu x6p hay khong, tac dung dé giam
tiéng doi. Phdn mau den trong hinh sé thay déi tuy
theo tan sé, tAn sb cao hon sé& c6 nhiéu kha nang bi
ché&n b&i nhivng vat can hon so véi tan sb thap. (Xem
muc "Buéc song" (wave lenghth) sé cho biét thém
théng tin.)

Téc dd ciia am thanh (The Speed of Sound)

Trong bét ky vat chat nhat dinh nao, am thanh khéng thay dbi tdc d6 khi roi khdi noi xuét
phat. Téc dd nhanh ra sao tuy thudc vao vat chat dé. Thi du trong nwéc, &m thanh di chuyén nhanh
hon bdn 1an khi né & trong khéng khi. Trong thép hay sét, téc d6 ctia &m thanh nhanh khoang muoi
lam Ian trong khéng khi. Su khac biét nay c6 thé chirng minh kha dé& bang hai ngudi, néi véi nhau
cach khodng 50 mét doc theo lan can bang sat hay dudng ray xe Ira. Néu mét ngudi doc “rap” trén
duong sét bang cai bua, nguwdi thir hai sé nghe thay am thanh hai lan, mét 1an nghe nhirng rung
doéng di qua cac rao chan va mot 1an nira mot sau khi né véi di & tdc d6 thap hon trong khong khi. Am
thanh ciing di béng téc d6 khac nhau khi qua nhiéu loai khi gas. Giong néi the thé giébng nhuw dda tré
clia ngwdi da hit hoi heli tlr qua bong 1a két qua ctia séng am thanh sé c6 van toc cao hon trong hoi
gas heli khi né di qua hdp thoai (voice box) va miéng.

Trong khéng khi, vat chat ma ching ta dang chu trong nhét, tbc d6 ciia am thanh la khoang
344 mét/giay (1.130 feet/gidy). Song &m truyen qua khong khi & toc do nay du c6 &m luwgng nho hay

lon, tan s6 thap hay cao, tinh chéat don gian hay phirc tap, vi tc d6 nay la binh thuong, déu khong bi
anh huéng khi ap suat thay dbi.

Tbc dod ctia am thanh thay dbi rat it theo nhiét do, d6 &m va ap suét khi quyén, trir khi nhirng
yéu t6 nay anh hwéng dén tinh chat vat ly (46 dan hdi va mat do) ctia khong khi. Day Ia van dé cho
cac nhac cdng choi nhac cu c6 cao dd hay bj tdng gidm do nhirng thay dbi néi trén (chi yéu la nhac
cu hoi). Cho du nhiéu sy tinh toan that t& déu c6 lién quan dén pro-sound, tat cd séng am thanh cé
thé gia dinh da di chuyén v&i tbc dd néu trén.

Bién dé (Amptitude)

Strc manh, hay cwdng do ctia séng am tai mot thoi diém tire thoi trong mot thei gian dwoc
goi 1a bién dd (amptitude). Trong hinh 2.4, bién d6 dwoc thé hién 1a khodng cach séng theo chiéu doc
(chiéu cao va chiéu sau) & trén va dwdi mire gitvka. Day 1a miéu ta sy thay déi ap suét nén (phia trén
murc gitra) va mé rong (bén dudi mire gitra)) sinh ra séng am thanh trong khang khi, va ciing c6 thé
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miéu t& cho nhirng tin hiéu dién trong mach noi bo cia hé théng am thanh. Thuat ngl bién d6 ¢
nghia twong tw nhw am lvong (volume), dd I&n (loudness), va mic dé ap lwc am thanh (sound
pressure level), va vai tén khac. C6 su khac biét quan trong, nhuwng tinh té gitra n6, sé thdo luan trong
chuwong 3 va 4.

(+)

.001v 1
.0006v 1
. TANANN
.0002v 1 4
.0006v 1
N .001v 1
’ ()
(+)
1.0v 1
HTANA
N 2V 1 N
“ 2V 4
.6V 1
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Hinh 2.4

Séng twong dwong cé bién d6 khac nhau, hién thi trén trinh tw (time line) hay man hinh may hién séng
(oscilloscope).

Lwu y, & bén trai, chi khac dé cao, khéng khac chiéu dai. Piéu nay sé con dung cho nhitng bd khuéch
dai, tang strc manh cho tin hiéu nhung khéng thay di tAn s6 hay dang séng thiét yéu ctia né. Loai thay déi bién
d6 nay ciing c6 thé dwoc dung cach hién thi né trén dd thi thay ddi theo chiéu doc, nhw ban thdy & bén phai.
Hinh db thi tap hop nhiéu séng am co thé kéo dai hay thu ngén di, theo chiéu doc hay ngang, tly theo cach xir
dung thoi gian va bién d6 nao.

Tan sé (Frequency)

Ty |& cha bat ky loai chuy&n ddng nao tw 1ap lai chinh né goi 1a tan sb. V&i séng am thanh,
tdn sb dwoc do bang chu ky (cycle) trén méi gidy, hay hertz. Thi du, trong mét gidy, néu cone loa da
hoan tét chuyén dong thtr hai da mo t trong hinh 2.1, tan sb ctia n6 sé 1a mot chu ky/giay, hay mot
hertz (Hz). Néu chuyen dong nay xay ra mot tram lan méi giay, tan sb (va hinh thanh cac séng am
thanh) s& la 100Hz. Néu chuyen doéng xay ra mot nghin lan moi giay, tan sb clia n6 sé 1a 1000Hz hay
kilohertz (1kHz) Khi tan s khéng kéo dai tron moét gidy, tan sb néi vé sb cta chu ky (cycle) d6 sé xay
ra néu noé ctr dé tiép tuc tudn hoan 1an the hai cé ty 1é twong tw.

Tai clia con nguwoi ¢ kha nang nghe subt moét giai tn sb goi la phd am thanh, hay don gian
la gidi am tn. N6i chung, pham vi nay duorc coi la tir 20Hz 1én dén 20.000 Hz (20kHz). Trong gidi
han xap xi nay, tan s phu hop chat ché véi cdm giac vé cao dd am thanh (pitch) tao ra trong tai (tan
sb cao hon, s& nghe dwoc cao dd Am nhac (pitch musical) cao hon).

Phb am thanh la giai tAn kéo dai khodng mwoi bat do (octave), hay nhan déi tAn sé. Khai
niém vé bat do 1a van dé co ban trong viéc nghién clru &m nhac, nhung rét hivu ich va quan trong
trong viéc nghién clru &m thanh néi chung niva. Bat d6 miéu ta mét ty & (ty 1€ 2:1), va né la ty 1€ gilra
nhirng tn s6 khac nhau ma tai ching ta nghe chap nhan, ch khéng phai gia tri sb that té gitra
nhirng tan s nay. Thi du, mic gitra cta phd am thanh khéng phai la s6 Hz & khoang gitra 20 va
20.000 (sé& la 10.010). Bung hon, né la & gitra s6 lwong bat dé tir 20 dén 20.000 Hz, d6 1a khoang
640Hz (xem hinh 2.5).
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Mudi bat dd (octave) ctia phd am thanh cé thé twéng twong gidng nhuw keyboard organ, tao
ra tt cd am thanh ma hai tai con nguwoi cé thé nghe dwgc. M6i &m thanh c6 nhirng dac diém riéng,
chd yéu l1a do: (1) nhirng tAn s6 c6 lién quan, (2) sw twong dbi vé cudng dd, va (3) cach thire tan sb
va cuwong do thay ddi theo thei gian.

[ 20Hz 640Hz 20kHz
; - Lower half of spectrum - | - Upper half of spectrum -
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Hinh 2.5

Puwong phan chia phd am thanh thwc ra hoi doc doan.

Théng thwéng, diém gitva cia phd dung cho muc dich k§ thuat, khoang 1kHz. Giai tan rat réng cia hé
thédng am thanh tiéu bidu chi can nhan ban tir khoang 40Hz dén 14kHz. Trong that t&, tham chi ngay ca nhirng
(tin hay khéng, tly) tan s cuwc thip va cao nay déu dung cho hau hét ('ng dung &m nhac. Tuy nhién, viéc dinh
rd bén trén giai nay déi khi cé thé la dau hiéu dic treng ma thiét bi cé thé dat dén tn sb can co véi hiéu qua hop
1y.

Phb am thanh ciing c6 thé chia thanh nhiéu nhém thap phan (decade), la ngén ngi 4m thanh
dung dé chi nhirng giai thn ndm trong pham vi ty 1& mwoi-mot (ten-to-one). (Diéu nay ciing goi la the
tw cGia cwong dd, nhivng nhip dém dwoc thé hién bang viéc bd sung moét sb khéng vao cubi cla bat
ky s6 nao). Nhirng giai tin am thanh cé nhip dém khoang ba nhém thap phan: tir 20Hz dén 200Hz, tir
200Hz dén 2000Hz, va tlr 2000Hz dén 20.000 Hz. Diéu nay cé ich khi chia phd am thanh, vi thiét bj
loa riéng biét trong nhirng (rng dung pro-sound vén da bj han ché khodng moét nhém thap phan cla
gidi tAn s6 hiéu qua (diéu nay sé dwoc giai thich trong chuwong 9).

Can lwu y, tai ching ta rat nhay véi tan sb bién d6i phd am khac nhau. Vai tan sé nghe dwoc
dé hon nhivrng tan sb khac, va gidi han trén duéi clia dwdng phan chia khéng c6 nghia la bat di bat
dich. Thay vao d6 kha nang nghe dan dan sé gidm & hai cwc am phd (va gitra mdi ngwdi cling c6 thé
rat khac xa). Sé giai thich trong chwong 3, Iy do tai sao diéu nay va dic diém dac biét khac cua tién
trinh c&m tinh con ngu®i cé y nghia quan trong trong viéc x&r dung hé théng am thanh.

Bwéc song (Wavelength)

Lién quan chat ché dén tan sé ctia séng am la budc séng (wavelength) (xem hinh 2.6). Thuat
ngl nay mo t& do dai séng am cé tan sé nhét dinh sé& di chuyén trong khéng khi trong thai gian can
thiét dé hoan thanh mét chu ky. D6 ciing la khodng cach gitra cac diém giébng nhau & hai chu ky lién
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tiép khi n6 di chuyén tir gc ctia né. Am thanh di chuyén trong khéng khi & cung mét téc do, bwéc
séng sé khac nhau ty 1& nghich vé&i tan sé (tan s cao hon, buéc séng ngan hon).

So sanh nhw sau c6 thé hivu ich. Hay twéng twong ching ta dang quan sat mét hang ngudi
diéu hanh ra khdi clra, tAt ca déu cung mot téc dd. Néu nhirtng ngudi nay ra khéi nguéng clra véi mot
khoang thai gian binh thuweng (tn sb), va tat ca ho di cach nhau cling mét khodng cach (bwéc séng).
Néu ho gitr cung mot téc dd ma tang gap doi ty 16 ma ho da di qua khung ctra (nhan doi tAn sé), sau
dé ho sé di cach nhau chi con mét niva khodng cach (mét nlra bwdc séng). Co cach khac néi bat
hon, ngwoi & trong hang c6 khodng cach ngan cé thé néi qua ngwdi quan sat bang tan sé 1én hon ho
da thwc hién khi khodng cach xa hon.

Compre%
110Hz{ > Distance
Expansion v

220HzI /\ /\ > Distance
| A NI

44OHZI/\ N PN N

TR Y Y B > Distance

Hinh 2.6

Buwéc séng khac nhau ty 1& nghich véi tAn sb (nhan hai tn sé badng mét nira buwédc séng.) Buéc séng
dai hon, s& d& uén cong chung quanh ngudn cla né hon, ciing nhw chung quanh nhirng chwéng ngai trén
dwong di.

Su quan hé nay dwoc thé hién theo cong thirc:

Budc song (A) = tdc dod clia am thanh (~ 1130ft / gidy)
Tan s (Hz)

Song am thanh 20Hz dai khodng 17 mét (~ 56 feet), trong khi song 20kHz chi khoang
17millimeters (~ hai phan ba inch). Buwéc séng gitra hai cuwc tuy theo cong thirc trén (ty 1& nghich véi
tdn sb). (Dé tham khao, & chwong 9 sé cé biéu db cla nhirng bwédc séng cta phd am twong déi
dung).

Khai niém vé buwédc sdng déc biét quan trong trong viéc thiét ké speaker, horn va tweeter cho
phu hop, cling nhw phai hiéu cach x& ly séng am trong nhirng méi trwdng vat ly khac nhau. Ngudn
am thanh rat nhd hay nhe khong thé phat ra am thanh tét hon nhirtng buwéc séng né tao ra. Day 1a ly
do chinh dé giai thich tai sao thiét bi loa tan sé thap (low frequency speaker) sé& I&n hon thiét bi loa
tan sb cao (high frequency speaker), va khac rat nhidu. That ra, thiét bi tAn sb thap sé vé dung khi
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qua Ién, do d6, thwerng dung horn tan sb thap (low frequency horn) hay thung loa cé kich thuwéc va
thiét ké da thoa thuan..

Chiéu dai ctia s6ng am ciing anh huéng dén kha nang vuwot qua nhirng chuwéng ngai trén
duong di, chang han nhu twéng ngan, cot try, co thé con ngudi va dau ngudi. Bwdc séng ngén (tan
sb cao) cé khuynh hwéng phan doi hay bi hap thu b&i nhirng chwéng ngai nhw vay, trong khi buéc
séng phd am (tan sé thap) dai nhat cé khuynh huéng di chuyén chung quanh hay bing qua moi cai
trén dwdng phat tan.

Séng Sine (Sine wave)

Dang 4p lwc séng cu thé tao ra am thanh, phai that ré, phai xac dinh rd loai dao ddng nao tao
ra né. V&i thi du vat ly co ban nhéat, cé thé, nhitng am thanh ctia am thoa, da dung trong nhiéu thé ky
trwéde trén nhirng céng cu diéu chinh cao d6 cho nhac cu, dwoc tao ra béi loai dao dong co ban nhét,
goi 1a chuyén doéng hoa am don gian (simple harmonic motion).

Con l&c dong dwa qua lai va qué can nhép nhé lén xudng, khi & cubi chu ky sé& cham lai, la thi
du dé quan sat loai chuyén déng nay d& hon. Hay nhé, con lac xt dung trong déng hé cb hdi xua, khi
gan hét nang lwong van khong déi thoi gian lac. (N6i cach khac, né van duy tri tAn sb dac trwng cla
né bét ké bién do ra sao).

D7 nhién, am thoa di chuyén qua lai that nhanh, du dé tao ra séng am thanh nghe ré, nhung
c6 rat nhiéu loai dao dong twong tw. Khi v, nhanh cla né phan &ng béng cach rung véi dao dong
don gian, ap khéng khi chung quanh dao déng y nhu né. (N6t nhac La (A) 440Hz la tan sb thong
dung nhat, méc du ho van con san xuat vai loai tan sé twong (ng v&i nét nhac khac nhau, khéng phai
ai cling chuyén sang dung chuyén sang dung bo diéu huéng dién t& (electronic tuners).

_Céch trinh bay loai chuyén dong bang do thi tir nhixng rung dong ctia &m thoa c6 thé hinh
dung bang cach gan cay but vao mét trong hai nhanh, nhw minh hoa trong hinh 2.7.

Mot bang gidy di chuyén & tbc d6 binh thuwéng, cé cay but cham nhe vao gidy, sé hién ra dao
dong cdia am thoa.

Hinh 2.7

(A) Am thoa tao ra nhirng dang
séng co ban goi la séng sine, tat
ca séng am thanh déu phai tao
thanh nhw vay, khéng c6 ngoai lé.
(hinh nay da phéng dai ty 1& dé
minh hoa). Khi diing thuat ngir tan
sb va budc séng, ho da tham khao
soéng sine tao ra am thanh ra sao.

(B) Ché d6 rung cuia day dan don
gian. Nhiéu nhac si va soundman
khéng co k¥ thuat cao, da rat kho
hiu nhirng viéc nay xay ra ddng
thei, mbi rung déng cé dang thire
chuyén déng séng sine tai tan s6
riéng clia né. (Thuat nglr hoa am
(harmonic), vé ban chét, c6 nghia
tan sb cha no la boi sb nguyén cla
tan sb gbe).

(Thuét nglr harmonic, theo 4m
nhac goi la hai &m, nhuwng trong
am thanh phai goi la hopa &m m&i
chinh xac, ciing nhw harmonic
frequency Ia hoa tdn — ND)



@ 1) Fundamental Frequency (f) depends on

tension and other physical characteristics.
(Additional harmonics’ relative strengh depends on how and where string is
picked, and on factors such as the thickness of string, type of winding, etc.

LY N b A

Freq=2xf Freq.=3 x f Freq.=4 x f Freq.=5x f
2nd harmonic 3rd harmonic 4th harmonic 5th harmonic, etc.
(1st overtone) (2nd overtone)  (3rd overtone)  (4th overtone, etc.)

Can nguyén cla dang séng, thé hién chuyén dong ctia hoa am don gian theo ciing mét lich
trinh, sé la dang séng sine. DAy la loai séng co ban nhét, tao ra tat ca séng &m thanh, khéng cé ngoai
l&. That ra, do dinh luat chuyén dong vat ly va phan t& co ban, méi loai dang séng, cé thé bi toan hoc,
am hoc va dién t&r chia nhé chinh né thanh nhiéu thanh phan séng sine. Khi dung thuat ngi tan sé
(frequency) va buwéc song (wavelength), ngudi ta thweng gid dinh dé chi mét thanh phan séng sine
trong &m thanh. Nhw sé& thay, kha nang trich xuat nhirng thanh phan séng sine lién quan dén am
thanh va ciling c6 tdm quan trong dén thinh giac cta chinh con nguei. Truwdc khi di téi nhirng cac
dang séng phtrc tap, chwong nay sé gi¢i thiéu thém vai khai niém co ban.

Cong huwédng (Resonance)

Nhirng am thanh tao ra bang am thoa chi cé thé nghe dwoc khi ghé sat vao tai. Dé nghe dé
hon, né phai dugc két hop véi cai gi d6 hiéu qua hon, dé huéng xa ra tan sé dic biét ctia né.

Hai nhanh clia mot am thoa cé bé mét rAt méng so véi buéc séng né tao ra. Thi du, séng am
440Hz, c6 buwdc séng trong khoang 0,75 m (2 + ' feet), trdi hon nhiéu khi so sanh véi d6 day nhanh
am thoa. Do d6, khoéng khi dé& trwot trén hai méat ctia nhanh nay, va trao cho khéng khi rat it nang
lwong co hoc do chuyén déng ctia am thoa duéi dang nang lwgng &m (séng am thanh).

Khi than ctia mot am thoa dang rung, dat sat véi mot vat thé co tiét dién Ién hon va ciing ¢6
kha nang dao dong & cung moét tan sb, sé chuyén dong nhiéu khéng khi hon, sé tao ra am thanh Ién
hon. Mét phan ndng lwong truyén dén am thoa bi rung do dé mang nang lwgng dén cho moét ngudn
am thanh ch&c chan, hiéu qua hon. Day 1a mét thi du vé sy cong hwéng.

] Bang trong hinh 2.8 c6 tan sb cong hwdng nhét dinh, tai do, khi va cham no sé rung. Day la
két qua clia bang ché d6 wa thich (panel’s preferred mode) clia sw dao ddéng. Trong moéi ché dd khac

m Sound & Lighting



nhau, cé thé 1am ndi bat 1&n, tly theo né bj va cham & dau va bang cach nao. Néu mét trong nhirng
tan s6 nay giébng nhu tn sb ctia am thoa, chdng han bang co tac dung lam cong huéng kha hiéu qua
cho né. Khi dung vi tri tiép xtc, badng nay cé thé bién nang lwong tlr &m thoa thanh ndng lvgng am
thanh c6 am lwong lwong twong ddi Ién. Thong thwong, cach dat am thoa sat vat thé nhw twdng hay
trén ban sé cé hiéu (rng nay. Mét ddi twong gibng nhuw cai bang am (sound board) cia piano, dugc
thiét ké dé dap ng véi tAn sb cla tat ca cac phim trén ban phim, sé cé khuynh hwéng céng hwéng
t6t v&i mot am thoa cé tn sb bat ky nao.

Ciing c6 thé thwc hién cong hudng, qua viéc xir dung dng hay khoang réng. Khéng khi trong
bng hay khoang, tuy theo kich thwéc va tiét dién miéng, cé thé tao ra sy rung dong, thi du, khi thdi
qua miéng ctia mot cai chai hay dng nghiém. Khi dat am thoa trén hop cong huéng, khoang hop
duoc thiét ké dé dap ng véi tan sé cu thé, két qua cla viéc tdng am lvong cé thé bat ngd. Nang
lwong rat ra tir Am thoa qua sudt bé mét né dat vao, sau do tda ra hiéu qua bdi khoang nay. Co thé
dat hiéu &ng twong tu rat don gidn bang cach dat nhanh dao dong rat gan miéng khoang. Hoép cong
hwéng thiét ké cho tirng am thoa, néu xt& dung cho tan sé khac, hiéu qua thwéong téi thiéu.

Nhirng nguyén téc cong hudng xay ra lién tuc trong pro-sound va trong nhirng hoat dong cta
am thanh néi chung, xay ra trong phong, trong loa va thung loa, loa horn, nhac cu va ngay ca trong
nhirng mach dién. That ra, tit ca& moi th& trong vii tru d&u cé mét hay nhiéu tan sb cong hwéng, cho
du né khong nhét thiét phai hién dién trong phé am (audio spectrum).
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A) Fundamental frequency (f) depends
on tension and other physical characteristics.

UANUBINAN ey

B) 2.30 x f C) 3.60 x f ) 1.59 x f E)2.14 x f
F)2.65x f G) 292 x f H) 3.50 x f 1) 4.22 x f

Hinh 2.8
Thi du khac vé ché d6 rung. .

Hinh trén: Ché d6 rung co ban ctia mat tréng. Lwu y, khéng cé quan hé nao gitra hoa am (harmonic) véi
am gbc. Nhirng boi am khéng hai hoa (inharmonic overtone) dic biét nay két hop lai dé tao ra nhivng am thanh
dac trwng ma ching ta nhan ra gidng nhw la ctia mét cai trdng khong bi chan tiéng (undamped-unmated). Phan
I&n nhirng tAn sb lién quan cé thé dwoc cai tién & nhidéu mic d6 khac nhau béi déc tinh cong hwéng cla chinh
cai tréng d6. Vai van dé quan trong sé thao luan trong chwong 17, goi y bdi am cla trédng dwoc dét cach nhau
sat hon (& tan sb6) so véi hoa am.

Hinh dwéi: M6t bang treo lo’ Itrng va khédi khéng khi bao boc quanh né 14 hai thi du v& nhivng bé céng
hwéng kha hiéu qua. Phong ciing 1a mét loai khéi khéng khi bao boc, trong d6 ciing c6 tan sb cong huéng cla
no, tiy thudc vao hinh dang, kich c&, va két cAu.

Cong huwédng la két qua tw nhién, do kich thwéc cla can phong lam tré ngai tinh hiéu qua
chét lwgng cao nhét cla hé théng am thanh. Cong huéng, vé mét cuc doan, khéng néu rd dwoc tan
sb phu hop nao véi né, doéi khi dan dén viéc phién ban (version) bi thay déi chat lwgng am thanh
output clia hé théng. Ciing c6 thé tao ra sy kién twong tw la loa coi (horn), thung loa va linh kién dién
ter thiét ké vung vé&, bé tri loa khong phu hop, hay b&i nhiéu yéu td khac trong chinh hé théng. Mac du
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sw cong hwéng thiéu can dbi doi khi co thé 1a nguyén nhan cda sy cb rac réi, nhirng nguyén tac cua
cong hwdng ndi chung rat quan trong trong viéc tao ra @m nhac va &m thanh vocal (s€ giai thich trong
chwong 9, trong viéc thiét ke loa).

Am phé (Sound Spectra)

Séng sine la vién gach co ban ctia am thanh, hiém khi né dugc tao ra & dang tw nhién bdi
bat ky ngudn vat Iy nao khac, ngoai am thoa da dé cap & trén. Nhirng am diéu (tone) ngan gon nghe
dugc & cac dién thoai, nhirng tone thir nghiém lién tuc phat ra b&i séng ctia dai truyén hinh, va vai
am thanh cia may choi game |a nhirng thi du am thanh khac, mac du né dwoc tao ra bang dién ti.
Do tinh trang nhw vién gach, séng sine c6 ich cho viéc thir nghiém (n6 dung cho hau hét nhirng tréc
nghiém vé thinh giac ciing nhw trong thtr nghiém thiét bi am thanh néi chung). Séng sine nguyén ban
khong thay di tAn sé va bién dd thuweng dwoc coi la vé hon, don diéu (nghia den 1a monotone), budn
té, hay don glan la tinh khiét, nguyén ban (pure). Theo y ‘nghta nay, nghe song sine c6 tan sé va bién
do6 khong ddi gibng nhw nhin vao mét vién gach don thuan, khéng thudc cai nha nao ca.

Nhirng am thanh chung ta nghe duoc, thwdng tao thanh tir hdn hop nhiéu thanh phan séng
sine v&i nhau, c6 thé goi la sy phan bd am phé (spectrum) hay sw phan bd néng lvong (energy
distribution) clia bat ky vat thé nao phat ra am thanh. (*) Trong trudng hop &m thanh am nhac, nhirng
tan s6 an khdp v&i nhau theo cach trat tw, cé da chéat lwgng dac biét lam hai Iong nguwdi nghe khi sap
xép nhirng doan nhac. (Am thanh d6 ciing c6 nhiéu tleng on nhw khoéng sap Xép ngan nap, chung ta
chi xem xét vé khia canh am nhac, thay vi d& y nghe nhiéu hén hop tan sé ngau nhién). Ban day, c6
|& 1a phan t&r dao dong (V|brat|ng element) loai thong dung nhét dwoc xt& dung trén toan thé gisi, la
mot minh hoa tét khi cAn hiéu tao ra am nhac bang cach nao.

DAu tién, hdy xem xét chinh sgi day dan, chi can kéo dai gitra hai vat chéc chan. Khi gay, né
nhw cai 10 xo, tré lai va bat ra rdt nhanh, méi chuyén déng ké tiép hoi nhé hon truéc cho dén khi
dirng lai. Soi day dan da chuyén déng theo cach nay, that sy rung cung lic nhiéu ché dé khac nhau,
mdi mét trong nhirng cai d6 dwoc nhan dang 1a chuyén déng clia séng sine trong mét tan sé déc biét
(xem hinh 2.7).

~ Ché d6 rung bao trum toan bg chiéu dai day dan, chuyén dong & gitra soi day t6i da, la hoa
am dau tién (first hamonic), goi tat Ia @m goc (fundamental). Nhirng am goc nay tao ra cao d6 chinh,
nghe nhw n6t nhac cla day dan.

~Nhirng hoa &m khac (2, 3, 4, 5, v.v. goi la boi &m cta day dan (string’s overtones) la két qua
clia che do rung cd lién quan dén s chia nho tbng chiéu dai day dan. Binh nghta, hoa am la tan so,
la bdi s6 nguyén (cé nghia, nhan v&i mét s6 nguyén: 1, 2, 3, 4, 5, v.v.) clla am goc.

Gibng nhw rang, nhanh cia am thoa, ban than day dan cta trong khéng khi ma khéng can
nhiéu néng lwong dé tda ra khong khi. Néu day dan gén véi guitar thung (hay nhivng nhac cu than
réng), thiing dan sé tao ra sy cong hudng dé dap (rng véi dao déng clia day dan. Khong gibng nhw
hop cong hwéng clia &m thoa, chi can dap (rng c6 mot tan sb, thiing guitar phai cong hwéng cho rat
nhiéu tan sb. Hinh dang cong dic biét cia né la dé thuc hién diéu nay.

Tuy nhién, thing guitar van dé dap (rng vai vai tan s hon Ia nhitng vat khac. Két hop cua
cong hucrng bao gom tat ca rung dong clia tAm gb va khoang bén trong dwoc vé dudi dang dwdng
biéu dién dap tng tan sé (frequency reponse curve), hay dwong biéu di&n cong hwéng (resonance
curve). D6 thi dwdi day (hinh 2.9), cho thdy mirc d6 thing dan sé dap ng véi dao dong cla bét ky
tan sd nhét dinh nao.

(*) M&i &m thanh (sound) da da c6 phé tan s6 (spectrum of frequencies) riéng cta no, khéng
nén nham lan v&i phé am (audio spectrum), la tat ¢ nhikng tan s6 nghe dwoc cta con nguoi. Spectra
la dang thirc s6 nhiéu cta a&m phé (spectrum).
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‘ Hinh 2.9

i " Buwong cong hwéng nhw
[ / thé nay mo ta cho mirc d6
T ¥ W ma méi tan sb tao ra béi
J L \[VJ WAL, day dan hay loai dao déng
I | \ 4 VWN"’\M khac, duoc khuéch dai boi
i { v t ¥ A mét nhac cu hay nguén am
‘ ‘ WAMAA A thanh khac. Dac tinh nay
20 50 100 500 1k 5k 10k 20k  'akhiacanhchinhcua
nhirng gi dwoc stra doi b&i
EQ va / hay microphone.
(nhi*ng bang nay 1 hién
thi tiéu bidu ctia guitar
thung hay viola).

String Vibration Modes Resonance Curve Emitted Sound

thng yeu t6 rung (day dan-string) va cong hudng (thing guitar) két hop v&i nhau détaora
am pho ctia moét ndt nhac nhét dinh cho guitar. Chinh sgi day dan tao ra &m goc cua cao d6 am nhac
va bd sung thém nhiéu hoa am, c6 tan s thay ddi ty 1& v&i nhau, gibng nhw nhirng nét nhac khac
nhau dang choi, do d6 duy tri sy twong quan vé hoa am cla né. Thung guitar sau dé sé xac dinh
mirc d6 tAn sb nao sé dwoc tang cwdng thém cho tAn s6 dé nam trén dinh cla dwdng biéu dién sy
codng hudng. Két qua 1a am phd cho ra nhivng &m thanh cla nét nhac, choi trén dan guitar cé chét
lwong am séc d&c thu, theo truyén thdng goi la am séc (timbre) (phat am la "tamber"). Nhirng am séc
clia &m thanh mét nhac cu déng vai trd quan trong trong viéc cho phép (plays a vital role in allowing),
thi du, nét Mi (E) choi trén guitar nghe khac véi cung nét d6 choi trén bat ky loai nhac cu nao (hay
guitar) khac ma chinh d&c tinh vat ly dan t&i viéc &m phd bj khac di).

Trong vai nhac cu, chdng han nhac cu hoi bang gb (woodwinds), khéng dung sw céng huéng
riéng biét; lwdi ga la phan t& dao dong va nhac céng xac dinh nét nhac dwgc bang cach didu chinh
chiéu dai cla cot khéng khi trong nhac cu (gan twong dwong véi viéc kiém soat nét nhac cong hwéng
cta éng nghiém, chai lo hay &n dinh béng céach cho vao sé lwong nwéc nhéat dinh). Trong nhing nhac
cu khac, chang han nhu trumpet va trombones cir ddng méi clia nhac cong |a phan tlr dao déng.
Nhung trong nhirng loai khac, nhu séo (flute) va éng tiéu (recorders), khdng cé su dao dong vat ly
nao, tt ca nhirng rung dong tao ra la do ludng khéng khi xoay chiéu nhanh qua éng. Trong méi
trwdng hop, dac biét 1a cAu truc vat ly va cach choi nhac cu dem lai nhivng phd am riéng va do d6 né
c6 chat lwgng am diéu riéng. Sy khac biét gitra khai niém vé phan t& rung va cong hwéng nay, mac
du can hiéu vé nhirng khia canh cGa am thanh, c6 thé dwoc kiém soat béi hé théng am thanh, nhuwng
cling c6 nhirng khia canh khac c6 thé khéng nhw vay (xem lai hinh 2.9). Diéu nay sé thdo luan thém
phan nao trong chwong 6 va 17

Phase va sw can thiép (Phase and Interference)

M6t dac diém thu vi va quan trong vé chuyén dong clia séng sine 1a sy quan hé chat ché véi
chuyén déng vong quanh. Day la co sé& cho viéc do lwdng phase cla séng (wave’s phase). Nghién
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ctru gitra sy quan hé géc biét clia phase v&i séng am thanh cé thé rat phire tap, nhwng muc dich cla
gio trinh nay la chi can hiéu dwoc nhivng y twéng co ban.

Hinh 2.10 cho thay db thi ctia mot séng sine, vé giéng nhw chiéu quay cta vong tron ¢ ban
kinh bang bién dd dinh (peak) cta séng. Trong hinh minh hoa nay, diém X, trén vong tron dwoc cho
la quay theo vong tron tai tan sb 1a diém X, trén séng sine. Néu ca hai bat ddu chuyén dong cuing lic
& khong dd, vi tri thdng dirng cla né (bién dd) sé giéng hét nhau & moi thdi diém trong chu ky twong
&ng.

Khi chu ky dat dén 90 dd, bién do tich cuc (nén) dat dinh gia tri. O’ 180 d0, bién do lai la
khong; & bién do 270 d6 am (md& rong) lai dat dinh gia tri. Tai 360 d6 (giong nhw khdng d9), mét lan
ni¥a bién dé la khdng va lai bat dau chu ky tiép theo.

90°
/ 90
0° - =
0°
180° A i
0° 180°
o \ i
- -90°\ 270
—90° or 270°

0°/360° /\ 360 >

ANAWA
YRYEYD

Hinh 2.10
S lién quan gitra hinh tron va séng phase.

Song sine (tan sb) that te la mét dang thirc chuyen dong vong tron m@ rong ra bén ngoai cung moét truc, nhw thoi
gian hay khoang cach. Quan hé vé sy chuyé&n déng cla vong tron (tir goc do vat ly hoc, 1a dang chuyén dong tinh khiét nhét)
gidi thich tai sao n6 c6 khuynh hwéng doc lap véi nhau, mac du trén that té no két hop v&i nhau theo v6 s6 cach. Nhirng khai
niém vé phase rat quan trong trong pro-sound. Phase vibt tat 13 ®. Mot chirc nang phd bién trén mixer chét lrgng cao, vai thiét
bi delay, va crossover cho phép dao ngwoc pha (con goi la phan cuc nguoc reversed polarlty) 180 °. Ciing c6 thé thuc hién
cach dao chidu nay bang cach dao ngwgc mot dau day tin hiéu cla cap XLR loai balance, the hién trong chuong 16, Mot van
d& quan trong khac vé phase la phai noi day loa trong cung mét loai phan cuc, nhét 1a khi gan né vao cling mét thung loa hay
cting mét array loa, néu khong, né sé cé khuynh huéng hily bd tac ddng output clia nhau (triét tiéu), dac biét & tan sd thap.
(Trong trwdrng hop xau nhét, né co thé dap tat (blow out) toan bd, sé giai thich thém trong chwong 9 vé phan acoustic loading).
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Khi hai hay nhiéu séng twong tac véi nhau, bién dé ctia né dwoc bd sung vé mét dai sb.
Trong thi du don gidn (hinh 2.11), khi hai séng sine cé cuing tan sb va bién do chdng Ién nhau bat dau
cung luc & khong do (cung phase - in phase), két qua cho ra séng sine véi bién dd gap doi bien do
clia mdi séng. Song nay goi la sw can thiép xay dwng Ian nhau. Néu ciing hai séng do, chong Ién
nhau vé&i mot séng bat dau tir khdng d6 va séng khac & 180 d6, bién d6 ctia né sau do sé dbi xirng
nhau chinh xac (Iéch phase 180 dg, out of phase), goi la sy can thiép pha hoai I&n nhau
(destructively), trong trwdng hop nay nd hoan toan triét tiéu I&n nhau. Néu hai séng c6 tan sb va bién
do6 dong déu chdng Ién bat ky sw quan hé phase khac lién quan dén nhau (with respect to one
another), né sé co luc la can thiép xay dwng, va c6 luc khac la can thiép pha hoai. N6i cach khac,
diéu nay nhu hoan thién mét phan hay toan phan (sw can thiép xay dwng) hay triét tiéu mot phan hay
toan phan (sw can thiép pha hoai). Trong méi trwdng &m thanh nghe dwoc, séng it khi triét tiéu nhau
hoan toan, trai nghiém cla chung téi thwérng chi triét tiéu mot phan. Nhirng quan hé dai sb cung loai
cling nhw vay cho tat ca loai twong tac ctia séng am thanh.

Séng am tir hai ngudn khac nhau twong tac theo cach so sanh véi nhirng séng tao ra béi hai
rbi loan riéng biét trén mat nwéc (Hinh 2.11). Lwu y, nhirng loai can thiép xay dwng va pha hoai khac
khéng lam thay dbi dweng di cia mot loat séng. Sy can thiép clta né tai bat ky diém nao chi can cong
thém murc d6 cla bién dd tich cwc hay tiéu cwe can thiét d& vuot qua séng doc theo trén hanh trinh di
ra ngoai. Tuy nhién, thinh gid & bat ky vi tri ndo, s& nghe thay nhirng tan sé khac nhau dén mac do
ma ho nghe thay tang hay gidm & nhirng vi tri I&ng nghe cu thé. Diéu nay rat quan trong, vi véi hé
théng c6 nhiéu vj tri dat loa, ching ta c6 thé mong nhirng am thanh nay thay déi phan nao khép khan
gid, ngay ca khi am thanh dwgc loa phat tan hiéu qua.

Nhirng dang séng phtrc tap (Complex Waveforms)

Nhw da giai thich, mdi am thanh d&u c6 phd tan riéng ma tién trinh nghe cé kha nang xac
dinh 14 am diéu dac biét cia am thanh d6. Madc du vay, nhirng tan sé twong (ng véi mdi am thanh sé
truyén déng luc qua khong khi ra sao? Dé tra I&i diéu nay, c6 1& nén nhin piston loa mét 1an niva,
trong trwong hgp nay, né sé nhan ban ra dang séng phtrc tap nhw note nhac choi trén piano.

Hinh 2.12 cho thay phd tan s tiéu biéu lien quan dén nét nhac La (A), 220Hz (dwéi nét nhac
A mot bat do) choi trén dan piano. (Ngau nhién, hoa am th(r bay & day rat nhé, vi diém gd bua dbi voi
day dan piano trong trwéng hop nay loai bd bdi am déc biét nay co hiéu qua). Khi am gbc va tat ca
bdi am bi chéng lén nhw da mo ta trong phan trudc vé phase va sy can thiép, né két hop lai dé cho
ra mot dang séng phtrc tap, cé thé xuat hién hoi gidng nhw thé hién trong hinh 2.12. Dang séng nay
cling gan nhu sé tiéu biéu cho chuyén déng cla vanh loa (cone) khi nhan ban ra am thanh twong tu.

Trén that té, dang séng trong thi du minh hoa dwéi mang theo rat nhiéu dang thirc, nguoi
nghe déu thdy né c6 am thanh twong tw nhw nhau, néu khéng noéi 1a gidng nhau. Piéu nay xay ra khi
nhirng tan sb lién quan dén am thanh cta nhac cu dwoc loa nhan ban trong sy quan hé léch phase
v&i nhau. Ngoai ra, mdi tAn sb trong &m thanh thudng bao gém nhiéu séng sine chung mét tan sé két
hop trong rat nhidu sy quan hé phase. Day la két qua cGa nhirng am thanh phat ra tir khu vuc rong,
khéng chi tr mot diém, va cho biét thém sy tinh té va tinh cach tw nhién day dd (fullness) nhét dinh
vé am thanh. Tuy nhién,trong that té, hinh dang d&c biét ctia dang séng phtrc tap, gan nhu khéng
quan trong béng phd tan sb chiva né.

Lwu y, loai dang séng nhw séng vudng, séng tam giac va séng rang cwa that t& khéng don
gidn. Séng vuéng, rat théng dung dé thir nghiém trong phong thi nghiém thiét bj am thanh, va nhirng
dang séng don gian khac cé thé tdng hop bang nhac cu dién tlr co ban nhét. va né ciing chira &m
phd va nhirng thanh phan séng sine cla riéng nd.. Séng vudng, trén that té bao gdm mét séng co
ban va ké tiép la day hoa am sb 1é (1, 3, 5, 7, 9, v.v. nhw trong hinh 2.13). Thi du khéac, séng réng
cwa, la mé hinh ly thuyét clia mét soi day cong va hop am giong hat clia con ngudi (méc du trong
that t& né phirc tap hon nhiéu).

Hinh 2.14 cho th4y co thé chia song rang cwa ra nhiéu thanh phan séng sine cu thé. Mot khi
da tao ra, dang song nhu vay that s hoat dong don gian theo &m phd tan sb (thanh phan séng sine)
lién quan, nhw bat ky &m thanh nao khac.
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Hinh 2.11
Nhirng song twong tac co ban véi nhau.

Khi di chuyén xuyén qua khéng khi hay xuyén qua tin hiéu dién, nhirtng phase séng ddng nhat ting gap
déi cworng d6 (+3 dB vé d6 am (acoustically), doi khi 1a 6 dB vé dién t, tuy thudc vao loai mach dién). Séng
nguoc phase di nhién bi triét tiéu hoan toan. Khi séng ddng nhat phat ra tir hai ngudn riéng biét, né thuwéong cét
nhau & mét vi tri cGia ngwdi nghe nao d6, nam trong rat nhiéu quan hé phase & gitra hai thai cwc, mét phan sé
tang l1én hay mot phan sé triét tiéu 14n nhau. (Bdng thoi, thwong cé sw chdng chéo dang ké béi sy phan doi tir
bé& mat chung quanh). Chi khi mét ngwoi dirng xa tr gitba hai ngudn (nhw hinh dwéi) nghe dwoc tat ca cac tan s
da cung cb. Trong bét ky vi tri khac, vai tAn sé sé téng lén, trong khi nhirng tan sb khac bi triét tiéu. Didu nay rat
¢6 y nghia cho ngwéi van hanh hé théng, la nhivng am thanh cé thé du kién sé thay déi dang ké tuy theo tirng vi
tri trong khan gid, du né luén dwoc loa phat tan.
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Intensity (A)
Example of Harmonics Shown on Linear Scale
220Hz (the note A3)
Additional non-harmonic frequencies
normally present throughout this range
due to “bite” of string windings. N
I | / to ~ 8k —
| b blia o o iiqg € e
f1 2 3 45 6 7 8 9 1011 12, etc. 16th Harmonic 32nd
A 4 4
220 880Hz 1760Hz 3520Hz 7040Hz
440
T 2 Octaves 3 Octaves Up 4 Octaves Up 5 Octaves Up
1 Octave Up
Intensity
(B)
Higher Note on Same Linear Scale
800Hz (the note A5)
I | | ] !
Fundamental —» f1 2nd 3rd 4th 5th 6th 7th 8th Harmonic
and Harmonics
880Hz 1760Hz 3520Hz 7040Hz
1 Octave Up 2 Octaves Up 3 Octaves Up
Hinh 2.12

(A) Hoa &m clia day dan Piano hién thi trén ti 1& tuyén tinh. Day la mét note nhac twong déi thap, hoa
am cua no cling mé roéng ra thanh nhiéu &m phd, ngoai nhivng tan sb khac, cé thé twong trung cho anh hwéng
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gilra nhirng soi day dan voi nhau (khdng hién thi). Chu y, cach nhirng bdi am sé &n nhip véi mdi bat a6 lién tiép
trén biéu db ra sao.

(B) V&i nét nhac cao hon , nhirng hoa &m sé& dat cach xa nhau hon, ¢ rét it tan s6 lién quan. Néu
nhirng n6t nhac cao hon, day dan thuwong cling dwoc thiét ke khdng cé cudn day xoan bao quanh, dwoc tinh
toan dé cho am thanh cé dic tinh tinh khiét hon.

(C) “Rough” mé ta& mét dang séng phirc tap, thu dwoc tir sy két hop nhiéu tan sé lién quan. Didu nay
ciing sé twong trwng cho chuyén déng clia mét vanh loa d tai tao ra am thanh nhw vay.

AMJ‘\MMM -
W W W

Fundamental /\
()
+

3rd Harmonic 7~ N\ F% £ N
(3f) N” L N

Resultant Curve ——m

+
5th Harmonic LN /N I\ [N\ I\
(5%) Nt Nt NI N S
Resultant Curve —»
7N 7N\
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Hinh 2.13

_ Luuy & day, khi thém hoa &m Ié c6 phase thich hop va can dbi, nhirng canh bén s& doc hon va bat dau
tréi phang ra. Khi nhirng hoa am 1é da du so lwgng dung theo ti 1€, két qua cho ra mot séng vuéng.
Song vuéng hoan hao sé co nhirng hoa am Ié vwot ra ngoai phan cudi phia trén phé am thanh (dén vo
cwc). Duoi day hién thi két qua 1én t&i 29 hoa am.

Hinh 2.14

Nhirng thanh phan séng sine cta séng réng
cua.

Sum of the Six
Harmonics Shown
Below Gian di, & day chi hién thj sau hoa am dau tién.
Khi thém vao tan sé cao hon, sy xung dot
(wriggles) cé thé dan xép dé cho ra séng réng
t cwa nhon, thé hién bang dworng chdm cham.
Twong ty nhw vay, mot séng rang cwa nguyén
ban ciing dé chia nhé thanh nhiéu thanh phan
séng sine, vé& ca hai mat, am hoc Ian dién te.

Fundamental
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CHUONG 3

Ban chat cua thinh giac
(The Nature of Hearing)

M6t cau héi cb dién, "Néu cé cay nga db trong rirng va khong ai & d6 dé nghe, sé c6 am
thanh nao khéng?" thuwéng dung d& minh hoa cho y nghia kép cla cau héi nay, cé thé duoc tra 1oi
ding bang mét trong hai "am thanh": “cd” hay “khéng”. Cau tré |&i 1a “c6”, néu coi am thanh la viéc
tao ra mét vat Iy clia séng ap lwc khong khi, dat chung quanh v.v. Néu coi am thanh |1a cam giac tao
ra trong tién trinh nghe, cau tra 1&i 1a di nhién 13 “khéng”.

Trong chwong 2, chung ta tap trung chi yéu vao tinh chét vat ly ciia am thanh. Chwong nay
cling thdo luan vé am thanh, chd yéu tir quan diém vé tién trinh nghe clia con nguoi.

Tai (The Ear)

Chirc nang cua tai déi khi gibng nhw microphone, vi ca hai, tai va micro déu chuyén dbi
nhirng séng am thanh thanh tin hiéu dién. Néu diéu nay dung, tai 1a microphone tuyét v&i nhat. N6 co
tac dung nhuw bd phan tich tn sé, pha bd nhirng dang séng phrc tap tao béi thanh phan séng sine,
va gl nhirng xung dién nay dén ndo kém theo nhirng cai tiéu biéu cho tan sb clia nhirng am thanh
né nhan dwoc. N6 ciing c6 kha nang nghe & mirc dd I&n hon nghin ty 1an nhirng &m thanh nhé nhe
nhét. N6 cé gidi nang déng (dynamic range) I&n hon hang ngan 1an so véi nhirng hé thédng am thanh
chuyén nghiép tét nhat hién nay. Tuy nhién, tai cling cé dac thu va gi¢i han riéng cta né, va néu ta
hiéu biét cia twong tan, cé thé cé nhiéu hwdng gidi quyét nhivng trac tré thwerng gép khi thiét ké va
xt& dung hé théng am thanh.

Trwéce tién, md t ngén gon vé cach hoat dong cua tai (xem hinh 3.1): Am thanh vao tai
ngoai, déu phai di qua 6ng tai, lam rung dong mang nhi, la mang da rat méng bit kin & cudi éng.
Mang nhi dwoc gan vao, bang mot don bay 1a ba xwong rét tinh vi, chuyén nhirng rung déng sang 16
mé& khac nhé hon nhiéu (ctra s6 hinh bau duc - oval window), d&n vao tai trong. Chung ta da nghe tat
ca diéu nay trwdc day réi. Nhwng nhirng cai xay ra ngoai clra s6 bau duc chéc chén lam cho tai trong
la mét trong nhirng tuyét tac ky la ctia thién nhién.
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Hinh 3.1

Thanh phan co ban cla
tai. (Hinh that sy, khéng
cé ty 18, 6¢ tai sé co thé
vira trén ddu mong tay)

Bones in middle ear

Nerve bundles

%
\

\ Cochlea
Oval window

Tube to nasal cavity

Tai trong boc trong v& xwong rat nhé (&c tai), cudn lai thanh hinh gan giébng nhw con bc sén.
Bén trong vd, ngam trong dich 1dng, cé nhiéu té bao nhd nhw soi téc ndm trén mét mang (mang nén —
basilar membrane) chay doc theo dwéng xoén 6¢ vao bén trong vé. Téc gidng nhw té bao, c6 nhiém
vu chuyén dbi nhirng rung déng sinh ra trong dich 16ng thanh nhirng xung dién.

M&i thanh phan séng sine (tan s6) ctia mot am thanh gay ra sy dap (ng téi da tai mot vij tri
d&c biét doc theo chiéu dai cia mang nén, né sé& gay ra xung lwc dé glri dén bod ndo tiv vi tri dac biét
nay. Bang cach nay, bd ndo sé nhan dwoc nhiéu xung tiéu biéu riéng biét ctia nhirng tan sé lién quan
dén am thanh ching ta da nghe, sap xé&p, phan loai tlr nhiéu dang séng phtrc tap nhan dwoc & tai
ngoai. Trong that t&, néu duwoc dao tao day du, vai nguwdi nghe sac sdo cé thé nhan ra cao dd boi am
khac nhau ctia mét nét nhac choi trén nhac cu rat chinh xac. (Hau hét chung ta déu don gian, chi tich
hop N6 vao nhirng cai chung ta goi la chat lwgng am sic (tonal quality)).

Tan s6 thap nhét ctia phd am thanh (phd am) tao ra sy dap (rng tbi da & mot ddu mang nén,
trong khi tan s6 cao nhét lai tao ra dap (rng t6i da & dAu kia. Cach thirc mang té bao dap &ng voi
nhirng tan sé gitra hai cwc giai thich ly do tai sao chung ta nghe thay tan sé trong &m nhac, hay nhan
thirc dworc ty 1é twong xirng gitka né véi nhau.

Lwu y mét didu tha vi vé hoat ddng cua tai. Hinh 3.2 cho thdy db thi mé6 td mang nén cua tai,
V& trai ra theo chiéu dai that sy cGa nd. Doc theo chiéu dai cla dc tai, nhw trén dd thi, méi 1an tang
gap doi tan sb (tdng 1 bat dd-octave) ciing la bao gdm mot khodng cach theo thang chia dd (scale),
bt ké tri s6 ctia né. Diéu nay dwoc goi la sw quan hé logarithmic, theo d6 ciing cé thé bidu dién ty Ié
bt ky trén ty 1& tuyén tinh dic biét dé xt ly d& hon. (N&i cach khac, tai la vat chat, dwoc hinh thanh
dé lam viéc theo logarithmically). Sy quan hé logarithmic rét cé ich khéng nhirng chi trong nhirng
phép do so sanh vé tan sb, ma con trong nhirng phép do so sanh vé cuwéong do.
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Hinh 3.2

A / N N (‘.q T A
" Ai‘ o \’J\A‘j f & ik Tai c6 thé nhan dwoc
1 ¢ L r e }v H ‘% = dang song khi vé d6
W WY thi bang méy hién

¥ U v v v séng (oscilloscope),
nhuwng no sé gri dén
nhirng xung nédo chira
tirng tan sé tiéu biéu
lién quan dén dang
song.

Bt ochlea “unrolled”—————————
From middle ear> !I bl “ To
Sl higher

Oval WindoW Nerve impulses sorted out according to frequency brain

20 40 60 160 320 640 1.25k 225k 5k 10k 20k Hz

Decibel

Hai khia canh rat dang cha y trong viéc nhan thirc vé cwdng dd am thanh va lam cho né thich
hop khi x& dung don vj do lwdng dac biét la decibel.

Th nhét, n&ng lweng am thanh c¢6 pham vi 10,000,000,000,000 trén mét (to-one) ma tai cé
thé nghe thay s& rat khé nght khi lam viéc nhirng céc tri s6 qua don gian. Thiv hai va quan trong hon,
thinh giac nhan thy cwdng d6 khac nhau cach chinh xac hon, giéng nhw chia dé logarit hon 1a do
tuyén tinh.

Hay twéng twong hé théng am thanh cho ra mét am séc (tone) c6 cudng dd 6n dinh va cé
mot ngudi nghe nadm gan dé. N6i réng: output ctia amplifier do dwoc 1 watt. Néu mirc d6 do dwoc
clia &m sic d6 tang gap doi t&i 2 watt, ngudi nghe s& khong cdm nhan dwoc Am thanh sé Ion lén hai
lan. Thuc ra, sw khac biét nay chi hoi I&n hon sy khac biét dé& nhan thirc & mue tbi thiéu (& cap do
am thanh vira phai) cia mét ngudi nghe trinh d6 trung binh, va hu nhu khéng duoc dé y téi.

Hay twéng twong trén cung hé théng dé lan niva, ting tone dé dé output ctia amplifier do
dwoc 5 watt. Mot tone gibng y vay & amplifier phat ra 6 watt (ciing tang 1 watt, nhw trong thi du trwéc)
néi chung su khac biét dang dé y sé it hon rat nhiéu. Mirc d6 gia ting cwéng do dwoc danh gia la
twong tw nhw thi du du tién, tone 5 watt s& can phai nhan gan gap ddi, 1én khoang 10 watt. Diéu nay
giai thich néu ting gép d6i cwerng d6 am, nhw trong thi du dau tién, sw phan biét téi thiéu cta hau hét
ngwoi nghe chi ¢ hoi bang hay hon mét chut.

Gibng nhu bat d6 (octave) clia 4m nhac da gidi thiéu tir nhiéu thap nién trwdc day, decibel la
sb lwong twong déi, mac du né dwa trén ty |é gitra cworng d6 am thanh hon 1 tAn s6. Thudng xr
dung Decibel khi d& cap dén tin hiéu am thanh tai méi diém trong dwdng di ctia né qua linh vyc dién
ter 1a tbt nhat, vi n6 tiéu biéu cho strc manh cla tin hiéu ma cubi cung dwoc tai tao va dwa vao linh
vie thinh gidc. Thwe hanh viéc x&r dung nhivrng phép do decibel sé gidi thiéu trong chwong 4. Can
lwu y, khi tang méi 3dB, & output yéu cau tang gap doi cong suét ra loa. (Xem ty |é cong suét trong
hinh 4.7).
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Ciing nhu ty 1é gitra nhitng tAn sb am nhac, thwdng doi héi diém tham chiéu tiéu chuén
(thwerng 1a nbt La (A), 440Hz), do dd, decibel ciing vay. Diém tham chiéu cho cuwdng dd am thanh da
dugc chap nhan la 4p suét am thanh téi thiéu (tai 1kHz) dwoc nghe béi mét dia tré trung binh
(0,0002 dynes / cm2). Bay duwoc coi la mirc 4p suat am thanh & 0dB (0dB SPL). Cuwéng d6 am cao
nhat dwoc dat & khoang 140dB SPL, mac du am thanh xay ra mirc nay, la tiéng sing nd, déng co
phan lyc v.v. (Mrc vrot qua xa nguéng dau tai cho tat cd moi ngudi, va trong vai trudng hop co6 thé
xay ra thiét hai nghiém trong dén co ché nghe, ngay ca khi chi tiép xdc twong d6i ngén).

Hinh 3.3 cho thAy mirc d6 do 4p suat am thanh tiéu biéu trong vai tinh huéng thwéng gap.

140
|
130/THRESHOLD OF PAIN (Initial exposure
for average person.) This threshold varies
TYPICAL ROCK CONCERT 12|0 accordlng to frequency.
(Front 1/3rd of audience) 110 TYPICAL “DISCO”
100 (Dance floor)

TYPICAL DUO IN SMALL CLUB or |
TYPICAL WEDDING/BANQUET 9|0

BAND LEVEL (Dance floor) CLASSICAL ORCHESTRA

(pp to fff at conductor’s position)
TYPICAL CONVERSATION (list
BACKGROUND MUSIC > ON (listener’s ear)
(Typical restaurant seat)

TYPICAL RECORDING STUDIOS <2|0 LIGHT BREEZE THROUGH TREES
(no activity) |
10

|
0 -THRESHOLD OF HEARING
(Average young child at 1000Hz)

Hinh 3.3

Mtrc dd &p suét am thanh tiéu biéu.

DPap (rng tan so6 cua tai nguoi

Théng ké thuwdng thay (va thuweng kha cwéng diéu) cho nhivng thiét bi am thanh la: "Phang
(flat), tr 20Hz dén 20kHz". Ngay ca khi loai bd s cwéng diéu sang mot bén, né ciing van rét thuan
tién khi so sanh gitra phép do dién t&r va mot ngudi cé tai nhay nghe nghe duoc, trén tat ca tan sb,
déu gibng nhau qua toan bd am phd nay. Tuy nhién, tredng hop nay khéng nhw vay.
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Kha nang nghe tét hon trong khoang gitra hoi cao, va it nhay & ca hai cwc am phd. Tinh dén
sw khac biét riéng, dd nghe nhay nhét binh quan trong khoang 2.5kHz dén 4kHz, phan 16n vi cong
hwéng trong tai va éng tai, da khuéch dai anh huéng cla giai tAn s6 nay vao mang nhi. (Dbi voi
ngudi Idn, do nhay téi da vé tan sé cé thé thap hon; & tré em thudng cao hon).

Gidi han tan sb thap cé thé thay dbi nhiéu theo tirng ngwdi, va tai cwe thap nhat né cé thé
phan biét rat kho, cho du dang nghe hay cdm nhan am thanh. Néi chung, sw nghe séc sdo bat dau roi
xudng manh khi bat dau dwéi 100 Hz.

Gidi han tan sb cao ciing méi ngudi méi khac, thong thwdng gidm dan theo tudi. Tré em doi
khi c6 thé nghe thay & trén 20kHz, trong khi ngui rat gia thweng khong thé nghe thay trén 5kHz.
Trong nhirng ngudi tré, tiép xtc véi am thanh I&n nhat qua nhiéu va lau dai thwong gidm dé nhay vé
tan s6 cao, mac du thiét hai cho kha ndng nghe cé thé xay ra & bat ky khu virc nao clia phd am
thanh, tuy theo tinh chét cta su tiép xic qua muec.

Dap &ng tan sb cla tai khong hé phang (flat), né ciing bi thay dbi dang ké theo cung d6 am
thanh. Hinh 3.4 cho thy dwéng bidu dién dap tan cla tai trung binh, tai vai cdp d6 cwdng dod khac
nhau (hdy nhé&, mdi ca nhan c6 thé rat khac véi chuan trung binh). Lwu y, do nhay gidm, hay tut
xudng, bén dwdi 1kHz sé it triét d& hon so véi sy tdng cwéong do .

Hinh 3.4

Dap tan cua tai trung binh.

Hién thi nay la dac diém
cla nguwdi trung binh &
murc d6 ap lwc am thanh
30dB, 60dB, 90db va
120dB. Lwu ¥, nhitng
dwong biéu dién co
khuynh hwéng san bang &
cAp d6 cao trong tat ca
nhwng phan cao nhat cla
am phd thi ra sao. That
thu vi, mac du & tan sb rat
cao, dap wng co khuynh
hwéng twong dbi giam &
murc dd am thanh rat cao.

T 120dB SPL

P 90dB SPL N

- 60dB SPL N

> o P 30dB SPL N

y
V/ ‘/) //,/_//J
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Relative Hearing Response. Each line = 10dB
\
A ¥
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Nhirng dwérng bidu dién dap (rng cho sw nghe nay thwéng bi dao ngwoc dé hién thi nhivng
dap tan cla thiét bi am thanh ra sao, dung vé&i mét am lwong dinh sén, phai dé cho tat ca tan s dang
xuét hién déu I&n. Khi trinh bay theo cach nay, nhivng dwdng nay goi la dwéng nét am lwong can
bang. (equal loudness contour). Nhirng dwérng nét nay hién thi dd hoa cho nhirng thiét bj am thanh
c6 dap tan phang (flat) s& c6 khuynh hwéng déu thiéu ca tan sb thap 1an tan sé rét cao, va du tn sb
tAm trung (mid-range) qua nhiéu. Khi tang mirc do (level) ctia hé théng 1én, tac dong nay dan dan it
ndi bat, va am thanh & ca tan sb thap 1an cao sé xuét hién phong pha hon khi van nhé am thanh lai.
(Coéng tac loudness trén hé théng am thanh hifi dan dung 1a d& bu ddp mirc am luvong thdp déc trung
nay bang cach nang tan sé thap).
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O murc d6 cao, lai cé sw quan tam quan trong. Thi du, 110dB SPL tai 50Hz rat I6n, nhung
mic 110dB SPL trong khodng 2kHz dén 4kHz c6 thé lam tAt c& moi ngudi vuot qua ngudng dau tai.
(Xem dwdng biéu dién trong hinh 3.5 & 120dB loudness level, thuwéng coi la gidi han cta sy dau tai
cho nguwdi trung binh. Tham khao thém thao luan trong "Nhan thirc vé cudng do" (The Perception of
Intensity) trong chwong nay).

Loudness Levgl (LL)
=
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Hinh 3.5

DPuwong nét Am lwong quan binh. (equal loudness contour)

Nhirng dwérng biéu dién cho thay nhirng gi thinh gid nghe trung binh cdm nhan I&n nhw nhau & nhiéu
tan sé khac nhau, khi do mirc d6 ap lwc &m thanh that té. Am lwong ciing cé thé goi la phons (don vi am lwong).
Thi du: 90db LL = 90 phons.

Puong bidu dién 120dB LL thwéng dwoc coi la nguwdng dau tai cho nguwéi trung binh, cho du tiép xtc
nhiéu 1an hay lau dai & cép thap hon ciing van cé thé gay thiét hai cho thinh giac. (Thé nao la tiép xic nhiéu va
& mirc d6 la bao nhiéu? diéu nay van dang dwoc thdo luan va tranh luan réng réi gitra bd mén thinh hoc
(audiologists), kj s am thanh (audio engineer) va am hoc (acousticians)). Nhitng dwérng biéu dién rat quan
trong. Lwu y, trong khodng 3kHz, chi can 90db SPL la dat dwoc 100db LL, trong khi & 50Hz, s& la 110dB SPL.
Lwu y thém, giai tAn cé khuynh hwéng dat mirc bdo hoa ctia né qua phan am phd con lai xa va nhanh hon
(thwérng cong hwéng trung binh ctia 6ng tai ngwéi Ién trong khoang 2.5kHz dén 3kHz).

Trinh tw cua thinh giac (The Timeline of Hearing)

Nhw vay dén gi®, nhirng thao luan da tap trung vao hau hét nhirng cai cé thé goi la tAm nhin
vi md vé am thanh va thinh giac. M6t chu ky clia séng don gian hay phirc tap trong am phd xay ra
nhanh hon 0,05 gidy (1/20 cta mét gidy), khodng thei gian qua nhd, trong nhiéu trwdng hop, dé
ngwdi nghe nhan ra am thanh (ngoai trir ¢6 18 tu hdi "Cai gi vay?"). Hiéu theo phwong dién nao do,
diéu nay la hanh déng ngén chan quan niém vé am thanh. Chuang ta s& c6 dwa tAm nhin vi mé nay
vao vién canh c6 phan I6n hon.

D3 giai thich trwdc day, chat lwgng am sic clia &m thanh, xac dinh bang &m phd cua tan sb
chra né la yéu té quan trong trong viéc cho phép thinh giac phan biét gitra &m thanh nay véi am
thanh khac. Am thanh nao vé ban chét ciing khéng kém quan trong, tuy nhién lai la cach thirc nhirng
dang séng thay dbi (hay khéng) trong subt théi gian am thanh hoat ddng. TAm quan trong ctia nhirng
thay ddi nhw vay trong viéc ghi nhan am thanh dé thé hién qua nhiéu kinh nghiém ctia chang ta khi cé
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nhan ra nhirng am thanh khac nhau, khi nghe lai bang, dia.

Trwdce tién, hay xem xét nhirng dang séng twong déi don gian lién quan t&i m nhac. Cach rd
nhét, phan Ién am thanh &m nhac thay déi déu do cwérng dd téng thé cha né. Diéu nay thé hién bang
dd thi thich hop néi vé sy phat trién clia am thanh. Hinh 3.6 cho thay sy phat trién dac trung ctia am
thanh clia vai nhac cu.

Level
/l\[\\\ > Time
A.) Piano note with key held down
l

| >

B.) Percussive sound (e.g. snare drum)
. N

C.) Typical wind instrument (note sustained)

Hinh 3.6

Sw phat trién tdng thé tiéu biéu cta vai &m thanh.

Day 14 loai db thi thé hién cach don gian sw néng déng téng thé ctia am thanh, t&» khoang 1/20 mét giay
dén vai giay. O day, song tw né bj bd qua, thay vi hinh dung don gian la nhirng dwdng gan mirc tdng thé cé thé
do hay nghe théy.

Ngoai su phat trién tdng thé cua loai nay, loai am thanh khac bién thién theo tin sé ciing nhw vay (xem

hinh 3.7). Théng thwéng, am thanh nhac cu lién quan dén ham lwong clia am thanh c6 tan sb cao hon mirc ting
va ham lwong it tan sb cao khi giam mirc d6 cla né.

Vé co ban, sy tién trién c6 thé dwoc chia thanh ba phwong dién: tAn cong, duy tri va phan
héa (attack, sustain, decay). TAn cong (attack) dung dé chi thoi gian cAn cho cuéng d6 am thanh dat
dén cao diém ban dau cta nd. Duy tri (sustain) mé ta viéc duy tri mirc d6 twong ddi &n dinh, trong khi
phan ra (decay) mé t& cach thirc &m thanh gidm cwéong do dan. Van dé nay thuwong cé trong su thay
dbi cac két hop khac nhau. Thi dy, attack nhanh va decay ban dau cé thé dwoc theo sau béng
sustain va sau dé decay hon nia, v.v. (Trén cac bang diéu khién cta nhac cu dién tl, déi khi tr ngd
sustain va decay dung dé néi vé cac chirc ndng hoi khac véi mo ta & day).

Biéu db phat trién am thanh sé cé hivu ich khi thé hién sw ndng dong tdng thé ciia am thanh,
du sao d6 1a gi¢i han trong d6 tat ca tan s lién quan thuwong khéng thay déi cwdng do theo cling mét
cach. Su thay dbi nay cé thé goi la déng lwc ndi bo (internal dynamic) trong sw phat trién . Hinh 3.7
cho théy d6 thi, goi 1a phan tich am phd (spectral analysis), mot nbt nhac choi trén piano cé can dap
chan sustain. Phan tich am phé gi¢i thiéu vai dang thirc trong loai db thi biéu dién cwdng do ctia méi
tan sb hién dién trong mot am thanh, dwoc chi dinh bang dwdng tiéu biéu me dan (darkness). Nhirng
bdi &m cao hon nhirng 4m thanh cua piano c6 thé thay ré da phan ra (decay) nhanh hon nhirngbdi
am co ban va thap hon. Day 1a loai mé hinh cé s hién dién twong dbi ctia nhiéu tan sé cao bi lam
giam bét so véi viec gidm cudng do chung, dung véi hau hét nhac cu acoustic.

m Sound & Lighting



Frequency
(Linear scale)

12th
11th
10th
9th
8th
7th
6th
5th
4th
3rd
2nd
Fund.
§] ?t) .
Harmonics Time

Hinh 3.7
Don gian héa viéc phan tich am phd ctia mét nét nhac trén piano hay guitar.

Chu y, nhitng hoa &m (harmonic) cao decay nhanh hon hoa am thap. Sw hién dién ctia nhivng hoa am
cao la mét trong nhirng d4u hiéu thinh giac xt dung né nhw Ia mét chi sé cta ca hai : cwdng do 1an d6 gan véi
ngudn. Day la mét trong nhitng ly do chiing ta c6 thé nén (compress) am thanh am nhac lai d& gidm nhirng bién
thé nang dong (dynamic) rong nhwng van cho phép nhac cu hay voice tién dén am thanh nang déng, mién la
cwdng d6 twong ddi clia nhivng hoa &m con nguyén ven, khéng bi anh hwéng. (Nén (compress) sé dwoc gidi
thiéu trong chwong 8). Hiéu biét vé tdm quan trong cla strc manh twong dbi clia nhirng hoa am bat dau goi y
cho chuing ta, viéc nang volume cla voice hay nhac cu khéng phai la cach duy nhét dé tang do ré.

Cho du, trong vai trwdng hop gan nhu trai nguoc (opposite), co thé lai la sy that. Hai thi du
dé thay la nhitng 4m thanh & dan sitar va cai chiéng. Trong ca hai thi dy, cwéng do téi da cla tan sé
cao hon bi tri hodn (delay) cho dén sau khi sw lwa chon ban dau hay hanh dong &n twong. D6 la dac
diém dé giai thich cho nhiéu tinh chét 1ap dj ctia chinh am thanh. Twong tw nhw danh Ira sy quan hé
gitra sy hién dién tan sb cao va cudng do chung, thudng thuc hién véi nhac cu dién i tbng hop
(synthesize), la mét trong nhirng yéu té dé giai thich né thudng khong tw nhién hay 1a déc trwng cho
am thanh dién to.

Am thanh phat am (vocal) thwéng phire tap hon nhiéu so véi &m thanh nhac cu, bao gém
kha nhiéu khéi dau, dirng lai va lwét qua nhiéu cao do va sw cong hwéng di lén 1an xudng, dé bién
thanh co s& cho ngén nglr ndi va cho I&i nhac cla bai hat.

Kha nang cuta hé théng pro-sound la thu nhan &m thanh, nhan ban va phan phéi cho khan gia
mot pho tan sb can thiét cé trong nhixng am thanh né da ddm nhan, trong nhiéu trwdng hop cé thé
kha quan trong khong chi cho chét lwong am (tonal), ma con cho chét lwong nang déng. Thi du,
nhirng am thanh va cham (attack) cGa dui tréng cham v&i mét tréng ¢ lién quan dén giai tAn sé rat
khéc so véi nhivng rung dong clia chinh mat tréng. Néu, cho thi du rat co ban, nhirng tan sé lién quan
dén nhirng am thanh lién hé v&i hé théng dang thiéu am thanh output, tiéng bo trbng gé manh trong
toan bd am thanh c6 thé thudng bi nhw vay.
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Actual pressure fluctuations (sound waves or audio signals) can be seen in this range
(e.g., Fig.2.4,2.6, 2.7, 2.8, 2.10 thru 2.14, and 3.2). Slight peak meter response here.

Less than:
< .01 second
(10 milliseconds)

{ Kick drum (well muted) or “tight” snare with no reverb, 50-75 ms duration |

| Full peak meter response here. Slight VU meter response (see Fig. 4.9)]

<.05 second
(50 milliseconds)

| Increasing VU meter response at 100 ms, full response at about 250 ms (see Fig. 4.9)|
I T

mme H—— 4 >
<0.1 second .250 second (1/4 sec.) I 1 second to several seconds.

(100 milliseconds) (250 milliseconds)
| I
Typical staccato note, 100 ms in duration. O
Typical quarter note, 250 ms (setting “60” on metronome).
Typical snare sound with moderate length reverb, 500ms-750ms.

AN

| Most voice and instrument sounds in this range
[ (e.g., Fig. 3.6 and 3.7). (200+ milliseconds)

Hinh 3.8

Trinh tw cda am thanh (The timeline of sound)

Sw nhan thirc vé cworng dd (The Perception of Intensity)

Trwéc tién, va rat quan trong, sw nhan thirc vé cuong d6 phu thudc vao thoi gian rat nhiéu
(ttc 13, vao thei gian Am thanh duy tri (sustain)). Day la mét dac tinh kha tét, tiéu biéu la nhirng déng
hé do VU tiéu chuan (xem chwong 4 va hinh 4.9). V& co ban, nhitng am thanh nhanh (tam thei)
khéng dwoc cong nhan 1a 1én nhw 1a &m thanh duy tri (sustained sound) & mirc d6 gibng nhau.

Ngoai van dé thi gian Am thanh duy tri, nhirng théng tin co ban vé d6 1én (loudness) cho
ngwdi trung binh da cé dé cap, md ta béng dé Ién cta nhivng dwdng nét can béng (Hinh 3.4 va 3.5).
Tuy nhién, nhitng dwdng biéu dién khong giai thich toan bo cau chuyén cé y nghia gi. Bang chia do
bén duai trong hinh 3.9 la bang chia do tiéu chudn ma mirc &m lwgng (loundness) gan nhw ¢ lién
quan dén sy nhan thirc cworng dd. Cé thé thay, mébi lan tang mirc d6 I&n trung binh 10dB , dugc coi
la tang gap d6i am lwong (chi trong phong thi nghiém).
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Hinh 3.9.
Nhan thirc vé loudness téng ciing cé thé biéu dién bang don vi sones.

Sones néi chung, khéng dwgc chdp nhan Ia don vi do lweng trong am thanh, nhwng ciing phuc vu nhw
mét cong cu nghién ctru cho am hoc (acousticians), va dwgc hién thi & day cho muc dich minh hoa. Trong thuat
ngl tho thién, output ctia hé thdng phai ting 1én muwéi 1an (10dB) dé dat dwoc viéc ting gap doi dd I1én
(loudness) dé nguoi nghe loai trung binh nhan biét duwgc. (Mirc d6 Ién theo sau nhivng dwéng biéu dién dwoc
thé hién trong hinh 3.5). Khi thic hién that té, sw cdm nhan d6 I&n (loudness) ctia mot hé théng am thanh ciing
rat phirc tap béi sw che day — (masking) (thé hién trong hinh 3.10) va nhirng yéu t6 tam ly &m hoc (psych-
acoustic) khac. M6t sy thay ddi ngudng tam thoi & cp do am thanh cao ciing cé thé lam thay déi nhan thirc vé
su ting loudness. Hay xem cén than nhitng cau viét bén trén.

Bang chia d6 trong hinh 3.9 Ia mét huwéng dan rat hop ly, nhung trong doi séng that té, sw
quan hé nay thudng khoéng hoan toan truc tiép trong live pro-sound. Sy gia ting mirc do nga ra
(output level) cho hé théng am thanh & mirc do thap 1a mdt cdm nhan khac véi sy gia téng twong
duong cung mot hé thdng, dat dén cho ngwdi nghe & mirc am thanh cé &p suat cao hon. M6t trong
nhirng ly do cho diéu nay 1a hé théng phai dat dén mdt mirc d6 nhat dinh ddi véi nhivng am thanh da
hoan thién truéc mirc d6 tw lam téng, tao ra nhidu sy khac biét , ngoai viéc diéu chinh phu nhé ngay
cang quan trong. Nhwng ngay ca khi tinh toan cho diéu nay, sw gia tdng mirc téng thé nhanh (két hop
am lvong san khau va am lwong hé théng) & mirc d6 vira phai (goi la t 85dB LL dén 90db LL) cé
thé khong dang ké nhu sy gia tang twong tw & mirc d6 rat cao (tr 105dB LL dén 110dB LL), vi &m
thanh murc cao dang tién t&i mot gidi ma hau hét nguwdi nghe sé bi bdo hoa.

Diéu gi s& xay ra khi gia ting mirc d6 cao vao tai ngwdi nghe, thi du, 100dB, 110dB LL tr&
lén (khéng cé gi la trong am nhac cong suét I&n, noi khan gid thwong xuyén yéu cidu am lwong nhuw
vay?). Oh, trong th&i gian ngén, tai sé diéu chinh lai. Xwong & tai gitka hoi doi chd di dé giup bao vé
day than kinh khai bi thiét hai, cai nay goi la sy dich chuyén nguwéng tam thoi (temporary threshold
shift). (Chuyén déng nay cé thé 1a mét phan ly do tai sao dd nhay tan sé rat cao, c6 khuynh hwéng
thoat di nhanh hon & nhitng mrc d6 cao nhw vay). Lau dai, (gid st nghe biéu dién ngay qua ngay,
dém qua dém, hay tai nha cling thwd'ng xuyén cé nhirng sy kién nhw vay) viéc thay déi nguéng
thwdng xuyén cé thé dan t&i dé bi mét thinh luc (diéc). R6 rang, phai thwdng xuyén than trong dé dbi
phé v&i nhirtng hé théng am lwong cao.

Trong ngén han, cho hé thdng chay & mirc d6 rat cao cé thé lam khan gid nghe mét méi va
sé& phan tac dung cho budi biéu dién am nhac hay bai dién van dat duwoc hiéu qua. Dat dwoc am
thanh manh, trong tinh hudng cwdng dé cta sw biéu di&n cho phép, khéng cé nghia cho ra am thanh
lam diéc tai ngudi nghe. (Dé tai nay dwoc x ly trong chwong 17). Cam nhan cwéng d6 cho phép cua
con ngudi chi & mirc dd twong dbi khiém ton. (DT nhién am thanh nay cé thé rat khac nhau, tiy thudc
vao dbi twong va loai am nhac).

X dung j nhirngj dwérng nét ¢é d6 I&n can bang |a da di qua xa dé hwdng téi muc tiéu nay.
Co ché nghe clia con ngudi xtr dung tin hiéu manh véi cwdng d6 dang chi trich, c6 lién quan dén
nhirng tan s canh (edge frequency), c6 khuynh hwéng tap trung tai khu viec 4kHz dén 8kHz. Xir
dung sang tao nhirng thdo luan trong chwong 17, "Cac ky sw la nghé si" (The Engineer as Artist) la
phwong phap dat sw tang cuong d6 chinh xac khac. Xt dung thiét bi Aphex (gi¢i thiéu trong chuong
8) la mot cach tron thém tiéng zip hay sizzle khac.

Ciing c6 thé thém vai loai méo tiéng (distortion) dé tao cudng dd ré rét (apparent intensity).
D7 nhién, d6 14 tai sao ngudi choi guitar dién x&r dung né thwérng xuyén. Mét phan, vi tan s canh
(edge) ciing tang 1én khi méo tiéng. Khi d6, tai khéng chi nghe nhirng hoa &m binh thwdng trong giai
tan s6 canh, nhwng ciing con nghe sy méo hoa am (harmonic distortion). (Diéu nay, tinh c&, cling la
ly do tai sao phan I&n hop am rat du dwong thueng khong phai 1a am thanh dung khi choi méo tiéng
manh (strong distortion). Nhirng hop am méo tiéng tét thwerng cé khodng thoi gian mé I6n 4m nhac
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(large open musical interval) & gitra khodng hop am th& 4 va thir 5, trong khi nhirng hop am du
dwong cta hoa @m méo tiéng cao hon cé khuynh huéng lam cho ngudi khac nghe chdi tai). Ly do cé
|& hién nhién khac dé cadm nhan thém cwdng d6 do méo tiéng, la tat cd moi ngudi trong thé gisi hién
dai da trng nghe hé théng PA hay hé théng am thanh stereo bi méo, do d6 khuynh hwéng tw nhién
sé& thich cdm nhan cai gi d6 nhw qua tai. Khong ai khuyén ban nén lam sai léch hé théng PA dé dat
dwoc hiéu rng nay. (Birng cudi qua Ién, né cé thé tuyét vai, cé rat nhiéu nguoi diéu khién hé théng
am thanh cho nhac rock va nhac strong dance déu khéng hai long cho dén khi hé théng PA bj bat lam
qué strc va qua tai. Diéu nay la cai bay chung, thwong gay ra phan Ion sy thay déi nguéng tam thoi
& mirc cwdng d6 cao. Tai c6 diéu chinh cho mét cp do cudng dd, khuynh hwéng nay thuweng dé
tang gain hé théng dat néc tiép theo, ma tai da diéu chinh, v.v.).

Mot yéu td quan trong lién quan dén viéc nhan thirc vé cwdng dd, cling c6 rat nhidu tan sb
phu thudc, nhwng theo cach khac. Chéng han, néu ban tao mét am séc (tone) 10.000Hz cling véi
tone 500Hz & murc thdp hon nhiéu, ban van cé thé nghe ré ca hai tone. Nhung néu ching ta déng
thoi tai tao mot tone 600Hz & mirc dd cao hon nhiéu so véi tone 500Hz, nhirng tone cwdng doé thap
hon sé khé nghe hon. Diéu nay phan I&n do déc tinh goi 1a tinh che day (mat na-masking). Bat c khi
nao hai hay nhiéu am thanh dwoc nghe cung mét Iic, dén gan tan s né c6 dwoc véi nhau, cang it
kha nang ching ta nghe thay tone nao d6 c6 cwérng dd thap hon. Dac tinh nay rat quan trong, can ghi
nh& khi mix &m thanh lai v&i nhau, vi am thanh khi nghe mét minh n6 thwong hoan toan khac khi
nghe né nhuw mot phan ctia hén hop mix. Diéu nay |a do giai tAn s nao d6 bi che day béng nhac cu
khac hay tiéng néi (voice). Sy che day cling tham gia trong nhiéu cach khac. Mét thi du ré, hé théng
tiéng noise trong moéi trwéng yén tinh d& nghe hon trong méi trwdng én ao. Che day (masking) la déc
tinh kha phure tap. Thi du, tAn sb thap sé& c6 khuynh hwéng che day tn sb cao hon, hiéu qua hon
nhirng cach khac..
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Hinh 3.10

DPuong bidu dién sy che day (masking curve) dién hinh.

Hién thi & day 1a nhirng khu vuc xay ra sw che day khi tone 415Hz (tAn sb co ban cla nbt La giam (Ap)
trén nét Do (C) gitva) dworc tai tao cling véi mot tone thir hai. (V&i nhivng tan sb khac, duwdng biéu dién nay sé co
khuynh huéng chuyén sang trai hay phai cho phu hop). Bac tinh nay cé tAm quan trong séng con trong am
thanh pro, va trong sw hiéu biét vé viéc nghe néi chung. Am thanh nghe mét minh né hoan toan khac so véi khi
nghe né nhw la mét phan cta sw pha tréon &m nhac. Ddng thoi, tiéng noise hay tiéng néi nhanh khac trong méi
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trwdrng co thé tac dong nghiém ngét dén cac yéu cau phai co tiéng noise thdp cho hé théng, mac du né phu
thudc vao nhirng gi c6 lién quan dén tan sb cla noise, va trong mirc d6 twong dbi. Ngoai ra, bat ky sy méo tiéng
nao dé roi xudng dwdi nhitng dwdng bidu dién nay sé cé khuynh hwéng khéng con quan trong niva.

Nhan thirc vé Hwéng (The Perception of Direction)

Kha n&ng cadm nhan duwoc hwéng am thanh dén 1a két qua cta ca hai: sy quan hé phase 1an
cwéng do twong dbi ctia nhixng &m thanh & méi tai nhan dwoc. O tan sé cao nhét, trong bong téi tai
nhan ra cuéng d6 am thanh thdp hon nhiéu, vi séng cao tan khoéng thé ubn cong hiéu qua chung
quanh dau. O giai tAn sé gitra (mid), c6 phase khac trong thoi diém dén tai, do sw phan chia the hai
phai mat thém moét tich tdc dé nhivng am thanh udn cong chung quanh dau dén tai hoi xa hon. Két
hop véi khac biét nhd vé cwéng do gitka hai tai, cho phép ching ta xac dinh vi tri gan dung cla
ngudn tan sb tAm trung (mid-range). Tan sbé thap (low), thi ching ta chi c6 thé phan biét mot huéng
tdng quat, con khuynh hwéng thi gan nhw khéng thé xac dinh vi cé rat it sw khac biét trong ca hai:
phase |I&n cuwdng dd cho tién trinh nghe chon lwa. Bwédc séng 20ft / 6 mét, (55Hz) 1a mét thi du, né dé
udn cong hoan toan trén dau va vé co ban khong cé léch phase xac dang nao cho hai tai nghe chénh
léch dé c6 thé giadi ma (hau hét & khoang 10°).

Tai cGia nguoi nghe trung binh diéu chinh kha tinh vi, trwéc khi dén tudi di hoc, ching ta cé
thé xac dinh hwéng, ngay ca trong mat phang thédng dirng (tirc 1a chidéu cao ctia ngudn), noi sw khac
biét clia phase va cwéng do gitka hai tai méng manh hon. Tuy nhién van cé khu vuc, noi ma tién trinh
nghe hoi khé cdm nhan dwoc vi tri cia ngudn am thanh theo chiéu doc (xem hinh 3.11). Sy l&ng
nghe am thanh dén tir mé&t phang truc tiép & phia truéc, trén dau va phia sau cé khuynh hwéng khé
xac dinh vi tri theo chiéu doc hon. Diéu nay da biét, ndi cach khac, mét phang (plane) khéng phan
biét theo chiéu doc (plane of vertical indiscrimination). (Théng thuwdng phai cé chuyén dong rat nhe &
trén dau maéi nhan biét hwéng thdng dirng. Trong cudc sdng, néu nhw ngay nao ciing gap phai am
thanh, va c6 s ghi nhan vé thirc vi tri rdi sau d6 khoa lai né & d6). Bac tinh nay cho phép nhirng
ngudi thiét ké hé théng am thanh céng cong, déc biét khi cai d&t & vi tri chét, sé c6 lgi thé trong nhiéu
trwdng hop. N6 cho phép cai dat mét hay nhém loa cung & trén mot buc giang, buc ther hay vi tri dién
gia, va van cho phép tang cuwéng mét phan nhirng &o anh, bdi ngay nao ciing gép phai nhirng hinh
anh trirc quan va am thanh cldia ngwdi néi, nén nghe am thanh phat ra tiv vi tri khan dai, hon la tt vi
tri ctia loa.

M6t d&c tinh quan trong lién quan dén viéc nhan thirc v& hwéng, goi la hiéu ing thir bac, da
hoat dong khi c6 lwgng thdi gian tré gitra sw xuat hién ctia am thanh tir hai ngudn riéng biét. D&c tinh
nay, dwoc gidi thiéu sau trong chwong nay va ciing thao luan trong chwong 12, dé tién chac vao dé
muc: nhitng hé théng phan phéi lién quan dén nhiéu vi tri loa.
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Hinh 3.11

Mat phang dinh vi héa ngudn am thanh don gian.

Chiéu cao ctia ngudn am thanh & bt ct» dau trong mat phang thé hién trong hinh nay (chia déu ra hai
tai) twong ddi khé phan biét. Khi két hop véi hinh &nh ctia ngwdi néi (gia dinh loa gén bén trong mat phéng nay),

két qua la nhirng ao giac thuwérng cdm nhan nhirng am thanh that sy dén tir ban than ngwdi néi. Cach tiép can
nay da dwgc chirng minh la rat hiéu qua trong viéc lap dat loa ¢ dinh cho buc phat biéu.

Nhip va sw khac biét am sac (Beats and Difference Tones)

Hiéu biét rd phan nay rat quan trong dé hiéu day dd phan "The Missing Fundamental" cla
chwong nay. Twéng twong dang sép dat thir nghiém, trong dé hai may phat séng sine cho ra tone
pha trén vé&i nhau cho ngwdi nghe. Néu may phat séng am déu xac lap cung mét tan sb va bién do,
roi tron ddng phase v&i nhau hoan hao, két qua cé thé do dwoc bién dd clia mdi tone riéng 1& gép hai
lan. Khi tién trinh thinh gi4dc nén (compress) vé&i cuéng d6 khac nhau, bién d6 bi nhan déi nay sé
dwoc cdm nhan (khi nghe & mirc dd vira phai) 1a chi tang rat nhe (+3 dB).

Néu mét trong hai may phat séng am thay ddi tAn sé rat nhe, séng sé dan dan roi vao trang
thai trung va khac phase v&i nhau nhw trong hinh 3.12. Diéu nay dwa dén sy luan phién tang giam
am lwong, goi 1a nhip (beat). Nhip xdy ra theo chu ky bang sw khac biét vé tan sé gitra hai tone. Thi
du, néu mot am la 440Hz va am khéc 1a 442Hz, séng sé roi vao trang thai tring va khac phase véi
nhau hai lan méi gidy. Thir tw cGa sw khac biét nay gitra hai tan s6 qua nhé dé cho tai c6 thé tach biét
nd, do do, két hop nhitng gi nghe dugc la mét trong nhivng tone clia sw thay déi cwérng dd. Nhip
thwdrng dung dé hd tre cho thiét b diéu chinh tone (tuning) cho nhac cuy, ly do khi nhip cham lai, hai
tone gan trung tan sé, nén cudi cung dirng lai khi né hoan toan déng am sac (tone) v&i nhau.

Trong tinh hudng thi nghiém nay, tan sé ctia mot tone dang dan dan di chuyén cang lic cang
xa mot tan sé khac, diém dén cubi cung, tai dé né co thé, Iuc dau hoi xo ra (fuzzily) va sau d6 ré hon,
nghe nhu hai am séc khac biét kha ré. Lam sao tdng khoang céch gitra nhirng tan s dé thinh giac
thdy n6 phu thudc vao vai danh gia riéng, ciing nhu sy thay déi tuy thudc vao nhirng céi cé lién quan
dén giai tan s6. N6i chung, cé thé gia dinh la khoang trén 1/ 3 bat do gitra 2 cwe ctia &m phd, mot it
trong giai tAn sb mid-range. (Sw phat hién khoang thoi gian téi thiéu nay gitra séng sine thuan tay
(khéng dwoc nham véi nhivng ndt nhac choi trén nhac cu) ¢é vai ngu y quan trong trong pro-sound.
Vai trwéng hop khac, né c6 nghia la bién thé nhé trong dap tan khoang 1/ 3 bat dé vé&i nhau, it tac
dong dén sy nhan thirc vé chat lwong am thanh. &’ day chang ta khéng néi vé dap rng cong huéng
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triét dé va cé dinh qua manh khac, ma la bién thé c6 18 khodng 3dB, cho du c¢é lam gi di nira. Chudn
dung sai cong hay triv 3dB thwdng dwa ra trong théng sb k§ thuat khéng hoan toan khéng lién quan
dén diéu nay).

Néu nhirng tone nay di chuyén chwa xa nhau, sé c6 diém khac tai tone th&r ba ma thinh gia
c6 thé nghe ngoai hai tone that sy dang duoc téng hop (synthesized). Nhw da dé cap, tién trinh thinh
giac twong déi vé cdm dbi véi nhirng phase cu thé quan hé véi nhivng tAn sb né nghe dwoc. Day la ly
do tai sao mot dang séng phurc tap c6 thé co vai ciu hinh khac nhau ma van con am thanh co ban,
mién 14 phd tan sb né chiva van nhw nhau. Tién trinh thinh giac 14, cho du, kha nhay cdm véi sy quan
hé gitra sw thay déi phase.

Khi nghe hai tone xa nhau vira du, nhip sé xay ra nhanh, dd cho tién trinh thinh giac cam
nhan nhirng thay déi phase ctia séng sine nhu mot tone riéng biét (cé cudng do thap hon nhiéu so
v&i hai tone that té). Biéu nay goi la am séc khac biét (difference tone). Thong thwdng, can phai phan
cach nhirng tone it nhat 1a 40Hz dén 50Hz dé nghe ré duwoc sw khac biét gitra nhirng tone.

Sw mét tich nét nhac géc (The Missing Fundamental)

Trong chwong 2 cho thdy am nhac cé c4u tric bdi am (overtone) chiu trach nhiém vé chét
lwong @m nét nhac cta nhac cu. Dbi véi dai da sb am thanh am nhac, bdi &m c6 quan hé hoa am véi
cao d am nhac co ban cla bat c&v nt nhac nao dang choi, nghia la, bdi am roi vao tn sb d6 1a
toan bd s bdi sé ctia (d4m) co ban. Nhw vay, nét nhac nhw La A 110Hz s& c6 boi am la 220Hz,
330Hz, 440Hz, 550Hz, 660Hz, va ct vay trd 1én. Tan sb sé 1a hoa am thir 2, 3, 4, 5, va thv 6, hay 2x,
3x, 4x, 5x va 6x 1an tan sb co ban cta 110Hz.

Néu tao ra am sac thuan tay (séng sine) ctia 220Hz, 330Hz, 440Hz, 550Hz, 660Hz, v.v déng
thoi cho thinh gid, n6 sé dwoc nghe nhw la nét nhac La (A) 110Hz, ngay ca khi nhirng tone 110Hz
vang mat! Néu loai bd &m 110Hz va 220Hz tir series trén, anh huéng it rd rét, nhwng thinh gia van
nhan biét kha rd nhw nét La (A) 110Hz. Néu loai bd &m 330Hz, anh hwéng chwa it khac biét, va cling
nhw vay tré 1&n khi loai bé nhirng hoa am lién tiép. Trong that té, thuweng chi sau khi loai bd ndm hay
sau hoa am dau tién, hau hét moi nguoi bat dau khé nhan ra nét nhac chinh xac.

Trong chirng mwc nao dé, hiéu rng nay |a két qua rong cta nhivng tone khac biét gitra tan sb
hoa am lién quan (lwu y, am 110Hz ciing la sw khac biét gitra nhirng tone ké tiép trong series trén).
Trong that té, mac du, thinh gid nghe nhirng nét nhac gbc cé cwéng dd Ién hon nhiéu, sé phan bd
cho mét tone khac. Nao / dau 6c¢ clia con ngudi, tw minh thich nghi véi ménh Iénh tw nhién cta moi
trwdng, biét rang bat ky series hoa am cu thé nao sé thudc vé mot tan sb co ban cu thé, va chac chan
da c6 tan sé do, nhuw thé da nghe né that sy bang tai ngoai !

Kha na&ng nghe sy mét tich nét géc cé nhivng hé qua quan trong trong linh vwc am thanh.
Khia canh tai ngwoi tuyét vori nay Ia ly do chung ta van thé ré rang nhirng nbt nhac chinh xac dugc
choi bdi, thi du, mét guitar (c6 tAn sb gbéc nhé nhat1a Mi (E) 82Hz) trén cai radio nhd, ma loa cta né
khéng thé nao cho ra tan sé thap, chdng han dwéi 250Hz. That ly tha...
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«——1/110th second - Hinh 3.12
'/\ /\ /\ /\ 4l N Sw khac biét am sac g’itva
7 nhirng hoa am cung cap
440Hz N/ N N cho tién trinh thinh giac
moét tin hiéu quan trong vé
cao d6 am nhac co ban
(nét nhac thyc té), ngay
f\ /\ f\ /\ /\ N ca khi chi cha yéu dudi
550Hz U \_/ \_/ u \J 7 giai tan sb hiéu nang cla
Hai tan sb tao ra mot tone khac biét clia 110Hz. N6 ciing 1a hoa am hé théng. M6t hé théng
thr 4 vath 5 clia 110Hz (nét A2). TAt ca cac hoa am lién k& khong c6 kha nang tai tao
céc ndt nay cling sé tao ra nhitng tone khac biét nhu vay, 110Hz. co ban khéng loai bd ndt

thap. Chi c6 chat lwong
am sé&c bi anh huéng.
Hiéu biét nay cho ching
440Hz and 550Hz superimposed ta co s& hop ly dé hiéu rd

/\ m W\ m N\ hon nhitng biéu dd trong
NI A N X I S WS NS 7 chwong 17, sé cho thay

Song db h & day So hich ph & da Song tré lai dd h & da glél tan so cua nhiing
on on ase 0 da ong n Cl ase O da ong tro l1al don ase 0 da ,
9 9p v g nghich p y g a 9P y nhac cu khac nhau ra sao.

Tai nghe @m nay nhuw la d& mot hoan tt chu trinh, do cac
nhip va sy khac biét tan s6

Trong hé théng pro-sound, ciing cuing nguyén téc két cAu nhw vay. Mét hé thdng khong c6
kha nang sinh ra cwc phd am thap nhét sé khong loai b nhirng nét nhac thap théng thuwéng. Nhirng
cai phai hy sinh mat di 1a chiéu sau chat lwong am. Diéu nay rat quan trong dé c6 du kién thirc vé
nhirng giai tan sb ctia nhac cu hay voice, s& mé ta trong Phan Ill. Khdng nhét thiét phai la tan sé dao
dong that té cla tirng nhac cu hay voice, nhwng thay vi phan phéi nang lwong cu thé theo phé am, lai
c6 khuynh hwéng quan trong nhét trong viéc cung cdp am thanh dé chiju. (Trén toan b, viéc phan
phdi nang lwong c6 khuynh hwéng cé nhiéu chirc ndng clia bd cong hwdng, giébng nhw phan t&r dao
dong riéng cla nd, da gidi thiéu trong chuong 2). Mbi voice hay nhac cu déu cé khuynh huéng cé
nhirng nhu cau riéng vé& mat nay, Day la ly do tai sao sy lwa chon microphone va equalizer cé hiéu
qua cwe ky quan trong dén nhirng khia canh nghé thuat cho ky thuat am thanh séng (live).

Sw sai léch vé tan sé / dd I&n (The Frequency / Loudness
Warp)

Y thirc vé cao d8, kha nang nghe thay nhirng nét nhac cé mic cao hay thap, twong &ng chat
ché v&i tAn sb. That tha vi, khi thu nhan tiém nang cho nhitng hoat déng cla hé théng pro-sound cao
cép, sw quan hé nay chwa chinh xac nhét.

Xuyén subt hau hét gidi nang dong (dymamic range) nghe dwoc, khoadng thdi gian am nhac

c6 thé nghe thay, déu quan hé truc tiép dén tan sb it nhiéu. Thi du, khi choi & mrc d6 vira phai, nét
a (A) 110Hz c6 thé nghe va dé nhan ra la mot bat do dwdi nét La (A) 220Hz, hai bat d6 dudi La
(A) 440Hz, ba bat d0 du¢i La (A) 880Hz, v.v.

O mrc cwdng d6 cao, cho du sw quan hé gitra tan sé va nhan thirc cao do bt dau xudng
clp. Sé c6 cam giac, hai dau cao va thap cta phd am thanh hoi bi n& dai ra ngoai khi nghe bang am
lwong rat Ien. O mirc d6 cao, thi né 1a nghia den cla tone 110Hz t¢i &m thanh giébng nhuw né, lac diéu
v&i dbi tac 220Hz clia no, va tham chi lac diéu xa hon véi nhivng dbi tac 880Hz, & cach xa ba bat d6.
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Théng thwéng, khi nghe sw pha trdn (mix) &m nhac tdng thé, loai sai léch nay dwoc xem la mot sw
gia tang cao d6 nhé khi nghe & mwrc d6 (level) rét cao.

Thi du thinh giac, cé thé tham gia & khia canh nay khi thuc hién that té. Khi x& dung hé théng
cao cép, dién vién trén san khau thworng khong dwoc tiép xtc ddng bd véi am thanh tan sé thap co
mirc d6 cao phat ra tir hé théng loa hwéng vao khan gia (FOH) (giai thich ly do tai chwong 9). Néu
nhirng &m thanh nay c6 di cwéong dd, né cé thé anh hwdng that sy dén cdm giac vé cao do clia nghé
sT biéu dién, va c6 thé lam cho ho hay hat hoi nhe di nhitng nbt nhac chinh xac. Trong vai tinh hudng,
né sé bién thanh quan trong, khi ngwdi biéu dién nghe thdy di mét hay nhiéu nhac cu treble trén san
kh&u, dé tham chiéu cao dé hiéu qua cho tiéng hat ctia ho, hon la tham khao cao dd tir note nhac
bass. Sy thiét 1ap san khau tét, cung véi thiét ké tdt va xir dung thanh thao hé théng monitor san
kh&u, s& thdo luan trong chuong 15, cé thé loai bé phan I6n van dé nay.

Méi triwdng nghe (The Listening Environment)

Mbi trwdrng am thanh, biét dén béi soundpersons (soundman), nhac si ¢ kinh nghiém va
ngwdi nghe sau sac khac, cé thé cé gay anh hudng birc thiét vé viéc nhan thirc dwoc chét lwong am
thanh. Nhirng nghién ctru vé am thanh trong nha la mén hoc phtc tap, vwot ra ngoai pham vi dy dinh
clia gido trinh nay. Nhwng & day chung ta s& xem xét ngan gon nhirng cai xay ra trong moéi truérng
trong nha, cé kich ¢& can nhu cau am thanh.

Nhw da dé cap & chuwong trude, cong hwdng am thanh tén tai trong phong, dac biét 1a nhirng
phong nhd, do kich c& va hinh dang cia phong. N6 cé thé cé khuynh hwéng néu bat tAn sé nao d6 &
ting vi tri trong phong. Théng thwdng, sé cé khuynh hwéng ndi bat tan sé thap khi cé buwédc séng phu
hop véi kich thuéc clia phong. Trong khi xay ra cong hwdng & nhirng tan s tdm trung (mid-range),
cong hwdng thwerng cé khuynh hwéng tap trung qué gan & tan sé khong néi bat hon nhivng cai khéac,
it nhat khéng do phong c6 tinh cong hwéng.

C6 hai diéu rat co ban lién quan dén cong hwdng ma ngudi van hanh hé théng am thanh
(khéng dé cap dén trinh cai dat hé thdng) nén xem la quan trong. Th& nhat: Thé manh rd rang cua
bat ky cong hwdng nao sé cé khuynh hwéng thay déi, tly thudc vao vi tri clia nhirng ngudi trong
phong, dac biét tai vai vi tri, tdn sd cong hwéng that sy cé khuynh hwéng triét tiéu. (That t& nay cho
tat ca, nhung cong hudng 1a méi lo hién nhién nhét, néu khong néi 1a khéng thé can béng (equalize)).
Va ngay ca nhirng ngudi c6 kha nang nghe sac sdo nhét, ciing khéng thé phan biét dwoc tir mét vij tri
trong can phong c6 nhirng dac diém cong hudng, nhung lai & vi tri khac. Hiéu qua ctia cong hwéng
s& khac nhau tlr mét trong nhirng diém sau, rd rang, ngwdi van hanh hé théng khéng can 16i kéo bat
ct ai dé c6 két luan vé cong huéng (hay ciing thyc vay, vé am thanh téng quat) chi tir mét vi tri. Thiy
hai: ngwoi nghe tiép giap véi twdng hay géc cé khuynh hwéng phai chiu cwéng do tdi da clia phong
cong hwdng & nhiéu tn sb. Diéu nay cé nghia, trong vai chuyén khac, ma moét trong sb la ngwdi van
hanh hé théng am thanh thuwéng quay lwng ap vao tueng, dé la vi tri mixer it phu hop nhét, déc biét
néu né la twdng cé d6 doi cao, va cling dac biét néu né ndm ngang truc tiép qua phong ti vi tri loa
(trai ngwoc véi nghiéng vé mot bén). Tham chi néu twdng rat hap thu (chang han nhu trai thdm hay
man trang tri), cdng hwéng & tan sé thap thworng van sé cé khuynh hwéng doén lai & d6. (C6 1é chd
van hanh hé théng am thanh tdi té nhat la gidu minh trong phong nhd c6 ctra s6 mé bén canh, dac
diém cla loai phong nay thuwédrng sé cé khuynh huéng bi cong hwéng trdm trong, khac han khi so véi
nhirng nguoi & khu vuc khan gid. Hé thdng monitor cé thé gitp can bang ty 1é tai phong nhuw vay,
nhung sé khong lap lai tiéng vang ma khan gia nghe dwoc, chuyén nay dat soundperson (man) va
ngudi bidu dién & thé béat loi).

Khia canh am hoc trong phong kha quan trong tiép theo 1a quan tam dén nhirng céi thuéng
goi la phan doi sém (early reflection). Day 1a van dé it quan trong néu kich c& méi trwdng nghe 16n
trung binh, nhung cling cé thé xay ra trong hdi trwdng Ién cé vom phén déi trén san khau. Hinh 3.14
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minh hoa su phat trién ctia nhirng phan doi nghe dau tién cta khan gid. V& mét ky thuat, khéng dwoc
coi nhu tiéng vang (reverberation) (it nhat 1a khéng tir quan diém cla ngwoi lam am hoc) vi né xay ra
rat nhanh— nhu tiéng bat ngdn tay-, nhwng né déng vai tro rat quan trong trong cach ching ta cdm
nhan dwoc am thanh phédi hop véi méi trudng.

Hinh 3.13
Phong cdng hwdng co ban.

Sé xay ra cong hudng trong phong khi séng bi phan doi tré lai
theo cach né cliing ¢b strc manh 1an nhau & vi tri trong phong
n&o dé va gan nhuw hoan toan triét tiéu 14n nhau & nhirng vi tri
khac. Tan sé cong hwéng xay ra & chd budc séng béng kich
c®& mot vat liéu cu thé cta phong, hay nhiéu vat bat ky. Cai
nay con goi la séng drng (standing waves) hay ché d6 phong
(room modes). Séng dirng quan trong hon, cé khuynh hwéng
xay ra & nhitng tin sé thap.

A)\ (A) Budc séng bang chiéu dai ciia phong. cé thé
vavt kich thich séng ding 16n bang am thanh tbi
nis b thidu twong déi tai tan sé nay.

(B) Bwéc song bang 1/2, 1/
3,1/4,1/5, v.vlan chiéu dai
phong. Séng dirng xay ra
gitba san va tran nha hay
nhi*ng b& mét. Phan mau
sang trong minh hoa la diém
vo gia tri trong phong, la giao
didm cla séng dirng.

V& co ban, tién trinh thinh giac tich hop bat ky sw phan doi nao trong 25-30 milli giay dau tién
(mot phan nghin ctia mét gidy) sau khi nghe am thanh tryc tiép, va nhan thirc dwoc ban chat cta né
cung véi nhivng &m thanh truc tiép cla chinh né. Déi khi nhirng phan doéi du tién, két hop rat nhiéu
dB I&n hon nhirng am thanh truc tiép tr ngudn, va co thé déng vai trd cha yéu trong cach lam I&n am
thanh néi chung & trong phong cu thé.

Phan quan ngai &m thanh con lai, ngoai sw cong hwéng va phan déi sém, am thanh c6
khuynh hwéng xoay quanh lau hon, cé thé nhan thirc tiéng vang (reverberation) rd rang hon. Tiéng
vang, tat nhién ciing rat khac nhau tuy tirng loai phong, va chinh diéu nay, két hop véi cong hwéng,
cho chung ta y twéng triec quan cdia moéi trwdng khdng gian va cach xay dwng. Bai khi nhivng khia
canh cu thé nay c6 thé kha phirc tap va mang tinh kj thuat nao khéng?. Co, véi ngoai 1& twong dbi it,
sw quan tdm chi yéu lién quan dén do vang lau hon, c6 thé tbng két béng cau hdi "Lam sao vang lau
nhat?" Thong thwong, diéu nay da quy dinh bang thdi gian vang (reverberation time). Th&i gian vang
trong mot phong déc biét dwgc chap nhan la chidu dai cta thdi gian cdn cho mirc dd am thanh trong
phong gidm xudng chd 60dB, sau khi nguén am thanh da ngirng phat. Biéu nay dwoc xac dinh chi
yéu bdi hai yéu té, kich c& phong va do phan doi bé mat binh quan. Rd rang, trong hau hét truong
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hop, thdi gian vang dai 1a, nhiéu am thanh tryc tiép va phan doéi sém sé cé khuynh huéng bi che phi
bang tiéng vang, va sé hiéu va danh gia am thanh khé hon. Vi ly do nay, hé théng phan phéi loa I16n
phai dat twong dbi gan khan gia, thwdng dung trong nhirng méi trwéng cé théi gian vang dai. Noi
chung, khéng khoan dung cho tiéng vang dai khi cn hoan thién tiéng néi trong &m nhac, nhung cé
diém tai d6 am nhac ciing bién thanh qua 16n xdn do tiéng vang. May thay, cé vai diéu cé thé lam cho
van dé nay it nghiém trong di, nhw minh hoa trong hinh 3.15, thao luan trong chwong 9 va tai phan IlI

7m |

I (~25 feet) !
1Tm
(~36 feet)
SOUND RAY | DELAY IN MSEC.

DIRECT 0 Hinh 3.14

R1 4.5

R2 9.0 Phan ddi s&m trong phong.

R3 13.0 A g I

R4 14.0 Séng am dwoc mé tad & day nhw la dwdng tia véi muc dich minh hoa

R5 18.0 cho s6ng bi phan doi dén vj tri mot nguwoi nghe nhat dinh. Phan doi khi

| . A . P S A < ‘A A PN a

Thei gian tré & day dai din cho su khac dep tal ng.lfOI trcing v?ng 25 phan ngtun glf\y dauxtlenA (0,9?5 giay), sau
biét thoi gian gita am thanh truc tiép dén khi xuat hién nhirng am thanh tryc tiép khong thé phan biét dwoc, nhw
va am thanh phan doi dén, kho'éngm &1/ clia riéng tién trinh thinh giac, nhwng né déng vai trod 1én trong mirc am
2 inch mé&i mili giay (mi chu ky né di la Iwong va chét lweng am thanh. Sy hiéu biét nay cho ching ta co hdi
mét foot), hay 0.34 mét méi mili giay, (mbi hiéu dwoc thdo luan trong phan cudi ciing ctia chwong nay.

chit kv nA di 13 mAt mét mAi R meen)
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Trong sé it trwérng hop ngoai 1& dwoc dé cap la khi d& xac dinh rd tiéng vong lai cia mét birc
twong cu thé, cé thé 1a tham hoa cho chat lwgng am thanh. Déi khi, tAt c& gi chung ta cé thé lam &
day la cén réng chiu dung va cb géng vuot qua su kién nay, hay ching ta c6 thé git virng lap trudng
va nhan manh bang rém ctra hay vai dang vat liéu hap thu khac dat trén birc twéng da lam bwe minh.
Cubi cung, ngoai tat ca sy quan tam, du chi 1a gidi thiéu, che chén am thanh béng nhirng vat I6n
cling s& déng mat vai trd trong viéc dat dwoc sy bao quat cé hiéu qua cho hé théng pro-sound.

Hiéu trng thwr béac (The Precedence Effect)

C6 khia canh quan trong, sw nhan thirc vé hwéng da khong thdo luan trong phan "Nhan thie
vé huéng" “The Perception of Direction”, goi 1a hiéu (rng thi bac, hay hiéu ’ng Haas, sau khi nhirng
ngwdi nghién ctru dau tién cong bd dir liéu hiéu qua vé hién twong nay. Trong phan trwdc da mo ta
ngan gon sy xay ra phan déi nhanh trong vong 30 phan nghin gidy dau tién,v.v cé khuynh hwéng
dugec tich hop vao ban than nhirng am thanh tryc tiép. Nhw da dé cap, su két hop cia nhivng phan
déi nhw vay thwerng cé thé cong thém nhiéu dB trén nhivng am thanh truc tiép, d&c biét trong phong
rat nhé. Tuy nhién, thinh giac cia con ngwdi da hoc tir rat sém trong cudc sdng, dé bao vé dinh
hwéng hinh anh ctia &m thanh dwa trén hwéng tir d6 am thanh dén truc tiép.

NON-DIRECTIONAL LOUDSPEAKER O REVERBERANT FIELD
@ DIRECT SOUND

DIRECTIONAL LOUDSPEAKER O REVERBERANT FIELD
@ DIRECT SOUND

Hinh 3.15

Am thanh truc tiép va déi lai véi loa non-directional (v& hwéng) va directional (dinh hwéng). Mot cach dé
déi pho véi méi tredng vang doi cao lién quan dén sy kiém soat hiéu qua cia mét phong véi mét hay nhiéu loa,
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mét chi d& danh riéng cho chwong 9. Lwu y nhivng ty 1& khac nhau gitba am thanh truc tiép dén am thanh vang
ddi lai trong hai hinh trén.

M6 phdng diéu nay bang hai loa. Hinh 3.16 sap xép th&r nghiém chd nao hai loa phat ra am
thanh twong tw nhw nhau, thiét lap nhw hé théng am thanh stereo, ngoai trir chiing ta da gidi thiéu
kha nang tri hoan mét trong nhirng tin hiéu. Bay gi®, gan nhw tat cd moi ngudi trong thé gidi cong
nghiép hoa hién dai béng truc giac da nhan thirc dwoc cach chung ta dinh vi mot am thanh phat ra
tr hai loa nhw vay ra sao (hay cé thé lay hoay vé&i bo diéu khién can bang (EQ) tiéu chuan trong mot
hé théng am thanh stereo). Néu tin hiéu c6 chat lwong va cwéong do gibng hét nhau ( trong am thanh
mono), ¢ v& nd phat ra ti trung tdm. Tuy nhién, néu ching ta tri hoan moét trong nhivng am thanh
giéng hét nhau tir 5 dén 25 phan nghin gidy, ngwdi nghe cdm nhan ré rang nhixng am thanh dén tw
nhirng loa nay khong bi tri hodn (undelayed) niva. Khong chi vay, ching ta that sw c6 thé ting mac
dd am thanh bj tri hodn béng mirc lwgng dang ké (thwong 1én dén 4 hay 6dB) trwde khi nhirng hinh
anh am thanh ré bat dau di chuyén ra khéi loa phat ra am thanh truéc d6 (tirc la nhirtng am thanh truc
tiép). Chi khi lam tré (delay) am thanh géc di khoang 10dB méi cé vé phat ra t& trung tam (ngoai viéc
am thanh loa bj delay sé di chuyén ngay cang tang). Néu chung ta tang delay hon khoédng 30 phan
nghin gidy, né bat ddu cho am thanh ngay cang gidng nhw tiéng echo nhanh, va hiéu ng két thuc.

| Hinh 3.16

Hiéu (rng thir bac.

(A) Nguén biéu kién khi loa bén phai bi tri B) Nguén biéu kién khi loa bén phai bi tri
hoan (delay) 5ms dén 25ms. Ca hai loa dwoc hoan 5ms dé 25ms va tang khoang 10dB
cung cap mot am thanh ciing mirc do giéng trén loa bén trai.

hét nhau.

Trong pro-sound, hiéu &ng tht bac cho phép hé théng am thanh bé tri loa bd sung dé hé tro
viéc cai thién chat lwgng am thanh, trong khi van bao tén nhitng hinh &nh am thanh van dwoc phat ra
tr phia trwdc phong (nhw san khau, buc gidng, v.v ). Hiéu ng khé tin dén ndi khi né cé cadm giéc,
ngudi ta sé thé réng loa bj delay da tat, tuy that té nhirng am thanh tir nhirng loa thwdng bi tri hoan
c6 do 1&n it nhat nhw nhau, cé thé déng vai trd quan trong trong viéc nang cao chéat lwvgng am thanh &
vi tri nguwoi nghe. (Xem thém chwong12, hinh 12.3 va 12.15).
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Chwong

Do lworng am thanh (Audio Mesurement)
Thuat ngir va khai niém (Terms and Concepts)

Viéc do lwdng am thanh va tin hiéu dién dai dién cho né da c6 ti khi khéi dau Iinh viec am
thanh, dwa ra nhitng thach thirc déc biét. Tinh chat phi tuyén va ban chét cla thinh giac rat ca biét
lam cho viéc chia sé nhirng sé do - khia canh tham chi cho dén ngay nay- la nhiém vu gian nan nhét.
Mac du da co, néi chung, da chap nhan nhitng phwong phap trao dbi di liéu vé& am thanh, tin hiéu
am thanh va dac diém nghe, mot cong viéc rat khach quan (objectifying) vé ludng thong tin ky thuat
trong linh vre nay. Chwong nay tap trung vao vai chuyén dé, va ciing cung cap nén tang vat chat b
sung. (Ching ta sé cb t ta khoan dung (merciful). Vai nguwoi cé thé mudn bd qua vai phan trong
chwong nay, va x& dung ngay, thay vi d& néi sau nay khi can)..

DPap trng tan sé (Frequency Response)

Kha nang thiét bj san xuét ra &m thanh trong mét giai tan sb cu thé (c6 nghia, dé dap rng voi
nhirng tan s dd) goi la dap tng tan sé (dap tan). Db thi do lweng dau ra cla thiét b theo tan sb, so
vé&i tin hiéu dau vao, trinh bay trong hinh 4.1, goi 1a duwéng biéu dién dap tng tn sb. Day Ia loai
duéng biéu dién, khi mé ta chinh xac, cho phép ngwdi dung thiét bi biét truéc khoang cach gan dung,
thiét bi sé anh hwéng dén chat lwong am cGa am thanh hay tin hiéu dén véi né ra sao.

Khi thiét bj tai tao tan sé trong giai tn nhat dinh, v&i tAm quan trong ngang nhau, so v&i
cwéong dd clia tan sb co trong tin hiéu input, duwdng biéu dién dap tng cla thiét bi nay goi la phéng
(flat) trong gidi tAn do (vi dwdng biéu dién dap (rng cho giai dé di ngang, hay phéng, trén loai dé thi
nay). Ban sé hiém thay dwdng biéu dién dap (rng phang trong phd am thanh, thwdng 1a déc trung
duy nhét ctia bd khuéch dai (amplifier). Loa gan nhw khéng bao gi¢» dat dwoc diéu nay trong dung sai
rat nhé (ngoai trr trong gidi tAn gidi han). May thay, d6 khéng phai & diéu can thuc hién hoan toan.
Vai micro condenser gan dat dd ly twéng nay, nhung nhw da néi & trén (trong chwong 1), micro
thwdrng khéng can phai cé dap ng tan sb flat.
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Nhirng thiét bi nhw mixer va thiét bi xt ly tin hiéu ly twéng khac sé hién thi dac tinh nay trong
subt toan bd phd am thanh, nhwng trong that t&, nhiéu thiét bj thay dbi chat lwong am dang ké, tham
chi khi da thiét 1ap EQ & vi tri flat. (N6i cach khac, dap &ng clia n6 khong nhét thiét phai flat, méc du
nhirng mixer chat lwong cao va thiét bi x( ly tin hiéu khac cé khuynh hwéng rat gan téi diéu nay).

Vay lam sao c6 duoc didu do, cé hai thiét bi clia hdng san xuét khac nhau, ca hai déu yéu
cau phai c6 dap &ng tan sb phéng (flat) (va 1an lwot dua vao trong mot hé théng ddng nhéat voi tré
khang phu hop), trong vai trudng hop, am thanh ra cé rat khac biét khi né dwoc cung cép tin hiéu
input gibng nhau khéng? Hau hét cau tra 16i don gian 13, né c6 dwdng biéu dién dap (rng tan sé that
té khac nhau, bat ké thong sbé ky thuat cé thé khang dinh van dé gi. (Va trong vai trwdng hop, trong
nhirng thiét bi ré tién, dap ng tn sb co thé thay ddi dang ké, nhuw thay ddi mirc dd tin hiéu).

R4t co ban, bat ky d&c diém ky thuat dap (ng tan sé khong dwoc hién thi nhw dd thi trong
hinh 4.1 déu c6 dung sai téi thiéu, & loa thuwéng 1a £3dB (cong thém hay trir di 3dB). Qui cach ky
thuat cling phai hoi da diéu kién dap ng toan giai (full-range) dé van trong gi¢i han dung sai quy
dinh. (V&i thong sb +3dB, day sé& la mot tbng 6dB 1én xudng trong gidi tAn sé trich dan). Trong truéng
hop bd khuéch dai, hay bd xi Iy tin hiéu chét lwgng rat cao, dung sai quy dinh cé thé nhiéu hon
khoang #1dB kh&p hdu hét phd am thanh.

Sé& xay ra vai van dé phurc tap véi théng sb kj thuat ctia micro va loa,. Diéu nay do dwdng
biéu dién dap ng thworng dworc do truc tiép trén truc. Roi khai truc dap (ng, cé thé di chéch rat
nhiéu so v&i nhitng duwdng biéu dién trén truc da cong bd, ngay ca nhirng dwérng biéu dién chinh xac
va trung thuc tiéu biéu. Sé tap trung x& ly diéu nay nhiéu hon nira trong chwong 5 va 10. Nhirng
dang thirc do dB co ban lién quan dwoc gidi thi€u sau trong chwong nay.

Viéc am thanh bi gidm cuéng d6 nhw: ngudi nghe di chuyén xa ngudn hon 1a do hai yéu té:
(1) sw lan truyén hinh hoc ctia am thanh, va (2) tén that do ma sat gitra nhirng hat khéng khi. Qua
khoang cach ngén & (1) (dwoc mé ta b&i luat binh phwong nghich ddo) cé khuynh hwéng chiém wu
thé. Qua khodng cach dai hon & (2) (suy gidm trong khong khi) ngay cang quan trong.

Luat binh phwong nghich dao (Inverse Square Law)

M&i 14n tang xa g&p doi khodng cach dén ngudn am thanh dan dén gidm di bén 14n cong suét
am thanh (bang 6dB). (Chinh xac hon, méi su gia tang ty 1& khodng cach t¥ ngudn cho ra két qua
gidam murc am thanh theo ty 1& nghich véi binh phuong cla sy gia tdng khodng cach twong dbi). Diéu
nay dwgc minh hoa trong hinh 4.2, goi la luat binh phwong nghich dao.

Vi vay, trong khu viec mé (c6 mét dat dé hap thu), néu ngudn am thanh di chuyén ra xa tir 4t
sang 8ft, mrc do bj giam 6dB. Néu di chuyén mét 14n niva tir 8ft sang 16ft, lai giam thém 6dB nira
(tbng cong 1a 12dB). Lai di chuyén mét Ian niva tiv 16ft sang 32ft, tdng cong gidm tat ca 18dB, v.v..
Néu ngay bay gi® di chuyén tir 32 ft sang 64ft , sw khac biét Ia .... ban nghi ra chwa?.

R& rang, mot trong nhixng am thanh cach xa ngudn, di chuyén gan hon hay xa hon mét chat,
sw khac biét sé twong déi it. (B4t nge, vao khoang 1.000 feet, khodng mot phan nam mile, cwéng d6
van chi giam 48dB, c6 thé dua ra dé xem xét vé ly do tai sao 4m thanh dwoc mang di qua xa. Ngoai
48dB da dé cap trén, am thanh sé& gidm thém phan nao, dac biét & tAn sé cao hon, béng sw suy gidm
s& mo ta trong phan sau).

Trong nha, khi khodng cach tang vuwot qua mét diém nhat dinh, phan doi tlr nhirng bé mat
chung quanh gép phan tao nén cwdng do téng thé. Vi vay, su két hop clia &m thanh truc tiép va
phan ddi cho ra két qua ctia s gidm cudng d6 cang ldc cang it di cho mdi 1an nhan ddi khoang cach,
khi nhirng am thanh phan déi dén cang ngay cang phat huy tham gia.
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A) Frequency response of a typical high-quality amplifier
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B) Frequency response curve of a typical high-quality microphone

Hinh 4.1

Théng s6 ky thuat tAn sb dap (rng khéng biéu dién trén dd thi nén c6 dung sai tbi thiéu khi x&» dung ti
ngl "phang" “flat”. Trong db thi & trén, chd y c&n than, thwong x&r dung sw phan ranh gidi gitra dB khac nhau.
Kiém tra nhitng dwérng biéu dién ma khong chl y dén sw phan ranh gidi nay, cé khuynh hwéng kha vé nghia.

Vai hang san xuét bao tha va trung thanh véi théng sé ky thuat tiéu bidu ctia ho hon nhirng hang khac.
Théng thweng, dwdng bidu didn, vao ltc chang ta nhin thdy né, phai tréi qua nhivng |&i néi duia goi la "bd phan
tiép thi ngwdi ddm phang (flattener) duwdng biéu dién". Nhwng gidng hay khéng, tham chi trong trwéng hop ki
thuat tdt nhat ciing thweng gay hiéu nham vi nhiéu ly do. Trong linh vire nay, nhitng cong ty néi tiéng thudng
hay vi ly do tét, trwéc khi dwa ra mét quyét dinh quan trong dwa trén sw cong b théng sé ky thuat, nén héi tham
nhirng ngudi dang lam codng tac that té trong linh vuwc pro-sound thwdng cé ich, hay that sw nghe nhiéu thiét bj
dé so sanh v&i nhirng cai ban da quen dung.

Hinh 4.2
Luat binh phwong nghich dao.

M&i 1&n nhan déi khoang cach giam khoang -6dB. Trong nha, sé phat huy am
thanh phan doéi, viéc gidm mirc d6 am thanh di bi phan tac dung b&i mirc do
am thanh phan doi.

/7]

Sw suy giam tan sé cao trong khéng khi

(High Frequency Attenuationin in Air)

Su suy gidm tan sé cao la yéu té dac biét quan trong trong méi trudng 16n. Nhivng tn sé cao
bi mét nhiéu hon, do d6 né khé phat tan cé hiéu qua qua khodng cach xa hon. N6i don gian, tan sb
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thdp dwoc mang di xa hon tan sb cao. Hinh 4.3 cho thy ty 1é sy hao hut gan dung, trén méi don vi
khoang cach, cho nhirng giai tan sé & phan trén cao phd am thanh.

Loai hao hut nay do ma sat gira nhirng phan t& khéng khi, xay ra ngoai sw lan truyén hinh
hoc clia &m thanh, d& mé t& bang luat binh phwong nghich ddo. Nang lvong nay duwoc bién dbi
thanh nhiét nang (that té, gia tri nhiét rat nhd, wéc tinh san lwong toan bo cong suat am thanh cta
mot tran bong da trong mot san van dong déng ngwoi chi cho ra khodng nang lwgng dd nung néng
mot tach tra). Sy suy gidm nay xay ra theo don vi khoang cach, khdéng theo ty I1&€ khoadng cach.

Loai hao hut nay lam tdng mirc 6 nghiém trong khi tAn sé gia ting vi c6 su twong tac nhiéu
hon gitra nhirng phan t& riéng lam téng tan sé. Sé lwong suy gidm tan sé cao ciing thay déi dang ké
theo dd &m wét, nhw minh hoa trong hinh 4.3.

Anh hwéng that té cla loai suy gidm nay, trong méi trwdng rat Ién nhw san van déng ngoai
troi va cong truwdng Ién khac, khan gid & xa hon sé c6 khuynh hwéng nghe am thanh thiéu tiéng suyt
(zip) dang ké. Mt cach tiép can phd bién kha hién dai dé giai quyét van dé nay (thé hién trong
chwong 14) la x& dung nhirng thiét bj bb sung tan sb cao, dat twong dbi gdn nhirng bd phan khan gia
phia sau, cé output bj delay, do d6, né sé& ddng bd v&i sy xuét hién clia am thanh t& nhirng cum loa
chinh.
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Hinh 4.3
Sy suy giam am thanh trong khéng khi trén 100ft (30m).

Sw suy gidm tan sb cao, cin phai xem xét hoat dong cutia hé thédng am thanh trong méi trwdng rat 1on.
Loai suy gidm nay gia tang trAm trong trong nhitng tAn sé cao nhéat. N6 cao dang ké trong khoang d6 4m twong
dbi 10% dén 25% (it hon mirc nay chi thay trong khi hau khé can nhét). Lwu v, thi du, & 12kHz bj suy gidm
nhidu, dén hon 10dB, it nhat 12 100ft, tly thudc vao d6 dm. That tha vi, khi khéng khi &m hon, lwong suy gidm
that sy giam.

Do dién co ban (Basic Electric Mesurement)

Vi ngwdi doc khdng quen, day 1a sy mo ta vé vai khia canh dién rat co ban. Trong hinh 4.4,
nwéc chay bang canh gau dung dé cung cap néng lwong cho déng co vao diém cubi dbi dién no.
Bang cach nay, né tao ra dong chay lién tuc theo moét hwéng, do dé nang lwong ap dung & mét noi bi
chuyén dén thiét bi & noi khac. Diéu nay ciing twong tw nhu dong dién mét chiéu (Direct Current)
(DC) .
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Trong hinh 4.4, canh gau di chuyén lién tuc theo nhiéu hwéng thay dbi, truéc tién huéng téi,
roi ra phia sau, d& cung cép dién cho thiét bi dwoc thiét ké dé dap wng vai sy thay déi nhw vay. biéu
nay twong dwong véi dong dién xoay chiéu (Alternating Current) (AC). Mang va duéng déi cla nd
kha tiéu biéu cho cable dién cé hai day dan dong tai, do d6 c6 thuat ngtr mach dién (circuit).

C6 s quan hé kha tryc tiép gitra nhirng lwc bj tac dung béi ngudn dién va ludng dan cla
nhirng dién t& di qua mach dién. Diéu nay md ta béng cong thirc ndi tiéng, goi 1a dinh luat Ohm:

V/(Rhay Z)=1

V = Volttage (dién thé tinh bang volt)

R hay Z = dién tr& hay tré khang (tinh bdng ohms, ky hiéu 1a Q)
| = dong cdm (ng (dong chay dién t&, tinh bang ampe)

O day, dong chay dién tlr (dong, cwéorng dd) dwoc thé hién ty & thuan véi nang lwong phat
sinh (dién thé, voltage) va ty 1& nghich vé&i dién tré hay tré khang trong mach. Béng cong thirc thong
thwdng, sw tang gap doi dién thé —voltage- (dién néng, hay &p luc) sé gay ra dong (cuwdng do) tang
gap doi (sb lwong dién tlr chay qua mach). Khi nhan déi tré khang (hay dién tré) sé cat gidam mot nira
dong dién.

Thuat ngi¥ dién tré (resitance) &p dung déi véi dong dién mot chiéu. Impedance (tré khang)
(ky hiéu la Z) ap dung cho bét ky loai dong dién xoay chiéu ndo, bao gdm ca tin hiéu am thanh. Vé&i y
nghia d6, tré khang c6 thé hiéu la sirc d& khang clia mach dién véi su chuyén dong séng sine (sine-
wave motion) ctia mot tAn sé nhat dinh. N6 bao gdm dién tré DC két hop véi mach dién khang bd
sung t&i dong dién xoay chiéu. Két qua, tré khang do dwoc sé cao hon dién tré.

Trong khi dinh luat Ohm mé ta sy quan hé gitra dién thé, tré khang va két qua cta nhirng
dién tt&r, mot cong thirc co ban khac dwoc xtr dung dé hién thi gia tri that té ctia cong suét-power (rét
khac v6i tir ap lwc-pressure) sinh ra, di vao mot mach dién. Power (ndng lwong-cong suét) co kha
nang lam mot sd cong viéc (chang han nhw di chuyén cone loa hay truyén déng mach dién tr). Diéu
nay dugc thé hién béi:

Vxl =P

V = dién thé (tinh bang volt).

I = dong cdm (rng (do bang ampe) A
P = Power-cong suét (do bdng watt)

Cong thire nay cho thay lwong dién nang trong mach dién tiéu tan that sy (x&¢ dung hét) tai
thoi diém nhat dinh sé can xirng véi ca ap luc dién (dién thé) 1an dong dién t&r (cwong d6). Bang sw
quan hé nay, tin hiéu cé dién thé twong dbi cao / dong thap cé thé lién quan dén mirc cong suét
twong tw nhw tin hiéu cé dién thé twong ddi thap / dong cao. Néu cd lién quan cung mét cong suét,
né co thé 1a ca hai, khi khai thac ding cach, sé thuc hién cing mét sb lwong cong viéc.

C6 thé chuyén ddi mot lwgng cong suat nhat dinh dé thay déi twong déi sé lwong dién thé va
dong dién. Thwdng xt dung loai chuyén ddi (transforming) nay trong viéc phan phdi hé théng am
thanh c6 lién quan dén nhiéu loa c6 mirc dd tlr thap dén trung binh, ciing nhw trong nhiéu khia canh
hoat ddng am thanh khac, dic biét trong thiét bj dién te.
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7\ Power becomes available
to be used here.

Two sides of trough
represent cable

e -
Direction of current M

“Voltage” applied by force of paddiewheel.

Figure 4.4-A. Direct current analogy.
N

ol

This motion roughly represents
power, which is
different from
force (or voltage).

Force applied here

AC moves in alternating directions.

Bt A

Figure 4.4-B. Alternating current analogy.

Hinh 4.4
Mot mo phéng twong ty (analogy) cho ngwoi chwa quen véi nhivng thuat ngl dién co ban.

Mang A dung & day dé& dé& minh hoa. Déng dién sé& so sanh phan nao véi nwéc qua éng (mac du su so
sanh nay chwa hoan hao). Ap lwc nwéc sé tiéu biéu cho dién thé. S6 lwong dong chay that té sé tiéu biéu cho
cwong do, do bang ampe hay milli ampe (mét phan nghin ampe).

Tin hiéu am thanh la mét dang dién AC, mac du thuweng & mirc dién thé thap hon nhiéu so véi hé théng
dién 115 (hay 230) volt (trir dau ra loa ctia ampli cong suét cao, mot sé cé thé cho ra dién thé hon 115 volt khi
day lén cong suat t6i da, cé kha ndng xay ra nguy hiém va co thé bi séc khi xt Iy vat liéu khéng cach dién hay
tiép xdc vai thiét bi ndi dau cudi clia day loa trong hé diéu hanh). Trong thao luan tinh c& lién quan véi pro-
sound, mé&c du dién AC duoc hiéu la sw cung cp ngudn dién 115 volt. Tan sb dién AC chuén & My 1a 60Hz, va
mot hé théng c6 day ndi dat khdng dung cach thweng cé khuynh hwéng tao ra tn s nay, cung véi nhidu hoa
am cla no sé xuét hién tai nhivng output 4m thanh. (60Hz, 120Hz, 180Hz, v.v thudng biéu hién nhw hum (0), va
nhirng hoa &m cao hon la nhirng tiéng ri rAm-buzz.
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Hinh 4.5

Force excerted I Vat ly twong tw (analogy) don gian cda dinh luat Ohm.
‘

— | Déy mot thung chay doc san nha lién quan dén nan
voltage) Amount of motion resulting i | y mot ;;g Y h v&i dinh | 'At thu Vi mat 9
(current) | 1 wong c6 phan so sanh voi dinh luat Ohm. V&i mot so
lwong ap lwc (dién theé) nhat dinh, khi tang gap déi ma

Friction X (resistance or impedance) sat (tr& khang} s& gidm st chuyén dong ctia mot cai
thung (hay loa) di mét nira. Theo decibel, sy khac biét

nay twong dwong véi 3dB.
Hinh 4.6

Mach néi tiép va song song
(Series and parallel circuit).
P& hidu tré khang la gi khi
két ndi nhiéu loa, sy twong
tw (analogy) trong hinh 4.5
khéng hitu ich 1am. & day,
néu twéng twong ra mot cép
éng nwéc co thé lam sang té
vén dé hon.

Return hose (black) (-)

Device being
o> driven (load, in Q)
s PUMP_, ke Drive hose (red) =l (+)

Simple hookup (one amp channel with single speaker)

Return line (black) *L‘

Device being
driven (load, in Q)

Drive line (red) == (7)
LD\ -J-

Pump_,

k= Drive line (red) -)

Device being
driven (load, in (1)
Return line (black) se—)

Parallel circuit

Trong mach song song, v&i lwgng ap suét nhat dinh (bd khuéch dai dién thé), chira
nwéc gan gap doi (cwdng d6). Dong chay qua hé théng, chia déu gitra hai thiét bj (loa).
Hay gia dinh may bom (amplilier) c6 kha n&ng cung cAp da nwéc (cong suét output).

In ¢
mu

Thi N c < .
OP,I Ngoai diém gidm tré khang gan dang, kha nang cung cp nwéc (cong suét output) bt
to ( @au gidm (gibng nhw quay banh xe clia nd). Téng sb tré khang & day bj gidm mét nva.
Return line (black) ©
Device being
driven (load, in )
+)
()
Device being
driven (load, in )
Series circuit Return line (red) = (+)
na Trong motmach néi tiép c6 hai loa gibng nhau, tré khang tang gap d6i. Téng tré khang

clia mach phai phu hop véi kha nang tré khang thap nhat ciia bo khuéch dai, vi vay
can lam thudng xuyén cho series mach. Diéu nay sé tiép tuc thao luan trong chwong
10.

must
serie

Ap Iwc va cong suat (Pressure and Power)
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Cho ca séng am thanh Ian tin hiéu dién (ciing nhw cho tat ca loai chuyén dong khac), cé sw
quan hé co ban gitra s6 lwong cta lwc (&p luc) tng dung theo mot hwéng nhét dinh va sw do lwdng
clia cdng suét that té (kha ndng san xuét ra dién hay chuyén dong am thanh) dan téi.

Cho dang dién nay, cé thé trinh bay bang cach két hop dinh luat Ohm véi nhivtng cong thirc
da gi¢i thiéu truéc day dé tinh toan cong suét. Dinh luat Ohm cho thay, néu dién thé bi thay déi mot
lwong nhét dinh, no sé tao ra két qua cudng do sé thay ddi cé ty 1é thuan véi lwong d6. Thi du, néu
dién thé tdng gap d6i, dong dién ciing tdng gap d6i. Va theo cong thirc P = E x |, nhan dién thé nay
véi dong (cung d6) dé tim sw gia tang nang lwc (cdng suét), trong trwdng hop nay tdng gap bén lan.

N6i cach khac, moi cai khac déu khong thay ddi, chi cé cong suét sé lién quan dén binh
phwong 4p luc. Bang phwong phap twong tu clia may tinh, gia tang dién thé g4p ba Ian sé gay ra
tang cong suét chin Ian (32); gia tang dién thé gap bén Ian s& gay ra tdng cong suat mudi sau lan (42);
tang dién thé gdp muoi 1an sé gay ra ting cong suét gap tram 1an (102), v.v. (d7 nhién phai gia dinh
tré khang van khong dbi).

Cong suat am thanh twong tw lién quan dén binh phuong ap lwc am thanh. Céng suét khéng
do duworc truc tiép. N6 thwdng phat sinh bang cach do ap lwc va sau dé x&r dung cong thirc sé hoc
trén.

Decibel, co ban |a xoay quanh ty 1& cong suét. Mi muoi decibel (mét bel) twong dwong véi
ty 1é ciia mot khoang dwéi dang ldy thira 10 (ty 1é cong suat 10-1).

Déi voi ty |1& ap lwe, phai diéu chinh sw chia d6. Uu diém cda decibel (khi chia do loagarithm)
la n6 co6 thé dung dé déi pho vai ty 16 ap lwe bang céach tang gap d6i sé lvong decibel. Sy lién quan
binh phwong véi ap lwc cong suét 1a nhw vay, da dwoc tw dong tinh dén. Diéu nay duwgc minh hoa
trong hinh 4.7.

Khi decibel dwoc dung dé mé ta dién thé trong hé thédng am thanh, né dwoc thuc hién véi giad
dinh mét ty & dién n&ng chinh xac lién quan dén ty 1& binh phwong cua dién thé. Sy quan hé nay can
can than lwu y, khéng phai lic ndo ciing chinh xac. Théng thuwdng 1a gan dang, trir khi thiét bi hoat
doéng gan gidi han téi da. Su gia tang dong dién cé thé gay ra sy tang tré khang, dac biét khi murc
nang lwong cao do tang nhiét do. (Day 1a mét trong vai yéu té c6 thé lam giam hiéu qua viéc xt dung
& murc dd cao-high level). Tinh huéng nhw thé nay lam gidm ty 1é cdng suat dan dén quan hé binh
phwong it chinh xac hon. Ngoai ra, tré khang thwéng thay ddi rat trdm trong theo tan sé (diéu nay
dwoc thao luan thém trong chwong 9, 10).

Ciing c6 thé c6 su thay dbi trong tré khang am hoc (acoustical impedance), twong tw nhw
nguyén tac dé tinh tré khang cda dién. Sy thay ddi nay la sw kién xay ra tw nhién trong va chung
quanh loa horn va thuing loa, va ciing cé khi am thanh g&p tr& ngai nao d6, bao gdm ca nhirng céu
tric vat ly bao quanh ngudn ctia né. (N6i chung, tri sb decibel bat ngudn tir nhitng ty 1é 4p lwc am
thanh hop ly kha chinh xac cho sédng am trong khdng gian 10 thién).

Hinh 4.7

Bang chia cua Lwu y sy quan hé binh phwong cla ap lyc dbi voi cong suét & day. Didu nay dwgc tinh vao

tuyén tinh sang tri decibel bang cach tang gp doi s lwong decibel theo mot ty 1& da cho, thé hién trong biéu db dwéi day.

s6 loagarithm. Sw quan hé binh phwong clia ap lwc dé pha v& cong suét xudng rat dang ké tai diém hay gan diém
gi¢i han cla thiét bi hay kha nang hiéu qua binh thwdng cla hé thdng. Khi thiét bi tiép can gi¢i han hoat déng
hiéu qua clia n6, mirc tang ap lwc (hay dién thé) ctia cong suét cang lic cang it hon va thwong 1a ting do
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méo dang.

L& ra, khoi can biét dén ty 1& dién thé, trir khi phai di pho véi khia canh kha phirc tap khi van hanh
thiét bi va / hay thiét k& hé théng (méc du né cé thé tham gia khi diing nhiéu loa phéng thanh, dac biét 13 trong
tan s thap).

Ty lé cong suét, mac du rat quan trong cho muc dich ctia chuing ta trong gido trinh nay. Chang han
nhw, néu yéu ciu tdng 6dB san lwong cla mdt hé thdng sé& bao gdm ting gap bdn 1&n sb lwong amplifier va
dau ra loa, v.v theo bidu d6 bén trai dwéi day.

POWER PRESSURE or VOLTAGE
RATIO BETWEEN: DIFFERENCE: RATIO OF: DIFFERENCE
ACOUSTIC or AMPLIFIER in decibels VOLTAGES in decibels
POWER LEVELS (dBm or dB SPL) or PRESSURES (dBV, dBu)
1.25to01 = 1.0dB 1.25t01 = 2.0dB
16to1 = 2.0dB 1.6to1 = 4.0dB
Double 2to1 = 3.0dB 2to1 = 6.0dB
Triple 3to1 = 4.8dB 3to1 = 9.5dB
Quad 4t01 = 6.0dB 4to1 = 12.0dB
Etc. 5to1 = 7.0dB 5to1 = 14.0dB
" 6to1 = 7.8dB 6to1 = 15.6d B
" 7to1 = 8.5dB 7to1 = 16.9dB
" 8to1 = 9.0dB 8to1 = 18.0dB
" 9to1 = 9.5dB 9to 1 = 19.1dB
* 10to1 = 10dB 10to 1 = 20dB
* 100to1 = 20dB 100 to 1 = 40dB

Lwu y: Thuat ng &p lwc am thanh (sound pressure) & day rat khé hiéu véi ngudi cé khong co ki
thuat cao, ngay ca & ngudi kinh doanh pro-sound. Bt ky phép do dB nao ap dung trong linh virc nay, trong
mot nghta nao do, déu ti hai bang chia trén. Thi du, v&i phép do dB SPL, néu thwc hién do tuyén tinh béng
watt &m thanh (mot phép do cdng suét), sé ap dung bang chia bén trai, néu thwc hién do tuyén tinh bang
dynes / cm 2 (ap lwc), ap dung bang chia bén phai.

Lwu y bd sung: Khi hai thiét bi loa giéng hét nhau hoat dong trong ciing mét giai tan sb dat gan
nhau, cé thé ap dung bang chia ap lwc bén phai. Diéu nay xay ra & tan sd cé budc séng I&n hon nhidu so véi
khoang cach gitra hai thiét bi giéng hét nhau. Thudng thi sw gia tang SPL sé roi dau do gitra hai bang chia,
mot dé tai danh riéng cho chwong 9,13 va 14.

Tr& khang dau ra (Nguén) va tré khang dau vao (Tai)

Output (Source) Impedance and Input (Load) Impedance

Tr& khang trong mach dién 1a két qua cua su két hop gilra tré khang va ca thiét bj 1an day
dan. Trong day ndi loa, tré khang clia day dan cé thé dang k&, vi n6 tang lén khi dién thé output cao
hon. Trong mach dién & murc do thap, tré khang ctia day dan cé khuynh hwéng kha nhd, triv phi mot
trong nhirng jack néi hay chinh ban than day dan bj I8i.
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Nguén (source), hay tré khang dau ra (output impedance), Tai (Load), hay tré khang dau vao
(input impedance), cham tran & chang input ctia nhirng thiét bj ma tin hiéu da g&ri dén. N6i chung, tré
khang tai phai I&n hon dang ké so v&i tré khang & ngudn. Tré khang tr tai dén ngudn cé ty 1& 10:01
hay nhiéu hon thudng duoc coi la ti wu gitra cac thiét bi trong mot hé théng. Vai khia canh cu thé
clia su két hop tré khang hiru hiéu gitra cac thiét bi dwoc x& ly trong phan hai va ba.

Nhw da chi thi, dwéng di cGa loa gan nhw 1a cau chuyén riéng. Khi tham gia & mrc cdng suét
cao (nghta la rat nhiéu cudng do), viéc tang thém dong tai phu bang cach ding day dan cho duéng
day loa dung qui cach. (Day la thi du vé sw quan hé binh phwong dién thé cdng suét cé thé lam suy
gidm hay téng tré khang véi cong suét. Chuyén nay cé phan giébng nhu sw cb ép budc nhiéu nwéc
xuyén qua mot 6ng hep sé xuat hién ap lwc ma tat ca cac ban déu thich lam. Nhwng viéc thuc ép
ngay cang nhiéu nwéc théng qua né rat khé va véat va hon niva). S& bi mat mét sd nang lwong dién
that té trong trwong hop nay, dwa dén tang nhiét. (Chwong 16 bao gdm biéu dd vé ton that dién ning
cla day loa). Ty I& tré khang tir tai dén ngudn, cta loa dén amplifier la mét hwéng dan ngoai 1& 10-1
da cho biét. O day, ty 1& ly twéng la vao khoang ti» 100 trén 1 hay nhiéu hon niva, tly thudc vao tan
sb. (Diéu nay dwoc quy dinh nhu hé sb lam giam am (damping factor) trong bod khuéch dai cong suét-
power amplifier).

Gia tri RMS (RMS Value)

Dé xac dinh sy thay dbi bién do nhanh clia séng nhuw mét loai cuwéng d6 dac biét, phai xt
dung mét gia tri trung binh. Binh quan don gian vé bién d tich cwc va tiéu cwc trong séng binh
thwdrng sé cho ra két qua cubi cung bang zero. Yéu cau la phai cé phwong phap danh gia sw quan
binh bién d0 c6 y nghia, du la tich cwc hay tiéu cwc. Thuat nglr root mean square (RMS) (binh quéan
thanh hinh séng vuéng) c6 nghia la phwong phap tinh toan cach x* dung mdc cwdng dd twong
dwong v&i dién DC, trong mét chu ky day dd hay nhiéu hon, d& mé ta nang lwc séng quan binh (xem
hinh 4.8).

Gia tri RMS cua séng sine la khodng 0,7 1&n so v&i bién d6 dinh ctia séng d6. Trong khi sy
quan hé gitra RMS va gi tri dinh (peak) ludn luén nhw nhau ddi véi séng sine thuan khiét, gia tri dinh
clia mot dang séng phtrc tap cé thé khac xa so véi gia tri RMS clia né. Két qua, gia tri dinh c6 thé la
chi bao vé cling sai léch cho dién thé hay cong suét cla thiét bi c6 kha néng cung cép trén co s& lién
tuc. Con s& RMS cé khuynh huéng chi la danh gia khach quan hon 1a cho méc cudng do.

Tuy nhién, danh gia RMS ma khéng xac dinh thém niva cé thé gay ra sy hiéu 1am, vi thiét bi
c6 thé chiu dwng dwoc mot vu né am sac ngén va néu do bang gia tri RMS, c6 thé khéng phan anh
chinh xac nhirng céi thiét bi c6 kha nang chiu dwng dwoc trén co sé lau dai.

A A

Hinh 4.8
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Binh cao trc thoi (instantaneous peak) so véi RMS.

Gié tri dinh ttrc thoi ctia séng sine ludn bang 1,4 1an gia tri RMS. Tuy nhién, dang séng phtrc tap co
mtrc dinh cao tirc thoi cao nhét cé thé khac xa so véi gia tri RMS. Co ban nhét, day 1a ly do tai sao phai x&r dung
gia tri RMS khi dinh gia tri mrc d6 tin hiéu am thanh. Thi du, bang cach dung gia tri dinh nhw & bén phai sé cho
phép dé& phéng dai kha ndng cua thiét bi. Nhnwng sw tdn tai ciia dang séng nhw & bén phai la mét trong nhivng ly
do quan trong dé cé hé théng headroom nhw mé ta trong hinh 4,12. khéng nén nham Ian cac dinh tic thoi
(instantaneous) v&i cong suét dinh RMS (peak power) (con goi la peak program). Céng suét dinh RMS chi dé&
cap dén dinh tam thi nhw @ mé ta trong hinh 3.6.

Tim hiéu sw khac biét gitta RMS va program, danh gia program lién tuc lién quan dén moét quan diém
khac. Trong nhiéu n&m, nhitng hdng san xuét da hiéu séng sine quét tan s hay séng sine lién tuc da cung cap
mét co s& danh gia kha nang cé thé xir ly cong suat cla loa phat ra trong linh vwe nay cho hep ly. Kinh nghiém
da day, viéc compress mix (trén nén) khi thu &m cé nhiéu dinh it nghiém trong hon so véi tinh hudng thdi phong
hoat déng khuéch dai dién hinh. Vi vay, nhitng program xé&p hang cao ciing van trich dan thiét bi loa &m thanh
cla hau hét hang san xuét.

DPon vi am lwong (Volume Units)

Don vi am lweng dwa trén khuynh hwéng cua tién trinh thinh giac nén nhirng cwdrng do khac
biét va b qua hay ha thap rat nhanh dinh (tam th&i). Bang chia nay dwoc diéu chinh dé hién thi gia tri
decibel trong cach chung ta nghe s khac biét vé cudng do. Bang cach xt& dung sw thda hiép gitra
nhirng gia tri lién tuc va dinh, khuynh hwéng cla tai la 1& di nhing dinh cao da giai thich qua. VU viét
tat & day la don vi tham chiéu, dung cho may do VU.

May do VU (VU meter) |a chi thi trwc quan cia murc tin hiéu tai mét hay nhiéu diém trong
mach dién cua thiét bi am thanh. Trong khi +4dBm I3 tiéu chuan cho 0 VU, may do thuéng dwoc hiéu
chuén cho mtc van hanh thich hop vai thiét bi ma né tao nén.

Trén théa hiép hoan toan rat kha thi, phuwong phap do lwéng nay ciing c6 nhwoc diém cla
nd, that té trong tién trinh thinh giac cé khuynh huéng bé qua dinh (peak) rat nhanh, d6i khi c6 thé
gay ra su bién dang tam th&i c6 thé dé& dang nhan thdy su thay ddi trong chat lwong am thanh, chang
han nhw b tréng jazz. Vi ly do nay, VU meter thudng dwoc bd sung béng mét chi bao mirc cao nhét,
thwong goi la Peak Program Meter (PPM).

Hinh 4.9

Dap tuyén ctia may do VU va peak.

100%— —; — e

Peak meter
(PPM)

75% 4~

Lwu y tai sao &m thanh thoang qua
0 giar nhw clia bo tréng khong hién thi day
da trén VU meter. Dap tuyén cla
VU kha tiéu biéu sw nhan thirc am
lwvgng theo thoi gian cda con ngwoi
cho mét &m thanh nao dé. (thuat
nglr peak program c6 nghia khac
biét dang k& so véi dinh tirc thoi
(instaneous peak), nhw thé hién
trong hinh trwéc. Néu can thiét, xem
i lai chu thich di kém vé&i hinh do).

0.1 sec. 0.2 sec. 0.3 sec. 0.4 sec. 0.5 sec.
(100 ms) (200 ms) (300 ms) (400 ms) (500 ms)
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Hinh 4.10
Puong biéu dién sy dé (weight) ciia may do mirc do6 am thanh

Nhirng dweng biéu dién gan ding dwoc dung trong may do SPL gan gidng dap tAn nghe clia nguoi
trung binh (theo hinh 3.4). Bwéong biéu dién A dwoc dw dinh dé tiéu biéu cho thinh giac & 40 phons, dwéng biéu
dién B tiéu biéu cho 70 phons, va dwéng biéu dién C 100 phons. (Pinh nghia ctia phon dwgc minh hoa trong
hinh 3.5). Phép do dugc thuc hién bang cach dung nhivng dwéng biéu dién nay thuwong dwoc goi la dBA, dBB
va dBC.

Puong bidu dién twong ng véi dBA da chinh thire tré thanh tiéu chuén do lwéng mire d6 ap lwc am
thanh, mé&c du that té 1 thinh giac thay ddi dap tAn theo SPL. Chac chan diéu nay la lgi ich don gian cho nhitng
ngudi thiét 1ap tiéu chuén va nhirng ngudi cdn x&r dung né. C6 thé hinh dung, mét tiéu chuan thay déi cudi cing
s& dwoc nhét tri nhd vao noé tiép can dac diém cia ngwdi nghe trung binh. Nhwng trong twong lai gan, dwdng dé
(weight) A sé |a chuan chinh thirc.

Mdrc d6 I&n (Loudness Level)

Phuwong phap do lwdng dwa trén nhirng dwo'ng dm lwgng cho nguwdi nghe loai trung binh.
Mirc am lvong dwoc do bang phons. Khi d6 khé do lwéng chinh xac (vi ly do nhirng dwérng nét am
lwong nay cd tri sé do khong rd rang), mirc am lwong cé tac dung nhw la mét hwéng dan hop ly trong
viéc trao ddi théng tin vé sy nhan thirc cuwdng dd & nhirtng tan sé khac nhau (Hinh 4.10).

May do mirc am thanh thwérng dwoc thiét ké dé dé (weight) thang chia d6 cho xap xi véi
nhirng merc do I&n. Weight tiéu biéu x&r dung dwdng biéu dién dwa trén dwdng do 1én béng nhau cho
40 phons (dwong A), 70 phons (dwdng B) va 100 phons (duwdng C) nhw mé ta trong hinh 4.10. Trong
khi mirc d6 &m lwong khac xa thinh gidc con ngwdi tiéu biéu hon 1a do SPL don gian, dang nhé né la
phép tinh gan dung dua trén mirc théng ké trung binh, do d6 né khdng nhét thiét phai chinh xac cho
mot ngudi nhat dinh. Cho du thé nao, né van 1a hwéng dan rat hivu ich.

Decibel

Nhw da giai thich trong chuong 3, decibel 1a mét sé lwong twong dbi. V& mét ky thuat, viéc
xt& dung cac phép do bang decibel (dB), khéng cé tiéu chudn nao khac, chi don gian 1a so sanh hai
murc cwdng do trén bang chia loagarithm.
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Théng thwérng, méc du, thuat ngtr nay dwoc hiéu 1a dé cap dén moét trong nhirng bang chia
gi¢i thiéu trong nhirng phan sau. Thi du, khi néi: "hé théng san xuét khoang 100dB tai 10 feet" 1a suy
doan ctia mot k§ sw khi chi s6 dB SPL tai 10 feet. Twong tw nhw vay, khi néi: "dau ra (output) danh
dinh cta mixer la 4 dB", thwong sé dwoc doan la +4 dBu (hay twong dwong).

dB SPL

Bang chia truéc da gidi thiéu nhirng mirc ap lwc am thanh xt& dung moét diém tham chiéu tiéu
chuén, dé tir d6 cé thé thwe hién sy do lweng va dé chia sé. Didu nay dwoc lap ra dé c6 0,0002
dynes trén méi cm vuéng, tuong dwong véi mirc ngwdng thinh giac trung binh cia tré em tai 1kHz.
Mtrc cong suét & nguwdng nay 1a vao khoang 10™'® watts am lwgng/cm? (bang mudi triéu, clia mot
triéu, ciia mot phan triéu ctia mot watt / cm?) clia cong suat am thanh. Ngwdng cam giac, mire do xap
xi trung binh m&c nghe béo hoa, la khodng 2000 dynes/cmz, twong dwong véi cong suat am thanh
khodng mét phan nghin watt am / cm?, hay 1/ 10 watt &m cho méi mét vuéng (khéng nén nham lan
v&i watt dién). Nhirng phép do trén thang diém nay thwdng dwoc xac dinh béi chiv viét tit dB SPL.

Nhirng phan sau day vé dBu, dBm, dBV va dBv gidi thiéu nhirng tiéu chun thwong dung dé
xac dinh mirc do tin hiéu trong hé théng am thanh. Néu 16i hanh van cé vé téi nghia (gobbledygook),
khéng nén quéa nan long, vi né da lam dién dau nhiéu k§ sw gidi nhat trong Iinh vuc nay.

Phan I&n sw nham 1an tdn tai vi nhiéu td chirc khac nhau ban dau da lam viéc doc 1ap véi
nhau, va méi t& chirc dé cho ra nguyén tac do strc manh tin hiéu riéng trong loai hinh cu thé ma ho
dang lam viéc. Ngoai ra, khi cong nghé thay ddi, phwong phap do lwdng qua can thay déi, dé co y
nghia hon véi ki sw dang x& dung thiét bi. DPwong nhién, mét sé phuong phap do lwong trudc day
duoc thye hién qua trong qua khir va doi khi con dwoc trich dan khi hdng san xuét quyét dinh né
thich hop. Ddng thoi, nhidu don vi va théng sb k¥ thuat cii hon van tiép tuc duwgc phat hién trong Iinh
virc nay.

Nhwng sw nham Ian khéng hoan toan 1&6n nhw déi khi né cé vé vay. Thong thuong, triy khi
thiét bi nay khéong phu hop véi nhirng thiét bj khac trong hé thdng, hay trir khi théng sé ky thuat bi
gian lan dé che gidu nhirng khiém khuyét trong thiét ké cta thiét bj hay d& cwéong diéu héa kha nang
clia né, thi cac hinh thirc qui cach khac nhau, danh déng van kha tét. Thi du, don vj thiét bi c6 ndng
lwc xuét ra da biét, goi la, +4 dBm, hay +4 dBu, hay +4 dBv (v&i mot lwong nguwdng headroom nhét
dinh) s& c6 khuynh hwéng c6 sdn mirc dd output twong tw (it nhat 1a cho tai nghe). Va sw khac biét
gitra nhirng diéu nay va dBV (chu y chi viét hoa V) dwéi trwdng hop tiéu biéu chi cé 2.2dB.

Trong that té, nhirng cai c6 khuynh hwéng quan trong nhét 14 tré khang phu hop thich dang
gitra nhirng thiét bi, mixer, EQ ngoai (outboard) va / hay output ctia crossover phai di murc can thiét
dé khéi dong amplifier cong suat. Hau hét cac thiét bi hién dai, am thanh chuyén nghiép (trai nguwoc
vé&i hi-fi, thiét bi am thanh stereo dan dung) thwdng cé kha néng twong thich véi nhau kha tbt. Rat
hiém s bt xirng tré khang triét dé gitra nhirng thiét bi hién dai, mac du sau doé két qua thweong
khéng nghe dwoc. X&r dung thiét bi c6 tré khang phu hop, thuwéng chi can thiét khi dung thiét bi tube
amp loai I&n hay thiét bi cé ghi ré output tré khang cao & dau dé trong chudi tin hiéu hién nay la
trwong hop cwe ky hiém cé. Do d6 chi dé chinh cé khuynh huéng tam dat hiéu qué (hay c4u tric lai)
gitra cac thiét bi trong hé théng, sé thdo luan trong phan "Basic Gain Structures" clia chwong nay va
trong chuong 7.

dBu

Don vi dBu & phép do dua trén dién thé, dung dé bao mirc dd hoat ddng binh thwdng va kha
nang t6i da cta thiét bi. Day |a thuat ngir kha hién dai, hiru dung nhat trong viéc x ly vira phai tré
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khang input vé cung cao, khoang 2.000 ohms tré lén (bao gdm hau hét nhirng hang hién dang san
xuét thiét bi am thanh). 0dBu twong dwong 0,775 volt RMS.

dBm

Phép do dwa trén don vi dBm rat hivu ich trong kha nang thé hién céng suét trong mach dién
tré khang thap. Don vi dBm la tinh toan dua trén céng suét. 0dBm = 1 miliwatt (0,001 watt) RMS.
Con sb nay twong dwong véi 0,775 V RMS trong moét mach dién cé tré khang 600 Ohm. Con sb 600
ohm la diém tham chiéu dwoc chap nhan chung cho nhitng mach tré khang thap, mac du that té
mach 600 ohm hiém khi dwoc xtr dung ni*a ngoai trir trong vai hé théng am thanh pro rat Ién va trong
vai khia canh cta cong viéc phat séng. Trong nhiéu nam, thuat ngi dBm gitr vai trd chuén trong
nganh, va gan day ngay cang dwoc thay thé bang dBu, c6 khuynh hwéng la mét phép do strc manh
tin hiéu thich hop hon véi tré khang hoi cao hon tré khang thudng x& dung hién nay. (Diéu nay
khéng nén nham lan véi tir “tré khang cao” “high impedance”, dwoc xtr dung d& md ta micro
unbalance xt dung trong nhiéu hé théng PA nhd, ré tién. Xem giai thich trong chwong 5).

dBV va dBv

DPon vi dBV dua trén sé do dién thé, tham chiéu véi 1 volt RMS (0dBV). Diéu nay thé hién ap
lwc dién doc lap clia mach tré khang. Don vi nay ngay nay thuwdng x&r dung bdi nhirng hdng san xuét
hifi, thiét bi am thanh ndi tai nha, va thwérng khong phai la thda thuan khi tham khao cho thiét bi am
thanh chuyén nghiép (mac du né cé thé thinh thodng van dwoc thay trong thong sb k¥ thuat cia
nhirng thiét bj kha ci).

DPon vi dBv (chu y v chir thwdng) ciing la mét phép do dién thé, nhung duwgc tham chiéu voi
0,775 volt RMS. Phép do nay la mét cach thé hién dBu; dich thuat chinh xac trong moi hoan canh.
(dBv la cach x&r dung chuyén tiép trwéc day da dwoc thay thé bang tiéu chuin dBu hién hanh).

Su khéc biét gitra dBv (hay dBu) va dBV la 2.2dB. Néi cach khéac, phép do ctia 0dBV béng
2.2dBu hay 2.2dBv. Nhirng céi lién quan ra sao dén dBm phu thudc rét nhiéu vao tré khang mach
that té da tan cung (ndi t&i) khi thuwe hién phép do. Nhw da dé cap trwdc day, chirtng nao lam dung
cach cac yéu cau tré khang cua thiét bi, nhirng dang qui cach khac nhau cé khuynh hwéng danh
ddng kha tét, néu nhivng hang san xuét trung thanh véi mie do trich dan ma thiét bi cé kha néng
hoat déng.

Cau truc gain co ban (Basic Gain Structure)

Tin hiéu &m thanh manh cé thé dwoc nhém lai thanh mét gidi cweng d6 co ban: (1) mie do
micro (mic level), (2) mrc d6 dwdrng dan (line level), va (3) mirc khuéch dai cong suét output hay mirc
dé ra loa.

Mirc 6 dau ra (output level) ctia microphone thwérng do bang millivolts (mV = 1 phan nghin
volt). Micro thwérng cé mirc output trong khoang -70dBu dén -30dBu.

Mic d6 dwdng dan (line level) dwoc coi la ti gitka 1 va 2 volt RMS (+2 dBu dén 8 dBu) tré
lén trong céc thiét bi chuyén nghiép. Diéu nay néi dén mirc d6 van hanh danh nghia (nominal), hay
dé nghi trung binh; mirc dinh (peak level) cé thé co trong vai trieéng hop mé rong lén dén hon 10 volt
RMS (22 dBu). Néi chung, tiéu chudn da dwoc cdng nhan cho cac mirc van hanh danh nghia cho
thiét bi am thanh pro 1a +4 dBu. DU mudn hay khéng, mac du nhiéu thiét bj ré tién van nam trong mirc
do nay, vi vay néu xtr dung bat ky cai nao trong sé dé ban cé thé can phai nuéng chiéu (baby) mic
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d6 va tim cach khac dé c6 duwoc cwong do tin hiéu can thiét khi dung bo khuéch dai cong suét “power
amplifier”, chdng han nhw tai crossover dién t.

MUrc d6 output clia power amplifier di nhién phu thudc vao yéu ciu ctia may bién nang lvong
(transducer) da xt dung. Nhirng mirc nay déi khi cé thé mé réng lén dén 1000 watt (khoang 90 volt
tai 8 ohms) hay nhiéu hon cho méi loai power amplifier, nhwng phu thudc rat nhiéu vao (rng dung va
mirc cwéng do yéu cau. Viéc td chire mot cau tric thich hop trong hé théng am thanh pro (moét tién
trinh ddi khi dwoc goi la gain staging) la sw quan trong séng con ddi véi sw hoat dong hiéu qua cua
né. Don gian, néu sy tdng mac dd (gain level) trong mét hay nhiéu thiét b qua thap, tiéng nhiéu
(noise) hé théng c6 thé dwoc nghe trong nhivng &m thanh output trong phan nghe nhé hon so véi
chwong trinh am thanh (audio program), néu gain qua manh, mét hay nhiéu diém trong hé théng
mach c6 thé tao ra sy bién dang am thanh khi hién dién tin hiéu manh. Do d6 nhiém vu la cé gang
dwa vao input ciia méi thiét bi mot tin hiéu dd manh dé& né cao hon mirc dd nhiéu cda thiét bi (con goi
la san nhiéu — noise floor), trong khi r&i khéi ngwéng headroom di cho dinh tirc thai (rapid peak) va
céc tin hiéu manh nhét cé thé sé dung dd b&i mdi channel riéng biét cta thiét b tai mot sy kién nhat
dinh. Tién trinh nay rat quan trong vi tiéng nhiéu hé théng dién t&r dwoc tich Iy qua hé théng. Thém
vao do, toan b giai dong (dynamic range) ctia hé théng khéng bao gidr tét hon so véi lién két yéu
nhét cGia né. Hinh 4.11 minh hoa mét ciu tric ddc trwng co ban cho mét hé théng am thanh.

High output level

\\
: = (T . 30\
el ) ) )
BRRRAAARRAAL A nggef : /) /
|
|

. /
High level ot i
+10 dBU Low output level
Li QOutboard
atoact | _signal /POWER AMP OUTPUT LEVEL
-30 dBU mier [Procéssing/ DEPENDS ON SYSTEM
. e REQUIREMENTS
High level — p
N
N\ +40 dBU
) J=1 Low level
2 R S
Z Low level—
-80 dBU
Hinh 4.11

CAu trac gain co ban trong mét hé thdng don gian.
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Noticeable distortion in this range %

Headroom

@ S MAXIMUM CAPABILITY A
NOMINAL OPERATING LEVEL

Useable dynamic range

Y4

NOISE “FLOOR’”

Hinh 4.12
Giai dong (dynamic range) hi*u dung ctia mét thiét bi am thanh.

Thue chét lwgng headroom c6 kha nang trén mirc van hanh danh nghia (hay van hanh & mic dé trung
binh theo trich dan ctia hang san xuat) ndm trong sé nhirng diéu khac c6 thé phan anh kha nang cua thiét bi xtr
ly dinh peak tirc thdi, chdng han nhw am thanh cla bd tréng, ma khéng cé sw bién dang (dirtortion) dang cha y.
Théng thwéng, mirc dd van hanh danh nghia tiéu bidu la 0dB trén may do (unit's meter). Mt d6 hoat dong danh
nghia +4 dBu, c6 & la 20dB cla headroom, thwdng xem la téi wu cho nhirng thiét bj hién dai, mac du nhiéu thiét
bi ré tién a6t ngét roi xubng nhirng mirc nay (hay hy sinh headroom trén mirc d6 danh dinh ctia né). Khi gap loai
thiét bi bi han ché nay, ban c6 thé can nuéng chiéu (baby) bang cach gidm sé lwgng tin hiéu cung cép cho no tir
céc thiét bi trwdc trong chudi tin hiéu, sau do6 tao nén sw khac biét & mét noi ndo dé nhw 1a EQ phu outboard hay
crossover dién tir.

Distortion (Méo dang)

Tin hiéu &m thanh bi méo (distortion) cé thé ndm trong vai dang thirc, phat sinh tir bat cir
nguyén nhan nao trong hé thdng am thanh. Néi dung ra, b4t ky loai bién thé nao gitra mét tin hiéu
input va tin hiéu output ctia am thanh déu la mét dang thire bién dang. Tir goc do that t&, méc du, sy
bién dang nghia la bt ky sw thay déi nao cé thém nhirng tan sd khoéng co trong am thanh gbc hay sw
thay déi thoi gian duy tri bat ky ctia nhirng tan s dd, hay nhirng déc tinh nao khac lam thay déi tinh
chét ctia am thanh ngoai y muén.

Suw méo hoa am (harmonic distortion) |a viéc bd sung cac tan sé khong hién dién trong dang
séng gbc, né cé sy quan hé vé hoa am véi nhirng tan sb trong dang séng input. Méo hoa am thuéong
két hop vé&i sy qua tai cia mach dién, mac du né van cé thé xay ra & cac mirc do tot bén dwdi gidi
han t6i da cia mach nira.

Khi mach dién bi qué tai, dinh dang séng bi han ché mét cach triét d&, nhuw thé hién trong
hinh 4.13. Diéu nay thweng duoc goi la cét (clipping) phan dinh ctia séng, 1a nghta den cla viéc cét
b&t dd thi (graph) cla tin hiéu output. Két qua cla clipping 1a cong thém nhiéu tAn sb hoa am bd sung
khéng cé trong dang séng input. O’ mirc d6 bén duwéi sw qua tai tron ven, ca hai: méo hoa am Ian
hoa am phu (subharmonic) cling thwéng xay ra trong loa. Sy ¢ xay ra nay dwoc chap nhan nhw |a
tw nhién, nhwng gi® ching vao sy hop ly tdi thiéu 1a muc tiéu co ban cda viéc thiét ké loa hop ly.

Méo tam thoi (transient distortion) |a mot thiét bi bat lwc dé tai tao sw thay déi nhanh chéng
trong cwéng do tin hiéu. Day |a két qué cla méo dang tir sy cham tré (delay) thoi gian ctia dang
séng output can dé& hoan thanh sy thay ddi cwéng d6 twong duwong véi dang séng input. Vi khéng cé
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thiét bi nao & hoan hao, sé& xay ra vai mc do bién dang qua do tai mdi cong doan. Thong thwdng,
trong cac thiét bi mirc d6 thp, méo tam thdi khong dang ké.

. A)Input waveform | Hinh4.13
o Cat (Clipping).
2 S Time Amplifier 1am viéc qua
3 l \/ \_/ 4 tai co thé cho ra gap
< déi mire cong suét tbi

; da clia nang lwong cho
loa, va trong vai treong
hop, xay ra ri ro thiét

+ . . Y
Limits of amplifier { /_\ /_\ ra‘l hay chay loa hoan
oan.

power capability X —> Time

B) Output waveform

Trong khi cé thé xdy ra méo tam thoi trong bét ctv thiét bi ndo, né la dac tinh cé khuynh
hwéng xay ra hau hét trong power amplifier va bé chuyén ddi (transducer), thwérng néng nhét trong
loa. B&i khdi lwong vat chat clia phan t&r dao ddng twong dbi Ion, déc biét 1a & sw tac ddng trén cone
loa, lwc chuyén dong cla cone loa cé thé 1am né cé thém thoi gian dé bat kip véi nhivng thay dbdi triét
dé trong cung d6 cla nhirng dang séng input. Loai bién dang nay ciing c6 thé do 16i cAu truc hay
cong hwédng trong loa horn hay thung loa. B4 dwoc xac 1ap vao chuyén déng, né co thé tiép tuc trong
mot thdi gian ngan ngay ca sau khi driver ngwng di chuyén.

Vi trwéc day, da gia dinh khong thé tranh khéi vai mirc dd méo tam thdi, né thwdng dugc do
nhw la dap wng tam thoi (transient response). Pap &ng tam th&i & mirc Ao cao cd nghia la cé sy méo
tam thoi it hon. Thiéu dap (ng tam thoi tt cling ¢ thé xay ra & mot mire dd ddi khi dang cha y béi
sw di chuyén cudn day micro, va trong cac amplifier twong ddi ré tién. Trong power amplifier, dap rng
tam thoi dwoc do nhw ty & van,quay (slew rate). V& co ban, cong suét clia power amplifier cao hon
slew rate ctia n6é c6 dwoc.

Méo diéu bién (intermodulation distortion-IM) xay ra khi tao ra cung IGc nhiéu tAn sb khac xa
nhau, va thwong xay ra & amplifier va loa. Khi loa xay ra méo IM, né thwéng la két qua cla hiéu (rng
Doppler (Doppler effect)***. (Bbi khi méo doppler dwgc coi la mét dang thirc distortion hoan toan
khac, méc du vé mat k§ thuat né 1a dang thirc méo IM). Khi amplifier xay ra méo IM, né |a két qua cla
s kho khan co ban, lién quan dén viéc phat tan rong rai nhidu tan sd khac nhau, ddng théi mire san
lwong dién output cao, va nguyén nhan la tao ra nhirng tan sé méi khong lién quan hai hoa (non-
harmonically-related).

Méo phase (phase distortion) 1a bat ky thay d6i nao gitra sw quan hé phase cla tan sé véi
thiét bi. Méo phase c6 thé la quy quyét nhat trong tat ca cac loai méo. Loai méo nay cé thé co trong
bt ct thiét bi nao, nhung cé khuynh huéng hién dién trong hau hét dac tinh ctia crossover dién t,
thwdrng thay dbi phase output ctia nd. Két qua la doi khi nghe nhu nhirng dap (rng bi giam nhe trong
giai tan chung quanh nhirng diém crossover (giao nhau). Khi xay ra méo phase trong amplifier hay
equalizer, hiéu qué néi chung khéng dang ké va cé khuynh huéng thanh téi thidu, dac biét la khi so
sanh v6&i sy léch phase dé la mot phan tw nhién cia méi trwdng am thanh tiéu biéu.

“** Doppler effect . Sw thay déi tdn sé séng 4m thanh do khodng céch gitra ngudi nghe va vét
phat séng thay déi. Chdng han, chiéc xe ciru thuwong dang hu coi thi cang dén gan ban thi tiéng coi cé
tan s6 cang Ién, cang xa ban thi tiéng coi c6 tn sé cang nhdé dan. Con goi la Doppler shift.
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