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Phan loai -- Classification

Hé théng am thanh lam bang chét liéu gi? Lam sao phan loai "hé théng" thanh ra nhirng bd phan
c4u thanh dé thao luan? Biédu ché don gian nhat co6 thé la ngudn tin hiéu, b xir ly, may phat va néi gitra tat
ca. Bay gi¢r chung ta hay cét bat di. Ngudn bao gdm b6 phat tin hiéu nhu tiéng ndi, nhac cu, bd thu phat
lai, v.v. Ti€éng noi clia con ngudi sé cho ban biét ngay tir ngudén ma ho khéng muén phan loai nhu mét
phan cua hé théng am thanh. D6 la nguén cung cap thdng tin cho chiing ta: micro va giao dién truc tiép
cung cép cho chlng ta quy&n cham soc tin hiéu. Diéu nay Ian lugt tré thanh ngudn cho giai doan tiép theo,
console mix, va tir d6 tré thanh ngudn xdr ly tin hiéu cda hé thong. Viéc xur ly tin hiéu bao gébm b loc
(filter), cham tré (delay), mirc d6 phan bd v.v dé chuén bi tin hiéu cho viéc truyén di. Hé théng truyén dan
bao gém bo khuéch dai (amplifier) va loa (speaker), dua tin hiéu vao khéng khi huéng téi ngudi nghe.
Chung ta co thé cat no t6t hon, chinh 1a trong tam cla churong nay, ban kiém ké nhirng thanh phan cua hé
théng.

2.1 Micro

Micro chuyén d6i 4m thanh sang dang séng dién tir, nghia la b bién nang. Phan loai micro khac
nhau theo giai doan trung gian ctia quy trinh chuyén déi. Pha hé micro c6 hai nhanh chinh: dong lyc-
dynamic (cudn day di chuyén trong tir trud'ng tinh) va tu dién-condenser (di chuyén ban tich dién dung
trong dién trwrdrng). Trong ca hai trerd'ng hop, mang chan theo dap (rng &m thanh cta dang séng nhung
dudrng truyén dan dén dién khac biét. Tir d6 phan biét micro theo loai dinh hudng, kich ¢& mang, vat liéu
va sap xép vat ly.

Hau hét sach vé déu tap trung vao (rng dung chinh clia micro: thu &m va cling c¢6 ngudn dm thanh.
N6 ndm & dau dudng dén tin hiéu, phuc vu nhu ngudn dang séng ban dau. Ngugc lai, sach nay tap trung
cht yéu vao micro do ludng & cudi dudng dan tin hiéu, tac dung nhu thay thé tai dé phan tich 4m thanh.
Tuy nhién, ching ta sé gidi thiéu so lwgc vé micro néi chung.

2.1.1 Loai micro — Micro types
2.1.1.1 Béng lyc -- Dynamic

Micré dong luc la dao nguoc co hoc cla loa tiéu chudn (Hinh 2.1). Mang chén (diaphragm) gan
lién va&i cudn day, troi néi bén trong tir trugrng tinh. Dang séng &m tao ra chuyén dong vao mang chan, di
chuyén cudn day trong khoang céch gitra tir trwd'ng doi nghich. Dong dién cam (rng trong cudn day la ban
sao clia dang song am. Sy dao dong dién thé trong cudn day la dang song dién tir ma ching ta mang sang
dudng dan tin hiéu. Micro déng luc, nhur tén dynamo cla no, la may phat dién (mac du lwgng cuc nho) do
do6 khdéng can ngudn dién bén ngoai.

Ra&t nhiéu yéu t6 hoi tu trén micro déng luc, lam cho cudc s6ng khé khan trong giai VHF: di chuyén
co hoc cua cudn day trén mang chan, hao hut dap (rng trong day, mic cyc thdp do micro v.v. Digu nay
lam cho micro dong Iuc khdng phu hgp v&i nhirng (rng dung yéu cau mé réng VHF nhu do cymbal va do
am thanh.

Ngoai trir c6 nguoi dang néi "A 16, 1, 2" vao micro SM58 & phia truédc nha (FOH), t6i chura bao gidr
thay ai xtr dung micro dong lurc lam micro ki€ém tra cho t6i wu hoa hé théng (va hy vong t6i cling khong bao
gio). Vi vay, day sé la két thic cla thao luan cua ching ta vé phan loai micro dong luc nhu micro toc do.
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2.1.1.2 Tu dién -- Condenser

Micro condenser c6 hang loat nhém phu va tén bao gém capacitance, electret v.v (cling nhu hinh
2.1). Cau hinh co ban déu giéng nhau:

Dang song bién déi bai bién dién dung. Mang chan phai la (hay pha) kim loai dan dién vi n6 sé
hoat dong nhu mét trong tdm ban song song co6 dién tich cia mach dién dung. Tam thir hai dwgc & vi tri ¢
dinh va tich dién thé DC. Khi khong c6 tin hiéu 4m thanh, dién thé DC trd thanh diém tham chiéu véi mire
chung quanh. Khi mang rung dong, khoang cach gitra hai ban thay déi, két qua cé bién thé dién dung gitra
no. Bién thé nay la ban sao clia dang song va tao ra tin hiéu am thanh (AC), c6 thé tach ra tir dién thé
phéan cyc DC. Micro condenser yéu cau ngudn dién DC bén ngoai, thudng goi la "phantom power" (48
volts DC) dé tich dién cho ban cuc.

Micro condenser c6 chi phi cao hon va dé bén thdp hon micro déng lw'c, nhung mo réng giai HF
va chi tiét &m rat cao. Condensers c6 wu diém vé co hoc vi khi chuyén déng chi cé mang co nhe, khéng
gan vao cudn day nao. Thir hai, cong suét ao cho phép board mach giam thiéu hao hut dap trng va t6i da
héa ty & tin hiéu/tap &m. Vi ly do nay, micro condenser la lya chon wa thich cho nhirng irng dung doi hoi
VHF m& rdng nhu cymbal va do 4m thanh.
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Hinh 2.1 Loai micro
2.1.2 M6 hinh bao pha cta micro -- Microphone coverage patterns

M6 hinh bao pha la bién doc 1ap khi xay dung micro. No6i cach khac, micro dynamic hay condenser
c6 thé cd cau hinh trong bat ky mo hinh co ban nao mé ta dudi day. Thuat nglr "m6 hinh bao phu" dé cap
dén dap trng hué'ng cua micro, nghia la sy khac biét gitra dap (rng trén truc va dap rng & nhirng goc do
khac. N6i chung, phan I6n micro khong quan tdm dén huéng (omnidirectional) va nhirng loai cé dinh
huédng manh trong nhiéu huwéng cu thé (Hinh 2.2).

2.1.2.1 Pa (mgi) huéng -- Omnidirectional

Micro omnidirectional 1a mét trong nhirng loai c6 dap (rng tan sé la tho o (hay gan nhu vay) dé
dinh huéng goc cia n6é dén ngudn dm thanh. Micro bi bit kin dé khong cé dm thanh nao di vao phia sau
mang chan. Vi vay, khong co6 luc d8i nao triét tiéu do di chuyén clia mang. Sy thay doi ap suét tur béat ky
hudng nao ciing co6 thé lam rung mang chan, do la ly do tai sao né goi la micro "ap lyc- pressure-
operated".

Ban co thé nght, micro omni ly tudng sé khong cd sy khac biét dap (rng tan sé cua n6 qua goc do,
nhung khdng thé c6 diéu nhu vay la hay tham chi chi la muén. Micro chi cé thé & trang thai omnidirectional
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néu mang chan cua n6 nho gép boi. Khi kich ¢c& mang chan tang, giai tan s6 cua omnidirectionality giam.
C6 tac dung phu khac cua kich ¢& mang chan: tap am. Khi kich ¢& mang chan giam, tap &m cua micro
tang 1én. Nén xem xét sy danh doi c6 that gitra directionality t6t nhat va tap 4m san cho (rng dung nhat
dinh.

Micro omni da bi han ché xtr dung trong pro-sound vi n6 ¢6 do ro ri cao va dat Am lugng trude khi
bi hoi ti€p thap (gain before feedback- ngudng hu). N6 la micro do tiéu chuén cho viéc t6i uu hoa hé théng.
Téat ca dau hiéu dap rng tan s6 &m thanh trong cudn sach nay déu dén tir micro condenser
omnidirectional. Cé thém chi tiét trong Chuong 12.

2.1.2.2 Pon huéng -- Unidirectional

Micr6é don huéng cé nhirng thay d6i goc do dang ké. Huéng micro c6 dudng dan dé am thanh di
t&i ca mat trurge 1an sau ctia mang. Tin hiéu output 1a sy chénh léch ap suét gitra méat trur¢'e va sau cua
mang. Loai nay goi la micro "dwéng d6c-ap Iyc-pressure gradient".

Micré d6i huéng (hinh s 8) -- Bi-directional microphone

Micro c6 mang mé bang nhau & ca mat trwde 1an sau goi la "déi huéng- bi-directional”. Ngudn am
thanh di vé phia tru¢'c hay sau micro 1a rung mang chén va tao ra dang séng dién. Dap (rng tan sé & phia
trwée va sau c6 thé turong tur, nhurng dao ngugc curc cho tin hiéu tir phia sau. Ngudn & phia canh micro bi
loai vi khéng c6 do chénh léch ap suét gitra mat truére va sau mang. Két qua la mo hinh "sé 8". Day la cau
hinh phé bién nhat cho micro ribbon.

Micro Cardioid, hypercardioid va supercardioid

Xem xét viéc ti€p can dén mat sau ciia micro omni va doi huéng chi la thao luan. Omni bit kin phia
sau mang chan va déi huéng l1a mé hoan toan cho ca hai mét trwde 1an sau. Ca hai micro bao phu khu
viure ¢ phia truge va phia sau. B6i hudng tir chdi hai bén. SE xay cai gi néu ching ta lai ghép hai cai lai:
micro m& & phia trudc va mé mét phan & phia sau? Dap (rng sé lai gitra loai bdo manh & phia sau va &
mdrc do hai bén thdp hon. Bay la ho micro cardioid (hinh trai tim).

Micro cardioid cho phép mot phan &m thanh dén dugc mat sau mang qua nhirng cong (port) bén
va phia sau. Chlng ta sé kiém tra didu nay theo ba phan. Dau tién, chiing ta di theo phan ap suét cua song
am (+) dén tir phia sau. Am thanh input céng va sau dé di chuyén chung quanh t6i phia trué'c micro. Hai
con dudng hoi tu: Ap luc duwong tir phia sau ddy mang ra bén ngoai, trong khi &p luc duong tir phia truréc
day n6 vao trong. D6 la sur triét tiéu hoan toan do phan cuc nguoc, phai khéng? Khéng hoan toan, vi muén
triét tiéu hoan toan yéu cau phai co gain déng nhét va bu phase 180° chinh xac. Ching ta cling khéng co
vay. Buong dan phia sau dén mang chan ngan hon phia truére. Bién phap théng minh 1a thém mé cung
nho vao vo micro gitra cong va phia sau mang. Diéu nay lam cham sy hién dién phia sau cho dén khi nd
hét theri gian dé t6i da hoa viéc triét tiéu. Tuy nhién, ching ta m&t mét vai dB béng cach 18y dudng céng
hon mat truwéece.

Diéu do co nghia la ching ta khéng thay sy triét tiéu nhu trén ly thuyét co thé nhurng trong that té
thuorng cé thé dat dwoc 20dB hay nhigu hon. Nguoc lai, &am thanh bt ngudn tir phia truéc sé dén truée
(va I&6'n nhét) & mat trud'c cia mang chan, phai mat nhidu théi gian hon dé dén céng rdi di xuéng phia sau
(theo th&i gian va mirc dd) di qua mé cung. Tin hiéu & phia sau mang chan khéng cé diéu kién chéng lai
luc & phia trwdre. Qua it, qua tré.

Su khéc biét gitra cardioid, hypercardioid va supercardioid 1a trong c&u hinh c6ng, thay déi ty 1&
gitra hai phan tir: hanh dong omni va hanh déng doéi huéng. Cardioid c6 ty 1& doi huwdng thdp hon (do do6
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bau s6ng sau bj kim nén) trong khi micro hyperand, supercardioid lai c6 nhiéu hon (lvu y sy twong dong
v&i mo hinh bidirectional 1a hinh sé 8).

2.2 Input va output (I/0) -- Inputs and Outputs

Hau hét thiét bi dién tir trong con dudrng tir micro dén loa déu chia sé déc diém giai doan input va
output chung (Hinh 2.3). Gitra phan I/O la mach duy nhét tach console mix véi bd can bang, v.v. Bay gid,
chiing ta chi phan loai cu hinh. Ching ta sé ngi tat ca véi nhau va truyén tin hiéu trong chuong tiép theo.

2.2.1 Input turong tu -- Analog input

Input analog nhan dang séng & output (dién thé va thdi gian) clia thiét bj analog di truéc. Phai tang
gain cho giai doan nay thich hgp dé theo d6i dynamic range day du cla tin hiéu input ma khong bi clip hay
thém tap &m qua murc. Input ctia console thudng ma rong (hay co thé thay déi ma réng) tir mirc micro (<
0.1V) va/hay tin hiéu input mirc line (< 20V). Input analog thuérng cdu hinh nhu 1a b dan dong phéan cuc
cén bang tro khang cao.

2.2.2 Input s6 -- Digital input

Input digital 1a bd ma hoa s6, nhan duwgc dong output cla thiét bi am thanh digital di truwde. Giai
doan input theo déi chudi nhirng gia tri tin hiéu dén. Phai cdu hinh dé doc dang séng da ma hoa, tirc 1a
may glri va may nhan phai dong y vé giao thirc truyén dir liéu.
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Hinh 2.3 C&u hinh input va output
2.2.3 Xu ly mach turong tur -- Analog processing

Mach xtr ly analog stra d6i murc tin hiéu, dap (rng tan sé, dap rng déng luc dap rng phase v.v.
Tur b6 loc co dién tré tu dién don gian dén bd can bang da giai doan, bd nén, gidi han, bo dinh tuyén, trén
bus, ma tran, bd tré twong tu (simple resistor—capacitor filter to multi-stage equalization, compressors,
limiters, routers, mix buses, matrices, analog delays) v.v. K& hoach xtr ly da giai doan phai theo déi can
than dién thé ndi bo dé duy tri dynamic range (ngan clipping gitra hay tap &m qua mirc nhirng giai doan).

2.2.4 Xur ly tin hiéu s6 (DSP)

Xtr ly tin hiéu s6 (DSP) stra déi murc tin hiéu, dap (rng tan s6, dap rng dong luc, dap (rng phase
v.v. Bidu nay bao gém tir digital twrong duwong v&i mach analog tiéu chuén ciing nhu nhirng ngoai lai khac
ngoai pham vi hoat déng cua analog. Vi tin hiéu xtr ly ki thuat sé néi b chi ton tai dudi dang gia tri s6.
Giai gain khéng analog nhu truy&n dan dién thé noi bo analog (gi¢i han bdi dién thé duwdng day DC). Noi
don gian, quy téc analog gitra giai doan analog khéng ap dung cho giai doan DSP néi bd, c6 thé tan dung
chi@u sau bit m& réng va/hay tinh toan diém néi. Nhirng gia tri phai trd vé giai gain tiéu chuén khi di dén
giai doan output dé truyén sang thiét bi ké tiép hay d6i thanh analog.
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2.2.5 Output turong ty -- Analog output

Output analog truyén dang séng sang mét giai doan input analog di sau. Giai doan output phai c6
tr& khang ngudn du thap va dién thé cao dé khién giai doan ti€p theo ma khéng bi clip hay thém tap &m
(noise) qua murc. Output analog thudng la balanced, khién ddy-kéo (push—pull). nén tranh output don
(unbalanced), trir khi chay day réat ngan.

2.2.6 Output so -- Digital output

Output digital 1a bd ma hoa s6, sé glri mot line output tGi thiét bi &m thanh digital theo sau. Giai
doan output theo déi chudi gié tri tr giai doan xur ly ndi bé di trude. Giai doan output phai cdu hinh hop ly
dé cung cép dang séng da ma hoa co thé doc dugrc tdi thiét bi theo sau, tirc 1a may giri va may nhan phai
déng y vé giao thirc truyén dir liu.

2.2.7 BO chuyén d6i twrong ty sang s6 (A/D)-Analog to digital (A/D) converter

B& chuyén déi A/D la giai doan tam thdi gilra input analog va giai doan xtr ly digital. B chuyén doi
A/D digital d6i dang song thanh chudi bién dé theo thdi gian theo gia tri thdi gian. Phai thu nho phia analog
cla phuong trinh nay thich hgp véi phia analog dé bao vé dynamic range va giam thiéu tap am.

2.2.8 BO chuyén ddi s6 sang tuong tyr (D/A) - Digital to analog (D/A) converter

B& chuyén déi A/D 1a d6i chiéu clia bo chuyén doi D/A, tinh toan cdu tao dang song analog (dién
thé/thai gian) tir bo con s6 gia tri theo khoang tang déu cua thdi gian. Cung mot ty xich, &p dung cho ca hai
loai chuyén doi.

2.2.9 Két hgp input/output (1/0) -- Input/output (I/0) combinations

Khi xuat hién CD, n6 da c6 nhiéu tén goi nhu AAD hay ADD, dinh dang ghi &m ban dau (analog
hay digital), dinh dang mastering ban dau (analog hay digital) va mastering cuéi cung (chi cé digital, vi d6 la
CD). Chung ta c6 thé lam diéu nay vai thiét bi xtr ly &m thanh, ngoai trir thi€t bi cho input, xtr ly va output.

Ca&u hinh I/O tiéu chuén la:

m AAA: Input, processing va output déu analog. Bon gian, hoc & trwdgng. Khdéng co do tré, hay khai
déng va ban c6 thé dura n6 1én khi tin hiéu khong di qua.

m ADA: Input analog, xtr ly digital va output analog. La hon dao digital trong thé gi¢i analog. Kha
nang DSP véi trang bi analog trén ca hai dau in/out. Binh dang phé bién cho delay doc lap,
crossover dién tir va DSP d&i ci.

m ADD: Input analog, xtr Iy digital va output digital. C6ng vao chubi ky guri digital. Hé théng
consoles va DSP sé co6 it nhéat vai input cho digital.

m DDD: Digital suét. Cung cap dudng trung gian véi analog béi nhirng thiét bj khac. Hé théng
console hién dai va DSP sé c6 it nhét vai input cho digital.

m DDA: Bo xtr ly digital c6 output analog (thi du ampli cong suét cé input va xur ly digital). Nhirng
cai khac sé la ly-a chon output c6 mure line analog trén DSP hay mixer.

m DAD: Bo xtr ly analog 16ng vao I/0 digital. C6 rat it rng dung (néu c6) cho céu hinh nay trong
[Tnh vure t6i ru hoa hé thdng. V& mat nghé thuat co thé co nhirng hiéu (rng dac biét ma chi analog
mai c6 thé lam. Chirc nang nay twong duong véi viéc chap va analog trong dudng dan tin hiéu
digital.
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2.3 Bo dieéu khién trén -- Mix Console (DESK)

Mixer la noi co tin hiéu input riéng biét tir micro, két hop thiét bi mdrc line va thiét bj digital dé tao ra
tin hiéu output: goi 1a trén (mix). Nhirng quyét dinh nhu can bang nhac cu la nghé thuat/chd quan hoan
toan, do do khéng nam trong muc tiéu ctia ching ta. Viéc phan phéi dang sdng output ctia console a quan
tam chinh, vi vay chlng ta sé nghién ctru mixer nhu nguon tin hiéu. Output cua console la input cho hé
théng am thanh. Chung ta phai biét nguon clia ching ta dé bao dam hé théng am thanh cé thé hoan thanh
nhiém vy phan phéi cta né (Hinh 2.4).

2.3.1 Giai doan input -- Input stage

Mixer c6 nhiéu input da t6i uu hda vé mic dé va loai tin hiéu khac nhau. Input micro ¢6 nhirng giai
doan pre-amp tang cao, input mirc line va input digital. M6i channel input chira hang loat chirc nang xcr ly
tin hiéu nhu diéu khién mdrc dd, can bang (equalization), v.v.

2.3.2 Giai doan tron -- Mix stage

Channel input don 1é c6 thé dinh tuyén dén bus mix dé két hgp v&i nhau, ap dung trén toan thé cho
t4t ca hén hop input chira & do. Output cuia mdrc mix bus ti€p theo, noi né tham gia v&i nhirng submix
khac. Co6 thé tiép tuc viéc nay v6 han cho dén khi giai doan nay di dén output.

Console flow chart (very simplified)
Inputs 1ton
Input | | Input nput || ‘ Single channel
charwel Preamp processing tevel |l | Direct out”“-—) direct output
Subgroups 1ton
i ' " Subgroup direct
Other Summing |_| Submaster |_} Submaster | Dicedt ot goutput
inputs bus processing level » 1
Outputs 1ton
Other ko Summing | | Output Master | | Output | 3 Master output
groups bus processing level | stage |
| Output | :
Other U Matrix = PUl 3 Matrix output
outputs | stage

Hinh 2.4 Ca&u truc cua console
2.3.3 Ma tran -- Matrix

Ma trén la mét bus trén dang ludi vai input la truc x va output la truc y (hay nguorce lai), va diéu
khién mirc d6 & nhirng diém giao nhau. Ky su mix co thé guri bét cir cai gi, dén bat cir chd nao. Diéu nay
c6 lién quan dén chién Iugc thiét ké va téi wu hda, vi matrix thurdng thurc hién bd phan phan phéi channel
cho hé théng dm thanh, thi du: Mot hé théng san khau vai hé thong loa Am thanh &m nhac stereo va am
thanh tiéng n6i mono. Ma tran lién két input &m nhac v&i output thich hop véi nd, va input tiéng noi dén
output tiéng néi. Matrix cing c6 thé lam cau néi nhidéu phan cua hé théng chia sé tin hiéu, chang han nhu
cho loa delay bang tin hiéu téng bén trai (L), phai (R) va tiéng noi.
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2.3.4 Giai doan output -- Output stage

Giai doan output cua mixer la diém vao cua hé théng am thanh, vj tri chinh trong quy trinh thiét ké
va t6i wu hoa. Pay 1a san phdm hoan chinh dé truyén, diém tham chi€u cho hé théng &m thanh: dang s6ng
input ctia chiing ta. Dang song r&i output ciia mixer nhu 1a tac phdm nghé thuéat va di vao hé théng am
thanh nhu tiéu chuédn tham khao khoa hoc. Cot méc quan trong nay sé dé cap dén & day la "Budong dan
nghé thuat/khoa hoc-Art/Science Line".

2.4 B6 xtr ly tin hiéu -- Signal Processors

Mixer c&p nguyén liéu cho b xtr ly tin hiéu cia hé théng loa. Vai trd cua b xtr ly 1a bu dang séng
cho nhirng hiéu (rng sé& xay ra ngay khi né di vao loa va phong. Nhiém vy la: EQ, thiét lap mirc do, do tré
(delay), phan chia tan sé (crossovers) v.v. Trong qua khir, da thyre hién diéu nay bang nhiéu series va cau
hinh song song cla thiét bj riéng biét, hoan chinh bang patchbays, ca nii day va jack néi. Trong twong lai,
day sé la mot s it thiét bi két n6i vai mot vai loai cable mang. Cap nhat: Twong lai da dén, nhung ching ta
van can phai biét du vé qua khir dé c6 thé diéu huédng nhirng hé théng hién co.

Sé trinh bay hoat dong bén trong cta bd vi xtr ly va (rng dung that t€ sau. Tuy nhién, cdu hinh téng
thé clia nd cé cau truc lién két input—xur ly-output nhu console mix, dd@ mo ta & trén. Hau hét hé thong hién
dai déu c6 bo xtr ly tin hiéu digital dang thirc "tat ca trong mét" danh cho DDD, DDA, ADD hay ADA.

Hé thdng 4m thanh c6 thé thurc hién viéc xtr ly clia n6 v&i nhiéu thiét bi, do dé tao ra nhiéu series
va céu hinh song song, cua AAA, ADA va nhiéu dinh dang khac. C&u tric tang Ién gitra nhirng giai doan va
phai theo dbi thiét bj ghép cén than trong nhirng trud'ng hgp nhu vay.

2.4.1 B0 loc — Filter

Bé loc (analog hay digital) c6 nhiéu kich c& va hinh dang, va c6 thé két hop lai dé tao bd can bang,
bé chia tan sé va nhiéu cai khac. C6 thé phan loai né vé co ban theo loai filter va bién thién tham sé.

2.4.1.1 Thém nghiéng -- Shelving

Filter thém co6 diém chuyén tiép, goi la tan sé cat (hay "goc") (Hinh 2.5). C6 thé diéu chinh giai bén
trén (hay dudi) tan sé cat di lén hay xuéng, v&i khéi lwong 16n (do do cé tén 1a thém), tir giai con lai. Ba
théng s6 dang dung: tan s6 cat, dé6 déc va mdrc d6. Thém cao lam tang toan bo giai trén tan sé cat bang
cung mét lrgng. D6 ddc cang 16n thi sy chuyén ddi gitra giai trén va dudi tan sé cat cang rd nét. Thi du,
thém cao co tan sé cat la 4kHz d&t & -6dB sé dat -6dB (mlrc thém) & vai tan sé trén 4kHz va van gitr tan sé
tang 1én. Sur lya chon d6 déc sé anh hudng dén mdirc do dat téi mirc 4kHz.

2.4.1.2 Cho cao/thdp qua -- High Pass/Low Pass

Filter cho cao qua (HPF) va/hay thap qua (LPF) cling c6 tan sé "géc" (Hinh 2.6). Giai trén (hay
dudi) tan s6 cat dang ngay cang suy yéu. Xac dinh ty 1& hao hut bang do déc (6dB/octave, 12dB/octave,
v.v). DO chinh xac va dap (rng phase chung quanh tan sé cat la san phdm cua dd déc cua filter (bang
6dB/octave tang) va cau tric lién két chinh xac cua né (Bessel, Butterworth, elliptical, Linkwitz-Riley v.v).

2.4.1.3 Bo lgc bang théng va b loc giai doan bién trang thai (SVF)
Band-Pass Filter and State-Variable Filters (SVF)

Hiém khi xtr dung bd loc bang thong va bién trang thai lam bo loc déc 1ap. Tuy nhién, nhirng bé loc
nay la nhirng khdi xay dung tiéu chuén bén trong bd can béng dé hoa (EQ graphic) va can bang tham s6
(Hinh 2.7). Khéng giéng nhu bd loc da thao luan & trén, né co6 tan s6 trung tdm vai hai tan s6 goc. BO loc
bang théng r&i khoi tan s6 trung tAm trén tat ca channel khac. Tan sé trong goc (diém -3dB) xem xét bén
trong bang thong. Nhirng cai & bén ngoai goc roi theo ty 1& phu hop v&i do déc cua bd loc, co thé la bac
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mot (6dB/octave), bac hai (12dB/octave) v,v. B loc bién trang thai la b loc bang théng co tan sé va bang

thong trung tadm diéu chinh dugrc.
Bang thong va Q

C6 hai thuat nglr xtr dung rong rai cho dé rong bd loc: phan tram bang thong va "yéu té chat

lugng-quality factor" (Q). Ca hai déu néi vé giai tan s6 gitra diém -3dB so vé&i mirc tan s6 trung tdm. Khong
cung cép bo loc that chinh xac nhur da bé sung. Tai sao? Sé xay ra cai gi néu bd loc khong co diém -3dB,

chang han nhu ting 2.5dB? Diéu nay doi hoi phai hé mét nhin trom duéi mui xe. Tin hiéu trong bo can

bédng theo sau hai dudng: dudng trure tiép tor input dén output va phan loc dura vao vong hdi tiép gitra no.

+18 dB : - -
A | Amplitude : -
gth
i 4t Variable level,
lg’l‘i[ : : constant slope
1st 1 (second-order)
0dB :
_ : : — -3
Variable slope and | : : [ 6 1 |
level (-3 to -12 dB) : ol 9
- H Fe=2 kH
18 dB Fe 350 z c 2 ra
+180° | Phase
0°
O . —
-180° : :

32

63

125

250 500 1k 2k 4k 8k 16k

Hinh 2.5 Dap (rng filter thém cua nhigu truorng ho'p khac nhau
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Third-order Type Il Chebyshev (inverse) Second-order Type | Chebyshev Second-order elliptical
0dB
HPF
o
©
=
=
4
< Stopband ripple but Passband ripple but Passband ripple and
a2l ™ passband ripple no stopband ripple stopband ripple
+180°
E 0° XA
£
o
-180°
32 125 500 2k 8k 32 125 500 2k 8k 32 125 500 2k 8k

Hinh 2.6 Ba thi du vé filter HPF va LPF, thuéng xir dung trong doan giao cat &m phd

Amplitude
0dB
-18 dB /2
+f°° Phase :
Fc=1kHz

' )
v Bandwidth ranging from 1/6™ to 2.0 octave

-180° :

32 63 126 250 500 1k 2k 4k 8k 16k

Hinh 2.7 B0 loc bién trang thai (diéu chinh tan sé, bang thdng va mirc do) cho thdy nhiéu cach cai dat bang
théng khac nhau. Bo loc rong (wide filter) bi anh huéng giai tan I&n nhét, trong khi b loc hep thi thay déi
phase la I&6n nhat. Day la nhirng khéi xay dung cia bo can bdng tham s6 (parametric equalizer).
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Bandwidth vs. Q
BW (Octaves) Q (rounded)
2 f 0.7
1.4 1
1 1.4
0.7 _ 2
0.5 A 3
0.35 (1/3rd) 4
0.25 (1/4th) 6
167 (1/6th) 9
0.125 (1/8th) | 12
0.08 (1/12th) | 18

Hinh 2.8 Lién quan gilra bang théng va Q

Kiém soat mirc do cho méi band, xac dinh s lrgng tin hiéu da loc ma ching ta dang dua trd lai
(tich curc hay tiéu curc) vao tin hiéu tryre tiép. Diéu nay cho biét két qua tich curc (tang) hay tiéu cuc (cat) dé
ndi va&i tin hiéu trure tiép day du. Thong sé vé bang théng hay Q xuét phat tir hinh dang bé loc ndi b (b
loc bang théng) trurdre khi no6 téng ho'p vai tin hiéu khéng loc. Viéc doc bang théng & mat trude thuorng
phan anh b loc trurde khi cong lai, vi trong that té, bang thong clia n6 sé thay doéi theo mirc do da stra déi.
Vai hang san xuét xir dung bang théng do dugc & mirc tang t6i da (hay cat) lam bang diéu khién phia
truwdre. DAy la thiét 1ap gan giong do doc bo loc bén trong nhat.

Su khac biét chinh gitra hai tiéu chudn nay la sy hiéu biét trirc quan. Hang san xuét cé vé tng hd
Q, dua tryc ti€p vao phuaong trinh thiét ké bo loc. Hau hét ngudi van hanh hé théng &m thanh dé hinh
dung 1/6 octave hon ho lam 9 Q (Hinh 2.8).

2.4.1.4 B6 lgc toan giai -- All-Pass Filters

Mach s&p x&p phase la tham sé b8 sung trong vai bé chia tan s8. Co thé lam tré tin hiéu tiéu chuén
hay nhu 1a bo loc phase dac biét, goi la bo loc toan giai (Hinh 2.9). C6 thé bu d6 tré tiéu chuén cho sy bu
co hoc gitra loa tan s6 cao va thép. BO loc toan giai cé thé diéu chinh @6 tré cho giai tan s6 cu thé nao do.
Tan s6 bang thong va tan sé trung tam do ngu¢i dung chon. Thudng xtr dung bd loc toan giai trong nhirng
irng dung da kiém soat nhu bd xur ly loa chuyén dung va loa active. B6 loc toan giai da trg nén pho bién khi
la cong cu b6 sung cudi cung dé t6i wru hoa hé théng. Co vai irng dung day hira hen nhu stra dap (rng
phase cho loa dé n6 tuong thich véi nhau. Ngoai ra con co tiém nang thi vi cho viéc diéu khién ludng hoi
tan sd th&p trong array bang cach chon (rng dung delay cho vai phan tir. Nhirng cong cu nhu vay doi hoi
ky nang cao hon so véi bo loc truyén théng nhigu. Khéng nén wu tién cho nhirng giai phap ky la nhu vay
hon muc tiéu chinh la sy ddng nhét trén khéng gian. Niém tin diéu chinh bd loc toan giai cho vj tri mix sé
mang lai lgi ich cho khach hang tra tién cling vo can clr nhu chién luge cho béat ky diém don nao. Trong
tuong lai sé c6 ngay hanh phuc khi chiing ta cé hé thong loa da t6i wu hoa rét tot, chi con nhirng diéu can
lam la diéu chinh bé loc toan giai.

2.4.1.5 Pap rng xung hiru han va bé lgoc -- Fir and Filters

Bd loc dap (rng xung hiru han (FIR) va bd loc dap irng xung vé han (lIR) la nhirng lua chon ky la
cho nhirng (rng dung dac biét. Vi t6i, toan hoc qua phirc tap nén t6i khong dua ra cach digéu ché don gian
hoa nhirng cai xay ra dudi mui xe. Vai trng dung c¢6 tiém nang ré hon mot chat, dang chu y nhét la diéu
huéng cho nhirng array loa. Toi khéng co du kinh nghiém dé do hay t6i uu hda hé théng diéu khién bang
déng co nay dé cung cép thém thong tin chi ti€t vao thai diém viét bai nay.
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+180°
A | Phase

Second-order all-pass,
bandwidth ranging from
1/6'" to 2.0 octave

00

v
-180°

32 63 125 250 500 1k 2k 4k 8k 16k
Hinh 2.9 Ho b6 loc toan giai
2.4.2 B6 can bang -- Equalizer

Equalizer (EQ) tao ra tir nhiéu filter da thao luan & trén trong nhirng cu hinh ndi ti€p va song song.
EQ graphic va parametric x(r dung viéc sdp x&p nhirng filter band-pass song song trong vong hoi tiép cla
giai doan khuéch dai gain cho tinh déng nhat néi bé. C4u hinh nay cho phép filter trung hoa, tang hay cat
pass-band di trong khi van dé nhirng khu viurc bén ngoai khéng bi anh huéng. Filter HPF, LPF va shelving
thuwdng dinh cdu hinh theo thir tur. Equalizers c6 thé chira bat ky hay tat ca irng dung bén trén vi xtr dung
n6 dé tao hinh dang giai diéu nghé thuat cling nhu t6i wu hoa hé thong.

2.4.2.1 Bd can badng tham sé -- Parametric Equalizer

Equalizer parametric xir dung cdu hinh song song cua filter state-variable (SVF). Ngu&i dung co
thé chon tan s6 trung tam, mirc do () va bandwidth. C6 thé xur dung nhiéu giai doan SVF, cho phép chiing
ta nén xtr dung nhiéu filter hon bao gid hét. Equalizer parametric la phan chinh yéu cla viéc t6i wu hda hé
théng.

2.4.2.2 Bd can bdng d® hoa -- Graphic Equalizer

Equalizer graphic xtr dung sy sap x&p song song nhiéu filter band-pass log-spaced (khoang 1/3
octave). Ngudi dung bi gi¢i han lya chon mirc () khi cai d&t ¢ dinh cho tan sé trung tdm va bandwidth c6
dinh. B6 tri bang diéu khién phia truéc tao ra an tuwgng nhirng thiét 1ap bién do cla tirng filter riéng twrong
(rng v&i hinh dang cua filter két hop, do do6 co tén |a "graphic equalizer". Trong that t&, sur twong tac gitra
filter 1an can co thé lam thay do6i dap (rng téng hop rét dang ké, that ra khdng dua sy phan doi vao bang
diéu khién graphic. Equalizer graphic cho t6i uwu hoa hé théng kém hon loai tham sé. N6 thich hgp nhét cho
viéc dinh hinh nghé thuat, noi sy thiéu chinh xac va tinh linh hoat cua n6 vurgt tréi hon nhdr dé thao tac.
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+18 dB H H

-18 dB 8"-order 2™ to 8" 4™-order 4'"-order
+180° g : :
A Phas:,e

Slopes ranging from 2" to 8"-order I

o*
v [Frwom Il . - 160 Hz | | F.= 2kHz I F, Z63kHz
-180° . . ' _

32 63 125 250 500 1k 2k 4k 8k 16k

Hinh 2.10 D6 thj ctia ho Equalizer multi-band
2.4.2.3 B can bidng da bang -- Multi-Band Equalizer

Co loai filter trong d6i méi da tré nén phé bién cho viéc t6i wru hoa, mastering va nhirng (rng dung
khac (Hinh 2.10). C4u truc lién két (topology) nay la két hgp cua nhiéu filter shelf (thém) chi tiét & trén.
Ngudi xtr dung c6 thé diéu chinh tach 4m phé nay thanh nhigu giai c6 tan s6 va do doc goc. Két qua la co
thé nang hay ha viing am phé, sé phéng hon la cé tan s6 trung tam khac biét. Equalizer multi-band mé
phdng kha nang diéu chinh mirc d va do déc trong nhirng phan cua hé thong loa nhigu way. Ngu i xor
dung chon tan s6 crossover va do doc gitra nhirng phan nay roéi diéu chinh mirc do theo y muon.

2.4.3 Pudng tré -- Delay line

Thuat nglr delay "line" xuat phat tir phién ban analog géc, noi ma tin hiéu chuyén vao nhiéu mach
dién chira, goi la Ir doan x6 (nhu clru hoa cé xuwra). Van dang xtr dung thiét bi analog cho pedale guitar,
nhung trong thé gidi digital ctia ching ta, "line" chira trong nhiéu bé dém nhé. Budng tré digital co ba
tham sé xac dinh: do tré t6i thiéu, do tré t6i da va dé chinh xac gia tang.

2.4.3.1 Do tré t6i thiéu (th&i gian chd) -- Minimum Delay (Latency)

bay la thiét bj xtr ly digital, vi vay ching ta biét nd sé co vai thai gian chd ¢d dinh. Néu giao dién
ngudi dung noi "0Oms" thi chdng ta phai doan ra cé nghia la thoi gian chd +0ms hay khi t6i goi né la
"OmsR" (mili gidy twong d6i). Thi dy, thiét bj cé gia tri thdi gian chd 1.5ms nay vi tham chiéu véi OmsR. Co
thé khia canh tuong d6i khdng quan trong, mién Ia tat ca dudng dan trong hé théng mang cling th&i gian
chd co ban. Tuy nhién, khong thé gia dinh diéu nay. C6 thé cd thdi gian bu (a) néu thiét bj analog trong hé
théng cua ban c6 thai gian chd curc nho so vai don vi digital, (b) néu c6 nhiéu mé hinh thiét bj digital trong
hé théng cta ban va (c) néu thdi gian chd bién déi. Bat ky yéu t6 nao trong s6 nay ciing c6 thé gay rac réi
khi k&t hop tin hiéu ttr nhiéu thiét bi khac nhau.
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2.4.3.2 Do tré t6i da -- Maximum Delay

Nhirng gi&i han nay déu la thurc hanh va kinh té tuyét déi. M&i khung &m thanh bj tré déu lam mat
bo nhé. Delay line déc lap sé cé phan bé bd nhé ¢ dinh va do doé co gi¢i han thei gian ¢6 dinh. Co ban,
c6 hai phurong an quan Iy diéu nay trong nhirng phan delay line cua DSP: (a) phan bé gi¢i han ¢ dinh cho
tat ca channel (xtr dung cho DSP két c4u c6 dinh) hay (b) cho phép ngudi ding Iwra chon pham vi gi¢i han
cho tirng truong hop cu thé, (xtr dung trong DSP c4u tric bién).

2.4.3.3 D6 chinh xac cua tré (tédng) -- Delay Resolution (Increments)

Ban chét digital cua delay line dat gi¢i han cho do chinh xac gia tdng & tan sé 1/nhip (clock). M&au
thoi gian tot nhat cho thi€t bj &m thanh digital 96kHz Ia .01041667ms, ma ching ta sé lam tron thanh
0,01ms (10usec). Trong that t&, hau hét giao dién sé cho phép tang linh hoat t6i da vi viéc cho ngurdi ding
tuy chon nay khong yéu cau bd nhé bé sung. Tuy nhién, vai hdng san xuét xur ly do chinh xac khi cai tang
I&én (thi du: tang nho khi cai tir 0 dén 10ms va sau do la tang tho trén dé). Bo chinh xéac t6i da & tat ca cai
dat rat ua thich cho t6i ru hoa hé théng.

2.4.4 Bo chia tan so -- Frequency divider

Bé xur ly (processor) tin hiéu nhan dang song toan giai (full-range). Loa mang I&n va loa nén nho
khéng thé tai tao toan bo giai &am tan mét cach riéng lé. Viéc cat dang song thanh nhirng giai t6i wu cho méi
transducer roi vao bd chia tan s, thuwdrng goi la crossover dién tir. Muc dich dé phan tich dang song dién
tlr, dua nd dén loa va sau do két hop no lai trong kndng khi. Chd xay ra giai tan s6 két hop tai t6 hop goi la
chd am thanh giao nhau (acoustical crossover).

BO chia tan s6 co6 hai phan (hay nhiéu hon), cé chira nhiéu filter high va/hay low pass (hinh 2.11).
Chung ta chia ra filter dac biét thanh hai phan: giai vuot-passband (ving khéng bj anh hudng) va giai
dirng- stopband (giai suy giam). Tan sé cat la diém chuyén tiép gitra nhirng band nay. Giai tan s6
passband du¢i stopband trong LPF va trén stopband trong HPF.

Phén loai bé chia tan s6 theo van hanh cla passband va stopband, v&i hinh dang giam téng thé
(d6 déc) cua stopband la dac diém ndi bat nhéat. Tuy chon dé déc tiéu chuén la tang boi s6 cua 6dB/octave
(12dB,18 dB, 24dB v.v). M({rc phan loai thir cap la filter topology, nhiéu trong s6 d6 mang tén clia nha toan
hoc thiét k& mach. C4u truc lién két (topology) khac nhau vé bién do va chi tiét phase trong ca passband
lan stopband.

0dB |—————— > :
.’."‘
LF passband _,,——" i HF passband
- - ~
F. = 850Hz p== =N S~Jd F. = 1100Hz
(-3dB) |———_ R (-3 dB)
| : \
HF stopband| | /| Fxoww = 1 kHz|| 1' LF stopband
(-6 dB) ‘
-48 dB | Amplitude . f

32 63 125 250 500 1k 2K 4k 8k 16k

Hinh 2.11 B6 chia tan s6
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Trén ly thuyét, khéng c6 dé déc hay su lyra chon topology "t6t nhat". Co thé tao ra phép chia doi
xtrng, néu tai hop lai bing dién thi sé téng hop véi bién do va phase phang hoan toan. Ciing co thé tao ra
két hop lai, bat d6i xirng, co thé sinh ra sy triét tiéu va dich phase trong ving crossover néu téng lai bang
dién. Nhirng su kién nay khong két luan ra cach két hgp t6t hon vi that té quan trong: Chlng ta sé két hop
hai thiét bi &m thanh khéac biét, khéng phai téng tin hiéu dién lai. Két qua la van dé két ho'p bién do va dap
(rng cua phase cta bé chia tan s6 va loa riéng lé. Mbi loa c6 bién do va hanh vi phase riéng, va chung ta
c6 thé chac chan vung trén cua loa tan thdp khéng phu hgp déi xirng va&i viung thdp cla loa tan cao. Do do,
chiing ta chi c6 thé xem xét hanh vi dién tir thuan tay cua bd chia tan s6 dén mot diém nao do. Cudi cling
chung ta sé can két hop no vai thiét bi loa that té (bao gom trong phan 4.3.4).

2.4.4.1 Tan sé cét (Tan sé Géc)

Tan sé cat la diém cat gitra passband va stopband, chd dap (rng da suy giam -3dB (hau hét
topology) hay -6dB (Linkwitz-Riley).

2.4.4.2 Pi8m giao tan s6 dién tir -- Electronic Crossover Frequency

Giai tan s6 chd low-pass va high-pass cé bién dé béng nhau la diém giao nhau (crossover) dién tcr.
Diém crossover chi xac dinh bai bién dé va khong nhat thiét phai c6 dap irng phase phu hgp. Mlrc dé binh
déng nay chi cé dién va khéng anh hudng dén do nhay cua loa khac nhau. Trong that té, crossover dién tor
c6 hay khong thé phu hop véi tan s6 crossover &m thanh (giai tan ma transducer LF va HF ¢6 mirc dé phu
hop). Crossover dién tir |a buéc dau tién hudng vé crossover am thanh t6i uru.

2.4.4.3 b6 d6c (Bac bo loc) — Slope (Filter Order)

D6 déc la ty 1é suy hao cua filter, tinh bang dB/octave. D6 déc khong dat duoc ty & thap nhat ngay
tai tan s6 cat va khong nhét thiét duy tri ty 1& nay dén vé han. Vi vay, ching ta c6 thé goi day la ty Ié "danh
dinh". Lya chon d6 déc chay theo 6dB (bac): 6 dB (bac mét), 12 dB (bac hai) v.v. Chénh l&ch gilra dap rng
cla bac mét va hai bat dau cham rdi maé rong ra xa diém céat. Tiép tuc huédng nay cho bac cao hon.

Crossover am thanh lam tir d6 déc bac thdp sé co sy chuyén d6i dan dan gitra phan tur tach ra va
két hop nhét. Ngugc lai dé d6c cao co thé hoan thanh quy trinh chuyén déi gitra hai nét trén thang &m
nhac. Trén that té, co6 nhirng uu va khuyét diém cho déc bac thap va cao. Quy trinh Iyra chon cho (rng dung
cu thé phai bao gém thiét bi loa da két hop.

2.4.4.4 C4u trac lién két -- Topology

Filter high- va low-pass tao ra nhirng déc nay, phat trién tor dau vai dién trd, tu dién va cudén cam.
Hinh thirc co ban nhét la dién tré/tu dién/cudn cam thu déng, goi don gian la high pass hay low pass "bac
x". Bay gi¢' chiing ta cé nhiéu Iyra chon analog va digital tién tién hon cua nhirng cong ty danh gia cao,
Bessel, Chebyshev, Butterworth va Linkwitz-Riley (Hinh 2.12).

Tai sao chung ta can topo khac? Tom lai, c6 vai thay d6i dap (rng phase cling nhu vai hién vat anh
hudng dén giai passband gan tan sé cat va cubi cung la dap (rng stopband xa vai octave. Nhin chung, hién
vat tré nén tram trong hon khi tang filter 1én. Kiém chd nghi ngoi nhanh l1a tang dé dich phase, bién dé dinh
gan tan sé cat (passband gon sdng) va quay lai trong dap trng stopband (stopband gon séng). Day la sy
so sanh nhu dang lai xe: Ching ta c6 khuynh hué'ng queo sang trai mot chut truée khi quay sang phai.
Filter cua ching ta dang tao ra mot bude di xudng va no cang sac nét, thi 16i Ion 1a cia hé théng lai.

Cho high qua/cho low qua -- High pass/low pass

DAy la nhirng mach don gian nhéat. Phién ban bac nhét la mach RC don, bac hai la hai trong s6
bac nay va trd di. Filter high- va low-pass thong thud'ng c6 chuyén ti€ép dan dan giltra passband va
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stopband. V&i loai filter nay, khu virc chdong chéo gilra nhirng phan tir két hgp cé thé cao nhét. Trong that
t€, hiém khi chlng ta thay xtr dung filter high- va low-pass tiéu chudn vugt qua bac hai.

Bessel Butterworth Linkwitz-Riley
First- to eighth-order (6 to 48 dBloct.) First- to eighth-order (6 to 48 dBloct.) Even orders (2™ to 8™), (12 to 48 dBloct.)
0ds | Amplitude S T
24
36
-48 9B .-y T e
T Fo= 10z Eo=1kMz
350" i
HPF phase HPF phase HPF phase
o R — 29 a8z o
LPF phase LPF phase LPF phase
-360"
720" i H
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Hinh 2.12 Xt dung nhiéu filter ¢ topology khac nhau trong crossover &m phé
Butterworth

Xuét phat tor Stephen Butterworth nam 1930, filter nay da dat dwgc do tang sac nét trong giai
chuyén tiép véi hién vat t6i thiu trong passband hay stopband. C6 thé xir dung filter Butterworth cho ca
hai loai bac, chan l1an 1&, va xtr dung kha phd bién. Vo 6ng ta néi tiéng v&i banh kép-pancake bac nhat.
(topology pancake la phang — song song — ND).

Bessel

Ho filter Bessel c6 sy chuyén d6i mirc do dan dan va tré phase rat nhé. Ung dung bj chdng chéo
c6 thé cho phép xtr dung thanh céng nho filter Bessel.

Chebyshev | va Il

Ho filter Chebyshev c6 su chuyén déi déc curc ky gitra nhirng band. C6 ggn song dang ké (peaks
va dips gan tan sé cutoff) trong cé hai loai. Chebyshev loai | c6 go'n trong passband (tinh ning bat hao déc
biét cho (rng dung cla chung ta) va loai Il tao ra gon trong stopband. Sau khi giam mrc dd nhét dinh, dap
(rng tang tro lai roi sau do phan I&én sé giam xuéng.

Hinh elip

Filter hinh ellip ngdm con cao hon Chebyshev va c6 gon song dang ké (peak va dips gan tan sé
cat) trong ca passband Ian stopband. Phai can nhac nhirng uu diém co thé cho quy trinh chuyén déi sac
nét curc ky nay véi nhirng khuyét diém nhét dinh cua dap rng gon song.

Linkwitz-Riley

Filter topology Linkwitz-Riley (L-R), c6 thé la bo chia tan s6 phd bién nhét, tao ra béi tirng cap filter
Butterworth. Filter L-R bac hai lam tor m6t cap filter Butterworth bac nhat. Diéu nay cho thay can hiéu biét
sau sac vé ly do tai sao filter L-R xtr dung diém -6dB (2 * -3dB) lam tham chiu dé déc cho no. Filter L-R
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gitr lai tinh nang it go'n séng cua Butterworth nhung cho phép cé dé déc Ién hon. B6 sung thém dap (rng
phase cua high-va low-pass, cho phép két hop tap hop nhiéu filter HP va LP lai thanh t6ng dién phéng.
Luru y: Phién ban thir hai doi hoi phai dao phan curc gitra nhirng phan dé két hgp dong phase vai nhau.
Filter L-R bac bén (24 dB/octave) la két hgp do déc/topology phd bién trong &m thanh chuyén nghiép. D6 1a
tirng cép filter bac hai Butterworth mét. Thud'ng xir dung cai nay cho (rng dung nao muén c6 dé choéng
chéo t6i thiéu. Nh¢ lai, san phdm cudi cung la sép x8p am gilra nhirng thiét bj &m thanh chura tirng co.
That ra, c6 thé két hop filter L-R c6 tong dién hoan hao, khéng bao dam am thanh téng cong sé hoan hao.
Ho L-R mé rong dén béac tam (48dB/octave) va bac mudi sau (96dB/octave), ldy tir cap filter Butterworth
bac b6n va tam. N6 cd ich cho (rng dung nao chi bo di 95dB l1a khéng du.

2.4.5 Kiém soat mirc d§ output -- Output-level control

bay la mach kiém soat gain, diéu chinh mirc output. Phién ban digital c6 thé c6 tinh khong lién tuc
nhung thudng chi & nhirng bug'c di nho (thudng 1a 0.1dB) va chi thi rd (bang dB) trén mat may. Phién
ban analog c6 thé dao dong tir chinh xac dén rat chinh xac va lién tuc (theo tirng model, tirng channel). Ky
hiéu trén giao dién ngudi dung (mat may) cho nat digu khién mirc do analog bao gém tir chinh xac (béng
dB) dén "ho nghi dén cai gi?" (0-10, danh dau cho ngudn khong rd va hon nira). Thuong ghi lai nat diéu
khién mirc analog (khoang réng, do chinh xac thdp nhung do trai kha déu) hay trong trud'ng hop tuyén tinh
dac biét (46 chinh xac cao trén giai 10dB cho goc quay 120° va roi nén rat manh cho phan con lai clia vong
quay).

2.4.6 B§ giéi han va nén -- Limiters and compressors

Limiter va compressor gitr bién dé trong gi¢i han hoat déng clia hé théng. N6 theo déi dang song
va giam tin hiéu tich cuc khi can, do do lam giam gié¢i han bén trén dynamic range. Giéng nhu ban tay ty
dong trén fader, s&n sang giam mirc mét chat néu moi cai bi quéa Ién. Buzz-kill déu trong mét cai hop.

Compression khac véi limiting, chu yéu bang hang s6 thoi gian, lién quan dén viéc mé phong ban
tay dich chuyén va khoan dung cta quy trinh ra quyét dinh. Theo quy tac chung, limiter thuc hién sy suy
giam c6 toéc do nhanh va cirng hon so véi compressor, cham va xp. Co thé xir dung mét trong hai cach
nay dé diéu khién toan giai dong luc hay trong giai tan chon loc. Hay cé thé xtr dung cho viéc tao hinh
déng luc nghé thuat nhung phan I6n dung limiter lam bao vé loa. Trong tdm cla chdng ta s€ la béo vé va
do db limiter nam ¢& giai doan gitra.

2.4.6.1 Tham s@ cua Limiter -- Limiter Parameters

Limiters la thiét bi didu khién dién thé. N6 cung cép cho loa sur bao vé co6 thé 1a giam dién thé (dién
thé x cuorng dd) nhurng tac dong dan dat chi trong mién dién thé. Dy doan phuong trinh dién dyra trén dién
thé va cud'ng do mong mudn (hay tré khang). Limiter digital hoat déng trén gia tri bién do, tvong duong
vGi bién déi dién thé.

Mach limiter trong trang thai nghi, nén Ia thiét bj c6 dién thé gain dong nhat. Khi an khép, mirc
output bj bit va gain rong nhé hon dé déng nhat. Tom lai, chi can nang tin hiéu input Ién nhung van gitr
nguyén output: sy mét dién thé gain nay, thud'ng hién thj trén mat may cé tén goi la "gain reduction”

Ngud&ng -- Threshold

Khi dang song vurot qua ngudng dién thé, limiter sé chuén bj hanh déng. Hanh dong c6 thé nhanh,
tham chi nhanh nhu mach cé thé dap trng: hanh déng nay goi la gi¢i han dinh (peak limiting). Nhiém vu
chinh cua han ché dinh & phong ngira su ¢6 co hoc do quéa céng thang hay nhirng cang thdng cuc doan
khac. Ngoai ra, ¢ thé b6 sung mot thanh phan thei gian cho viéc xac dinh, chd xem tin hiéu nam qua lau

FR "
Sound & Lighting



Chwong 2

trén ngudng trurée khi giam marc dé. Loai giGi han nay c¢8 géng theo déi mirc tiéu hao nang lurgng trung
binh chir khéng tire théi. Goi la gigi han rms, nhiém vu chinh la ngan cudn day trong loa qua nong .

Cham va tha -- Attack and release

Attack va release la thuat nglr mo ta thai gian bat dau va thai gian ngirng cda limiter. Mot khi da
pha v& ngudng, bat dau trinh tu thoi gian dau tién: Bat dau han ché néu tin hiéu & trén qua lau. Quyét
dinh ti€p theo la khi nao nglrng viéc han ché. Néu dirng han ché & thdi diém dau tién dang song roi dudi
ngudng, nd cé thé bi bude tré lai vao han ché mét thdi diém sau doé khi dang song tang trd lai. Ngurdi choi
guitar sé nhan ra am thanh diéu bién bién dé nay nhu la hiéu trng "tremolo", ma chdng ta chi mudn thém
vao hé théng chinh néu chiing ta dang lam nhac khiéu dam. Do do thai gian release han ché thudng dai
hon thoi gian attack. Ching ta muén bao dam da c6 am thanh "tat ca ro-all clear" trudc khi release limiter.

Khoang thai gian khai phat limiter peak ua thich ndm trong giai <20ms va release >100ms. Limiter
rms sé tham gia vao giai >100ms va cé th&i gian release cham hon.

2.4.6.2 Chirc nang b6 han ché -- Limiter Functions

Chung ta dang tap trung vao limiter, c6 nhiém vu bao vé hé théng loa chir khong la nhirng hiéu
(rng dac biét bén ngoai trong Iinh vurc nghé thuat. Trong gi&i han nay, limiter c6 hai chi thj chinh: ngan
ngtra sy ¢ co hoc (limiter peak) va ngan ngtra sy qua néng (limiter rms).

Loa c6 thé bi hong co hoc chi trong mét [an dich chuyén. Néu day ra ngoai qua xa, cudn day sé
nhay ra khoi khe hé. Tut vao bén trong qua nhiéu, né sé cham c&u tric nam cham. Mt trong hai cai nay co6
thé 1am vénh cuén day va ching ta bat dau sdp xép dam tang. Ching ta cé thé lam bong cdu két keo, gidy
rach, titan bé, cao su qua céng hay vat liéu nao tao nén céu tric di chuyén cua loa. Lam sao chung ta cé
thé bao vé loa khoi nhirng nguy hiém nay? Suy giam ampli hgp Iy va gidi han diém peak.

Cudbn day loa c6 day nhod, dé dirt, mong. N6 c6 thé bj qua nhiét, chay ra va bj chay. N6 bj tén hai
trong vong day quén réat chét, néu chét cach dién bj chay c6 thé bi cham, [an lwgt tirng vong mot. Nhiét la
ké thu. Ching ta xac dinh lwgng nhiét tan trong mach AC nhu gia tri rms. Thiét k€ mach han ché dé ngan
nglra quéa nhiét, thiét lap ngudng clia nd dyra trén gidi han nhiét tinh cua loa. Pay la nhirng han ché rms.
TruGce kia, xtr 1y bao vé loa bang ampli cong suét.

Lam sao bay gio'? Thuyrc hién viéc nay bang cach giam manh céng suét dén loa, do do, tin hiéu
khong co6 du luc dé (rng suét co hoc hay du cudong do 1au dé lam chay cudn day. Ban than loa da c6 do
méo rdt cao nén am thanh khién ampli dén d6 cat khong ré rang nhu cudng do. Két qua 1a &m thanh bi
méo, nhung show van ti€p tuc va ching ta da lam vay cho dén hét.

Trong ky nguyén hién dai, ching ta da thay kha nang cong suét ra cua ampli lam phat nghiém
trong va lugng nho hon trong thé gidi cudn day loa va co khi. Chung ta cling c6 ky vong tinh tuyén tinh
(nghTa la d6 méo thdp) cao hon. Néu bo méac thiét bi, hay ding hon, khong bé sung bét ky thiét bj nao,
ampli s& gianh chién thang trong trd choi nay. Thiét bi cho phép ching ta trén khoi viéc bj loa ap dao 0 at 1a
limiter (Hinh 2.13).

2.4.6.3 Vj tri Limiter

Cé hai lyra chon: trurdc hay sau khi chia tan s6 (trwéc hay sau khi crossover).

Truéc crossover -- Pre-crossover

Vi tri nay dan déng limiter v&i tin hiéu input full-range (Hinh 2.14). Cai nay nén toan bd am phé
ngay khi chi cé giai tan nao d6 vuot ngudng. Viéc nay sé thich hop cho viéc bao vé loa chi khi loa la full
range (hay co crossover passive). Limiter multiband ton tai tach tin hiéu thanh nhiéu giai c6 tirng ngudng
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riéng roi cdng nhirng tin hiéu do lai. Cai nay thuong xir dung trong phat song dé t6i da hda mat do truyén
nhung khong thich hgp cho hé thdng pro-sound.

Input Limiter Output

.

Light dependent resistive circuit shunts the
input signal when feedback level is high

Adjustable
level
feedback path

1
-

Hinh 2.13 So d6 d6 gian thé vé mach limiter

Dat limiter truéc bd chia tan s6 active co thé lam giam hiéu suét dang ké bang viéc giam dynamic
range. Trong that té, viéc nay c6 thé gay nguy hiém, thay vi bao vé hé théng loa. Lam sao lai xay ra diéu
nay? Khi ddy va tang limiting cho hé théng, yéu t6 peak (ty s6 peak dén ty I& rms) giam. Mat dé tin hiéu
tang (séng vudng day déc hon song sine), tai nhiét tang Ién va khong cam thay hé thdng I&n hon gi ca. Roi
hé théng lai bi ddy manh hon: vong tron cir luén quén.

Limiting cho full-range khéng phu hgp vé&i muc tiéu chinh cua chdng ta (bao vé tirng loa) vi né phat
tdt ca chi vi mot vi pham. Trir khi c6 thiét bi tach biét &m phé thanh nhiéu giai dé limit riéng 1&, ching ta co
thé nghi toan bd dap (rng sé bi limit, bat ké no 1a high-hat hay tréng kick dang day dén canh limit.

Post-crossover

Vi tri sau crossover cho phép limiter diéu chinh cho ampli va loa phia sau chinh xac (nhu hinh
2.14). Chlng ta c6 thé t6i da hoa dynamic range bang cach chi limit loa nao trong hé théng hién dang déi
mat v&i tinh trang qua tai. Néu dang day loa giai cao 1én, chiing ta mudn t6i da hoa bao vé cho nd, khong
phai cho loa subwoofer.

2.4.6.4 B han ché (gi¢i han) vong lap hoi tiép -- Limiter Feedback Loop

Hay hinh dung dudng dan tin hiéu la A-B-C (Input-Limiter-Output). Tat ca d&u c6 gain dong nhét.
Output c6 dudrng dan vong 1ap hoi tiép tro lai limiter. NEu C c6 mirc d6 qua cao thi mdrc tang tai B sé giam.
M6t khi mirc C roi xuéng du¢i ngudng dat tai B, mirc tang tai B sé trd lai vai sy dong nhat. Co mét vai so
do bo tri vong lap hoi tiép C-B, c6 vai cai hoan thanh trong mach limiter va thiét bj khac, bao gém toan bo
thi€t bj cu6i ngudén nhu ampli cong suat. Bay la giai doan cudi cling, can phai thuan hoa dién thé output cua
ampli cong suét. Vi vay, ching ta phai do truec tiép hay co6 phwong phap uéc lwgng chinh xac vé no.

Dé hinh dung ra diéu nay, ching ta hay trd lai mo hinh A-B-C va ndi, ching ta da dat ngugng +10
dBV la mirc cao nhat cho phép. Luu y, vi C ¢c6 gain déng nhét, sé khong thanh van dé néu ching ta dong
vong hoi tiép (feedback loop) sém hon, thi du tai diém néi gitra B va C. Két qua sé giéng nhau vi mdrc input
va output & C la nhu nhau. Ngudng gigi han dat & mirc +10dBV va mirc t6i da & output clia B hay C la
+10dBV.

Bay gio hay dat gain 20dB (10 x) trong phan C. Bay gid van dé liéu ching ta c6 tham chiéu input
hay output ciia C. N&u chuing ta xtr dung output cta C, van duy tri mdrc output cudi cung giéng nhau
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(+10dBV). M(rc t6i da ndi tai B la -10dBV nhung output cudi cung & C van 1a +10dBV. C6 trong chubi tin

hiéu, nhung n6 dugc dua vao tai khoan cta so do nay.

Né&u chung ta xtr dung diém tham chiéu ndi b (B) thi sé c6 thém 20dB & output cudi cung hon l1a

tim thay trong feedback loop. Mirc & B sé kep tai +10dBV trong khi C sé dua ra +30dBV!

Pre-XOVR predictive limiter

g >

— >< Amplifier

Post-XOVR predictive limiter

-

Limiter Amplifier
— =]
Freq Divider =
>< Limiter Amplifier | | |
—— '\p
T =

Amplifier feedback limiter

—

Limiter |
Eﬂ
Freq Divider === ke
>< lLu{ntcr Amplifier
[~
=

Limiter Freq Divider \

Hinh 2.14 Biéu do6 Iuu lugng limiter. Vi tri trwdc va sau crossover va hién thi loai hoi ti€p (feedback) cua

ampli.

Tl day co vai kha nang. Lira 1a mot. Ngoai ra ching ta c6 thé gitr diém tham chiéu B, nhung yéu
t0 gain cua phan C nhu déa biét va giam téc do clia ngudng limiter xuéng 20dB. Két qua la -10dBV tai B va

+10dBV tai C. By gi¢ chling ta c6 thé thao kinh bao hd. Néu chung ta khong biét vé gain, hay né co thé

thay déi ma khéng can théng bao, thi so' d6 giGi han cua ching ta sé trg thanh dy doan mo

(guesstimation), vién canh dang so cho hé théng loa cua ching ta. Nguyén tac limiting don gian chinh xac:

Giai doan déi gain phai nam trong vong lap, nhung co thé xac dinh giai doan gain la sau vong lap.
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2.4.6.5 Ampli hoi tiép 4m (Khong-Dy bao-bBa biét) --
Amplifier Negative Feedback (Non-Predictive-Known)

DAy la cach tiép can hoi ti€p hoan toan, mang output ctia ampli dén b xtr ly mirc line, giai doan
limiter sau crossover. Ampli cdng suét quay tré lai, giam xuéng mdrc line va ha ty 1&é ngudng cho phu hop.
Do do dién thé gain cua ampli 1a tham s6 da biét, ngay ca khi ngudi xtr dung diéu chinh. Phai tinh mdrc do
clip cua ampli trong mirc hoi ti€p dén limiter. Xay durng cach ti€p can nay chung quanh bd xtr ly va loa da
biét va ampli chura biét (va bién déi). Trong thoi dai hién nay, viéc it xtr dung viéc nay da phé bién hé théng
ty cap ngudn va hé thong c6 ampli riéng véi bo xtr ly va loa cu thé.

2.4.6.6 Ampli chuyén dung (Dy doan-da biét) --
Dedicated Amplifier (Predictive-Known)

Ampli chuyén dung xtr dung phuong phéap tiép can hoi tiép ban két (semi-inclusive feedback), dua
input ctia ampli da biét dén giai doan limiter sau crossover tr¢ lai. DAy 1a cach thurc hanh tiéu chuén trong
loa active va hé théng loa c6 ampli/xtr ly riéng. That t&, co thé vong 1ap hoi tiép trong dudrng dan tin hiéu
sém hon input ampli, mién 1a gain cudi dwdng van c6 dinh va da biét. Néu ngu¢i dung diéu chinh mac
khuéch dai, vong lap hoi ti€p (feedback loop) phai la post-gain. C6 thé khéng cam nhan ampli dang clip
(néu cho phép) néu diém loop & trurde giai doan khuéch dai cudi cung. Nhiéu hé théng hién dai ung ho
cach ti€p can nay dé t6i da hoa dynamic range, dé xtr dung va c6 do tin cay.

2.4.6.7 Ampli khéng chuyén dung (Dy doan-Khéng biét) --
Non-Dedicated Amplifier (Predictive-Unknown)

Co thé xur dung céach ti€p can thong tin hoi ti€p khép kin vai ampli néi chung. Ngudi dung phai cai
ngudng dé bao vé. Co thé dat mach han ché trong ampli hay ngug'c dong trong quy trinh xtr ly. Cai dat
ngudng phai xem xét nhirng bién ma liét ké & day theo thir bac dudng dan tin hiéu: cai crossover (anh
hudng dén hoat dong/tai nhiét), tang gain output cho bd xur ly (d&nh hudng dén cai dat ngudng), tang dién
thé gain cho ampli (cai ngudng), kha nang nguén cua ampli (dnh hudng dén truyén/tai), mirc dé loa
passive va cudi cung la loa (rms va kha nang peak). Néu ngudi dung stra déi thong s6 nay, phai thiét 1ap
bu trén limiter cho phu ho'p (Ién hay xuéng). xay ra clipping (néu cho phép) bén ngoai vong lap va khéng
duoc tinh vao mdrc hoi ti€p dén limiter.

Khéng can ndi, churang trinh nay c6 hau hét bién s6 mé cua tat ca tuy chon. B6i vai vai diéu, cang
lam cho n6 hdp dan hon, trong khi vai digu khac (nhu t6i) lai nhin thdy tinh huéng khoé nhai.

2.4.7 Didu khién Line (khuéch dai phan phdi) -- Line driver (distribution amplifier)

Diéu khién line va khuéch dai phan phdi la khuéch dai tin hiéu di qua, x&r dung cht yéu cho nhirng
hoat déng analog dai. N6 c6 bd khién output tré khang thap dé giam thiéu hao hut trén duwdng day va t6i da
hoa mién dich tap am. B6 khuéch dai phan phdi 1a bo chia active, diéu chinh dwgec mac khuéch dai. Xur
dung no tir hoi xua, lic consoles va crossover khong thé chay day dai hay ma tran output thiéu linh hoat.
Ky nguyén digital d& lam cho nhirng céi nay 16i thi hoan toan.

2.4.8 B0 didu khién loa chuyén dung -- Dedicated speaker controller

Vai hdng san xuét cung cép thiét bi mirc do line (analog hay digital) c6 mach dap (rng va gi¢i han
chuyén dung dé lam viéc v&i mét hay nhidu loa déc biét (Hinh 2.15). Loa da két hg'p v&i bo didu khién
chuyén dung va bé khuéch dai tiéu chuén sé thanh "hé théng". Bo diéu khién bao gbm nhirng chirc nang
quen thudc: cai dat mirc do, chia tan s8, can bang, sap x8p phase va gii han, tit ca déu cdu hinh sdn va
dat cung mét chd. Nhiéu thiét bi xir dung hdi tiép am (negative) tir output ctia ampli dé han ché.

FR g
Sound & Lighting



Chwong 2

Huéng gan day da giam do phé bién cua nd. DSP chung do bén thir ba cung cédp hau hét chirc
nang kiém soét, thudrng véi dé xuat cai dat tai xwdang. U'u diém bao gém chi phi twong déi thdp va do linh
hoat cao. Khuyét diém bao gém thiéu dap trng tiéu chudn do dy dinh, hay khéng chu y (sai lam ngé ngén),
chuyén biét hoa theo yéu cau cai dat. Tham chi phuwong phap tiép can nay dang dan dan mét di lgi ich cua
viéc dat mach diéu khién loa trong cung vo may (chassis) vai ampli, ¢ thé & trong rack hay trong thung loa.
Luu y: Khdéng bao gio tin ho da nap céu hinh chinh xac vao do.

2.4.9 Bo khuéch dai chuyén dung -- Dedicated amplifiers

B6 khuéch dai chuyén dung dung dé lam viéc véi mot hay nhiéu model loa cu thé, két hop lai v
nhau dé tao ra "hé théng" (Hinh 2.15). Day la bd digdu khién loa chuyén dung da mo ta & trén, két hop véi
bo khuéch dai c6 thong s6 da biét va quy mo cong suét thich hgp. Co thé gia dinh chuong trinh han ché dé
biét gain cua vong 1ap khuéch dai. Hang san xuét co6 thé lam ra nhiéu model loa, xir dung chung bd khuéch
dai danh riéng, c6 thé chon cau hinh trong thu vién phan mém. Luu y: Khong bao gid tin ho da nap céu
hinh chinh xac vao do.

Dedicated speaker controller Generic amplifier Speaker

Line level (or digital) input >
Amplitude/phase correction

\ HF ampliifier
Active crossover LF amplifier
HF limiter Speaker level output
LF limiter £s v ;

Dedicated amplifier

Line level (or digital) input
Amplitude/phase correction
Active crossover
HF limiter and amplifier
LF limiter and amplifier
Speaker level output

4

Self powered speaker

Line level (or digital) input
Amplitude/phase correction
Active crossover
HF limiter and amplifier
LF limiter and amplifier

=N I =]JAn

Hinh 2.15 B6 khuéch dai chuyén dung va loa tu van hanh
2.4.10 Loa chl dong (tr van hanh) -- Active (self-powered) speakers

Phién ban digu khién loa chuyén dung cudi cling la bé chia tan s6, gi¢i han, dudng tré, diéu khién
mirc d6, bd can bang dién tir va b khuéch dai cong suét trong mét thiét bi két hop vai loa trurc tiép (hinh
2.15). Loa self-powered hay "active" c6 bd bién s6 khép kin: bo didu khién da biét, thung loa, sy dich
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chuyén vat ly da biét, chuyén chd va tan nhiét t6i da. N6 co6 thé t6i uru ndi bo cho bién dé tuyén tinh va dap
irng phase, phan curc tiéu chuén va bao vé dynamic range day du t6i da cho no.

Loa active t6i da hoa tinh linh hoat cho phan khu hé théng, tirc 1a s6 lugng loa active bang sé
channel va tuy chon phan khu. Ngugec lai, loa chay ngudn ngoai thudng chia sé t¢i bén diéu khién trén moi
channel khuéch dai cong suét va do do giam do linh hoat ctia phan khu.

Chung ta sé dé lai viéc bién ho cho loa active hay nguén ngoai (passive) cho hang san xuét. Sé luu
y sy khac biét chinh khi n6 anh huwégng dén chién luwgre t6i uru hoa va thiét ké cua ching ta. Ching ta xem
xét "hé théng loa" rdi hoan chinh bang b6 chia tan sé; han ché bé khuéch dai cong suét va loa da bao gém,
bat ké n6 da co tat ca trong cung thung loa khéng.

2.5 Mang Sé -- Digital Networks

Mang am thanh k¥ thuat s6 la hé théng van chuyén va phan phéi. Am thanh di chuyén theo dang
thirc dong géi va khéng co sén cho nhirng hoat déng nhu equalization, mixing, v.v. Chang ta khéng bao
gid thich equalization va mix trong tap &m ma s¢i day da cong thém vao &m thanh analog, vi vay chdng ta
sé& khong phan nan. Mang di chuyén géi tin &m thanh tr cng t&i cong (port), noi nd co thé giai nén va sén
sang cho hoat dong am thanh.

Can phai nam bét ré dé thdy hé théng &m thanh tr& thanh mang day du tor micro dén loa. Ching ta
hay phan loai nhirng phan chinh theo nghia rong.

2.5.1 C4u trac mang -- Network structure

Mang la gia dinh dia phuong, két n6i ngudi ndi va nghe. Ching ta cé thiét bj két néi gitra nhiéu
mang khac nhau (bd dinh tuyén-router), thiét bj di chuyén dir liéu gitra nhiéu thiét bi trong cuing mét mang
(switch) va thiét bj két n6i ngudi noi/nghe dén thiét bj khac (giao dién hay céng). Viéc phan loai co ban
nhat gitra nhirng loai mang la gitra mang cuc b6 (LAN) va mang dién réng (WAN). Mang LAN la riéng tu,
céu trac cé trdng bao, noi céd thé diéu khién giao thdng cho phu hg'p vé&i nhu cau cla ching ta. WAN la
thé gi¢i hoang da bén ngoai mang LAN nhu nhirng dudong cable quang, chia sé gitra tda nha hay néi v&i
Internet. Mang &m thanh k¥ thuat s6 chuyén dung c6 nhirng can nhac thi gian khdn cép va do dé yéu cau
xtr dung cdu trdc lién két LAN dé quan ly truyén dan. Bét ky két ndi hién thj quan trong nao sé nam bén
trong mang LAN, trong khi ludng phat séng clia churong trinh cé thé di ra ngoai dén WAN.

2.5.2 Téc do/bang thong mang -- Network speed/bandwidth

Phan loai mang theo s6 lwgng dir liéu ma né co6 thé chuyén trong mét gidy. Mang hoat déng & toc
dé 1Mb/gidy (con goi la bang théng 1MHz) co6 thé truyén tai mot file co kich ¢& 1Mbit hay 10 file c6 kich c&
100 kb/giay.

m Ethernet (10BASE-T): Mang 10Mb/gidy, xtr dung rong rai cho am thanh digital tir cugi thap nién
1990.

m Ethernet (100BASE-X): Mang 100Mb/gidy, xtr dung trong nhirng hé théng cd.

m Gigabit (1000BASE-X): Mang 1000 Mb/gidy, xir dung phé bién nhét.

m 10 Gigabit: Mang 10.000Mb/gidy sé& xtr dung (hay thay thé) vao thi diém ban dang doc.
2.5.3 Thiét bi mang

Phan loai thiét bi n6i mang theo vai tro van chuyén va phan phéi cua né (Hinh 2.16).
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m Giao dién (céng)- Interface (port):: Piém ndi gidra thiét bj bén trong mang, c6 chirc nang két hop
input va output.

m B6 dinh tuyén-Router: diém néi gitra nhiéu mang. D4i khi b dinh tuyén phai chuyén déi dir liéu
gitra nhiéu cau hinh mang khac nhau.

m Hub: Thiét bj khong phan biét, cé kha nang néi nhiéu thiét bj trong cung mét mang. Tin hiéu gtri
dén giao dién (cdng) roi truyén dén tat ca giao dién. Switch da khién hub thanh 16i thdi trong hé
théng hién tai.

m Switch: Thiét bj phan biét, cé kha nang néi nhiéu thiét bj trong mdt mang duy nhét. Tin hiéu guri
dén giao dién (cong) roi truyén t&i giao dién (c6ng) nao chdp nhan.

m Repeater: Ban sao giao dién (port). Thu nhan tin hiéu tai mét cong va chuyén lai nguyén van tur
céng khéc.

m Bo diéu hgp mang (b6 diéu khién giao dién)- Network adaptor (interface controller): Bao bi dir
liéu va thiét bj dich, cho phép may tinh truyén thong qua tiéu chuén dir liéu cu thé nhu Ethernet.

Network flow chart (very simplified)
Active mic : 5 to monitor
Input - ' >
cha‘:w . >| spiitter h — €——3>| Monitor mix D saiion
Audio e 30 gwitch |[€=——>| FOH Mix
control
Show ¢ > ¢ > System | . tomain
control DSP o speakers
Input | Active mic ‘5
channel “ | splitter | \]
Audio ¢ 3 ; | tomonitor
control g 2| Monitor mix # speakers
= Switch —
ow ¢ > ¢ > - >
control FOH Mix Outboard
Spem |5, o,
DSP . o

Hinh 2.16 So d6 mach mang &m thanh digital cho thdy hai topology mang khac nhau cting thyrc hién mét

ludng tin hiéu

2.6 B6 khuéch dai céng suét -- Power Amplifiers

B khuéch dai cong suét la khuéch dai dién thé va cuorng do vai tré khang output rat thap. Ampli
cong suat nhan dang song input va tang dién thé (do dé c6 thuat ngir "khuéch dai-amplifier") va cudorng do
(thuat ngir "power"). Ampli cong suét c6 thé don gian hoa thanh thiét bi ba giai doan, input, xtr ly
(processing) va output, giéng nhu chiing ta da lam trudc day cho thiét bi line-level (phan 2.2). Giai doan
input v& ban chat twong ty nhu thiét bj da mé ta truére day (mdre line analog hay digital). Co thé thay déi
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chirc nang module xtr Iy, ttr khdéng c6 gi sang bé day du chirc nang xr Iy tin hiéu (can béng, tré, chia tan
s0, gi&i han va hon thé nira). Giai doan cudi cung la module dién thé, noi nang dién thé va cudng do 1én
dén murc cho loa.

Ampli thuorng céu hinh nhu AAA, ADA hay DDA (giai doan input, processing va output).
2.6.1 L&p cua bo khuéch dai -- Amplifier classes

Phan loai ampli cong suét do topology giai doan output clia n6. Ghép doi cai nay. Vai ngudi thich

chét lurgng am thanh ctia ampli cu thé nao dé. Vai ngudi khac lai thich ampli class D, chiém phan nho
trong nhirng ampli khac (Hinh 2.17).

Amplifier Classes

m Class A: Transistor output cho ra dang séng day du (+ va -). Diéu nay rat phé bién cho am thanh
thinh phong do dé méo thap nhung khong hiéu qua cho am thanh chuyén nghiép.

m Class B: Transistor output chi cho ra 50% dang song (cho + va - riéng biét). Thiét ké hiéu qua
cao nay bj "méo crossover" khi chuyén déi gilra + vai -. Ty I& bién dang I&n nhat véi tin hiéu mirc
thap.

m Class AB: Lai giira class A va class B. O murc thap, ampli hoat déng & class A, n6 lam cho méo
crossover thap. O’ murc cao, thiét bi bé sung thém class B, khuéch dai tin hiéu mirc cao rat hiéu
qua. Bay la cau hinh ampli chung cho pro-sound.

m Class D analog: Ampli diéu khién tin hiéu output qua viéc didu ché xung tin hiéu input. Day goi la
ampli "switching" vi xung mé hay tat hoan toan. Ching ta da quen véi digu ché xung vi cling xcr
dung n6 dé digital hoa tin hiéu &m thanh, nhurng ampli class D khong phai ampli digital. Méc du
xung diéu khién dién thé va cudng do & output, tin hiéu Am thanh lién tuc (analog) v&i séng mang
diéu bién tan s6 cao, co6 hiéu (rng la "digitally controlled analog". Loc tin hiéu song siéu am ra &
output. Class D c6 hiéu suét cao va trong lrgng t6i thiéu, sy két hg'p rat hap dan cho Iinh vure luru
ddng cua am thanh chuyén nghiép.

Amplifier output classification (very simplified)

Class B- - Lo-fl':vsgl Qiiass
a - .
+/_ 50% of the +/-, A and higher

waveform each

M-
e

conducted - levels class B

Full waveform is G T . E U

Recovered audio
waveform

High frequency pulse wave
modulated waveform

ov Class D:
Modulated

waveform

[ITTTTTL
N

Comparator

MOSFET power
switching module

N\

High frequency triangle wave =

Low pass filter I

Hinh 2.17 Class output cia ampli

m Class D digital: Giai doan input la giai doan diéu khién am thanh digital, c6 do chinh xac hiru han
v&i chuyén doi D/A, tién hanh trong giai doan output. Sy chuyén déi doi hi vai chirc nang dinh
hinh dé giam tap am va d méo lwgng tir, cé thé xay ra néu tin hiéu digital truyén output tryrc ti€p.
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m Ché do6 cau (bridge mode): C6 thé xtr dung céu hinh dau day nay cho output & trén dé tang gap
doi dién thé trén tai. V& co ban no c6 nguyén tac twong tu nhu line analog balanced, ap dung cho
mdrc d6 loa. Thiét Iap ampli hai channel sang mono véi cdu hinh hai output khién push—pull khac
biét. Mot output bi dao chiéu phan cuc, thwdng bang switch ndi bo. Loa cdm qua hai cuc hot (+ va
+) thay vi hot va ground. Biéu nay tang gap doi dién thé va giam mot nira tro khang tai hiéu qua,
va lam tang céng suat dang ké. Ché do cau la cach tang cong suét tén kém (xtr dung hai channel)
va c6 kha nang maét day dién nhiéu hon (do giam tré khang-impedance). Day khong phai la thuc
hanh tiéu chuén nhung né 1a mot lya chon. (C6 € tac gia viét doan nay hoi b sai, vi dau theo ché
dé céu (bridge mode) sé tang tré” khang chiju tai gdp doi, giéng nhu ta chéng ndi tiép hai ampli Ién
nhau vay, chi co ché do song song (parallel mode) méi giam mot nira tro khang — ND)

2.6.2 C4u hinh bg khuéch dai

V& co ban, cé ba loai ampli trong thuong mai: Théng dung, ghép cap bén ngoai va ngi bd (hinh
2.18).

m Thong dung (Generic): Thiét bj doc lap sé co trén bat ky loa nao buéc vao ctra. Phién ban co
ban c6 dap (rng va kiém soat mirc phéng, va c6 I8 vai tinh nang nhé cho ngudi dung. Day la tiéu
chuén trong nganh truéc day nhung rét it hé théng chuyén nghiép hang dau lai xtr dung generic.
Bo viéc ghép cép ampli va loa di, n6 nhu 1a bién s6 mo ¢6 thé dan dén nhidu két qua bét ngd. Rét
it ngudi trong ching ta c6 thoi gian, kién nhan hay mau mao hiém dé nghe loa tuy chinh cta ban
v&i ampli ky la. Khuynh huéng cua nganh dang tranh xa cach tiép can nay dé ung ho hén nhan
sép dat.

m Ghép cadp bén ngoai (Paired external): Ampli doc 1ap v&i nhiéu cai dat sén (preset) chuyén dung,
da cay vao giai doan xtr ly. N6 c6 thé bao gom crossovers, filters, delays, limiters va hon thé nira.
N6 san xuét cho (hay badi) cong ty lam loa dé ghép véi mot hay nhiéu model loa. Di day loa bén
ngoai ma ra nhiéu kha nang: doan mach, bién déi tro khang tai, v.v. Do dé giai doan output khong
khac biét v&i loai generic.

Power amplifier flow chart (very simplified)

Generic
i INput stage Input | | Driver | | Output Generic speaker
(AorD) level stage stage | level output
l Negative
feedback

Dedicated amplifier or self powered speaker

—|Input stage|_| Full range |_| 'l HF | | Driver _' Output _ i M OCICHOG eiT
(A or D) processing processing stage . stage | level output
| Negative
LB feedback
- LF | Driver | | Outputﬁﬂ_ i Dedicated spkr
processing stage stage | level output
l Negative
feedback

Hinh 2.18 Nhirng tang khuéch dai va so do khoi
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m Bén trong (Internal): Ghép cép ‘suét doi-mate for life’, tim thdy trong loa tu cp ngudn (active).
Ampli va loa dang & trong vong kin. Tai da biét, cho phép giam cong suét khuéch dai (thi du: it can
bao vé doan mach). Tuy chon xur ly gidng nhu loai ghép cap bén ngoai.

2.6.3 Théng s6 ky thuat bé khuéch dai tiéu chuén --
Standard amplifier specifications

Nhiéu thong sé ky thuat ampli cong suét cling twong ty nhu thiét bi mdre line (THD, giai tan so, tap
am, dynamic range, tr& khang, v.v ..). Hay di ti€p dén dac diém ky thuat déc dao cho ampli.

Théng s6 ky thuat ddc biét danh cho ampli c6ng suét --
Specialty Specifications For Power Amplifiers

m Cong suét danh dinh (Power rating): Cong suét bang watt cho tr& khang tai nhét dinh. Cai nay
thuorng tinh toan & 1kHz @ 1%THD. N6 c6 thé cho biét ngudng chay né (burst) va gia trj lién tuc
(continuous). Tai tr& khang cao, gia tri lién tuc va burst sé bj dong lai. Ampli c6 nhiéu mic céng
suét lién tuc, vi vay chia n6 theo cach nay khong phan loai ro.

m Tro khang tai t6i thiéu: Amplifier kinh té yéu cau do tré khang t6i thi€u thap. Néu ampli c6 thé
truyén 2Q thi chung ta diéu khién loa can it ampli hon. Nghe co6 vé la y twang tét ngoai trir nd
thuorng khong c6 Am thanh t6t nhu that té. Hao day, méo dang, mat kiém soat tai (damping) va hit
khoi la nhirng tré ngai tiém nang khi dung tai tre khang rat thap.

m Hé s@ tét dan (Damping factor-DF): chi s6 chat lugng kiém soat tai cua ampli (damping). Dac
diém DF dura trén ty 1& tré khang tai t6i thi6u cho phép (théng thudng 1a 4Q hay 2Q) qua trd khang
nguodn. Gia tri trén 20 coi la c6 thé chép nhan dugc cho pro-sound va 50 la trung thyc cao. Chlng
ta sé mé rong phan nay trong muc 3.9.4.3.

m DO nhay/do khuéch dai (Sensitivity/gain): Can dién thé input rms dé dat t¢i cong suat du. Théng
s0 gain mo ta ty 1& output cho dién thé input theo thuat ngir tuyén tinh (20x, 30x, v.v) hay log (26dB,
30dB, v.v).

2.7 Loa

Loa la sy chuyén déi dién tir sang moi truorng &m thanh, tire 1a b bién nang (transducer). Phan
loai loa khac nhau theo giai doan chuyén déi trung gian. Ho loa c6 hai nhanh chinh: dong luc-dynamic
(cudn day di chuyén trong tir truérng tinh) va nhiéu loai khac (dién dong-electrostatic, bang-ribbon, phang
hai chigu-planar, 4p dién-piezoelectric, bang phang (flat panel) va nhiéu loai khac). Nhirng nadm dau tién
clia &m thanh chuyén nghiép, khi ampli dén dang la vua va kj su mix mac ao phong thi nghiém, chu yéu
loa la loai dong lwc: mang gidy loa hinh non va vat liéu nhe khac nhau cho loa (driver) nén. Con nhiéu loai
ky la hon, danh cho dam déng mé hi-fi. Trong thé gi¢i cia &m thanh digital va ao polo hién dai, loa van con
chu yéu la loai dynamic. Mang gidy (cone) t6t hon, mang kim loai va chét thay thé bang composite, nam
cham, cudn day va vanh treo t6t hon, nhung vé co ban van cling mot trd choi. Toi sé dé cho ngudi khac
gidi thich vé noi giong stereophile ky la do.

2.7.1 Thanh phan cua loa -- Loudspeaker components

Tat ca loa bao gém & day déu c6 nam cham, cudn day, 16i quan day, vanh nhin linh hoat, bé& mat
di dong va khung (magnet, coil, former, flexible surround, movable surface and frame). Cuén day quén
quanh 16i, gén vao mang loa-diaphragm (b& mat chuyén déi dang séng thanh am thanh). Vanh nhan ¢
dinh t&t ca dung chd, tha cuén day di chuyén t&i lui trong khe tir (Hinh 2.19).

FR -
Sound & Lighting



Chwong 2

2.7.1.1 Loa hinh nén -- Cone Drivers

Driver hinh non, c6 tén nay vi hinh dang mang cua no, loe rong ra tr nam cham. Mang loa tiéu
chuén la vat lieu composite cao cdp hay bang gidy v&i vanh nhan. Vanh nhan bén trong, goi la "nhén-
spider", gén gan day hinh nén dé diéu khién cudn day nam ot trong khe h& chinh xac. Vanh nhan ngoai
gan vién ngoai hinh non vao khung. Phan loai driver theo dudng kinh mang (thudng tor 4" dén 18").

(Pén day chdc cac ban cing hiéu, speaker hay loud-speaker la loa noi chung, cé thé cé thing, con
driver la cai loa rovi, khéng thung hay coi. Xin dirng goi la cu nay cu kia, nghe ghé lam!!! — ND).

2.7.1.2 Loa vOm — Dome Drivers

Nhirng céai nay dat tén theo mang c6 hinh vom, nhin thay nhoé ra bén ngoai, dé la phia &m thanh
chinh truy@n di tor d6. Driver vom tiéu chuén chi c6 vanh nhan gan ngoai bao quanh nhu mé ta & dui
(khdng c6 mang nhén-spider). Phan loai né theo dudng kinh mang (thuwéng 1a 0,75" dén 4"). Vat liéu théng
thuorng bao gém kim loai nhe (titan, berili, nhém v.v), nhiyra, vai va nhiéu két hgp khac nhau.

Cone driv7 Dome tweeter Compression driver

B -
A ‘&—Diaphragm A
o <«—— Diaphragm —> ®
+ > : <
g Coil <—Dustcap * >Coil + >Coil §
3 o - > - > @
a
Spider <— Surround —>Y v
>| . :
>

/ Surround <— Top plate
Bottom plate <—— Magnet
Magnet Top plate Bottom plate
Frame
Hinh 2.19 Loai loa/driver

2.7.1.3 Loa nén -- Compression Drivers

Tén goi xuét phat tir mang nén 4m thanh vao mot buéng nho trudc khi thoat vao trong budng bén
ngoai (chang han nhu coi- horn hay gia lap ruy bang-ribbon). Driver nén xir dung mang vom lat nguoc, tirc
la hudng lan truyén & phia I6m. Am thanh di vao budng nhé hon dién tich bé mat vom, nén khéng khi lai.
Phan loai driver theo duorng kinh mang (déi khi khéng dung cach la bang dudng kinh hong). Kich c&
thuorng co tir 1" dén 4", trong khi vat liéu bao gém kim loai nhe (titan, berili, nhém va hon nira).

2.7.1.4 Loa ruy ban -- Ribbon Drivers

Mang loa la mat kim loai phdng, mong, lo Iirng trong tir trurdrng. Mang tu dan dién, hay c6 la kim
loai nam gitra vat liéu khong dan dién nhu Mylar ©. Mang ribbon di chuyén t&i lui trong tir trudng.

2.7.2 Coi -- Horns

Horn 1a thanh phan hé théng &m thanh c6 nhat. Phién ban ban dau la cai phéu két hg'p v&i miéng
ngudi, ngudn goc cua cum tir "ngudi ndi IGn-loud speaker". N6 van con xir dung dé c6 dong va la cong cu
tra tdn & Nam Phi goi la vuvuzela.

2.7.2.1 Nhirng vdn d& co ban cua Horn

Horn la b déi ap suét 4m thanh va thiét bj dinh huéng dau song (Hinh 2.20). Thuéat ngir vé horn
dua ta quay tro lai ngudn géc do con ngurdri: 6 hong (I6i vao) va miéng (16i ra). Tin hiéu & cé hong c6 ap
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suét cao trong vuing bé mat nhé. Khi am thanh di chuyén tir hong sang miéng, sé dan dan mé réng dién
tich bé& mat va giam ap lyc. DE bat dau mo ta bat ky horn nao yéu cau (& mire t8i thiu) ving bé mét caa
hong va miéng, dé dai gitra n6 va phuong trinh toan hoc moé ta dé déc doc theo chiéu dai (& ca hai mét
phéng). Hinh hoc mé ta sy chuyén déi hinh dang gitra hong va miéng goi la horn loe (flare) hay ty I& loe
(flare rate). Biéu nay cé thé bao gém tir viec mé& rong tuyén tinh don gian (hinh nén) t&i phuong trinh xur
dung mét nira bang chir cai tiéng Hy Lap (rac réi). Chang ta van co thé tim thdy cach don gian nhat & thyc
dia 1a d6 vat theo s6 mi (hay bién thé mi theo ham sé mi).

Co6 hai ly do chinh dé gan horn cho driver: N6 nghe I&n hon va dat nhiéu &m thanh vao chd ching
ta chia dén hon. Bay la cach giai thich diéu nay rat khong khoa hoc, vi vy hay nang céap lén. Theo Bjorn
Kolbrek, hai ly do la cai thién tai ctia driver (t(rc la tang do hiéu qua) va didu khién tinh dinh huéng. Ca hai,
tai va dinh huéng tap trung déu tao ra dap irng manh hon driver tho.

: / Exponential: o

§. — Flare rate creates &gy ——
- constant surface ¥ 3
N area doubling rate

N

Radial: ]
Flare rate is (

section of a circle

3 / Constant Q type:

. e . S
‘__// MUltlpIe flare | ——
@_ S rates are ®

\ combined

Hinh 2.20 Loai horn
V&n d@ kich c& -- Size matters

Horn thiét ké t6t 1a nhirng phan déi &m thanh dan huédng &m thanh tao ra dau séng c6 mé hinh
dinh huéng déng dau trén do, sé tiép tuc sau khi né da r&i khoi miéng. Séng horn (trong ca hai mat phang)
la dong lyc dua vao diéu khién hudng. Co thé ma rong diéu nay. Néi cach khac, horn I16'n va horn nho déu
lam tir cuing phuong trinh, sé c6 cung khuén mau. Tuy nhién, khéng c6 thang do kich ¢& cta am thanh.
M6t kilohertz sé& co kich c¢& c6 dinh (bd qua nhiét do, thay doi ap suét khi quyén, v.v) va do d6 no6 phu hop
rét khac nhau, vao horn nhé hon la horn Ién. Bay la khia canh Goldilocks cho bét ky horn vat Iy nao: N6
qué Ion, quéa nhé va vira phai, tuy thudc vao kich c& vat ly that cia moét tan s6, nghia la buéc séng. Qua
I&n ¢6 nghia, c6 nhirng dudng phan déi tao ra sy triét tiéu, do do lam giam hiéu qua va lam phién né lyc
huéng dm thanh vao mét hinh dang nhat dinh. Qua nho cé nghia, la céng cu huwéng dan (horn loe) 1a qua
nho dé co thé digu khién budc séng cho hiéu qua va khéng "ghép ndi-couple" v&i Am thanh truec ti€p, dan
dén giam hiéu qua. Chi can diéu ding, co6 nghia ching ta phai nhan ra lgi ich hiéu qua va c6 chi hudng
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phu hop ma khéng triét tiéu g séng. Do do, béat ky horn nao ciling cé giai hoat dong han ché can phai ton
trong.

2.7.2.2 Tan s8 cét -- Cutoff Frequency

Tan s6 cat la giai thdp nhdt ma horn lam tang tinh hiéu qua va duy tri tinh dinh huéng. Béng luc la
sur két ho'p cua chiéu dai, kich ¢& miéng va do loe (flare) ciia horn. Moi ngu&i thurdrng déng y, dé dai horn
ti thiéu 1a 12A va chu vi miéng phai 1a it nhat 1A. Néu ban mudn dau thép (low end) sau I&n, phai cé céi
horn séu I&n.

2.7.2.3 Gop hinh dang (Horn thdng va gédp nép)
Macro Shape (Straight and Folded Horns)

Horn MF va HF dién hinh di tr hong dén miéng c6 dé udn t6i thiéu. Khong dé thurc hién viéc nay
v@i horn LF vi n6 sé khéng phu hgp véi su trao déi (truck). Hau hét horn tan s6 thdp déu la loai gap, co
nghia ty 1& vat thon la két qua clia sang tao va ky thuat trong nghé mdc.

Horn gép la giai phap cho mé cung nay. Nhiém vu 1a giam thiéu chiéu dai téng thé cta vo loa trong
khi van duy tri chiéu dai va do vat cua horn dai (vi vay né mang lai hiéu qua cao & tan s thdp). Xem xét
kén tuba, that sy la cai horn c6 chiéu dai vai mét, nhurng cuén tron lai cho con ngudri dé quan ly. Néu lam
v loa ngoai déng, ching ta ciing co6 thé lam nhu vay. Thay vao dé, chang ta tao ra hinh dang bang gé hay
duc c6 dudng ubn cirng (nép gap) tao ra horn vat (hau hét la ham mi quasi-exponential). Trong that té&,
horn gép chi hoat déng t6t trong khoang tan sé gidi han, vi hinh dang gép phai di theo dud'ng phan tan khi
truyén di hang loat buéc song réng.

2.7.2.4 Loai loe -- Flare Types

Dbay khong phai la sach lich str, vi vy ching ta sé khong néu ra tat ca horn khéng ai xir dung nira.
Ty I& loe cla horn anh hudng dén tinh toan nay va do phirc tap toan tang lén theo cédp s6 nhan (hay
hyperbolically).

m Ham md va ban ham mi (Exponential and quasi-exponentials): dién tich bé mat mé réng nhu 1a
dudng cong tang trurang theo clp s6 nhan. Co khuynh hudng thu hep ludng dm theo tan sé. Co
nhirng bién thé vé do loe lién quan chét ché dén dudng cong ham mi, chdng han nhu dudng
tractrix va nhirng duong khac, cé thé tao ra sy cai thién nhat quan vé ludng am (beamwidth).

m Ho huéng tdm-hinh quat (Radial family): Suon cua flare la phan cua vong tron (do doé cé thuat
nglr "hurdng tam-hinh quat- radial". Horn hinh quat, hay bién thé cua no, thuéorng xur dung dé tao ra
nhirng mo hinh rong rét thanh cong.

m Hang s6 dinh huéng, Hang s6 Q va lién quan (Constant directivity, Constant Q and related): Loe
la dudrng cong phirc hop, tirc 1a phurong trinh thay déi theo dé dai, thud'ng phan doan tir nhiéu
mat phéng hon la dudng cong lién tuc. Muc tiéu la do déc khong doi (phéng) nhung dat dugc mirc
do rat cao. Bién thé cla ho nay la horn HF, tru c6t cho nhirng hé théng 4m thanh hién dai.

2.7.3 Loai gén loa -- Speaker mounting types

Driver cé dap (rng thd, nhurng hiém khi chiing ta thay driver tran truéng trong show. Bay l1a nhirng
cach gén driver vao thung tiéu biu (Hinh 2.21).

2.7.3.1 Tai mat truéc -- Front-Loaded

Driver phéng tai mat truée dinh vao thung loa bang mat phang phia truréc. Thung loa khéng cé
dinh huéng vurot ra ngoai sy phan déi ctia vach ngén phang. Lugng séng ndi bd va diéu chinh céng phan
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déi anh hud'ng dén gidi han bén dugi cua LF. M6 hinh dinh huéng cla loa r&i chi bj anh hudng t6i thiéu
bai thung loa. D6 rong ludng &m cuia driver hinh nén phong tai mét trude o thé du doan va thay déi theo
dudong kinh cua driver. N6 réng nhét trong giai LF va thu hep theo tan s6, hién twgng nay goi la "ty 1& dinh
huéng". M6 hinh nay sé la 90° khi mang loa va buérc séng truyén qua déu co kich c& béng nhau. O tan s6
th&p hon (I6n hon) pham vi bao quat sé réng hon 90° va nguoc lai.

C6 ba tuy chon chinh trong thung loa woofer phong phia truéc: lwdng cuc (mat sau ma), cong-port
(phan ddi bass) va dong kin (vach ngan vo han).

—> —>

—— ——

| f/ | f/ | f/ | /
B il R i

< > < > < < —Dp
Rearward Forward Rearward Forward Rearward Forward Rearward Forward
radiation radiation radiation radiation radiation radiation radiation radiation
— > >
—
—> >
Infinite baffle: Dipole: Sealed enclosure: Bass reflex:
Rear radiation is isolated Rear radiation leaks behind Rear radiation is isolated. Rear radiation is used
from the front the speaker and returns late to Internal pressure varies over constructively in the LF range.
the front where it adds level and frequency which Depends on internal volume
combing causes nonlinear behavior and port tuning

Hinh 2.21 Cach gén loa dién hinh
2.7.3.2 Ludng cuc -- Dipole

Ban co bao gi¢r tu hdi phuong phap gén driver trong ampli guitar Fender chura? Tim thuat ngir hoc
thuat nhiéu hon la "c&i ma" hay "y twdng that toi t&"? DAy la thung loa ludng cuc (dipole): thung loa c6
vach ngén & hai bén (thang, hay uén cong) va phia sau mé. Vach ngén la phan canh buém mé rong vurot
ra ngoai khung loa, thiét ké dé giam hay ngén phan ddi tir phia trudc quay lai. Vach ngén dipole lam cham
buéc di theo chigu dai ctia n6, nhung séng van két hgp vai nhau.

M6 hinh birc xa téng la hinh s6 8, v&i thly sau rét Ién. Digu nay rét it (rng dung trong hé théng am
thanh chuyén nghiép, diéu hiém thdy vugt ra ngoai day dan guitar. Ban co6 thé gép diéu nay trong rap chiéu
phim surround, noi ban sé thdy phan doéi cy'c manh, dao cuc, delay rat cao cédp. Khéng gién dau, dé la
trong THX Cinema. Tham chi c6 ca loa dan dung suy réng khai niém nay hon nira bang cach dét driver
dao curc vao phia sau tu bit kin dé 1ap lai phan déi mé dang sau. Combing (hiéu irng lwroc) thudrng mién
phi nhung vai ngudi sdn sang tra thém tién cho khoan do!

2.7.3.3 V4ch ngan vo tan -- Infinite Baffle

Loa gan tran nha la thi du v& gan vach ngén, noi bé mat ma rong trong tat ca huéng va dong kin
phia sau cla driver. B6 dai vach ngén co6 thé khong that sur 1a vo han, nhurng ¢6 hiéu qua nhu vay khi con
dudng lan truyén phia sau bj bit kin. Khéi lwgng bén trong anh hudng dén hiéu suét cua loa do bat doi
xirng trong ap suét gitra mat sau bit kin va mét truéc mé. Ap suét ting lén trong khong gian kin khi loa day
vao trong (lodng khi), nhung khéng & phan con lai cua hanh tinh. Bieéu nay sé khong lam cho tai cua ching
ta nghe tiéng pop nhung do 1a co ché trong tu, trén co sé tirng thai diém. Dich chuyén cang Ion, hiéu qua
cang lén, va tan sé cang thap, dich chuyén cang I&n. Bat né lai véi nhau va ching ta co loa véi hiéu qua
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giam & dau thap (low end). Trong hé théng chuyén nghiép, chiing ta c6 thé nghi vé vach ngén vo tan, cha
yéu trong trurng hop driver hinh nén khéng du kién sé& cho ra tan sé thap, chdng han nhu driver midrange.

2.7.3.4 Phan dgi Bass (HOp théng hoi) -- Bass Reflex (Vented Box)

Hay gilr cdu trac thung loa kin co ban va thém 16 ma (goi la céng phan déi hay éng dan). Thung
loa thudng goi la "hop théng hoi" méc du céng (port) chang phai co ché lam mat cho 1am. Valve giam ap 1a
d&c trung clia 6ng théng hoi, nhurng sy kién chinh 1a 1am tang hiéu suét tan s thap bang phan déi bé
sung. Cong la thiét bj diéu chinh &m thanh: bd cdng hudng Helmholtz. Théi ngang dau chai bia dé nghe
tiéng cdng huang Helmholtz. Khéi Iwgng bén trong (m6t trong nhirng tham s6 Helmholtz) tang khi ban
udng bia. Tan suét cdng hudng giam xudng, va ty 1& nghich vai sy tinh tao.

Tham s6 ty 1& khac 1a hinh dang miéng (chiéu dai va dién tich mat cat ngang), mang dé cong
hudng giam xuéng mét 1an nira, nhiéu hon. Cung nhau, hai yéu té nay tao ra cong hudng. Hé thong phan
ddi bass la diéu nhay cdng hudng, la song ca gitra driver nguyén ban (goi la cong huéng khong khi tur do)
va sy cdng hudng gitra thung/céng. Nhu ching ta biét, birc xa phia sau cua driver la dao curc tir phia
truée. Tin hiéu ra khoi cong cling sé bi ngug'c nhu vay, phai khong? Khong can. Co hai tan s6 cong
hudng canh tranh khi cdng hudng thing loa dugc bl thdp hon cong hudng cua driver. Két qua co do tré
phase 180° & giai tan s6 gitra cong hudng. Tin hiéu ra khoi céng sé bj 180° + 180° (blrc xa phia sau dao
nguoc va cong hudng tré phase) nén sé xuét hién dong phase (+360°) v&i birc xa phia trwr¢re. Hiéu qua
trong giai nay tang dang ké. Luu y, do tré phase la gia phai tra khi thém SPL vao. Nhirng tin hiéu thém vao
la vong dua phia sau trong cudc dua, c6 nghia la kéo dai xung thoang qua dung luc. Ung dung &m thanh
Pro ung ho lgi ich ctia SPL da thém vao va vugt tréi hon khi thém dé tré phase vao. Trén that té, rat hiém
khi thdy driver tan s6 thép loai front-loaded khong c6 céng thong hoi.

Tai tan s6 dudi cong hudng clia céng, viéc diéu chinh b that bai, khién driver bj "khéng phong tai-
unloaded" (nhu thé khéng cé vach ngan). Hiéu sudt giam dang ké khién loa dé bj tén thuong hon (dich
chuyén qua I6'n). Phai loc ra nhirng tan s6 dudi cdng hudng cong dé giam nguy co thiét hai.

B4t clr noi nao thdy cai thiing déi &m bass, chiing ta du thdy c6 filter high-pass dé bao vé no. O
tan sé trén giai cong hudng, cong thanh ra khang 4m va giam blrc xa chuyén tiép. Nhat chai bia mot [an
nira, tim ra sy cOng hudng va sau do hat cao do hon. Chai sé khéng con hat theo. Céng thanh ra it lién
quan khi tan sé tang Ién.

Lam sao c6 thung loa va kich ¢& c6ng cho loa 18" that dang? Xin 16i, kndng dé& nhu vay. Cau tra Ioi
doi hoi phai co6 loa da biét, thung loa da biét, tan s6 cat dy tinh, v.v, tap hop tinh toan nay goi la théng sé
Thiele/Small. Hay thué'ng thire di!

2.7.3.5 6ng gbép -- Manifold

Thuét nglr 6ng gop c6 nghia la nhiéu. Chang ta x&r dung né dé mo ta nhiéu driver hdi tu dén con
dudong duy nhat hay ngugc lai khi driver duy nhat cé nhigu dudng dan. O day ching ta cé thé néi, co
nhiéu 6ng gop da dang (Hinh 2.22).

HQi tu -- Convergence

C6 thé két hg'p nhiéu driver vao mét budng chung, thi du: Hai hay nhiéu driver nén dua vao mot
hong horn théng thuorng (v&i do dai dudrng di bang nhau). Chirng nao diém két hop nam trurée 16i vao
horn loe thi m6 hinh phu song sé giong nhu véi don vi duy nhat, nhung véi kha nang SPL tang Ién (va tao
ra cai khac nhu tang méo dang).

Thi du thir hai, tap hg'p nhiéu driver low dat trong budng khéi chung cang gan cang tét. Electro-
Voice da trién khai cong nghé Manifold Technology™ clia ho bang cach gan bdén driver thap vao tam mé
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clia mét cai ta. Tom lai, manifold hoi tu tao ra tdng SPL v&i phwong sai t6i thiéu vé mo hinh bao quat.
Phién ban loa subwoofer quy mé I&n ¢ manifold hoi tu 1a array TM, mé ta trong phan 10.1.3.

Phan ky (tan) -- Divergence

Hay di theo hudng khac va tach tin hiéu tir driver nén thanh nhiéu dud'ng. Nhirng cai nay sé thoat
ra riéng biét d& mo phong dap trng cua nhiéu nguén. Thi du, driver nén don v&i dudrng dan 1a hong horn.
M@i 16i thoat déu riéng biét va két hop am thanh dé tao ra dap (rng array horn (Iam thay d8i mé hinh dinh
huéng tir horn don). Xir dung phurong phap nay trong phan HF cla loa line array hién dai, & do c6 thé xép
chdng dudng thoat Ién nhau theo chiéu doc dé tao ra dap Urng array ghép nguon tir nhiéu driver don. Diéu
nay ciing gia lap dap (rng cua driver ribbon.

g
==}

Side view Throat Mouth
cross-section cross-section
Convergence manifold: Convergence manifold: Divergence manifold:
Four cone drivers using rear Two compression drivers coupled Compression driver mounted on throat
radiation in a single enclosure on to a single horn throat to double that is divided into four equal length
to quadruple the pressure the pressure paths to the waveguide mouth, which

emulates the behavior of a ribbon driver

Hinh 2.22 Loa éng gop, hoi tu va phan tan

2.7.3.6 Bia parabol -- Parabolic Dish

Chung ta da quen véi viéc nhin thdy kinh phan xa parabol, 4p dung cho truyén dan quang hoc va
v6 tuyén. C6 thé ap dung cung nguyén tac do cho &m hoc. D&t ngudn ¢ tiéu diém cua choa parabol va
nham vao dia. N6 sé tap trung thanh mét ludng theo chiéu nguoc lai. Co thé thu dugc hiéu qua tuong tu
bdng cach dat loa ndm céach nhau trong bé mét dia parabol dé tao ra mét trwdng &m thanh tryrc tiép, moé
phong sy phan déi tap trung cua hinh parabol.

2.7.4 Phan loai giai tan s6 -- Frequency range classification

Mbi loa déu co giai hoat dong t6i wru. Loa tan s6 thdp doi héi phai cdé mang Ién, cirng dé tao ra
buéc song Ién co cong suét cao. Khéi lugng gici han gia téc va do do dap (rng lai HF. Nguoc lai, driver
tan sé cao can kich c& nhé va khéi lugng thap dé tao ra bud'c séng nhd & cong suét cao, lam han ché dap
(rng LF cua no. Trén that t&, khong c6 loa nao cé thé hoat déng dugc trén toan bo giai tan s6 (30Hz dén
18kHz). Do do phai chia &m ph6 thanh nhiéu giai hoat ddng cho nhiéu transducer khac nhau.
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2.7.4.1 Toan giai -- Full-Range

Thuat ngilr "full-range" xtr dung cho loa bao gém giai vocal day du, thuwdng coi la 60Hz dén 18kHz.
Loa nay khéng thé I&p day toan bé thinh giac clia ching ta, vi vay thuat ngir nay co thé gay lam 1an. Hé
théng full-range thud'ng c6 hai way hay ba way va hiém khi cé bon way.

2.7.4.2 Giai tan so thdp (Subwoofer)

Khoang gilra 30Hz va 100Hz thud'ng coi la giai LF hay subwoofer. Diéu nay c6 thé trung lap v&i
loa full-range trong giai tan tor 60Hz dén 100Hz trir khi xtr dung filter high-pass va low-pass.

2.7.4.3 Giai dac trung -- Specialty Range

Pigdu nay dé cap dén hang loat loa doc dao co6 giai han ché, chang han nhu hé théng mid-bass (60-
160Hz), infrasubs (<80Hz), MF va HF (tweeter va horn ddc 1ap).

2.7.5 Phan loai chia am phé -- Spectral division classifications
Loa chia nho am phd. DAy la cach ching ta chia 4m phd (Hinh 2.23).
2.7.5.1 Mét way -- One-way

Chdng ta thi€u thuat ngir tiéu chuén cho loa don bao gém toan bé giai tan. Ching ta c6 thé goi nd
la “one-way” va nhét quan v&i loai phan chia &m phd khac. Khuynh huéng chung cua téi la “no-way” nhung
doi khi ching ta dang méac ket v&i né trong tran nha hay loa 18p day (fill) nho. Théng thudgng hé théng nay
c6 cOng suét thap va co driver 8 inch tré xudng.

2.7.5.2 Hai way (thu déng) -- Two-Way (Passive)

Passive crossover la Iyra chon chi phi thap cho hé théng hai way. Driver mét hinh nén (singlecone)
thuwong két ho'p vai driver nén hay loa tweeter hinh vom. Mang crossover ndi bé bao gém nhirng thanh
phan thy déng nhu dién trd, tu dién va cuén cam. Can phai cé sur két hgp co hoc hoan hao dé crossover
dat t&i viéc sdp xEp phase, vi viéc lam tré mot trong nhirng driver khdng phai la lya chon t6t. Sy lira chon
thuorng gitra viéc co sy sap x&p phase t6t nhét hay loa ma sé& khong bi ra roi.

Mot khia canh crossover passive khac la kha niang déng luc bi han ché. Viéc bao vé gii han la full
range (xem gi&i han pre-crossover trong phan 2.4.6.3). Trong hé théng passive, sdbng hoa 4m tao ra béi sy
cat xén sé& dura vao crossover va guri dén driver tan cao. Diéu nay trong phan véi hé théng hai way active,
noi séng hoa am & trong driver tan thdp, ma no loc do HF tu nhién cla né bi giam. U'u diém duy nhét cua
hé thong passive hai way la tiét kiém chi phi. Nnirng khuyét diém ty 1& va&i kich c& va vai tro trong viéc thiét
k& hé théng. Thung passive c6 xir dung tot nhat cia né nhu la hé thong full, du kién sé chay dudi ngudng
clipping. D& quan ly viéc bu phase néi chung hon trong thung passive nhé hon.

2.7.5.3 Hai way (Chl déng) -- Two-Way (Active)

Ca&u hinh rét tiéu chuén nay thuong xtr dung driver nén hinh non LF va driver nén HF hay loa
tweeter hinh vom. Ho hai way thudng cé quy mé hai driver cung nhau, nghia la driver LF nhé hon ghép
v@i driver HF nho hon. LF thudng tir 5" dén 15" trong khi driver HF di kém sé la khoang 0,75" dén 4"
twong irng. Tan s6 crossover giam khi kich c& quy mé tang 1én, thuwdng & khoang 4 kHz dén 800Hz trén
thang do. Giai hoat déng ctia LF ciing roi xuéng khi kich c& quy mé tang 1én, thuwdng la tor 100Hz dén
40Hz.

C6 v s0 bién thé do thyrc hién va mé hinh. Driver LF phéng ra (horn hay front-loaded) s& anh
hudng dén ty 1& quy mé gitra thanh phan va tan sé crossover. Loa woofer front-loaded va horn ¢& trung la
két hop chuén, thi du: driver 12 "va 3" v&i crossover 1200Hz. Chung ta nghi c6 thé driver HF Ién hon va
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crossover thdp hon néu driver LF 1a horn-loaded. Khi kich ¢& horn HF tang, tan sé cat giam, cho phép
crossover thap hon (va driver HF I&n hon). Néu driver HF ¢6 horn nhé hay loa tweeter hinh non, driver LF
sé thu nho lai va crossover tang Ién. Bay la nhirng khuynh huéng co ban va cé ngoai 1& (ca t6t 1an x&u).
C4u hinh hai way yéu thich cua t6i la thung Cerwin-Vega cii v&i loa 18" va loa tweeter ap dién, passive!
Khéng bao gio!!!

Multi-way loudspeaker classification examples

Full range: 3 Passive 2-way:
Remember the Shure Modulated waveform
Vocalmaster™? ‘ | B
Active 2-way: " ) Active/passive 3-way:
LF - HF o MF+HF passive | S
Active 3-way: i —;{f]:i Overlapping 3-way : ]
LF - MF - HF g ] Dual-driver LF

Hinh 2.23 C&u hinh nhiéu way active va passive, hai way va ba way
2.7.5.4 Tach ba way (Active, Passive hay Hybrid)

Day l1a cu hinh tiéu chuén, théng thudrng véi driver LF va MF hinh non va driver nén HF hay loa
tweeter vom. M&i driver bao gém nhiéu giai khac nhau trong dé chia &m phé. Ho ba way theo khuynh
huéng mé rong, mé ta & trén véi driver MF giam tai &m phd cua mét hay ca hai. Driver LF thudng tir 10"
dén 15", driver hinh nén MF trong pham vi 5" d@én 10" (hay driver nén 4") vgi driver HF kém theo twong (rng
khoang 0,75" dén 4". Tan s6 crossover phan anh méi quan hé da hudng va tai gitra nhirng cép tuong trng
nhu da néu & trén.

Mot lan nitra, co vo sé bién thé do thurc hién va mo hinh. Cé ba phién ban chinh: active full ba way,
passive hoan toan ba way va lai hai way active vé&i channel chia passive. Loai thir hai thudng x€p thanh
nhom vai crossover LF-MF va MF-HF passive. Thung ba way passive hoan toan, khé thé coi nhu thiét bj
chuyén nghiép.

2.7.5.5 Chong chéo ba way (Active, Passive hay Hybrid)

Ky la thay, day lai la c&u hinh kha phé bién. Hinh dang vat ly |a hai driver LF phu hop va mot HF
don, nhurng hé théng hoat déng nhu mot ba way dac biét. Hai driver LF hoat déng v&i nhau & tan sé thap,
noi c6 bude song lén so véi khoang cach gilra driver, mang lai dap (rng tu do (va vai diéu khién huéng
LF). Mét loa duy nhét bao gém giai tan con lai cho driver HF. Quy trinh chuyén déi LF-MF hoat dong nhu
crossover "trén va di ra-over and out". Viéc xac dinh tan suét crossover bdi khoang cach gitra driver.
Crossover MF-HF sé la chuén hai way. Chi c6 hai kich c& driver, do d6, quan hé ty I& cia n6 theo mé hinh
hai way mo ta & trén. Trong nhirng hé théng cong suét cao, n6 thuwdrng hoat dong ba way hoan toan, vai
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mo hinh tiét kiém, xtr dung mé hinh lai active/passive. Cach passive ba way hoan toan la thong thuong
trong hon ba muroi nam vai loa khé nho.

2.7.5.6 Bon way (Active, Passive hay Hybrid)

Chung ta c6 thé tiép tuc mai mai, bén way, nam way, v.v. Hé théng b6én way kha hiém, phién ban
phé bién nhét cua n6 chu yéu la loa subwoofer va hé théng ba way trong cing mét thung loa. T4t ca logic
cling 4p dung & day nhu da néu & trén.

2.7.6 Phéan loai SPL

Chung ta c6 thé phan loai loa nhanh bang cong suét peak cua SPL (Hinh 2.24). Ching ta can bao
nhiéu SPL? Phurong trinh rat phi khoa hoc sé 1a "tai liéu churong trinh x khoang cach". Kim loai ning & dé
cao 10 mét c6 thé cd nhu cau trong duong véi "Kum Ba Ya" & dé cao 1000 mét. Néu tang gép déi khoang
céach, ching ta can gédp doéi SPL (+6dB) dé bt kip. Dinh nghia "du I&n" vurot qua pham vi clia bat ky sach
nao. Vi ngudi dan éng (man) chinh 1a frontfill clia ngudi dan 6ng khac, ching ta sé sap x&p céai nay trong
buéc téng cong 1a 10dB. (Kum Ba Ya la bai hat hu'éng dao tén “Come by Here” c6 nghia la “Pén day*, cau
xin hay dén va giup do - ND).

Maximum SPL over distance by program material

Max dBSPL Distance (meters)
(Peak) 1.0 14 2.0 8.0 1 16 23 32 45
154 154 151 148 124 121
151 151 148 145 121 18
148 148 145 142 18 115
145 145 142 139 115
142 142 139
139 139 97
136 94
133 94 91
130 a7 94 91 88
127 94 o1 88 B85
124 91 &3 a5 82
121 100 88 B85 82 79
a7 &3 85 82 79 76
94 91 88 85 a2 79 76 73
91 83 85 82 79 76 73 70
13 37 52 74 105 148 209 296 419
Distance (feet)
7 Overicad | [72a THigh level ] EEEEEVedum level ] [700 JCow level ]

Hinh 2.24 SPL t6i da trén khoang cach bang tai lieu chuwong trinh (program material)

m Class 1: Loa c6 kha nang SPL t6i da trong pham vi 110-119dB. Co6 thé x&r dung hé théng cong
suét thdp lam hé chinh trong nhirng (rng dung rét han ché nhu tang cudng dién thuyét trong
khong gian nho hay lam nhac nén (BGM). Vai tro chinh cta no 1a hé théng fill cho hé chinh Class 2
va Class 3, thi du: Loa kh6 nho v&i woofers 4" hay 5" va loa tweeter vom. M6 hinh bao quat
thudng & ca hai mat phang.

m Class 2: Loa c6 kha nang SPL t6i da, lam tron trong pham vi 120-129dB. Hé th6ng cong suét
trung binh, cé thé xtr dung lam hé chinh trong nhirng (rng dung han ché nhu tang cud'ng trong
khong gian vira va nho. Cling dugc xtr dung lam hé théng fill cho hé chinh Class 3 va Class 4, thi
du: Loa khé nho v&i woofers 5" hay 8" va loa tweeter vom. M6 hinh bao quat Class 2 thudng kha
réng trong maot hay ca hai mat phéng.
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m Class 3: Loa c6 kha nang SPL t6i da khoang 130-139dB. Hé théng cong suét cao, co thé xtr
dung lam hé chinh cho nhiéu (rng dung trong khéng gian vira va nho. Cling xtr dung lam hé théng
fill cho hé chinh Class 4, thi du: Loa kich ¢& trung binh v&i loa woofers tir 6.5 dén 12" va driver nén
tor 2" dén 3". M6 hinh bao quat Class 3 khéng c6 khuynh huéng néi troi.

m Class 4: Loa c6 kha nang SPL t6i da la 140dB tré Ién. Hé théng cong suét rét cao, co thé xtr
dung lam hé chinh hay fill cho khoang khéng tur vira dén Ion, thi du: Loa khé 16'n véi woofers 10"
dén 15" va driver nén 3". M6 hinh bao quat Class 4 thudng hep trong it nhat mét mat phéng.

2.7.7 Phan loai d6 réong ludbng &m -- Beamwidth classifications

Beamwidth, xay dung bang hang loat phép do géc do bao quat trén tan s (ngang va doc) (Hinh
2.25). Hai dang beamwidth 1ap lai thanh céng trong viéc t8i uu héa hé théng: lién tuc (doan bang-plateau)
va ty I1& can xirng.

2.7.7.1 Poan béng (Hang s8 Q, Hang s Pinh huéng) --

Plateau (Constant Q, Constant Directivity)

Hinh dang doan bang do rong ludng &m (beamwidth plateau) la dang chia y dé duy tri goc hep trén
giai nhiéu octave bao gébm gi¢i han trén cua giai loa. M6i mat phang (ngang va doc) cé hai gia tri xac dinh:
goc danh dinh (goc trung binh cua plateau) va tan sé cat (noi plateau bat dau). Horn HF 1a thiét bj tao hinh
plateau dau tién; Do dé nd la phd bién dé xem plateau bat dau chung quanh diém crossover. Theo khuynh
hudng chung, loa I6n hon c6 thé co plateau lau hon loa nho hon. Néu ching ta 14y hai loa giéng hét nhau
va thu hep, plateau sé gilr nguyén cung mot géc (hinh thanh bai do loe clia horn) nhung lam giam giai tan
s6 (kich c& horn nhd, chuyén tan s cét 1én trén).

Kich ¢& horn I&'n hon cho phép c6 thé tang dé dinh huéang loe (flare directivity) va pham vi (luéng
am danh dinh nho hon va tan sé cat thap hon).

Beamwidth (dogrees)

N Plateau

—————m -

o0 | Fintorder

w — )

© — Vet ae

o . - - - - - - -

6 M 125 Mz 250 e 500 Mz 1 e 2w 4 e 8 e 10 e

Froquency (Mz)

Plateau beamwidth of various orders
Constant coverage angle in the HF range
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Beamwidth (degrees)

63 M 1262 20M: S0 wa ! o 2% 4z ava 10 we
Froquency (Hz)

Proportional beamwidth, third-order
Coverage narrows with frequency

Hinh 2.25 Nhirng thi du vé beamwidth cho nhiéu loa khac nhau

2.7.7.2 Ty & d6 rong ludbng am (Q cén xirng) --
Proportional Beamwidth (Proportional Q)

Ty & d6 rong lubng &m thu hep khi tan s6 tang (goc bao quat ty 1& thuan v&i burde song). Didu nay
cling thuwrng goi la ty 1é thuan véi Q (Q la thuat nglr mé hinh bao quat khac, vai yéu t6 Q cao hon sé biéu
thi d6 bao quéat hep hon). Loa réng (LF), trung binh (MF) va cuc hep (HF). M6t loa don c6 thé la 360° @
100Hz, 90° @1 kHz va 7° @ 10kHz. Khong cé goc danh dinh, vi vay chiing ta xtr dung vung hep nhét
(cling 1a tan s6 cao nhat) lam thiét ké va gia trj t6i wu clia chung ta. Theo khuynh huéng chung, loa Ién
hon cé thé co gia tri cudi cung hep hon don vi nhd hon.

Hinh dang beamwidth la két qua cua ty 1& dinh huwégng trong driver hinh nén va hanh vi kiéu ribbon
trong giai HF (thiét ké ribbon hay ribbonem that). Ty & beamwidth la dap (rng phéng theo chiéu doc trong
loa line array hién dai.

2.7.8 Phan loai mdé hinh bao quéat -- Coverage pattern classifications

Chung ta c6 thé phan loai loa theo goc dé bao quat réng, trung binh hay hep. Gia tri danh dinh xtr
dung cho loa c6 ludng &m phang va goc t6i thiéu, xtr dung cho mé hinh xéo (beamwidth can xirng).

m Doan bang bac mét (> 60°) (First-order plateau): Loa c6 mé hinh réng phu hop véi giai HF va MF.
Loa bac mét thuwdrng co plateau dai nhat, vi diéu khién khu vure HF va MF khong c6 hep nhiéu so
v&i giai LF. DAy la hinh dang phé bién nhét cho loa solo hay array khong ghép.

m Doan bang bac hai (20°- 60°) (Second-order plateau): Loa c6 mé hinh trung binh phu hop v&i
giai HF va (c6 thé) MF. Loa c6 dinh dang I&'n c6 thé duy tri beamwidth phéng, hep trong giai rong.
Loa bac hai c6 dinh dang nhd néi chung, c6 giai plateau nhé (tan s cat cao do kich ¢& horn nhd).
Day la hinh dang phd bién cho array ngudn diém (point source) ghép v&i s6 lugng vira phai, hay la
fill dac trung.

FR ”
Sound & Lighting



Phan loai

m Doan bang bac ba (<20 °) (Third-order plateau): Loa c6 mé hinh hep, phu hop véi giai HF va (co
thé) MF. Bay la nhirng thiét bi dac biét. Hé théng da biét co thé tao ra hinh dang nay bao gém loa
parabolic dish hay c6 horn rat I&n. Khéng c6 phién ban cho khé nhé nay (trr khi ban cho réng cong
cu hién tai la rat nho so véi horn khong 16 cua thi dai do dong). Pay la hinh dang dac biét cho méi
trrd'ng thu dich véi am thanh, va/hay khoang céach rét xa.

m D0 réng ludng can xirng bac ba (<20 °) (Third-order proportional beamwidth): Loa ¢c6 mé hinh thu
hep theo tan s6 (da mo ta & phan 2.7.7.2). Giai beamwidth giong nhu duwdng xéo. Pay la nhirng
khéi xay dung thdng dirng cho loai loa "line array" hién dai. Day 1a hinh dang déc biét cho nhirng
loa hoat déng trong array ghép ngudn diém (point source), tiém &n s6 lugng Ion. Cling xdr dung n6
nhu loa delay dac biét va doi khi lam frontfill (c6 nguy co bi mat muc tiéu).
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Truyén tai -- Transmission

Chung ta da sén sang truyén tai dang song qua hé théng. Ching ta da gap ngudn va bd
nhan, vi vay ching ta co6 thé tién hanh viéc tao két néi. Muc tiéu ctia ching ta rat don gian: chuyén
dang song tir bd glri dén bo nhan sao cho nhanh va trung thyrc nhét c6 thé. Thach thirc clia ching
ta la giam thiéu sy thay d6i dang séng khong duy tinh: thém tap am, d6i dap (rng tan s, méo,
dropouts, d6 chd qua cao va ké xam luwoc xa la (alien).

Chung ta bat dau véi san pham truyén: tin hiéu hay dang séng. Hanh trinh bat dau tai
nguon, di qua (hay qua) phuong tién va dén bd nhan. Dang song am la sy thay doi ap suét theo
thoi gian va tiéu diém cua ching ta sé truyén qua khéng khi. Ngudi guri 1a nguén am thanh va loa,
trong khi ngu&ri nhan la tai va micro. Phién ban dién tir analog la dién thé theo thai gian, truyén
qua mdi truorng dién tur. Thiét bi output va input la ngudn va nhan. Trong ITnh vyre digital, ma hoa
s0 clia dang song truyén qua moi trudrng. Sur phan biét gilra truyén qua moéi trwrdrng va mét cai cod
thé giéng nhu ché sgi toc nhung hai dang truyén gan nhu khac biét hoan toan.

Phan chinh con lai 1a thiét bj truyén dong phién dich. Trong thé gi¢i analog, day la bo
chuyén doi (transducer), c6 vai tro 1a thay déi gitra nhirng moi truong. Két qua vé digital la b bién
doi, chuyén gilra hai dang thirc analog va digital.

Hanh trinh clia chung ta di tor diém A dén diém A: glri &m thanh t&i b6 thu dm. Co6 rat nhiéu
dudrng truyén dan dén dé (Hinh 3.1).

B Am thanh dén am thanh: ngudn 4m thanh dén tai clia chang ta, chuyén bay khéng

ngurng.

B Am thanh dén analog dén am thanh: thém giai doan phat lai & micro, dién tir analog va

loa.

B Am thanh dén analog dén digital dén analog dén am thanh: chén am thanh digital vao

day chuyén.

B Am thanh analog dén digital dén mang digital dén analog dén am thanh: di chuyén am

thanh digital qua mang.

Standard transmission paths

0000
Analog | | Analog | [ Analog
1900 mic level ine level spkr level
Analog [ Analog [ Digital Analog [ Analog |
1980 mic level || linelevel |7} line level spkr level
Analog | [ Analog | [ Digital Network Digital Analog Analog
2000 mic level line level || 1 line level spkr level
Analog | Digital Network Digital [ Analog
2010 mic level | spkr level

2

Hinh 3.1 Budng truyén tai
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3.1 Budng 6ng dan 4m thanh analog -- The Analog Audio Pipeline

Chuén bj cho chinh ban: "khudn duc cua tat ca analogies". Ching ta sé xtr dung hé théng 6ng
nudc lam éng dan dé hoc vé truyén tai 4&m thanh duGi nhigéu dang thirc khac nhau: analog, digital va ndi
mang (networked).

Dong dién mét chigu (DC) thudrng giGi thiéu cho ngudi mai hoc bang cach giai thich thuat ngir
analog giéng nhu dong chét long qua 6ng. Dién thé |a ap suat nude tai nguodn. Stre can lién quan dén
chiéu rong duong 6ng va dong chay la téc do dong chay cua chat long. Hay stra lai, analogy giéng nhu tin
hiéu AC yéu thich cla ching ta: truyén tai &m thanh. Trong trwd'ng hgp nay, dudng 6ng la binh chira cho
dang sbéng chay. 6ng dai dién cho gi¢i han hé théng truyén dan bén ngoai, vi dang song khéng thé mé
réng ra ngoai nd. Muc tiéu clia chung ta la di chuyén dang séng qua 6ng bang cach ma rong dién tich cua
n6 cang nhiéu cang tét nhung khéng bao gid cham vao vo. éng sé thay d6i vé vat chét va kich c& khi
ching ta ti€p tuc, cling nhu dang song cua chlng ta sé chay nhu vay. Chang ta muén chuyén dang song
qua méi truorng va/hay sao chép né gitra méi truorng ma khéng stra déi. Ba méi nguy hiém chu yéu nam
trong dudng dan analog: méo dang, tap 4m va déi dap (rng tan s6.

Chung ta hay xem xét mét phan éng dan am thanh. N6 co6 thé vurgt qua nhirng dang séng co kich
¢ gi¢i han (bién d6) va khong hon. Béat clr cai gi Ién hon sé va vao ria (clipping). C6 thé c6 ro ri trong vo
boc thoat ra (mé&t mirc dd) hay cho phép tin hiéu khac nhap vao trong (tap &m). May bom (dién tir hoat
dong) gitr moi cai di chuyén ma con thém tap &m. Tap am trong mach nay Ién hay xudng tuy theo dudng
kinh 6ng.

Cé tinh chét co hoc trong vé éng, d6 cirng clia canh, cach noé udn, jack néi, v.v ..., anh huéang dén
vai dang song nhidu hon nhirng hiéu trng khac (hiéu (rng phu thudc tan s6). Ba bai hoc cho dén nay: dang
séng qua kho cham vao turdng, mét cai nho pha lodng vai tap am, va dudng 6ng dan lam tir vat liéu khong
tot s& khong hiéu qua, 6n ao va biéu hién hiéu (rng phu thudc tan sé.

3.1.1 Gi&i han trén va duéi

Cé thé ap dung dudng 6ng analog cho nhiéu phuong tién am thanh khac nhau. Giéi han dudng
6ng dan am la mirc 4p sudt ma truyén dan ngay cang khéng tuyén tinh v&i mirc d6. Do méo tang Ién dan
dan theo mirc d6 roi tang manh khi gan canh. Hinh dung mé rong éng hoi dugi ap suét cao. Ngugc lai,
dudng 6ng dan dién tir analog cé vo cirng do dién thé rao-chan (rail) DC (thi du +15VDC). Nhan vao no sé
dan dén viéc dang song bj cat ria. Bién thé va bang tir bdo hoa mat do théng luwgng tur, trong khi loa va
micro dan dan dat dén gi¢i han co hoc cho bd phan chuyén ddng cta nd. Pay la nhirng hinh thirc cat nhe
hon. Kim may hat dia qua tich cuc sé 1am n6 tung 6ng roi ro ri va nhay sang ranh dia tiép theo, roi n6 sé
khong play nira - sé khoéng play nira - sé khong play nira (d7a nhya bj ca 1am-ND).

Pudérng 8ng dan khi hau nhu ¢c6 cung kich ¢& & khdp noi (nhod nhat | trén nai Everest). 6ng dan
dién tur analog co6 nhiéu kich c& khac nhau, xép loai thanh micro, dudrng dan va loa. Dang s6ng khong bao
gio bang hay vurgt qua dién thé rail DC (hay chinh xac hon khoang 0,75 volt so véi rail). Dién thé rail
15VDC mang cho chlng ta dao déng AC t6i da tuyét doi £14,25VPK. Dadi véi song sine 10VRMS, con goi la
+20dBV (+22dBu). Rail DC (kich c& dudng 6ng) 1a yéu t6 chinh trong viéc thiét lap nang suét output toi da
cla thiét bi mirc do line. Kho thyrc hién cho toan b thiét bi ma khong c6 vai diém bi vat nhon (pinch), vi vay
t4t ca thiét bj s& khong nhét thiét phai dat dén mirc t6i da theo Iy thuyét, nhung day Ia khuynh huéng. Ong
day sé cho chiang ta nhiéu chd hon 1a dng mong (thi du: rail 18VDC so véi rail 12VDC).

Né&u 14V la 8ng tiéu chuén, thi mdrc micro 1a gi? D6 1a mot diéu khé. Co réat nhigu thiét bi mirc
micro chuén c6 dudrng 6ng murc line, thi du: preamp micro, output clia né can phai nhay 1én dén murc full.
Chi tén tai mirc micro bdi vi micro, bobin guitar, vv .. chi cho ra mirc do rat nho (khéng phai vi n6 c6 ngudn
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DC nhd). Thiét bi mirc mic nhu pedal guitar c6 thé chay bang pin 9V (rail DC khoang +3,5volt), vi dang
song &m thanh sé khong vugt qua kich ¢ 6ng do. Ching ta sé can bom 6ng I6'n hon réi nang Ién mirc
line.

Co sy chénh léch I6'n nhat 6dB, gitra dud'ng 6ng murc line ¢ duwdng kinh trong khoang +11V va
+23V (rail DC gilra 12V va 24V). Ché&c chan c6, nhung khdng chinh xac 1a déi trd choi. Bé khuéch dai cong
suét (amplifier) 12 chuyén khac: Ong input mirc line ndi v&i output I6n hon rét nhiéu.

3.1.2 Tré khang: ngudn Z th8p dén bd nhéan Z cao

Impedance: low Z source to high Z receiver

Hay guri vai tin hiéu vao 6ng va xem chlng ta nhan dugc cai gi & dau bén kia. Nguén phai cé kha
nang duy tri du luu lurgng (trd khang thap) dé gitr 4p suét trong moi trwrdrng. B nhan yéu cau phai cé dong
chay t6i thiéu (tr& khang cao) dé thurc hién theo nhirng thay déi ap suét (mé hinh chép lai dang séng).

Nguoc lai, ngudn tré khang cao cung cdp cho bd nhan coé tré khang thép, sé bi hao hut rat nhiéu,
han ché dynamic va cé thé that bai hoan toan. Hinh dung diéu nay: Chung ta cé thé diéu khién mot (hay
mu&i) voi trdi cy bang voi clru hda ma khéng can lo vieéc mat ap luc (ngudn Z thdp dén bd nhan Z cao).
Mat khac, voi twgi cay khong thé tao ra du dong chay dé cép day voi ciru hda (ngudn Z cao dén may thu Z
thdp). Pudrng 6ng dan 4m thanh, diéu khién bdi thiét b tré khang thép (tu nhién hay loa) dén tai (hay
micro) tr& khang cao. Pudng 6ng dan dién tir analog c6 vai ngudn Z thap dé Iap bd nhan Z cao: micro dén
preamps, line output dén line input va ampli dén loa.

The analog pipeline

t14v® t14v®

Unity connection to Unity connection to reduced
matched pipe pipe (overload)

t14v<‘®
S -ﬁ- t7v®

™

Downscaled level to Level rescaled at entry to
accomodate reduced pipe reduced pipe

Figure 3.2 Gigi thiéu dwdng 6ng &m thanh analog
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Speaker level pipe

+100v @l)

Line level pipe

Mic level pipe £14v “
+1.0v ?*) ' " . , o

1 Line level devices

v

2l
]
Amp dnver

stage Amp output
stage

S

Figure 3.3 Budng 6ng analog: mirc d micro, line va loa.
3.1.3 K&t ndi lién tang -- Interstage connections

Chung ta hay néi hai phan 6ng dan mdrc line twong (rng theo loai (Hinh 3.2). Gigi han bén ngoai
da khéng thay déi dé dang séng déu nhu nhau (néi gain dong nhat). Ching ta chi can may bom manh hon
dé gilr ap suét khi 6ng dai hon.

Néu ching ta ndi 6ng 14V v&i 6ng 7V, canh bén ngoai dang soéng (bét cir cai gi >7V) sé bi cat bot
& input m&i, phan nhé hon. Ching ta can déi ty 1& dang séng huéng xudng dé gan vira véi éng 7V (giam
50%, -6dB). Hay chung ta gi¢i han dang song dén 7V cho toan b dudng éng hay chay hai thang do khac
nhau dé cd c& ding dang soéng cho kich c& dudng 6ng hién tai. Ching ta thai 6dB cua headroom néu
khéng d6i ty 18, vi phan 6ng 14V sé& hanh déng nhu phan 7V (nhung v&i phan tap &m san 14V). Tinh mién
dich tap am t6t nhéat xuét phat tir sy thay doi ty 1& khi ching ta di. Mrc micro, line va loa 1a nhirng diém pha
v chinh, nhung cé thé xtr dung loai tang nhé hon (Hinh 3.3).

Vai trd cua preamp cta micro la chuyén déi tir mirc micro t&i line. Mach dau tién nay trén console
mix, ngan khong cho tin hiéu micro mirc micro di chuyén qua duwdng éng mure line, noi nd sé bj chét duoi
trong tap &m.

3.1.4 Tong hgp

Xay ra chuyén gi khi chlng ta n6i hai 6ng 14V (A va B) tai dwdng néi chay vao 6ng 14V don (AB)?
Dang séng phu hgp sé lam cho 6ng AB xtr ly géap hai dién thé A (hay B) riéng I& (Hinh 3.4). Do do, sé tran
phan AB néu vugt qua 7V tai A (hay B). Giai phap dé & day: Ty 1& hoi phuc ca A va B giam xuéng 50% (6
dB) tai duwdrng ndi va AB sé co cung lirgng headroom nhu mdi phan riéng lé.

Chung ta c6 thé gia dinh, tin hiéu A va B khac nhau, vi khéng cé Iy do téng hop tin hiéu analog
dién tir chinh dang. Digu nay dan dén tinh hudng ky ty dai dién (wildcard), tao ra dang song két hop mai.
Khoanh khéac két hop phase va bién dé cé thé tang gép déi mirc do riéng. Nhurng ciing cé thé it hon, tham
chi triét tiéu hoan toan, néu né cé théi diém co cung bién do va ngugc phase (180°). Su két hop trung binh
theo thoi gian cla hai tin hiéu khéng tuong quan & mirc do bang nhau sé khoang 1,4x (+3 dB) trén bién do
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cua mdi ca nhan. Chéc chan, dang song méi sé thay d6i khéng bao trurde va kha nang xay ra do tang 6dB
tam th&i. Ching ta phai gia dinh didu t6i té nhat dé bao dam tin hiéu két hg'p sé an toan khi qua tai. Day la
noi khai niém vé "headroom" vao cuéc. Chang ta c6 sdn headroom & bat ctr noi nao co diéu kién dynamic
khong r6. Trong khi dat d6 dong nhat 1a lya chon hop ly cho cac két néi lién quan dén ludng channel don 1,
khéng nhat thiét phai la trird'ng hop tng hop nhirng nat ndi, cé thé dé bi ngap lut néu nhidu ludng cung

cép diém ndi bang kich c& véi output. Hinh dung hé théng 6ng nuéc co sau éng 1" néi lai vai nhau thanh
6ng dan output 1". Viéc nay dan dén bj tran, va la ly do tai sao khéng c6 thg' 6ng nurérc nao co thé cho phép
nhu vay.

Trong thé gi¢i nwée, 6ng output ha luu duwge 1am I&n hon. Trong thé gi¢i &m thanh mrc line,
chang ta gan cung ¢& 6ng qua toan bé chudi tin hiéu analog, tir micro preamp dén giai doan cong suét
amp. Buédc 1én tir 15VDC dén 18VDC chi la 2dB, it hon gain ching ta nhan dugc tir viéc thém input.
Chung ta thuwdng n6i 100 6ng mire line cung ¢& qua nhirng nat ndi (N6 goi la console mix). V&i mirc tang
+3dB (1.4 x) trén méi input, ching ta cé thé dat duwoc 20dB (100 x). Lam sao chung ta c6 thé di chuyén tai
trong c6 thé thay déi nay qua hé théng éng co kich ¢& ¢6 dinh? Diéu quan trong la phai giam mdac do tai
nhirng nGt nGi tdng ho'p. Giri nhirng 6ng da nap t6i wu dén nut néi nhurng giam téc dé & dudrng ndi téng
hop dé tao thanh dang song két hop cho 6ng output.

biéu nay lan lugt tré thanh 6ng input cho giai doan ti€p theo, chuyén xuéng lai Ian nira dé gitr
output ndm trong gi&i han. Chiang ta tim dynamic range 6n dinh qua nhirng giai doan khac nhau, ngay ca
khi mat do tin hiéu tang 1én va nguy co tang pk-pk dét bién rat Io'n. Phia trén dynamic range la headroom,
phia dudi la san tap &m. Chung ta bao vé do cao headroom va giam thiéu tap 4m bang cach thay d6i marc
do tai nhirng ché thich hop

Summing the pipeline

Adv(‘% ﬂdv(‘.) -'1-

n @ L@W

Full lines summed at full level: Half-full lines summed at full level: Full lines summed at half-level:
Summer overloaded Summer full. Individual pipes are not Summer and individual pipes are full

14y @

E

Hinh 3.4 Kich ban téng hop duéng 6ng dan analog
3.1.5 Khoang tréong trén dau -- Headroom

Headroom tra I&i cho cau hoi: Lam sao chung ta bi dén gan mirc qua tai? Tai liéu ghi lai trong
studio hang dau khéng coé gi bi &n. Ky su bac thay c6 thé tim ra mirc gain pk-pk t6i da bang cach theo doi
may hién song (oscilloscope). Thiét 1ap mirc do sao cho bao dam hén hop cuéi cling vira cé6 mirc do nong
nhat c6 thé, vira dé dua vao 6ng. Headroom la ban nhac theo thai gian that, dang dién ra lién tuc cho am
thanh live, vi chling ta khéng biét giay phut ti€p theo nd sé mang cai gi. Vi vay ching ta can no6 rat nhiéu.
Ngudi van hanh t6t co thé ngan khéng cho channel don dan dong vao rail nhung néu két hgp nhiéu tin
hiéu co6 thé dan dén mirc do bat ngd. Hai tin hiéu thu dugc hop ly co thé két hop v&i mirc do ngoai thang
do, do sy téng hop sdng ngén (ly do ching ta phai rat bét lai khi buée vao bo téng hop). Quay tré lai hé
théng 6ng, ching ta cé cai van nam & duwdng néi tdng ho'p dé diéu chinh luru lugng vao 6ng output. Giam
mirc dd gain & day cling gilp bao vé san tap am, vi input sé thu nhé lai cung v&i tap &m cua n6. Hay suy
nghi vé phuong an thay thé: van hanh tat ca input clia ching ta & murc rat thap (va hang tan headroom)
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dé chlng ta van c6 headroom sau khi téng ho'p. Diéu nay sé& dé cho ching ta thyrc hién téng dong nhét cho
rét nhiéu channel 6n ao. Tin hiéu sé tang, cling nhu tap &m. Thay vao do, t6t hon hét 1a giam nhirng input
riéng lé, dua vao bd téng hop (summer) dé dang. Co rét nhigu chd ma dudng 6ng c6 thé bi qua tai: dong
chay gain cua giai doan d6 hay bat ky giai doan téng hg'p nao (mix bus, aux bus, matrix, v.v).

3.2 Truyén tai &m thanh dén am thanh --
Acoustic to Acoustic Transmission

Hay bat dau véi noi giri &m thanh dén noi nhan am. Thudng goi 1a &m thanh "ty nhién-natural”,
cai nay la yéu thich cua moi ngu&i ngoai trir viéc n6 lam cho ching ta that nghiép. Chung ta bat dau ¢ day
vi day 1a dudrng truyén dan doan mach ban dau. Tét ca kich ban truyén tai khac déu chén vao bén trong
cau trac nay.

Noi glri la nhac cuy, tiéng ndi, bat cir diéu gi lam ra tiéng déng. Noi nhan Ia tai va micro. M6i trurdong
la khéng khi.

3.2.1 Lan truyén -- Propagation

Lan truyén doi hoi méi trurgrng dan hoi, trong trrd'ng hgp nay la khong khi. Khong khi phire tap hon
nhirng phurong tién khac cua chang ta. Pang chi y 1a tan s phu thudc, bat dau vai hinh dang déc dao, di
theo moi hué'ng, uén cong chung quanh moi cai va thay déi theo thoi tiét. Bi qua sgi day dan, trai lai, nd
song trong nha t6t nhat.

Sé&n sang nghe ly thuyét chura? Ngudn am thanh nhé bé sé lan truy&n rong nhu mét ngudn diém
(point source) ly tréng. Am thanh sé lan truyén ra bén ngoai theo moi huéng (omni-directionality) va sé co
ty 1& mat SPL 50% (6dB) cho mbi lan gdp déi khoang cach. Tuén truéc ching ta dé tai loa nho vo han cua
chiing ta vao xe tai nhung khi dén may nang, khéng ai c6 thé phat hién ra né.

3.2.1.1 S6ng hinh cau -- Spherical Waves

Nguon am thanh, tiéng ndi, nhac cu va loa cla ching ta déu c6 kich ¢&. Cé nghia la n6 khéng la
ngudn diém ly twdng hoan toan. Tuy nhién, chung ta sé bat dau v&i cdu tric ma ngudn am thanh don lan
truyén theo hinh cau, giam khoang 6dB/tang gap doi khoang cach. Mo hinh huéng lan truyén sé tuy thudc
vao vai lyra chon chi huéng, nhung bay gior hay néi, mét khi ching ta da xa nguon vira du, n6 sé truyén di
v&i mé hinh huéng lién tuc theo khoang cach (Hinh 3.5).

3.2.1.2 S6ng phéng -- Planar Waves

Séng phang, dang dau séng am thanh thir hai, tao ra khi kéo dai nguon trén khu virc. Tim thay cai
nay & miéng horn, noi da hinh thanh dau séng, bédi horn mé réng vat loe ra. Ty & hao hut va hudng phan
b6 rat I&'n tir mé hinh phat xa hinh cau bén trong khu vure cia horn, noi xay ra phat xa phéng. Tuy nhién,
khi &m thanh da lan truyén ra cach xa horn, hanh vi quay tr¢ lai loai truyén hinh cau. Sé duy tri dang dinh
huéng cua horn nhung ty 18 hao hut van quay trd lai 6dB/gép doi.

3.2.1.3 Nguon line vd han -- Infinite Line Source

Cugi cung, ching ta co thé xem xét két qua, thém that vé Iy thuyét khac, ngudn cé chiéu dai vé han,
hay array dai vé han cua ngudn cach gan nhau: ngudn duédng thang (line) vé han. Khéng cé sén trong ctra
hang! Trong khi séng phéng lan chiéu rong cla né theo hai chiéu, nguén line v han trai dai chi c6 mot.
Trong chigéu hudng do, vé mat ly thuyét, chiing ta c6 thé thay ty 1& hao hyt giam di chi 1a 3dB/gap doi
khoang cach. Trén that t&, chliing ta khéng bao gi¢ c6 thé d& ngudn line vé han khoi xe tai. Nguon line hiru
han c6 thé tao ra sy giam hao hut trong khoang cach gi¢i han, réi quay tré lai mé hinh truyén hinh cau
6dB/gép doéi. Ba co vai ngudi xtr dung thuat ngir "séng hinh try-cylindrical wave" dé mo ta sy lan truyén
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giai doan dau trong nguodn line hiru han (noi c6 thé quan sét ty 1& hao hut 3dB), nhung vé van dé nay, chua
c6 sur nhat tri khoa hoc. Xtr dung bd phan tich (va tai cua chung ta) dé t6i wru héa hé thong ma khéng quan
tam vé loai song.

Tinh toan viéc truyén song cuc ky phirc tap va vurgt xa pham vi cua sach nay (hay tac gia). Bé
phan tich cua ching ta s& khéng bao gi¢r néi, "Nay déi truréng, cam bién cho thdy séng phang". Pay la
nhirng cai ching ta phai biét: Chirng nao dau cla ching ta khdng & canh horn hay khu vyrc gan array,
chung ta sé do lan truyén hinh cau.

BN

Spherical radiation: Planar: Infinite line source:

Radiation expands by Radiation expands by area in Radiation of adjacent

volume in all directions  forward direction within the horn elements combines to
then transitions to spherical simulate planar radiation

Hinh 3.5 Truy&n song: ngudn hinh cau, phang va vé han
3.2.2 Téc do

Céng thirc cho t8c dd &m thanh trong khéng khi 1a C = (331.4 + 0,607 * nhiét dd (°C)) bang m/giay.
Phién ban khac C = (1052 + 1.1 * nhiét dé (°F) bang ft/giay.

Thi du & 22°C:
C =(331.4 + 0,607 * 22) mét/giay
C = 344.75 mét/giay

Rat kho tap trung tim hiéu cong thire téc do am thanh vi nhirng thdng s6 khong phu hop vai trng
dung that t€ cla chung ta: 334.75 mét I&n dén ndi khéng hinh dung dugc va tang mot gidy that tirc cudi va
mo ho cudi. DO 1a ty 1& ba san bong/giay. N6 co giup thay doi ty 18 xudng con 0.344.75 mét/gidy khéng?
DPao nguoc ty I& sang ms/mét thay vao do sé dé tinh hon. Diéu nay lam giam xuéng 2.94ms/mét @ 22°C,
va c6 thé lam tron thanh 3ms/mét. B6i vai nhirng ngudi xtr dung hé théng Anh (foot) cé ba Iyra chon: (a)
hoc hé thdng sd liéu, (b) ms/foot, lam tron thanh 0.9ms/foot va (c) feet/ms, lam tron thanh 1.1ft/ms.

Chung ta ciing c6 thé xtr dung phu kién phong tiéu chuén lam trg- gidp thi giac: chd ngéi. Khoang
cach hang ghé thuwdorng khoang 3ms (hé Anh va mét co cung kich ¢&). Biéu nay nhan manh wu diém cua
hinh anh khoang cach bang ms, khéng phai la mét, foot hay hé cy ly vii tru parsec rat thanh cong. Ching
ta sé xtr dung th&i gian khi digu chinh, vi vay hay ghi nhé hé chuyén déi nay. Téi khéng thé nhdn manh du
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uu diém hinh dung khoang cach bang mili giay, vi phai can don vj nay dé hiéu dugc phase va tan sé, sy
tuong tac cua loa va phan dai.

3.2.3 Budc s6ng -- Wavelength

Budc song ty 1& thuan vai tée do truyén doc dao cua moi trwdgrng. Toc do truyén qua khong khi la
mot trong nhirng t6¢c dé cham nhat, nghia la buéc song trong maéi trrd'ng nay & mat nhd (nhé hon 4 kich
c& cua no trong nuée va 1/500.000 kich c& cua nd trong day analog). Khi thay d6i moi truorng, téc do
truyén va tét ca budc song sé thay doi theo no.

Cong thire tinh buée séng la

A=c/F

Trong do6 A 1a bude séng tinh bang mét, ¢ 1a téc do truyén cua méi trwdng, va F |a tan s6 (Hz).

Hé thong pro-sound tiéu biéu truyén qua it nhat 600:1 giai budc song: 18.000Hz xuéng con 30Hz.
Budc song & tan s6 30Hz that té Ién hon 600x so véi dbi tac 18kHz, co kich c& tir xe tai dén mong tay.
Buéc song déc biét khé hinh dung vi (a) khéng nhin thdy &m thanh va (b) thach thirc vé tinh than truyén
dong thori 1a cai gi do co ty 1 kich ¢& 600:1. Tuy nhién, phat trién ki nang nay réat hiru ich vi kich c& that té
clia &m thanh 1a mét yéu t6 quan trong trong hanh vi cia né. Biéu do tham khao hiru ich, cung cép trong
Hinh. 3.6.

Wavelength reference chart
Wavelength
Frequency | Period (Room temp) Comparable size
(Hz) (ms) (m) (ft)
20 50.00 17.24 56.56
25 40.00 13.79 45.07  |Intermodal shipping container
32 31.75 10.94 35.77
40 25,00 8.62 28.17 |Band gear truck length
50 20.00 6.90 2254 1/2 size intermodal container
63 15.87 5.47 17.89 |Gas guzzling SUV length
80 12.50 43 14.09 |Full Size car length
100 10.00 345 11.27  |Compact car length
125 8.00 2.76 9.01 Too wide for the truck
160 6.25 215 7.04 Shaquille O'Neal
200 5.00 1.72 563 Average height
250 4.00 1.38 451 Shoulder height
315 3.17 1.09 3.58
400 250 0.86 282
500 2.00 0.69 225 Arm's length
630 1.59 0.55 1.79
800 1.25 0.43 1.41
1,000 1.00 0.34 1.13 Elbow to fist
1,250 0.80 0.28 0.90 Man's foot
1,600 063 0.22 0.70 Woman's foot
2,000 0.50 017 0.56 Eight fingers
2,500 0.40 0.14 0.45
3,150 0.32 0.1 0.36 CD/OVD
4,000 0.25 0.086 0.28 Four fingers
5,000 0.20 0.069 0.23
6.300 0.16 0.055 0.18
8,000 0.13 0.043 0.14 Two fingers
10,000 0.10 0.034 0.11
12,500 0.08 0.028 0.09
16,000 0.06 0.022 0.07 One finger
20,000 0.05 0.017 0.06

Hinh 3.6 Biéu do tham khao buéc séng
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3.2.4 Z thdp Z dén cao Z: ap lyc di theo

Nguon am thanh (hay loa) truyén &m thanh vao méi trong co tré khang réat thap: khéng khi. Tai
(hay microphone) cam nhan dang séng lan truyén ma khong hut hét khong khi ra khdi phong. Tém lai, yéu
cau rét nhigu nang lugng dé ddy dang song qua méi trud'ng, nhung khong dé y dén sy hién dién cua né
va guri phién ma vao ndo cla ching ta. Tai (va micro) mang tré khang am thanh cao va cé thé cam nhan
ap lwc ma khéng can kéo nguén xudng.

3.2.5 Giai dong lyc -- Dynamic range
3.2.5.1 Giéi han trén

O mirc ap suat am cuc cao (> 120dB SPL) thi moi trrd'ng khong khi ngay cang phi tuyén tinh
nhung khéng dat dén gigi han cirng cho dén dinh 194dB SPL. Biéu nay twong duwong véi 1 atmosphere,
c6 nghia bén canh ving gian khi (ap suét thap), theo nghia den, ching ta da hét khéng khi (tai I& hoi
Telluride Bluegrass sém hon). Méi trudng cé giGi han vat ly, khdng chi la tai cta chdng ta, vi vay nhiém vu
cho SPL v6 han sé két thc cudc choi & dinh 194dB SPL. M6i trurdrng bao hoa dan dan, do dé sé xay ra do
méo cao nhét & nhirng vi tri gan nhat trong nhirng 16i di I6'n nhat. Phong nén va hong horn ¢c6 vai mirc do
méo trong moi trrd'ng khong khi cao nhéat trong hé théng am thanh.

3.2.5.2 Gi&i han duéi

Gi¢i han dudi la tap &m Browni, c6 cung d6 I&n nhu ngud'ng nghe clia chidng ta (0dB SPL). Bay
sé la cudc tan cong sau nhat vao vat ly phan tir. Khong co gi trong ty nhién ngoi yén, va phan tir khong khi
cing khdng ngoai lé. Chuyén dong Brownian la théng ké ngau nhién va do dé tao ra tap &m trang-white
noise (khdng phai ndu). Brown la khoa hoc gia da dinh lugng né.

dBSPL loss over distance
(m) | (f)
1 3.3
14 | 46
20 | 65
28 | 93
40 | 13
57 | 19
80 | 26
W | 37
16 | 52
23 74
32 | 105
45 148
64 | 209
90 | 296
128 | 418

Hinh 3.7 Song truyén qua khoang cach
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3.2.6 Ty |é hao hut (luat binh phuong nghich dao) --
Loss rate (inverse square law)

Binh luat binh phurong nghich dao la tén goi chung cho ty I1& hao hut 1a 6dB/tang gép déi khoang
céach, lién quan dén sy truyén séng hinh cau (Hinh 3.7). Mdrc tiéu chuén gia dinh nay, goi la dap trng "khu
vure ty do-free field", doi héi vai digu kién dac biét ma khong bao gidr ¢ thé géap hoan toan, tuy nhién, day
la tham chiéu dé vé ra mirc do theo khoang cach t6t nhat. Ghi nhan sai léch & trén hay dugi ty 1& hao hut &
khu vuc ty do. Khéng khi khdng phai 1a méi trud'ng khdng bj hao hut trong giai HF, nghia la giai trén cung
roi & toc do cao hon khu vyre ty do. Nang lugng phan déi cong thém vao am thanh tryrc tiép, (chu yéu) lam
giam ty 1& hao hut. Néu sy phan doi cu thé dong phase, ty 1& hao hut sé bj cham lai. Néu quy trinh phan doi
léch phase, ty 1& hao hut sé tang Ién. Array loa két ho'p (ngudn gan nhau) c6 thé lam giam ty 1& hao hut
(nhu sy két hg'p), nhurng chi trong khu vire gan. Luét binh phuong nghich dao khéng phan biét. N6 chi
phdi loa, nhac cu va con ngu¢i déu giéng nhau. Ngoai I& duy nhét la tré so sinh trong may bay (ty I& hao
hut 0dB). Phai cho vao trong dau: Téc dé hao hut trong khu vurc tur do t6i thiéu la 3dB (tang 1dB la t6t nhat,
c6 thé xem xét trong hinh 1.14).

Hay coi sé xay ra cai gi khi chlng ta tranh ra khoi ngudn dinh huéng dién hinh. Vung HF duy tri
hoat dong & khu vurc tu do (free-field) vé&i khoang cach dai nhat truée khi dura ra b6 sung/giam phan doi.
LF roi xuéng véi téec dé dang ké vi do bao quat réng clia no, lién quan dén san, tran nha va tuwéng. Hai yéu
t6 co thé mé réng khu vure tyr do trong giai HF bang cach giam nang lwgng phan doi: ting dinh hudng
ngudn va do hdp thu bé méat. Nguoc lai, sy hao hut ctia khéng khi, lam cho giai HF thay déi tir dap (rng
khu vure ty do vi dang déy nhanh t6¢c d6 hao hut & dé. Loa dinh huéng trong phong kho (Am hoc) vao mét
ngay &m wét (than thién véai moi trudrng) sé cod hang loat hanh vi trong khu vure tyr do trong giai HF. Biéu
nay dung véi loa va ngudn ty nhién.

Toéng két mirc d6 hao hut:

B Tiéu chuén tu do: hao hut 6dB/gdp déi khoang céach.

B Hao hut trong khdng khi: tuyén tinh vurgt qua ty 1& hao hut tiéu chuan.
B Phan déi (Khu vurc gan): t6i thiu duéi mirc hao hut tiéu chuén.

B Phan déi (Khu vuc xa): t6i da duéi mirc hao hut tiéu chuén.

B Array loa (Khu vurc gan): t6i da duGi mirc hao hut tiéu chuén.

B Array loa (Khu vure xa): t6i thiéu du6i mirc hao hut tiéu chuén.

Chung ta vira nhin thdy nhirng digu kién gan lién v&i luat binh phuong nghich dao. Cai nay co6 phai
la anh hud'ng ciia mé hinh bao quat cia ngudn dm thanh khong? Thiét bi da hudng cé giam téc do khac
thiét bi dinh hué'ng khong? Cau tra 16 1a c6 vai cai khdng da diéu kién. M6t khi n6 di du xa dé 6n dinh mo
hinh bao quat ctia nguon, ty & dropoff sé theo luat binh phurong nghich dao. Néu ty 1& phia tru¢'e/phia sau
la 10dB & 1mét thi & 2m va 4m ciling vay. Truyén séng cau la thiét bj giam ap suét quan binh.

Lam sao biét chung ta da di du xa dé co6 viéc méat 6n dinh vé khoang cach va goc do? Mét cach la
tiép tuc di chuyén ra xa nira, cho dén khi chiing ta thay ty I& hao hut theo luat binh phuong nghich dao.
Day la mot déi s6 tron. Chang ta c6 thé xuéng mirc chiéu sau hon bang cach xem xét yéu t6 tai noi lam
viéc. Ngudn diém nho xiu nhu clicker phat trién & khoang cach rét gan. Tréng taiko ctia Nhat khéng 16 doi
hoi so sanh khoang cach dai. Nguon phat tan (thi du nhu piano) hay nhirng loai c6 nhiéu output 4m thanh
(thi du nhu kén tdi) cling 1am tang do phirc tap. Loa hai way dién hinh vira phat tan vira nhiéu output.
Chong loa 5mét 1a ngudn rat mé rong.
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3.2.7 Buong truyén

Pudng truyén am thanh khong phai lic néo ciing 1a dudng thang. Dudi day la vai kha nang (Hinh
3.8).

3.2.7.1 M6 hinh dé tia -- Ray-Tracing Model

Thudéng tinh dudng truyén am thanh béng phuong phap do tia (ray-tracing). Am thanh truyén tor
ngudn theo duérng thang, nhu tia néng. Trong khu vure tur do, &m thanh lan ra bén ngoai tiép tuc va mét
mirc d6 déu dan. Piéu chinh mirc gia tri twrong d6i cho méi tia d& bat churdc hinh dang mé hinh bao quat
cua loa cu thé.

Khi tia cham vao bé mat, né phan doéi nhu anh sang trén kinh (gbc nghiéng = géc phan déi). Tia va
phan doi tir loa b6 sung giao nhau va di qua ngudn chinh. D4y 1a phép tinh vé tinh chét truyén va téng hop
am thanh x4p xi, dung trong hau hét chuong trinh mé hinh hoa.

3.2.7.2 Khuéch tan -- Diffusion

M6 hinh do tia gitr b& mat nhdn du Ién cho budc song dai nhat phan déi giéng nhu kinh. Nguorc lai,
bé mat bat thud'ng phirc tap phan tan &m thanh theo nhiéu hudng khac nhau qua tan so, quy trinh nay goi
la khuéch tan, khu vurc thong nhat khong déng nhéat. Nhirng bé mét 16i I6m véi nhigu kich ¢& va goc khac
nhau c6 bé mat bién déi theo song am, ciling déu c6 kich c& khac nhau. Nhirng birc tugng trén tuwdng clia
Boston Symphony Hall 1a thi du néi ti€ng mac du mo hinh ban dau la két cdu chir khéng phai tinh &m. Dia
diém nao khong c6 diéu khac gia thudng tra co thé xir dung nhigu loai bé mat co kha nang thuong mai
hoa khac nhau, thiét ké theo ty & ¢ chiéu cu thé.

3.2.7.3 Nhié&u xa -- Diffraction

Trong vai truro'ng hop, séng dm sé uén cong quanh bé mét, chir khong bat ra, quy trinh nay goi la
nhiéu xa. Nhirng birc tudng cao doc hai bén dudng cao téc nhung roi ching ta van nghe tiéng xe chay:
Nhiéu xa uén cong né trén tudng. Nhd phép la clia nhiéu xa téi nghe thdy am thanh xe cru héa nhu thé
nd ngay bén ngoai ctra sé tang 9 dang mé cua t6i! Sy nhiéu xa 4m thanh qua tud'ng va xuyén qua khe mé
tao ra nguodn truyén dan thir cdp. Toi phai dan dau minh ra ngoai ctra s6 (phia bén kia nhiéu xa) dé dinh vi
xe clru hoa trén mét dat.

Q\/@JWQQ ——®

Ray tracing: direct and reflection Diffusion Resonance

(] L= Q ¢ ® @ X

Diffraction: small obstruction Diffraction: large obstruction Diffraction: small opening
Hinh 3.8 Budng truyén am thanh: do tia, khuéch tan, céng hudng va nhiéu xa

Chi c6 nhirng d&c tinh nhiéu xa co ban nh&t m&i nam trong pham vi ctia chang ta: ty 1& mé va/hay
kich c& chudng ngai (barrier) lién quan dén buéc song. Churdng ngai nho (so véi A) dugre cho qua véi
anh huang t6i thiéu. Chuéng ngai I6n (so v&i A) phan doi mét phan dang ké va dé lai vung t6i &m thanh
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mlrc thdp phia sau chuédng ngai (xe clru hda trong phong ngu). Bat ky chuéng ngai that t& nao ciling déu
c6 dac tinh nhiéu xa phu thuéc tan s6, do kich ¢& mé c6 dinh va A thay déi. Cot nho chi chdn nhirng tan s
cao, trong khi nhirng tan khac uén cong chung quanh. Cét c6 dudong kinh 30m sé chan gan nhu moi cai.

Relative humidity and air temperature effects: dBSPL loss over distance

0dB Relative

humidity
o S — 100%
i) ~ e
2 3%

™~
3 -10d8 50%
g %
< N\ %
10°C@100m N @ 100 m V°'C@100m 20%
S0°F @ 3181 N D318 1t \ 86" F @ 3181 18%
2048 L R 1 \ o
—_— 3
500 1k 2 4k Bk x 4k B8 16k500 1k 2k 4k Bk 16k 10%
Frequency (Hz) Frequency (Hz) Frequency (Hz)

Hinh 3.9 Tac dong cua do 4m déi v&i viéc truyén am thanh (theo Meyer Sound)

Nhiéu xa tao ra vdn d& I&'n cho viéc cai dat Am thanh. Nhiéu xa la diéu lam cho moi ngudi nght co
thé dat ludng chir | & phia trwrdc loa. Ho van cé thé nghe thdy no, vay véan dé 1a gi? Nho nhiéu xa quan ly y
nght, ching ta nén mix show qua viéc ma clra s6. Nguyén ria may, do nhiéu xa!

3.2.7.4 C6ng hudng -- Resonance

Kich c¢& phong co thé tao ra quan hé khoang cach cam théng véi nhiéu buée song dac biét, dan
dén cong hudng. Cong hudng trong phong va ndi bé bidu hién vdn dé phan ra bang cach kéo dai giai tan
s0 nhét dinh. "Cong hud'ng Helmholtz" 1a cac budng ngédn bén ngoai cung cép sy hap thu nhirng tan s6
thap va trung rét hiéu qua.

3.2.8 Anh hudng ning dong -- Dynamic effects

Khong khi hoan hao van la moi truong truyén tai kndng hoan hao. Lam sao thay déi thoi tiét anh
hudng dén truyén 4m thanh? Coé thé dang xay ra cau tra 1oi.

3.2.8.1 Hiéu (rng d6 4m -- Humidity Effects

Truéde day, ching ta da thao luén vé téc do hao hut HF clia méi trrdrng khong khi nhung khéng
phai 1a co ché stra doi chinh cua né: dé 4m (Hinh 3.9). Khuynh huéng chung dang gia tang hao hut HF khi
khong khi kho hon. Digu nay sé gitr nguyén cho dén khi chiing ta nhan dugc vai bién thé khéng khi cuc
khé & nhiét do lanh ky la. That ra, khong can phai tinh dén nhiét do, trir khi ching ta dang t6 chirc show ca
nhac ngoai troi & Oslo.

Hiéu (rng dap rng tan sé cua khong khi tuong ty nhur hoat dong cua filter lowpass. D doc cua
filter tang lén khi d6 4m giam va tan s6 goc roi xudng khi chigu dai truyén tang 1én.

O day co loai trir quan trong. Hiéu trng do 4m trén dap (rng HF d& nghe, va dé thuc hién. N6 chi
anh huang dén phan trén rdt cao nén tang hay cat HF rong co6 thé lam cho moi cai trd lai binh thuorng. Day
la mét trong nhirng phan thuc hién dé nhét vé hé théng t6i wru hda ma khéng can bo phan tich.

3.2.8.2 Hiéu rng nhiét dé -- Temperature Effects

Tac déng nhiét 6 manh nhat 1a t6¢c d6 am thanh (Hinh 3.10). Khong thé phat hién khéng khi nong
vi ching ta khéng that sy biét am thanh dén chang ta sém hay muén hay "binh thuérng" khéng. Am thanh
luén tut sau &nh sang nén ngay ca track 4m thanh ty nhién luén khéng déng bo vai hinh anh. Cau hoi dat
ra la am thanh sé& dén sau bao lau.
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Thay déi nhiét do chuyén thanh &m thanh khi c6 nhiéu duo'ng dan tham gia, vi stra doi téng cong
béng déi t6c dd. Loa phan doi va delay 1a nhirng thi du dién hinh. T8c d am thanh thay déi so véi nhiét do
ra sao? Khong nhiéu. Néu chling ta thure hién show ca nhac di tir phong x6ng hoi sang phong lanh, toc do
am thanh sé giam 10%. Can tang 5,6°C (10°F) dé tang té¢c d6 Am thanh Ién 1% (duwdng di 100ms sé tro
thanh dudng 99ms).

Temperature effects on sound speed
.| C | A | AC | 6 |[&
C | Sound speed F | Sound speed
Metric Temp Sound speed English Temp
Temp (C°) Speed (m/sec) | change (C°) change (%) Temp (F°) Speed (ft/sec) | change (F°)

378 354.3 15.6 2.7% 100 1162 28
35.6 353.0 13.3 2.3% 96 1158 24
333 351.6 1.1 1.9% 92 1153 20
31.1 350.3 8.9 1.5% 88 1149 16
28.9 348.9 6.7 1.2% 84 1144 12
26.7 3476 44 0.8% 80 1140 8
24.4 346.2 22 0.4% 76 1136 4
22.2 344.9 0.0 0.0% 72 1131 0
20.0 3435 2.2 -0.4% 68 1127 -4
17.8 3422 4.4 -0.8% 64 1122 -8
15.6 340.8 -6.7 -1.2% 60 1118 -12
13.3 3395 -8.9 -1.6% 56 1114 -16
11.1 338.1 -11.1 -2.0% 52 1109 -20
8.9 336.8 -13.3 -2.4% 48 1105 -24
6.7 3354 -15.6 -2.8% 44 1100 -28
4.4 334.1 -17.8 -3.2% 40 1096 -32
2.2 332.7 -20.0 -3.6% 36 1092 -36
0.0 331.4 -22.2 -4.1% 32 1087 -40

Hinh 3.10 Nhiét d6 anh huéng dén téc d6 &m thanh

Nhiét do thay doi sé diéu chinh t6c do am thanh theo ty 1& nhét dinh theo khoang cach. Hai con
dudrng ¢ do dai khac nhau di kém vai thai gian bu. Nhiét do thay doi sé déi ty 1& phan tram (ty 1& cua do
dai) nhung theo lrgng thai gian khac nhau (syr khac biét gitra d6 dai). Thoi gian bl thay déi. D6 la khai
niém then chét. Khi nhiét do tang Ién thi thdi gian van chuyén gitra hé thong chinh va delay co lai, &m
thanh dén tuwdng va quay lai sém hon trrére. That té, buwdc sdbng dm thanh thay d6i theo nhiét d6. That kho
hinh dung, vi budc séng cua dm thanh la. . . vd hinh. Thay vao do, ching ta c6 thé thyrc hién dao phan cuc
that t€ va hinh dung nhiét d6 nhu |a thay déi ban vé vé hé théng &m thanh va phong lai, van gitr nguyén
budc séng. Trong vi tru song song do, khi phong nong Ién, n6 sé thu hep lai. Du sao di nira, trén that té,
phong nong it phu hgp véi bude séng cua tan s6 nhat dinh hon 1a phong lanh.

Pudng dan ching ta nghe trong nha dai nhét la nhirng phan doi tan s thdp. No tich Ity nhiéu sy
thay d6i so v&i nhiét do. Day la noi ma tai va bé phan tich cua ching ta sé tim ra hau hét sy thay déi lién
quan dén nhiét dé nhiéu nhat. Nhiét do thay doi sé lam thay d6i dap (rng ra sao? Khong du dé sira thiét ké
am thanh hay pha v& thiét ké t6t. Quan tam truc tiép la cai dat delay. Bai tap toan nhanh sé dura cai nay
vao vién canh.

Thi du: hé théng chinh + delay c6 dudng dan tuong (rng la 100ms va 20ms. Hay thém 80ms vao
loa delay dé dong bé héa viéc dén cung nhau (100ms dén 20ms). N6 hoan hao cho mét chd ngdi roi bat
dau tich Ity 16i vé thai gian bu khi chung ta di chuyén chung quanh. Bang budn nhung dé la sy that. Sau
dé, nhiét do tang Ién 11.2° C (20°F). Day la thay déi nhiét d6 LON va tang tc 4m thanh 1én 2%. Budng
dan méi 1a 98ms va 19.6ms twong (rng, sé mang lai d6 bu 78.4ms. Cai dat delay tru¢rc do la 80ms hién co
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16i 1a 1.6ms. Lam sao diéu dé xdu di? Vi tri ctia sy dong bd chinh xac sé di chuyén bang khoang cach moét
ché ngbi.

Tac dong cua nhiét do Ién phan ddi cling tuong ty nhung nhan sé lurgng Ién rat nhigu. Ca hai
dudrng dan am thanh tryre tiép 1an phan déi déu tang téc khi phong néng lén. Chang ta c6 thé lam bai tap
tuong tu nhu trurée. Hay xtir dung nhirng con sé tuong tu nhu dudng dan am thanh tryec ti€p va phan doi
(trurc ti€p 1a 20 ms va phan déi la 100 ms, vi vay thoi gian bu 1a 80ms). Digu nay tao ra tan s6 loc lugc 12.5
Hz (dinh & 25Hz, 37.5Hz, 50Hz v.v). Néu chlng ta di qua cung mét sy thay déi nhiét do 2%, thai gian bl
lai thay d6i mot [an nira dén 78.4ms. Bay gid tan sé loc lugc (comb filter) 1a 12.75 Hz (dinh & 25.5 Hz,
38.26 Hz, 51 Hz). Khéng hén la tro choi vé thay déi, ha?

Nhirng dudng dan nay phai dai cuc ky dé giam sat loa delay va nhigéu dudng phan doi dé ching ta
nghe thdy am thanh thay d6i chi vi nhiét do.

3.2.8.3 Hiéu (rng gi6 -- Wind Effects

Am thanh di chuyén qua khéng khi. Gié di chuyén khéng khi. Am thanh di chuyén qua khéng khi
chuyén dong la mét mé hén don. Khéng co cach mé ta hiéu (rng don gian cla gié nao tai bat ky thoi diém
cu thé, nhurng ching ta cé thé kham pha nhirng co ché chinh (Hinh 3.11). Am thanh du hanh & t6c do
1234 ki 16 mét / gior (767 dam/gi¢r). Gio bédo bat dau & khoang 50-60 km/gi¢r, co thé thém hay trur t6c do am
thanh 5%, néu hudng gié phlu hgp véi huwdng lan truyén am thanh. Gié va dm thanh di chuyén theo cling
mot huéng kha don gian, du dé hinh dung, nhung gié tat ngang it khi nhu vay. Bo qua tat ca chuyén nay
khi ching ta nhé lai, am thanh truyén qua khéng khi cé hinh cau, khong thé cho gi6. Néu gid di chuyén tir
ngudn, né sé dé lai chan khong. Gié di chuyén theo hudng va kéo khong khi vao phia sau n6 dé 1ap day
bédng ap suét thdp hon. Vi &m thanh truyén theo hinh cau, ching ta sé& c6 moi quan hé cé thé, theo huéng
gi6, moi luc. Song am thanh ludn di chuyén déng hanh, chong lai va tat ngang qua gio.

P& huy bo show nhac c6 gié manh, vi vy hdy xem xét con gi6 vira phai (20-28km/h). Bay gio
chlng ta co6 sy thay déi téc d6 &m thanh +2-3%, trong pham vi chiing ta tim thay c6 nhiét do thay déi.
Trong khong gian, hiéu qua khong dong déu, ngay ca khi gié da 6n dinh, vi van dé lan truyén. Néu chi xem
xét dwdng dan dén tai, thi ching ta c6 thé da bo qua vai kha nang.

Uén

Cau thu giao bong chay ném bong thang (fastballs) va cong (curveball). Véi fastball, anh ta nham
muc tiéu va guri né dén. V&i duorng bong cong, anh ta nham dén mét ché khac, biét la dudng di sé ¢ chd
cong trong d6. Bugrc thir ba la change-up, cao dé chadm béat ngd. Loa phat trong khong khi trong lanh
phéng &m thanh theo duéng thang: fastballs. N6 bt dau phong am thanh theo thu thuat khi cé gié l6ng.
Gi6 tat lam cho dudng 4m thanh cong nhu dudng bong cong. Am thanh cuia ching ta di dén ngudi hang
x6m va chlng ta c6 clia ngudi khac. S& khong thanh van @& néu gié khong déi, nhurng né khéng bao gitr
nhu vay, vi vay vj tri cua chiing ta c6 nhiéu g6i &m thanh da dang cua cai khac. Nghe c6 vé nhu ai dé dang
l4c loa. Sé bi d6i cao do do hiéu trng Doppler (change-up) va déi tan s6 dap trng tur viéc nghe nhiéu phan
dap urng cuc khac nhau cua loa.

Gi6 loc lugc -- Comb filtering wind

Array loa phtrc tap c6 bién do chi ti€t mjn va twong tac phase gitra nhirng phan tir (con goi la chai-
combing). Cé thé do nhirng cai nay, trong nhirng thdi diém t6t nhét, va giam cai toi té nhat ro rét. Bé néao
cua chang ta lam cong viéc thich (rng v&i hiéu (rng combing én dinh dang chd y va cling nhu viéc phat
hién hiéu (rng combing thay d6i. Hay hoi bat cir ai da tirng lam viéc trong nha hat &m nhac. Hiéu (rng du
sau dé co cai tén: flanging (gép). Uon dudng di tr mot nguodn duy nhat lam cho dwéng phan déi bi gép lai,
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nhung day chi la van dé nho so vai array. U6n dudng dan tir array sé lam cho dudng gép chuyén déng
min & vi tri ciia ching ta, va khac & nhirng chd khac.

k 4

No wind Tailwind Headwind Crosswind

Hinh 3.11 Tac dong cua gi6 véi viéc truyén 8m thanh

Warm air g Cool air : Warm air
(}<: ® | ® ! ®
: Cool air

Warm air : Warm air

Hinh 3.12 Tac dong khlc xa véi truyén m thanh .
Gi6 trong nha — Indoor winds

Chung ta c6 thé gap hai loai gio trong khong gian trong nha. BAau tién 1a may sudi, théng gioé va
may lanh (HVAC), c6 thé nhin thdy nhirng hiéu (rng nay trén bd phan tich va nghe bang tai. K&t qua, khéng
thé phan biét dugrc néu gié nhe 6n dinh (dap (rng phase digu bién, dap (rng xung dong va giam lién két
trong HF). Thir hai la di chuyén loa, chang han nhu cum bi di dong ngay sau khi d&t dang vi tri. DT nhién,
diéu nay khong phai do gi6, nhung n6 di nhu gié va noi chuyén giéng nhu gio, vi vay ching ta phai cho
maoi viéc 6n dinh tru¢e khi o thé do t6t. Ngoai trdr, gio co thé di chuyén loa, trong trurdrng hop do, giai phap
la phai bao vé né that nhanh (an toan, khdng phai dir liéu phase).

3.2.8.4 Khiic xa -- Refraction

Khuc xa am thanh, cling giéng nhu anh sang, 1a sy uén duwdng truyén am thanh di qua nhiéu 16p
mdi truong (Hinh 3.12). Viéc nay chi anh hudng dang ké dén nhirng trng dung ngoai troi cé quy mé Ién.
Téc dé am thanh thay déi theo nhirng 16p nhiét trong bau khi quyén. Mé hinh khi quyén binh thuong 1a
khéng khi lanh ndm trén khong khi m (ttrc 1a khéng khi cham trén khéng khi nhanh). Viéc nay tao ra do
uén cong, ty |é v&i sy khac biét vé téc d6. Nong nam trén lanh, goi la Iép dao ngugc, uén cong &m thanh
xudng. Xem xét coi xe Ira & xa, thudng nghe thdy md nhat hon né & gan, béi cé sy dao ngugc. Khéng
phai ky su dang th6i &m thanh manh I&én. Déi khi show ca nhac ngoai tréri quy mé I6n co6 thé gép phai viéc
bién mé&t &m thanh rét bi &n, va no lai d6 bo bat ngd xudng lang giéng khéng than thién.

3.2.8.5 Hiéu irng Két hgp -- Combined Effects

Ré&t kho xac dinh tac déng doc lap cua yéu té nay trong ITnh vure. Sy thay doi nhiét do thuong két
hop véi thay d6i do &m. Cling khong can lam chinh xac nhu vay. Chung ta khong thé 1am gi nhigu vé viéc
thay déi cua gid, nhung tac dong clia nhiét do va doé &m van du 6n dinh dé cé thé khac phuc. Vi dién ra
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thay d6i dap trng gan nhu trong ving VHF hoan toan, tac dong cua nd 1a mot trong nhidu cach dé xac dinh
bang bo phan tich hay bang tai t6t nhat. Giai phap nao ciing nhu nhau, bat ké nguyén nhan nao.

3.3 Truyén dan 4m thanh sang analog dién tur --
Acoustic to Analog Electronic Transmission

Chung ta ngéat truyén déng nay bang cach chén micro vao duérng dan dé nam bat dang song va
doi n6 thanh dang dién tir. Bay gid, ching ta tap trung vao viéc chuyén 4m thanh sang dién.

3.3.1 Chuyén déi: am thanh sang dién tur -- Transduction: acoustic to electronic

Transduction 1a chuyén d6i phuong tién. Hé s6 chuyén déi am/dién 1a dé nhay, dugc cho la dién
thé output cua mach hd mV/Pa. Pascal (Pa) la don vi ap suét, sé do trén dién tich bé mat (newton/mét
vuong). Dich sang thé gi¢i am thanh: 94dB SPL. D6 la diém tham khao thuc hanh hon 0dB SPL, rat don
gian, ching ta cé thé tao ra va do né dé dang. Bo dinh c& micro tiéu chuén (dién thoai piston) tao ra song
sine 1kHz & 1.0Pa hay 10Pa (94 va 114dB SPL tuong rng).

Transmission + . Units Limits
{ | | 4

Dynamic microphone transducer

Acoustic Pressurization Rarcfaction | dB SPL .\\IH'!IHU.IHI) of air
Mechanical Inward Outward Excursion |Surround compliance, diaphragm compression
Magnetic North South Flux Magnetic core saturation
Cumrent Positive Negative mA Thermal overload of the coil
1 Voltage Positive

Negative mV, gV Thermal overload of the conl

Condenser microphone transducer

Acoustic Pressurization Rarcfaction | dBSPL  |Non-lincarity of air
Mechanical Inward Outward Excursion |Diaphragm compliance and compression
Capacitance Positive Negative Flux Capacitive reactance limits
Current Positive Negative mA Overload of the active preamp circunt
Voltage Positive Negative mV, gV |Overload of the active preamp circuit

Microphone internal transformer (optional)

Magnetic North South Flux Magnetic core saturation
Cumrent Positive Negative mA Thermal overload of the coil
Voltage Positive Negative mV, gV Thermal overload of the coal

Hinh 3.13 Tham chiéu micro chuyén dgi

D0 nhay thiét 1ap pham vi hoat déng &m/dién cho micro (Hinh 3.13). Dién thé output t6i da khéng
thé vurot qua gidi han murc line (10V RMS) va hau hét micro sé lam phang mang chén va/hay tham vao
thanh phan dién tir cua no trurde do rat lau. Micro gia dinh (mirc t6i da la 1V, dé nhay giai dong 1V/Pa va
120dB) c6 thé hoat dong tir 94dB SPL dén -26dB SPL. Chung ta it xir dung micro nhu vay, nhung co thé
thay khuynh huéng nay. Hay buéc xuéng dé nhay 20dB dé tim ra mirc that té: 100mV/Pa (114dB SPL dén
-6dB SPL), 10mV (134dB SPL dén +14dB SPL) va 1mV/Pa (154 dB SPL dén +34dB SPL). B6 tri micro rat
phu hop v&i dé nhay thap, cling nhu viéc thu &m phong héa tién va ban sing. Nang cao do nhay gidi han
dé theo doi ngudn co SPL cuc dai nhung ¢6 dién thé hoat dong t6t cho nhirng digu da biét hon (it can gain,
mién dich tap 4m t6t hon). Micro do t6i uu hda hé théng nén xtr ly dinh peak khoang 130-140dB SPL va
thuwdng giam tir 2.5mV dén 30mV/Pa.

Vai micro sé di qua bd chuyén ddi (transduction) bé sung trurére khi réri khoi chassis: bién thé noi bo.
B6 bién thé 1a sy chuyén tiép gilra vo boc dién tir hay giai doan input va giai doan input ciia mixer. Bo bién
thé sé giam dién thé (tang cuong dd), giam trd khang ngudn cuia micro vao preamp. U'u diém chinh cua bd
bi€n thé ndi b la kha nang truyén trén duong day dai hon, ty 1€ tir chéi ché do chung thap hon (CMRR) va
kha nang diéu khién trg khang input thdp hon phién ban khéng cé bién thé. Nhirng khuyét diém la giam do
nhay, tang méo dang, dich phase va bién dap (rng tan s6. Khuynh huéng trong nganh giam thiéu chiéu dai
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cable microphone chay dén preamps va bo chia gan san khau. Do dé uwu diém chinh cua bién thé micro
(duworng dai) lai 1am giam rng dung that té.

3.3.2 Z thdp dén Z cao: b6 bién ap lyc

Chung ta da thao luan trudc day vé bo theo doi ap Iyrc: ngudon am thanh Z thap truyén cho bd nhan
Z cao. Ap dung nguyén téc turong tu cho micro va tai. LAp day phong véi micro, PA khéng tai xuéng. Hay
tam thdi xem xét ly do tai sao micro va nhirng déi tac ctia &m thanh, loa, cé quan diém cong suét khac
nhau. Xem xét cach chiing ta khéng can micro 2 hay 3 way nhuwng loa rat can diéu nay hoan toan. Sy khac
biét 1a loa phat ra cong suét va micro chi can cam nhan né. N6 1a, nghia den hoan toan, cung di xe chung.
Phép so sanh v&i nuge: N6 doi héi rét it nang lugng dé lam ngudi dang boi troi 1én hup xuéng nhu ¢co
song l&én, nhung n6 da 18y déng co clia cai tau In dé tao ra no.

Nhé lai, cong sudt &m thanh (tinh bang watt) la SPL trén dién tich bé mat. Dién tich bé mat cla
mang chan micro nho dén mdrc vo nghia, mach gia Iap micro nhu thiét bi truyén tai nang lugng, mac du
chi vé mét ky thuat. Chung ta bat chugc n6 don gian hon, nhu bd chuyén ap suét. Sy chuyén dong co hoc,
tao ra bdi song ap suét sé chuyén thanh dién nang, ma trrgre tién ching ta thay dién thé va dong dién tai
vai tr& khang dién nhét dinh. Chung ta khong can phai xem xét dién nang cua tin hiéu output micro, mién la
input preamp c6 thé nhan dugc no & trd khang du cao dé theo dai dién thé dang séng chinh xac.

Mcrc dién thé cho micro dynamic passive c6 thé thdp dén 1-100 microvolts. Micro condenser active
c6 thé co preamp ndi b dé tang tin hiéu trurdc khi chlng ta nhin thay n6. Mirc d6 khac ma ching ta gép
phai & day rét I&n nén ching ta phai sdn sang cho bat cir chuyén gi. Pay la ly do tai sao giai doan input
cla console mix c6 kha nang tang dién thé tir -20dB 1én +70dB.

3.3.3 Giai dong lyc -- Dynamic range

Phat hién gigi han trén va dudi & hai bén cua sy chuyén déi (transduction). Kich ¢c& mang chén
dat gi¢i han dugi vé méat am thanh: Mang I6n hon ¢c6 san tap 4m thdp hon (va giam ma rong giai VHF).
Gi6i han am thanh giai trén 1a co hoc: léch khi di vong quanh va phéng va/hay vénh cho mang chén.

Vé maét dién tir,chlng ta gdp phai san tap am cua linh kién dién tir active va passive. C6 thé xay ra
nhiéu dién tir (EMI) trong cudn day hay nam cham. D6 bdo hoa tir d&t mot gi¢i han giai trén trong
transduction dau hay bién thé noi bé thir hai. Preamp active ndi bé ciing cé tiém nang gi¢i han dién tr
analog (d&c biét 1a don vi c6 gain cao). Mét pin hu sé lam giam giéi han giai trén khi dién thé rail sup xuéng.

3.4 Truyén dan dién tr analog dén dién tur analog

Analog Electronic to Analog Electronic Transmission

Chung ta buéc vao thé gici cia két néi analog sang analog. Miccro dén preamps, preamps dén
mdrc do line va mirc do line dén mirc do line. Co hai dang chinh: thiét bi dén thiét bi (bén ngoai) hay giai
doan dén giai doan (ndi bo).

3.4.1 Lan truyén -- Propagation

Dong tin hiéu &m thanh yéu cau phuong tién truyén dan hoi. Kim loai dan dién co tinh dan hoi doi
vGi dién tir, do d6 1a phuong tién thich hop. Dién thé 1a théng s6 bién do (cudrng dd) cua dang song.
Phuong tién truyén dan dién tor phd bién bao gdm day kim loai, day dan va jack ndi bang dong, thép, nhém,
thiéc, bac, vang, chi v.v. Téc d6 truyén dan qua cable co vo boc khoang 2/3 téc do anh sang (khoang
200.000 km/gidy), nhanh hon &m thanh 600,000 lan (0.33km/gidy). Ching ta c6 nén lo vé do tré trong
cable dién tir analog khong? Phai mat 133km cable m&i c6 do tré 1.5ms ctia bé chuyén déi A/D dién hinh.
Nhirng dudng day analog dai da tuyét chung mét cach hiéu qua, da thay thé bang truyén digital tr 1au.
Thai gian truyén gitra thiét bj dién tir analog c6 thé coi la khong dang ké.
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Truyén dan

Analog dién tir khéng phai la phuong tién khéng bi hao hut. Ngay ca chiéu dai day ngan ciing bj
hao hut cling nhu cé vai anh hugng dén dap trng tan s6. Hao hut ty 1é thuan véi chiéu dai cable va cé thé
giam thiéu bang cach di day t6t. Dudng dan truyén cling dé bj xadm nhap tap am, c6 thé cho ca dién 1an am
thanh di vao tin hiéu.

3.4.2 Z th4p Z dén Z cao: Mach lap dién thé -- Low Z to high Z: the voltage follower

Chung ta xem lai khai niém nguon Z thép va nhan Z cao trong moi truérng dién tir (Hinh 3.14).
Mach trung tdm topo truyén analog sang analog la mach lap dién th&. Ngudn c6 du kha nang du trir cudng
do (day la chd thanh phan nang lrong di vao) dé cung cép dién thé dang séng cho bd nhan. Trd khang sai
léch 1a 1:10 (tr& khang nhan la 10 x ngudn) hay t6t hon la thyrc hanh.

External: Low Zto high Z Internal: Low Z to high Z External: Low Z to high Z
Input gain control Internal drive stage Push-pull cutput section : Balanced differential input section
10kQ L_ - 100Q 10kQ 10kQ
= Input metering -
+
Input sect Mﬂg k0
nput section [— V —
10 kQ | Signal ’:;J\/k\? : 100 2 10kQ
+ processing +
+
10kQ
C 0—] [_—o C 0—]
- 1 L =

Hinh 3.14 Mach lap dién thé: Z thdp dén Z cao

3.4.2.1 Microphone dén Preamp Micro

Trd khang ngudn du kién ctia micro la 150Q dén 250Q. N6 diéu khién input nam trong giai 3kQ,
vuot qua ty 6 tré khang 1:10. Théng sé ky thuat cia preamp micro doi khi gay sai lam bang cach néi nd
c6 input "250Q" (diéu nay dé cap dén kha nang chap nhan micro co tré khang ngudn 250Q). Néu trd khang
input that sy 1a 2500, sé c6 do hao hut ti€p xuc la 6dB.

3.4.2.2 Output line dén input line (Op-Amps)

C4u hinh dién hinh 1a output 50Q dén 150Q khién input tir 5kQ dén 20kQ. Thiét bi khién dién hinh
la bd khuéch dai vi sai (op-amp) c6 cdu hinh can bang-balanced (push-pull). Op-amp la khdi thiét k& mach
dién tur analog hién dai, cdu hinh bo khuéch dai dién thé phé bién dé thurc hién nhiéu chirc nang nhu digu
chinh gain, filter, delay v.v. Op-amp c6 gain dién thé gan nhu v6 han, gitr dudi sy kiém soat cua tin hiéu
quay tré lai input trong vong lap hoi ti8p am (negative feedback loop). Xac dinh gain bang ty 1é dién tr&
trong vong 1ap hoi ti€p va diédu khién input. Output cia Op-amps cé tré khang thdp va tir input tré khang
cao dén cao cyc ky. bién trd chéng doan mach trén output han ché cudng do va thiét 1ap tré khang nguon.
Dién trd néi tiép trén thiét bj op-amp nhan thiét 1ap tré khang input. Bac diém input "10kQ, 5kQ balanced"
c6 nghia méi chan cla input balanced la 5kQ.

3.4.2.3 Giai doan dén Giai doan ndi by -- Internal Stage-To-Stage

Tin hiéu analog di chuyén twong tuw nhu nhau gitra giai doan ndi b, nhung trong tam kiém soat,
khéng doi hoi dién tro chéng doan mach. Giai doan-giai doan ndi bé nay dé hon phién ban bén ngoai, né
phai sén sang cho bét ctr cai gi & thé gidi bén ngoai co thé ném vao no.
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