SONG AM
NGUON NHAC AM

Cé nhing yéu 6 nao tham
gia vao qua trinh tao ra mét cam
giac vé amcla ta ?

Tai sao am khéng thé truyén
trong chéan khéng ?

Téc do truyén dm phu thude vio
tinh dan héi va khoi lugng riéng clia
moi trudmg.

No6i chung, t6c d¢ truyén am
trong chat rin I6n hon trong chat
long, va trong chat long Ién hon
trong chdt khi.

Bang 17.1

Téc dé truyén 4m trong mot 6 chét
Cht vims)

Khong khi & 0°C 331

Khong khi & 25°C 346

Nutc & 15°C 1500

Sét 5 850

Nhém 6 260

%4 | .
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1. Ngubn goc clia am va cam giac vé am

O 16p 7, ta da biét cdc vat phdt ra am thanh (goi
tit 12 4m) déu dao dong va ta goi cdc vat do 1a nguon
dm. Vi du nhu diy dan duoc gay, mat tréng bi g0....
déu dao dong va phdt ra am.

Vit dao dong 1am cho 16p khong khi & bén canh
14n luot bi nén réi bi dan. Khong khi bi nén hay bi
dan thi lam xuat hién luc dan héi khién cho dao
dong dé duge truyén cho cdc phdn tir khong khi &
xa hon. Dao dong duoc truyén di trong khong khi,
tao thanh séng goi la séng dm, c6 cling tin s6 voi
ngudn am.

Séng am truyén qua khong khi, lot vao tai ta, gap
mang nhi, tic dung 1én mang nhi mot 4p sudt bién
thién, 1am cho mang nhi dao dong. Dao dong cua
mang nhi lai dugc truyén dén ddu cdc day thin kinh
thinh gidc, lam cho ta c6 cam gidc vé am.

Nhu vay, cim gidc vé am phu thudc vao nguon
am va tai nguoi nghe.

Séng am c6 thé truyén di trong tit ca cdc moi
trudmg chét (chat khi, cht ran, chat long) va kKhong
truyén dugc trong chin khong. Vé sau, khdi niém
séng 4m di duge md rong cho cdc séng co, bat ké
tai ngudi ta c6 nghe dugc hay khong.

Boi vdy, séng dm la nhitng song co truyén
trong cdc moi truong khi, long, rdn.

Trong chat khi va chét long, séng am la song doc
vi trong cdc chét nay lyc dan héi chi xudt hién khi
¢6 bién dang nén, dan.



Trong chét ran, séng 4m gém ca séng
ngang va séng doc, vi luc dan héi xuit
hién ca khi c6 bién dang léch va bién
dang nén, dan.

2. Phuong phap khao sat thuc
nghiém nhimg tinh chat ciia am

Muén cho dé khao sit bing thuc
nghiém, nguoi ta chuyén dao dong 4m
thanh dao dong dién.

Mac hai ddu day ctia micré véi chét tin
hiéu vao ciia dao dong ki dién tr. Séng 4m
dap vao mang micrd lam cho mang dao
dong, khién cho cuong do dong dién qua
micrd bién doi theo ciing quy luat véi li
do cua dao dong am. Trén man hinh clia
dao dong ki s& xudt hién mot dudng cong
sdng bi€u dién sy bién déi cuong do dong
dién theo thai gian. Can cit vao dé, ta biét
dugec quy luat bién déi cia séng am
truyén tGi theo thoi gian (Hinh 17.1). Vi
du, ta &€ mot 4m thoa dang dao dong phat
ra am trudc micrd, trén man hinh xuat
hién mét dudng cong dang sin. Diéu dé
chimg t6 dao dong chia am thoa 1 mot
dao dong diéu hoa. Truc tung biéu dién li
d6 cua dao dong, truc hoanh biéu dién
thdi gian (Hinh 17.2).

3. Nhac am

Hinh 17.3 cho ta d6 thi cua dao dong
am phat ra tir cic nhac cu ma ta quan sit
duoc trén man hinh cua dao dong ki dién
tr. Ta nhan thdy 4m do céc nhac cu phit ra
thi nghe ém 4i, dé chiu va dé thi dao dong
cia ching c¢6 dic di€m chung la nhimg
dudng cong tudn hoan c6 tin s6 xdc dinh.
Ching dugc goi 1a nhac dm.

Dao dong ki
dién tir
!
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Hinh 17.1. Ding dao déng ki dién tir d€ khao sat
dao déng am.

Am thoa

£X
-:(20 \/\/r

Hinh 17.2 Dé thi dao déng ctia &m do 4m thoa
phat ra. '

Hinh 17.3 D6 thi dao dong cda céc 4m phét ra tir
sao tric, kén hacmnica.
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Mot dao déng diéu hoa co
nhing dac trung vat li nao ?

X
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Am 'Irirn c6 tén ﬂé thip
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Am b&ng c6 tin 56 cao

e
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Hinh 17.4 D6 thi dao dong cla &m co tan
s6 thép va 4m co tén sb cao.

« Theo quy udc, &m la, ¢6 tin s6 440 Hz.
« Tiéng no6i con ngudi thong thudng

¢6 tdn sO trong khoang tir 200 Hz dén
1000 Hz.

« Mot s6 loai vit c6 thé phit ra va
cam nhan dugc séng siéu am nhu doi,
dé. C4 voi c6 thé cam nhan dugce cic ha
am,...

« Ngudi ta di ché tao duge cic may
c6 thé phdt v thu duge séng siéu am va
song ha am.

Chii ¥ ring, ta cé thé hat lén bai hat
rit khé, chi di dé ty minh nghe thdy
nhung khong gidm do cao cla céc am
phét ra.
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Ngoai ra con ¢6 nhing am khong tuén hoan
thi du nhu tiéng bia dap vao tdim kim loai.

Sau day ching ta chi nghién ctu nhimg
nhac am.

4. Nhimg dac trung cua am

Khi séng am tic dung vao tai ta thi moi dac
trung vit Ii ctia am (tdn s6, cuong do am, mic
cudomg do am, dé thi dao dong) gdy ra mot loai
cam gidc riéng, goi 1a dac trung sinh 1i coa am
(d0 cao, do to, am sac). Nhimg dac trung sinh Ii
cia 4m co lién quan chat ché véi nhimg dac
trung vat Ii cua am.

a) Po cao cua am

Ta da biét trong am nhac, cdc n6t nhac do, ré,
mi, pha, son, la, si img véi cic am c6 do cao
tang ddn. Vi du, am tmg vGi n6t son thap hon am
tmg vai not la.

Néu dua céc tin hiéu Am nay vao dao dong ki
dién tir thi ta thdy 4m cao (con goi 12 am bong)
¢6 tin s6 16n hon am thap (con goi la am tram).
Trén Hinh 17.4 1a d6 thi dao dong cua am tram
vii 4m bdng.

Vay dm cang cao khi tan sé cang lon.

Tai con ngudi chi c6 thé cam nhan dugc
(nghe thdy) nhitng am ¢6 tén s6 trong Khoang tir
16 Hz dén 20 000 Hz. Nhimg am c6 tin s6 1on
hon 20 000 Hz goi la siéu dm va nhimg am c6
tin s6 nho hon 16 Hz goi la ha am.

Pé phan biét véi siéu am va ha am, ¢6 khi
ngudi ta diing thuat ngit dm thanh dé chi nhimg
Am ma tai con ngudi ¢ thé nghe duge.



b) Am sic

Khi ta nghe hoa nhac, ba nhac cu ciing tdu lén mot doan
nhac & ciing mét do cao nhung ta vin phan biét dugc tiéng
cta timg nhac cu. Néu dua cdc tin hiéu 4m nay vao dao dong
ki dién tr ta s€ thdy trén man hinh nhimg dé thi dao déng c6
cung tan s6 nhung c6 dang rit khéc nhau (Hinh 17.3). Dang
d6 thi dao dong khéc nhau ching t6 li d¢ ciia dao dong 4m
bién déi khdc nhau. Vi thé, séng am tdc dung vio mang nhi
cua tai, 1am cho mang nhi dao dong theo nhimg kiéu khac
nhau. Do d6, ta nghe thdy cdc am d6 c6 sic thdi khdc nhau.
Dic tinh d6 ctua am goi 1a dm sdc. Am sic khic nhau thi
dang do thi dao dong ctia am khéc nhau.

¢) Do to cia am, cuong do am, midc cuomg do am

Cuong do6 am duge xdc dinh 12 nang lvong duoc séng am
truyén qua mot don vi dién tich dat vuong goc véi phuong
truyén séng trong mot don vi thdi gian. Pon vi cudng do am
la “odt trén mét vuong™ (W/m?). Cudng do am cang 16n, cho
ta cam gidc nghe thdy am cang to. Tuy nhién do 7o clia am
khong ti 1¢ thuan véi cudng do am.

Tai con ngudi c6 thé nghe duge 4m ¢6 cudng do am nho nhét bing
10712 W/m? img v6i 4m chudn c6 tdn s6 1000 Hz (goi la cuémg do am
chudn 1) va am 6 cudmg do 4m I6n nhat bing 10 W/m?. Nhu vay, 4m
manh nhat c6 cudmg d am / 16n gip 10" 14dn cudmg do 4m chudn Iy, Vi
L
f[]

DE so sdnh do to ciia mot am véi do to am chudn, ngudi ta
dung dai lugng miic cuong do am do bing don vi ben, ki hiéu
la B. Mic cuong d6 am dugc dinh nghia bing cong thic :

L(B) = lg% a7y

Goi am c6 cuong do bing cuong d6 am chuin

/ :
{f_ =-J= IODJ 1a ¢6 mic cuong do 4m bang 0 B, thi am
0

manh nhat (fi = IO”) ¢6 mifc cuong do am béng 13 B.
0
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Theo mdt quy luat sinh li hoc do Vé-be phat
hién, khi cudmg do am tang lén 10" 1an thi cam gidc
vé o to cha am chi tang 1én n lin. Ta lai biét
1g10" = 2. Vay cam gidc vé do to cua 4m bi€n d6i
nhuy 16garit thap phan ciia cudng do am (kich thich
vt li).

O day da ding ki hiéu lg thay cho log,,,

Tai con ngudi chi ¢6 thé phan biét duge hai am
c6 mitc cuong do 4m chénh léch nhau it nhat la
0,1 B. Bdi vay, ngudi ta thuong diing mot udc cua
ben la déxiben, ki hi¢u la dB :

1dB=0,1 B

Khi cuomg d6 am tang lén 10" lan thi mic
cutmg do 4m cong thém 10n dB.

8

Mirc cuémg do am(¢8)
3

P

20 ]

" L ! hk'"‘"--. o
L h - n
Nobeg ohe diné
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Tén s6 (Hz)

Hinh 17.5 So d6 biéu dién gi6i han nghe cla
tai nguai.
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Dung don vi déxiben thi cong thic
(17.1) tr& thanh :

LB = 10l (172)

Mitc cuong do am cha mot s6 am
thudng gap c6 tri sO trong khoang tir 20 dB
dén 100 dB. Ching han tiéng néi chuyén
binh thudng c6 mitc cudng do am bing
40 dB.

Gi6i han nghe cua tai nguoi

Do dac diém sinh Ii cua tai, dé 4m thanh
gdy duge cam gidc Am, mic cudng do am phai
I6n hon mot gid tri cuc tiéu nao d6 goi la
nguong nghe. Ngudng nghe lai thay d6i theo
tin s6 cia 4m. Vi du, véi cdc am co tan so wr
1 000 Hz dén 1500 Hz thi ngudng nghe vao
khoang 0 dB, con véi tdn s6 50 Hz, ngudng
nghe la 50 dB (Hinh 17.5).

Cam gidc nghe am “t0” hay “nho” khong
nhitmg phu thudc vio cuomg do am ma con phy
thude vao tin s6 cla &m. Véi cung mot cudng
d6 am, tai ta nghe duge dm c6 tin s6 cao “to”
hon &m ¢6 tin s6 thip. Do d6, phét thanh vién
nit n6i nghe rd hon phit thanh vién nam.

Khi cutmg do am lén t6i 10 W/m? img véi
mifc cuomg do 4m 130 dB thi séng 4m v6i moi tin
s6 gay cho tai ta cam gidc nhitc nhoi, dau dén.
Gid tri cuc dai clha cuomg o am ma tai ta c6 thé
chiu dung duge goi 1a ngudng dau (Hinh 17.5).
Ngudng dau tmg v6i mic cudong do am la 130 dB
va hdu nhu khong phu thude viio tin s6 cha am.



5. Ngubn nhac am

a) Day dan hai dau c6 dinh

Khi nghién ciru vé séng dimg, ta da biét véi mot
sgi day dan héi hai ddu c6 dinh, s& ¢6 séng dimg
khi do dai cua day bang mot s6 nguyén l4n nira
buée séng : [ = n%‘ Budc song lai phu thuoc vao
toc do truyén séng : v = fA.

Nhur vay, trén mot soi day c6 do dai /, duoc kéo
cang bang mot luc khong déi, chi xdy ra séng
ding véi tan so :

v nv
= oee— = — l?"3)
/ A 21 {
Song dimg don gian nhiating véin=1, [ = %

fi= 2% Liic d6, séng dimg trén day c6 hai nit va
mot bung (Hinh 17.6a), am phat ra duogc goi 1a dm
co ban.

Trén soi day ciing ¢6 thé hinh thanh nhiing séng
dimg khdc. Vi du nhu, véi n = 2, f, = % s6ng

dimg ¢6 3 nit va 2 bung (Hinh 17.6b), am phit ra
lic nay goi la hoa dm bdc 2 ; v6i n = 3, ta ¢ hoa
am bdc 3 ing véi séng dimg ¢6 4 nt, 3 bung va cé
tin s6 f3 = % (Hinh 17.6¢).

Nhu vay, m6i day dan duge kéo cang bang mot
luc ¢6 dinh dong thdi c6 thé phét ra am co ban va
mot s6 hoa &m béc cao hon, c6 tdn sé 13 mot s6
nguyén lan tin s6 cia am co ban. Trén day lan
truyén dong thoi nhiéu dao dong diéu hoa c6 tdn
sO la mot s6 nguyén ldn tdn s6 clia am co ban.

Séng dimg trén mét sgi day
dan héi mét dau cb dinh, mét déu
tu do c6 dang nhu thé nao ? Do
dai cla day cb gia tri bang bao
nhiéu khi c6 séng dimg ?

Méi sgi day duge kéo bing mot
lue cang 1 va co mat do dai 13 u thi co
16c do truyén séng trén day la

a) Am ca ban
b) Hoa &m béc 2

c) Hoa 8m béc 3

Hinh 17.6 Céac loai séng dimg cé
thé hinh thanh trén day dan c6 do
dai I, hai ddu cé dinh.
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Trén Hinh 17.7, bang cich cong
cdc li do & cdc thii diém khéc nhau,
ta tim dugc dé thi cia dao dong t6ng
hgp cia hai dao dong diéu hoa,
trong d6 mot dao dong coé tin s6
bing mot s6 nguyén ldn tin s6 cla
dao dong thir hai. Dao dong tdng
hop ¢6 tdn s6 bang tdn s6 nho nhat,
nhung c6 dang d6 thi la mot duimg
tudn hoan phiic tap.

Su phan xa cta séng 4m o hai
ddu ong sdo gidng nhu su phan xa
soéng & hai ddu mot sgi day co6 mot
ddu c6 dinh va mét diu tr do. Pdu
kin clia dng sdo img vdi ddu co dinh
cua day, ddu hé {mg véi diu tr do
cuia day (Hinh 15.7). Do dai 6ng sdo
tinh theo cong thic (15.6) :

A

.‘=an
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Téng hop nhitng dao dong do ta dugc mot dao dong
tudn hoan phiic tap c6 cling tin s6 v6i am co ban.

Két qua 1a hai nhac cu phét ra cung mot am co
ban, nhung ¢6 cdc hoa &m khdc nhau thi 4m téng
hop phét ra bai timg nhac cu sé c6 cung tin s6
(cung do6 cao), nhung c6 dang dé thi dao dong
khédc nhau nén c6 am sic khic nhau.

Dao déng téng hop
Dao dong c6 tén s6 f,
Dao dng co tan sb f, = 2f,

b
i

Hinh 17.7 T8ng hop hai dao déng diéu hoa co tan s6 f, va
=24,

b) Ong séo

5ng sdo va cdc loai kén khi nhu clarinet, xaxophon déu ¢
bo phan chinh 12 mot 6ng c6 mot ddu kin, mot diu ho
(Hinh 17.8). Khi ta thdi mot luéng khi vio miéng sdo thi
khong khi & d6 sé dao dong. Dao dong nay truyén di doc theo
dng s4o, tao thanh séng am. Séng 4m bi phan xa & hai ddu ong.
Sé xay ra hién tugng séng dimg néu do dai cia 6ng bing mot
s0 1€ 1dn mot phin wr bude séng :

= m% vaiim=1,3,5...

Ung véi tdn so6 1a :
(17.4)

Miéng s40
TR T AT TS et

Ludng _—"'"""C
khi a-*-‘

Hinh 17.8 Céu tao cia 6ng séo

Truomg hop don gian nhat 1a m = 1, am phét ra la am co



AR
41
mit s6ng, biéu dién trén Hinh 17.9a.

bancétins6la f = —. Trong 6ng cé mot bung séng va mot

Véi m =3, 5,..., ta cO cdc hoa &m bac 3, bac 3...., ¢é cdc
bung séng va mit séng nhu trén Hinh 17.9b, c.

Nhu vay, 6ng sdo mot ddu kin, mot ddu hd chi c6 thé phit
ra cdc hoa am ¢6 s6 bac 1é. DO dai cla Ong cang 16n thi am
phét ra c6 tdn s6 cing nho, 4m phét ra cing trdm.

6. HOp cong hudng

Cam cdn cha mot am thoa réi diing vé cao su go
nhe vao mot nhanh cla 4m thoa, &m thoa s& phat
ra mot &m nghe rat khé. Néu cho cdn cia am thoa
dang phat am cham vao vo mot hop gd, hay kim
loai (Hinh 17.10) mot ddu kin, mot ddu hd, cé kich
thude thich hop thi am phat ra sé giit nguyén do
cao nhung cuong do am tiang lén rd rét. Lic d6 cé
hién tuong céng huong am va hop d6 goi 1a hop
cong huong.

Moi cay dan day thudng c6 day duge céing trén
mot hop dan c6 hinh dang va kich thuée khéic nhau.
Hop déan ¢6 tac dung nhu mot hop cong hudng sé
tang cudng 4m co ban va mot s6 hoa am khién cho
4m tong hop phét ra vira to, vita c6 mot am sic riéng
dic trung cho dan dé.

4-VL12NC-A
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a) Am co ban

S

b) Hoa am béc 3

ff"_

i il g

c) Hoa &m bac 5

Hinh 17.9 Biéu didn séng dimg
trong mét 6ng sédo c6 mot déu kin,
mot ddu ha.

Hinh 17.10 Am thoa gén trén hop
cong hudng.

Cé thé giai thich hién twong
cong huong am nhu sau. Méi hop
cong huong coi nhu mot 6ng c6 mot
ddu kin mo6t ddu hé. Khi Aam thoa
dao dong, nd truyén dao dong nay
cho cot khi trong hop, tao ra séng
am. S6ng am phan xa & hai ddu hop
tao ra song dimg giéng nhu trong
ong sdo. C6 séng dimg khi do dai /
cia 6ng phit hgp véi cong thirc

(174) : f = % trong d6 f 1a tin
sO riéng cua hop.

Néu tdn s6 clia am thoa gin bang
tdn s6 riéng f cia hop thi séng dimg
s€ manh lén va cudmg do am duge
ting lén nhiéu ldn, Liic dé, ta goi la
¢6 cong hudng am.
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2] cAu Hol

1. Gidi thich vi sao hai day dan giéng nhau, méc trén hai hop dan c6 hinh dang, kich thudc khac nhau
lai co thé phét ra hai am co &m sac khéc nhau ?
2. Cudng d6 am va mdc cuang do am lién hé vi nhau nhu thé nao ?

£ BAI TAP

1. Cam giac vé am phu thudc nhimg yéu t6 nao sau day ?

A. Ngudn am va moi truang truyén am. B. Nguén &m va tai ngudi nghe.

C. Méi truang truyén am va tai ngudi nghe. D. Tai ngudi nghe va than kinh thinh giéc.
2. Do cao ciia 4m phu thudc vao yéu t6 nao sau day ?

A. Bd dan héi cla ngubn am. B. Bién do dao dong cla ngudn am.
C. Tan s6 cla nguén am. D. P4 thi dao dong cda nguén am.

3. Tai con ngudi co thé nghe dugc nhimg am c6 mitc cuang do am § trong khodng
A. tir 0 dB dén 1 000 dB. B. tir 10 dB dén 100 dB.
C. tir —10 dB dén 100 dB. D. tir 0 dB dén 130 dB.

4. DGi vdi am co ban va hoa 4m béc 2 do cung mot day dan phét ra thi
A. hoa am béc 2 ¢b cudng d6 Ion hon cuong do am ca ban.
B. t4n s6 hoa am béc 2 gap doi tan s6 &m co ban.
C. tAn s6 am co ban I6n gap doi tan s6 hoa &m béc 2.
D. t6c d6 am co ban gap doi téc do hoa am bac 2.
5. Hop cong hudng co tac dung
A.lam tang tin s6 cia am.  B. lam gidm bt cuong do am.
C. lam tang cuéng do cla am. D. lam giam d¢ cao clia am.
6. Tiéng la hét 80 dB co cudng do Ion gép bao nhiéu Ian tiéng noi tham 20 dB 7

7. Mot day dan vidlon hai dau c6 dinh, dao dong, phat ra am co ban (mg v6i n6t nhac la co tan s6
440 Hz. Téc 46 song trén day 1 250 m/s. Hai do dai clia day bang bao nhiéu ?

Siéu am ngay cang c6 nhiéu (g dung trong khoa hoc ki thuat. Nhimng séng siéu am cb
t4n s6 hang chuc van héc (Hz) c6 khé ning truyén trong chét Iéng va chét ran, nhung lai bi
chét khi h&p thy manh. Ngugi ta dung siéu am @8 tham sat dudi nuéc nhu phat hién da ngam,
ngudn cé, do do sau.

Séng siéu &m phan xa khac nhau & nhing chd khang dong nhét clia cac vat. Nho tinh
chét d6, ngudi ta diing siéu am dé do nhiimg khuyét tat trong cac khéi kim loai. Trong Y hee,
ngudi ta ding siéu am dé soi cac bd phan trong cd th&, vi cac thiét bi tham do bang siéu am
cho hinh &nh c6 do nhay cao va khéng gay hai cho co thé con ngudi.
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