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HIEN TUQONG SONG CO HQC

. Hién tugng song trong thién nhién

S6ng co hoc 1a nhitng dao dong co hoc lan truyén theo thdi gian
trong mot moi trudng vat chat.

. Su truyén pha dao dong — Budc song

Khoang cach giita hai di€m trén phuong truyén séfig.can nhau
nhat va dao dong cung pha véi nhau goi 1a buéc song. ¥y hicu
cua budc séong la

. Chu ky, tan so6, vin toc song

Buéc séong ciing 1a quang dudng séng lan truyén trong mot ehu

ky T.
! szT:X
f

4. Bién do va ning luong cua séng

Qua4 trinh truyén séng ciing 1a qu4 trinh tru ﬁen ln lu’o’ng
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SONG CO HOC TRONG THIEN NHIEN

* Song co hoc la nhu'ng dao dong co hoc lan truyén theo thoi n
gian trong mot moi truong vat chat.

Trong su' lan truyén song, chi c6 ning lugng dugc lan truyén
di vat chat khong lan truyén.

* (o hai loai song : song ngang va song doc.

Séng ngang : phuong dao dong vudng géc véi phuong truyen.
(TD : cac ggn song tron trén mét nudc)

Séng doc : phuong dao dong song song véi phudng truyen.

(TD : su nén dan lan truyén trong mot 1o xo ciing thﬁng)
— Chat ran lan truyén dugc ca séng doc va séng ngang.

— Chat 16ng va chat khi chj lan truyén séng doc (ngoai trir
mit thodng chat Iong truyén ca séng ngang).
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1. Su truyén pha dao dong trén mot phuong
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2. Chu ky, tan sO va van toc cua séng

Chu ky chung ciia cdc phan tif vat chat cé séng truyén qua dugce goi la
chu ky dao dong cua séng va lugng nghich dao dugc goi la tan
s6 cua séng.

Sau mot chu ky dao dong thi pha cta dao dng ciing truyén di dugc
mot quang dudng bing do dai ctia buéc séong. Do.d6 ta co thé néi :
budc song la quang duong ma séng truyén di duoc trongymot chu ky dao
dong.

3. Bién dd va ning lugng cua séng

Khi s6ng truyén téi mét diém nao dé thi di€m dé sé dao dong VoI mot

bién do xdc dinh. Bién d0 dé la bién do séng ¢ diém tAXets

: ning lugng giam ti 1& nghich véi quaing duong

lan truyén. : ning lugng giam ti 1€ nghich\Woi
binh phuong quing dudng lan truyén.

: ning lugng coi nhu khéng d6i (n€u bé qua ma sd

S
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SONG AM

1 Séng 4m va cdm gidc Am (1)

Nhifng dao dong cd hoc doc cb tan so tu dén g0i 12 dao dong dm, nhitng séng co
tan s6 trong mién do6 goi la séng dm. Séng Am lan truyén dugc trong moi chit rian long va
Khi.

* Séng co hoc c6 tan so goi la sieu dm. So6ng co hoe co goila ha dm.

2. Sy truyén 4m. Van tdéc Am 2-5
Van téc Am phu thudc tinh dan hoi va mat do ctiia méi trudng.

3. D) cao cua Am
Pugc dic trung biang tan sé : tan sé cang I6n Am cang cao (nghe cang thanh).

4. Amsic

La mot dic tinh sinh 1y ctia &m, phu thudc vao tan sé va bién do.

5. Nang lugng Am

Niang lvgng Am duge dic trung bdi hai dai lwgng 1a cwong do Am (I) va midc cuwdng doram ()

I, : cudng do 4m chon lam chuén. L(dB) = 1()1gi
I

6. Nguon Am — Hop cong huéng 0
Hop cong huéng cé cong dung tiing cudng Am va tao ra Am siac dic trung cho nhac cu.
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Cac dic trung cua séng 4m

Van téc Am trong chd't rin > Van téc 4m trong chit I6ng > Van tdc Am trong chat khi.
Céc vat liéu xop truyén 4m kém nén thudng duge ding 1am vt liéu cidch Am.

Nhitng 4m c6 tan sé xac dinh goi 14 nhac dm. PO cao cia Am dic trung béGi tan so : Am co
tan so 16n goi la dm cao (A4m thanh), Am c6 tan sé nho goila dm thdp (Am tram).

Am sic 1a sic thai dac biét ciia moi Am, né gidp ta phan biét dugc Am doycic ngudn khic
nhau phat ra. Khi nguon phat Am, ngoai Am c6 tan sé cd ban f, né con phat éic hoa 4m c¢6
tan so f, = 2f}, f5 ... Am phat ra la tdng hgp clia 4m cd ban va cae hoa ain.yi the
duong bi€u dién ctia séng Am theo thoi gian khong con la duong hinh sin ma la MmOt duding
phic tap co chu ky.

Cuong do adm (I): Nang lugng song 4m truyén trong 1 gidy qua dién tich 1m? dit VIORS 80¢
vGi phuong truyén. Pon vi cua cudng do Am 1a W/m?2,

Miic cuong dp am (L) 1a 16ga thap phan cua ti so . L(dB)=10 1gl I, : cgdd cRuan

Iy
Pé nghe duge mot Am thi cuong dd0 4m phai I6n hon mét tri toi thiéu goi 13 nguong nghe;
ngudng nay thay doi rat nhiéu theo tan s6 Am. Véi Am cé

Cudng d0 Am nghe dudc ciing phai nho hon mot tri téi da goi 1a ngudng dau ( ) §
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GIAO THOA SONG

1. Hién tugng giao thoa

Thu'c hién thi nghiém giao thoa trén mat nuéc.
Khi thanh P dao dong, hai vién bi A va B tao ra hai hé séng lan truyén theo nhitng
hinh tron dong tAm, hai hé séng nay gip nhau va dantrén vao nhau trén miit nuéc.

Khi hinh anh séng da 6n dinh, trén mit nuéc hinh thinh mét nhém dudng cong chia
nhitng di€m dao dong rat manh va mét nhém chifa nhitng diémiditng yén. Cédc dudng
cong nay xen ké nhau va nim tai nhitng vi tri xac dinh trén mit nuée.

2. Ly thuyé&t vé giao thoa :

Hai nguon A, B phat ra nhitng dao dong cung tan sé va cé do 1éch pha Khonbadoi
dugc goi la hai . Hai séng phat ra tir hai nguon dé goi la

Ta chitng minh duge : Quy tich cia nhitng diém dao
dong véi bién do cuc dai la nhirng nhanh nhin
A, B lam tiéu di€ém. Quy tich ciia nhitng diém ding yén
ciing 12 nhitng nhin A, B lam tiéu di€m va nam
xen ké véi nhitng hyperbol cuyc dai.

Giao thoa la su tong hop ciua hai hay nhiéu séng két hgp trong khong gian, trong do ¢o
nhitng cho cé dinh ma bién do song duoc tang cuong hodc bi gidm bot.
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Ly thuyé&t giao thoa

Séng truyén tir A d€n M mat thoi gian ¥t =d,/v (v : vin toc séng)
Phuong trinh dao dong tai M tir A truyén dén c6 dang :

u, = aysin®(t-d,/v) = aysin(*t — *d,/v)

Gia su phuong trinh dao dong taiAvaBla: wu=asinet m

Tuong tw, dao dong tai M tif B truyén t6ila : ug = a,sin(*t 2¢d,/v)
Dao dong tai M la tong hgp hai dao dong u, va ug, do léch phipgiita hai dao
dong nay la :

* Nhiftng diém c6 bién do cuc dai : —

Quy tich nhitng di€m nay la nhitng nhanh nhin A va B lam tieudiems
* Nhirng diém ding yén : =

Quy tich nhitng diém nay ciing 13 nhitng nhanh nhin A va B lantien
di€m va nim xen ké véi nhitng cuc dai.
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Hinh dang cac duong giao thoa

Vi tri cua cdc cuc dai giao thoa :

S

/N
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SONG DUNG

Lay mot s¢i day dan héi dai c6 dau M cé dinh; tay nim lay dau P cta day va rung
déu, thay d6i tan so rung, dé€n mét lic nao d6 trén day sé c6 dang séng on dinh
trong d6 c6 nhitng chd rung rat manh va nhirng ché hau nhu khéng rung.

(1,2)

Dao dong tir P truyén t6i M thi bi phan xa. Séng téi va séng phdn.xa thoa diéu kién
song ké&t hgp, tai M hai song dé luén luon nguge pha nhau (vi M diéngwén). K&t qua
la trén day co su giao thoa ctia song tdi va song phan xa.

Nhitng di€m dao dong rat manh 13 nhiing ; nhitng diém ding yen 15
nhirng . Khoang céach giita hai bung (hoiic hai nit) lién nhau bang A/2:

Séng co cdc niit va cdc bung co dinh trong khong gian goi la song ditng. Trong hién
tuong nay hai séng thanh phdan truyén di nguoc chiéu nhau nhung séng tong hop thi
“dung lai” tai cho.

Hién tugng séng dirng cho ta nhin thay cu thé buéc séng A va do duge A dé dangs
Van dung cong thiic A = v/f ta cé thé tinh dugc van toc truyén séng v.

S
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BAI TAP CHUONG II

TG : Nguyen Thanh Tuong




BAI TAP SU TRUYEN SONG (2 bai)

Nguoi ta dung bda go manh xuéng dudng ray xe Iita. Cach cho dé
1090m, moét nguci ap tai Xuong dudng ray nghe thay 2 tleng g0 cach

nhau 3 giay. Tinh van téc truyén am trong thép dudng ray, bié€t van toc
truyén Am trong khong khi 12 340m/s.

Mot song co hoc c6 phuong trinh : x =4 sm(—t + ¢@); (t sgiay, x: cm)
lan truyén trong moi trudng dan hoi.

a) Tinh van téc truyén séng biét ring buéc sé6ng la 240 cm.

b) Tim d¢ lé¢ch pha giita hai di€m & cach nhau khoang dng véi 1 gidy
truyén song.

¢) O thdi di€ém t, mt phan tif nao d6 c6 toa do bing 3 cm. Tinh'toa do
cua phan ti 4y sau 2 gidy. Giai thich két qua.
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BAI TAP SONG AM (2 bai)

Tai mét di€m A nim cach xa moét nguon Am N (coi nhu mét ngudn diém) mot
khoang N, = 1m, midc cudng dp 4m l1a L, = 90 déxiben. Bié€t ngudng nghe ciia Am
6 1a I, = 10-1° W/m? .

a) Tinh cuong do I, cua 4m dé tai A.

b) Tinh cudng d§ va mic cudng do cia Am d6 tai di€m B nam trén duong N A Va
cich N mot khoang N; = 10 m. Coi nhw moi trudng hoan toan khéng hip thu Am.
¢) Coi nguén 4&m N nhu mét ngudn diang huéng (phidt Am nhu nhaultheo moi
huéng). Tinh cong suit phat 4m ctia ngudn N.

Pitng ¢ khéang cich 1m truéc mot cdi loa ngudi ta thdy mic cudng do am la
60dB.
a)Hay tinh mifc cuong d6 do Am loa d6 phat ra tai di€m cach loa 10m, coi séng 4m
14 séng cau.
b) Mot ngudi ditng trudc loa néi trén, cach loa hon 100m thi khong nghe duge
Am do loa phit ra nita. Hiy xdc dinh ngudng nghe cia tai ngudi dé (W/m?);
cuong @6 Am chuin 1a 101> W/m2. Bé qua moi su mit mat ning lugng cia séng
Am khi lan truyén.
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BAI TAP GIAO THOA (2 bai)

0] tai hai di€ém O; va O, trén miit nuGc ciach nhau khoang 21 cm ngudi ta gay ra hai
séng ngang cung tan so f = 10 s!, cing pha, cing bién d 1 cm, van tdc truyén séng
trén mat nudc la 60 cm/s.

a) Cho riang khi séng truyén di d¢ giam bién d¢ khong dang ké&, hay lap phuong trinh
dao dong tai diém M & cdach O; va O, nhitng khodng lan lugt béing 50 cm va 51 cm.

b) Tim vi tri nhitng di€ém bung va niit trén phuong 0,0,. Vé s¢ lugc hinh dang cac
van giao thoa.

Trén mit nuée rat rong cé hai nguon két hgp A va B cach nhau khoangh, A va B
dao dong véi phudng trinh c6 dang u = a.sin2xnft, fla tan so séng. Cho rang bién do
song giam khong ding k€& khi lan truyén. Goi M la mot di€m trén mat nuée ¢o cae
khoang cich AM =d, va BM = d,.

a) Vi€t phuong trinh séng truyén tir hai nguon dén diém M. Lap bi€u thic cua dao
dong tong hop tai M.

b) T biéu thifc ciia bién d§ séng tong hgp, hay tim quy tich nhitng diém dao dong véi
bién d6 cuc dai va bién do cuc ti€u trén méit nuée.

¢) Cho f =80 Hz, I = 6,4 cm, van tdc truyén séng 1a v = 0,32 m/s. Hay tim sé gon song
(dao dong véi bien do cuc dai) va s6 duong nim yén trén AB (khong ké hai diém A va
B).

TG : Nguyen Thanh Tuong D n u




BAI TAP SONG DUNG (2 bai)

Mot s¢i diy OA chiéu dai I, ddu A c& dinh, dau O dao dong diéu hoa véi
phuong trinh u, = a.sin2zft .
a) Vi€t phuong trinh dao dong cua diém M cach A mot doan d biét ring dao
dong bi phdn xa tai A, cho bi€t van téc séng 1a v va sy giam bién do khong
dang ké.
b) Xdc dinh vi tri cdc mit séng. Tinh khodng cich giita haiyniit song ké ti€p.
Xdc dinh vi tri cac bung s6ng. Tinh bé rong cua mot bung song.
Ap dung béing s6 : I = 64 cm; a =0,75 cm; f =250 Hz; v = 80 m/s

F

Van toc truyén Am trén mot day cing thang duge cho bgi: V= \/:

(F : Iyc cing day, p : khdi lugng diy cho méi don vi chiéu dai).
Cho mot s¢i day dan piano dai 40 cm, khéi lugng 2g chiu luc cing 600N.

a) Tinh tan s6 4m co ban cia diay dan nay; tinh buéc séng ciia 4m nay trong
khong khi, cho biét van toc 4m trong khong khi 1a 340m/s.

b) Mét thinh gia cé thé nghe dugc Am cao téi 14000 Hz. Tim hoa Am cao nhat
do diay dan phat ra ma ngudi 4y nghe dugc

TG : Nguyen Thanh Tuong D n u




BAI TAP ON (2 bai)
\Y Y B B hfii AB treo lo Iing, dau A gin vao Am thoa rung véi tan s
f =100 Hz. Van toc truyén song trén day la 4m/s.
a) DAy cé chiéu dai/ = 80cm. Cé thé€ cé séng dirng trén day duge khong ?
Giai thich.
b) Cit bét diy dé€ chi con dai 21cm. BAy gid cé song diing trén diy. Tinh
sO nut va sO bung.

¢) Né&u chiéu dai cta day van la 80cm thi tin s¢ ciia Am thoaphai 1a bao
nhiéu dé co 8 bung song dung ?

d) Né&u tan sé van la 100Hz thi mudn c6 két qua nhu & cau 3, chiéu dai éaa
day phai la bao nhiéu?
Mot ong sdo hd hai dau tao séng dirng véi hai niit. Khéang cach giita hai
nat la 40cm. Hay tinh :
a) Bugc séng ciia Am va chiéu dai ong sdo.
b) Pd cao cia Am phat ra. Van tdc truyén Am trong khong khi 1a 340m/s.

¢) Chiéu dai ctia ong sdo héd mot dau cé6 4m co ban 12 Am noéi trén.

TG : Nguyen Thanh Tuong D n u




DPap sé cac bai todn sy truyén séng

[1] : v =5300 m/s

[2]:0,40 m/s 2.~ rad 3. 0,79 cm hoic — 3,79
cIm 3

Huéng dan gidi

Bai 1 Bai 2

TG : Nguyen Thanh Tuong




Pap s6 cac bai todn séng Am

[1] a) I,=0,1 W/m?; I;=103W/m?, P=1,26W

[2] : a) 40dB b) 10~ W/m?

Huéng dan gidi

TG : Nguyen Thanh Tuong D n u




Pap s6 cac bai toan giao thoa

[1] a) u=sin(20xwt — 571/6) (cm)
b) Co6 7 bung va 6 nut

[2] : ¢) 31 cuc dai, 32 cuc tiéu.

Huéng dan gidi

TG : Nguyen Thanh Tuong




Pap sé cac bai toan song dirng

[1] a) uy, =2a.sin(2xd/L).cos(2Oft — 2xl/)\)
b) xy=k.A/2, I =16cm; x5 = (k + 0,5)A/2
bé rong bung = 3cm

[2] : a) 433Hz, 0,79m b) £f=13856Hz
Huéng dan gidi

Bai 1 Bai 2

TG : Nguyen Thanh Tuong D n u




Pap s6 cac bai tap on

[1] a) KhOng b) 11 bung 11 nut
¢) 18,75Hz d) 15cm

[2] : a) [=80cm; b) £f=425Hz c¢)I’ =20cm

Huéng dan gidi

TG : Nguyen Thanh Tuong D n u




P e

Huéng din gidi cdc bai todn truyén sé6ng

Vén toc Am trong thép 16n hon van téc Am trong khong khi nén ta nghe thay
Am truyén trong thép truéec.

Goi t 1a thoi gian Am truyén trong thép, thdi gian Am truyén trong khong khi Ia (t +
3), quang duong di dai bang nhau nén ta cé : v, 43
thep

v, t
Suy ra van téc cia Am trong thép 1a 5300 m/s .

a) Taco congthic: A=v/f = v=fA véif=20/¢*=1/6(Hz) = v=40cm/s.

b) Chuky dao dong : T = 1/f = 6s. Hai diém cach khoang thoi gian 1s nghia l1a ¢deh
nhau thoi gian T/6, khoang cach nay ung véi do 1éch pha ¢ = 200/6 = O0/3 (rad).

* Hai diém & cach nhau khoang I = 210cm tic 1a wng véi 210/240 = 7/8 bude song.
Po léch pha giita hai diém nay la : 3¢ = 7.20/8 = 70/4 (rad).

¢) Goi a la gia tri cua pha dao dong khi vat c6 ly dd x = 3cm, ta c6 dugc sina = 0,75,
ta tinh dugc o ¢6 hai gia tri (nhé nhat) 12 o = 49° va o = 131°. Sau thoi gian 2s pha
dao dong tang thé m 20/3 = 120°. Tu d6 tinh dugc nhitng ly do phai tim. S¢ di ta tim
dugc 2 dap so vi khi vat cé ly dd x = 3cm thi né cé thé€ di theo chiéu duong hoic chiéu
am, a c6 hai gia tri nhu da néi trén.
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Huéng dan todn séng 4m

Miic cuong do Am cho bai : L, = IOIgI_A
IO
V6iL, =90dB vaI,=10"1" W/m2 Tinh dugc: I, = 0,1 W/m?

b) Khi lan truyén trong khong gian cudng do am ti 1¢ nghich véi khoang cach téi
nguon.
NB = 10.NA = Iz =10"%I, = 10~3 W/m?

¢) Cong suit cia ngudn biang tong ning lugng do ngudn sinh ra trongmmot giay,
ning lugng d6 sé dugc phan bd trén cdc miit cAu cé ban kinh ting dan. Xét.m:it
cau qua di€m A ,dién tich mit ciu : S = 47R?

Cong suat cdanguon: P=1,.S=0,1.4m.(1)*>=1.26 W

a) Goi A 1a diém cach nguén 1m, B 1a di€m cach nguén 10m,
Nhu vay I, = 100.I; viét biéu thifc cho L, va Ly la ¢6 thé tim ra két qua. (NEux =
100y thi ta s€ co : lg.x =2 + Ig.y
b) O cich ngudn 100m thi ngudi nay khong con nghe dugc Am nita, the thi tai dé
cudong do Am phai bing ngudng nghe cia ngudi nay.

TG : Nguyen Thanh Tuong D n u




Huéng din gidi toan giao thoa

a) Budc song :A = v/f = 60/10 = 6 cm.
Séng tir O, truyén dén M cé dang : u, = asin(2nft — 2xd,/A)
u, = asin(20nt — 27.50/6) = asin(20nt — S507./3) =
Séng tif O, truyén dén M c6 dang : u, = asin(2aft — 2nd,/ A) =
Phuong trinh dao dong tong hgp taiMla: u= u; +u,
Tim dugc :
* P& tai M ¢6 cuc dai, phdicé : d; - dy =k.A =6k = d; =3k + 10,5
Cic cuc dai khong trung véi 2 ngudn nén ta c6 bat phuong trinh :
0<d;<21(cm)= 0<3k +10,5 <21 (cm). Tim dugec: -3< k<3
Nhu vay cé tat ca 7 cuc dai (di€m bung) trén 0,0,.
* P& tai M cé cuc ti€u (di€m niit) can co : d-d,=(k+0,5).A=6k+3
Trong trudng hgp nay ta tim duge : -3< k<2. Cé 6 di€ém niit trén 0,0,.

Cdch giai tuong ty nhu bai 1.
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Huéng dan gidi toan séng dirng
a) Piém M cach ngudn O khoang I — d, song téi tai M tré pha hon séng tai O géc
o, =201-d/A = uy,=asin2Oft- o,)
Song téi tai A tré pha hon séng tai O géc ¢, = 200/ A : w,A = asin(20Oft — ¢,)
Séng phan xa tai A ngugc pha song téi nén : wA = — asin(20Oft — o,)
Song ph. xa tai M lai tré pha géc 20d/A so véi u,, : u,,, = —asin(20Oft — ¢, — 20d/))
Séng tong hgp tai M l1a :
Uy, = Uy + Uy = asin(2Oft — o,) — asin2Oft — ¢, — 20d/A)

Két qua ta tim dugce : uy, = 2a.sin(2wd/A).cos(20Oft — 2nl/))
b) Bién d§ song dirng tai M : A = 2a.lsin(2wd/\)
Tai cdc nit, ta c6 sin(2rxd/A) = 0; nhu vdy cac nit ¢ cach A khoang : dy=Kk.A/2;
Tai cac bung, ta c6 sin(2rd/A) = 4 1 nhu vay cac bung ¢ vi tri : dg =(k + 0,5)A/2
Hai bung lién ti€p (hoac 2 niit lién ti€p) cach nhau khodng A/2 (ch.dai 1 b6 song dirng)

Bé rong ctiia bung séng la 4a.

a) VGiF = 600N, =5.10"3 kg/m, ta tinh dugc v = 200+/3 m/s.
Am co ban ing véi mdt bé song dirng trén diy : A = 0,8m = f; =433Hz

b) Véihoa am thun thi A, =A;/n =0,8/n; f, = v/An < 14000
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Huéng dan gidi bai tip on

a) D& c6 séng dirng trén s¢i day ciang thang véi vat can tu do nhu
trong bai nay thi vat can phai la bung : (1)
Budc song : A = v/f = 400/100 = 4cm. =
Biéu thitc (1) khong thoa, vy trén day khong cé séng dirng.
b) Véil =21 cm, hé thic (1) cho : n = 10, nhu viay c¢6 11 nit va 11 bung.
¢) Van dung hé thiic (1) véin=8-1=7,taco :

Tim dugc f = 18,75Hz.

d) Ciing van dung hé thidc (1) véin =7 va A = 4cm, tinh dugc l = 1Sem.

a) Ong sdo hé hai dau thi tai hai diu la bung séng, bén trong lai con
c6 2 niit, vay chiéu dai 6ng phaila /= A = 80cm.
b) P cao ctia Am dugc diic trung béi tan so. Tinh dugc f = 425 Hz.
¢) Véiong sdo hé mot dau khi phat Am co ban thi 6ng c6 do dai A/4.

TG : Nguyen Thanh Tuong D n u
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