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Hé thong kién thuc S6ng dirng va Giao thoa séng

Cco

. Giao thoa sdéng co

1. Khai niém va diéu kién giao thoa

Giao thoa séng la hién tugng hai hay nhiéu séng két hop khi gap nhau thi cé
nhitng diém tai dé chdng luén tdng cuong |an nhau, va c6 nhitng diém tai do

ching lubdn triét tiéu lan nhau, tao thanh mét hinh anh séng 6n dinh trong

khong gian.
Diéu kién dé cé giao thoa:
e Hai nguon séng phai la hai nguon két hop, tic la chdng phai dao dong cung

phuong, cung tan s6 (heac cling tan s6 goc w) va cé do léch pha khong doi

theo thoi gian.
2. Phuong trinh séng va bién dé dao ddéng tong hop

Xét hai ngubn két hop 51' S2 cach nhau mét khoang L, cé phuong trinh dao

dong lan luot la: u; = Acos(wt + ®,) va u, = Acos(wt + ¢,).

1
Xét mot di€ém M trong vung giao thoa, cach S1 mot khodng d1 va cach 52 mot

khoang d,. Phuong trinh séng do hai nguon truyén téi M la:

Uy = Acos(wt + 9, - 2r[d1/)\)
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Usy = Acos(wt + ®, - 2nd2/)\)

=u + U

Dao dong tong hgp tai M la: u M M

M

Bién do dao déng téng hagp tai M dugc tinh bang cong thic:

Ay = 2A |cos(1't(d2 - dl)/)\ + (q:1 - @2)/2)|

Trudong hop don gian thuong gdp: Hai ngudn cung pha ((p1 = (p2). Khi do, bién dé
tai M la:

Ay = 2A |cos(rt(d2 - dl)/)\)l

3. Vi tri cac diém cuc dai va cuc tiéu giao thoa (xét hai ngudn cung
pha)

a. Vi tri cuc dai giao thoa

Cac diém dao dbong véi bién dbd cuc dai (Ay = 2A) khi hiéu duong di tU hai

ngudn téi diém dé bang moét s6 nguyén lan budc séng.

Cong thuc: d2 - d1 = kA
Trong do:
e d;, d, la khoang cach tu diém M dén hai nguon S Sy
e A la budcsong.
e k la mot s6 nguyén (k = 0, =1, 2, ...), goi la bac cta van giao thoa.
Vi du 1: Tai trung diém O cla S.S,, tac6d; =d,, suyrad, -d, =0.V6ik=0,

di€ém O la mot cuc dai giao thoa, goi la cuc dai trung tam.
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Vi du 2: M6t diém N cé d, =10cm, d, = 14 cm. Néu budc séng A = 2 cm, ta
co d2 - d1 = 4 cm = 2A. VGi k=2, diém N nam trén duong cuc dai giao thoa bac
2.

b. Vi tri cuc ti€u giao thoa

Céc diém dung yén, khéng dao dong (AIVI = 0) khi hiéu dudng di tU hai nguon téi
diém dé bang mét s6 ban nguyén lan budc séng.

Cong thuc: d2 - d1 = (k + 1/2)A

Trong doé k la mot s6 nguyén (k = 0, =1, +2, ...). Quy udc, dudng cuc tiéu (ng

v@i k va -k-1 la cung moét duong.
Vi du 1: Mot diém P c6 d; =12cm, d, = 13cm. Néu budc séng A = 2 cm, ta co

d,-d; =1cm=(0+ 1/2)A. V&i k=0, diém P nam trén dudng cuc ti€u th nhat.

Vi du 2: Mot diém Q c6 d1 =15 cm, d2 = 10cm. Ta co d1 - d2 =5cm. Néu A =
2 cm, thid, -d, = 2.5A = (2 + 1/2)A. Vay Q nam trén duong cuc tiéu th& 3 (ing
véi k=2).
4. S6 duong cuc dai va cuc ti€u trén doan thang néi hai nguén S;S,
Pé& tim s6 duong cuc dai/cuc ti€u, ta xét cdc di€ém nam trén doan 5,5, Khi do, -
5152 d2 - d1 5152.
e S6 duong cuc dai:

Ta cé: -5,5, kA S.S,
-5152/7\ ¢ 5152/7\

SO gia tri nguyén cua k trong khoang trén la s6 dudng cuc dai.
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e S6 duong cuc ti€u:

Ta cé: -5,5, (k + 1/2)A S S,
-$,5,/A-1/2k S;S,/A - 1/2
SO gia tri nguyén cla k trong khodng trén la s6 duong cuc tiéu.
Vi du: Hai nguon Sq: S5 cach nhau 10 cm, dao déng cung pha tao ra song cé
budc séng A = 3 cm. Tim s6 duong cuc dai va cuc tiéu trén doan 5152.
Giai:
e SO cuc dai: -10/3 k 10/3 & -3.33 k 3.33. Cac gié tri k nguyén la: -3, -2, -1, 0,

1, 2, 3. C6 7 duong cuc dai.

e SO cuc ti€u: -10/3 - 0.5 k 10/3 - 0.5 « -3.83 k 2.83. Cac gia tri k nguyén la: -3,

-2,-1,0,1, 2. C6 6 duong cuc tiéu.

Il. S6ng dung
1. Khai niém va dac diém
Séng dung la séng c6 cac nut va cac bung c6 dinh trong khéng gian. Séng dung

dugc tao thanh do su giao thoa cla séng t&i va séng phan xa trén cung moét

phuong truyén.

e NUt séng: La nhiing diém ludén ding yén (bién d6 dao déng bang 0). Khoang
cach gilra hai nat séng lién tiép la A/2.

e Bung séng: La nhitng diém dao dong vadi bién db cuc dai (Abung = 2a, vOi a

la bién dd cla séng téi). Khodng cach gilra hai bung séng lién tiép la A/2.
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e Khodng cach gilta mot nat va mot bung lién tiép la A/4.

e Tat ca cac diém nam gilra hai nat lién ti€p (trong cung mot b séng) ludn dao
dong cung pha. Cac diém thubc hai bd séng lién ké thi dao ddong nguoc pha.

2. Diéu kién dé c6 séng dirng trén mét soi day cé chiéu dai |

Piéu kién dé c6 séng ding phu thudc vao viéc cac dau cula sgi day dugce gilr c6

dinh hay dé tu do.

Truong hop

DAy c6 hai dau co dinh | = k * (A/2) k (s6 bo
k+1

(Hai dau la hai nat séng) (k € N*) séng)
Day c6 mot dau co dinh,

l=(2k + 1) *
mot dau tu do

(A/4) k+1 k+1
(MOt dau la nat, mot dau la

(k € N)

bung)

a. Truong hop hai dau cé dinh

Chiéu dai cGla day phaibang mot s6 nguyén lan nla budc séng.

Cong thuc: | = k* (A/2) (v6ik =1, 2, 3,... 1a s6 b6 séng trén day)

Vi du 1: M6t sgi day dan hoi dai 60 cm cé hai dau c6 dinh. Trén day cé séng
dung vai 3 bung song. Tim budc séng.

Gidi: Hai dau cé dinh, 3 bung séng = k = 3. Ap dung c6ng thic | = k(A/2) = 60
= 3(A/2) = A =40 cm.
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Vi du 2: Mot sgi day dai 1m, hai dau c6 dinh, dugc kich thich dao dong véi tan
so f. Toc do truyén séng trén day la 20 m/s. D€ c6 séng ding trén day, tan so f

phai thda man diéu kién gi? Tim tan s6 nhd nhat.

Gidi: Ta cbé A = v/f. Diéu kién song ding la | = k(A/2) = k(v/2f) = f = k * (v/2l).
Tan s6 nhd nhat (dm co ban) Gng véi k=1: fmin = v/(2]) = 20 / (2*1) = 10 Hz.
Vay tan so6 phai la bdi s6 ctia 10 Hz (10Hz, 20Hz, 30Hz,...).

b. Truong hop moét dau cdé dinh, mét dau tu do

Chiéu dai ctia day phai bang mét sé Ié [an mbt phan tu budc song.

Cong thuc: 1 = (2k + 1) *(A/4) (v6ik=0,1, 2,...)

Vi du 1: M6t sgi day dai 70 cm, moét dau co dinh, dau con lai dé tu do. Toc do

truyén séng trén day la 28 m/s. Tim tan s6 nhd nhat dé c6 séng dung.

Gidi: Diéu kién séng dung: | = (2k+1)A/4 = (2k+1)v/(4f) = f = (2k+1)v/(4l).

Tan s6 nhd nhat ing vaéi k=0: fm. =v/(4]) =28/ (4 *0.7) = 10 Hz.

n
Vi du 2: Trén mot sgi day c6 moét dau co dinh, mot dau tu do dang cé séng

dung véi 3 nut séng. Biét day dai 50 cm. Tinh budc séng.

Giai: V8i mot dau c6 dinh, mot dau tu do, s6 nit = k + 1. Cé 3 nut séng =
k+1=3 = k=2. Ap dung cbéng thic: | = (2k+1)A/4 = 50 = (2*2+1)A/4 = 5N/4 = A
= 40 cm.

3. Phuong trinh séng durng (chon goéc toa dé O tai mét nut séng)

Phuong trinh dao déng cla moét diém M trén day, cach nat song O mot khoang

X la:
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u, =2a* |sin(21tx/A)| * cos(wt + ¢)

Trong do, bién d6 dao dong cta diém M la:

Ay, = 2a * |sin(2nx/A)|

e a la bién do cua séng téi (hoac séng phan xa).

e Tai cac nut séng, sin(2nx/A) =0 = AM = 0.

e Tai cac bung séng, [sin(2nx/A)] =1 = Ay = 2a (bién db cuc dai).

Vi du: M6t séng dung trén day cé phuong trinh u = 4sin(mx/2)cos(20mt) (cm),
trong d6 x tinh bang cm, t tinh bang s. Tim bién dé cla bung séng va toc do
truyén séng.

Gidai:

e TU phuong trinh, bién d6 cda bung séng la Abung =4 cm.

e D0i chiéu véi cong thirc Ay = 2alsin(2mx/A)|, ta cé 2M/A =1/2 = A = 4 cm.

e TU phan cos(wt), ta c6.w = 20mn rad/s.

e TOC dO truyén séng: v =A*f = A * (w/2n) = 4 * (20m/2n) = 40 cm/s.
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