Giao thoa anh sang 1

1 Song anh sang

1.1 Anh sang la song dién tir
Chiing ta da biét 1a 4nh sang c6 ban chét 1a song dién tir. Trong ving kha kién, ching ¢6 budc song thay doi tir
400 nm cho dén 700 nm.

Dé hinh dung ¢& do 16n ciia budc song anh sang kha kién cac ban c6 thé so sanh: bé day ctia mot mang xa phong
1a vao khoang 1 um (bang 1000 nm), va bé day cua mét soi toc 1a khoang 10 pm (bang 10000 nm). Nhu vay,
budc song anh sang kha kién dai nhat (700 nm, Gmg véi anh sang do) ciing van con nho hon bé day cua mot
mang xa phong, va nho hon mot phan mudi bé day soi toc!

1.2 Pac diém cha séng phang don sic
Chung ta hay cung nhic lai cac tinh chat cin ban cia mot song dién tir phang don sic (tirc 1a mot chim sang
song song don sac):

. Céc vecto dién trudng va tir truong vudng goc voi nhau va vudng goc véi phuong truyén song. Hon nita,
dién truong, tir truong va chiéu truyén séng tao nén mot tam dién thuén (Hinh 1).

. Dlen tredng va tir truong ludén dao dong cung pha va cung tan sb (1a tan s cia song).

. Ti s gitra dién trudng va tir trudng bang van tdc anh sang trong chan khong.
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Hinh 1. Néu dit ban tay phai sao cho cac ngon tay c6 thé quét tir vecto dién trudng sang vecto tir trudng theo
g6c nho nhat giita chung, thi ngoén cai s¢ hudng theo chiéu truyén song.

1.3 Biéu thirc ciia séng phang don sac

Biéu thirc ctia dién truong va tir truong trong mot song phang don sic vao liic £ va o toa do x (tinh tir ngudn) la:

E = E, sin(wt — kx)

B = B, sin(wt — kx) M

trong d6 14 tin s goc, con k 1a sb song:

=2

_2m @)
A

v6i f1a tan sd song, n la chiét suat moi truong truyén song, va 4 1a bude song anh sang trong chan khong. Ching
ta ciing biét van toc truyén song trong moi truong bang ty s giira budc song anh sang trong moi truong va chu
ky song. Hon nita, budc song trong moi truong chiét suit » thi giam di # 1an so véi budc song trong chan khong,
vi thé:
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vz(ﬁ/n)=£f=2_7z'£
T n k 2rx

Vay vén tbc truyén séng dugc xac dinh tir:
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= — 3
% k 3)

1.4 Cudng do sang

Theo dinh nghia, cudong d6 sang la nang luong song anh sang di qua mét don vi dién tich vudng goc v6i phuong
truyén song trong mdt don vi thoi gian. Chung ta ¢6 thé ching té dugc la cuong dd song anh sang ty 1 vdi binh
phuong bién do dao dong cia dién truong:

I =ka® “)

trong d6 a 1a bién do dao dong cua dién truong va k = 1/ (20/,10 ), v6i ¢ 1a van tc 4nh sang trong chan khong, va
o 1a @0 tir cdm cuia chan khong.

1.5 Nguyén ly chong chat séng

D¢ tim anh sang tong hop tai noi c6 nhiéu séng anh sang gip nhau ching ta ciing ding nguyén 1y chong chit

nhu d6i voi cac song khac:

Khi cac song dén gip nhau thi timg song riéng biét khong bi cic séng khac 1am cho thay doi, con tai noi gip
nhau thi song tong hop bang tong tat ca cac song toi.

2 Giao thoa cua séng anh sang
2.1 Giao thoa cua hai séng
Xét hai song phang cung tan sb, cing phuong dao dong dén gip nhau. Tai noi gip nhau chiing ¢ biéu thirc dao

dong:

x, = a, sin(at)

x, = a, sin(ewt + Ap)

Theo nguyén 1y chdng chét song, biéu thirc cua dao dong tong hop tai noi gip nhau la:

X=x +x,

Hinh 2. Téng hop hai dao dong bang gian dd vecto.
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Dé tim bién do ciia dao dong tdng hop noi trén chung ta hiy diung phuwong phap gian dd vecto nhu minh hoa trén
Hinh 2.

Theo @6 thi:
a’ =al +a; +2a,a,cosAp
Hay néu dung cuong do song:

I=1+1,+2,11, cosAgp (5)

Néu tai noi gip nhau hai dao dong thanh phan cing pha véi nhau (Ap = 2mm, m = 0, £1, £2, ...) thi ching s&
tang cuong 14n nhau dé tao mot dao déng cb cuong do cuc dai. Nguoc lai, néu tai d6 hai dao dong thanh phén
nguoc pha v6i nhau (Ag = (2m + Dm, m = 0, £1, 2, ...) thi chiing s& bu trir 1dn nhau dé tao mot dao dong co
cuong do cuc tiéu.

I +1,+2\11, Ap=2mm Imax
I= m=0,£1,+2... (6)
I+1,-2JII, Ap=2(m+1)r Imin

Nhu véy trong vung hai song gip nhau chung ta s& thiy nhitng noi c6 bién d6 dao dong cuc dai (goi 14 van sang)
xen k& véi nhitng ving c¢é bién d6 dao dong cuc tiéu (goi 1a van toi). D6 1a hién tugng giao thoa.

Tuy nhién, trong mdt cin phong c6 bat hai ngon dén ching han, tai sao chiing ta khong hé thiy ¢ cac van giao
thoa?

2.2 Tai sao thudng it khi thay giao thoa anh sang?

Trong phan trén, ching ta da coi d¢ 1éch pha Ag gitra hai song la khong thay d6i theo thoi gian, tuy nhién dbi
v6i da sd cac ngudn sang thuc thi Ag lai thay doi rat nhanh va hdn loan. Khi d6 cuong d6 sang quan sat dugc 1a
trung binh theo thoi gian cua biéu thic (5) ¢ phan trén:

I=1+1,+2I,1,{cos Ap)

trong d6 ddu <> chi phép I4y trung binh theo thoi gian. Vi do 1éch pha thay doi nhanh va hdn loan theo thoi gian
nén trung binh theo thoi gian cua cosAg bang khong. Do d6 cudng d6 tong hop chi don gian 1a tong cua hai
cuong do thanh phan:

I=1+1,
nhu chiing ta van thuong thay trong thyec té.

2.3 Nguon két hop

Pé quan sat duoc hién tugng giao thoa anh sang chung ta phai dung hai ngudn sang c6 do léch pha khong thay
do6i theo thoi gian, hai nguén nhu thé dwoc goi 1a hai nguon két hop. Ngay nay, cach don gian nhit dé co cac
ngudn két hop 1a sir dung laser, vi chiing ludn luén 14 cac ngudn két hop.

Ngoai ra, khi khong c6 ngudn laser, nguoi ta thuong tao hai ngudn két hop bang cach tach anh sang tir ciing mot
ngudn 1am hai phan c6 quang trinh khac nhau. Khi gip lai nhau hai song nay s& cho giao thoa vi d9 léch pha
gitta ching chi phu thugc vao hiéu quang trinh. That véy, gia st song tir cung mét ngudn dugce tach ra lam hai
phan di theo hai 19 trinh c6 chiéu dai d;, d> khac nhau. Tai noi gip nhau, biéu thirc dao dong ctia chung la:
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x, = asin(wt — kd, )
x, = asin(wt — kd,)

Do d6 gitra ching c6 d6 1éch pha:

A(/’:k(dz _dl) 2 (”d nd )
hay:
2r
Ap=—-AL 7
v== (7)

trong d6 AL = (nd, — nd,) 1a hiéu quang trinh gitra hai song tai noi chung gap nhau, dai luong nay h1en nhién
khong thay dbi theo thoi gian. (Nhic lai: quang trinh bang quing dudng truyén nhin véi chiét sudt ciia moi
truong truyén song).

Tur hé thue (7) ching ta suy ra diéu kién ddi vai hiéu quang trinh dé cho cuc dai va cuc tiéu giao thoa:

mA Imax
= m=0,£1,£2... (3

(m+ %)A Imin

3 Giao thoa v@i hai khe Young

Ngay tir ndm 1801, khi da s cac nha khoa hoc con mo ho vé ban chit séng ciia anh, thi Thomas Young da thyuc
hién mot thi nghiém dé chung to rang anh sang co thé giao thoa, va do d6 c6 ban chat la song. Do 1a thi nghiém
giao thoa trén hai khe hep mo ta trén Hinh 3.

Séng to1
phang va
don sac

Hiéu quang
trinh AL

(a) (b)

Hinh 3. (a) Hai song dén tir cac khe S; va S, (vudng goc v6i mit phiang hinh v&) gip nhau tai mot diém P trén
man quan sat, cach tryc gitta mot khoang y, va c6 goc nghiéng 1a 6 so vai truc. (b) Khi D >> d, hai tia r; va r, co
the coi nhu song song, hop vai truc gitra mot goc 6.
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3.1 Hiéu quang trinh
Do anh sang 1 séng nén n6 co thé di vong qua hai khe (day 1a hién twong nhidu xa, mot hién tuong dac trung

cho song, ma chung ta s& xét trong bai sau), sau do két hop lai trén man quan sat dé cho giao thoa. O day, anh
sang tir cing mot ngudn di duoc tach thanh hai phan, tao nén hai ngudn két hop S, va S,.

Néu khoang cach tir hai khe dén man quan sat 16n hon rat nhiéu so véi khoang cach giira hai khe (D >> d) thi
hi¢u quang trinh giira hai tia dén gép nhau tai P la:

AL =d sin @ )

3.2 Van giao thoa
Theo d6 thi cac vi tri trén man Gng voi cung mot goe 1€ch 0 s€ ¢6 cung mdt gid tri cua hiéu quang trinh, tuong
ung voi mot trang thai giao thoa xac dinh. Cac vi tri nay tao nén mot duong thang song song v&i hai khe. Vay

véan giao thoa 13 nhitng véan thang, song song voi hai khe, trang thai sang hay t6i ctia van s& duoc xac dinh tir
diéu kién (8).

. kA Imax
AL =dsinf = k=0,r1,£2... (10)
(k+ %)A Imin

O vi tri trung tdm 1a mdt van sang, vi tai d6 goc 1éch O bang khong, va & hai bén cta van sang trung tdm (ing
voi k duong va am) 1a cac van toi sang xen k&€ nhau. Van tuong ing v6i mot gia tri xac dinh ctia so dai so & dugc
goi la van bac k.

3.3 Phan bo cudng do sang theo goc

Trong trudng hop nay hai ngudn két hop cé cuong d6 sang nhu nhau nén cong thire (5) tro thanh:

A
I=2I,(1+cosAp)=4I, c0527¢
hay
I, _ L 40?22 (11
1 2

0

voi Iy 1a cuong d§ sang qua mdi khe, I, cuong d6 sang tuong ddi, va do léch pha Ag xéc dinh tur:

A(p=27z£=2ﬂdsmg

12
P P (12)

Két hop (11) va (12) chiing ta c6 thé v& duoc sy phan bd ctia cuong do sang twong dbi theo goc 6.
3.4 Thi nghiém ao

D¢ thiy rd anh giao thoa va sy phan bd cuong do sang theo goc, moi cac ban tu tay thuc hién thi nghiém ao sau
day, do W. Fendt (http://www.walter-fendt.de) lap trinh bang Java.

Trong thi nghiém nay cic ban c6 thé thay d6i budc song anh sang t6i hay khoang cach giira hai khe, va thu dugc
ngay hinh anh giao thoa trén man ciling nhu vi tri cac van sang va toi. Ngoai ra, thay vi quan sat anh cac van cac
ban ciing ¢6 thé xem phén bo cua cuong do sang theo goc 1éch.
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Chu y la may tinh cua ban phai c6 cai dat Java Runtime Environment phién ban 1.4 tr¢ 1én (co thé tai vé tir
http://www.java.com). Ngoai ra, néu cin tro giup vé thuat ngit chuyén mén tiéng Anh dung trong thi nghiém thi
cac ban xem Bang 1 du¢i day.

Bang 1. Giai thich thuat ngit tiéng Anh dung trong thi nghiém 4o vé giao thoa trén hai khe Young.

Interference Giao thoa

Slit Khe

Double slit Hé hai khe

Wavelength Budc song

Spacing between slits Khoang cach giira cac khe

Angle Goéc

Maxima, maximum Cuc dai (56 nhiéu va sd it)

Minima, minimum Cuc tiéu (s6 nhiéu va sé it)

Relative intensity Cudng do sang twong dbi (ty sd gitta cuong do sang
giao thoa voi cuong d6 sang qua mét khe)

Interference pattern Anh giao thoa

Intensity profile Phan b6 cuong do sang

Order of the maxima/minima Bic cua cuc dai/cuc tiéu

Hay Click vao chit “Thi nghiém” dé bat dau: Thi nghiém.

4 Giao thoa trén mang mong

Khi 4nh sang phan xa trén mot mang mong (nhu mang xa phong, mang dau loang trén mat nudc v.v...) thi hai
tia phan xa ¢ mat trén va mat dudi cua mang méng coé thé cho giao thoa khi gap lai nhau. Chinh vi vy ma
chiing ta thay cac van mau trén mang xa phong hay mang dau.

Giao thoa chi xay ra dbi voi cac mang méng, c6 bé day c& bude song anh sang, vi néu mang day hon thi hai tia
phan xa s& khong phai 1a hai tia két hop nira.

4.1 PO léch pha do phan xa
Chéc cac ban cling biét 1a khi song co phan xa trén mot vat can c¢b dinh thi song phan xa s¢€ dbi chiéu dao dong,
hay noéi cach khéac song phan xa s€ 1éch pha z so véi song téi.

D6i v6i song anh sang ciing vay: khi dnh sang phan xa trén mot moi truong c6 chiét suat 16n hon thi tia phan xa
bi 1éch pha 7 so vdi tia tdi, va do d6 c6 quang trinh tang thém 4/2 so voi tia toi.

Vi du: khi tia sang di trong khong khi (co chiét sut bang 1) dén phan xa trén nudc (c6 chiét sudt c& 1,33) thi tia
phan xa bi léch pha 7 so véi tia tdi; nguoc lai, khi tia sdng di nguoc lai, tor nude dén phan xa trén khong khi thi
tia phan xa khong hé bi 1éch pha so véi tia téi. Cac ban dimg bao gio quén tinh chit nay khi xét giao thoa do
phan xa trén cac mang mong.

4.2 Giao thoa véi ban mong song song
Xét mot ban mong song song c6 bé day d, chiét suat n > 1 dit trong khong khi. Mot tia sang dén ban mong dudi
g0c to1 7 s€ phan xa ¢ ca mat trén va mat dudi, cho hai tia 16 song song (Hinh 4a). Hai tia nay s€ giao thoa ¢ vo
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cung hay ¢ trén mat phéng tiéu cua mot thdu kinh hoi tu co truc chinh vuong goc voi ban. Pé x4c dinh trang thai
giao thoa, ching ta can tim d¢ 1&ch quang trinh gitra ching.

R
| 0. ' Van tron
JH Thiu kinh ;
j hoi tu ;
T q! B |
d ; |
l (a) : (b)

M
Hinh 4. (a) Hai tia phan xa Grng v6i cung mot tia téi. (b) Cac tia cung d6 nghiéng tao mot van tron.

4.2.1 Hiéu quang trinh
Theo Hinh 4, so vdi anh sang toi tai 4 thi tia phan xa tu mat trén c6 quang trinh tang thém:

AR, +i
2

trong d6 co tinh dén d¢ ting quang trinh do phan xa trén moi trudng co chiét suat 1on hon, nhu da trinh bay
trong phan trén. Con tia sang di vao ban mong va phan xa tir mat dudi thi cé quang trinh tang thém:

n(AM + MB)+ BQ, =2nAM + BQ,

trong d6, quang trinh ciia phan tia sang di trong ban mong di dwoc nhin véi chiét suit ban mong, theo dinh
nghia cla quang trinh. Nhu vay, gitia hai tia phan xa c6 d¢ 1éch quang trinh la:

AL:2nAM—AH—§

Dung dinh luat khic xa va cac bién ddi hinh hoc ta c6 thé suy ra:
. A
AL = 2nd~n* —smzi—z (13)

4.2.2 Van cung do6 nghiéng

Thong thuong nguoi ta ding mot ngudn sang rong don sic dé chiéu sang ban mong, do d6 anh sang téi ban dudi
nhiing gdc tdi khac nhau. Theo cong thure trén thi tat ca cac tia phan xa ing véi cung mét goc t6i s€ cd cung mot
trang thai giao thoa. Do d6 cac van giao thoa tao boi ban mdéng song song con dugc goi 1a cac van cung do
nghiéng.

Néu dung mot thau kinh héi tu c6 truc chinh vudng goc véi ban dé két hop cac tia phan xa, thi trén man quan sat
dat tai mat phang tiéu ching ta thdy cac tia ing v4i ciing mot goc nghiéng i va cling nam trong mdt mit phang
s& gap nhau tai mot diém (Hinh 4b). Vi cac tia cling c6 goc nghiéng i nhung khéng nam trong mit phang hinh
v& thi chung ta c6 thé hinh dung dugc bang cach xoay Hinh 4b quanh truc thiu kinh. Nhu thé tit ca cac tia co
cung do nghiéng s& duoc két hop thanh mot van hinh tron nhan tiéu diém thau kinh 1am tam.
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4.3 Giao thoa véi ném khong khi

Dit hai ban thily tinh day chong 1én nhau v6i mot bén hoi nang 1én dé tao mot goc nghiéng rat nho, ching sé& co
mot ban mong khong khi hinh ném, goi 1a ném khong khi (Hinh 5). Chi€u mt chum sang phang don sac dén
vudng goc voi mat dudi cua ném, ching ta s€ quan sat dugc cac van giao thoa thang, song song voi canh ném &
mat trén cua ném; ngoai ra, tai canh ném la mdt van toi.

S S
(a) (b)

Hinh 5. Hai tia phan xa tir cung mdt tia t61 & mat trén va mat dudi cua ném khong khi. Tia téi va tia phan xa
duoc v€ tach ra cho d¢ thay.

Nhu minh hoa trén Hinh 5, khi gip lai nhau tai diém téi 4 & mat trén ctia ném, tia phan xa & mat dudi co quang
trinh dai hon la:

AL=2d+% (14)

trong d6 d 1a bé day ctia ném khong khi tai 4, con A/2 1a d6 ting quang trinh do phan xa trén thiy tinh tai B.

Theo d6 thi tat ca cac diém ¢ mit trén clia ném va tmg véi cling mot bé day d thi c¢6 clng trang thai giao thoa, vi
vy van giao thoa trén ném con duoc goi la van cung do day. Néu hai ban thily tinh gii han ném réat phang thi
van sé 1a nhiing duong thing song song vdi canh ném. O canh ném thi bé day bang khong nén do léch quang
trinh bang 1/2, ta c6 mot van tdi.

4.4 Hé van tron Newton

Dit mit 16i ctia mot thdu kinh phang 16i 1én trén mot ban thily tinh phang day, chiéu anh sang phang don sic t6i
vudng goc voi ban thiy tinh (Hinh 6). Néu ban kinh mat 16i kha 16n thi ban mong khong khi gidi han giita
chung c6 thé cho giao thoa do phan xa, goi 1a h¢ van tron Newton. Hé van Newton duoc quan sat ngay ¢ mat
trén cta ném, va la nhimg duong tron ¢ tam nam trén tryc chinh cua thiu kinh; ngoai ra, tai diém tiép xuc la
mot diém toi.

(a) (b)

~____________au~ A=

I | | p |

Hinh 6. Hai tia phan xa tir cing mot tia t6i 6 mat trén va mat dudi ciia ban mdéng khong khi trong hé cho van
tron Newton.

© Lé Quang Nguyén 2005



Giao thoa anh sang 9

Nhu minh hoa trén Hinh 6, khi gép lai nhau tai diém A4 & mit trén cta ban khong khi, tia phan xa & mat dudi co
quang trinh dai hon la:

AL=2d+% (15)

trong d6 d 1a bé day ciia ném khong khi tai vi tri quan sat, con A/2 1a d ting quang trinh do phan xa trén thiy
tinh.

Theo d6 thi tat ca cac diém ¢ mit trén cua ban khong khi va tmg voi cting mot bé day d thi c¢6 clng trang thai
giao thoa, vi vdy van giao thoa cling thudc loai van cung do day. Van giao thoa la nhiing duong tron c6 tam nam
trén truc thau kinh. O diém tiép xtc thi bé day bang khong nén d6 1éch quang trinh bang 4/2, ta ¢c6 mot diém toi.

5 Trac nghiém

Chuing t6i da téng hop mot sb dé ghi tric nghiém cua truong dai hoc Bach Khoa tp HCM dé soan mot bai tric
nghiém dudi dang Flash. N6 ¢6 thé giup cac ban ty danh gia kién thirc cuia minh v€ giao thoa anh sang. B¢ dung
bai trac nghiém nay trén may tinh cia cac ban phai c6 cai dat Flash Player 7 ActiveX Control hay Plugin. Néu
chua co, cac ban co thé tai vé tu http://www.macromedia.com.

Hay Click vao chit “Tric nghiém” sau day dé bat dau: Tric nghiém.
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