Choong VI : GIAO THOA ANH SANG

I . Tong quat ve sd giao thoa anh sang.
1) S6 chong chat hai song anh sang:
Khi c6dng fio cua song anh sang, do s6 chong chat cua hai hay nhieu song, khong bang tong
cdong fio cua tong song, ta goi la hien t66ing giao thoa anh sang.
Khao sat hai nguon fiiem S; va S, chung phat ra cac fioan song co cung tan so v. Song truyen
toi Aiiem M co bieu thdc:
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Tin hieu anh sang tai M:
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la fio lech pha tai filem M cua song Sz fioi voi S;.

Hai song co fio lech pha phu thuoc ngau nhien theo thdi gian, fiddc goi la hai song khong ket
hop: I=1;+ 15

2) Song ket hdp:
Gia so hai fioan song chong chat tai M xuat phat t6/ cung mot fioan song A6oc phat ra t6 mot nguon S.
= @1 = @2; ¢ ( M) gioi nguyen khong fioi theo thoi gian.
Hai song nho vay fi6dc goi la hoan toan ket hdp ( co cung tan so ).
Hieu quang lo :
S(M):(SM )2_(SM )1+83up



e C
vOi Ssup = P ((Plsup — P2sup )

(SM); va ( SM ), laquang lo t6'S t6i M boi hai tia 1 va 2
No lechpha (M) = % d (M) khong phu thuoc vao thdi gian.

I(M) = 15+ I, +2,T,1,¢08 ¢ (M)= Iy + I, +2,/T; 1,c08 (%S(M))

= hien t66ng giao thoa (anh sang)
Noi vi cac song ket hdp mot phan :

0<<cos ¢ (M)><cos (i—ES(M))
0

3) Cac van giao thoa:
e C00ng Ao sang cdc fiai tren cac mat Addc xac fionh bdi
d( M) =m A m:soi nguyen

e (C00ng fio coc tieu :
B(M) = (M+ 2o

e Bac giao thoa:
pod
7\’0
Tren man quan sat ta trong thay cac van sang va van toi xen ke nhau.

Noi voi cac van sang p =m

Van toi p=m+ %
e Notoong phan :

N
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I ax + i
4) Cac he giao thoa:

a) Chia mat song: hai song giao thoa phat ra bdi sé chia mot cach hinh hoc mat song cua
nguon s6 cap = hai tia khac nhau té: mot nguon.

b) Chia bien fio: mot mat phan xa khong toan phan thdc hien séi chia ve: mat nang 166ng to
cung mot tia phat ra boi nguon. Hay song giao thoa voi nhau sau khi fii qua nhdng iddng
khac nhau.

5) Tinh ket h6p cua hei giao thoa:
a) Tinh ket hép thoi gian .
Ta xet trodng hdp nguon fiiem S, no phat ra nhéing fioan song voi nhdng khoang thoi gian ¢
va chieu dai ket hop I tédng 6ng.
Moi fioan song phat ra té S bo chia thanh hai fioan song. Chung fien filem M cua trééng giao
thoa sau khi fii qua cac idéng (tia) 1 va 2. Do hai tia khac nhau, gida chung co fio tre’:
(), _(sm),
c c
Ne co the quan sat hien t6dng giao thoa, hieu quang lo phai nho hén chieu dai ke t hdp:
(SM)2 - (SM )1<|c
Ta noi cac song ket hdp thai gian.

At =



b) Tinh ket hdp khong gian

Mot nguon rong gom tap hop cac nguon fiiem khong ket hop voi nhau , iddc phan bo tren
mot mat hoac trong the tich nao fio..

Cac van giao thoa Ad6c tao ra b6i mot nguon rong co the bo méi khi fiol rong cua nguon tang.

Chieu dai ket hop khong gian la fio rong cdc fiai cua nguon khi ¢ ho mot béc anh giao thoa mé.

6) Giao thoa bang anh sang phan coc:

Neu anh sang phan céc, can phai tinh fien hédng cua trédng E khi khao sat sé/ giao thoa,

mo hinh vo' h66ng cua anh sang khong fiu fie giai quyet bai toan.

Il. Giao thoa bang chia bien fio
1) Ban mong co be day khong fioi:
Xet mot ban mong co be day khong fioi d, chiet suat n. Roi sang ban bang mot nguon sang rong
. Xet mot chum song song truyen téi ban voi goc tdi i ;. Moi tia cua chum khi téi ban sel tach lam 2:
mot phan phan xa 0 ngay mat tren, con mot phan fii vao ban mong va phan xa 6 mat dodi, fii len
tren va lo ra ngoai. Khi ra ngoai khong khi hai tia phan xa song song voi nhau. Neu dung thau kinh
hoi tu hai tia tai M trong mat phang tieu thi chung se giao thoa véi nhau. Hieu quang lo cua hai tia:
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Cac chum sang coli cung goc t6i i se hoi tul tai cac fiiem nam tren mot iGéng tron co tam tai
F = cac van giao thoa la nhdng fiddng tron fiong tam va fiddc goi la cac van giao thoa cung fio
nghieng.

2) Nem khong khi :



Nem khong khi la mot 16p khong khi hinh nem , gidi han bdi hay ban thuy tinh fiat nghieng
nhau mot goc o nho.

Yva X, la hai mat cua nem , giao tuyen cua hay mat nay iéoc goi la canh nem. Roi mot
chum sang fidn sac song song vuong goc voi mat X,. Xet tia Ol cua chum. Tia fio fii vao ban thuy
tinh G; fien M no tach thanh hai: mot phan phan xa tai M, con mot phan truyen qua nem khong khi,
phan xa tren mat X,, tr6 ve: M va lo ra ngoai theo fi6dng MIO.

A
L1—L2:2d+5

Cac van giao thoa la nhdng fioan thang song song voi canh nem .

3) Giao thoa ke Michelson:

Giao thoa ke Michelson gom hai gé éng (M; fioi dien véi c6a vao va M, gan vuong goc voi
M) va mot ban ban phan xa Ad6c goi la ban chia song hdp véi cac gédng goc %

Mot chum tia khi fii vao may, bo chia lam hai va chung ra khoi may sau khi fii qua nhéng fioan
fidéng khac nhau.
Nho the, ta co the quan sat s6/ giao thoa bang cach chia bien fio.



Hinh 7. Cdch dung hai tia 16i diém P
theo hai dieémg khdc nhau.

Song td nguon fiiem S vai fii ra khoi giao thoa kei sau khi fii qua fi6éng 1 giong nho song phat
ra b&i nguon ao fat tai S;.
Song fii qua AGdng 2 giong nho song phat ra bdi nguon ao fiat tai S ;.

Quang lo:
(SP)1 = (S:P ) va (SP)2 = (S:P)
o Sé fio tddng AGONQ : .
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Hinh 8. Guamg namg dieomg My @ M, 1o Hinh 9a. Hé guomg thiec.
hinh déi ximg ctia My qua bdn chia sdng. b. Hé gueomg nomg dreong ( My 1 hink doi ximg evia My qua bdn chia sdng).

Giao thoa ke Michelson t66ng fiodng voi mot ban mong khong khi gi6i han gida hai be mat
phan xa M, va M1, fioi x6ng voi M; qua ban chia song.
o Neu M, va M; song song: ban mong véi cac mat song song. Co mot bat bien khi quay quanh
mot truc nao fio vuong goc voi M ;.
o Neu M, va M; khong song song: nem khong khi.

I11. Giao thoa ke Michelson 0 ““trang thai
song.

ban mong khong khi vdi cac mat song



Hieu quang lo:

d = 2e cosi
Vi e la be day cua ban mong.
| =2l (1+cos 2;5 vOi 8 = S,P - S,P

Cac mat fang c6dng fio la ho hyperboloids tron xoay quay quanh truc la fi6ong noi S; va S,.

Noi voi mot nguon fiiem, cac van ro nhéng kem sa ng , giao thoa khong fiinh x&..

Noi voi nguon sang rong, cac van sang va tédng phan tot & khoang cach 16n, hoac trong mat
phang tieu cua thau kinh & nhding cho khac thi van mé. Giao thoa fiinh xd 6 vo cdc.

Van co cung fio: nghieng

Van bac p t6ong 6ng voi goc nghiengi:  COSI = 27“
e
d=pAl=2ecosi
Vi be day e, bac giao thoa céc fiai 6 tam cua cac van tron (i=0)
2e
Po = T

Pp - ban kinh cua van tron bac p
pp= flI, voi ' latieu cd cuathau kinh hoi tu
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IV. Giao thoa ke Michelson & trang thai ““ nem khong khi”’
1) Chieu sang bang mot nguon fiiem:
a) Nguon fliem 6 khoang cach héu han.




Goc ¢ gida goong thdc M, va gédng anh M1 luon luon rat nho. Cac mat fiang c6dng fio: la
cac hyperboloides tron xoay ma tieu fiiem la cac nguon thd cap S; va S,. Giao cua cac
hyperboloids nay voi man quan sat mot cach gan fiung la nhéng fioan t hang song song voi
canh nem.

Cac van giao thoa ton tai khap noi trong tréé ing giao thoa voi cung fio tédng phan. Chung
khong fionh x06.

b) Nguon fiiem & vo cdc.

Song phat ra t& mot nguon fiiem & vol céc la mot song phang; goc gidia hai gééng M ; va My
bang &, song phang nay se cho hai song phang voi go ¢ gida cac phddng cua chung bang 2.
Cac mat fiang c00ng fio la cac mat phang song song, khoang cach gita hai mat fiang c66ng

fio canh nhau la L
2¢




2)

AP
va IZZ la cac vectd song cua hay song phang phan xa tér M, va M,
lech pha cua hay song giao thoa tai P:
@(P)=(k, =k ). F + o
= (Ez - lz1 ) r
@o =0, vi cac song nay fiong pha tai A
Cac mat fiang c66ng fio, tren flo ¢ = cos t, la cac mat phang vuong goc voi vectd (IZ2 — IZl ).
Xet tréong hép mat phang t6i vuong goc voi canh nem. Chon truc Ax nam tren M 1, tia toi
vOi goc toi ig tren M,
F(XY); k(ksinig, -k cosig); k,(k sin(io +2¢ ) , — k cos(ip +2¢ ))

P
kl
No

= (K, —k)r= % 2sin & ( x cos(ip +& ) + y sinio +¢ ))

Phoéng trinh cua cac mat co c66ng fio cdc fai ;
(p(P): (kz - k1) f:2pﬂ:
= xcos(ip +& ) +y sin(io +& ) = p%

= ho cac mat phang cach fieu nhau, khoang cac h gida hai mat ke nhau la ZA’ mat
<

phang p = 0 fii qua canh nem.

Chieu sang bang mot nguon rong 6 voi coc :

Neu muon co nhding van t66ng phan tot, can phai fida man lai gan khi ta mé rong dan nguon
sang.

Neu nguon sang rong, cac van giao thoa fiédc fionh x6 tren mot ma't 6 gan anh cua cac
goéng.

Gia st ta md rong khe cua nguon trong mat phang vuong goc vai canh nem . Cac song

phang xuat phat t6 nhong fiiem khac nhau cua ngu on , fien goéng M, dédi nhdng goc toi i

trong khoang g —% val io"'%



Cac mat fiang cubng fioi cach nhau % va mat phang co bac giao thoa bang 0 fii qua canh

nem. Phédng cua chung nghieng mot goc i+ ¢, phu thuoc vao i.
Mat phang fionh x6 fii qua canh nem va rat gan cac géodng.

|:2|o{1+cos[27”28(x008(i +e)+ysin(i+e)]}

R O . . — .
Ne | it phu thuoc vao goc t6i i : Z—|I =1,,= 0 tai lan can io.
i

= -Xxsin(ip+e) +ycos(ip+e) =0
fiay la phodng trinh cua mat phang fii qua canh nem va vuong goc vdi phédng cua cac mat
phang giao thoa.
Vi mot nguon rat rong , fio tddng phan tren mat phang fionh x6 6 gan 1 fioi voi hieu quang
lo nho, toc la M1 rat gan M, va & lan can canh nem.
> Cac tia giao thoa véi nhau tai mot filem tren mat fionh x6, xuat phat té cung mot tia toi
> Chieu dai ket hdp khong gian cua giao thoa ke Michelson 6 che fio nem khong khi
la khong vo han: so van quan sat fiddc phu thuo ic vao goc mé cua chum tia.

3) Cac van cung fio day:
Xem nhd man quan sat la lien hiep vdi M ; qua mot thau kinh . Xet trédng hép cac tia toi
vuong goc voi My
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0=+ (IP)y—=(IP) =0+ (IP),—[(IP)1—1J]
(JP)1 =(JP),

=0=211=2¢(X)
= 0 chz phu thuoc be day e(x) cua nem khong khi.
Cac nodng thang cudng fio la cac van cung fio day , song song voi canh cua nem khong khi.
Chung khong phu' thuoc vao vo tri cua nguon.
Cac van bacp: d=pr=2e(X)=2¢X
= p =0: tren canh nem .
Khoang cach gida cac van: i = >
Khi dich chuyen gédng M1 ma khong thay fioi ph66ng cua no

- Khoang cach van khong thay fioi va cac van dic h chuyen khong bo bien dang.



- Vo tri cua mot van co bac fia cho chz phu thuoc be day cua nem khong khi , téc la
phu thuoc vao khoang cach t6i canh nem.

V. Tinh ket hdp khong gian

Khi mot he giao thoa fiédic chieu sang bang mot nguon fiiem, s6 giao thoa ton tai trong ca
tréong giao thoa: iddc goii la giao thoa khong fionh X6 .
Neu nguon la nguon roing , ta phan biet hai tr66ng hop:

- No t86ng phan cua cac van giam & moi ndi : giao thoa khong fionh x6.

- No tédng phan giam 6 moi ndi , nhéng giam rat it tren mot mat fiac biet phu thuoc
vao he giao thoa va vao vo tri tdéng fioi cua nguon fioi vOi hei: giao thoa fionh X6
tren mat fionh xo.

Thoc te :

- Mot mat nho vay chg ton tai 0 he giao thoa chia bien fio.

- Mat fio Addc xac fonh boi tap hop cac filem cat nhau cua hay tia lo xuat phat té cung mot tia
tOi phat ra to mot fiiem trung tam cua nguon .

Nhac lai : chieu dai cua tinh ket hdp khong gian :

- Hou han fioi voi giao thoa ke Michel son & che: fiol nem khong khi.
- Volhan fioi v6i giao thoa ke Michelson 6 che fio ban mong.
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® Chuang téi da dich duwgc mdt s6 chuwong cla
mot sd khda hoc thubc chwong trinh hoc
liéu m& cla hai trrd'ng dai hoc ndi ti€éng thé
gi¢i MIT va Yale.
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