CHOONG VIII: SO'NHIEU XA ANH SANG

I. Nguyen ly Huygens — Fresnel:
Gia s6 co mot loi phang (2) fi6dc chieu sang bdi nguon filem S fid6n sac, b6dc song A.
Xet dien tich do(P) tren (X) tai fiiem P.
Nguyen ly:
- Moi phan té cua bel mat do(P) giong nhé mot nguon filem ao (nguon thé cap), phat
ra song ma bien fio phdc toc thoi tai P tz le voi bien fio phdc cua song phat ra to S tai P,
va tz le vdi dien tich do(P).
- Cac nguon ao la ket hop.
Mot lo trong suot trong mot man fi6dc goi la 1o nhieu xal.
s'(P,H) =t(P) si (P.1)
t(P) : fioi trong suot phoc = 0 neu khong trong suot tai P
(ham truyen qua) =1 neu P la mot filem cua lo.
si (P,t) : bien fio song t6i tai P khi khong co lo nhieu xa.
s'(P,t) : bien fiol song quan sat fi6dc tai P khi khong co nhieu xa, co nghta la tuan theo
cac fionh luat cua quang hinh hoc.
Ghi chu :
e t(P) = -1 fioi vdi goong kim loai ly t66ing.

(n-1) . C oA .
o t(P)=te * " eV(A)‘I to <1 foi vOi ban thuy tinh be day e.
Bien fio song tai filem M phat ra boi dien tich d o(P):
ds, (M, t) = f(P,M).t(P).s;(P).e'""do(P)
¢ p->wm: fioilech pha khi truyen to/ P toi M.
f(P,M) : la mot ham ma fiol bien thien cua no rat cham so vdi € PP >Modnhiey xal fic6c

fiat trong moi trodng fiong nhat chiet suat n, neu ph66ng PM gan v6i phddng cua
song tdi, va neu PM 16n hén nhieu so véi bddc song, thi song phat ra té P co
dang song cau:

C
f(P,.M) = Vi C: hang so phéc

Neu M 6 kha xaab, f(P,M) -> K: hang soi phdc, do ﬁthay fioi khong fiang ke.



Il. Nhieu xa FRAUNHOFER.
Ta goi nhieu xa trong cac fiieu kien Fraunhofer la tré6ng hdp fiac biet khi S va M &

vo cdc. Trong fiieu kien nay, S phat ra song p hang voi vectd song k., gia s no chieu

sang mota5 phang voi fio trong suot t(P) = t(x,y) vuong goc voi Oz va chda filem O.
Tafat:  (Xx,y) la toa fio fiiem P.
(X,Y) latoa fio Aiiem M fid6dc quan sat tren tieu dien cua thau kinh.
Moi filem M t66ng 6ng trong khong gian vat cua thau kinh, voi mot phédng truyen

co vectd fion vo G(M ) va vectd song k(M ).
Gia st chiet suat moi trodng = 1.

» Pha @p (M) tai fliem M cua song thd cap phat ra bdi fiiem P tren (X).
(hinh 14 trang 156)
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Hinh 14.Nhieu xa 6 vo cdc cua song phang qua lo £ , man quan sat nam tai tieu
dien anh cua mot thau kinh



Ppr(M)=@i(P) +Qrm

@i (P) la pha cua song toi tai P:
¢i(P)-9:(0) =-k.OP

Theo fionh ly Malus, quang lo (PM) va (HM) bang nhau.
(PM) — (OM) = (OH)= - U .OP

va Pp>m=Qo->m+k(M).OP (sau khi nhan hai vei voi —2%)

©o(M)= @i(O) + ®o->m: phatai M cuasong thd cap phat ra tai O.
=>@p(M) = Qo(M)+ (kM) -k).OP

» Bien fio song:

s(M, t) = j_[d§p(Mat) _ Ksoei(wt+<Po(M)) JII(X’y)e[i(R(M)—E)@]dXdy
z z

Bieu dien cac thanh phan cua cac vectd k; va k(M):

21 21 271
Kix :Tai kiy ZTBi Ki, ZTYi

271 21 21
I(x :70“ ky ZTB kz :7'\/

ai, Bi la cac thanh phan song song vdi (Ox) va (Oy) cua vectd fién v cua phééng
song toi.

a va B la cac thanh phan song song véi (Ox) va (Oy) cua vect6 fidn vo cua phédng
song loratd (X) ve phia M.

Neu ta gidi han 6 nhdng phdéng gan vai truc:

X Y
~yi~ 1 o~ — ~—
Y =i 7 B £
» Be rong cua hinh nhieu xa.
Be rong Ax cua lo nhieu xa va be rong goc Aa cua hinh nhieu xa Fraunhofer tren
cung phodng:
AX. Ao =~ A.

» S0l dich chuyen cua loinhieu xal.
Abdoch chuyen fida O fien O’ va P fien P’.




dsp. (M) =K' Soei(o)t+<P0'(M))t(X’y)e[i(R(M)—E)aS'] do

S6l doch chuyen khong lam thay fioi vecto k_()M) vak;.
OP=0O’P’
Neu khong tinh fien s6 thay foi gida K va K:

dsp. (M) =ds,, (M)e' (o M+ (M)
Sau khi lay tich phan tren lo nhieu xa:
s'(M) = S(M)ei(@o-(M)HpO(M))

I’(M) = I(M)
=> Bien fio song nhieu xa tai mot fliem tren tieu dien anh cua thau kinh chz chou fio
lech pha giong nhau. C6dng fio cua hinh nhieu xa khong thay fioi.

> Nonh ly Babinet.
Ta goi hai man nhieu xal la phu nhau neu tong cac fio trong suot =1 :
L(P) +(P) =1
Nonh Iy: Hinh nhieu xa Fraunhofer cua 2 man bo phu thi nhé nhau, tré anh hinh hoc
S’ cua nguon S.
S1(M) + Sa(M) = So(M)
Neu M=S’ : So(M) =0 = S1(M,t) = - SH(M,1)
va [1(M) = 12(M)

I11. Nhieu xa béi lo hinh vuong.

a a b b
t(xy)=1neu ——<x<—va ——<y<—
t(x.y) 5 5 y<3

t(x,y) = 0 & ngoai vong tren.

12 (om0 )6+ (B-$1)y)

s(M,t) = Ks,e' @ ooM) | 1e dxdy

e N |
N | T
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a . a T . s
2 i%(a—ai)x eIT(a 0Ll)E _ e_l N (OL OL|)2 Slnl:}\‘ (O(. - Oti )a:| '
Ie dx = > . =a = asinc(u)
_a IT(a_ai)E E(oc —aj )a
2 A
a b
2 .2m 2 .2xn
i i==(a—a)X i—(B-Bi)y

s(M, t) = Ks,e'(© ¢ M) I e dx Ie 2 dy

_a _b

2 2

Voi u= %(oc—oci)a va sin c(u) _shhd (ham sinus cardinal)
u

_> 5(M, 1) = Ksyabe' @2 M) gin c(u)sin c(v)
Voi u:%(a—ai)a va v:%(B—Bi)b

Co06ng fio'sang : 1(M) = s(M,t).s (M,t)

I(M) =14 5sin 02(%(B—Bi)b).sin cz(%(oc—ai)a)

-Hinh nhieu xa co tam nam tren phédng cua chum tia téi
-Cdc tieu nhieu xa khi:

o= 0L +p& hay B=B; +q% vli p,g nguyen = 0
a

Vet trung tam co fio rong 25 doc theo (Ox) va 2% doc theo (Oy)
a

Cac vet thd cap co fio rong nho hon hai lan theo cac phoéng.
Vet trung tam sang nhat.
» Trodng hdp khe hep.

by
——0 ;p=0.
. p

I(M) =1, sin cZ(%(e—ei)a)



a
. 227 0, )x
s(M, 1) = Ksye' 0o (M) j et
_a
2
IVV.Nhieu xa & vo cdc cua song phang bdi lo tron.
Hinh nhieu xa Fraunhofer cua song phang bdi lo'tron ban kinh R gom vet trung

tam hinh tron, tam la anh hinh hoc cua nguon, bao quanh la cac van tro n fiong tam. Cac
van tron co fio sang giam dan khi cang xa tam .

Ban kinh goc cua vet trung tam co bac %:1,22£.

AO :1,22% : ibdng kinh goc cua vet trung tam.

V. Nhieu xa bdi tap hdp lo nhieu xa giong nhau.

Khao sat tréong hdp gom N lo nhieu xa giong nhau. Lo nhieu xa m co toa fio
tam O (Xm,Ym) Va fioi trong suot ) va fio trong suot t(X,y) = to(X-Xm,Y-Ym) , ham t, nh6
nhau fioi v6i moi lo nhieu xa. He fiédc chieu sang boi mot song phang fidn sac co
phoéng truyen fiddic cho bdi a; va Bi.

.27
: [i==((0—0t ) (XX J+(B—Bi )(Y=Yim) )]
s (M,t) = Kse'(©t¢on M) ”;(x,y)e 2 dxdy

zm

Noi bien: £ =X —Xm van =y - ym

—a;)&+(BB;)
s, (M,t) =Ks eu(mt+<p0m(M))”‘t @ n)e x n)l dédn
m
—a;)&+(B-Bi)n)]
x
tich phan Fo(M) = _”t & n)e dédn

nho nhau fioi voi moi lo nhieu xa, fiddc goi lai so hang nhieu xa.
Theo nguyen ly Huygens — Fresnel, N lo nhieu xa fiéoc chieu sang mot cach ket
hodp, bien fio tai M & vo cdc bang tong cac bien fiol nhieu xa boi téng lo.



N
S(M,t) = Ksg.Fp (M)e™* > _e'®on™
m=1
@om - pha tai M cua song tho cap phat raté O,
Pom (M) = @ o (M) + (K(M) - k;).00y,
2
=00(M)+ ==[(@ - o X + (B=B1)yn]

Tong X la sot hang giao thoa cua N song nhieu xa bdi N lo' nhieu xal.

N .27
FI(M) _ Z el A [((1 0L|)Xm'|'(B Bl)ym]
m=1
» Trédng hop phan bo ngau nhien.
Khao sat trodng hop N rat 16n.

I = |O|FD (M)|2|F| (M)|2

N N
RV = [Zei“’m J(Ze““’m J
m=1 m=1
i 9(M) = 22 {(0 = ) + (B B)Y

FP =N+ 3 S el

m n#m
ei((p”_(pm) — ei((Pn_(Pm) _e_i((Pn_(Pm)
IDXLREIN )
=R M) =N+2" cos[g, (M) - ¢ (M)]
n>m

Neu cac lo nhieu xa fiddc phan bo ngau nhien thi cac goc
@nm(M) = @n(M) - om(M) cuing fiGdC phan bo ngau nhien va tong

ZCOS[(Pn (M)—on (M)] chz khac khong fioi vOi o va B rat gan o va B;.

n>m

so hang:

Tong nay choa w

2
IF,(M)|” =N? & phoong cua song toi

[Fy(M)| =N cac phtong khac.
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® Chang téi da dich dwoc modt sd6 chwong clia
mot sd khoa hoc thudc chwong trinh hoc

liéu m& cla hai treong dai hoc ndi ti€éng thé

gi&¢i MIT va Yale.

® Chitiét xin xem tai:

http://mientayvn.com/OCW/YALE/Ki thuat



