Chuong 6
QUANG HOQC SONG

N§i dung chwong
6.1 Giao thoa &nh séng
6.2 Nhiéu xa anh sang
6.3 Phan cuc anh sang
6.4 TOm tat noi dung
6.5 Cau hoi ly thuyét va bai tap

Muc tiéu chwong
Sau khi tim hiéu chuong nay sinh vién nim duwoc mot s kién thic co ban Vé:
hién tugng giao thoa &nh sang, giao thoa gdy boi ban moéng, nhiéu xa anh sang,
nguyén ly Huygens — Fresnel, phuong phap déi cau Fresnel, phan cuc &nh sang, van

dung céc cong thire dd hoc vao bai tap vé hién tuong giao thoa, nhidu xa &nh séng.

§6.1 GIAO THOA ANH SANG
1. Sy giao thoa cuia hai ngudn sang diém
Xét hai nguon sang diém S; va S, c6 tan sé bang nhau o khong d6i theo thoi
gian, nhu hinh 6.1. Séng phang, diéu hoa ciia hai ngudn séng ndy truyén dén diém P
duoc biéu dién boi biéu thic sau:
Ei(t) = Espcos(ot + ¢1)
E,(t) = Expcos(ot + ¢,)
Trong do:
@1 = ¢, + kd, 1a pha cua s6ng cua nguon sang diém S, tai diém P.
0, = ¢, + kd, 1a pha cua séng cua ngudn sang diém S, tai diém P.
Véi ¢; VA ¢, tuong tmg 1a pha ban dau cua song anh séng tai diém S; va S,; d; va d, 1a

khoang cach tir diém S; va S, dén diém P.
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Theo nguyén Iy chéng chat:

+ Sy ton tai cua mot song khong 1am thay d6i su truyén cua céc song khac
trong clng méi trudng; trong qua trinh truyén cia cac song, tung song riéng biét
khong bi cac song khac lam nhiéu loan khi ching gap nhau va tiép tuc truyén nhu

trudc.

Sy

Hinh 6.1: M6 ta hai séng anh sang gap nhau tqi P
+ Tai diém P cac song gap nhau, thi nhidu loan tac dung 1én diém nay la:
u(P, t) = uy(P,t) + uy(P, t)
Voi uy(P,t) va u,(P, t) 1a song thir nhat, th hai gay ra tai diém P, khi c&c song nay
truyén mot minh va bién d6 cua u; V& u, nho.
Nhu vay, s6ng anh sang tai diém P do hai ngun S; va S, truyén dén bang:
E(t) = Eq(t) + Ex(t) = Eqocos(wt + 1) + Expcos(ot + @)
= (Eqocos@q + Expcos@,)coswt — (Ejpsing; + Eypsing,)sinot
= Egcose cosmt - Egsingsinmt
Voi:
Eocosep = Ejpcosp, + Expcoso, (6.1)
Eosing = Eqpsing; + Expsing, (6.2)
Xac dinh Eg va ¢
Binh phuwong hai vé cua (6.1) V& (6.2) roi ldy tong ta duoc:

E; = Ejy + Ej + 2EE;, cos(p, — ¢) (6.3)
Chia 2 Vé cua (6.1) va (6.2) ta dugc:

_ Epsing, +E, sing,

tang
E,, cos¢, + E,, cos @,

(6.4)
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Nhiéu loan tai diém P, E(t) = Eq,cosg cosot - Egsingsinmt = Eqcos(mt+¢), 1a mot
dao dong diéu hoa c6 cling tan sb véi hai séng thanh phan, co pha va bién d6 xac dinh
boi (6.3) VA (6.4)

DPé c6 hién tuong giao thoa thi hai ngudn séng S; va S, phai 1a hai séng két
hop, tic 1a hai s6ng c6 cling tan s6 va hiéu pha khong d6i, ¢, — @, = const. Khi d6 ¢
wving hai séng anh sang gap nhau s& hinh thanh dic thi giao thoa c6 nhiig diém bién
do dao dong tong hop cuc dai (Van séng), nhimg diém dao dong bién do cuc tiéu (van
t6i).

Pé dam bao hai nguon S; Va S, phét ra hai séng cé cling tan sé va hiéu sé pha
khong d6i. Thi hai ngudon S; va S, phai 1a hai nguon thir cdp nhan anh séng tir mot
ngudn sang diém S truyén téi va khoang céch tirS;, S, dénngudn S 1a xac dinh.

2. Cwong do sang

Cuong d6 sang dic trung cho do séng tai mdi diém trong khéng gian c6 song
anh sang truyén qua, co tri sé bang nang luwong trung binh ctia séng anh sang truyén
qua mot don vi dién tich dat vubng goc voi phuong truyén sang trong mot don vi thoi
gian. Cudng do6 sang tai mot diém ty 18 voi binh phuong ciia bién do song sang.

| —KE? (6.5)

Khi nghién ctu hién tuong giao thoa, ching ta chi can nghién ctru cuong do
séng tai cac diém khac nhau ma khong quan tdm dén do 16n cu thé cua gia tri cuong
do sang. Dé don gian chlng ta cd thé coi k= 1. Hay 1 =E2.

Tur (6.3) ta co:
=1, +1,+21,1, cos(p, - )
Véi I, =E; va |, =E2
Tr ¢, - =(4—¢)+k(d,—d)
Cic diém séng va téi khi c6 hién rrong giao thoa
Cuong d6 sang | cuc dai khi cos(p, —¢)=1. Khi do | =1, +1,+2,/L1,

Ap=0, — g, =(¢, —4) +K(d, —d,) =0,+27, +47,..=m2xz (v6i M=0,£2,+4,...
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Vi hai nguon S; va S, 1a hai song két hop nén A¢=(¢2—¢1)+27”Ad. Trong thuc
té, nguoi ta thuong bd tri thi nghiém sao cho ngudn sang S; va S, dong pha, nghia 1a
" 2 27
(4, —¢)=0. Vay A(pzTAd hay A(/)=7Ad =m2z = Ad =mA
Diéu kién dé c6 van giao thoa cuc dai dugc Viét lai:
Ad=d,—d, =m2, v6i m=0,+1,%2,... (6.6)
Cuong d6 sang | cuc tiéu khi cos(p, —¢)=-1.Khi d6 1 =1, +1,-2JL1,
Ap=@, — ¢ =r,+37,457,...=(2m+1)z v6i m=0,£1,+2,...
Diéu kién dé c6 cuc tiéu giao thoa duoc Viét lai:
Ad =d, —d, :(2m+1)§, VOi m=0+142,.. 6.7)
Dic biét, ddi véi hai nguon song c6 cing bién dg, I, =1, =1, =1 =2l (1+CcosA¢)
Thi cuong d6 sang | cuc dai bang . = 41y, cuong d6 sang cuc tiéu bang Iy, = 0.
3. Vi tri van giao thoa

Hé théng khe Young dugc lap nhu hinh v&, gdm hai nguén sang S; va S, céch

nhau khoang cach a (vai mm). Xét diém M trén man E, cach O mot khoang céch x.

Hinh 6.2: Khe Young

Vi khoang céch | rat nho so voi khoang céch D tir khe ¢én man E nén
. ax
SH~r,—r =asina~atna=_ hay L,-L=7

+ Vi tri van sang tuong ung Voi | cuc dai:
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rz—rlz%:ml:xszmﬁv(yi m=0,+t1,%+2,... (6.8)
a
+ Vi tri vAn tdi twong tng VGi | cyc tiéu:
rz—n=%=(2m+l)%:>>9=(2m+1)é—Dvéi m=0,£1,%2,... (6.9)
a

Néu ca hai nguon S; va S, déu phét ra anh sang trang gom nhiéu anh séang don
sic ¢ budc s6ng 4=0,4+0,6umthi mdi anh sang don sic s& cho mot hé vén giao thoa
c6 mau sic va do rong khac nhau. Tai goc toa do O, moi anh sang don sic déu cho
VAn giao thoa cuc dai nén van cuc dai ¢ giita 1a mot van sang trang ¢ hai mép vién
mau tim va dé. Nhitng van cuc dai khac twong ing voi gié tri m la nhitng van c6 mau
sac khac nhau nam chong Ién nhau. C4c van nay sé nhoe dan khi xa vi tri van sang cuc
dai trung tam.

4. Giao thoa gay ra béi ban méng

a. Ban mat song song

Xét mot ban mat song song co6 do day h, c6 chiét suat n. Nguon sang S 1a ngudn
séng rong, hop voi ban mat song song mot goc o. Hai tia sang 1 va 2 ¢6 thé coi nhu 14
hai nguon séng két hop. Hai ngudn sang nay song song voi nhau khi roi ban mat song

song va gap nhau tai mat phang tiéu P cua thau kinh hoi tu (xem hinh vé 6.3).

Hinh 6.3: Ban mat song song
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Quang 16 cua hai tia dugc tinh nhu sau:

Néu ny < n: Ad =(1J +JP)n—(§+ IQ.n,)

Néu n, > n: Ad :|:%+(IJ + JP)n}— 1Q.n,

Hay:
A
Ad = (13 +JIP)n—1Q.n, iE (6.10)
Ta co:
h
IJ=JP= (6.11)
cosa,
IP/2

tan ¢, AT IP =2htane,
IQ=IPsina =2htang, sinax

nsineg,
sina

Ngoai ra, theo dinh luat Snell tacé: N, Sina =nsing, =n, =

nsing, _ 2hsin’¢,

= 1Q.n, =2htan¢g, sina

sina cosq, (6.12)
Thay (6.11) va (6.12) vao biéu thic (6.10) ta duoc:
H
Ad = 2hn  2hnsin® o, ii
Cosa, Cosq, 2
__2hn (1—sin205t)ii:2hncosozt i 2
cosq, 2 2
- A
Nhu vay: Ad =2hncose, i% = 2h\/n2 —nZsin®q, iE
+ O diém P, cudong d6 sang cuc dai khi Ad =+mA
Hay:
2 2 ain2 ﬂ'
2hncos e, =2h\/n —ngsin‘ ¢, :(2m—1)§ Vsim=1,2,3,... (6.13)

. . A
+ O diém P, cuong d6 sang cuc tieéu khi Ad =%(2m —1)5
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hay 2hncose, = 2h\/n2 —nZsina, =mA Vi m=1,2,3.... (6.14)

b. Ném khong khi
Xét ném khdng khi bao gdm hai manh thay tinh phang G; Va G,, c6 d6 day rat
nho khong dang ké. Hai manh thay tinh nay dat Iéch nhau mot goc a. Nguon S la
chum sang don sic song song wdng goc véi mit thuy tinh phang G,. Tia sang tiép
x(c v6i manh thay tinh G, tai diém | chia Iam hai: Tia phan xa R; di ra ngoai, tia con
lai di vao ném khdng khi tiép xdc tai mat thay tinh G, tai K va phan xa tai diém J, roi
di ra ngoai (tia R,). Tai diém | cO sy gap nhau giira hai tia nén c6 su giao thoa xay ra.
Trén mat manh thay tinh phing G; nhan dugc van giao thoa. Tia R, di qua thém 1
doan bang 2d so Vi tia Ry, Va tia R, ndy phan xa trén mat trén cua manh thay tinh G,

(chiét quang hon méi trudng khdng khi) nén quang 16 dai thém 1 doan A/2.

G,

)

Hinh 6.4: Ném khong khi
Hiéu quang 16 cua hai tiaR; va R, 1a: Ad=2d+ 1/2

2 Ve . . 2/
+ Tai diém I, cudng do sang cuc dai khi Ad=m\ hay d =(2m —1)2 (6.15)

, q yl
+ Tai diém I, cudng do6 sang cuc tiéukhi Ad= (2m +1) /2 hayd = m>  (6.16)

c. Van tron Newton

Xét he gom thau kinh 16i L dat tiép xc véi mot ban thay tinh phang P tai A,
Ngudn séng S 1a ngudn sang wubng goc véi ban thiy tinh phing v6i anh sang don sic.
Do tinh d6i xting cua thau kinh 15i, cac van giao thoa la céc duong tron dong tam, co

tam 1a diém tiép xtc A giira thiu kinh va ban phang.
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Gidng nhu trudng hop ném khdng khi, tai diém I, cuong do sang cuc dai Gng

A
V6i van sang khi d; =(2m—1)z

Hinh 6.5: Van tron Newton

Tai diém I, cudng do sang cuc tiéu tng vGi van toi khi d; = mE

Chung tacan xac dinh ban kinh cua van tha i, ta co:
ri2 =R? _(R_di)2
Vi d, _Rnén (R—d,)* =R?—2Rd, +d? ~ R? —2Rd,
Vay r?~2Rd,
g, o A 2 A
Tai vi tri | la van toi, ung vGi d, =m5 =T, =2Rmz=mR/1

Ta c6 thé viét biéu thuc tinh ban kinh tha i cua van tron:
r =JmJRA (6.17)

Nhu vay béan kinh céc van tdi ti 18 v6i can bac hai cua sé nguyén lién tiép.
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§6.2. NHIEU XA ANH SANG

1. Dinh nghia

Hién twong nhidu xa anh sang 1a su léch cua chim sang khoi su truyén thing
ma khong phai do phan xa hay khic xa. Hién tugng nhiéu xa la mot dic trung chung
cta qué trinh séng khi mot phan mit séng (séng &m, séng vét chat hoic séng anh
sang) bi chin bai Mot vat can nao do6. Vat can c6 thé 1a mép bién, 15 tron cé kich
thudc cung ¢& budc séng anh sang chiéu tai.
2. Nguyén ly Huygens-Fresnel
- Bdt ky mé¢ diém ndo c6 song truyén dén déu tré thanh nguon phéat song thir cap phéat
séng vé phia truéc no.
- S6Nng ¢ mér diém bat ky xa mat sdng 1a chong chat tat ca séng tha cap.
3. Phuwong phap déi ciu Fresnel

Xét ngudn sang S gom anh sang don sic c6 bude song A chiéu toi diém M. Pat
khoang céch tir M dén diém B la d. Dyng mat cau G c6 tdm 12 S, béan kinh R < SM. T
M V& cac mit cau Gy, Gy, G,,... c6 béan kinh lan lugt 1a d, d + M/2, d + 212, ... Céc

mat cau ndy chia mit cau G thanh cac déi cau, dugc goi 1a d6i cau Fresnel.

d+31/2
d+2n/2

M
Hinh 6.6: Ddi cdu Fresnel
Nguoi ta chimg minh duoc rang, cac déi cau nay co dién tich bang nhau:
Rzd
AS = A
R+d (6.18)
Ban kinh cuia déi cau thir k bang:
Rd A
r.=.—vk wi k=12,3,... ,
k R.d JK i (6.19)
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Theo nguyén |y Huygens, mdi ddi cau tro thanh ngudn séng tha cap phét sang
téi diém M. Xét d6i cau tha k, c6 bién do dao dong sang 1a a, khi truyén d¢én diém M.
Khi k cang ting thi ban kinh cac déi ciu cang ting va bién do s6ng cua cac d6i cau
truyén tgi M giam dan va khi d6 goc nghiéng 6 ciing tang. Vi vay bién 6 dao dong ay
s& giam khi k tang. Dén mot gia tri k kha 16n thi a,, = 0.
Vi khoang cach d, tir doi cau va goc nghiéng @ ting rat cham nén a, giam cham va
chling ta c6 thé xem a, 1a trung binh cong cua a,.; VA a1

= a_ +a
2

Ngoai ra, khoang céch giita cac dgi cau chénh Iéch mot khoang M2, cac d6i cau Gy,

(6.20)

Gy, Gy, ... déu nam trén mit song G nén pha dao dong cua tat ca cac diém nam trén
d6i cau déu nhu nhau. Hiéu pha cta hai dao dong sang do hai déi cau lién tiép gy ra
tai diém M sé& la:;
A(p=27”(L2 - L1)=27”-%=7r (6.21)
Nhu vay hai dao dong sang nay nguoc pha nhau va ching s& khir 13n nhau. Vi
M céch kh& xa mat séng G nén ching ta c6 thé coi cac dao dong sang do cac doi cau
gay ratai M cing phuong. Dao dong sang tong hop tai M 1
a=a - +ag-agzt......
4. Nhiéu xa qua I8 tron
Xét ngudn sang diém S gom 4nh sang don sic co budc song A, phat sang qua 18
tron AB trén man chén P, truyén dén diém M céch man P mot doan b. Biém S va M
nam trén truc cua 16 tron. Lay diém S Iam tam, dung mat cau G di qua 15 tron AB. Ly
diém M lam tam, V& cac déi cau Fresnel Gy, Gy, G,, .... Bién d6 dao dong song tai
diem M la:

a=a —a,+a,—a,+..+a (gia sircon doi ciu)

— le
& 3 Ay & 3 2
=—=+(=—-a,+—)+(=—-a,+=>)+...+
2GR GTAS) =t —a, ~ =2, chin
Hay:
a
=33 (6:22)
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+ Khi khong c¢6 man chan P hoic kich thudc I8 tron rat 16n: n - o, a,, =~ 0 nén cudng

do sang tai diem M: 1, =a, :% (6.23)
+ Néu 15 c6 chua sb 18 cac dai cau thi
2
a a a  a,
a=—+— I =| — 4+ — .
> + > va (2 > ) (6.24)

Nhan xét: | > l,, diém M sang hon khi khong c6 man P.

Néu 15 tron chira mot d6i cau thi tai M 1a diém sang nhat thi

a=%+%=a1va | =a2 =4I, (6.25)

+ Néu 16 ¢6 chira s chén cac ddi cau thi

2
_a A ﬁ_ﬁj
a=2 -2 (2 5 (6.26)
Nhan xét: 1 < l,, diém M t6i hon khi khéng c6 man P.

Néu 15 tron chira hai d6i cau thi tai M 1a diém tdi nhat thi

a & 5
2_20val=0 6.27

a=

Nhu vay, diém M c6 thé sang hon hay t6i hon so véi trudong hop khdng ¢ man chan

phuc thudc vao kich thudc cua 16 va vi tri cia man quan sét.

Hinh 6.7: Nhiéu xa qua 14 tron
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5. Nhiéu xa ciia séng phang qua khe hep

Xét ngudn sang S don sic c6 budc song A, ngudn sang ndy dugc dat tai tiéu
diém cua thau kinh hoi ty, chum tia thu dugc 1a chum sang song song. Chiéu chim
sang song song don sic ndy Vao khe hep c6 bé rong b. Sau khi di qua khe hep nay,
chim tia sang sé& bi nhidu xa theo nhiéu phuong (xac dinh boi goc ¢). Mudn quan sat
hién tuong nhiéu Xa, chiing ta dung thau kinh hoi tu L, chim tia nhidu xa s& hoi tu tai
diém M nam trén mit phang tiéu cua thau kinh hoi tu L. V&i gia tri ¢ khac nhau, chim

tia nhidu xa s& hoi tu tai cac diém khac nhau, va diém hoi tu ndy c6 thé 1a sang hay Ia

14
A

toi.
S
Hinh 6.8: Nhiéu xa cia séng phang qua khe
Pinh Ii Malus:
“Quang ¢ ciia cac tia sang giira hai mdt truc giao cia mét chim sang thi bang
nhau”

Vi 4nh séng chiéu dén khe hep 1a song phang nén mit phang khe 1a mat song,
cac song thir cép trén mit phang khe s& dao dong cung pha. Cac tia nhidu xa theo
phuong ¢ = 0 s& hoi tu tai diém F, céc tia sang ndy gui tir mat phang khe dén diém F
c6 quang 10 bing nhau va dao dong cing pha nén ching ting cuong nhau. Do do,
diém F 1a diém cuc dai gitra, rat sang.

Xét céc tia nhidu xa theo phuong @ # 0, sir dung phuong phép déi cau Fresnel
ta V& cic mat phang Sy, Sy, Sy, .... vudng goc v6i chum tia nhidu xa ndy va céch nhau

Mot doan A/2.

Y ~ - - ﬂ/
Ta tinh dugc bé rong cua mdi dai: 1=

~ 2sing (6.28)
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S4 dai trén khe 1a: =

b 2bsin
7= ¢ (6.29)
Theo nguyén ly Huygens, cac dai nay la nguon thir cp dao dong cling pha phéat
sang dén diém M. Quang 16 cua hai tia sang tir hai dai ké tiép nhau chénh léch mot
doan /2 nén hai dao dong ndy sé& nguoc pha nhau tai diém M va ching kht 13n nhau.
Néu sé dai trén khe N [ chin thi diém M 1a diém téi Vi ting cap dai ké tiép nhau s&
trir khir 13n nhau. Khi @6 diém M 1a diém cuc tiéu nhiéu xa.
Diéu kién d¢é M 1a diém téi: N 1a sb chén

N = 2k < 2bsing

=2k :>singo:k§ VoI k=11,42, 43, ... (6.30)

Néu sb dai trén khe N 13 1¢ thi twong tw nhu trén ting cap dai ké tiép nhau s&
trir khir 1an nhau nhung dao dong séng do dai cudi cung khong bi khir. Nhu vay diém
M 1a diém séng, goi la cuc dai nhidu xa bac k. Tuy nhién cudng do séng tai diém cuc
dai ndy s& nho hon rat nhiéu so voi diém F.

Diéu kién dé M 1a diém sang: N 12 s6 Ié

N=2k+1l 2bsing

_2k+1 = singp= (2 +1)%, Vi k=+142,43,... (6.31)

Hinh v& 6.9 sau biéu dién cuong do sang trén man quan sat. Cac diém cuc dai nhiéu
xa bac k =1, 2, 3, ... nam xen k¢ giira cac diém cuc tiéu nhiéu xa va phan bd dbi xing

qua diém cuc dai & gitra.

/\ N\ sing

2/
b

3/
- —

b

Hinh 6.9: Cuong d¢ sang trén man quan sat
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6. Nhiéu xa ciia s6ng phang qua cach tir phang

Céc tur phang 1a mot hé gom rat nhiéu khe cach déu nhau. Mot céch tir nhidu xa
c6 kich thuéc vai cm, trén 1 cm c6 khoang vai nghin khe dwoc goi la s6 vach/cm. MGi
mot khe co6 d6 rong b, cac khe lién tiép nhau c6 khoang cach d, con duoc goi 1a chu ky
hay hang sb céch tu.

Xét mot cach tir phang c6 N khe hep. Chiéu chim sang don sic song song ¢
budc séng A vudng goc voi mat cach tir. Cac khe hep duge coi nhu 1a ngudn két hop,
do vay ngoai hién tugng nhidu xa do mot khe hep gy ra con cé hién tuong nhidu xa

do céac khe gay ra.

Hinh 6.10: Nhiéu xa cia song phang qua cach tiz phang

Tat ca N khe hep déu cho diém cyc tiéu nhidu xa trén man E khi goc ¢ thoa
A . A .
man diéu ki¢n: smgo:kE VoI k =+1,42,43,... (6.32)

Nhimg diém cuc tiéu nay duoc goi 1a cyc tiéu chinh.
a. Xét sw phan bé cwong dd sang giira nhitng cuc tiéu chinh

Hiéu quang 16 giira hai khe ké tiép nhau dén diém M: L, — L, = dsing.

Piém M la diém sang thi dao dong sang do hai tia ndy phai cling pha tuc 1a khi
hiéu quang 16 bang s6 nguyén lan budc song. Piém nam gitra hai cuc tiéu chinh trén

man E khi goc ¢ thoa man diéu kién:
i . A
L L, =dsinp=mA = sing= mavéri m=41,42,43,... (6.33)
Céac diém nay duoc goi 1a cuc dai chinh. Piém cuc dai chinh gita tai diém F

(tng v6i m=0 VA ¢=0) goi la cuc dai nhiéu xa trung tam.
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Vi du: Xét su phan bd cudng d6 sang gitra hai cuc tiéu chinh ung v6i k =1. Gia sir
d=3b. Vi dybnén |m|§<|k|%:>|m|<|k|%=3vé m nhan cac gia tri la 0, £1, £2. Nhu vay

gitra hai cuc tiéu chinh ung voi k = 1 ¢ 5 cuc dai chinh.
b. Xét swphan bé cwong dd sang giira nhitng cwe dai chinh

Piém nam giita hai cuc dai chinh lién tiép nhau c6 goc nhidu xa ¢ thoa man
S . A
diéu kién: sing =(2m +1)E (6.34)
Hiéu quang 16 cua hai tia toi tir hai khe ké tiép la:
. A . A .
L-L, =dsm(p:(2m+1)E :S|n(p:(2m+1)ﬁ Voi m=+1,42,+3,... (6.35)

Pay chinh 1a diéu kién dé cd cuc tiéu giao thoa. Tuy nhién, khong han diém nay 1a
diém tbi. Ta xét hai truong hop don gian sau:

- Néu sb khe hep Ia chan cy thé N =2 thi cac dao dong sang do hai khe hep gui
t6i s& khir hoan toan va diém chinh gitra d6 1a diém ti duoc goi 1a cuc tiéu
phu.

- Néu s6 khe hep 12 s6 1¢ N = 3 thi cac dao dong sang do hai khe hep guri t6i s&
khtr 1an nhau nhung dao dong sang do khe tha ba khéng bi khir. Nhu vay giira
hai cuc dai chinh la mot cuc dai c6 cuong do kha nho goi la cuc dai phu. Gitra
cuc dai chinh VA cuc dai phu I hai cyuc tiéu phu. Diéu nay duoc minh hoa bing
hinh 6. 11 dui day.

—21, T4
b d d d d b

Hinh 6.11: M® td vi tri cuc dai va cuc tiéu
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6.3. PHAN CUC ANH SANG

M6t ngudn sang thong thuong gdm rét nhiéu cac nguyén tir phét xa dinh hudng
mot cach hon loan. Moi nguyén tir kich thich buc xa mot doan song phan cuc trong
khoang thoi gian 10 gidy. Tt ca birc xa cung tan sb s& két hop tao nén mot séng co
véc to E dao dong theo mot chidu xac dinh (séng phan cuc phang) ton tai khéng lau
hon 10 giay. Cac doan song lién tuc dwoc phat ra voi cac chiéu dao dong cua E thay
d6i hoan toan ngau nhién. Sy thay d6i chiéu nay xay ra rat nhanh nén khong thé phan
biét duoc trang thai phan cuc tic thoi cua anh sang.

Anh sang phat ra mot ngudn sang thong thudng nhu bong dén day toc, mat troi,
ngon nén ... trong mdi truong trong subt, dong chat va dang hudng co tinh ddi xang
tron xoay quanh phuong truyén cua nd. Anh séng c6 tinh chat d6 duoc goi la anh sang

t nhién hay anh sang khong phan cuc duoc biéu dién nhu hinh 6.11.

tia sang

[
»

Hinh 6.12: Anh sang khong phan cuc

Anh sang co vec to E ludn song song voi mot phuong hoan toan xac dinh trong
qué trinh truyén, duoc goi 1a &nh sang phan cuc thang hay phan cyc toan phan. Mat
phang chira tia sang va phuong dao dong cua vec to E dugc goi la mit phang dao
dong. Mat phang chia tia sang va wubéng goc voi mit phang dao dong goi la mat
phang phan cuec.

Thuc té ching ta thudng gap song & dang phan cuc mot phan, trang thai nay la
két qua cua su chong chat cua &nh sang phan cuc va anh séng ty nhién theo mot ty I¢
nao d6. Song phan cuc toan phan va séng khong phan cuc 1a cac truong hop téi han.
Anh sang phan cuc mot phan c6 vec to E dao dong theo moi phuong vudng goc voi

phuong truyén nhung bién d¢ dao dong khac nhau theo phuong khic nhau.
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1. Pinh luat Maulus vé phan cuc &anh sang

Thuc nghiém ching to rang, ban tinh thé Tuamalin (hop chét silicoborat
aluminium) v&i chiéu day 1mm c6 thé bién &nh sang tu nhién thanh &nh sang phan cuc
thang. Nguy&n nhan cua hién twong nay 1a do tinh hip thu anh sang khong déu theo
cac phuong khéc nhau trong tinh thé (goi la tinh hip thu di hudng). Trong ban
Tuamalin ¢ mot phuong dic biét goi 1a quang truc cua tinh thé (ki hiéu 1a ) A. Theo
phuong quang truc, anh sang khoéng bi hap thu va truyén ty do qua ban tinh thé, con
theo phuong vudng géc v6i quang truc, anh sang bi hap thy hoan toan. Khi ta chiéu
mot chum tia sang tu nhién widng goc voi mat ABCD cua ban tinh thé tuamalin c6
qguang truc song song canh AB, vi anh sang la song ngang nén tia sang sau ban
tuamalin c6 vecto sang E song song Vi quang truc cua ban. Dudi day ta s& xét ki hon
Vé su truyén anh sang qua ban tuamalin.

Xét &nh sang tu nhién truyén téi ban tuamalin T;, bat ki vecto sang E nao cua
&4nh sang tu nhién ciing déu co thé phan tich thanh hai thanh phan: E,, wong goc Voi
quang truc A; va E’ly song song vai quang truc A,. Khi do:

E’=E.+E} (6.36)

Do 4nh séng tu nhién c6 E phan b déu dan xung quanh tia sang nén ta cé thé

lay trung binh:

E_:E_:%E_ (6.37)

Do tinh hap thy di huéng cua ban tinh thé tuamalin, thanh phan E,,wng géc
V6i quang truc bj hap thu hoan toan, con thanh phan E,, song song véi quang truc
duogc truyén hoan toan qua ban tuamalin T;, 4nh sang tu nhién da bién thanh anh sang
phan cyc toan phan c6 vecto sang E = E;, song song véi quang truc A; va cudng do
séng 1, sau ban bang:
1

:_pz_ 123
|1=El =E1y=§E :EIO (638)

trong d6 I, =E° 1a cuong do cua anh sang tw nhién truyén ti ban 1.
Lay mot ban tuamalin T, c6 quang truc A, dat sau T,. Pat goc giita 2 quang

truc A, Va A, 13 0. Vecto sang E duogc phéan tich thanh hai thanh phan:
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E, = E,cos6 (song song véi quang truc A,)

E, = E,sinf(wbng goc vsi quang truc A,)

tia sang

Hinh 6.13: Vector sang trén hai quang truc A; va A,.

Thanh phin E,s& xuyén qua ban tuamalin T, V& thanh phan E, s& bi hip thu

hoan toan. Nhu vay sau khi qua ban tuamalin T, ching ta nhan dugc &nh sang phén

—

cuc toan phan c6 vecto sang E, = E,, cudng d6 sang I, = E5 = EZcos?0 = 1, cos?0

I, 12 cuong do sang sau khi di qua ban tuamalin T;. Cuong d¢ sang I, ty 1€ v&1 cuong
do sang I; va goc 6. Nhu vy giit ¢d dinh ban T, va quay ban T, xung quanh tia sang
thi 1, s& thay doi.

Truong hop 0 = 0, hai quang truc song song thi I, = I;, day 1a gia tri cuc dai.

0= g, hai quang truc vudng goc vo1 nhau thi I, = 0. Khi d6 T; duogc goi la kinh phan
cuc va T, duogc goi la kinh phén tich.

Pinh luat Maulus: Khi cho mgt chum tia sang ti nhién truyén qua hai ban
tuamalin cé quang truc hop véi nhau mét goc 6 thi cuong do sang nhdan dwoc ti 1é voi
cos?@.

2. Sw phan cuc anh sang do phan xa va khuc xa

Thuc nghiém chang to rang khi cho mét tia sang tu nhién chiéu téi mat phan
cach giira hai moi truong dudi goc téi i # 0 thi tia phan xa Vva tia khic xa déu 1a anh
sang phan cuc mét phan. Vecto cuong do dién truong cua tia phan xa ¢ bién dg dao
dong 16n nhat theo phuong wvuéng goc Vi mat phang téi, con vecto cudng do dién
truong cua tia khic Xa c6 bién d6 dao dong 16n nhat theo phuwong nim trong mit

phang téi. Khi thay d6i goc toi i thi mic do phan cuc cua tia phan xa VA tia khlc xa
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cling thay d6i. Khi goc t6i i théa man diéu kién: tani, =n,, thi tia phan xa s& phan cuc

toan phan.Véi n,, = % la chiét suét ti d6i cia moi trudong hai d6i véi moi truong mot.
1

GOc t6i ig duoc goi 1a goc ti Brewster hay goc phan cyc toan phan. Khi phan xa tir

khdng khi trén thay tinh thi ig = 57°. Tia khic xa khong bao gio la anh sang phan cuc

toan phan, nhung khi i = ig thi tia khic xa ciing bi phan cuc manh nhat.

khona khi M

thay tinh

Hinh 6.14: Anh sang phan cuc do phan xg va khic xa.
a. Anh sang phan cuc Elip

Ching ta d3 nghién ctu anh sang phan cuc thing, d6 13 anh sang c6 vecto sang
E dao dong theo mot phwong xac dinh, tac 13 E dao dong trén duong thang. Thuc
nghiém cho thiy ta c6 thé tao ra anh sang phan cuc trong d6 dau muit vecto sang E
chuyén dong trén mot duong elip (hay duong tron), anh sang phan cuc nay dugc goi
la &nh sang phan cuc elip hay phén cuc tron.

Xét mot ban tinh thé T c6 quang truc A va d6 day d. Chiéu mot tia sang phan
cuc toan phan wudng goc véi mat trudc cua ban tinh thé, tia sang ndy co vecto sang E
hop V6i quang truc mot goc a. Khi vao ban tinh thé, tia sang nay bi tach thanh hai: tia
thwong Va tia bdt thuong. Tia thuong cé vecto sang E, widng goc véi quang truc, con
tia bat thuong co vecto sang E, song song véi quang truc Va ca hai vecto sang déu

nam trong mat phang wudng goc Vi tia sang.
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Hinh 6.15: Anh sang phan cuc ellip

\

Vecto sang tong hop cua tia thuong VA tia bat thuong tai diém M sau ban tinh
thé duoc phan tich bang:
E=E, +E,
Trong ban tinh thé, hai tia ndy truyén di voi van téc khac nhau (do chiét suat
cua tinh thé ddi v6i hai tia khéc nhau, n, # n, ) va sau khi di ra khoi ban ching lai
truyén di v6i cling mot van toc. Do d6, hiéu quang 16 cua tia thuong Va tia bat thuong

tai mot diém M sau ban bang:

AL=L,—-L, =(n,—n.)d (6.39)
Hiéu pha cta hai song anh sang tai M bang:
2p=2 (L, - L) =2 (0, -n)d (6.40)

VGi A 1a budc sdng cta anh sang trong moi trueong chan khong.
Cac vecto sang E, va E, dao dong theo hai phuong vuéng goc véi nhau, do d6
dau mut vecto sang tong hop s& chuyén dong trén mot duodng elip xac dinh boi

phuong trinh:

Xyt 2xy -
— +-=———2C0sAp=sin°Ag (6.41)
ANA AA

Voi A; VA A, lan luot 13 bién d6 VA& Ap=¢, —¢, 12 hiéu pha dao dong cua hai

vecto sang E va E,.

Nhu vay, anh séng phan cuc thang sau khi truyén qua ban tinh thé s& bién thanh

anh sang phan cuc elip.
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