Van dé: Khao sat sv phat séng hai bac hai

Quy w&c: nhitng phan chit xanh 1a phan dan nhap dé giup ching ta hiéu van dé, céc vecto
do6i khi dwoc viét ddu mudi tén & phia trén nhung doi khi lai dwoc biéu dién bang cac ki
t in dam, dau “~” & phia trén mot dai lvong nao dé c6 nghta la dai lvong do dugc biéu
dién dugi dang s6 phtrc.

Gidi quyét van de:

So6ng hai 1a mot séng matan sé ctia nd bang mot s6 nguy én 1an tan s6 co ban nao
do6. Séng ¢ tan s6 co ban chinh la sdng dau vao (hay tin hiéu). Vi du: néu mot tin hiéu co6
tan s6 co ban la f thi song hai bac hai co6 tan s6 la 2f, song hai bac ba cé tan s6 la 3f,
V.V...

Hau nhu tat cd cac séng déu chira nang luong tai cac tan sé hai, cing véi nang
lvong tai tan s6 co ban. NEu tat cd nang luong clia séng chi tap trung & tan sé co ban thi
song do6 duoc goi 1a song diu hoa hoan héo (chéng han nhu song hinh sin).

Su phat séng hai bac hai trong quang phi tuyén la hién twgng ma trong dé khi ta
chiéu mot song dau vao cé tan s6 @ vao mot moi trieong phi tuyén thich hop thi cung voi
song cé tan s6 o, trong mdi trudng phi tuyén dy con xuat hién séng hai cé tan s6 2w .
Trong nhitng diéu kién thich hop, séng nay mai cé thé tai blrc xa vaxudt hién & dau ra.

Khi khao sat séng hai bac hai, hai van dé ma ching ta quan tdm nhét la. 1)Cong
suat P clia séng hai & dau ra c6 lién hé nhw thé nao voi cac thong sé ndi tai cia moi
truvong phi tuyén nhw chiéu dai L, chiét suat n, v.v..? 2)Trong nhirng diéu kién nao
thi nang luvong clia birc xa toi dwgc chuyén thanh nang lvong clia bire xa dau ra mot
cach hiéu qua nhat?

DP6i voi cau hdi thir nhat, dé tim dwoc cong sudt dau ra, ching ta phai tim duoc
dién trvong dau ra. Ma mudn tim dugc dién trudng dau ra ching ta phai giai phuong
trinh truyén séng trong méi trudng phi tuyén dang xét. B6 chinh la phwong trinh vi phan
theo E. Trong phwong trinh nay, c6 mét sd hang nira can phai duoc tinh toan la vecto
phan cuc phi tuyén Py. Khi tinh toan, tathay n6 phu thudc vao E.

Ba4i v6i cau hoi thi hai, ching ta can khao sat diéu kién dong bd vé khong gian
clla cac séng dau vao va dau ra.



M@t dieu ma ching ta dé dang nhan thdy & day 13, sy phat séng hai bac hai
that ra la mot treong hop riéng ciia mot trweong hop tong quat hon: sw tao dao dong
tan sd téng. DO 1a hién twong phéat sinh tan s6 bang téng cha hai tan s6 dau v ao trong
mai trwdng phi tuyén. O' day hai tan sé dau v ao khac nhau vé do 16n. Vi vay, dé nhitng
két qua khao sat co thé sir dung vé sau n ay, thay vi khao sat song hai bac hai, ching ta
S8 khéo sat sw tao dao dong tan so tong. Nhirng két qua khao sat nay co thé ap dung
dwoc cho truong hop phat song hai bac hai bang cach cho cac tan s6 dau vao bang
nhau (o, =,) .
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HINH]| Su tao dao dong tan sé téng

Tém lai, cac bwdc dé giai quyét van dé la nhu sau:
Tim vecto phan cuc P ctia mai truong phi tuyén.
Thanh [ap phuong trinh truyén séng dién tir trong moi trudng phi tuyén
Giai phwong trinh truyén séng dé tim E trong st tao dao déng tan so tong
Khao sat su tao song hai bac hai nhu moét truong hop riéng cla su tao dao dong
tan so tong
5. Khdo sat diéu kién hop pha.
1. Vecto phan cuc Py clia moi trwedng phi tuyén:
Theo dinh nghta, vecto phan cuc lamot dai lwvong bang téng momen dién clia céac
phéan ttr (hay nguyeén tr) ¢ trong mot don vi thé tich clia mai trwong (dién moi).

pODNPRE

Néu cac momen lwdng cuc dién cla phan t& (nguy én ti) p; déu bang nhau, tirc 1a
cac phan tir hodc nguyén tr déu bi phan cwc nhw nhau du6i tac déng clia trwdng ngoai thi:
p-P _ Np

AV
& day N lamat dd nguyén tlr hay phéan ti trén mot don vi thé tich.

Dé cho don gian, chiing ta sé xét trvong hop nguyén tir mot electron va trong
khong gian mot chiéu:

P=Np=Nex(t)

& day x(t) la sy thay dbi vi tri twong doi cla electron va hat nhan theo thoi gian.



Trudce khi tinh todn x(t), ching ta hdy diém qua mot vai nét vé lich st clia qua
trinh nghién cliu sy tuvong tac gilra nguyén ti va treong (i thuyét treong). Vao cudi thé ki
thr 19, lic do6 co hoc lwgng t&r chuwa ra doi, khi mé ta tuong tac gilra nguyén tir va tredng
Lorentz d& dwa ra md hinh nhu sau: Xem nguyén tir nhu mot vat nang (hat nhan) gén véi
mot vat khac nho hon (electron) bang mot 10 xo. Lo xo s& co gidn do twong tac cla
truong dién bén ngoai véi dién tich cla electron va hat nhan. Lorentz khéng chi ra vi tri
cu thé clia |0 xo gan electron hat nhan, tuy nhién 6ng gia thuyét rang lvc tuong tac gita
chiing la lyc dan hdi tuan theo dinh luat Hooke: F(x)=-kx. O' day x 1a do dich chuyén vi
tri tinh tir di€m can bang. Néu theo mé hinh nay thi x laham diéu hoatheo thoi gian. Tuy
nhién, trong moé hinh hién nay, thé nang clia electron trong trudng hat nhan cé dang

k> Bx . . . A s
V(X) :7+?+ ....... , hén luc twong tac gila electron va hat nhan sé la
F= —2—\;: —kx—BX® —...... Nhr vay, md hinh Lorentz chinh 1a md hinh gan dung clia

mo hinh hién dai trong d6 d& bo qua cac sd hang bac cao trong biéu thirc tinh thé nang
twong tac gilta electron va hat nhan. V&i md hinh hién dai, x(t) khéng phai l1a ham diéu
hoa theo thoi gian. Vi thé, m6 hinh hién dai nay goi lamé hinh dao dong ti phi diéu hoa

Bay gio hdy xét mot mo hinh trong d6 gém c6 mot tap hop N dao dong t& phi
didu hoa trén mot don vi thé tich. Moi dao dong tir vé mét vat i 1a mdt electron lién két
vOi hat nhan. Nghta 13, ching ta dang xét mé hinh nguyén t&r c6 mot electron va chiang ta
S8 hiéu chinh dan m6 hinh nay cho phu hgp voi thuc té.

Electron sé chiu tac dung cua céc luc sau:

1. Luc tac dong clia trwong 18n dién t& Fyyong=€E . Néu trudng ddt vao cd tan s6 o

N PR - X I 7. ""_ (o) (eimt+e_imt) A . SR
thi co thé biéu dién n6 dwéi dang E = E* ~———= (m6t dai lvong ¢ dau “~

trén dau nghia la dai lvong dé la dai lwvgng phic)
2. Luc tAc dong cha hat nhan 1én dién t Fray nhan=-kx- B X+.....

3. Luc déc trung cho sw tat dan Fy g, =-md % , 0 day & lahé s6 tat dan




Phuong trinh chuyén dong cla dién t&: Fiong hop=ma
Khoéng can phai viét phwong trinh duéi dang vecto vi ching ta dang xét truong hgp mot
chiéu.
Ftru’(‘mg"' I:hat nhant I:tat dan=ma

&eE -kx- B x2-ms o d_;(
dt dt

jot iot

<:>m32(+m6 %+kx+ﬁx2— E“")—(e +e™)

Chiaca hal vEé cho m, ta duoc:

x5 &K +Bx2— eEm (@ +e™) (1)

dt® d m
Nhu dabiét k/'m= 030 . Ta dat B /m:D
(1) tré thanh:
%w 3’; 2y+ sz_ (e"’" Le ) (2)
Nghiém cla phuang trlnh nay co dang (xem Tran Tudn, trang 54 & 55):
i :
x(t) = _é(qlem* +qqe2i9t L K, (3.1.9)
Trong do:
Ke :ol;e +QZ 2t
[} {m
ek 1
ql = i 2 ) 1 » (3. ]. .. 1 1)
m ((00 =) )+'1{-}8
g Dez[E(m}F
Qg = (3.1.13)

2m? [(mg - m2)+ iw8]2 (mg —40° + 210}6)
Do phan cuc 5 £ la
P =Nex(t) = P(t)+ PE?p), (3.1.14)

3 peop_ Ne (qzezmt +Kc) ;{d(&u) [Efmy}zezimt +Kc}

(3.1.14b)



Ta daki hiéu:

. Ne®
(o) = maﬂ[&ﬂg = m_2)+ imﬁ] (3.1.15)
o
d(ﬁm] - “DNEB (3.1.
' 2:112[(&)% i m2)+ ima}z(mg —do? + 2im8) e
_mD[x@Py@oep (3.1.19)

2 N2e® Dung (3.1.15)
¥ () l1a dd dién cdm tuyén tinh.

d®’1ahé s6 quang phi tuyén.
Trong (3.1.14b), néu ching ta ki hiéu bién do phtc P = d®) E® E“) (3.1.18), thi c6

thé viét lai (3.1.14b) dudi dang:

5 (20 1 ®) Al 20
P (1) =§{F’(2 e 4K, | (3.1.17)

Biéu thirc (3.1.18) duoc suy ra trong treong hop mot chiéu. Trong thwc té, bién do
phtrc ctia do phan cuc diéu hdabac hai theo hudng x lién hé voi dién treong tan s6 o &
(w) (20) pl(o) plo)
p@o) - 4 B B +d%0 B B +d20 B B+

2d;2;;) E{zm} E;m} + 2d;2§) EEDJ E;m} 3 ngt;} Eﬁzm} E;m)
(3.1.20)

Céc thanh phéan PB{,E“’) va Pz(z‘“} ciing c6 biéu thic tuong
fu trén. .
Biéu thie (3.1.20) c6 thé viét du6i dang rit gon:
PV _"F qio g (3.1.20a)
ijk=xyz

2. Thanh 1ap phwong trinh truyén song dién tir trong madi triong phi tuyén:
Chuing ta bat dau tir cac phuong trinh Maxwell:



V.D=p. (2.1.1)

V-B=0. (2.1.2)
5 B

VxE=——. (2.1.3)
)t

VxH= —4+1]. (2.1.4)
at

Gia str ching ta xét moi trucyng khbng c6 cac dién tich lién ket nhung cb cac dién
tich tw do, tc 1a p =0 nhung J # 0; m6i trwdng nay laphi tir tinh: B MOH (217)

Tuy nhién, chiing ta cho phép vat liéu la phi tuyén theo nghta la cac trvdng D va E lién
hé v&i nhau qua hé thirc:

D =¢,E + P, (2.1.8)
& day noi chung vecto phan cuc P phu thudc phi tuyén vao giatri cuc bd cla cudng do
dién truong E.

Chung talay rot hai vé clia phuong trinh (2.1.3), hoan doi dao ham khong gian va
thoi gian & vé phai clia phrong trinh thu dwoc va dung phuong trinh (2.1.4) va (2.1.7) dé

thay V x B bang u,(6D/at)+ pyJ , cudi cang thu dwoc phuong trinh:
92 0]
V x V x E—I—;ma—D-l-Hﬂ ”
(

(2.1 ‘:Ll}

= 0.

Ching ta dung (2.1.8) dé kht D tlr phrong trinh nay, va do dé ching ta thu dwoc biéu

thi’ve
V x V xE+ 1o i E-I—Hc'dj i
€n — M. ‘
X X K+ Od Y 972

(2.1.9b)

Dung hé thirc vecto: VXVXE:V(V-E)—VEE

V.D=V.(eg E)=p=0 <=> VE=0 va J =c E (dinh luat Ohm dang vi phan), & day
¢ lahéng sd dién mai ti ddi, o 1add dan dien.
Phuong trinh (2.1.9b) duoc viét lai &



. 92 E )’P
— V2E 4+ Mo€g WEJFMUJ—— — 10 —-. (2.1.9b)

ot ar? !
Do phéan cuc 5 c0 thé phan tich thanh hai thanh phan tuyén tinh va phi tuyén:
= - pNL
P=ecJE +P .

Khi do6 phuong trinh (2.1.9b) tré thanh:

3 OF | 3’ E 3P,
V2E = uoag +roeo(1+ ) o3 HHoO Wl' (2.1.10)
bate = 80(1+ 1), phwong trinh (2.1.10) c6 dang:
Y a2 -~ Ny ot
o i o0~ E 3- Py
VE= M:}KT__—E +1H0E — 4o ——. (2.1.11)
dt dt- dt -

3. Giai phuong trinh truyén séng dé tim E trong st tao dao dong tan so tong:
Trong sy tao dao dong tan s6 tdng, chiing ta xét 3 séng ¢6 tan s ®,,®,,m,. Trong
dé o,, o, la cac song dau vao, o, latan sd daura, o, =, +®, .

HINH| Sy tao dao dong tan s tong

X ét song |a song phéng vatruyén theo truc z. Nhu vay, thanh phan theo truc z ctia
vecto cam (ing dién s& bang 0, D, =0, cac thanh phan con lai clia vecto cam (ng dién phuy
thudc vao z.



Vectacam ung tur

Cac vecto D va E
trong tinh thé khong

trung nhau

Hinh v€| Su truyén song

D va E trung nhau trong chén khong va trong
maoi trromg tinh thé

NGi chung, trong méi trudng phi tuyén, huwéng cla vecto cdm (ng dién D va
vecto cuong do dién truong E khong tring nhau. Nghia la du cho 52 bang khdng nhung

Ezvén khac khong. Vatlrng thanh phan cla vecto cuong do dién treong khdng chi phu
thudc z ma phu thudc vao ca x,y,z. Tuy nhién, dé cho don gian, ching ta sé xét cac song

phan cuc thdng vatruyén theo truc quang hoc clia tinh thé, lic d6 D va E tring nhau. Vi

D va E tring nhau nén céc thanh phan clia E ciing phu thudc z; ngoai ra cac dao ham
theo bién toa do x, y déu bang O: ai =%=O. Sau d6, ching ta sé hiéu chinh dan mé
X
hinh nay cho cac treong hop tong quat hon.
Cac song dau vao va dau ra duoc ki hiéu nhu sau:

~ 1 it
EV(z,t) = = {En (z) el01t-k1D g | (3.2.6)
’Ei{mz)(z, t) = % {E2k (z) ei(cozt_—k2z) + KC} y

Tog) iy oL i(wgt-k32)
E;* (Z,t)—“é’{E:?)j(Z)ele 3 +KC}

Xét nhitng tinh thé ma bién do cla do phan cuwc phi tuyén P, va bién do cla céc song
thanh phan E (thanh phan khéng phu thudc vao tan s6) lién hé v&i nhau qua hé thic
(chdng han KDP): (Py)i=2iE; E, [3.2.3](chling ta dang xét trrvong hgp mot chiéu), ¢ day
i cothé lax, hodc y; j cd thé lax hodc y; tvong tw, k co thé lax hoac y;

Dung (3.2.6) dé viét biéu thirc cho thanh phan th i clia d6 phan cuc phi tuyén véi
tan s6 o, dudi (iang giong nhu trong (3.1.17):

D (® ® i® 1 —(K3+ky)z7 Al
[P (2] = S IRI1 € + Ko =2 {20, B, By 776 + K |

_ (03 -0)t (ks k)]
- dIJkE3J E2ke e o + KC

(32.7)



Bay gi0, hédy giai phuong trinh song (2.1.11) dé tim cac thanh phan clia cwong do
dién trwong phic & tén s6 w,. Tinh ton sb hang dau & Ve trai, ta duoc:

VB (7 t) = = E“V(, t)=-—-—{E (@ellrt-ke) g | (398)

Gid thiét bién do phirc cla truong bién doi du cham theo truc z sao cho:

dEy;

< k{E;; hay
dz

dEy;

d°E;
SELS SIneY L <
dz

dz?

<k,

thi ta c6:

v2r]§’§(l}l}(z’ t) = ___é_ {k? Eli (Z) 3 Zi kl @dl_};.(._z_).}e i_(mlt“klzJ + KC

(3.2.9)



Dé dang nhén dugc biéu thdc tuong tu trén 61 véi
VZE " (z,t) va V2B (z,1). Dua (3.2.9) vaio (2.1.11)c6 thé viét

phuong trinh séng doi véi E{”’ (z,t).

‘ h"Eh + lkl dE_h -ei(mlt_klz) + KC =
_ 2 dz

(—-iﬂ) + 2, & i(o1t-kqz) K~ - | Ez_.P(ml}( t)]
1HoO * O1Ho%) = e +t8Be —Ho 2 b ol z, V||
(3.2.10)

g do: = 1.

g
%
Pua (3.2.7) vao (3.2.10) va chii ¥ réing oiuge, = ki, ta 6

o dBy il o dwge e
ik, ———.dzl’ N e By (B

+1o0f dig Egy By €709H22 0 3.2.11)

Ixem o phu thudc vao tan so



: . ’ -i(kg+kg-ky)
: dEh & _E_L &Eli ~ i, _p'_O dijk E3j E2k el 3T KZ-K]
dZ -2 €4 €1 . _

(3.1.11a)

C4c bién do Ezk va Eg; cung c6 phuong trinh tuong tu

trén:
dE- ‘p ‘ ki +ko-k
2k L EZk 3 10)2 dklj E11E3J ( 13.82= 3)

(3.1.11b)
dESJ ' Lo -1(k1+k2 kg)
e ’ Eq; —io d  EE
2 2 52 3 3‘/ = jik 1i Bigk ©
(3.1.11¢)

Nhitng két qua trén [ két qua cla viéc khao st sw tao dao dong tan s6 téng. Chulng ta sé
dung nd dé khao sat si phat song hai bac hai & muc tiép theo day.
Néu o, =0, tirc 1a mbi trwdng trong sudt ddi véi tan s6 ,, thi tir (3.1.11c) suy

dE;; : .
o= —iog e djix Ey; Eox el
dz | &3

. . dEgJ = "'iCOS “2—0 d:iik Eli E2k eiAkz dZ
; N 3

g dé6 Ak = kgj) =iy —kg”; k(ll) hing s6 truyén cla séng cé

ra

tdn s6 ®1 va phan cuc theo truc i. Néu Es3(0) = 0 (séng hai
bac hai ¢ 16i vao bing 0) va tinh thé ¢6 do dai L, bién do cia
truong tan so tong & mat phang ra ciia méi truong phi tuyén (tai L) 1a:

L GDKL _
E (L) = ‘Hﬂa(dpk By Ezkf e AR ='im3‘j7d]1k E11E2k(7)-
0 1Ak



4.Sy tao song hai bac hai nhv mét truong hop riéng cla sy tao dao dong tan so6
tong:
Tiép theo, ta sé dung céc két qud & muc 3 dé khao sét sy phat séng hai béac hai (o, =®,).

o |
x Ho "2 49 y2 * + sin“(AkL/2)
Ey(L)Es; (L)=-203d] I2E;E}. Ey E

g P i e Dot il N L

(3.3.3)

D€ nhan duge biéu thic vé cong suft cta séng
6 161 ra, ta dung hé thuc:

Po,) 1 [e :
== |[—E; E;
S 2 Ho 2

& 46, &, = gon?; S ti6t dién ngang cia chum sang. Pua (3.3.3) VAo

biéu thirc trén va lap ti sb cﬁng suat dau Vao va dau ra:
: : _ ' : : sin2 AkL
2 [“0]3)'2 0f df L7 (plv 2

= o 80 [AkL}z

= ) (3.3.4)
P(co1) :
2

€0

5.Khao sat diéu kién hop pha:
Tathdy ngay rang, ti s0 trong biéu thirc (3.3.4) sé cuc dai, tl ¢ cong suat séng 10i
AKL

smz[ j
ra l6n nhat trong sy phat séng ha bac hai dat duoc khi —2—>1, tic 1a khi

AKL Y
2
Ak =0 &k, =2k (1)
Cé thé tong quat hoa két qua trén cho si tao dao dong tan so tong:
ke =k + k7 (2)
Cac diéu kién (1) va (2) duoc goi ladiéu kién dong bd vé khdng gian cua su phat
song hai bac hai va sy tao dao dong tan so tong (tuong ng).
Doi vbi sw phat séng hai bac hai, khi diéu kién dong b6 vé khong gian th 6a man
thi (3.3.4) sé trg thanh:



(03) 3/2 242 (1) :
- :2{“"} aiiee L b susit) (3.3.5)

Nghia la cong suét 16i ra clia séng hai bac hai ty & voi binh phwong chiéu dai cta tinh
thé.

 of AKL
3/2 2 9% 12 (e SIDT| ——
P [ o3 djix L [ P 2 (3.3.4)
Py g nf ng S [AkL)2
2

Chu y: trong sach thay Tuan c6 cho viét P/S. D6 chinh la cvdng do séng. Theo dinh
nghia, cwong do la cong suat trén mot don vi dién tich.

Gia slr cong sudt clia séng dau vao la khéng doi, ta hdy khao sat cong suat ctia séng hai &
dau ra P theo cong suit dau vao P“v:

312 Sinz(Aij

242 12| (plev P

p©s) _ 2(&] @3 Sk (P ) 22 (3.34.])
€6 n’n, S (Aij

2

Pt tich clia cac hang s6 thanh mot hang s6 duy nhét C, ta duoc:

. Z[Aij
M2
(©s) — (3.3.4.2)

cC——=7
5
2
S nz(Aij
_\2)

AKL Y

2

D0 thi clia ham c6 dang nhu sau:



LC
I:}_'I ] | | | I_
-3n 0 3T
Ak L [?2

Nhin trén do thi nay tathdy, khi AKL =0, ttrc diéu kién dong bd vé khdng gian duoc thda
man thi cdng suéat séng hai & 16i ra c6 gia tri 16n nhat. Khi AkL = 0, cong suét 16i ra gidm
rdt nhanh. N6 di qua mot loat cac diém 0 v a céc cuc dai phu. Cuc dai tng véi AKL =0
dwoc goi la cuc dai chinh. Hay tinh khoang cach tlr cuc dai chinh dén cuc dai phu thir
nhat L. (Xem sach cla thay Tuan, trang 67).



