Phan | : VAT LY SONG

I-PHOONG TRINH SONG NIEN TO::

1.Cac phddng trinh Maxwell:

Tréong fiien to trong chan khong vao thdi filem t nao fio AG0C
xac fionh bdi vectd cddng fio Aien troding E(r,t) va vectd cam dng to
B(F,t) vOi r laivecto vo tri tai filem flang xet

Loc tac dung len fiien tich thd Q chuyen fiong vai van toc v fiddc
bieu dien thong qua Eva B nho sau:

F=QE+QVAB)

Nguon cua tréong fiien td la cac fiien tich va dong fiien ,fe fiac
tréng cho cac fai 166ng fio ngdoi ta dung mat fio Aien tich va vectd
mat fio dong fiien 7j. Cac phoong trinh Maxwell bieu dien
moi lien he gidia s6 bien thien cua trodng fiien té/ (E,B) vdi cac nguon
cua no (fiien tich ,dong fiien)

o Pt M-®:divB =0 bao toan t6 thong

0o Pt M-F : rOtE:_Z_? cam 6ng fien to

o Pt M-G: divE =F
€o

. o - 6E
0 Pt M-A: rotB= j+ HoEo
j : dong fiien dan
80% : dong fiiein doch
_ 1 -9 1Y sha .
€0 =—-107 (F.m™) :hang so ilien

36n
Uo=4r.10"Hm*

2.Cac phodng trinh lan truyen song:

_ 0B 0, .=
rot(rotg) = rot(——) = ——(rotB
(rotg) ( at) at( )

Mat khac



rot(rotA) = grad (divA) — AA
0°E
a HOS 0 atZ

o, = o
M-A= -2 (rotB) =— | —
o OB = oy

-

- o0°E p J
=AE-U g, e =grad(8—0)+uoa(a)

M — A= rot(rotB) = L, rotj + Mogorot(aat—E)

= a —
=ML, rotj + Mogoa(rotE)
0°B
ot?

23

8t2

0 -
M-F= Hogoa(rotE) =-H,E0

= grad(divB)-AB =1 _roff -1 g,
e

~ a B -
< AB-LU g, o = HOVOtJ(b)

(a) va (b) la ph6dng trinh lan truyen cua tréong

3.Tr66ng hdp khong co nguon:(p =0, =0)
Cac pt lan truyen cua fiien trédng E va to trédng B luc fio co dang
cua pt D’Alembert:
1 0°E
e
VOi C?*=1/g,p, :van toc truyen trong chan khong.

.
; A§—1/c2‘2t25=0 (c)

% Toantd D’Alemert: 0= A—l/CZ%
= OE=0; 0B=0
= Noi voi moat thanh phan cua trédng (a),co the bieu dien dooi
dang Da =0
4.Cac the cua tré66ng:
Div(rot A) =0
M-®:divB=0

=>ton tai moat trédng vectd A : = B=rot(A)

M —F = rotE = -5 = —g(rot,&) = —rot(%)
ot ot ot

= rot(E+ai‘) =0
ot

=>tr6ong xoay ton tai trédng vo hédng V :



E+A_ —gradV
ot
(rot(gradVv) =0)
Tom lai ,tr66ng fiien t6/ ( E, B) co moat cap thei ( A,V) lien he voi chung
qua bieu thoc :
oA
ot
Neu A la vecto the cua trédng fiien to thi:
A = A+ gradf cung la vectd the
V la the cua tr6dng thi
V'=V- % cung la the.

E=-_gradv ; B=rotA

Trong so: nhdng cap the cua mot tr66ng fiien t6 xac fionh ton tai moat cap
the thoa fiieu kien chuan Lorentz :
= oV
divA+ Kn.e 0ot =0
P _ GivE = —div(gradV + 22 = —av — 2 (div)
€ ot ot
oV P

= AV —gopug—5 =——
oMo ot? &g
=g e g aE g aE
rotB = rot(rotA) = pq(] +80§)=u0j +M0805
=lg] — HgE grad(ﬂ)—a oA
Ko Ho€o at oMo ot?

2
grad(divA) — AA = p, ] + grad(divA) —&,u, %t_A

2

2

= 0°A
= AA_SOHO?:_HOJ

11- SONG NIEN TO PHANG CHAY NIEU HOA LIEN
TIEP:(OPPH)

1.Md hau:

- Mat song : laitap hdp cac vo tri ma fioi 16n cua tré6ng khong fioi vao
thoi Aiem xac fionh.

- Song phang (OP) la song co mat song la mot ho cac mp vuong goc
vOi phdong truyen song xac fionh (g =1)

- Song phang lien tiep (OPP) la song phang truyen theo phtdng va
chieu xac fiocnh ,ham song co dang:

a(M,t) = f(Gr —ct)



Nghiem cua phdéng trinh D’ Alembert la to h6p cac song phang lien
tiep theo mot phddng G nao fio .
- Song phang fiieu hoa lien tiep :la song phang lien tiep ma ham song
co dang sin hoac cos.
a(r,t) = Acos(ot -k — )
Sosong k= w/C=2n/x1
Vectd song k = k.
- Song fiien t6 phang fiileu hoa lien tiep la nghiem cua phédng trinh
Maxwell ma 6 thanh phan cua trddng fiien t6 co cung tan so goc o va
cung vecto song k
Co the bieu dien tréong fiien t6 d66i dang phoc :
E _ Eoej(wt—lzr) E _ éoej(mt—lzr)
Cac toan t0 fiao ham tac dung len trddng phoc t6dng iddng voi phep
nhan :
0
.
2.Cau truc cua OPPH trong chan khong:
Bieu dien pt Maxwell bang cach s6 dung toan t6 rabla v

jo ; V=]

VE=0 VAE = 0B /0T

vVB=0 V A B =cgyu,0E /ot
=>D060i dang phoc :

— jk.E =0(1) —-jkAE=—jwB(@3)

- jk.B=0(2) — jk AB=¢g,p,j0E(4)

kE=0=UE=0

— Re(i.E)=0=liRgE)=0=GE =0

Mot ach tdong t& => GB=0.

-> Song fiien t6 phang fieu hoa lien tiep trong chan khong la song
ngang.

(3)=> B=k AE=kiAE(3) (4):1«%5:-%&4')

The (3’) vao (4°) :

k = 0]
k.0 —U0AE)=-—
/\(0) A E) C?

(1)=>

E

Taco: GA(iAE)=(U.E)u-(u6).E)=-E
2

_ ®

=> k? -



(3)=>B-Xurg-UE
® C
Lay phan thoc :
GAE, UAE
B = Re(—=) = o

=> (i, E,B) ta\o thanh mot tam dien thuan
Mat khac ty so gida trodng fiien va to la:
E(M,t)
B(M,t)
Nien trédng va tél trédng cua OPPH fiong pha .Cac tinh chat tren cung
fiung voi OPP.

3.56 phan c6c cua OPPH:

Trong OPPH phdong cua fiien trédng E trong mat phang vuong goc
vOi phdodng truyen song G choda fiddc xac fionh .Phddng cua vectd E
fi6oc goi la phddng phan cdc cua song

Xet trong he toa fio: Descartes ,gia s6 song truyen theo phodng z
{ E,, cos(ot —kz+¢,)
E =

E,, cos(wt —kz+¢,)
0
Mot khi biet fid6c fiien trodng E ta co the xac fionh Addc td trodng
boi cau truc OPPH.
Tai mot vo tri z = z, co fionh ,ta co the viet s6 bien thien cua fiien
tréong nho sau :
Ex = E,, cos(ot)
Ey = E,, cos(ot —¢)
VOi ¢ = ¢«- ¢y : N0 tre pha cua E, fioi voi E,
Nau mut cua vectd fiien trédng dich chuyen trong mp (xOy) ,hinh ché
nhat co canh 2E0x va 2Eoy tren ﬁd()zng ellipse coi pt:
E,
x 2 2 X \(__ Y
( ) +(E )" - (E —*) (=) cosp =sin

0x 0x Oy
Ne xac fionh chieu chuye;n fiong doc theo ellipse ,ta xet vao thdi fiiem
dE

(dty)to EOy(’)-Sin(P

= chieu quay fi6oc chz ra bdi dau cua sine .



o)

X
» Neu chieu quay thuan chieu kim fiong ho: :song phan céc

ellipse trai, sing >0
» Neu ¢ =0hoac ¢ = +r ,fiau mut cua E dich chuyen tren

fiddng thang xac fionh ,ta co phan céc thang
Noi chung mot song phan cdic ellipse co the xem la tong cua 2 song
phan cdc thang theo hai phtdng vuong goc voi nhau => mai song
fiien to trong chan khong la s6/ tong hdp cua cac song phang fiieu

hoa lien tiep phan cdc thang.
> Neu ¢ = £n /2 va Eo = Egy ta co phan coc tron.

4.S6 truyen nang 166ng cua OPPH :

Mat fio nang 1686ng cua trédng fiien to
g, E” N B?

e =
2 2.1,

~ 2
Rioi voi OPPH : B=E/c=> e = g,£2 = o
Ho
= nang 166ng A66c phan bo fieu dodi dang fien va td
Noi véi mot song OPPH truyen theo phédng cua truc OXx ,trédng
filen t6/ co dang:

j(ot=kx)

ITI

=E.e
Cc

Gia tro trung binh cua e:
= <e>=<g,E’>= So%Re( E.

B=

)= I8

|ITh

*Vectd Poynting:




Cong suat cua song fiien to (W) i qua mot dien tich S bang dong

cua vectd poymting = = EnB (vectd dong nang 166ng W, fii qua
0
diem tich fio =
®=[7dS )
S
Rioi vai OPP fi-ErB_EAUAE)_ o gy
Ho HoC

Noi v6i song OPPH co tan soie, gia tro trung binh < ® > cua cong
suat truyen qua mat S vuong goc voi phédng truyen
<d>=<[1>.S = 1/2Re( EAB—)S: %CSO‘EO‘Z.S
Lo

Taco: <E(t) A B(t)> = %Re(E(t) AB (1) = % Re(E,(1) AB n(t))

_ % Re(E. A B, o)) = % E. AB, cosg, ~,)

*Van toc truyen nang 166ng:
V. : van toc truyen nang 160ng.
<I1>.S8t : nang 166ng truyen qua dien tich S vuong goc voi
phoong truyen song trong khoang thoi gian st
Sv, 8t <e> : nang 166ng choa trong the tich Sy, 8t
Sv, ot <e>= <II >.Sot
= v, = < I:[ >
<e>

Noi voi OPPH : v, =c.

E = E,, cos(ot — kx)U, + Ey, Sin(ot — kx),

-, k
=> A="F 5= _E2 cos?(ot - k) + E2 sin(ot - kx) >
HoC HoC
_ EOZy +EZ G
2u,C
<e>=g, < E® >=g, < Ej, cos’ (ot — kx) + E;, sin(ot — kx) >
Esy + Eo:
:go—
2
Vecto Poynting phoc : 1= =28
Ho

E= Eo.explj(mt - EF)J
Noi véi OPPH :



8- U"Eo ofjfot— k]

C
B = UA—C—E".exp[— j(oot - EF)]
= Lk _ ok 2
== ﬁ:E/\B ZEOA(U/\EO)_ EO'EO)UZ EO 1
Mo HoC HoC HoC

=> <dp >=<II>dS
<E?>_ cegoEf

OPPH: <II>= U= a
HoC 2

® Chung tdi da dich duwoc mdt sé chuong cua
mot s6 khoa hoc thudc chwong trinh hoc
liéu m& cla hai trvdng dai hoc noi ti€ng thé
gioi MIT va Yale.

® Chi ti€t xin xem tai:

e http://mientayvn.com/OCW/YALE/Ki thuat
y Sinh.html




