Choong I :
VAT LY SONG

I. PHOONG TRINH SONG NIEN TO';
1. Cac phodng trinh Maxwell:

Trodng fiien to trong chan khong vao thdi fiiem t nao fio 60c xac fionh boi vectod
c6dng fio fien trodng E(r,t) va vectd cam 6ng tol B(F,t) vOi r laivectd vo tri tai fiiem
fiang xet.

Loc tac dung len fiien tich thd Q chuyen fiong voi van toc v Aiddc bieu dien thong
qua E va Bnho sau:

F=QE+QVAB) (I6c Lorentz)

Nguon cua trééng fiien tdi la cac fiien tich va dong fiien , fiel fiac trong cho cac fiai
166ng fio ngdoi ta dung mat fio Aien tich p va vectd mat fio dong fiien j .

Cac phoong trinh Maxwell bieu dien moi lien he gida soi bien thien cua trééng
filen td (E,B) vdi cac nguon cua no (fiien tich, dong fien) :

0 Phoong trinh Maxwell-Flux (M-®) : divB =0 (bao toan t6 thong)
0 Phoong trinh Maxwell-Faraday (M-F) : rotE = —% (cam Ong fiien to)
0 Phoong trinh Maxwell-Gauss (M-G) : divE =2 (fionh ly Gauss)

0
0 Phoong trinh Maxwell-Ampere : rotB = “OT+ “080% (fonh lyl Ampere)
j : dong fiien dan
OE . 4
Eog - dong fiein doch
1 -9 . PN
€ = —.107 (F/m) : hang so fiien
0 = 26 (F/m) g

Lo = 47.107 H/m : hang soi td
2. Cac phodng trinh lan truyen song:

Thoic hien phep toan rotor fioi voi phédng trinh M-F :
- oB o, =
t(rotE) = rot(-—) = —(rotB
rot(rotg) = rot( at) P (rotB)

Mat khac :



rot(rotA) = grad(divA) — AA
T6 phoodng trinh M-A, lay fiao ham hai ve theo thoi gian :
—g(roté):—u ﬂ—“ ol o°E
ot opt 0% 0 g2

2 =

= 0°E 0
= AE-U g, 5 = grad(->) + MO_J (@)
€o ot

ot
Mot cach t66ng td), tac dung toan td rotor vao hai ve phdbng trinh M-A ta lai co:
— - 5 E - a —
rot(rotB) = L rotj + “ogorOt(aT) =M, rotj + uogoa(rotE)
Lay fiao ham theo théi gian phédng trinh M-F :

o, = 0°B
W,e oa(rOtE) =" H,€o0 e

=

= grad(dive) ~AB = 1 o 1 &,

3

- 0°B -
QAB_MOSOWZ LL,rot] (b)
(a) va (b) la cac phodng trinh lan truyen cua trédng
3. Trédng hdp khong co nguon : (p =0,] =0)

Cac phodng trinh lan truyen cua fiien trédng E va to/trodng B luc fio co dang cua
phodng trinh D’ Alembert:

- 10°E . - 10°B
AE—C—ZFZO y AB—CT?:O (C)
Vi ¢*=1/g,u, :van toc truyen trong chan khong.
2
Toan t6 D’Alemert: 0= A+~
c? ot

= JE=0; oB=0
= Noi voi moi thanh phan cua trédng aco the bieu dien dodi dang & =0

4. Cac the cua tréong :

Taco: div(rotA) =0
T6 phodng trinh M-® : divB =0
=> ton tai mot tro6ing vectd A sao cho : B=rot(A)
Mat khac, rot(gradvV) =0
T6 phdong trinh M-F :



rotE = B _ —ﬁ(rot,&) = —rot(a—A)
ot ot ot

= rot(E+%) =0
ot

=> trodng vecto E+2—f‘ la trodng xoay, vay ton tai mot trééng vo h6dng V sao
cho:
£+ A —gradV
ot
Tom lai ,tr6dng fiien to (E,B) co mot cap the (A V) lien he voi chung qua bieu théic

oA

E —a——gradv; B = rotA

Nhan xet rang, neu A la vectd the cua tréong fAien to thi:

A=A+ gradf cung la vecto the (f la mot ham soi bat ky)
Vaneu V la the vo h6ong cua trédng thi

V'=V- % cung la the vo héong.

Trong so nhdng cap the cua mot tréong fiien té xac fionh, ton tai mot cap the thoa
fileu kien chuan Lorentz :

divA + g O% =0

Khi fio :
P _ divE = —div(gradV + 22) = —av - 2 (divA)
€ ot ot
oV p
DAV—SOHOFZ—E (C)
Va
. . = - OE d’A
rotB = rot(rotA) = uy(j +¢, E) =Ho) HOGOE =Ho j- “osograd( ) €olo—7% ot?
. %A
grad(divA) — AA= p,j + grad(divA) — & 1, — e
= oA -
:AA_SOHOat—Z:_“OJ (d)

(c) vai (d) la cac phdbng trinh lan truyen cua cac the.

I1. SONG NIEN TO PHANG CHAYY NIEU HOA LIEN TIEP (OPPH — Ondes
Planes Progressives Harmoniques) :
1. Mé fau:



- Mat song : la tap hdp cac vo tri ma fio 16n cua tr66ng khong fioi vao thdi filem xac
fionh.

- Song phang (OP) la song co mat song la mot ho cac mat phang vuong goc voi
phodng truyen song xac fionh  G(jd| = 1)
- Song phang lien tiep (OPP) la song phang truyen theo ph6dng va chieu xac fionh,
ham song co dang:
a(M,t) = f(Ur —ct)

Nghiem cua phoong trinh D’ Alembert la to hdp 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(F,t) = Acos(wt — kF — @)
- Sosong k = o

- Vectd song k = kii

Song fiien to phang fiileu hoa lien tiep la nghiem cua phodng trinh Maxwell ma 6
thanh phan cua tr66ng flien to co cung tan so goc » Vva cung vectd song k
Co the bieu dien tré6ng fiien td1 d6bi dang phoc :
E— Eoej(mt—lzf) . B— éoej(mt—ﬁf) (j? =-1)
Cac toan t0 fiao ham tac dung len tr6dng phoc téong iddng voi phep nhan :
o . .
Z=jo; V= jk
at Jo J

2. Cau truc cua OPPH trong chan khong :

Bieu dien pt Maxwell bang cach so dung toan t6 nabla v
VE=0 VE = 0 B /0T

VB=0 ﬁAgzsopOGE/GI
Viet d6di dang phoc :
-jkE=0 (1) —jkAE=-joB (3)
- jkB=0 (2) _JEAEZSOHOj(’JE 4)
T6 phoong trinh (1) ta co kE=0=U0UE=0

— Re(i.E) = 0= 0.Re(E) = 0
=0E=0
Mot cach t6ong tdi ta cung co iB=0
-> Song fiien to phang fieu hoa lien tiep trong chan khong la song ngang.
3= B=kAE=kGinaE (3")



(9= kinB=-E 4)
The (3’) vao (4°) :
kﬂAcﬁaAE)=-27§

®

= k?=_"1_

(3’) => B =

Lay phan thoc :
GAE _Un E
Cc )_ Cc
=> (i, E,B) tao thanh mot tam dien thuan
Mat khac ty so gida trodng fiien va to la:
E(M,t)
B(M,t)

Nien tr6dng va tél trédng cua OPPH fiong pha. Cac tinh chat tren cung fiung voi OPP.

B = Re(

3. SO phan cdic cua OPPH :

Trong OPPH phoong cua fiien trédng E trong mat phang vuong goc voi phodng
truyen song G chda fidoc xac fionh. Phddng cua vectd E fidoc goi la phddng phan coc
cua song

Xet trong he toa fio Descartes, gia s6 song truyen theo phoong z :

E,, cos(ot —kz+¢,)
E = { Eo, CoS(ot —kz+9,)
0

Mot khi biet fio0c fien trédng E ta co the xac fionh fAddc td trodng nhd cau truc cua
OPPH.

Tali mot vo tri z = z4 col fionh, ta co the viet sd bien thien cua fiien tré6ng nho sau :

E, = E,, cos(wt)
E, = E,, cos(ot —0)

Voi ¢ =¢, —¢, : Roitre. pha cua E, fioi voi Ex

Nau mut cua vectd fiien trodng dich chuye n trong mat phang (xOy), tren fi6éng
ellipse co ph6ong trinh :

E E E,. E :
(=) + (=) —2(Z) () cosp =sin’
EOx EOy EOx Oy



noi tiep trong hinh chd nhat co canh 2E,, va 2E,,
Ne xac fionh chieu chuyen fiong doc theo ellipse, ta xet vao thdi fiiem t = 0, khi fio
E,=E, va:

dEy i
(T)t:O = EOy(D'SI ne

= chieu quay fid0c chg ra boi dau cua sine .

Y

v}

S

X

> Neu chieu quay thuan chieu kim fiong ho: song phan cdc ellipse trai,
sing >0
» Neu chieu quay ngodc chieu kim fiong ho: song phan coc ellipse phai,
sing <0
> Neu ¢ =0hoac ¢ = +r ,fiau mut cua E dich chuyen tren fiddng thang
xac fionh, ta co phan coc thang
Noi chung mot song phan cdic ellipse co the xem la tong cua 2 song phan cdc thang
theo hai ph6dng vuong goc voi nhau => moi song fiien t trong chan khong la s6 tong
hop cua cac song phang fiieu hoa lien tiep phan coc thang.
> Neu ¢ = +n /2 va Eg = Egy ta co phan coc tron.

4. S6 truyen nang 166ng cua OPPH:
a) Mat fio nang 166ng cua trodng fiien to :

g,E° B?
e= +
2 2.1,
NI . E _ 5 B2
Noi vOi OPPH : B=— => e=¢,E*=—
c Mo

= nang l66ng fi6oc phan bo fieu dodi dang fien va to.
Noi v6i mot song OPPH truyen theo phddng cua truc Ox ,trédng fien td co dang:



Gia tr0 trung binh cua e
<e>=<gE’ >=e R E.E_)_7\EO\

b) Vectd Poynting:
Cong suat cua song fiien to fii qua mot fién vo dien tich bang dong cua vectd

Poynting:
1:[:E/\B
Ho

(dong nang 166ng fii qua diem tich S: @ = [T1.dS )

m

Rioi véi OPP i-ErB_EAUAE)_ o gy
Ho HoC

Noi voi song OPPH co tan soie , gia tro trung binh < ® > cua cong suat truyen qua

mat S :

<O>=<[>§ = 1/2Re(E’\B— S= % £,|E,
Mo

Ghi chu: <Et)AB@)>= * “R(EWM A E (1) - —Re(Emm AB (1))

S

‘2

=—Re(E NS ‘Pz’)—% A B, 0050, ~,)

c) Van toc truyen nang 160ng:
Goi v, lavan toc truyen nang 166ng.

<II>.Sst : nang 166ng truyen qua dien tich S vuong goc voi phédng truyen song

trong khoang thoi gian &t
Sv, 8t <e> : nang 166ng chda trong the tich Sv, st
Sv, ot < e>=<TII>.Sat
=> vy = <II>
° <e>
Xet trodng hop cua OPPH : v, =c
E = E,, cos(ot — kx)U, + Ey, sin(et — kx),
- F2 7] +E?
“E 5o U LB cos?(ot - ki) + B2, sin(ot - kx) >= (—J
2u,C

=> [I= = —
HoC HoC

2 2 2 2 o E§y+E022
<e>=g,<E°>=¢, <E, cos (mt—lo<)+Eozsn(mt—kx)>:soT



=> <dp >=<II>dS
<E2>U_CSOE§ _
HoC 2

VOi <II>=

® Chung tdi da dich dwoc mdt sd chuwong cla
mot s6 khda hoc thudc chuong trinh hoc
liéu mé cla hai trwdng dai hoc noi ti€éng thé
giol MIT va Yale.

® Chi tiét xin xem tai:

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




