Mon hoc: Bién dong luc hoc

On tap cudi hoc ky



Truong dién tu

Phuong trinh Maxwell — Faraday (tU treong bién thién sinh ra dién truong):

Dang vi phan Dang tich phan
VXE 3t 7€ dt
S

Phuong trinh Maxwell — Ampere (dién trwong bién thién sinh ra tir truong):

Dang vi phan Dang tich phan

_ % OF o 9 oOF __
VX B = o, ([ + €08 5 del - uou,.fa +ege, 5 )dS
S



Truong dién tu

Cau 1: Mot day dan thang rat dai, nam doc theo truc Oz, mang dong dién phu thudc theo thoi gian t, cé phwong trinh
la: i) = 3.cos(2.10°mt) (A), & dé t tinh ra gidy. Dy dan dugc dat trong khéng khi ¢ .= 1, €, = 1. Hay dua vao hé phuong
trinh Maxwell dé:

a) Viét phuong trinh dang tich phan vé lwu s6 cla vecto cam (ng tir do dong dién tao ra B, 4, doc theo
dwdng tron (C) ban kinh p, nhan day dan thang mang dong dién lam truc doi x&¢ng. T phwong trinh dang tich
phan dé, hdy xac dinh biéu thirc vecto cdm &ng tir Bp,¢,2t) ChO rang hai thanh phan B, = B, = 0 bj triét tiéu va
chi con thanh phan By nghiala B, 4, = B4, # 0.

Pailuvong L = f Bdl 13 lwu s6 cda vecto cdm rng tir B doc theo dudong tron C
C

Phwong trinh Maxewll — Ampere dang tich phan (& day, chi c6 dong dién tao ra tlr truong, khong céd dién
trwong tao ra tr trwong nén dao ham cda E theo t = 0)

Al Tac : ich sO gitta mat do dong J va dién tich S chinh 1a
Bdl = dS =B.l= S=pop,..i (tichsogiltamatdodong .
jé Ho My f J HoMr] oMy cwong d6 dong dien i)
C S

i 5 \ —  3ppcos(2.10°mt) __,
_ Hobrl _ 31 cos(2.107mt) Do B chi cé thanh phan B,nénsuyra B = o C0S( )e

B
= ] 2TTp

21Tp @



Truong dién tu

Cau 1: Mot day dan thang rat dai, nam doc theo truc Oz, mang dong dién phu thudc theo thoi gian t, cé phwong trinh
laz iy, = 3.cos(2.1’05nt) (A), & d6 t tinh ra gidy. Dy dan dwoc dit trong khéng khi cé u, =1, € = 1. Hay dwa vao hé phuong
trinh Maxwell dé:

b) Viét phuwong trinh dang vi phan vé méi lién hé gitra vecto cuwdong do dién truong (xody) E, 4 , 1 VOivecto cam
wng tw B, 4.4 TU phuong trinh dang vi phan do, hdy xac dinh biéu thirc vecto Eip.,20 L2 diém cach day dan
mot khodng p. Cho rang hai thanh phan E,, = E, = 0 bi triét tiéu va chi con thanh phan E, nghia laE, 4, = E, # 0.

_ 0B
Phuong trinh Maxwell — Faraday dang vi phan: 7 X E = —=- (1)
D 5. i 5

Tir két qua cdu atasuyra: — B - 3io- 2. 1077 sin(2. 10°mt) 3

ot 211p ¢
~ 1(0E, O0pE JE, OE 1 (0dpE OE

Trong hé toa do tru ta co: VXE=- z_TP% e_p’+ P__= Ep’+— PP _ T e,

p\dy 0z dz  dJp p\ Jp 30

. - (0E, O0E;\_, \ o
Tir (1) ta suy ra V X E chi cé thanh phan ep = VXE= ( azp — apz> € Ma theo dé bai E chi ¢ thanh phan E,

aEZ> _ . 3pg.2.10°m.sin(2.10%7t) __,
= e

:>\7><E=(— 30 o

21Tp ¢



Truong dién tu

Cau 1 (tiép theo):

N OE 3. 2. 10°7. sin(2. 10°mt

~ dp o = 2T1p ¢

d0E, 3.2.10%m. sin(2.10°mt) . 31g. 2. 10°7. sin(2. 10°mt) dp
= — =

= op 21Ip “ 2T p

d
Ly tich phan 2 vé ta cé: E, = 3p,.10°.sin(2. 105ﬂt)j?p = 3. 10°.sin(2.10°mt). Inp

Suy ra: E =E, = 3p,.105.sin(2.10°nt).Inp e,



Song dién tu trong moi trvong

Phuwong trinh truyén sdng dién tir trong khdng gian: E = Eycos(wt —kr + ¢)eg
H = Hy cos(wt — kr + @)ey
E va H luén cung pha A ]_>
N = 27r _hw
klavectosong k= |k| = — A

E, H, k vubng goéc nhau déi moét P i 2 - __T_T_T i _\__ W i T T _ ._\_

IR ; _.‘ = ‘ _)a
C /’/ ,/ / ', \L \[ J/ \L ¥ ,,/1 / / y \[ k
Chiét suat cua méi trwong n = o= Vel Y e ¥ N2 %
Y —> .
U G . Lién hé vé tich c6 hudng qgil ac vect n vi
MOoi lién hé vé bién dd gitra E va H: B eén he ve tich co hudng gilra cac vecto don vi
er X eg = ey
E H Eq €réo 1 Er E H — €k
oVéréo = HoUrlho < 7 = = , ;
Hy  |prio 1207 |p, ey Xe,=eg
& X & =5




Song dién tu trong moi trvong

Cau 2: Mét séng dién tir truyén trong mai tredng dién madi déng chat, dang huéng, cé do tir tham p = 1 va
chiét suat déi vai séng trén la n = 1,73. Phuong trinh truyén séng cla vécto cuong dd tlr truong cla séng
la: H,, = (3e,—€,)107 cos(25.10°ntt — kz) (A/m). Hay xac dinh:

a. Tan so cla séng, phuong chiéu truyén séng va hang sd dién mdi cla moi trvdng tuong rng vdi séng trén.

o w 25.10°1 .
Tan so: f=27r= o = 125.10° Hz

(Qui wdc k nhan vai truc toa dd nao thi séng truyén
Chiéu truyén séng la chiéu duong truc Oz theo truc d6; diu — la truyén theo chiéu duong, dau +
truyén theo chiéu &m; vi du & day la - kz)

n® 1,732

n=. U — & = = 1 = 2,9929
Hr




Song dién tu trong moi trvong

Cau 2: Mét séng dién tir truyén trong mai tredng dién madi déng chat, dang huéng, cé do tir tham p = 1 va
chiét suat déi vai séng trén la n = 1,73. Phuong trinh truyén séng cla vécto cuong dd tlr truong cla séng
la: H,, = (3e,—€,)107 cos(25.10°ntt — kz) (A/m). Hay xac dinh:

b. Van tbc truyén song va budc séng trong mdi trudng dién moi trén.
108

, c 3.
Van toc: = — = = ] 8
. v=_ 173 1,73.10° (m/s)

.. v 27c 2m.3.108
Bwo&c song: A=—=

= — 13,87.1073
T e 173251000 87107 (m)

c) Do Ién k clia vécto song k va tinh chat phan cwe clia séng trén.

. |E| _2m nw 1,73.25.10°%.7w 8657
L 3.108 6

(rad /m)

Vecto cudrng dd tr trwdrng c6 dd 1éch pha Ag = 0 = séng phan cuc thang



Song dién tu trong moi trvong

Cau 2: M6t séng dién tir truyén trong moi trudng dién moi ddng chat, dang hudng, cé do tir thdm p, = 1 va
chiét sudt doi vai song trén [a n = 1,73. Phwong trinh truyén séng cla vécto cuong dod tir trudng cda song
la: H,, = (3e,— e )10 cos(25.10°nt — kz) (A/m). Hay xac dinh:

d. Bién d¢ cua cuong do dién truong E, cua song trén

PAau tién can lwu y rang cach biéu dién vecto H trong dé bai chwa phai la dang twong minh cla
phwong trinh séng. Bé xac dinh chinh xac bién d§ H, cua H, can xac dinh lai vecto don vi ey
cua H

_, 3e,—e, 3 _, e
Cry = = e. — ——
7 V3Zr1 V10 © V10
. o 3 ey
Nhw vay H sé dwoc viét laila: H = |—¢, — —==|v/10.1072. cos(25. 10%t — kz)

= Bién do H, 1a v10.1072 (A/m)

Ho\illp  V10.1072
J&&% 1,73

EoveEreg = Horfir g = Ep = 120m = 6,89 (V/m)



Truyén séng gita 2 moi trudng

- —

Vecto Pointing (vecto mat d6 congsudt) P =E xH = E.H.(eg X eg) (W/m?)

Cong suét tire thoi clia chim séng dién tir c6 tiét dién ngangS: P = P.S = (E X ﬁ)§ (W)

A £ . EO'HO n.S Eg
Cong suat trung binh: P = C =
2 120w, 2

. . : : n, la chiét suat cla moi trwong 1
Dinh luat Snell: n4sina; = n, sina, 1 J

n, la chiét suat ciia méi trwong 2
o, la goc toi

o, l1a goc khuc xa
2 . . . . n;
Goc Brewster ag (goc toi de tia phan xa bi phan cwe hoan toan): tanap = -
1

Khi goc t&i bang o, tia phdn xa va khic xa vudng goc nhau



Truyén song gitta 2 moi

Cac hé thwc Fresnel:

1 "2 cosa, — M cosa
o Nna _
Er _HR _ U2 by 2
T pgo T N n
E; H —2 cosa; + —>cosa,
.Urz .url
Ny o n,
T —=F 2—=cosa
HT — Uyr2 T — Uyr2 1
HIT Mpo ™M sa +2 cosa
HUr1 HUr1 1 Uy 2
. ESr
D0 phan xa: R = 2

truong

U1 ny
EFo  HI —= oSy — —=CoS Ay
R _Hr Uy Hr2
o gt n n
1 H; —L cosa; + —2%cosa,
Hr1 Hr2
n n
HO —2 E'} 2 —2 COS 4
T _ U2 Hr2
o~ M - n
HY =L gl =2 cosa; + —Lcosa,
Hr1 r2 Hr1

Po truyén qua:

n,
—=CO0S > EZ
D — HT‘Z oT

n 2
—L cosay Eor
Hr1




Truyén séng gita 2 moi trudng

Cau 3: M6t chim séng dién tir phang, don sac, cé thiét dién ngang 1a 1 mm2. S6ng truyén tr moi
trwdng khong khi cé chiét suat n,= 1, p, = 1 dén mat phan gi¢i véi méi trwdng nwdc cé chiét suat n, =
1,33; u,,= 1 v&i goc téi a, = 30°. Biét mat phang t&i song song v&i mat yOz, mat phan gidi 1a mét xOy
(hinh vé). Vécto cwdng do dién trwdng trén tia téi co phwong e, vudng géc mat phang téi (yOz), co
phwong trinh la: Erty = e, 15.10%cos(10**nt — kr) (V/m). Hay xac dinh:

a) Cac toc do truyén song va budc sdng cla song dién tir trong hai méi trwong.

C c 3.108
—— =13.108 = = = 2,26.108
(%] ™ (m/s) U - 133 (m/s)

v, 2mc 2.m.3.10% » v, 2mc 2.m.3.108
A =—= — =6.10"% (m) A, = 2= _

_ —4
f now 10"%nt f ny,o 1,33.10"2n 451077 (m)




Truyén séng gita 2 moi trudng

Cau 3: Mét chum song dién tr phang, don sac, co thiét dién ngang la 1 mm2. Séng truyen tr moi
trwdng khong khi cé chiét suat n, = 1, p,, = 1 dén méat phan gi¢i véi moi tredng nwéde cé chiét suat n, =
1,33; u,,= 1 v&i goc téi a, = 30°. Biét mat phang t¢i song song v&i mat yOz, mat phan gioi 1a mat xOy
(hinh v&). Vécto cwdng dd dién trwdng trén tia tdéi cd phwong e, vudng goc méat phang tdi (yOz), cé
phwong trinh la: Efrty = e, 15.10%cos(10**nt — kr) (V/m). Hay xac dinh:

b) Bi€u thirc vécto séng k va vécto Pointing P (ry) ¥NG VOi chum tia tai.
Mat phang t&i 1a mat phang (yOz) = k nam trong mét phang (yOz) va gom 2 thanh

% 1% phank,vak, nhw hinh vé
\ Kk = kye, — k,e;  (dau—dok, nguoc chieu dwong ctia truc Oz)

K,
v > S, 2m nw 10%m  10%*m
O y k=Kl =7 ="=3570 =5 Crad/m)
10%x 1047
Dwa vao hinh vé ta co: kz = k.cosa; = cos 30 = 73
10*m 10*m

ky=k.sina1= 3 sin 30 = ;

B 1047

Suyra: l?=kye_y’—k25— (V3e,




/\\ / ° NJ /\ o \
Truyén song gira 2 mol truvong
Cau 3 (tiep theo):
b) Biéu thirc vécto’ séng k va vécto Pointing P (ry) WNE V&I chum tia toi.

—

€z

k k 2 2

EoW&€  E,  15.10° 125

— = = = A
NTRTR 1207 1207 T (4/m)

k kye,— ke, k.sin30.e, — k.cos30.e, e, +3
- Y _

Eovereg = HonJurply = Hy =

Vecto pointing :

P=FExH=E.H.(e; xey) =EH.e, = Ey.Hy.cos2(10"2rtt — kr)e,,

125 e, V3
= 15.103.——.cos2(10"2nt —kr) [ X — —¢, (W /m?)
T 2 2
c) Cong suat ctia chum séng toi
. Ey.H 1 125 15
P=—09=2,15.103.—=.10"6 = — (W)

! 2 2 T 167



Truyén séng gita 2 moi trudng

Cau 3: Mét chum song dién tr phang, don sac, co thiét dién ngang la 1 mm2. Séng truyen tr moi
trwdng khong khi cé chiét suat n, = 1, p,, = 1 dén méat phan gi¢i véi moi tredng nwéde cé chiét suat n, =
1,33; u,,= 1 v&i goc téi a, = 30°. Biét mat phang t¢i song song v&i mat yOz, mat phan gioi 1a mat xOy
(hinh v&). Vécto cwdng dd dién trwdng trén tia téi cé6 phwong e, vubng goc méat phang téi (yOz), co
phwong trinh la: Efrty = e, 15.10%cos(10**nt — kr) (V/m). Hay xac dinh:

d) Géc khuc xa a, va cong suat ctia chum séng phan xa.

nysina;  sin30 50
n, 133 133

Ap dung dinh luat Snell:  sina, =

0 = 22,080
133) 7

= 0, = arcsm<

Vecto cwdng do dién trwdng vudng goc mat phang t&i nén trong bai toan nay chi tén tai thanh phan E vudng goc

nq n,
 Fo -c0sa; —=cosay 30 — 1,33, cos 22,08
Tacotysé: — = 'L;,l” 'l;l’"z =00 o = —0,1746

U1 Hy2

ralsios: m=() 22 p o () 225 g17a6 = 00091 0
SR V- _:P,:R_’EO ~16m - W)



Hieu i'ng Doppler

Lién hé gilra tan sO ngudn phat o’ va tan so thu :

v v
1—Ecost9 1+Ecost9’

w' = W w = w'

v Y2

c? c?
v v
COS@—E cosH’+E

cos ' = > cos @ = >
1—;(:059 1+ECOSH’

0: 0 1an lwot la géc hop gitra chiéu truyén clia séng thu va séng phat véi truc Ox

Ngudn chuyén dong ra xa may thu: 06 =0’ =«

Ngudn chuyén dong lai gadn may thu: 6 =6’ =0



Hieu ’ng Doppler

Cau 4: Mét nguon phét séng dién tir véi tan so riéng oy’ = 2r.10'2 rad/s chuyén dong voi van toc
khong dbi v = 0,6¢c. Nguén chuyén ddng theo phwong di qua may thu. Tim tan sé ma may thu nhan
dwere (tinh theo Hz) khi:

a) Nguon chuyén déng ra xa may thu
w’
2—0 =102 Hz

Ta cé )=
fo -

Nguén chuyén ddng ra xa may thu = 6’ = 180° = cos 0’ = -1

1+ %cos o' 1-— %
Suy ra: f = fo = ——=/f =5.10'1 (H2)
V2 V2
1-% 1-%
a) Nguon chuyén doéng lai gan may thu
1+%cos€’ , 1+% , .
Ngudn chuyé&n dong lai gdn may thu = 0=0°= cos0'=1 |f = > fo = —zfo =2.10"° (Hz)
1-2 1-2
c c




