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* **N0i dung chwong 4:

4.1 Truong dién tir bién thién va cac ham thé .

4.2 Truong dién tir bién thién diéu hoa .
4.3 Séng dién tir phang don sic (upw).
4.4 Dinh ly Poynting.

4.5 Tinh phén cuc ciia séng phang.

4.6 Séng phing trong méi truwedng vat lidu.
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4.1: Trwong dién tir bién thién va

!'_ cac ham the

CuuDuongT hanCong .com EM'Ch4
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* a) Giéi thiéu truomng dién tir bién thién

“* Dién tich tao ra treong dién va dong di€n tao ra truwong tir.

% Poi v6i trwong dién tinh va trwong tir tinh, cac dai lwong dic
truwng khong thay doi theo thoi gian.

< O trwong dién tir tinh, truong EvaD doc lap vaoi truong B va

—

H.

<% Khi nguon dién tich va dong dién bién thién theo t, thi ta c:

= Trwong dién tir khong chi bién thién theo t .

= Trwong dién va truong tir cOn chuyén hoa 1an nhau.
% Sw chuyén hoa 14n nhau ciia truwong dién va truong tir tao nén
song dién tir lan truyen trong khong khi hay moi trweong vat liéu .

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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“* Mo hinh truwong di€n tir bién thién :
Hé Ptrinh Maxwell Phuong trinh lién hé

rotH = 3+ 22 (M) HH = o (H )q _
a D=¢E=5E+P || J=0E
ot = — 95 )
ot Phwong trinh DKB
divD = Pyl () Ry —Hy =Js
- B E,—Ex=0
divB=0  ©
N gln _SZn :gs
. . (5) In — Pon —
leJ——@pV/ﬁt ‘Jln_‘JZn:_aa%
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* b) Cac ham thé ciia TPT bién thién:

1. Thé tir vector:
{mvszo (4)

. - — E = rotZ\
div(rot A) =0 (vector algebra)

—> — —>
2. Thé dién vo huong: (2) otk = —% = —rot %

—gradg — 2

mJ
|l

{ rot(E+ 24) = 0
——>
rot(grad¢) = 0 (vector algebra)

3. PDiéu kién phu Lorentz : da tri —> don trj

divA+ g2 =0

CuuDuongThanCong.com EM _Ch4 https://fb.com/tailieudientucntt 6
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* c) Ptrinh D’Alembert cho thé vector:

& (1): rotH=J+D = rotB=puJ+uslE

=) rot(rotA) = uJ+ us<(—gradep — £

—

N
<*Dung diéu ki¢n Lorentz : div A+ ue %@ =0

>Phuong trinh D’Alembert cho thé tir vector:

—> @2 A —>
AA— ue —uJ
HE — M

CuuDuongThanCong.com EM _Ch4 https://fb.com/tailieudientucntt
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* d) Ptrinh D’Alembert cho thé vé huéng:

R

24 (3) :

5, =divD = ediv(—gradp— 22

a s
—)=—c.Ap—c—(dIVA
at) @ at( )

9
<*Dung diéu ki¢n Lorentz : div A+ ue %@ =0

2 &%p
atZ

=) O, = —EAQ+ us

>Phwong trinh D’Alembert cho thé dién vo hwéng

CuuDuongThanCong.com EM _Ch4 https://fb.com/tailieudientucntt 8
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* < Tong két:

i.  Thé dién o(t) thé tir X(t) théa phwong trinh truyén song:

5 1A o
AA— — 1]
v Ot? ~
1o  p

A — v
v v ot? E

: ‘ : 1
=) Truwong di€én tir bién thién lan truyén véi van toc: V = ——
. / LE
B) Hinh thanh song dién tuwr ) Ap dung trong vién théng

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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* ii. Nghiém phwong trinh truyén song:

- J(t—r/v)dV S
AM) =L | (t—r/v) :
A r
-
_ =P
(D(t)— J‘,Ov(t—l'/V)dV W " it
Are | r

= o(t)and A(t) : goi 13 thé cham.

CuuDuongThanCong .com EM _Ch 4 https://fb.com/tailieudientucntt
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4.2 Trwong dién tir bién thién diéu

!'_ hoa

EM-Ch4

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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* a) Gioi thiéu:

<% La truong dién tir bién thién diéu hoa theo thoi gian.
E(x.y,z,t) = E_ (X, Y,2)cos[at + v, (X, Y, 2)]E
+ E,, (X, y,2)cos[ot + vy, (X, Y, 2)]a,
+E_(X,y,z)cos[aot + v, (X, Y, 2)]a,

¢ Trwong di€n tir dieu hoa : thyce tién va tién ich.

==> Vi cac truong hop khac, dung phan tich Fourier.

CuuDuongThanCong.com EM _Ch4 https://fb.com/tailieudientucntt
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# b) Vector bién do phirc:

“* DPinh nghia: 1a ham phirc

Midntgian: E = E_ (2)cos[at + iy, (2)],

—_— 0

Kganphic:  E=E_(2)&"?3 =E_(2)Zy(2)4,

¢ Quan h¢ gitra gia tri tirc thoi va vector bién do phire :

E(z) < E(zt) = Re{E(2) * &}

oE(z,1) —
ot

CuuDuongThanCong .com EM _Ch4 https://fb.com/tailieudientucntt 1 3
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* VD 4.2.1: Vector bién dj phirc

“* Vidu 1: Cho trwong dié€n:

E(z,t) = 20cos(27.10°t —3z +30°).d, (\V/m)

—= E(2) =20.e ®e”F_ (V/m)

¢ Vi du 2: Cho vecto bién d¢ phirc trueong di€n :

E(z) =[100a, +20.30°4, |e

== (z,t) =100 cos(wt — 0, 212)d,
+20cos(wt — 0,21z +30%)a, (V/m)

CuuDuongThanCong .com EM _Ch4 https://fb.com/tailieudientucntt 14
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* c) Heé phwong trinh Maxwell dang phirc:

% O méi trwomg o , €, p = const , h¢ phmmg trinh Maxwell:

rotH =J+e<= rotH = (0'+ja)8)E

%

divE=p, /¢ diVE:pV/g

“* Va cac phuong trinh lién hé :
J=cE ;D=¢E ;B=pH

CuuDuongThanCong.com EM- Ch 4 https://fb.com/tailieudientucntt 15
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* “* VD 4.2.2: Dung hé pt Maxwell phirc

M&éi truong 6 = 0, p = py, € = &, ton tai trwong dién:

E(z,t) = 20sin(10°t —Bz)a, (V/m)
Timpva H(z,t) ?

0 Céch 1: Giai trwe tiép trong mién t (xem lai 1.7) .

0 Cach 2: Diing phirc: E(z,t) = E = 206 ™a_ (V/m)
) Yy

—_— —_— —_—

a a a

X

. y
—> TOtE =|0/0x  8ldy  8/6z| = j20B.e ¥ 3
0O 20.e ¥ 0

jou, L,

CuuDuongThanCong.com EM _Ch4 https://fb.com/tailieudientucntt 16
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* “* VD 4.2.2: Dung hé pt Maxwell phirc

—_— —_— —_—

d d a

X

. y
= rotH = OloX oloy 01z

i, W
 20B.e JV 0 0 ’
WLl

Chayla: rotH = jcosoﬁ = Jog, 20.e P73

z

- 2
_ OB ooy

Yy
— P=owrs, =10°/3.10° =1/3

— 1 —z/3=
= H=—-——.e"'"a
27T X

27w

CuuDuongThanCong .com EM _Ch4 https://fb.com/tailieudientucntt 17
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4.3 Séng dién tir phang don sic

!'_ (upw):

EM-Ch4

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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*a) Khai niém séng phiang don sic :

V.

Upw: la md hinh don giin
nhit ctia TPT diéu hoa.

E va H nim trén miit phang
vuong goc vai phwong lan
truyen ciia song phang

Do khdng c6 thanh phan theo
phwong truyén song, song
phang don siac thudc loai s6ng
dién tir ngang (TEM wave).

%
‘ Wave front
ff/ i
e
w1 O
E .
s} 7]
e /

Cac dai lwong dac trung cO cung bién do va hwéng trén mat

phing chira no.

==> Pon sdc

CuuDuongThanCong.com EM -Ch4
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* b) Phwong trinh ciia song phing :

< Gia sit moi trwong khao sat 1a tuyén tinh, dong nhat, ding
hwéng va khong nguon (p, =0).

Séng phang truyén theo phwong +z. Truong dién va tir 12 dicu
hoa va khong phu thudc vao bien X, V.

E=E. &, =E()cos[wt+y.(2)]4,

H=Hd, =H(z)cos[ot+y,, (2)]4,

=) Vectorphi: E = E(2)L . (2)d, = E.4,

H=H@) 2Ly, (2)a, =H.4,

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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* b) Phwong trinh ciia song phing :

rOtHZ(G+j(DS)E o . E}
. . = AE— jou(c+ joe)E=0

rotE=—jouH

- . R 2 _
And E=E(z).a, = gZIZE — Jou(o + joeg)E=0

E=Me " +M,e"” y=jou(c+joc) =a+jp
:> (hé sé truyén [m=1])
H — &e_yz MZ e"YZ J(D},l
n M M= — =n| L7
\ o+ jos

(tro'song [€2])

CuuDuongThanCong .com EM_Ch4 https://fb.com/tailieudientucntt 21
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* ¢) Cac diic trung ciia song phing :

upw = song tdi + song phan xa

- -
E=Me" +M,e"
H — &e—yz M2 a?

N N

CuuDuongThanCong.com

EM-Ch4
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* II. Vector phirc cua song tadi :

* Khi khong c6 phan xa :

M; = m;Ze,;=bién d¢/pha cua trwong dién tai z = 0.

E

E=Ed =Me™d, E
a:H.ay_Meva_Hevz
n

—_—

0 HO = Vector phire tai z = 0.

CuubDuongThanCong.com

EM-Ch4

https://fb.com/tailieudientucntt

23


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

* 11l. HE soO truyeén :

y=1/jop(o+ joe) =a+jp

L
—

== E = éoe‘yz =[m.e " L(p, —B2)]a,

2
o = attenuation const = — 20| 14 (ij —1| (Np/m)

c\lz\[

2
B = phase const = R i l-l—(g) +1| (rad/m)
C

CuuDuongThanCong .com EM _Ch4 https://fb.com/tailieudientucntt 24
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\/
0‘0

M@ ta sw thay doi bién d¢ trwong dién :

—_ Z axds [m]
-ED
-100
Electric field mtensity in distilled water (u, =1, £, =80, o=2x10 2 5m)
E [ Vnl
100

Sdr

\ P

r ami= [m]
':I. K J"B_rﬁ -—1, ;ﬁ :IE- 0. 05

-5dy

- 1':I':I

Elecmic eld mtensity i a pece of steak (n =1, & =47, a=217 5/m.)

CuuDuongThanCong.com EM _Ch4 https://fb.com/tailieudientucntt 25
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* IV. Tré song :

% La ti s0 bién d phirc trwong dién / bién do phirc trwong tir .

E 1o 1
n=— = dO_ IO e ()
0 Y \otjoe

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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* V. Quan h¢ gitra trweong dién va troeong tu:

[é’s X EJ

Ho1
N
E =1

—»

Hxag

S

CuuDuongThanCong.co

m

d. = Vector don vi truyén séng

EM-Ch4
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* “* VD 4.3.1: Quan hé trwong dién/tir

Cho E=[me (g, —B2)Jé,

Va: 8. =4a,; n=n|Lr

= H =" L(p,—Bz—1)a,

|

= Trong mién thoi gian:

E(z,t) =m,e ™ cos(at —Bz+,)a,

H(zt) = e cos(wt —Pz+ ¢, —7)d,

CuuDuongThanCong .com EM _Ch4 https://fb.com/tailieudientucntt 28
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* vi. Miit dongpha :

Pha ciia song phing — (ot —PBz+@,)

Mt ddng pha: (wt — Bz + ¢,) = const ; t = const

= Van toc mit dong pha cho béi:

= Trong chan khong va khong

khi:

v, =c=3.10° (m/s)

CuubDuongThanCong.com

M:it dong pha vudng goc truc Oz

Z1
Hy -ﬂEj i

EM-Ch4
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* Vil. Budc song:

X
-"'_-"'.E *-._l_r_-_
‘_,.f;r,;-n-r""..f" LT B
T .

2 LK. >4
(ot -z, + ) [ >‘IE'2
(wt-pz,+¢)

= Khoang céch giira 2 diém: (ot - f7,+¢,)— (ot -z, +¢) =27

= h=(2,-2,) ="

p

CuuDuongThanCong.com EM _Ch4 https://fb.com/tailieudientucntt
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viil. HE so ton hao:

d = tgO = the loss tangent = 7
0E

<101 : dién méi ton hao .
tgd = { > 10! : dan tot .
_ 10* +10* : trung gian .

jo 0 1
\o+joe \we-jo \/8\/]__]0

mm) | tg0 = tg(21)

CuuDuongThanCong.com EM- Ch 4 https://fb.com/tailieudientucntt 31
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* ix. PO tham dién phirc :

pit: JOE =0+ JoE

~

= | c=¢-jolo=¢,(c - jo/wg,)

y=jo\ue

CuuDuongThanCong .com EM- Ch 4 https://fb.com/tailieudientucntt
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* “* Do tham dién phirc cua vai vat liéu:

e =¢ (e - je") where g»=y/pg, and ¢, = 10%/36n

Material®

Lime stone wall
Dry marble
Brick wall
Cement
Concrete wall
Clear glass
Metalized glass
Lake water
Sea Water

Dry soll

Earth

EF

7.5
8.8
4
4-6
6.5
4-6
5.0
81
81
2.5
7 - 30

Y (mho/m) €"at1GHz
0.03 0.54
0.22
0.02 0.36
0.3
0.08 1.2
0.005 - 0.1
2.5 45
0.013 0.23
3.3 59

0.001-0.03 0.02-0.54

CuubDuongThanCong.com

https://fb.com/tailieudientucntt
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* X. D0 xuyén sau:

< La Khoang cach & : bién dd giam e = 0.368 .

*» Tai khoang cach 56 : trwong bi tri€t tiéu hoan toan.

CuuDuongThanCong.com EM- Ch4 https://fb.com/tailieudientucntt 34
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* “*VD 4.3.2: Tinh cac dac trung cia upw

Moi truomng dat khd c6 ¢ = 105 S/m, € = 5gy, pu = po. Tinh toéan
cac dai lwong a, p, Vp, A van tai tan so f = 100 kHz ?

Giai:

a) H@ so ton hao:

-5
tgh = — = B —=0.36
we 27*10°*5*(1/36x)*10

b) He so tit dan:

1
1 S _
O\ pho& =2 *10°1*5 it 0.0047

©0.0047

J2

CuuDuongThanCong.com EM _Ch4 https://fb.com/tailieudientucntt 35
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* VD 4.3.2: Tinh cac dac trung ctia upw (tt)

Moi truomng dat khd c6 ¢ = 105 S/m, € = 5gy, pu = po. Tinh toéan
cac dai lwong a, p, Vp, A van tai tan so f = 100 kHz ?

c) Heé so pha:

5= 20947 | 0367 +1=0.00477 (rad/m)
J2
d) Budc séng va van toc pha:
*1N°
A=2F 2T _1317m v, === 2770 g 317%10° (i)
B 0.00477 B 0.00477

e) Tré song:
)2 *10° *472*107'
0.000833+ j0.00477

CuuDuongThanCong.com EM _Ch4 https://fb.com/tailieudientucntt 36
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!'_ 4.4 Dinh ly Poynting:

EM-Ch4

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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:h a) Vector Poynting tirc thoi: -
" Pinhnghia: P=ExH (W/m?)

= Cong suit goi quamiit S : S

E

- o> >

P, = [[ExHd'S

E = Electric Field Vector
. A X oo 2 A H = Magnetic Field Vector
Cong suat go1 vao ben P = Poyniing Vecior (indicates direction of energy flow)
trong matkin S :

- > >

P, :—@SEdeS

CuubDuongThanCong.com

EM -Ch4 https://fb.com/tailieudientucntt
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* b) Pinh ly Poynting :

- > >

P, =—g ExHdS

——
-
o,

Po= [EJdV+ [ED+HE)IV | A

gl T———

-
—

P,= [EJaV +& [ L(ED+HB)dV

) PS = PJ -+ dd—V:/ (Dinh ly Poynting)

< P, = Cong suat tiéu tan dang nhiét trong V.

- > - -
W=1
2
CuuDu

anCong.com

https://fb.com/tailieudientucntt

(ED+HB)dV =W, + W_ =NLTBT tich liiy trong

39
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* g I’Tng dung: Lo vi ba

Mode Stirrer ~ Wave Guide

ﬂ.‘_
\

Magnetron Tube
 (source of radlation)

Oven Cavity

— Filter

Step-up Translormer

—_y= Power PI
S \_z—' "

CuuDuongThanCong.com EM _Ch 4 https://fb.com/tailieudientucntt 40
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:h c) Poi véi TPT bién thién diéu hoa:

( M

* Vector Poynting phirc: P=—<ExH;

\ S

(P.)=(P)4,

= <PS>:1EfnRe 1 <PS>:EHr2n Re n
2 n 2

CuuDuongThanCong.com EM _Ch4 https://fb.com/tailieudientucntt
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* d) Céng suat tiéu tan trung binh:

1

= Mat d cong suat tiéu tan trung binh: <p,>=— GEan

= Cong suat tiéu tan trung binh:

CuuDuongThanCong.com

_1 2
PJ—ELaEde [W]

EM -Ch4 https://fb.com/tailieudientucntt
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:h VD 4.4.1: Xac dinh cong suat

Truwong dién ciia song phang co bién d§ 250V/m va tan s6 1GHz
truyeén trong moi trweong ton hao co g, =2,5 vatgo =0,001. Tim
dd dan dién va mat d¢ cong suat tiéu tan trung binh ?

¢ Tir hé s0 ton hao:

107°

367

tand = — 0=O,OOl(27r><109)( ] 2,5 =1,39x107*(S/m)

W& &

o-r

% Mat d¢ cong suat tiéu tan trung binh:
1 .- 1

<P, >=>JE=>0FE’
2 2

- <P, >=%><(1,39><10_4)><2502 _ 434 (W /m)

CuuDuongThanCong.com EM _Ch4 https://fb.com/tailieudientucntt 4 3
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* VD 4.4.2: Vector Poynting ctua upw

Séng dtpds, tan so6 10MHz, truyén trong khéng khi theo phwong

+z, ¢0 vector bién do phirc thanh phan trwong dién:

E - [1ooax ; 2o.e1'20°ay}e—iﬁz (V/m)

a) Xac dinh cac thong so: pvan ?

b) Tim vector bién d¢ phic va gia tri tire thoi cia thanh phan
trueong tur ?

c) Xac dinh vector Poynting tirc thoi va trung binh ?

Giai :
a) Mbi truone khone khi hé s& oh B 2n.t  2m.10 T
g i p P V 3.10° 15

p
% MBoi trwong chan khong va khong khi (c =0, € = gy, L = Hp):

n= /J_(”“O —1207 =377 (Q)
JwEg,
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* VD 4.4.2: Vector Poynting ctiia upw (tt)

b) Séng truyén theo phwong +z, ¢6: 93 = 5.2

—>

H=— [a x[lOOa +20e%3 }e ’BZJ [ 206”8, +1003 ]e‘jﬁz

377

™ 7 T 0\ 100 7 T =
H ———COS(27t 10°'t—+2z+20")a, +—cos(2m.10 t—Ez)ay(A/m)

377 377

c) Gia tri tiee thoi cia truwong dién:

E

100cos(27.10"t — = z)a, +20cos(2m.10't — = z+20°)a, (V/m)

P= ExH [100 cos?(2m.107t - = 2) + 2% cos (2n.107t—%z+2O°)J52(W/m2

377 377

g

<P> = 1[1002 + 2 }ﬁz =13,84, (W/m?)

377 377
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* VD 4.4.3: Cong suat trung binh ctia upw

Séng dtpds, truyén trong méi truwong (o = 0, €, = const, [, = 1)
theo phwong +X, cO vector cwong d¢ trwong dién:

E =4sin(27.10"t—0,8x)d, (V/m)
a) Xac dinh vecto phirc trueong di€n va tir ?
b) Xac dinh vector Poynting trung binh ?

¢) Tinh cong suat trung binh géi qua dién tich 100 cm2 trén miit
phang 2x +y =57

Giai
a) Vecto phirc treong dién va tir: Séng truyén theo d, = a,

H¢é so truyén: y=o + jp =0 + jO,8 (1/m)

Troséng: 1= jou,/v=127.10"47.107/j0,8 =98,7 Q&
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* VD 4.4.3: Cong suat t.binh ctia upw (tt)

Vecto phirc truong dién: E = 4¢1°%3

z

Vecto phire treong tu:

H= 1[4 x4e°F ]=-0, 04053e™ %@, (A/m)

98,7

D) Vecto Poynting trung binh:
<P>=1Re ExH =1Re[4e™a,x -0,04053""a, |=0,08106a,(W/m?)

c) Cong suat trung binh géi qua miit S:

. I . .2a +a
P=[<P>dS=[<P>7,dS= [(0,081064,) Y dS
5 J5

P — (0,08106)—==S = (0, 08106)~=.100.10"* = 725 LW

V5 V5
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!'- 4.5 Tinh phan cuwc ciia song phing:

EM-Ch4
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* a) Khai niém:

< Tinh phan cwe Mo ta quy tich diém ngon cia vector cwong do
trweong dién Kkhi t thay doi.

*» Gia swr vector cwong do trwong dié€n :

E(z=0,t) = Acos(wt +¢,)ax+Bcos(wt +¢;)ay

' E, =A cosot.cosp, -sinet.sing,
' E, =B coswt.cosp; —sinet.sin g,

= E E
bat: o= ¢, -, — %+B—Z—2.cos® AX\By =sin° @
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* b) Phén cwc tuyén tinh (LIN) :

. E E B
“ Khio=0,n: mm) x4+ Y-0 —> E =+—F,
A B A

:> Hai thanh phan cung hay ngwoc pha.

:> Piém ngon ciia truong dién vé nén dwong thing.

If locus is a straight line
the wave is said to be
o' BT Hops B4 Linearly Polarized
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o E(z=0,t)=Acos(at+¢,)ax
==)> Phéin cuc tuyén tinh theo phwong x .
o E(z=0,t)=Bcos(wt+¢y)ay

==)> Phin cuc tuyén tinh theo phwong y.

CuuDuongThanCong.com EM _Ch4 https://fb.com/tailieudientucntt

51


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

* c) Phan cuc tron (CP) :
2

=
<+ KhiA=Band ®=+n/2: ) ,E;JFA? =1
:> Piém ngon ciia truong dién vé nén dwong tron .
vy b If locus is a circle the
~w s / wave is said to be
| () Circularly Polarized
55 (TR 0 |z —— i
Dy y -
\ a4 (A5
gt el S
=
Va3 [ D = % . Phan cwe tron phai (RCP) . Iiu--i__::'
@ =—7 :Phan ewe tron tréi (LCP) . @ -
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* d) Phan cuc ellipse (EP):
2

% IfAzBand ®=+n/2: F> 82 —1

:> Piém ngon ciia truong dlgn vé nén ellipse.

0 If locus is an ellipse the
wave is said to be
Q £ Ellipticallv Polarized
o

. [ @ =7 :Phan cuc ellipse phii (REP). s
Va: 2 S B
(} = — 7 : Phan cuec ellipse trai (LEP). - N
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Néu A= B va @ tly Y, ta c thé chuyén vé truwong hop trén dé co
phan cue ellipse.
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* < Tong ket cac loai phan cuec:

| é:z : Ex:AlgDA;Ey:BZ(DB

Néu upw lan truyén theo chiéu: { 3 Ey =ALp,; EZ =B/Zgp,

ay : Ez ZAZ¢A; Ex = BZ(”B

\

p=0o0r *trx Linear Polarization (LP)
A=0or B=0 Linear Polarization (LP)
A=B : ¢=7" > | Right-Hand Circular Polarization (RHCP)
A=B . ¢= —% Left-Hand Circular Polarization (LHCP)
O<gp<rm Right-Hand Elliptical Polarization (RHEP)
-1 <¢p<0 Left-Hand Elliptical Polarization (LHEP)
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$ VD 4.5.1: Phan cuec ciia séng phang

Séng dién tir bire xa tir anten co biéu thire truong dién:

E(z,t) =| E,o|cos(et —Bz)d, + | E,g| cos(at — Bz +5)a,

Xac dinh tinh phan cwc va vé dang qui tich E(O, t) cho :

a)
b)
C)
d)
e)

ExO
ExO
EXO
ExO
ExO

= 3V/m;
= 3V/m;
= 3V/m;
= 3V/m;
= 3V/m;

y0

=4\V//m: d=0°,
=4V/m; 6 = 180°,.
= 3V/m; & = 90°.

E,0| = 3V/m; & = — 90°.
E,ol = 4V/m; & = — 45°.

(HD: Thay t=0,T/4 ; T/2 ... va vé E(0,t) trén miit phiang xOy )
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$ VD 4.5.1: Phan cuc ciia séng phang (tt)

Séng dién tir bire xa tir anten co biéu thire truong dién:
E(z,t) = E,o|cos(wt —Bz)a, + | E [ cos(wt —Bz+6)a,

Xac dinh tinh phan cwc va vé dang qui tich E(O, t) cho :

a) |Exol=3V/m; |Eyo| =4V/m; 8 =0°.
b) |Exol=3VIm; |Eo| = 4V/m; 6 = 180°. )
C) |Eyol=3V/Im; Eyol = 3V/m; & = 90°. ¥ E-direction

d) [Exol=3V/m; |E,0] =3V/m; 6 =-90°.
€) |Exol =3VIM;|Ey| =4V/m; 6 = —45°.

t=0

X

a) Tuyén tinh

t="T/2
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$ VD 4.5.1: Phan cuc ciia séng phang (tt)

Séng dién tir bire xa tir anten co biéu thire truong dién:

E(z,t) =| E,o|cos(et —Bz)d, + | E,g| cos(at — Bz +5)a,

Xac dinh tinh phan cwc va vé dang qui tich E(O, t) cho :

a)
b)
C)
d)
e)

ExO
ExO
EXO
ExO
ExO

= 3V/m;
= 3V/m;
= 3V/m;
= 3V/m;

= 3V/m;

b) Tuyén tinh

Eyol =4V/m; 8 =0°.
E,ol = 4V/m; & = 180°.
E,ol = 3V/m; & = 90°.
E, 0 =3V/m; 6 = -90°.

Eyol = 4V/m; & = — 45,

E-direction

CuuDuongThanCong.com
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$ VD 4.5.1: Phan cuc ciia séng phang (tt)

Séng dién tir bire xa tir anten co biéu thire truong dién:
E(z,t) = E,o|cos(wt —Bz)a, + | E [ cos(wt —Bz+6)a,

Xac dinh tinh phan cwc va vé dang qui tich E(O, t) cho :

a) |Exol=3V/m; |Eyo| =4V/m; 8 =0°.
b) |Exol=3V/m; |Eo| = 4VIm; & = 180°. Ty
C) |Exol=3V/Im; |Eyo| =3V/m; 6 = 90°.

d) [Exol=3V/m; |E,0] =3V/m; 6 =-90°.
e) |Exol =3VIm; |Eo| = 4V/m; & = — 45°, ft=TP2

c) Tron tréi T E-direction
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$ VD 4.5.1: Phan cuc ciia séng phang (tt)

Séng dién tir bire xa tir anten co biéu thire truong dién:
E(z,t) = E,o|cos(wt —Bz)a, + | E [ cos(wt —Bz+6)a,

Xac dinh tinh phan cwc va vé dang qui tich E(O, t) cho :

a) |Exol=3V/m; |Eyo| =4V/m; 8 =0°.
b) |Exol=3VIm; |Eo| = 4V/m; 6 = 180°.
C) |Exol=3V/Im; |Eyo| =3V/m; 6 = 90°.

d) [Exol=3V/m; |E,0] =3V/m; 6 =-90°.
€) |Exol =3VIM;|Ey| =4V/m; 6 = —45°.

d) Tron phai
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$ VD 4.5.1: Phan cuc ciia séng phang (tt)

Séng dién tir bire xa tir anten co biéu thire truong dién:
E(z,t) = E,o|cos(wt —Bz)a, + | E [ cos(wt —Bz+6)a,

Xac dinh tinh phan cwc va vé dang qui tich E(O, t) cho :

a) |Exol=3V/m; |Eyo|=4V/m;d=0°. o
b) |Exol =3VIm; |Eq| = 4V/m; & = 180°. ol
C) |Exol=3VIm; |Eo| =3V/m; & =90°. 4

d) [Exol=3V/m; |E,0] =3V/m; 6 =-90°.
€) |Exol =3VIM;|Ey| =4V/m; 6 = —45°.

E-direction

e) Ellipse phai

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
EM 4 1



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

4.6 Séng phang trong moi trwong vt liéu:

I .

EM-Ch4
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* a) Dién moi ly twédng (lossless):
Khic=0 = y=\jou- jos= jo|us

o.oo =0 :Khong tat dan bién ds.

B =\ ue
Jop _ |4
\ Jos g

: Tré s6ng 1a so thue.

77:

Q: - = -
P g \ﬁ k—ﬁ -
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* * Luuy:

C6 tinh chat twong tw khi trong chan khéng va khong khi, chi
khac la & —> E VA Ly —> U

1

\ Ho&o

Van toc pha ciia séng trong chian khong = C =

==> v, trong di¢n mdily twong =

Mo

n trong chan khong = |2 =1207 =377 Q
€0

== n trong dién moéily twong — (L = (1207 = [2-377 O
gr gr

€
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* “ VD 4.6.1: UPW trong dién moi ly twong

Song phang don sic, truyén theo phwong +z , trong dién maoi ly
twong (L =1,, & =9), cO cwong df trwong tirtai z=0 :
—> —> -
H(z=0)=H|,_,=0.1cos(27.10°t) a, [am]
a) Tinh toan cac thong so diic trung ?
0) Tim trwong di€én chta song phang ?
Giai

a) Taco: B =\, & Kot =27r.108.3.3 108 = 27 [radim]
=2 o Imive— =10 mis ;5 n= |M1207 =407 (Q)
B Hrgr Sr

b) Vecto truong tir: H=0,l.e™.a, == E = 4n,e-jZRZ,a:

=> E(z,t) =47 cos(27.10°t —272) ;X [V/m]
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VD 4.6.2: UPW trong dién moi ly twéong

Cho trwong dién cua song -
phing trong dméi p = p, E =10sin(37.10°t — 72) ax [V/m]

a) Tim cac dai lwgng dac trung: B;Avav,?

D) Tim vecto cwong do trwong tir cia song phang ?
Giai

, 2
a) Taco: |f =71 fradm] /Iz—ﬂ:Z[m] V :%:3.108 [M/s]

Ib) P

b) Taco: 5o 2 iz 2
) as=a, ; E=10e"a,
- -

Do:a=0, n=jop,/jB=377 = H=(10/377)e ®(a,xax)

=> H = (10/377)SIN(37.10°t — zz) a, [Am]
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* b) Dién moi thue (lossy):

: O _
Khi ¢ #0 nhung: ¢ <<we . (— <10 1)
&

y:\/ja),u o+ Jog VN% K L ioJus
E

— 1 'GJ ”
\e

_

v'Twong tw dién moi Iy twéng chi khac 1a hé sé tiat dan khac 0.
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* c) Moi trwong din tot — Hiéu irng bé mat:

Khi o>> e (- >10)

W€
yz\/ja),u o+ Joe %/%20' 1+ ]
o=~ WO
:\/JawzalerJ V2
O+ Jog 20 - ou a5 (Q)
N o
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* ** Hiéu irng bé mat :

% Xét day dan ban kinh 1a a, chiéu dai £ va mang dong dién | .

I. Dong dién DC :

= Vector mat d§ dong phin bo déu .

* DPién tro DC:

f na’
R =L (@
L@ 1

v
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* ii. Dong AC tan so cao:

= Dong dién tap trung trén hinh vanh
khin, d9 day 8 — gyin Effect

I cos(wt)

* Di¢n tré bé mat xic dinh : T
I '
1 nfu -3 |
Rs = Re{n good conductor} o e LS ‘
(76 o - a X
)
RS
* Pién tro AC: RAC =(—S (Q)
27ma
R

* Vi day din 13 ban phing, rong w va dai {; |R ac =74 — (Q2)
W
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VD 4.6.3: UPW & méi truong dan tot

Séng dtpds truyén trong méi truomg (o = 10 (S/m), € = g, , p =
cé vecto c¢do trwong tir: _
Lo) CO vecto e¢dd truong tir H1,_,= 0.75¢08(27.10°t)a. [Alm]

a) CMR moi truong 1a dan tot ¢ tan s6 khio sat ?
b) Tim vector cwong do truwong dién ?

Giai
a) Tinh hé so ton hao:
d=2 __ 9 _ 10 =200 >>1
WE WE,E, 1082”(X109j9
367

"Tact: o= f=\Joucl2=27.10°47.107.10/2 = 207
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:h VD 4.6.3: UPW & méi truomng dén tot (tt)

Séng dtpds truyén trong méi truong (o = 10 (S/m), e = 9¢,, p =
co vecto c¢dd trwong tir: _
o) CO vecto cd truong tir H |Z:0: 0.75 COS(27r.108.t)ay [A/m]

a) CMR méi truong 1a din tot & tan s6 khao sat ?
b) Tim vector cwong d¢ trwong dién ?

Giai

D) Xac dinh vector cwong d¢ trwong dién:

8 —7
n= “H /45° = \/ 210 iéﬂ'lo /45° = 27[@4450 Q)
\/ o

— @ —

=) E = n k0,75.e’“2.e'iﬁz.ay) X a, ): 6,67 £450. e elBz g,

*Vay: |E=6.67e " c08(27.10°t - 207z + 7/4)d_[VIm]
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$ VD 4.6.4: UPW & méi truong dan tot

Song dtpds truyén trong moi truwong nudéce bién (o = 4 (S/m), € =
7280 , b = uo) co tl‘ll’(‘)’ng dién ti.li z=0: Eo :100 COS(ﬂ'lO?t)é [V/m]

a) CMR moi truong 1a din tot & tan so khao sat ?

b) Xac dinh a, B, v, A, nva6’7

c) Tim khoang Cach dé bién d¢ trwong dién con 1% gia tri ciia
NnNotaiz=07?

d) Xac dinh vector cwong do trwong dién va tir tai z = 0,8m?

Giai
a) Tinh hé so ton hao:

o o 4
d = = — 1 = 200 >>1 |:> MO' trlr()’ng

e WE,E, 10" 1 (3— %x107° ]72 dan tOt

6
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:I! VD 4.6.4: UPW & méi truomng din tot (tt)

D) Tinh cac hé sO a, B, Vp, A, M va o :

= o = 5n10° €rnx107 3 =8.89  (Np/m)

= f=a= 8, 89 (rad/m)

oouo*

Coa =

v, 2 BT 553,08 (m/s)
B 889
V=2 _27% 5207 (m)
B 889
wtu In ~
n=1+j .[—= =me* Q
O
1
s==__1 —-0,112 (M)
o 8,89
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* VD 4.6.4: UPW & méi truomng din tot (tt)

¢) Tinh khoang cach dé bién dp con 1% :

Cor e =(,01

e’ =100
az, =1n100
:—I 100 =—— 4605 =0,518m
o 8,89
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:h VD 4.6.4: UPW & méi truomng din tot (tt)

d) Xac dinh trwong dién & trwong tir tai z = 0,8m:
TeE, =100d, = E = (1004 )e “*e "
Taiz=08m: E=100e***e¢ /%3 =0,082¢ "3,

—> E 0,8;t =0,082cos 10"zt —7,11 &, (V/m)

1
/4

Va:|:|:

[4, x0,082e7!""'a,]=0,026e' "8,

—> H 0,8t =0,026c0s 10" 7t—7,9 &, (A/m)
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* d) Méi truong dan ly twéng:

Khi oc=w

Ta dung mé hinh nay khi méi truong cac dé dan dién vo cung lon.

— o —> 0, 7 —>0

~. S6ng dién tir khong ton tai bén trong moi truwong dan ly
twong.
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:I! VD 4.6.5: UPW é méi truong bat ky

Séng dtpds tan s6 3MHz truyén trong moi truwong (o = 1,5.10-%
(S/m), € = 3,2¢5, U = I4y). Xac dinh d, a, p van ?

Giai
a) Heé so ton hao:

*1 N4
d=tgf=—"—= 15710 —_=0.28
we  27*3*10°*3.2%8.842*10

b) Hé so tat dan va hé so pha: do d < 10 nén ta tinh a, p theo:

o[Tie = 27*3%10°\ %32 —
3*10

=0.1124

0.1124

J2

— JN1+0.282 —1=0.0156 (Np/m)
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:I! VD 4.6.5: UPW é mdi truong bat ky (tt)

Séng dtpds tan s6 3MHz truyén trong moi truwong (o = 1,5.10-%
(S/m), € = 3,2¢5, U = I4y). Xac dinh d, a, p van ?
Giai
c) Heé so pha:
1124

0.
SN
d) Tré song:
B j27r"‘3"‘106"‘47["‘10_7
0.0156 + j0.1135

J31+0.28% +1=0.1135 (rad/m)

=206.75,7.826° Q

7
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:h VD 4.6.6: UPW é méi truong bat ky

Séng dtpds, tan s6 2,45 GHz, truyén theo phwong +z trong moi
trwong (U = Yy, € = g,(40-J14) ). Trwong dién hwéng theo phwong
+Xx va co bién d¢ E, tai z = 0.
a) Tim cac dai lwgng dic trung : o ; B; A;vyvan?
b) Tim vecto phire truomg dién va truong tir tal z bat Ky ?
c) TimE, biét cong suat tiéu tan trong hinh hop (canh 10cm) la
300 W ?
d) Tim méat d0 dong cong suit dién tir trung binh taiz =0 ?
Giai
a) Tacé: y=jo,u,d =205 ) J40— 14 =334.£80,35 =56+ 329,3 (m*)

3.10°

27 2rf
L =2=19 (mm) v, =2"=4,67.10" (m/s)

7= f e =58/9,6° =57,1+ 9,66 ()

40
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* VD 4.6.6: UPW & mdi truong bat ky (tt)

2 -
b) Vecto phirc trudmg diéntaiz=0: [Eo=FE aj

S L o
—>E=Eo.e™” =Ee™e" ax

-S>
“Conva ds=4d; ,taco:

H=2|d xE |=
A

CuubDuongThanCong.com
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_e-aze-JBze-J9,6 ay
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:h VD 4.6.6: UPW & mdi truong bat ky (tt)

c) Cong suat tiéu tan trung binh trong hinh hdp :

10cm
1

. 1 2 . 1 2 ~—201 . 2 202
P_ELaEde_ELJEO.e dV = 0E; S Oje dz

1 Ao P
P=—0E.S.(1-e7%) = E, =

“ Twé,taco: o=14mwg,=14.2n.2,45.10°.8,842.10-1>=1,9 S/m.

4.56.300
o \/1 9.10%(1—e***®) — Lo vim)
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* VD 4.6.6: UPW & mdi truong bat ky (tt)

d) Mat d dong cong suit dién tir trung binh taiz=0 :

2
P >=tpzReld |1 U880 0.6°) = 30042,3 (Wim?)
20 T2 58
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