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Chuong 1 .

KHAI NIEM VA PHUONG TRINH
CO BAN CUA TRUONG PIEN TU
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Mon Truwong Dién Tw - Lop Hoc lai

1 Hé toa do:
h, h, hy di=h,du,a,+h,du,a,+h,du,a,
D 1 1 1 dS,=+h,h,du,du,a,
T 1 r - dS,=+h.h,du,du,a,
C 1 r rsind E:ihlhzdulduzi
hy, hy, hs @ hé s6 Larmor | dV=h,h,h.du,du,du,

 Toan twr gradient (erad):
Dao ham
100 o 1 1 0p op : S —
E)radgo h, au, a,+ h, ou, a hy 5u3aj co huong { grad@a}
) Toan tir Divergence (div):

.~ [a(hheAy) 4 a(hghiA,) |, a(hgh,Ag) S — . -
[d'VA— h1h2h3|: TR TR TR ﬂ &A\—Ala1+A2a2+A3a3}
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. Toan tir Rotation (rot):

4 — — . —

hlal h2 a2 h3a3
rOtA: h1h12h3 aﬁl % % &A\:Al a‘1 +A2 a‘2 +A3 aB\J
k hlAl h2A2 h3A3 /

J Toan tir Laplace (A):

O Tdc dung lén vo huong :
Ap=div(grad ) J

)
— 1 o ( hahs op o [ hshy oo o (hh, oo
= \qu h1h2h2|:6u1( h, 6u1)+8u2( h, ou, +59_3’ hy dug

® Tdc dung lén vecto :

[Agzgrad(divg)—rot(rotg)}
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J_Mat do dién tich:

© Mar d§ din tich khdi:  p, =g (&)
® Mt dp dién tich mat : Ps:g_g (%)
© Mgt 4 dign tich dai :  |p,=% (<)

 Vecto mdt do dong dién:

O Vecto mdt dp dong dién khoi (din):

(&) :ﬁ: Sid_s':iﬁ—ﬂ (A)

@ Vecto mdt dé dong dién mdt (din):

() = 1=[, 13 ol (A
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Dién moi trong trivong dién:

O Vecto cuong dp trwong dién : | E (Y
® Vecto cam iing dién: |D=gcE (_)
© Dj thim di¢n ciia méi truwong : =€,y ()

@ Vecto phin cuc dién : | |3:£g—80)E | (CZ)

m

Tir moi trong trwong tir.

—

O Vecto cwong dj truwong tir: | H (%)
® lecto cam rng tir: E:Iuﬁ (T)

© Dj tham tir ciia méi trwong : | 1=, L, (%)
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) Moi trwong din trong trwong dién:

O Vecto cwong do truwong dién : (%)

@ Dinh lugt Ohm: (2)
m

© Dj din di¢n ciia méitruomg : |0 | (5

® Mgt dj CSTT : p ~JE=cE?| (%)

) Dinh ludt bdao toan dién tich — phwwong trinh lién tuc:

O Dang tich phdin :

<_[>st_ d—‘ﬂ

® Dang vi phdan — phwong trinh lién tuc:
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2 Pinh luit Gauss vé dién:

O Dang tich phéin :
§,Dd5=a.

® Dang vi phin :
[diVBZpJ

2 Dinh luit Gauss vé tir:

O Dang tich phdin :
[ Ead_s’:o}
S

® Dang vi phan :
divB=0
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 Dinh ludt Ampeére:

O Dang tich phdin :

g0

® Dang vi phin :

[ rotﬁ:ﬂ

 Dinh ludt cam wrng dién tie Faraday:

O Dang tich phdin :
== 4o _ 4[5

® Dang vi phan :
rOtE=-28 sy

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


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

&N Mon Truong Pién Tir - Lop Hoc lai

) Dong dién dich:
;=8
_>(_> N _

1 Hé phwong trinh Maxwell: n\Dl'Dz)_ps A
o S
rotH=J+28  (I) n(B,-B, )=0
rotE=-2 (11 ﬁ[jl_fz):- P

divD= 111 S ——

B pV ( ] nX(Hl-HZ):JS
divB=0 (IV) o
S nX(El-Ez):O

1 Diéu kien bieén:

> Quy woc:
ni(2)> ()

i =nxt
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MO HINH TOAN CUA TRUONG PIEN TU

rotH=J+22 (1)
rotE:-a—B )
div D:pV (111)
divB=0 (1IV)
div = -2

oo
I

|
=

Q

m| x| mi
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Chuong 2 -
TRUONG DPIEN TINH
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Mo hinh toan:

rotE=0
divD=p

D=¢E

DPinh nghia thé vo hwong:

Elr_E2r =0

Dln _D2n — s

E=-gradp = do—Fdi| = ¢=-[Edi+C

©® Chon goc thé ¢, doi voi hé ky thudt

® Chon goc thé ¢,,doi véi hé hitu han

B—»—»

= P, (pB— Edl

CuuDuongThanCong.com

Pa~ Ig “Edl

Edl

https://fb.com/tailieudientucntt


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

& Moén Truong Pién Tir - Lép Hoc lai

Phwong trinh Poisson Laplace:

A@=-"| (Phuong trinh Poisson)

e
Ap=0 (Phuong trinh Laplace)
Diéu kién bién:

0,=0,

o 00 oy
€ on 7€ 50 P

001 4 09y —
61:+8r _O

Tinh _chdt vit din trong trwong dién tinh:

E=0 | ¢=const

E—

p=0 Ezgﬁ
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1 Dién dung:

1 Dién moi trong triwong dién tinh:

P =-divP

(Pién tich lién két)
Ok :_Pln +P2n

J Nang lwong trwong dién:

é ——
W, =1 EDdV=1 eE2dV

(Trong toan khong gian c6 truong)

(Trong thé tich V)

ke
|

(Trong tu di¢n)
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Phwong phap dung mat Gauss tinh triwong dién:

Dinh ludt Gauss vé dién: (ﬁ BTS:q*
S

Pham vi str dung : doi xurng cau, tru hoac phang

B D, 5 D, ds, —
Jg ds B> mat = g D3
j 3 2 Gauss /75, 4
> RO e ,
as I ssY® 1 g s L, S
ds 1 e o WL =
— : +"_‘. - : H‘ ¥ A + 18 + +08P + 3
_[; " ~|" | L AT T e o
\ ’Sl 23 l
dsl y ‘,’, o ' __‘. { 52
N
< - miit Gauss Y
mat Gauss D, . 2 2

S: D//dS, D = const S,: D//dS, D=const S,; DLdS
S,,; D1dS S,,: DI/dS, D=const
(C): D.S=q" S=4mr’
Ketqui: | (T): DS=q S,=2ml
(P): DS.=q S,=S,+S,=25,
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Phwong phdp dinh ludt Gauss dang vi phdn — Bai todn tu dién: [diVB = p}

Do tinh déi xirng: B:D(X)K (P), B:D(r)f (T, C)
A'p dung: divD = o, (p=10 néu khong cho )

Cé dugc phwong trinh vi phin: ®% = 5 (P)_%d[fD(r)] = p, (T)L drom] _ 0, (C)

dr dr

Giai phwong trinh vi phdn = xudt hién 01 hang s6 = tim h&ng $6?
Tinh hiéu thé dién giiva hai bin cwc:

»bancucO

U - JbancucU de (P) Vél E = %
~bancucO
U - JbancucU Edr (T’C)

e

Tinh dwoc hang sé theo U= Vecto cdim irng dién D
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Phwong phap dung phwrong trinh Poisson — Laplace (g=const):

Do tinh déi xung: |\ p=p(X) (P), o=¢() (T, C)
Ap dung: A(P:'% (0= 0 néu khéng cho) = Ap=0

Co dwoc phwong trinh vi phan:

Giai phwong trinh vi phan = xudt hién cdac hang so = tim cdac hang so?
Ap dung cdc diéu ki¢n bién: % tg, 2= -4 5% =()
p dung . PP 78 5y TS 1

C6 thé ding tdi tinh chit vat ly : @ phai hitu han

Tinh dwoc hing s6 = thé di¢n = truwong di¢gn: | E = —grade
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Chuong 3 -
TRUONG DPIEN TU DUNG
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J Mo hinh toan cua truwong dién dirng :

rotE = 0 D=¢cE

divD=p, | j= oE
divJ=0

) Pinh nghia thé vé hwding:
[E:-grad(p} — [dq):-Ed_i} = [(pZ- EdI+C ]

©® Chon goc thé ¢, doi voi hé ky thudt

® Chon goc thé ¢,,doi véi hé hitu han

B—— 0C ——
=N [(pA-(pB= AEdl} [(pAZ : Edl}

A
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 Dién tré cach dién va cong sudt tiéu tin P, :

+ Trong moi trwong dan cé dong dién (dong ro):

[lz _JdS= SleS}(A)

+ Dién tré (dién tré cdch dién) : R=Y (Q)

+ Dign dén (dién dén ro) : G=L= ;} (%)

+ Cong sudt tiéu tin P;. P.=| JEAV = U|:R|2}

T AY
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Phwong phap giai bai toan truwong dién dung - dang tu dién . [ divl =0 }

Do tinh doi ximg: | j=)(x)i_|(P)| J=J(n)i_ (T, C)
Ap dyng: | div] =0
Cé dwgc phwong trinh vi phin: | “% = Q (P),2 d[ IrJ(r)] =0(T), [ZJ“)} -0 (C)

Gidi phwong trinh vi phéin ;| J(X)=A (P),J(r)=2/(T),J(r) =A2 (C)
Tinh hiéu thé dién giiva hai bin cwc:

»bancucO

U= JbancucU Edx (P) Voi:l E =2
»bancucO Y
U= Edr (T,C)
o bancucU

Tinh dwoc hang sé theo U= Vecto mdt dj dong di¢n J
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Nang lwong truwong tw :

W =32 j BHdV (Trong toan khong gian cé trurdong)
Vo

m

W. =1 j gﬁdv (Trong thé tich V)
m 2 v

A\

m

1Ll 2| (Tinh theo dién cam)

DPién cam .

— O — 2W,
L=%F==7" (H)
— 2W N 2
L. = —p | (Dién cam trong)
2W A 9 N e
Lng - I;n = | (DPién cam ngoai)
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 Phwong phap dung dinh ludt Ampeére tinh triwvong tir .

+ Doi xiwrng tru: [H:H(r)m

Fi n
H=const
+ Ap dung DL Ampére: . @ " 4 |
<j> Hdl=1" = H.2ar=I"
C 1,

:[ H: ZI;r }
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Chuong 4 .
TRUONG PIEN TU BIEN THIEN
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Trwong dién tir bién thién dieu hoa:

X = X cos(ot+t¥ )a, + X cos(att? )a + X  cos(wtt'V,)a,
Y = [CEE P (G () 2 \=Ra( X elot
X=Re(X, ™ a +X e Va +X e a )=Re(Xe™)

X=X altg ¥y o Mg

X=X & ratX e a +X e"a,

X = Re{X.e"'}

rot H=(o+jwe) E
- . H¢ PT Maxwell

rotE=-jop H dang phirc

mvE:S

divH =0
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Vecto Poynting phirc — vecto Poynting trung binh, mat do trung binh

- . <p1>

P %E x H EZ :Ean+Er2ny+Eﬁu
ST ey e b,

(v
ﬂ>%

2

N|I—\

~

(P)=Re{P}

-l>||—\

3[\)

\

Song dién twr phén;z don sic

{ E=M,e™*+M, e =E* +E"

._M Kz M, Kz _ .+ .—
H=ze™"-72e"=H -H
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Song diéen tw phﬁng don sdc -

i

e vz MZ e7/z

{ E=M,e7*+M, e *=E* +E

H* -H-

O Hg¢ so truyén: :7/:\/jmu(g+jmg):a+jﬁ(%), OL(%), B(%)
v,=p (%)

® Vin toc pha:

O Tro song:

© Buodc song:

—‘“’“ J;figg 2,20 (Q)

@ W&,

0\2

7

\

1+[
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Song dien tw phﬁng don sic trong dién moi ly twong

© H¢ so truyén: 7/:\/1-0)!4 j(DS):ja) El (%)’ 0=0, P=w /8,11
® Vin toc pha: |V :Q:E:V ()

© Budc song: }\,: 2m :% (m)

® 1rd song: n= \/7 1207 He Z,eR (Q)

& Bzt+da, (XL
© Phin béso’ng* E(Z’t) EmCOS((Dt Pz ¢)a (m)

H(z,t)=5= cos(wt-pz+@)ay (£)
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Song dien tw phéng don sic trong moi truong dan tot -

© H¢ sé truyén: Y= j(DLlU:>0L:B= /szo

V —0Z—0 = /20

® Vin toc pha: o dt — B o

© Budc song: A=2=2m WZG

O Trosong: | p= ﬁmso Z, 45
E(z,t)=E e *cos(ot-Pz+d)ax (L)
H(z,t)=2 e cos(ot-pz+g ~ 45" )ay ()

0 0 1R -1 [_2
® D¢ xuyén sdu: |\ " / oo
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Mot 5O cong thwe khac dung cho song phagng don sdc

© Phuwong chiéu truyén séng va hé sé pha:

[7=a+ jﬂ} W E—E e’™

@ Tinh truwong tiv khi biét truwong dién:

[ﬁ=%[£XE} [r:xax+yay+zaZ

© Tinh trwong di¢n khi biét truong tiv:

[E =n[H x a, ]}
O Vecto Poynting trung binh:

(R)=3IFF Refrb=3|EF Re) |
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Chuong 5 .

BUC XA PIEN TU
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J Phdn bo song ¢ mién xa cua nguyén to anten thang:

o ( \
H, = 0 Zy.sind _-jkr k — o
¢ =" € . v
( R
E u J Ly .sind -Jkr B
€ 2Ar L 77 — )

J Cong sudt birc xa - Dién tré birc xa ciia nguyén 16 anten thigng :

B =2ZM2(4) ] | Rye=22Z (%) ]

J Cwong do birc xa - cwong do birc xa chuin:

u(0.¢)=(R)r*| | u,(6.4)=

Do dinh huwong:

A 70U L 47fUmax
D _I j I:)bx
u.sin8ded ¢
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Chuong 6 -

ONG DAN SONG
VA HOP CONG HUONG
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Kiéu song t6i TE,, trong ODS hinh chi nhit:

H, =Ccos( ™= )cos( ™= e 5
. TE™ B
— JBC mn mnx nny \ o-IBz
Hyx =5 MEsin( =2 )cos( > )e ) )
oK Ke=(%) +(%) =P to’en
- y — JIEZ nt;I COS( mimx )Sln( niy )e JBZ

BB = /(2)? = (2)% — (1)?

E.=0; Ex=Z,, Hy: Ey_-zTEHX

Kiéu song toi M, trong ODS hinh chir nhat:

E. =Csin( ™= )sin( % e S _8
. —_JBC mn mmx nwy Bz ™ o
=- COS sin 8 |
e Loty ).B KE=(3) +(3) =B o’
Ey =-35 sin( 2= )cos( %> )e™
L BB = /()" — ()" = ()’

H.=0; Ex =2, Hy Ey=-Z,, Hx
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a Biéu kién dé song khong bi tit dan trong ODS:

f>f ‘V\/m He)’ =°°‘“\

\
/I-V < A= :
L i «/( my? +(h )? )
) H¢ sé pha:

BB = CEY (8 |

 Bwdc song:

[kmnzﬁzﬁ }

) Tro song:
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Chuc cac ban dat két qud tot
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