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Chuong 0:
GIAI TICH VECTOR

CHUONG O:
GIAI TICH VECTOR

60-1dv-/¢

o Trong khong gian 3 chiéu, 3 ho mit cong doc lap:

fl(xayaz) - 111;f2(xa)/,2) = uz;f3(x,y,z) = udi

© 3 mat u,=const; u,=const; u,=const la cac mat toa do.
Chon goc toa do lam chuan.

o Hai mit toa do cit nhau theo 1 duong goi 1a dudng toa do.

—_ —> —

o 3 vector don vi i;,1,,I;, xac dinh hudng.
o H¢ toa d§ cong — truc giao — thuan:

— —_— — — —_— —_ — — e

L =1, Xlisl, =1L, X153, =1, X1, ° |
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CHUONG O:
GIAI TICH VECTOR

dl ,dl,,dl, 1a nhitng yéu t6 dai trén cac duong toa do
Céc hé s6 h,, h,, h, 1a cac hé s6 Larmor

dl, = hdu,,dl, = h,du,,dl, = h,du,
oy., ,0z., .
= Iy (1 (E =1,2,3
\/( ) (aui +(8ul.) i

P6i véi toa do truc giao, yéu t dai:
di* = di* +di> +dI’
Trong hé toa do Descartes:

dli* =dx* + dy2 + dz*

60-1dy-£¢

CHUONG O0:
GIAI TiICH VECTOR

Trong hé toa do cong true giao:
Vector dich chuyén: dl = hdu, l + h,du, l + h,du, l

Yéu tb dién tich: dSl — h2 h3du2du3
ds, = hhdu,du,
dsS, = hh,du du,

60-1dv-LT

Yéu té thé tich: dV = dl dl,dl, = hh,hdu,du,du,
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CHUONG O0:
GIAI TiCH VECTOR

Hé toa do Descartes:
U, =X =constsu, =y = constsu, = z = const

Gbc toa do 1a giao dlem 3 mat phang x=0,y=0,z=0
Vectordonvi: 1, =1 31, =1 ,l =1

—_ —_ _— — —_ _— — —_ —_—

[, =1,%Xi 31, =i Xi3l =1 %I

Vector don vi dich chuyén:
dl = dxi,+dyi, +dzi,
dl = \J(dx* + dy* + dz*)

60-1dy-£¢

CHUONG O0:
GIAI TICH VECTOR

H¢ s6 Larmor: &, =13h, =154, =1

Yéu té dién tich:  d Sj = idydza
dS, = tdzdxi,
dS =+dxdyi.

Yéu t thé tich: dV = dxdydz

Vector v1 tri: = xz + yz + Zl

60-1dy-£¢
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CHUONG O:
GIAI TICH VECTOR

H¢ toa do tru:
R = const;¢ = const;z = const

—_ —_ _ — —_ _— — —_ —_
. . .

Vector don vi: |i, =1, X151, =1 X131 =1, X1,

x=Rcosg;y=Rsing;z=z

Vector don vi dich chuyén:
dl = dRi, + Rdgi, + dzi_
dl = \/(dR* + (Rd$)* + dz*)

CHUONG O0:
GIAI TICH VECTOR

Hé s6 Larmor: hl — 1;h2 = R;h3 =1

Yéu t6 dién tich: dS_]; =+ Rd¢dzg
dS, =+dzdRi,
dS. = +RdRdpi_

Yéu t6 thé tich: dV = RdRd¢dz

Vector vi tri xac dinh P(R,®,z): r=Ri, +zi
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CHUONG O:
GIAI TICH VECTOR

H¢ toa do cau:
r = const; 0 = const; ¢ = const

_ — — _ —> — — —

Vector don vi: |i, =i, xi,;
, $

lg =1, %1350, =1, X1,

x=rsinfcosg;y =rsinfdsing;z =rcosb

Vector don vi dich chuyén:

dl = dri, +rd@i, +rsin 0dgi,

dl = \/(drz +(rd0)* + (rsin 0dg)*)

60-1dy-£¢

CHUONG O0:
GIAI TICH VECTOR

Hé s6 Larmor:  h, =13k, =r;h, =rsiné

Yéuté dién tich: dS =+(rdO)(Rsin0dg)i.
dS, = +dr(rsin 0d¢)dRi,
dS, =+dr(rd0)i,

Yeéuto thé tich: ) = dr(rd«?)(r sin 0dg)

Vector vi tri xdc dinh P(1,0,0): 7 =71,
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CHUONG O:
GIAI TICH VECTOR

Xét2 vector A=A + Ai, + A4,i,
B=Bi +B,i, + B,i,

A=B< A =B;A, =B,;4, =B,

A+ B=(A+B,)i+(4,£B,)i,+(4,

md = mAI;1 + mAzg + mA3g
AB=BA= ‘ZHE‘COS(Z,E)
= A B, + A,B, + A,B,

60-1dy-£¢

CHUONG O:
GIAI TICH VECTOR
b
AxB=|4, A, A|=-BxA
Bl B2 B3

d(AB)=d A.B+ A.dB
d(ZxE) =dAxB+ AxdB

60-1dy-£¢
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CHUONG O:
GIAI TICH VECTOR

)-1dy-LT

Gradient 14 1 toan tir tac dung 1én 1 ham v6 huéng cho
ra 1 vector.
Xét ham vo huong V(u,,u,,u;)

dV = a—Va’u1 + a—Va’u2 + a—Vdu3
ou ou ou

— I - 2 3
dl = hdu i +hdu,i, +hdu,i,
Vector gradient ) = grachTl

1oV 1oV—- 10dV-—
gradV = ——i + I, + I,
h ou, ~ h,ou,  h, Ou,

CHUONG O0:
GIAI TICH VECTOR

60-1dv-LT

Toa do Descartes:
gradV = a—VZ + a—V? + a—VZ
Ox oy 7 0Oz

ovV— 10V—- oV-

radV = —i, +———i, +—1
s R* Rop" -

oV - 10V~ 1 oV -
gradV = —i +———i, +— i
or r 060 rsiné 0¢

Toa do tru:

Toa do cau:
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CHUONG O:
GIAI TICH VECTOR

Divergence tac dong lén 1 ham vector chora 1 vo

60-1dy-£¢

huéng C_f AdS
divA = lim 3
AV—=0 AV

Cong thu tinh:

divz _ 1 8(A1h2h3) N 6(A2h3h1) N 6(A3h1h2)
hh,h, ou, ou, ou,

CHUONG O:
GIAI TICH VECTOR

H¢ toa d6 Descartes

T

0A
divA = r 94

+—2+
ox oy Oz

H¢ toa do tru
~ 0A
divi =L OR4e) 164 | 04,
R OR R 0¢p Oz

Hé toa d6 cau
- 1a(r2Ar)+ I _0Gin04) 1 04y

divA = —
r-  or rsind 06 rsinf@ 0¢
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CHUONG O:
GIAI TICH VECTOR

N
Y
pd
°

Dinh 1y Divergence cho phép thay thé tich phan thé tich
bang tich phan mat & nguoc lai.

j div AdV = qf AdS
V S

CHUONG O0:
GIAI TICH VECTOR

60-1dy-£¢

Curl (Rotation) tac dong 1én 1 ham vector cho ra 1

vector. (Ef Ad]

curl A, = lim 2——
AS—0  AS

Cong thuc tinh:

hl il hZ i2 h3 i3

1 0 0 0

h,h,|Ou,  Ou, Ou,
Alhl AZ hZ A3 h3

curl A = = rot A

3
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CHUONG O0:

o Hé toa dd Descartes
i

X

0

GIAI TICH VECTOR

Ly

0

i

z

0

curl A =

S

ox Oy Oz
A, A, A
o Pinh ly Stroke cho phép thay thé tich phan mit bang

tich phan duong & nguoc lai.

J. rotﬂﬁ = C}g Zgl
C

— rot A

60-1dv-£2

Chuong 1:

CAC PINH LUAT CG BAN CUA

‘ TRUONG PIEN TU
O
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CHUONG ]:
CAC DINH LUAT CO BAN CUA

TRUONG PIEN TU

Dién tich thir q dat trong trudng dién chiu tac dung
cua luc F F
Cuong do truong dién E="¢ (V/m)

Dién mo1 bi phan cuc tronqg truong di€n, vector
phan cuc dién xac dinh trang thai phan cuc dién
moi tai mSi diém

AP

— (C/m?)
Y

AP i moment ludng cuwc dién cua dién méi thé tich AV

60-1dy-£¢

CHUONG ]:
CAC DINH LUAT CO BAN CUA
TRUONG DIEN TU

Vector cam 1’rng diénB duoc dinh nghia:

D=gE+P (Cim’) ¢

Trong méi trudng dang hu:0’ng
Py F
D= gOE + EOZQE: =(1+ ;(e)gof = EFEOE —¢E

“aroae O™

Xe do cam dién cua moi truong
&, do tham dién twong doi
E = & &, do tham dién tuyét doi

60-1dy-£¢
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CHUONG ]:
CAC DINH LUAT CO BAN CUA

TRUONG PIEN TU

Dién tich thir q ¢ chuyén dong vé1 van tdc v chiu tac
dungluctr F =qvxB

Vector cam ung tr g _ F, » (Max) X’ (Wb/m?)
- _ qv

L, vector don vj
Tt mo1 bi phan cuc bi phan cuc trong truong tu,
vector phan cuc tir xac dinh trang thai phan cuc tur
cuatumoi M A

(A/m)
M=lim

Am moment tir ciia dién méi thé tich AV

60-1dy-£¢

CHUONG ]:
CAC DINH LUAT CO BAN CUA
TRUONG PIEN TU
Vector cudng do truong tir:  H = B_ M (A/m)

; Ky
U, =47.107" (H/m)
Dbi véi moi trudng tuyén tinh, dang hudng:

M=y,H B=p(+y)H = H=pH

A, d6 cam tir ciia moi truong
)75 do tham tir twong doi
M= U L, dotham tir tuyét doi

60-1dy-£¢
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CHUONG ]: . . )
CAC DINH LUAT CO BAN CUA
TRUONG DIEN TU

60-1dy-£¢

Mat do dién tich khoi:
Aq

. C
g = deV p:lAlVg(!F (E)

Mat do dién tich mat:
. Ag C
= o= — (—
q=[ods limys )
S
Mat do dién tich dai:
Aq

_ e Ag  C
q_cj/idz 2=limL ()

Al—0

CHUONG ]: . ) :
CAC DINH LUAT CO BAN CUA
TRUONG DIEN TU

60-1dy-£¢

Cuong do dong dién I chay qua mat S:
A
I=lim’,, ®

At—0 A
Aq la dién tich chuyén qua S trong thoi gian At
Mat o dong dién: P‘ = limﬂ (Az)
) ) o As—0 AS m
Al cuong do dong dién chay qua AS ddt vuéng goc voi dong dién
Dong dién chay qua mit S bat ky:

lzﬁﬁ(m
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CHUONG ]:
CAC DINH LUAT CO BAN CUA

TRUONG PIEN TU

J lién hé voi cuong do truong dién £
J = v E (Pinh lugt Ohm dang vi phan)
Y
Y la do dan dién ciia méi truong  (S/m)
Mat d6 cOng sudt tiéu tan py (W/m’)
D, = J E (Pinh ludt Jule-Lenz dang vi phdn)

60-1dy-£¢

CHUONG ]:
CAC BINH LUAT CO BAN CUA
TRUONG DIEN TU

Pinh luat bao toan dién tich:

60-1dv-LT

“Dién tich trong mot hé co lap vé dién khoéng thay doi”
Néu dién tich q phan b6 trong thé tich V giam mdt luong
-dq trong thoi gian dt thi s€ co6 mdt dong dién chay ra

ngoai mit S bao quanh thé tich V

pdV N

_{ias ¢

divJ +—

op 0
ot

<j JdS j divJdVv

V' (Phwong trinh lién tuc)
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CHUONG ]:
CAC DINH LUAT CO BAN CUA

TRUONG PIEN TU

60-1dvy-LT

Dinh luat Gauss dbi véi truong dién:

“Thoéng lwong cua vector cam ung dién gui qua mdt
kin S bat ky bang tong cdc dién tich tw do phdn bé
trong thé tich V bao béi mdt S”

5 =

Gia su dién tich phan bo lién tuc trong Vo q = jpd V

Q)

DdS = jdszdV > divD=p

S

CHUONG ]:
CAC BINH LUAT CO BAN CUA
TRUONG DIEN TU

60-1dv-LT

Dinh luat cam ng dién tir Paraday:
“Sirc dién déng cam img cé gid tri bang va nguoc ddau
VOi toc do bién thién tir thong gui qua dién tich gioi

han boi vong day.” | .. _. —
q[Edl -4 jEdS

Néu mit tich phan S khong phu thudc thoi gian: — rdS J- @B ds

{Edi = [rotEdS||, 7 _ 0B

S ot
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CHUONG ]:
CAC DINH LUAT CO BAN CUA

TRUONG PIEN TU

60-1dvy-LT

Dinh luét luu sb Ampere — Maxwell:

“Luwru $6 cuia vector cwong do truong tir theo dwong kin C
tiy ¥ bang tong dai s6 cuong do cdc dong dién chdy
qua dién tich bao boi duwong kin C”

{Hdl =1, =I'
C K
Néu dong I chay qua dién tich S phéan bd lién tuc véi mat

% done T {51 = (rorHidS = [Jd5
S S
rotﬁ = 7
CHUONG ]:
CAC DINH LUAT CO BAN CUA
TRUONG DIEN TU
. it T Op
Vi dong dién bién doi: divJ = 8t =0 H
dp _ 0 D
divD = p = £ = = JivD = div(=—=
p="=7 ( )
dzv(3+a—D) 0

Dinh Iy Ampere-Maxwell ké dén dong dién dich:

. i~ 0D — .
{Hdi = j(J+—)dS ot H = J_|_8_D
C S ot
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CHUONG ]:
CAC DINH LUAT CO BAN CUA

TRUONG PIEN TU

60-1dvy-LT

Dinh luat Gauss doi véi truong tu:
“Théng lugng vector cam ung tir B (tir thong) giri qua mat
kin S bat ky luén luon bang khong.”
®, ={BdS =0
S

Ap dung dinh 1y Divergence:  {BdS = [divBdV =0
S

Vi thé tich V tuy ¥ nén: divB =0

DPuong suvc twr luén la cac duwong cong khép kin

CHUONG ]:
CAC BINH LUAT CO BAN CUA
TRUONG DIEN TU

60-1dv-LT

H¢ phuong trinh Maxwell:

rotH j+a—D rotlTT = _8_B
ot ot

divB =0 divD = Jo,

Trong méi truong dang hudng, tuyén tinh:

D=¢E;B=uH;J = yE

Luc Lorentz: |F = qE + q; X E
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CHUONG ]:
CAC DINH LUAT CO BAN CUA

TRUONG PIEN TU

60-1dvy-LT

Trwong dién tur tao boi nguon dién, nguon tir:

— EF——H — OB
rotH = J+%—D Ex H rotE——Jm—%—
L =T @
rotE = 0B D B rotH ob
= — H —_—
Ot De—5 Ot
divB =0 e——=~p |divD=0
divD = yo, p—=2-p, divB = P,
Nguon dién Ngudn tir
CHUONG ]:
CAC DINH LUAT CO BAN CUA
TRUONG PIEN TU
Dinh ly Pounting: g

Xét dién tich diém dq, luc dién tu’ F

F = dq(E + V% B)
Cong cua luc dién tir trong khoang dl-
dA = Fdl = dg(E +vx B)dl = dg Edl = dg Evdt
Dién tich phan b mat do khdi p: dg = pdV
dA == Jepy dA ——

== = pdV Ev = JEdV
dt " dt
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CHUONG ]:
CAC DINH LUAT CO BAN CUA
TRUONG DIEN TU

0-1dv-LT

Dién tich khoi mat do p chuyén dong van toc V tao nén
dong dién dan, mat do dong J thi cong suat truong dién
tir 461 v4i dong dién nay trong mién V

P = [JEdV

Mat do cong suat tiéu tan:

p =JE

Dinh nghia vector Pounting: |P=FEXxH

CHUONG ]:
CAC BINH LUAT CO BAN CUA
TRUONG DIEN TU

dv LT

divD = div(Bx ) = FrotF—FrotF = (T8 + TE+ 7;’@)

ot
—divP = ﬁ%_B JE+E 58_D Dinh ly Pounting dang vi phan
{ {

—[divPav = |JEdV + |(E== oD *aB )a’V
] [7Eav+ [(E

t

—d pPdS = [JEav + (* oD _’aB )dV
pds = [TEV + (B

Dinh ly Pounting dang tich phéan
Vector Pounting P con goi la vector mdt dé cong sudt

Cuubu |nngThqn{‘nng.r~nm

htfp:: [fb com/tailieudientucntt



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

CHUONG ]:
CAC DINH LUAT CO BAN CUA
TRUONG DIEN TU

60-1dvy-LT

Cong suét tiéu tan truong trong thé tich V J?Ed Vv
Cong suat bién doi cua niang lugng

truong dién tu chira trong V _[(E O D s ﬁ 0 B )dV
Ot
aw — 8D — 8B
Nang | t dign: — = V
ang luong truong dién: ” J (E - " )d
— 0 D — aB 0 —— 8 .
W= jk yﬂw_s—jﬂ (ED)+—(H B)dV

t=0V IOV

W:EﬁED+HBwV
V

CHUONG ]:
CAC DINH LUAT CO BAN CUA
TRUONG DPIEN TU
Nang lugng truong dién tap Nang lugng truong tur tap trung
trung trong thé tich V trong thé tich V
l (== ] ——

W =—\|EDdV (J W =—|\HBdV (J
= J” ) e ZVI )
Mat d6 nang lugng truong dién Mat d6 nang lugng truong tu

| —— j—
EED (J/m) Wf—EHB (J/m)

Dinh ly Pouting la dang phat biéu todn hoc ciia dinh ludt bdo toda va
chuyén hoa nang luong
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CHUONG ]:
CAC DINH LUAT CO BAN CUA

TRUONG PIEN TU
NA 40
> 7
Mo1 truong (1)
Moé1 truong (2) Mat bién X

o mat do dién tich mat trén mat bién 2

60-1dy-£¢

CHUONG ]:
CAC BINH LUAT CO BAN CUA
TRUONG DIEN TU

Diéu kién bién ddi voi thanh phan phap tuyén:

(D,, - D,, = 0o} {(n(D, - D,)= o},
{B,,~B,, =0}y {n(B, - B,) =0}y

oo o
Vi =2 :_E}Z {n(J,-J,)=- -

o mat do dién tich mat trén mat bién >

CuubDu |nngThan{‘nng.r~r\m htfp:: [fb com/tailieudientucntt
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CHUONG ]:
CAC DINH LUAT CO BAN CUA
TRUONG DIEN TU

o Diéu kién bién doi voi thanh phan tiép tuyén:

(E, = Ezt}z {nx(E1 —E2) =0}

60-1dv-£2

{H,-H, =Js}s {nx(Hi—H2)=Jg}

J s mét dé dong dién mat (A/m)

Chuong 2:
TRUONG PIEN TINH
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CHUONG 2:
TRUONG DPIEN TINH

Truong dién tir tinh 1a TDT khong thay d6i theo

60-1dvy-LT

thoi gian =~ 0 , trong d6 khong coé su chuyén

dong c6 hudng cua dién tich J=0

H¢ phuong trinh Maxwell cho TDT tinh:

rotH=0  rotE =0
divB=0  divD = o,
B=uH D=¢E
CHUONG 2:
TRUONG DPIEN TINH

Piéu kién bién cho TPT tinh:

{(n(B: — B2) = 0},
{I;X(ﬁl —ﬁz) =0}y

60-1dy-£¢

{12(1_51 —l_jz) =0}y
{I;X(El —Ez) =0}y

htfp:: [fb com/tailieudientucntt
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CHUONG 2:

TRUONG PIEN TINH q
Cong ctia lyc dién tinh:
A= (}Edl = jrotEdS 0 @
Xét dudmg cong C gdm 2 nhanh b
PaQ & QbP P
§ Edi= [Edi+ [Edi=0| | Edi= | Ed
PaQbP PaQ ObP PaQ PbQ

Cong a}q luc dién tinh kho‘ng phu thudc d:u’c‘fng dich
chuyén ma phu thudc diém dau va diém cuoi.

CHUONG 2:
TRUONG DPIEN TINH

60-1dy-£¢

Thé dién ¢ duoc dinh nghia E=-— grad

Ddu “-” néi lén quy woc E huéng theo chiéu giam
cua thé dién vo huong ¢
op , 0P,  0p
dp(x,y,z)=—dx+—dy+—dz
ox oy 0z
(a—¢7+6—¢l +a—l )(dxz +dyl +dzi. 2)
oy ° Oz

= grad¢.c7l = _FEdl
—.[Ec_ii+K

CuubDu |nngThan(‘nng.r~r\m htfp:: [fb com/tailieudientucntt
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CHUONG 2:
TRUONG DPIEN TINH

Hiéu dién thé giita 2 diém A, B:
B
P(A)—p(B) = [Ed
A

60-1dvy-LT

Néu chon thé dién chuan bing khong & vo cung,

(¢(0)=0 -

P(A) - () = [Ed
A

CHUONG 2:
TRUONG DPIEN TINH

60-1dv-LT

Truong dién cua dién tich diém q d6i xung cau:
E(r)= ~1,
4rer
Thé dién ta1 mo1 diém trén mat cau r=const

p(P)= [Edr=—1
> drer
Néu ¢6 hé gom n dién tich diém q:

1 & q = const
P(P) = : )
dre o,

wDu |nngThan(‘nng.r~r\m htfp:: [fb com/tailieudientucntt
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CHUONG 2:
TRUONG DPIEN TINH

VD: Tinh E D gpgay ra boi 1 truc dién A=const
nim trong moi truong dang hudng tuyén tinh
d6ng nhat vo han.

60-1dvy-LT

E(r)=—"—i, T
TIEY |
LI
o(r) = -2 In 20 - ™
2re v |
y _ — ]
Vo (0(1’0) 0 A = const
CHUONG 2:
TRUONG DPIEN TINH

Phuong trinh Poisson-Laplace:
Gia st méi truong dong nhit e=const: D = gE

divD = p _ '
— div(egradp) = edivgradp = —
E=—grado 0

Ap=—— Phuong trinh Poisson
E

0 =0= Ap =0 Phuong trinh Laplace

A: toan tu Laplace, trong toa d§ Descartes:
2 2 2
Ap= 0 (f 0 . 0 Q__P
o> oy 82 £

60-1dy-£¢
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CHUONG 2:
TRUONG DPIEN TINH

() -

Cac dieu kién bién doi véi ¢: 7(2)

Diéu kién bién lién tuc: {p =0, }Z

Diéu kién bién phap tuyén {52 0P, —& % = G}
on on 5

Piéu kién bién tiép tuyén: {8(01 = P, }
or 07 )y

60-1dvy-LT

]

CHUONG 2:
TRUONG DPIEN TINH

VD: Tim phan b cua thé ¢ gay ra boi dién tich ty do
phan bo theo quy luat sau: (h¢ toa do tru)

o, r=a
O = a O, =const, & =g,
-0,— I=b
Kez b
—Laln—-  0<r<a
& a
o b
p=<—aln—  a<r<b
& r
0 r>b

60-1dv-LT

CuubDu |nngThan(‘nng.r~nm htfp:: [fb com/tailieudientucntt
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CHUONG 2:
TRUONG DPIEN TINH

Vat dan bén trong truong dién tinh

Truong dién bén 1 trong vat dan:
J = 7E 0= E=0
Mat do dién tich tu do bén trong vat dan:
0= divD =0= p=0
Thé dién bén trong vat dan:
do = —Edl=0= @ = const
Truong dién trén mat vat dan:

D —-D, =0|—- -
1n 2n E_Zn
EIT_E2r_O &

60-1dy-£¢

CHUONG 2:
TRUONG DIEN TINH

Go1 U la theé cua 1 vat dan so v61 vo cung, Q 1a dién

tich vat ddn. Néu moi truong tuyén tinh:

o

= C dién dung vat dan ¢ 1ap
VD: Xét tudién Q, =—0, = [D.dS=0,+0, =0

S , N
¢, ¢,: la thé dién vatdan 1, 2
< % _cso

O =0, Q=@

60-1dv-LT

CuubDu |nngThan{‘nng.r~nm htfp:: [fb com/tailieudientucntt
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CHUONG 2:

TRUONG DIEN TINH
X¢ét hé n vat dan, vat dan i (i=1n) co:
Thé o,
Dién tich q;
Néu méi truong tuyén tinh
i = yij thé ql ]Z; ZJ(DJ dung
B, (i#): hé s6 thé twong hd Aj(i#): hé 50 dién dung tuong hd
gilta vét dan thir i&j gilta vat dan thiri&j
B..: hé s6 thé riéng cua vat ddn | Ayt hé s6 dién dung riéng cua it
thr i dan thur 1
CHUONG 2:
TRUONG DIEN TINH
n n n E
g, =2 A0, = D Ay, + D (-4, :
j=1 j=1 j=1
n J#i
q,=CU, + Z Cz'jUij Ci=2.4;
i—1 j=1

C;=-Aj;: dién dung b phén turong ho giita vat dan thr i&j
C,;: dién dung b0 phan riéng cua vat dan tht i

VD: 3 vat dan
q,=C U, +CU,+C U, Co=4,+4,+4;

q, =C, U, +CLU +CRU,  Cu=—4,
q; = CU;, + CLUs5, + CRU5,

CuubDu |nngThan(‘nng.r~nm htfp:: [fb com/tailieudientucntt
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CHUONG 2:
TRUONG DPIEN TINH

Dién moi trong truong dién tinh

Do bi phan cuc nén trudng dién khi co dién moi 14 tong:

Truong dién ngoai ban dau: gy boi dién tich tu do

60-1dy-£¢

Truong dién phu cua dién moi: giy ra béi dién tich lién

két cua dién moi.

Vector phan cyc dién: P=D—-¢g E

Mat do dién tich lien két: p, = —divP

CHUONG 2:
TRUONG DPIEN TINH

Nang luong truong dién

W, = [EDav
2V

1 n
w,= _Z%Qk
255

Nang luong tu dién

2
W, :lCUz :lq_
2 2C

60-1dy-£¢

CuubDu |nngThqn{‘nng.r~nm htfp:: [fb com/tailieudientucntt
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CHUONG 2:
TRUONG DPIEN TINH

Mt s6 phwong phap tinh bai toan tinh dién:

Pinh luat Gauss
Phuong trinh Laplace-Poisson
Phuong phap chong truong

Phuong phap thay thé bo

60-1dy-£¢

CHUONG 2:
TRUONG DPIEN TINH

Dinh luat Gauss:
<j.BZS::q<:>divB:p
Doi Xl’l’nSg cau 0 =p(r);D=D(r)i
Péi xtng tru @ =@(r); D= D(r).Z

Doi xtmg phing @ = (p(x);l_j = D(x).g

60-1dv-LT

CuubDu |nngThan(‘nng.r~r\m htfp:: [fb com/tailieudientucntt
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CHUONG 2:
TRUONG DPIEN TINH

60-1dv-£2

Phuong trinh Laplace-Poisson: (e=const)

Ap = _P Pt Poisson A@p =0 PtLaplace
£
Db xiing phing
d’
A= 2(290) api =1L 90 ap) =27
rodr dx
o=-218 o=Alnr+B ¢=Ax+B |
r e ;

CHUONG 2:
TRUONG DIEN TINH

60-1dv-/¢

Phwong phap chong truong:
o Hé n dién tich diém

:n Y ham _ocope . L ”ql.R?;
v ,Z::‘(pi 47&921. E_,Z::‘El_47zg; R’

o Dién tich phan bd lién tuc trong V,S,L

- —~ 1 (dqR
dg %— E= [ dE= j;

V(S,L) V(S,L) 47[8

L CuuDuongThanCong.com https:/fb.com/tailieudientucntt
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CHUONG 2:

TRUONG DIEN TINH
Phwong phap thay thé bo:
Truong dién cia dién tich diém & mit phang dan
Truong dién cua dién tich diém & qua cau dan

Truong dién cua dién tich dat gén mat phan chia
2 dién mo1

60-1dy-£¢

CHUONG 2:
TRUONG DPIEN TINH

Nguyén tic ciia phuong phap anh dién
LQai tror anh huong cua cac dién tich cam tng, lién
két
Pong nhat toan b khong gian, thém dién tich anh
Pam bdo diéu kién bién
Ap dl_n}g dinh ly duy nhat nghiém: nghiém khong
thay doi

P

0@ Do o4

60-1dy-£¢

CuubDu |nngThan(‘nng.r~r\m htfp:: [fb com/tailieudientucntt
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CHUONG 2:

TRUONG PIEN TINH
Truong dién cua dién tich diém & mit phéng dan i:
E) | @ Bl | (E
qrc ‘d :rl) q %q ::} L B
Piéu kién bién 0= q N q
drer, 4drer,
Suy ra q'=q,d'=d
CHUONG 2:
TRUONG DIEN TINH
Truong dién cua dién tich diém & qua cau dan f’;

| /__;\ . P;k
—f—— |

' ! | ' PE._.. o b iF,

p(P)=0e -2+ 2 g
drer, 4drer,

a Qa
b:— '\ =
d < d

Q
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CHUONG 2:
TRUONG DPIEN TINH

o Trudong dién cua dién tich dat gén mat phan chia 2 dién

mo1

«F g

60-1dv-£2

- 1q + o
@] '1]—1 ‘, /\:_I_-wér L dEl /;,‘]-E;*T dEz
= or E B2
v . E, ‘L qTLI E, °P
D, =- qzsina+ q125ina D, =- qzzsina
4rr 4rr 4rr
E . =- 9 2cosoz+chosa E21=—L2c0sa
Adrer Adrer drr
A 1AL 1A E—&, 2¢,
obiéu kién bién: ¢, = q.9, = q
& té&, & +é&,
Chuong 3:
TRUONG DIEN DUNG

L CuuDuongThanCong.com https:/fb.com/tailieudientucntt
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CHUONG 3:

TRUONG PIEN DUNG

Truong dién tir dimg 1a TDT khong thay d6i theo thoi

0

60-1dv-£2

gian — =0, c6 dong dién khong dbi véi mat do dong J
H¢ phuong trinh Maxwell cho TDT durng:

—_

—

J

rotH=J rotE=0
divB=0  divD = Yo,
B=uH D=¢E
=yE divJ =0

e

—_—

CHUONG 3:

TRUONG PIEN DUNG

60-1dv-£¢

Tach 2 nhém doc 1ap nhau: Truong tir dung & truong

dién dung.

Truong tir dung gdy boi dong dién dan khong doi

theo thoi gian.

rotH = j; divB = 0; B = ,uﬁ

Truong dién dung trong mdi trudng dan c6 dong dién

khong d6i.

rotE = 0; divJ = 0; J = yﬁ

Truong dién dung trong di€n moi ly tuong.

rotE = 0; divD = 0;5 —¢E
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CHUONG 3:
TRUONG PIEN DUNG

Truong dién dirng trong méi trueong dan:
Piéu kién dé duy tri dong dién khong d6i.
Thé dién v6 hudéng - Phuong trinh Laplace.
Diéu kién bién.
Dién trd - Dién dan — Cong suat tiéu tan.
S}r tuong tu gitra treong dién dung trong moi truong
dan voi1 truong dién tinh.

CHUONG 3:
TRUONG DIEN DUNG

Piéu kién dé duy tri dong dién khong doi:
MBoi truong dan phai khép kin qua 1 ngudn.
Nguon phai cung cap niang luong thudng xuyén, déu
dan.
Pinh luat Ohm: J = y(E +E)

Luc trudng ngoai ton tai trong cac ngudn
dién (pin, acquy) tac dong lén di¢n tich q
49 Truong luc ngoai phai 1a trudong luc
khong c6 tinh chat thé.

— F
E:S

N

CuubDu |nngThan(‘nng.r~nm htfpc; [fb com/tailieudientucntt
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CHUONG 3:
TRUONG DIEN DUNG

60-1dv-£2

Xét mach ddy dén tiét dién ngang nho, dién tich S, mang
dong dién khong do1 I dugce duy tri boi 1 ngudn.

< di={Edi+{Ed
C C
rotE =0=>q Edl =0 731:Jd1:édl
Pt X :iyj_é;;:?w

Rl =¢ @

CHUONG 3:
TRUONG PIEN DUNG

60-1dv-/¢

o Thé dién vo6 hudng ¢ — Phuong trinh Laplace:

P(A)—p(B) = [Ed

o Trong moéi trudng tuyén tinh, dong nhat, dang hudng
(y=0) B . -
divJ =div(yE) = ydivE =0

divgradp = Ap =0 @
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CHUONG 3:
TRUONG DIEN DUNG

o biéu kién bién: .
?(5)=9,(S)
J,(8) =J,,(5)
E.(5)=E,.(5)

J =yE :_75_40

60-1dv-£2

o bién trd - Dién dan — Cong suat tiéu tan:

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

on
J 8¢ tgﬂz . V> ‘
FE =—1=——1 -
Ty foks igp a
CHUONG 3:
TRUONG DIEN DUNG

60-1dv-/¢

U=, —o, Mat d cong suét tiéu tan:
i=qJdS p,=JE
S Cong suét tiéu tan:
u=rii = gu P, = [JEav
14
r: dién trd, g: dién dan v
Ol
P =ui=ri" =gu
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CHUONG 3:

TRUONG PIEN DUNG

Truong dién dung trong
moi truong dan

60-1dv-£2

Truong dién tinh trong
mién khong co py

rotE =0;E = —gradp; Ap =0
divJ =0;J = yE
1

I = JJdS;g = 7
401(5) :¢2(S)
J,,(8)=J,,(S)

Elf (8)= Ezf (S)

rotﬁzO;Ez—grad¢;Ag0=O
a’ivl_j:O;B:g_E

s o O
= |DdS;C ==
0 j s

o, (S) - (02(5)
D, (S)=D,,(S)
Elf(S) - Ezf(S)

CHUONG 3:

TRUONG PIEN DUNG

1dy-/¢

60

VD: Tu dién phang 2 16p cach dién, dién tich mdi ban 1a
S. Hiéu dién thé U. Tim phan b6 cta E, J. Tinh dong
r0 chdy qua tu. Suy ra dién dan ro, dién tro cach dién.

o= 07 =11
) i3} i ¥a .
DN PR
d, : dz 4

Cuubu |nngThqn(‘nng.r‘nm
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CHUONG 3:
TRUONG DIEN DUNG

o Truong dién dung trong moi truong ly tudng bao quanh
vat dan c6 dong di¢n khong doi:

JZO 1212;7_1?117:Z
E

rotE =0
divD =0
Ap=0 E =2
2n < @
CHUONG 3:
TRUONG PIEN DUNG

60-1dv-/¢

o Pinh luat Kirchhoff vé dong dién qf JdS =0
~ S
J chi khac 0 bén trong day dan:

| L '." l_H -l'll

(deS:ZJ'JdS:;iik:O *

k=1 S/c

D61 v6i dong dién bién thién thoi giat
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CHUONG 3:
TRUONG DIEN DUNG

o Dinh ludt Kirchhoff vé dién ap: cf Edi=0
C

CjEdl:kZ;C{Edl:;iUk

-U,+U,-U,+U, =0

60-1dv-/¢

Chuong 4:
TRUONG TU DUNG
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CHUONG 4:
TRUONG TU DUNG

Truong dién tir ding 1a TDT khong thay d6i theo thoi
0

60-1dy-£¢

gian— = 0, ¢6 dong dién khong déi véi mat d6 dong J

H¢ pl?{rcmg trinh Maxwell cho Truong tur dung:
rotH = J divB =0
B = ,uﬁ divJ =0
Diéu kién bién:

B, (S)=B,,(S)

nx H,(S)—nxH,(S)=J,

CHUONG 4:
TRUONG TU DUNG
Thé tir vo hudng Oy

O mién khong c6 dong dién: rorH =0
divB =0
C6 thé biéu dién H =—gradg
B M,
Pt ~ Poup = f Hdl Q= j Hdl  ¢pM,)=0
A M

O = | Hel+ki

MM,

=>Thé tir vo hudng c6 thé khong don tri.

60-1dy-£¢

CuubDu |nngThan{‘nng.r~r\m htfp:: [fb com/tailieudientucntt
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CHUONG 4:
TRUONG TU DUNG

Phwong trinh Laplace d6i voi thé tir vo hwéng:

Xét mién khong c6 dong dién dan, pu=const:

( —_

divH = div(é) =0

60-1dy-£¢

d Y7, = Ap, =0
kﬁ =—grade,

CHUONG 4:

TRUONG TU DUNG

Dicu kién bién:

Trén mat phan cach hai méi trudng c6 do tham tir p,, 1%

khong c6 mat do dong dién mat.

0.(8)=0,,(S)
Bln(S) = an (S)
H,, (S)=H,,(S)

. S
Bin — luz'Hin - _ﬂi% S
an ;
Bz'r a(Dml % Z' &
it 1 — o7 tga, L,

60-1dy-£¢
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CHUONG 4:

TRUONG TU DUNG

Trudng tir dimg ¢ mién Truong dién tinh trong §

khong cé dong dién dan mién khong co py
rotH = 0; H = —grade, ;Ap, =0 rotE =0 E = —gradp; Ap =
divE:O;Ezyﬁ divD=0;D = ¢E
® = [BdS Q= [Dds

S S

¢ml(S) - ¢;712(S) @1 (S) - @2(“9)
Bln(S):B2n(S) Dln(S):DZH(S)
HIT(S):HZr(S) Elr(S):E2T(S)

CHUONG 4:

TRUONG TU DUNG

Thé vector 4 : :

Trong mién ¢6 dong dién J#0, khong thé biéu dién
truong tu qua thé vo hudng o,

divB =0 — —
. = B=vrotA
divrotA=0

Z : thé vector
A'= A+ gradf £+ ham vé huéng bat ky
rotA'=rot A+ rotgradf = rot A
=> Thé vector khong don tri = Diéu kién phu: divz =0

CuubDu |nngThqn(‘nng.r‘nm htfpg#/_f_b._ggm/_taiueudig'm icntt
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CHUONG 4:
TRUONG TU DUNG

60-1dy-£¢

Phuong trinh Laplace d6i véi thé VeCtOI'Z ;
Dinh nghia: AA = —rotrot A + graddivz
divA=0
rotB = rotrot A = ,uj

> AAd=—-uJ Phuong trinh Poisson

J=0=AA=0 Phuong trinh Laplace

Trong HTD Descartes:
AA, =—puJ ;A4 =—pd A4 =—pJ,

CHUONG 4:
TRUONG TU DUNG

60-1dy-£¢

Nghiém 2 cua phuong trinh Laplace — Poisson trong
moi truong dong nhat vo han:

—_— J—

- 1 ! -
Truong dién tinh: @(r) = Ip( )dV' R=r—-r'
dre ;. R

Van dung su tuong tu:
J(r)

A =L av’
dr 2

E(;): 2 'J(I’ )3XRdV'
4z ¢+, R

;
Dinh luat Bio-Savart

CuubDu |nngThan(‘nng.r~nm htfp:: [fb com/tailieudientucntt
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CHUONG 4:
TRUONG TU DUNG

60-1dy-£¢

VD: Xét dong dién 1 chay trong vong day C’ khép kin,
u=const  JqV'=JSdl'=JSdl' =Iidl'

— i cdl'

A(r) =14
4z 5 R

— — i ¢dl'<xR

B(r)=-d<—
dr ° R

Fyl uJdav :,uzdl : dEZdeV?R _ uidl ><3R B
47 R 47 R 4z R ArxR* r M

Nhan xét: 4A41JdV';dB LJdV"

dA\idldB Lidl O

CHUONG 4:
TRUONG TU DUNG

60-1dy-£¢

Truong tir dimg song phang:
Xét truong tir dung gay ra boi dong dién dan chay
theo 1 phuong nhat dinh J=J (x, y)l:
Truong tur khong phu thudc vao toa do z, thé vector A
song song vAdi truc z;E, H vuong goc vai truc z

A= A(x, y)Z; B = rot A = gradA xz':

MG1 truong p=const, théA thoa pt Poisson-Laplace:
AN =—-uJ

htfpc; [fb com/tailieudientucntt
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CHUONG 4:
TRUONG TU DUNG

60-1dy-£¢

Cac diéu kién bién hon hop:
X¢ét 2 moi truong phan cach bo1 mat tru (S), vector phap

tuyén hudng tir méi truong 1 sang mdi trudng 2

A(S):A (S)
A$)=2s)
(S)
iaAl(S)—iaim J,

My On M, On

CHUONG 4:
TRUONG TU DUNG

N
Ry
>
©
=
O

Truong tur du:ng song phang Truong dlen tinh song phang

khao sat bang 4 = Az trong mién khong c6 P
‘B‘ = gradA‘ | ‘E‘ T ‘gmdgp‘
—_ 1
AA /u‘] Agﬁ = ——p
A (S) = A (S) &
@ (S)=9,(S)
(S )= o (S )

1 6A 1 0A %(S) ) 6;'2 )
u on M, On g —L(S)—¢g 22(S)=0
on on
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CHUONG 4:
TRUONG TU DUNG

60-1dy-£¢

Nang lugong truong tir durng:

Nang luong truong tir dung tinh qua B, H:

] ——

Mat do nang luong truong tu: w,, =—BH

Ning luong toan phan cta trudng tir:
1 —_—
W, = [w,av == [ BHAV

tbkg tbkg

CHUONG 4:
TRUONG TU DUNG

60-1dy-£¢

Nang luong truong tir dirng:

Ning luong trudng tir dimg tinh qua thé vector A, J:
Wy == [BHAV == [ rotdHdV == [ drotHdV += [ div(Ax H)dV
bk bk 2 bk 2 bk
tbkg tbkg tbkg ibkg
1 —— 1l (- —
W, == |A4JdV +=q (AxH)dV
=3 j 5 cf (AxH)

Bén ngoai V,J = 0 nén sb hang thtr nhat chi can 14y mién tich

phan theo V. S6 hang thir 2 s& tién t6i 0 khi S>oo

* div(z X ﬁ) = HrotA— ArotH
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CHUONG 4:
TRUONG TU DUNG

Biéu dién ning luong truong tir qua tir thong, hé sb tu
cam, hé sd hd cam:
1 n n
Wy = EZZ[kIZMkl
. k=1 I=1 o
M,;: hé€ s6 ho cam cua vong day thu 1 d61 vo1 vong
day thir k

M,=L;: hé s6 tu cam ctia vong day thir 1

60-1dy-£¢

CHUONG 4:
TRUONG TU DUNG
Luce tu:

Luc Lorentz, luc Ampere:
dF =dqvxB=JdvxB

F= I(jdVXE)
V

Vong day: F = Cj;(?dl X 73)
C

60-1dy-£¢
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Chuong 5:
TRUONG PIEN TU BIEN THIEN

CHUONG 5: '
TRUONG DIEN TU BIEN THIEN

o Truong dién tir bién thién:
rotﬁ=7+5—D rot;fz—a—B
Ot Ot

divB =0 divD = Jo,
o Trong mo1 truong dang hudng:

—_— —_— [

D=¢E Bzyﬁ J=7/E
o Vector Pounting & cong suat giri qua mit S:

P=ExH P=J.(Exﬁ)% @
k |

L CuuDuongThanCong.com https:/fb.com/tailieudientucntt
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CHUONG 5: '
TRUONG BIEN TU BIEN THIEN

60-1dy-£¢

Thé vector 4 va thé vd hudng ¢:

—_—

B=rotA
rotE = _0B = —g(rotz_éi) = —rot(a—A) — rot(E + 6—A) =0
ot ot ot Ot
— 94 ~ 94
EF+—=—9radp = FE=———grad
> grado Py grado
A & ¢ khong don tri=» diéu kién phu Lorentz:
— 0
divA + eu 9 _9

ot

CHUONG 5:

TRUONG PIEN TU BIEN THIEN

60-1dy-£¢

Cac phuong trinh song caa TDT bién thién:
Xét TPT bién thién gay ra boi nguon dién tich vo1 mat
dd p, va mat do dong dién J..

Phuong trinh ddi véi 4 :
_ 0?4 _
AA—¢ =—uJ
| H PYE M
Phuong trinh d61 vo1 o:
82
Ap—cu L =—p. /&

ot*
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CHUONG 5: '
TRUONG DIEN TU BIEN THIEN

60-1dy-£¢

Trong moi truong dién moi ly tudng e=const, p=const
khong c¢6 dong dién dan, dién tich tu do.

0> 4 O°E
Ad—¢ -0 AE —¢ -0
r ar:
2 2
P _ AH - g;ﬁ -0

*Khi gidi phwong trinh séng, doi voi bal todn cu thé
can dp dung cdc diéu kién ban dau & diéu kién bién
thich hop.

CHUONG 5: '
TRUONG DIEN TU BIEN THIEN

60-1dy-£¢

Céc phuong trinh TDT bién thién dang phuc:
E(x, V,zZ,t) = aExm cos(wt+y )+ gE m COS(@F +y )+ ZEzm cos(wt+y )

Trong do: cac bién do E,, E,,, E,, va cac pha ban dau

Ve Wy ¥, 1a nhitng ham cua toa do khong gian, khong
phu thudc thoi gian t. @ 13 tan s6 goc

E(x,p,z,0) = RG{E (x, ¥, Z)ei‘”’}
Blendophu:c
E (x, y,z)—lE e +1, E eWy+lE e
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CHUONG 5: '
TRUONG BIEN TU BIEN THIEN

Cac phuong trinh Maxwell dang phurec:

60-1dy-£¢

rot H=J+ioD | D g E

rot £ =—iw B —é):ﬂ—f{)

div B =0 J =y(E+E,)=y E+J,
div D :po

CHUONG 35:

TRUONG PIEN TU BIEN THIEN

Gia tri trung binh cua vector Pounting — Vector
Pounting phirc:

P() = E(t)x H ()

=Re{ E ¢”}xRe{ H &}
:l(E eiwt+ E e—ia)l)xl(H eia)t+ H e—ia)t)
2 2
1 _— — Dot 1 _— —>
=—Re( Ex H e™)+—Re( Ex H)
2 7 2 L\

Bién thién hinh sin tan so 2w Khong doi

*k

60-1dy-£¢
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CHUONG 5: '
TRUONG BIEN TU BIEN THIEN

Gia tri trung binh cua vector Pounting — Vector
Pounting phirc:

*

% TjP(z)dr = <7)(f)> = Re(% ExH)

~

o *
—> 1——)——)

P =— Ex H Vector Pounting phtrc
2

_ =
— < P(z)> =Re( P) Tri trung binh cua vector Pounting

60-1dy-£¢

CHUONG 5: '
TRUONG DIEN TU BIEN THIEN

Gia tri trung binh cua w, w_, p,:

(0= E0D()

o * R *

<we(t)>=%6[we(t)dt:Re(i E D ):RG(ZE E E )=Z(9E57

w (1) = %E(r)ﬁ(r)

. * . *
——

T —s
<wm(r)>=%jwm(t)dt=Re(% H B ):Re(i,u H H ):%;;H;
0

p,()=J(OE(®)
1 J?

17 1
=— —_yE?=_"Im
(P (0)=— ij,tmdr 27E =37

60-1dy-£¢
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CHUONG 5: '
TRUONG BIEN TU BIEN THIEN

ady-£¢

60

Séng dién tir phiang don sic trong méi truong ding
hwéng tuyén tinh dong nhat:
Truong dién tir & nang luong ludn truyén theo 1 phuong
vudng géc v6i mit phang nhat dinh.
Bién d6 & pha cua cac vector truong (£, D, B, H, J) la
nhu nhau trén mit phing vudng géc véi phuong truyén.

CHUONG 5: '
TRUONG DIEN TU BIEN THIEN

Khao sat sy lan truyén cua song dién tir phfing don siic:
D=¢E,B=uH,J =yE

Chon hé toa dd Descartes, truc z song song phuong truyén song.
Theo dinh nghia cua song phang, truong dién tu khong phu
thudc x, y: 0 —0: 0 ~0

ox oy
rot £ =—6—=—ia) B =—-iou H

ot
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CHUONG 5: '
TRUONG BIEN TU BIEN THIEN

3
Khio sat s lan truyén ciia séng dién tir phiing don sfic:

DonoE
d dE - JE — C e e
0 0 —=——"2i+—" =—iou(H.i +H i +H_ i
dz dz * dz 7 HH i, r 1)
dE . dE . .
= L —jouH ;—=—iouH ;0=—iouH
o LT Fa T AT
CHUONG 5:

TRUONG PIEN TU BIEN THIEN

Khao sat sy lan truyén cia song dién tiwr phflng don sic:

rot H=J +io D =y E +iwg E =io(e—iLl) E
w

R —
D06 tham dién phirc .
dHO ~ o dHO ~ o ~ o
=>——=—iwe¢E ;—"=iwcE ;0=iwcE,
dz dz

:>EZ:O
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CHUONG 5: '
TRUONG DIEN TU BIEN THIEN

Khao sat sy lan truyen ciia song dién tir phiang don S%
E.=0&H.=0 -)E&Hvuonggoctrucz ’

—_

Vector Pounting P = ExH song song truc z

Xét song phan cuc thing: Phuong cua E & Hcb dinh,
chon truc x song song voi £

—0=H_=0 E H
= & vudng géc nhau & vudng goc phuong truyén
-)Song dién tir ngang

dE . d*E dH -
X = —jouH = ) Y — w0’ suE
dz H dz* H dz H
2 7 - o o o
= d22x+a)28,uEx: E =A4e"+4,e"
CHUONG 5:

TRUONG PIEN TU BIEN THIEN
Khao sat sir lan truyén ciia séng dién tir phiing don s%:
E =Ae“+4,e™ voi k=\-0 & 11 = ion &
Hé s6 truyén:  k =iw é,u =a+if
Hé s6 tit a=Re{k} nep/m, hé s6 pha p=Im{k} rad/m

]{O — _ 1 dEx:Al e—kz_éeJrkz

Y oy dz 7 7

10 :
Tro song phue:  Z, = IOH 4 =z e’
k g
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CHUONG 5: '
TRUONG DIEN TU BIEN THIEN

Khao sat sy lan truyen ciia song dién tir phiang don S%
Pat 4 = ae"; 4, = ae

kD

(a+if)z

EO' _ alell//le + azeill/z e+(a+iﬂ)2 — —azei(—ﬁzﬂill) + aze—i-azei(ﬂzﬂ//z)

ae

E_=ae “ cos(wt—Pz+y,)+a,e”™ cos(wt+ fz+wy,)
Tuong tu:  £. o

a e oz a +az
H =———cos(wt - pz+y,—@)- cos(wt + Bz +w, — )
Z. H+ Z, H,

E'H mo ta song don séc truyén theo phu:0'ng & chiéu duong truc

7 v6i van tbe & :% , bién d6 song tit dan theo ham mii e

dt

E. H. mo ta song dO’n sdc truyén theo phu:ong & chiéu 4m tryc

Z v6i van toe & - _E bién do song tat dan theo ham mil e

dt

CHUONG 5: '
TRUONG BIEN TU BIEN THIEN

X o N
Khao sat sy lan truyén cua song dién tur phang don sac:

10, N A A A 1 I ) ”
Y =— Van toc pha, van toc dich chuyén cua mat dang

T B pha
a =Re{k} HE¢ so tat dan
B =Im{k} Hés6 pha

z, = Ti s bién do gitra cuong do truong dién &

cuong do truong tir

EYA Goc léch pha gitra E & ﬁ

A=vT= 2z Budc song
p
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CHUONG 5: '
TRUONG BIEN TU BIEN THIEN

Séng dién tir phiang don sic trong méi trueong 1y tw&n%:

Mo1 truong ly tudng: y=0. Dién moi thuc y<<we co6 thé xem

nhu méi1 truong ly tudng ¢ —e-il=¢

k=iw ,u;::ia)\/;:a:Re{k}:O;ﬂ:Im{k}:a)\/E

=z, ==
\/7 \/7 \/7 Chéan khong:

- ~ E=E,, U= H,
VP ﬂ \/7 Vp :3,108]/]/1/5‘;2(, =377Q
27 27
A=vT=—=
B o
CHUONG 5:

TRUONG PIEN TU BIEN THIEN
Séng dién tir phiing don sic trong méi truong 1y tlr("m%:
E= EXZ E_ =a,cos(wt—pz+y,)+a,cos(wt+ fz+y,)

H= Hl H, —a—cos(a)t ,Bz+l//1)——cos(a)t+ﬂz+w2)
)

*EL H ca?2 Vuong gbdc phuong truyen song ngang

*Van toc pha v, khong phu thudc tan so

*Ti s0 bién do glu:aE & H khong phu thudc tan so

*Song dién & song tir cung pha (¢=0)

*Ning luong truong dién tir phan bé déu ¢ 2 dang dién & tir:

| s
—&cE°(t
28 ()_ﬁz &€ H

w,(f)
B 1

w,, (1) ;ultl—z)(t) Hoope (w,(®))y=(w, ()= —5E2=Z,uH,i
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CHUONG 5: '
TRUONG DIEN TU BIEN THIEN

Séng dién tir phiang don sic trong méi trweong din tot:
Mo61 trudng dan tot: VS0E = E=6— il :—il
) )

k = ia)\/,u; = \/a)y,u.eiZ = a =Re{k} = %;ﬂ = Im{k} = ,/%

CHUONG 5: '
TRUONG BIEN TU BIEN THIEN

Séng dién tir phang don sic trong mdi truong din tét;

o
O

E=Ei E =ae ™ cos(of—fz+y,)+ae"™ cos(wt+ fz+y,)

H = Hyi: H, = ﬂe_az cos(wt — Bz +y, —450)—&e+az cos(wt+ Bz +y, —450)

z

c ZC

cE& ﬁ ca 2 vuong goc phu:orng truyén: song ngang

*Van toc pha v, phu thugc tan so

*Ti s6 bién do glu:a E & Hphu thudc tan sb

*Song dién & song tir 1éch pha 45%(@=459)

*Bién do cua song khi lan truyén bi tit dan nhanh theo ham mil.
Trén khoang cach budc song A, bién do song giam e>™=535
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CHUONG 5: '
TRUONG DIEN TU BIEN THIEN

Séng dién tir phang don sic trong mdi truong din t("it;

o
O

*Hiéu trng bé mat: O tan so6 cao, song dién tir chi xAm nhap
dugc vao 1 16p moéng ngay sat bé mat vat dan tot.

Do xuyén sdu A: d6 sau tinh tir bé mat vat dan tot, & d6 bién
A ’ .o A alA 1 2
d0 song giame lan. ¢ =e=>A=—= |[—
a \oypu
*Nang luong truong dién tu tap trung chu yéu ¢ dang tur:
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Bai tdp Truong dién tu ThS. Pang Ngoc Minh BPiic

Chuong 0: GIAI TICH VECTOR

Bai 1: Biéu dién cac thanh phﬁn Ay, Ay, A, cua vector A qua céc thanh phﬁn Ap, Ay, A,
trong hé toa do tru

Bai 2: Biéu dién cac thanh phﬁn A, Ag, Ay cuia vector A trong hé toa do tru qua cac thanh
phin A, Ay, A,

Bai 3: Cho ham v6 hudng U=rzsin2(ptrong hé toa do tru. Tim téc do tang cia ham nay

—

trong hudng cua vector A= E + i tai diém P(2,1/4.,0)
Bai4: Cho ham v6 huéng U=x’y+yz*+zy”. Tim téc d6 ting cua ham ndy trong hudng
vudng goc v4i mit x*y-yz+xz’=5 tai diém P(1,2,3).

Bai 5: Dung dinh 1y Divergence tinh tich phan gSF& = 0theo mit kin S bat ky bao thé tich
S

V, r lavector vi tri.

Bai 6: Cho vector A= yzi+ ZXE+ xyE. Dung dinh ly Divergence ching to (_f)ﬂ@ =0
S

voi S 1a mat kin tuy .

Bai 7: Cho vector A=rcos ¢E —rcos ¢g trong hé toa do tru. Tinh qs_A»d_Sh VOI1:
S

1. S 1a mat kin bao hop gidi han boi cac mat z=0, z=L va r=a.
2. S 1a mat kin bao hop gidi han boi cac mat x=0, y=0, z=0, z=L va mdt tru r=a.
Bai 8: Tinh Curl (Rotation) ctia vector sau day:

1. A:xyﬂ+yzE+sz
2. B :Zrc0s¢f+r§
— e~
3. C=—I
r 4

Bai9: Cho vector A= yzE + ZXE + xyE. Chtng to rang 367@ v6i C 1a dudng cong bt
C

ky.

Bai 10: Tim luu sb vector F = (X+ y)i +(X— Z)E +(y+ Z)E theo chu vi tam giac A(0,0,0),

B(0,1,0), C(0,0,1).
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Bai tdp Truong dién tu ThS. Pang Ngoc Minh BPiic

Chuong 1: CAC PINH LUAT CO BAN CUA TRUONG PIEN TU
Bai 1. Dién tich thir q chuyén dong trong mién cé truong dién tir véi van tdc Q:§+E

(m/s). Tim cudng do truong dién E néu biét truong tir c6 cam tmg tr B =i —2i, (wb/m?)
va luc cua truong dién tur tdc dung 1€n dién tich thir béng khong.

bS: E=2i,-2i +i,

Bai2. Trong méi truong dong nhit tuyén tinh, dang hudng cd e=const, p=const, y=0,
khong c6 dién tich ty do, ton tai trudng dién tir c6 B =asin(wt— Kx)i, +aKy cos(ot — KX)E

voi K, a, o 1a hang so.

1. Tim vector cuong dd truong dién E

2. Chungtd E,B thoa hé phuong trinh Maxwell néu K? = guw’

—_— 2 —_—
bS: E :_aK ycos(a)t—Kx)iZ
EUw

Bai 3. Trong mdi trudng e=const, p=const, y=0 ton tai trudng dién tir c6 cudng do truong

dién E =sin(k,x) sin(k, y) cos(Wb)i, véik,, ky, o 1a hang sb.

1. Tim vector cuong do truong tor H
4 2 2 2 2
2. Chung to k +k; = o cu

Ky

cos(k,x)sin(k, y) sin(wt))i,
op

DS: H= —(k—ysin(kxx) cos(k, y)sin(Wt))i, +(
wpt

Bai4. Trong méi truong dong nhit tuyén tinh, dang hudng cb e=const, p=const, y=0,
khong c6 dién tich tu do, ton tai truong dién tu bién thién tan sb goc o

H =sin S xsin B,y cos wti, voi By, By 12 hang s6.
1. Tim vector cuong do truong tir E

2. Chimg t6 f3; + 8, = @’u

pS: E= ( Py sin 3,Xcos B,y sin a)t)i_; — (i cos f,Xsin 3,y sin cot)E
e, &,

Bai 5. DAy dan bang dong c6 d6 dan dién x=5,8.10" (S/m), e~¢&,=8,854.10"2 (F/m)

dang hinh try duong kinh d=Imm mang dong dién hinh sin bién do 1A, tan sé 50Hz. Tinh
2
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Bai tdp Truong dién tu ThS. Pang Ngoc Minh BPiic

mat do dong dién dan va mat do dong dién dich trong day dan. Gia su dong dién phan bd
déu theo tiét dién day dan.

—_—

oD
‘Jdich|: T

DS: |J 4| =-2=1,28.10°sin(1007t),

Is =6,11.10™" cos(1007t)

Bai 6. Céap dong truc, c6 ban kinh 13i 13 a , ban kinh v6 1a b. Trong khong gian giita 15i va
vo ton tai truong dién tir c6 cac vecto cho trong hé tru: E= %E , H= %_.
hang sd. Tinh cong suét dién tir truyén doc cap?

DS: P=27E/H, lng

Bai 7. Tim phan bd dién tich tu do khdi, mat gay ra truong dién co vector cam tng dién
D cho trong hé toa do cau:

0 <R
1. D=1K ~ K, R =const
_2|r >R
.
krzf <R
2. D=<kr* - K, R =const
— i, R
;
, A K
bS: 1. p=o trong ca 2 mién, 0'(r=R)=?

) B 4kr <R RI=0
. P= 0 I'>R) U(I': )_

Bai 8. Tim phan bd dién tich tu do khdi, mat gay ra truong dién co vector cam tng di¢n
D cho trong hé toa dg tru:

0 r<R
1. D=<K-~- K, R =const

—I, ™R

r

kr’i, <R
2. D=<kRr® - K, R =const

—i, >R

[
, A K

bS: 1. p=o trong ca 2 mién, 0'(r=R)=E

) B 3kr r<R R0
. pP= 0 I'>R) U(I': )_

Bai 9. Tu dién phing lap ddy dién moi thuc co d6 thim dién ¢, 46 dan dién , dién tich cbt
3
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Bai tdp Truong dién tu ThS. Pang Ngoc Minh BPiic

tu bﬁng S, khoang céach gitra 2 cdt tu b?mg d, dat duoi dién thé U, bién thién du cham. Xac
dinh:

1. Dong dién dan va dong dién dich trong dién moi.
2. Dong dién chay trong day nbi tu
bS: Idam:&;R:i
R 7S
| icn :C%;C -2
dt d

. U du
=1, +1;,=—+C—=

dan dich R dt

Bai 10. Khung ddy chit nhat canh a, b nim trong mit phang yz, hai canh dai b song song
Vi truc z, va cach truc nay khoang cach bang yo, yo+a. Khung chuyén dong trong trudng tir

co cam tmg B v&i van toc v = Voi, V01 vo=const. Xac dinh strc dién dong cam ung trong

khung day biét B = %g (toa do tru) véi Be=const.

DS: g:_dQD_ B,abv,

dt Y, (Y, +2)
Bai 11. Hai mdi truéng phan cach boéi mit phiang co phuong trinh x+y=1 (hé toa do

Descartes) mién 1 chira géc toa do c6 do tham dién &,=4¢,, mién 2 co ,=8¢,. Cuong do dién
trudng trong mién 1 tai mat phan cach 1a E, = 2E +3i, . Tim cuong d¢ truong dién E,
trong mién 2 tai mat phan cach. Gia st trén mit phan cach khong co dién tich ty do.

bS: E, =-0.5i, +1.SE +3i,
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Bai tdp Truong dién tu ThS. Pang Ngoc Minh BPiic

Chwong 2: TRUONG PIEN TiNH

Bai 1.  Thé dién ¢ cia truong dién tinh phan bd nhu sau:

a r<R
a. ®=1aR (toa do cau)
— >R
r
a ln% r<R
b. Q= (toa do tru)
aln— >R
r

Véi a, d, R 1a cac hang s6.
Tinh phéan b6 cuong d6 truong dién trong khong gian ciia 2 truong hop trén.
0 <R 0 <R

D_S: a, E=JarR~ ba E=Ja-
_zlr >R ?

r
Bai2.  Thé dién ¢ cia truong dién tinh phan bd nhu sau:

L

_J2R A A

a. Q= b (toa do cau)

— >R
r

o

(toa do tru)

a(B3R-2r)rcos¢ 1<R
(aR’/r)cos¢ >R

V6i a, b, R 1a nhitng hing s6. Tim phan b dién tich ty do trong 2 trudng hop trén. Mbi
trudong co e=const.

3¢eb

- <R 6as cos <R
_DS a, p= R’ ' b’ p:{O ¢ >R

0 >R f

Bai3. Trong mién khong khi (e=¢,) gi6i han boi cac mat din gdm cac nira mit x=0, y>0;
y=0, x>0 va mit cong xy=2. Gia st trong mién khong khi nay thé dién phan b theo quy
luat @(x,y)=50xy (V). Tim mat do dién tich mat trén cac mat dan trén.

DS: E=-gradp;oc =Dn=¢,En

Trén mat phéng Xy=2: n= + 4)1/2

—gradp _ —(yi, +Xi,) o =304 ¢
lgradg|  (x*+y*)"”’ X

Bai4. Gitra 2 dién cuc phéng song song cach nhau khoang x=d, dai y=a, rdng z=b, cudong

X2

d6 truong dién bién thién theo quy luat: E, = E, (1 BTy

),E, =0,E, =0. Chod<<avab.

>y
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Bai tdp Truong dién tu ThS. Pang Ngoc Minh BPiic

a. Xéc dinh mat d6 dién tich khdi va hiéu dién thé giira 2 dién cuec.
b. Cuong do truong dién thay d6i nhu thé nao néu ndi hai dién cuc vai nguén dién thé
U,.

DS: a, p=—(gE,/d,)x;U =%Eod

x> U,-U
27 T g

Bai 5. Hai dién cuc 1a hai tim kim loai phéng hinh vuéng canh 1=0,1m dat song song

b, E

=E,(

X

cach nhau khoang d=0,5.10"7 m. Giira hai dién cuc 1a chan khong co thé dién bién ddi theo
quy luat: (p=ax3+bx2+cx, véi a=-6,28.10° V/m3, b=-9,24.105 V/mz, c=-12.10* V/m. Bo qua
hiéu timg mép, tim dién tich khéi toan phan giita 2 dién cuc.

DS: Q=-¢,%(3ad” +2bd)

Bai 6. Xac dinh cuong dg truong dién E, thé dién trong chan khong bén trén mit dan
phéng rat rong, mat trén mang dién tich mat phan bd déu v6i mat d6 o=const.
bS: E= zf,(p -7, chon ¢=0 tai z=0.

80 80
Bai 7. Xac dinh thé dién va cuong d6 truong dién gy ra boi dién tich tu do phan bd déu
v6i mat d6 mat o=const trén mat phang z=0. Mdi trudng chung quanh co e=g.

_20 i 0 ——20 z >0
— E, &
pS: E={ " Q= ‘
_ ‘7_1”2 2<0 2, =0
2¢, 2¢,

Bai 8.  Giita 2 ¢t tu dién phing 1a khong khi, nguoi ta dit tim kim loai phing day d,
song song voi 2 cdt tu va cach cbt tu thir nhat mot khoang béng d,, cbt tu thtr nhét co thé
dién ¢, cdt tu tht hai 6 thé dién ¢,, khoang céach gitra 2 ¢t tu 1a d. Tinh thé dién cta tim
kim loai.

bS: ¢o=[p(d-d)-(p-9,)d,]/(d-d)

Bai 9. Tinh dién dung cua ty dién phing nhét diy 2 16p dién méi g, &,, co bé day d;, d,
song song voi bt tu. Dién tich cdt tu 13 S.

DS: C=¢¢,S/(e,d,+¢4d,)
Bai 10. Giira mot cbt cua tu dién phéng va dién moi ¢o 1 khe hep khong khi day 0,1cm, bé

day cua dién moi (e=4.3¢) b?mg 0,5cm. dién tich cdt tu bﬁng 200cm?, cuong do choc thing
cta dién mdi bang 15.10°KV/m. ctia khéng khi bang 3.10°KV/m.

a. Tinh hiéu dién thé choc thung cua tu Uct.
b. Tu duge dat dudi hiéu dién thé U=0.5Uct. Tim E,D ,0, P (vector phan cuc dién) .
c. Tinh dién dung cua tu.
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Bai tdp Truong dién tu ThS. Pang Ngoc Minh BPiic

Bai 11. Giira 2 c¢dt tu dién phéng la giéy cd bé day 1mm, dién tich 0.01mm?. Gitra cdt tu va
giéy c6 khe hep khong khi bé day trung binh 0.02mm. Tinh di¢n dung tu dién va hi¢u dién
thé choc thung U, trong 2 truong hop:
a. K¢é dén anh huong 2 khe hé khong khi.
b. Khong ké dén anh huong 2 khe ho khong khi.
Cudng d6 choc thing cua gidy 50.10° V/m, cta khong khi 5.10° V/m, d6 tham dién e=3.5¢,.
bS:  a,C=2,71.10F, U,=1,63KV

b, C=3,08.10"°F, U,=50KV
Bai 12. Tu dién ph?mg lép dﬁy dién mdi c6 do tham dién tuyét dbi bién thién theo quy luat
e=g,+(g,-&1)x/d, Vi &1, & 12 hang sd. Ct ty thir nhat (x=0) c6 thé dién 0, cbt tu thir 2 (x=d)
6 thé dién U. Dién tich mbi cdt tula S. Tim:

a. bién dung tu dién.
b. Phan bé dién tich tu do, lién két trong di€n moi va trén bé mat tiép xuc hai cot tu.
c. Phan b6 thé dién.
d. Phén bd cuong d6 dién truong giita 2 cdt tu.
bS: a, C _(&28)5
dIn(e, /&)
b, p=0.0(x=d)=—o(x=0)=2=8M
dlin(s, /&)
o= u 1n51d+(52"51)x
In(g, / &) gd
d E= U & —& =

CIng, /&) £d + (g, — &)X IX
Bai 13. Tu dién tru c6 ban kinh cdt tu trong Ry, ban kinh cdt tu ngoai R,, di¢én mdi trong tu
c6 d6 thim dién e=const. Tu dién dat dudi dién thé U=const (thé c6t ngoai bang 0). Xac
dinh phan bb ¢, E, D cua trong dién mdi. Tinh dién dung ctia 1 don vi dai cta tu, phan bd
khéi va mat ctia dién tich ty do, dién tich lién két.
pS:  ¢=U ln&/ln&,ﬁ =U /(rlni)ﬁ,co _2ze/ln R

r R R R

1 1 1

Bai 14. Tu dién tru hai 16p dién moi g, & chéng 1én nhau, mat phan chia hai dién moi
vudng goéc voi cot tu, bé cao 16p dién moi th nhat 12 hy, 16p thtr 2 1a h,, ban kinh cot tu
trong R, ban kinh cdt tu ngoai R,. Tu dugc dat dudi dién thé U. Xac dinh su phan bd
truong dién, thé dién gitra 2 cdt tu, mat do dién tich tu do, lién két tai cac mat phan cach 2
moi truong, dién dung tu dién.

_ u - _UIn(R, /1)

PS: E=E=———i:p=0, =
= S TR R/R) T2 TR R

C=2ngh /In(R,/R)+27e,h, /In(R, /R))

Bai 15. Xac dinh thé va cuong do truong dién bén trong va bén ngoai hinh tru rat dai ban
7
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Bai tdp Truong dién tu ThS. Pang Ngoc Minh BPiic
kinh tiét dién bﬁng a, dién tich bén trong bd déu trong hinh tru véi mat do khdi p bﬁng cach:
a. Giai phuong trinh Laplace-Poisson

b. Ap dung dinh luat Gauss
2
p_r r<a _Ar r<a
2¢, 4e,
bS: E= s Q= ,
pa r>a pa lng—’oa r>a
2¢, 4e, 1 4g,

Bai 16. Xac dinh thé va cuong do truong dién bén trong va bén ngoai mat cau mang dién
tich Q ban kinh a bang cach:

a. Giai phuong trinh Laplace-Poisson
b. Ap dung dinh ludt Gauss
0 r<a Q r<a
DS E_ | 4ng,a
Oo. - Q : l_l: >a ¢ = Q
4re,r r>a
4reg,r

Bai 17. Xac dinh thé dién ¢ trong cac mién gdy ra boi dién tich phan bd khdi v6i mat do:

~ {p =const a<r<b

a. ) (He¢ toa do tru, chon ¢(0)=0).
0 otherwise
r/a 0<r< \
b. p= {po e (Hé toa do cau)
0 r>a
2 2
@ O<r<a
&
2+ 3 _ 2
ps: a, p= _po(r 22 )/(r-3b7) a<<b
e
3 3
pO(;:) -a ) I'>b
er
2
f of i, r<a
— &.a
b, E=q
0

Bai 18. Xac dinh cudng d6 trudng dién E, thé dién ¢ bén trong va bén ngoai dam may
electron hinh cau ban kinh R=0.5cm c6 mat do dién tich khoi p=-2,5.10'9 Clem’.

-9,4.10°r r<R

q
PS: E= =>E= 2 V/cm
pp _nsie o (Vem)

r2
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4,7.10°r*-3,535.10° <R

Q= 2 V)
11,810 R
r
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Chuwong 3: TRUONG PIEN DUNG

Bai 1. Thé dién trong méi trudng dan (y=10" S/m) bién ddi theo quy luat ¢ =ax>—ay>+b
véi a=1V/m’, b=2V.
1. Tinh mat d6 dong dién danJ, nghiém laidivJ =0
2. Tinh cuong d6 dong dién chay qua dién tich hinh vuéng canh yy=50cm, z;=50cm
nam song song va cach mit phang zoy mot khoang x,=10cm.
J =-2.10"(xi, —yi,) A/m’
| =5.10° A

bS:

Bai 2. Tuy dién phang lap day dién moi thuc s=(5-3x)¢,, 7 =107'°S /cm . Khoang céch giira 2

cdt tu d=lcm, ty dién dat dudi hidu dién thé U=1KV. Xac dinh mat do dong dién chay gitra
2 ¢t ty, mat d6 khéi dién tich tu do va lién két trong dién moi.

bS:  107A/em?, p, =-265.10"°C/cm’, p, =265.10"°C /cm’

Bai 3. Tuy dién phang lap day boi dién moi thuc c6y =10"°S/cm, s=4¢,d /(x+d) dat dudi

hiéu dién thé U=1KV. Xac dinh:

1. Mat d dién tich tu do, lién két khoi

2. Cong suat ton hao trong dién méi.

3. Tinh dong dién chay qua cdt tu
Cho dién tich cdt tu S=4cm?, khoang cach 2 cot tu 14 d&=2mm.
—354.107"

bS: =—p, =
Pu P 02+ X)z

C/cm’,P, =2.10"W

Bai 4. Giita 2 cbt ty dién phang la dién méi thuc cd e=¢,(a+bx), y=y,(a+bx)vdiy,,a,bla

hang sb. Tu duoc dit dudi hiéu dién thé U. Khoang cach 2 cbt tu bang d. Xéc dinh cuong do
truong dién, mat do dién tich tu do, lién két trong dién moi.
bU —g,b°U
E= ;p=0,p, = T
(a+bx)In[(a+bd)/a] (a+bx)"In[(a+bd)/a]
Bai 5. Cap déng truc ban kinh 161 a, ban kinh vé b, dai L, gifra 161 va vé la 16p céch dién

bS:

c6 , hiéu dién thé giira 161 va vo 1a U. Tinh:
Cuong d6 truong dién trong 16p cach dién, dong dién ro chay qua cach dién, dién tré cach
dién cua cap.
1. Matdd cong suit ton hao, cong suét ton hao trén 1 don vi dai cua cap.
2. Mat d6 dién tich khéi ty do, lién két trong 16p cach dién. Cho biét 16p cach dién c6
d6 tham dién e=const.
10
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Chuwong 4: TRUONG TU DUNG

Bai 1. Tinh vector cam tng tir tai O biét p=p.

bS:
b, B=taly
3R
C, B=0

Bai 2. Loicap déng truc dac, ban kinh a, mang dong I phan bd déu theo tiét dién, va vo tru
ban kinh b, mang dong dién I phan bd déu theo chu vi vo. Tinh vector cam tng tir tai cac
mién? (Do tham tir )

,ulr -
I, O<r<a
2ra”?
PS: B= ,u_lg a<r<b
2xr
0 r>b

Bai 3. Loi tryc déac, dai vé han, badn kinh a=2mm, mang dong vdi vector mat do khéi:
J =6ri,(A/m?) 1: ban kinh huéng tryc

a, Tim vector cuong d¢ trudong tir bén trong va ngoai 16i.
b, TinhrotH & ca 2 mién.

—

2r?i r<a

Bai4. Moi truong u=u, vavector mat do dong khdi cho trong h¢ tru:

11
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0 O<r<a

J= JOE a<r<b
0 >b

Tim vector cdm ung tir trong moi mién.

0 0<r<a
2
PS:B = “OTJO(r—a—)i¢ a<r<b
r
2 2
Hod, (b a )i,
2 r

r>b

Bai 5. Céap dong truc ban kinh 18i Ry, ban kinh trong ctia vo 1a R, ban kinh ngoai cta vo 1a

R;. Dong dién chay trong 161 va vo theo phuong song song truc cap cé cung cuong do I

nhung nguoc chi€u nhau. Léi va vé ¢6 d tham tir p,, di€n moi gitra 161 va vo ¢6 do tham tir

p. Xac dinh phan bo cua thé vector, cdm ung tir trong 161, vo, dién moi gitra 161 va vo. Chon

A=0tai =R,.
/Uol(Rlz_rz)
A 47R} :
A =—%lnRL R, <r<R,
D5 A= | FLZ R R
A=t AR Ry g By 0
27| RE-R2 r R, 2(R
2
A =I— %ln&+yln&+ﬂ R,<r
27| RP-R? R, R, 2
Ir
B =1t  O0<<R,
za
5B :2”—'r R, <r<R,
= z
@l . r’=p’
B, = 2t (l'cz _p? ) R,<r<R,
B,=0 R,<r
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Chuong 5: TRUONG PIEN TU BIEN THIEN

Bai 1. Song dién tir don sic trong moi truong (7 =0,¢&, =1, 1, =1) co vector cudng do truong
dién:
E =3,77cos(67.10°t+2zy)i.  (V /m)

a, Tim tan s6 f, budc song A va hudng truyén song.
b, Tim vector cudong d) trudong tir cia song.
bS: a, f=300MHz, A=1m, huéng —y

b, H(y,t)=-0,01cos(6z.10°t+27zYy)i, (A/m)

Bai 2. Song dién tir don sic trong moi truong (7 =0,¢&, =1, 1, =1) c6 vector cudng do truong
dién:
E(z,t) =50cos(wt— B2)i,  (V/m)

Tim cong suét trung binh truyén qua dién tich hinh tron, ban kinh 2,5m; nam trong mat
phang z=const.
bS: 65,1W

Bai 3. Song dién tir don sic truyén trong moi truong ( y=0,& =const,u, =1) cd vector

cudng do truong dién: E(x,t) =10cos(27.10"t - 0,17.x)i [V / m]

Tim vector cuong do truong tir & vector mat d§ dong cong suét dién tur trung binh.

DS: H(xt)= %ﬂcos(zmoﬁ —0,1z.X)i,[A/m];< P >= %ﬂﬂ[w /m?]

Bai4. Song phing don sic truyén theo chidu +z, trong moOi  truong

( y=310"S/me=3¢,u=4, ), ¢c6O vector cuong d0 truong  dién:

E(z=0,t)=100cos(3.10"t+60%)i,  (V /m)

Tim:  a, Hé s6 truyén, tré song, van toc pha, budc song
b, Vector pounting tirc thoi, trung binh, phlrc va mat do nang lugng dién tu trung
binh tai z=0,5m.

13
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I'=0,212+ j0,274[m™"|;Z, =109.£37,5°[Q]

v, =10,95.10'[m/s]; A = 23[m]

P =[28,3+35,75c0s(6.10"t +66,78°)]i.[W /m?]
<P >=283i [W/m*];<w>2,577.107[3 /m’]

bS:

Bai 5. Song phang don sic truyén trong mdi trudng (7 =0, & = const, x = 4,) cO truong tur:

H(y,t) =sin(z.10°t - 0,027z.y —45°)i, [A/m]

Tim  a, Tan sd, bude song, van tbe pha, do tham dién tuong ddi e,
b, Phuong, chiéu lan truyén song.
¢, Vector cuong do truong dién.
d, Vector pounting turc thoi.

DS: E =20zsin(z.10°t—0,027.y —45°)i.[V /m]
P =207sin’(7.10°t - 0,027.y — 45°)i,[W / m’]
Bai 6. Song phang don sic truyén trong moi trudng ( m=p, ) co6 truong dién:

E(z,t) =8sin(27.10t +0,17.2)i [V /m]

Tim  a, Phuong, chiéu lan truyén séng, van toc pha, d6 dai song, tré song.
b, Vector pounting tirc thoi.
¢, Vector pounting phurec.

14
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MOT SO CONG THUC CG BAN TRONG CAC BAI TAP TRUGNG PIEN TU

1 09 7 1 0p 7 1 0p 7 - - . H¢ hy h, h
gradwzfl% 1 E%IZ E%li’) 1 hy iy hyi, hyiy : )
n 0 E 5
. % 1 [a(hohiA) | a(hyhyA,) | 8(hhyAs) rotA = W Pé cic 1 1 1
divA = hyh,h, |: u + du, + du, ] h1h2h3 ’ T
hA,  hyA,  hyA, ru 1 r 1
. & { hyhy & Ciu 1 r rsin®
Ap =div(grade) = hlh12h3 [%(h_l a—;’:) + } _ — _ S S T
AA = grad(divA) —rot(rotA) D=¢E | B=pH | J=¢yE
=-+h,hdhud thihdiudi, Thhydidi | d7=hdui +hdu,i, +hdusi, dV =hh,h,du,du,du,

DdS=q" | Ap=-2 | E=—gradp | &=110"m c:‘g‘ W.=3J, EDV=3CU" | P=(s-5,)E
CJSL Hdi=T" | M=— | B=rotA | p=4z107em |L=2 Wf%fv HBdV=;LI’ | o, =—i(P-B))
o= 2 o= 2 _ [en | x=fiontr+jee) P =| EJdV| p =—divP
a=20 (L) =1 | p=2e (L) +1 | LT | S JJ B30V py =—div
p=—gradp=B.i
Hé phudng trinh Maxwell . A, . . . TPT ctia nguyén t& anten thing
) [] my_1 | E=Z, | Hxi H=—|ixE : 7ik2sin® [ 1 -k
rotH=J+E nx(H, -H,)=J ) z| b H¢: 4x (ﬁ-i_kzrz)'ejr
E—_® | fix(E —-E,)= C v, =0/ i (1) o
rotE = —— nx(E, ~E,)=0 P, :%LRe{ExH}ZdSZ p=w/P E = 2ame e o )€
divD =p n.(D,-D))=0 | p =§ <P >as A=2n/B oo _ifksid (1§ 1) ke
= ~ = = A A=l/a Ey= e \k 22 )
divB=0 n.(B,-B,)=0 R, =2P, /12
Y
. 3 - 72 d ReZ). v _ImZ) | E=EE —) - _ AU gy — AU
divi=-3 | 6, -1)=-% | Ry="25 L =200 W6 b - [7["u,sinoaodg P
o), unsin ¢
- 1 o, o, SR Y B " i s IR O e A T = (g M e e
EX:E(_K&_J(DME) Ey_Kg(Kayﬂ“)“ax) HA—KE(Kaxﬂmsay) Hy_Kg( K(7y Jmsax)
aZEZ & 2B — azHZ ﬂ 2r 1 o[ (ﬁc.\:H‘:‘[H = LRY
P +ay2 +KCEZ—0 o2 oy +KcHz_O NN T (L(r;xﬁyir;yﬁx)dsj; % 2P
Kiéu song tGi TE Kiéu séng téi TMy, Céc thong s¢

H, = Ccos(% x)cos(% y).e'jBZ E = Csin(% x)sin(% y).e'jBZ f, =2 (2)2 N (%)2 = o
Hx = JIEZC —=sin (% x)cos (% y).e'jﬁz EX =— JEZC %cos(% x)sin(% y).e'jBZ K :(%)2 +(%)2 =B +o'e
Hy = ﬁ—?%cos(%x)sin (% y).e'jﬁZ Ey = —j]f—gc%sin (%x)cos (% y).e'jBZ B=P.. z\/(2)2 _(m)z _(n_gf)z
Ez:O; Ex = ZTEHy; Ey = _ZTEHx HZZO; Ex = ZTMHy; Ey = _ZTMHx Zyg =%; Zy =%; K=jB

Ki€u s6ng TE Ki€u s6ng TMpnp
H =Acos(Zx)cos(Zy]sin(£z E. =Asin(=x )sin(y)cos(£z
z
a b c z a b c
5 A pr mzm _: V3 nzr T 5 A pr mrx mz : nzr : V3
H =-—=—"sin[(—x])cos({—y)cos|{=2z E =——==—cos{—x|sin{—y )sin|(—z
x Kf c a a b y c x Kf c a a b y c
5 A pr nrx 4 : nz V3 5 A pr nzmr _: mz nz : n
H =——~-—cos{—x|sin(—v)cos(=z E =——=2="sin{—x)cos[—vy|sin(=z
y Kf ¢ b b y c y Kf c b a b y c
E =2 jou2Zcos (2% x )sin (22 sin(—”z H —i'man—”sin(ﬂx cos(= cos(—”z
X KfJ u b a b y c X KfJ b a b y c
E. =—2 jou2sin(2Zx )cos (2 y)sin (222 H =-—2 joe2cos(2Zx )sin(2Z y ) cos (2= z
y K%J M a a b y c y K?J a a b y c
. . . v m 2 n 2 p 2
W=W,+W, =const; 7\/(:) +(2) +(2)
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