Trudng Dién tu

® Ludng Hitu Tuin
B Tai liéu tham khdo :
® Trudng Pién tif - NN Anh & TTT My
® BT Trudng Dién tit - NN Anh & TTT My

© TS. Luong Hitu Tuin

Gitta hoc ky

Cau 1 : Vi€t (khong can din ra) mo hinh todn cda trudng dién tir ¢ng véi moi
trudng ding huéng. Néu y nghia clia 4 phuong trinh Maxwell.
Ciau 2 : Ning lugng trudng dién tinh tinh theo thé dién vad mat d dién tich. Nhan
x€t.
- Céu 3 : Trong mdi trudng ddng nhat ding hudng tuyén tinh c6 € = const, u =
E const, y=0 va khong ¢6 dién tich o do, tdn tai mot trudng dién tir bi€n thién
£ di€u hoa tin sd ® v4i vectd cudng do Eru’dng tir c6 dang :
H =cos(ax)cos(By)sin(ar)i,  (A/m)
1) Xac dinh vecto cudng dd trudng dién
. 2) Thiét 14p quan hé giita o va B.
£ Cau 4 : Cdp ddng truc ban kinh 15i a, banh kinh vd b, chiéu dai L, giita 16i va vo
©1a 16p cdch dién c6 d6 din dién y= k/r? vdi k = const, r 12 ban kinh huéng truc.
Cho bi€t 16i c6 thé U va vé dugc ndi dat. Hiy xdc dinh :
1) Vecto cudng do trudng dién trong 16p cdch dién
2) Dong dién ro qua 16p cach dién
3) Bién trg cdch dién cla cdp

Lwong H
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Yéu cau

m Ly thuyét:
® 5ng thé : tinh lién tuc (16p + 6n tip)
® phin cd s§ : chit ché
® phin (tng dung : linh hoat
® Baitip:
® tong thé : thdi gian (ndm bit + luyén tap)
® BT cd bdn : chit ché
® BT ting dung : cong thiic cd ban
® BT tdng hgp : linh hoat
m Kién thic : gidi tich vecto

© TS. Luong Hitu Tuin

Trudng di€n tir

© TS. Lwong Hitu Tun
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NG§i dung chinh
rotH =j+% H, —H, =J,
rotE:—%—’f E —E, =0
E divD = p D, —D, =0
: divB =0 B, —B, =0
g
3 dle——%—f S, =, T
E — —
° D=¢E
B=uH
J =yE
5
Trudng di€n tir
® Chudng 1 : Khdi niém & phtrinh c¢d ban cia TPT
® Chuong 2 : TD tinh
® Chuong 3 : TDT diung
£ ® Chuong 4 : TPT bi€n thién
=
=
=
¢ ® Chuong 5 : Buc xa dién t
= ~ ~
=~ ® Chuong 6 : Ong dan séng & hdp cong hudng
g L L p LSS LS
a -
/
TTF 77T 77 77772777777 777777 4 LA FA AP A A A
6
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Chuong 1 : Khdi niém & pt cd bdn cia TDT

1. Gidi tich vecto

2. Khdi niém cd ban

3. Pai lugng déc trung

4. Dinh luit co ban cia trudng dién tir

5. Dong di€n dich - hé phuong trinh Maxwell
6. Piu kién bién

© TS. Luong Hitu Tuin

7. Nang lugng di€n tir - dinh 1y Poynting

1. Giai tich vectd

1.1. Hé toa d6
Xdc dinh vi tri & hudng trong khong gian
® Phin loai
B Toa d6 Descartes (D)
® Toa do tru (T)
® Toa dd cau (C)
B Y€&u t6 vi phan
1.2. Toan ti
1.3. H¢ thic thudng gap

© TS. Lwong Hitu Tun
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B Toa d6 Descartes (D)

© TS. Lwong Hiru Tuan
|":JJ.-"/
/\ T
&Y
'3'_1.-

L
P(x,y,z)
§ X : hoanh do
E y : tung do
'En z : cao do
: S L
: Y u Xy =
r 94 [\ X1, =1,
9
® Toa do tru (T)
. J e
™ P(1,9.2)

r : bk huéng truc
0 : g6c phuong vi
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® Toa do cau (C)

P(1,0,0)
r : bk huéng tim
0 : goc léch truc

i xi, =1,

r

© TS. Luong Hitu Tuin

1. Giai tich vectd

1.1. HE toa dd
® Phin loai

® Y¢&u td vi phan

© TS. Lwong Hitu Tun
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® Y&u t§ vi phin (1)

—r
kz 41,1 CL
d R
Qv
‘;E dz| 45 »?
: o
? X/ 9
3 _
%) x
F
©

dl = dxi, +dyi, +dzi,

B Y&u t§ vi phin (2)

T i
— '“*i_::gz

7| A=
| £
O

e
F v

© TS. Lwong Hitu Tun

dl = dri +rd@i, +dzi,
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® Y&u t§ vi phin (3)

L
-

& e
g =

= @

= ¥
S g ti'{l'
(2 x dd rainfdd

@]

dl = dri_ +rd@i, + rsin Hd(z)z;

B Y&u t§ vi phin (4)

Tomlai:  df =dxi, +dyi, +dzi,
dl = dri_ +rd@i, +dzi,
dl = dri_ +rd@i,+ rsin 0d i,

=
e
= — — — —
E Téng qudt: | dl = hdu,i, + h,du,i, + h,du,i,
=) o + .
¥ dS, = *th hdu,du.i,,--- h; : hé s& Larmor
g
> dV = hh,h,du,du,du,
=
©
h, h, h,

D: 1 1 1

T: 1 r 1

C: 1 I rsin®
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Vidu

g
o
g
; S
g tru DTy r
2z h
A -
q= Ij—l rdodzi
r r r
00
q=Ah

1. Giai tich vectd

1.1. Hé toa d6
1.2. Toan ti

B Gradient

B Divergence

B Rotation

© TS. Lwong Hitu Tun

B Laplace

® Nabla
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B Gradient

® Tinh chat : grad@ Ia vectd c6
- dd 16n = toc do ting cuc dai

- huéng 1a hudng ting cuc dai
oY nghia : Khuynh hudng ting cuc dai cia trudng vo huong.

TS. Lwong Hiru Tuén

© ® Pao ham c6 hudng : %—‘l” = grad@.i
® Biéu thic :

_ 199> 1097 1097
gmd¢ = h_la_ulll +E7212 +E73 s
D grad¢)=—¢l— +8_(0;. a—¢z—
X dy ’ 4 19
® Divergence
® Y nghia :
M3t dé ngudn cia trudng vecto \ /
£ —e
= T
5 R /
£ @ Biéu thic:
=
: = 1 9hhA
© divA = [ (hohy 1)+...]
hhyh, du,
- 0A
D :divA = oA, » 4 24
ox dy 0z

20
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aivii =LA |
hyhyhy ou,

divA?

]

D:A=A(x)i. = divA= 1d
1dx

T:A=A(r)i = divA= li(r.A)
rdr

© TS. Luong Hitu Tuin

C:A=A(r)i = divA= izi(r%A)
r-dr

21

B Rotation

® Y nghia :
Tinh chat xody ciia truong vecto

5 ®Biéuthic:

=1

£ ~ - -
E’J h'l ll h'2 12 h’? l3
3 rotA =—| 2 - -+
E: ]’ll ]’l2 ]’l3 du, du, duty
° WA hA, hA,

i [

X y zZ

. A—|a R 9
D :rotA =+ ” .
A A A

x y z

22
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B Vidu

C:A=rsin6’f¢

9 d

. or
¥ sin @
0

rot;l =
0

r*sin@

© TS. Luong Hitu Tuin

0

rotA = 2(cos 0i —sin 6i,)

2 sin 191;
9
a9
r>sin’ @

—1—(2r”sin@cos 6 —-0)

L_r(2rsin® 6-0)

23

B [ aplace

® V6 hudng :
A =div(grad )

Ap

Chhh, Ou b ou,

h
! [i( e a—g")+...]

® Vectd :

© TS. Lwong Hitu Tun

A= grad(divﬁ) — rot(rotﬁ)

24
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® Nabla (hinh thic)
o d - d- d-
D:V=V=—i +—i +—1
ox 8)3 : 8Za~ 3
grad(p:—(pli_ +—¢l: +—¢; =Vg
ox dy ° 0z °
5 - 0A, OA, 9A .
& divA = + +—==VA
2 x dy 0z
En Lo L ioq L
= AXB=|A, A, A 3rotA=% % a%EVXA
%
= B, B, B, A A A
W orad : vO hudng — vectd
B div: vectd — vO huéng
N rot : vectd — vectd
B [aplace: vO hudng — v0 huéng
vecto — vectd 25
® Tém lai
_ 197 1997 1097
8rad@ =5 5k + 5 5L+ 5 b
~<§ e J A
g divA = - [ 4]
'm - g g
%‘J h1l1 hzlz h3l3
g -
= rotA =——| = < -+
. du, du, duty
g hlh2h3
WA A, hA,
26
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® Nhic lai

dl = hdu,i, + hydu,i, + hdusi,
dS, = +hhdu,dui,, -
dV = hhhdu,du,du, C:

- O
—_— = = T
e e

_ 199~
gradp = T oy bt

O | d(hyhzA))
divA = hlhzhs[ e +...]

— —

hi  hi, i,

272

© TS. Luong Hitu Tuin

rot;l =—| < < =+
hl hz h3 du, du, du,
WA A, hA,
A =div(grad @)

AA = grad (divA) - rot(rotﬁ)

27

1. Giai tich vectd

1.1. HE toa d6

1.2. Toan ti

1.3. H¢ thic thudng gap
® Dai s6 vectd

® Dinh ly tich phan

© TS. Lwong Hitu Tun

® Hé thuc khéc

28
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® Pai sd vectd
A=Al + AL+ AL
B =B +B,i, + B,
E AB=AB, +A,B,+AB,
: I
f AxB=|A A A
4 B, B, B,
©
A(BxC)=C(AxB)=B(CxA)
4 (AxB)= Ax4 + Ay B
29
® Pinh ly tich phin
® Pinh ly Divergence :
[divAdv = AdS | (Thong lugng)
= Vv S
é Qui udc : vecto phdp tuyén huéng ra
=
§ ® Dinh 1y Stokes :
o Irotﬁdg = SB Adl (Luu s6)
S C
Qui udc : qui tic van nit chai
30
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® HE thic khac

V(fg)=fVg+gVf
Vx(fA)=VfxA+ fVXA

V(fA) = fVA+AVf
V(AXB)=B(VxA)—A(VXB)
V(VxA) =div(rotA) =0
VX(Vf)=rot(gradf)=0

© TS. Luong Hitu Tuin

31

Chuong 1 : Khdi niém & pt cd bdn cia TPT

1. Gidi tich vectd

2. Khdi niém cd ban
B Trudng di€n tu
® M6 hinh

© TS. Lwong Hitu Tun

32
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B Trudng di€n tur
5
ﬁ
:
@
©
® Trudng dién tir 1a mot dang vat chat
® Tinh tuong ddi
® Ung dung .
® M6 hinh

t.tac 4.t

M hinh vat 1y : hé twong tic TDT - Ch4t mang dién

DT

MO hinh toan :

© TS. Lwong Hitu Tun

dién ar

Pham vi : hé lién tuc

® hé¢ phuong trinh Maxwell
® cic diéu kién bién
® cic phuong trinh li€én hé

CMb

H¢ phuong trinh Maxwell 1a hé pt dao ham
riéng mo td diy dii cdc hién tuong

34
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Chuong 1 : Khdi niém & pt cd bdn cia TDT

1. Gidi tich vecto
2. Khdi niém cd ban
3. Pai lugng déc trung

t.tac d.tu
DT CMb

© TS. Luong Hitu Tuin

3.1.cho TDT
3.2. cho mdi trudng chat
3.3. cho tuong tac

35

3.1. Pai lugng dac trung cho TDT

Luc tudng tdc : F=gE+qvxB
B Vecto cudng do trudng dién : E (V/m)
B Vecto cam dng tir : B(T)

© TS. Lwong Hitu Tun

36
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3.2. Pai ludng dic trung cho chit mang dién

® Pién tich: q (C)
® MAit d6 dién tich :

® khéi : p=dg/dV (C/m3)
® mit : 6 =dg/dS (C/m?)
®dai : A=dgdl  (C/m)

dg = pdV +odS + Adl

© TS. Luong Hitu Tuin

B Vecto mat d6 dong dién: J(4/m’)
| 74¢ 444
I=| JdS=+%

37

3.3. Pai lugng déic trung cho tuong tac

® Phan cyc di€n trong di€n moi
® Phan cyc tif trong tir m6i

® Tiéu tdn cong suit trong vit din

© TS. Lwong Hitu Tun

38
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® Phin cyc di€n trong di€n moi

® Dinh nghia : D=¢gE+P
l:) : vectd cam ng dién (C/m?)
P: vectd phan cuc dién (C/m?)

& =107 : hiing s6 dién (F/m)
® Modi trudng dang huéng Z 0 0

—

P=gyE=¢)0 x ol|E

0 0

© TS. Luong Hitu Tuin

Z
D=¢,(+y)E=¢6E=| D=¢E
X, d6 cdm dién
£ 1 do thim dién tuong ddi

£: d0 thdm dién (F/m) — &(Exy.z)
® Mbi trudng ding huéng, tuyén tinh, ddng nhit : € = const

39

® Phan cyc tu trong tif moi

® Dinh nghia : [?]:ﬂLOE_M

vectd cuong do trudng tur (A/m)
: vectd phan cuc tur (A/m)
My =47.107" : hiing s8 tir (H/m)
® Mbi trudng ding huéng :
M=y H
X, >0,%, <0: thuln tit, nghich tir

§1.m‘1

B=u,(1+x,)H = uu,H=\| B=uH
Amt @0 cdm tir
M, : d@d thaim tir twong ddi
M: 36 thaim tir (H/m)

® Mbi trudng ding huéng, tuyén tinh, ddng nhit : i = const
40

© TS. Lwong Hitu Tun
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® Tiéu tdn cOng suit trong vat din

® Mat do cong sut tiéu tin py: p, = J.E(W/m’)

® Cong sult tiéu tdn P : P =] J.EdV (W)
€ ®Pjnh luit Ohm:
£ —
éﬁ J=yE
z y: do din dién (1/Qm)
©
4
® On tip
t.tdc d.uir
TDT CMP
_ D,H ,
£ E.B p,J
£ L L.
¥ D=¢gE+P D=¢E
= — — — — —
= —_ 1.n_ _
; H=L1B-M B=uH
° J=yE J=y
p, = J.E= yE®

4
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Chuong 1 : Khdi niém & pt cd bdn cia TDT

1. Gidi tich vectd

2. Khdi ni€ém cd ban

3. Pai lugng déc trung

4. Pinh luit co bdn cia TPT

© TS. Luong Hitu Tuin

4.3. Pinh ludt Gauss vé ti
4.4. PBinh luat Ampere

4.1. Pinh luat bdo toan dién tich
4.2. Pinh ludt Gauss vé dién

4.5. Pinh ludt cAm tng dién tir Faraday

43

4.1. Binh luat bdo toan dién tich

® Phit bi€u :

® Din xuit :
i =—dgq/dt
jv dividv =—

© TS. Lwong Hitu Tun

div] =—0dp/ot

m K&t ludn :

[ 2qv, vy
|4

(ph.trinh li€én tuc)

44
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4.2. Pinh luat Gauss vé dién

955 DdS = q (dang tich phan)

® Ph4t biéu :

® DAn xuit :

jv divDdV = jv pdV NV

divD = P | (dang vi phin)

© TS. Luong Hitu Tuin

B Nhin xét :
® Dudng stic dién 1a nhitng dudng hd
® Trudng dién c6 ngudn la cdc dién tich

45

4.3. Pinh luat Gauss vé tir

<J5S BdS =0 (dang tich phan)

® Phit bi€u :
® DAn xudt : tuong ty

divB=0 | (dangviphan)

® Nhin xét :

© TS. Lwong Hitu Tun

® Dudng stc tif 1a nhitng dudng kin
® Trudng tif khong c6 ngudn “tir tich”

46
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4.4. Dinh luat Ampere

CJ‘)C Hdl =1 (dang tich phan)

® Ph4t biéu :

I:I,.._ Il+1:3-

© TS. Luong Hitu Tuin

® DAn xuit :

L rotHdS = js JdS, VS

rotH =J | (dang vi phin)

47

4.5. Pinh luit cim @ng dién tir Faraday

(j)c Edl = —%L BdS 1 (dang tich phan)

E x‘\i.!._ i :il/ /)
, i
F 2R
3 ® Ph4t biéu :
g ® Din xuit : .
- OB -
j rotEdS =—j 22 4S.vS
S S a[
rotE =—aa_B (dang vi phan)
1

48
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Chuong 1 : Khdi niém & pt cd bdn cia TDT

1. Gidi tich vectd
2. Khdi ni€ém cd ban

4 3. Pai lugng dic trung
=
E 4 Pinh luit co bdn cia TPT
§ 5. Dong dién dich - hé phuong trinh Maxwell
£ 5.1.Dong dién dich
5.2. Hé phuong trinh Maxwell
49
5.1. DOong di€n dich
® dinh ludt Ampere chi ding vdi dong dién khong d6i
p khong ddi theo thdi gian : dong dién khong ddi
g . A N S < . A .
é B khai qudt héa dinh ludt Ampere bang dong dién dich
f div(J +4)=0
3 div(rotH)=0 (gtvt)
° Ta c6 thé d.nghfa : | rotH = J +22 | (Ampére - Maxwell)
J: vectd md dong dién dan
J = % : vectd md dong dién dich
#,p =J +J,: vectd md dong dién toan phin

50
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5.2. Hé phuong trinh Maxwell (1)

B Péng gép cia Maxwell :
® sing tao ra dong di€n dich
® khdi qudt hda dinh ludt Faraday

;: ® H¢ phuong trinh Maxwell :

£

§ rotH = J +al3/8t (1)

£ rotE =—0Bfor (Il
divD = p (1I)
(divB=0 (1V)

51

5.2. H¢ phudng trinh Maxwell (2)

® Y nghia ca hé phuong trinh Maxwell :
® Y nghia chung :
+ sOng dién tur
+ li€n h€ chdt ché gitta Tb & TT
® Y nghia riéng :
+ phuong trinh I
+ phuong trinh II
+ phuong trinh III
+ phuong trinh IV
® Hé phuong trinh li€n hé :

© TS. Lwong Hitu Tun

p-cisp [ [D-ck
B+l | \B=ul
J:7E J:7 52
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Chuong 1 : Khdi niém & pt cd bdn cia TDT

1. Gidi tich vectd
2. Kh4di niém cd ban

3. Pai lugng déac trung

4. Pinh luit co bidn cia TPT

5. Dong di€n dich - hé pt Maxwell
6. Piu kién bién

© TS. Luong Hitu Tuin

53

6. Pi€u kién bién (tu doc)

PKB xdc dinh rang budc gitta cdc dai lugng dic trung
trén mdt phan cach gitta 2 moi1 trudng khic nhau

Quiube: 7i:2 —1

E m DKB d6i v6i thanh phin phép tuyén

E‘J ﬁ(él—?2)=0' D,-D,, =0
3 ﬁ(@[_ljz)zo Bln_BZI1=Oa
E: ﬁ(]l—‘lz):—%—?— Jln—JZn:_a_(t)-
@]

® DKB d6i v6i thanh phén ti€p tuyén

ﬁx([zll__l?z):js () H,-H, =J
nx(kE —-E,)=0 E,.-E, =0

54
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Chuong 1 : Khdi niém & pt cd bdn cia TDT

1. Gidi tich vectd

2. Khdi niém cd ban

3. Pai lugng déac trung

4. Pinh luit co bidn cia TPT

5. Dong di€n dich - hé pt Maxwell

6. Piu kién bién

7. Ndng lugng di€n tif - dinh 1y Poynting
7.1. PBinh 1y Poynting
7.2. Mat @6 nang lugng

© TS. Luong Hitu Tuin
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7.1. Pinh ly Poynting

® Pinh nghia : vectd Poynting | p = Ex H (W/mz)
® Pinh 1y Poynting :
P, = —qSS ExHdS
Py=| EJav+| (E2+H%)dv
Py=| EJdV+4[ L(ED+HB)AV (hvit)

W =4[ (ED+HB)dv

© TS. Lwong Hitu Tun

P, =P, +4 | (dly Poynting)

® Dlbt&chnl : cong sud't dt giti vao V qua S kin dugc diing dé
— tiéu tdn cong suat dudi dang nhiét
— thay d6i ning lugng dién tir tich liy trong V

® K&t luan : 56
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7.2. Mat do ning lugng

® Ning lugng :

W,=%| EDdV (J)
2 — 1| BH
E W, =3 VBHdV (J)
%ﬁ B Mat do ning lugng :
z
P _

57

Tém tit chuong 1

1. Gidi tich vecto

2. Khdi niém cd ban

3. Pai lugng dédc trung

4. Pinh luit co bdn cia TDT

5. Dong di€n dich - hé phuong trinh Maxwell
6. Pi€u kién bién

7. Nang lugng di€n tir - dinh 1y Poynting

© TS. Lwong Hitu Tun
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NG§i dung chinh

r0t1?1=j+% H, —H, =J,
rotE = — % E —E, =0
- divD = p D, —-D, =0
: divB =0 B, —B, =0
g dle=—%—f A aa—‘t’
5 L
D=¢E
B=uH
J=yE
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