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TRUONG PIEN TU



CHUONG 1

— (141 tich vecto.

— Kha1 niém co ban.

— Cac dai luong dac trung cua truong dién tur
— Cac dinh luat co ban cua trudong dién tu

— Dong dién dich- HE phuong trinh Maxwell
— Piéu kién bién

— Nang luong dién tir- Pinh 1y Poynting



1. GIAI TICH VECTO

1.1 Pai s6 vector

a) Vector (AT va Vo hwong (A):

= Vector: DPai lwong vat ly, dac trung boi ca do lon va hwong
trong khong gian.

< Vidu: Van toc,luc ...

* Vo hwong: Pai lwong vat ly, dac trung chi baoi do 1om.

< Vi du: Khoi lwong, dién tich ...



1. GIAI TICH VECTO

b) Vector don vi:

M L ~ Ld I.}\. e L ) L LY _.- hl
= do lom Ia 1, hwong theo chieu tang cac truc toa do, ky hieu a va
cac chiso:

la;a,:4,|

= M6t vector bat ky ¢6 thé biéu dién theo cic vector don vi nhw sau:

—

E = E, +E, +E, = E,(xy,zt)a, + E,(xy.zt)a, + E,(xy.zta,

= Vector don vi doc theo mot vector:

- _A_Aa +Aua,+Aa,
A

A AEA A




1. GIAI TICH VECTO

¢) Tich vo hwéong:

= La mot vo hwong:

A.B=AB + AB, + AB, =A.B.cos0 ,

A A=A’ )
Oan

Vo

= Rat thuin tién khi tim goc giira 2 vector:

[0,



1. GIAI TICH VECTO

d) Tich co hwong:

=

Fal il r L. -+ Ll _.- b
= La mot vector, vuong goc voi ca hai vector A va

— — —> —* —
— a1 d2 d3
"" >< B — 141 142 .443 _ — Bx 14
Bl BE BS
Right-handed screw rule

= Rat tién loi dé tim vector don vi vuong goc vai mat phang chia

2 vector: $¢  AxB=ABsin 0y & NN
- Ax B
dn = N
.‘I
_ ¥ Ax B

. L] o ' . — =
i {(ross |:Inr.luu.t A




1. GIAI TICH VECTO

—_—

Cho 3 vector: A = 35{1 +2a, + 5_1';

a) Tinh: A + B—4C 9
=(3+1-4)a, +(2+1-8)a, +(1-1-12)a,
=53, —12a,

—_— —_—

= |A+B-4C \=J25+144 =13



. GIAI TiCH VECTO

b) Tinh: A+2B-C 9
—(3+2-1)3, +(24+2-2)a, + (1-2+3)a,

=44, +24, — 44,

43 +2a, - 44,

Vector donvi = —— — —
‘431 +2a, — 433‘
1

= (24, +d, - 24,)



1. GIAI TICH VECTO

Cho 3 vector: f_ﬁ; — 35{ + 2{{,} + 5;

o) Timh: A.C =B*)+(2*2)+(1%*3)=10

a
d) Xacdinh: BxC =1 ~1|=53, —44a, +a,
1




1. GIAI TICH VECTO

—_—

Cho2vector: A=3a_+2a —-a, B=a_-3a_+2a

a) Tinh: C =2A —3B

b) Xac dinh vector don vi El:: va goc hop boi no voi truc Oz ?

a) Taco: C=2A-3B =2[3a, +2a, —a.]-3[a, —3a,+2a.]
— 33, + 133, — 8@.

m= C=/32+ 132 + (—82 = 15.556

b) Vectordonvi: 3 = — =0.193a, +0.836a, — 0.514a.

Gy |

15.556

e §. = cos ™' 1:%:| = cos ! [ ] = 120.95°

10



1. GIAI TICH VECTO
1.2 Cac hé toa do

1.2.1 H¢ toa do Descartes

a) Cac vector don vi:

* P(X,V, 2)




1. GIAI TICH VECTO
1.2 Cac hé toa do

1.2.1 H¢ toa do Descartes

* b! Vector vi tri:

r=xa_+ya tza

L PRy, )
r/

12



1. GIAI TICH VECTO
1.2 Cac hé toa do

1.2.1 H¢ toa do Descartes

* ¢) Vector tir P,(X,,v,.Z,) dén P,(X,,V,.Z,):

1+ . Py(Xy, V2. Zy)

X

iiz — (xz _xl)ax + (yz — yl)ay T (Zz _Zl)az

13



1. GIAI TICH VECTO
1.2 C4c hé toa dp R =11 +z1,
1.2.2 H¢ toa do tru

* P, ¢, 2)

- pug pig pug
{ar, a,, az}

= A=Ad +Ad,+Ad

* Luat ban tay phai :




1. GIAI TICH VECTO
1.2 Cac hé toa do

1.2.3 Hé toa do cau

* P(r, 0, ¢)

sk - - -
(5, 4, 4,)

= A=Aa +A,a,+Aa,

* Luat ban tay phai :

G A, @ +Chiy:
36, ¢‘\ar Chuy

>< = Hé tru:
a,

—

a, =HEcau:

2




1. GIAI TICH VECTO
1.2 Cac hé toa do

1.2.4 Chuyén doi giira cac hé toa do

beé cac Tru

,

Y

(.I.:- _}”,) Z) e 4 ¢$ — fg_l },’

\ £ = Z
X=7rcos¢ )

yv=r SIn (fj <G (F"_,, ¢’.& Z)

z =2z .

2 2
r=4/X"+y

16



1. GIAI TICH VECTO

1.2 Cac hé toa do

1.2.4 Chuyén doi giira cac hé toa do

Pe cac

(I_, y? Z)

E N
X =rsimécosg

y=rsmésmag

— { H:fL_l

zZ=rcost )

17



1. GIAI TICH VECTO
1.2 Cac hé toa do

1.2.5 Chuyén ddi vector giira cac hé toa do

Peé cac =D Tru

A, | | cosg sing O A,
A, |=|—sm¢ cosg O A,
A, | O 0 1A,
'A_| [cosg —sing O A
A, |=|smg cosgp O] A,
A, | O 0 L] A

18



1. GIAI TICH VECTO
1.2 Cac hé toa do

1.2.5 Chuyén ddi vector giira cac hé toa do

Peé cac =D Cau
A | [ sinbcosg  sinbsing  cosé
A, |=|—cosfcos¢ cosfsm¢p —sinb
A, L —sin ¢ COS ¢ 0
A | [sinOcos¢ cosOcos¢p —sing
A, |=|smmfsing cosfsmgp cosg

A cos & —sm @ 0




1. GIAI TICH VECTO
1.3 Yéu to vi phan va cac tich phan

* a) Cong thirc chung:

—> —> — —
d | =hdu, a1+ hdu, ax+hdu, as

dS=dSi+dS:;+dS; =idS1 ai idS2 El:idS3 a3

— — —>
=thhdu,di, a1 = hhdudi, ax = hhdudu, as

dV = hh,h,du,du,du,

Hé s6 toa do h, | h, | h,
(Larmor)

Pe cac : 1 1 1
Tru: 1 r 1
Cau: 1 r rsin0

20



1. GIAI TICH VECTO
1.3 Yéu to vi phan va cac tich phan

* b) Yeu to vi phan ¢ he toa do De cac :

. :
d g T

e :".’h — rj;r".' fI‘:l' EZ

A
PN
dx L
rRx = dx d; 55,‘_.__--' T{f”’()ng
/a dz diing

1z

‘ e dv = dx dy ¢t

I "I;:':u _.'.{1,.' ”F'.. Ex "‘--.__ ___--"""/
< -

— —> —> —
dl =dxax+dyay+dza,

— - - -
dS=xdvdzax * dxdzay * dxdya,

dV = dxdydsz

21



1. GIAI TICH VECTO
1.3 Yéu to vi phan va cac tich phan

#) Yeéu to vi phan 6 he toa do tru :

=r.

d ] = dr ar+1d¢a¢+dzaz

dS +rd¢5dza1 dfdza¢ t rdrdga,
dV = rdrd pdz

22



1. GIAI TICH VECTO
1.3 Yéu to vi phan va cac tich phan

* d) Yeéu to vi phan ¢ hé toa do cau :

r=in @ do

d1 =dra.+rd@as+rsinfdpay

dS =+r*sin0d0dpa; + rsinOdrdpas + rdrdday

dV =" sin Odrd 0d ¢

23



1. GIAI TICH VECTO
1.3 Yéu to vi phan va cac tich phan

e) Tich phian dwong, mit va khoi :

* i. Tich phan dwong:

B

_ = 7 =Tich phin dwong cia E tir 4 dén B.
U,=| E.dl P g

A

* Y nghia cia tich phan nay phu thudc tinh chat cia trwong
vecto' E. Vi du néu E 1a trwong luc thi tich phan cho ta cong cua
lwre.

E.dl =Tich phan dwong cia E doc theo dwong kin C.

C
= con goi 1a lwu so cia truong E trén dwong C. 2



1. GIAI TICH VECTO
1.3 Yéu to vi phan va cac tich phan

e) Tich phian duwong, mat va khoi

* ii. Tich phan mat:

< Dung dé tinh thong lwong cia mot trwedong vector giri qua mit .

W = J BdS = Tich phan mat ciia B trén S.
s

25



1. GIAI TICH VECTO
1.3 Yéu to vi phan va cac tich phan

e) Tich phian duwong, mat va khoi

* iii. Tich Bhﬁn khoi :

<* Pinh nghia boi: _ N
| fav = lim > fAv,

Nowx o=
AV;—0 1=

N
I FdV'= lim ) EAv,
V Noxm

AV, —0 =1

26



1. GIAI TICH VECTO
1.3 Yéu to vi phan va cac tich phan

e) Tich phian dwong, mit va khoi :

Méjit do electron bén trong khoi cau ban kinh 2 m cho béi qui luit:

1000 .
n, = fcos2 (electron/m’)
r 4 ’
Tim dién tich cua toan bo khoi cau biéet dién tich cua electron la —
1,6.101° C.

“* Goi N =50 electron chwa trong khoi cau, ta coé :

N =./‘n,,dv=f 1060 cos(¢p/4)dv
. r

2 I 2
j 1—(—)@:’ > dr f sinf d0 f cos(d/4)d¢
0

= 16,000 electrons

I

< Dién tich khéi ciu: Q =N*e = |[-2.56 x 10~'5 coulomb.

27



1. GIAI TICH VECTO
1.3 Yéu to vi phan va cac tich phan

Toa dé Vector don vi | Hé sé Larmor

L4 Lo Ls q 1_2} [_3} hl h2 h3
Descartes |- < X< w |-o<y <x |-w<Z < ® Ef E} L_Zf 1 1 1
(x,v,2)
Tru O=<r <w Oz <21 |-w<Z<w Lo | 1z |1 r 1
(r,0,2)
Cau O=<r <w 0<6 <n O<o<2n | &y | 1g | 4, |1 |r |[rsing
(r,6,0)

28




1. GIAI TICH VECTO

1.4 Cac toan tw co ban

* a) Gradient cua trwong vo hwéong:

+* Toan tir erad:

_)

—> —
_L_D 10U 5 , 10U o
gradU or VU_,, A +5- 5 Aoty -5 A

Outy




1. GIAI TICH VECTO

1.4 Cac toan tw co ban

ii.

iii.

iv.

« Cac tinh chat ciia toan ti grad:
Bién do cua gradV bang toc do tang cuc dai gradV
cua ham V trong khong gian (dV/d¢{

ma x) *

Hwong cua gradV la hwong tang cwc dai
cua ham V trong khong gian.

GradV tai diém P sé vuong goc voi mat V
= const tai P. Va vecto don vi phap tuyen
cua mat V = const tai P xac dinh theo:

Vector don vi phap tuyén tai P =1 (gradV,) / |gradV,|

Do tang cua ham V theo hwong a; la hinh chiéu cia gradV
xuong hwéng do.
dV

= —ondV3,
~ =gadVa,

30



1. GIAI TICH VECTO

1.4 Cac toan tw co ban

Tim vecto don vi vuong goc voi

mat phﬁng: Sx+ 2y + 4z=

20

= Theo cong th{fc:
radV
-

a ==
' | gradV‘

= Tinh toan t:
N Sa, +2a +4a,

5 422+ 47

an —

_—> r}}

\ B (0,10, 0)

31



1. GIAI TICH VECTO

1.4 Cac toan tw co ban

* b) Divergence cua trrong vector :

“*Dinh nghia: La thong lwgng cua truwong thoat khoi mot don vi
thé tich.

. N q} Fds
divA or VeA = lim =2
AV =0 AV

<+*Cong thwrc tinh:
| 00hA)

divA or VeA = |
hh,h, ou,

]

32



1. GIAI TICH VECTO

1.4 Cac toan tw co ban

—_

1 2_ = 3.2 = 2_ =
Cho vector: 4=x"z.a —2yz .a,+xyza.

Tim divA, hay V. 4 , tai diém P(1, -1, 1) ?

= Theo cong th(c:

. 5 ~ 5 7 9 5 >
divd =(—(x"z2)+—(-2y'z7)+—(xy72))
ors oy oz

2 2 2
=2xz—-6y°z" +xy°

= Tai P(1,-1,1): dz'vﬁ = -3



1. GIAI TICH VECTO

1.4 Cac toan tw co ban

* “* Dinh Iv Divergence :

jdwEdV=¢2d§
S

4

(dS hiwéng ra bén ngodi mdt S )
= Vé phai cta dinh Iy la thong lwong cia trlrf)’ng?fgﬁ'i qua mat
Kkin S.

= Néu divE > 0 : thong lwong cua E hwong ra bén ngoai S.

= Néu divE <0 : thong lwong cua E hwéng vao bén trong S.

= Néu divE = 0 : thong lwong cia E vao va ra mat Kkin S la nhw
nhau. 34



1. GIAI TICH VECTO

1.4 Cac toan tw co ban

* ¢) Curl (rot) cua trwong vector :

<*Dinh nghia: La lwu so cwc dai cua trwong trén mot don vi dién

tich.

— -
rotA or VxA =| Iim
AS—=0

@Cfdf
AS

max

(Chieu a_ va chieu C theo qui tac ban tay phai)

<+*Cong thirc tinh:

|

1

— — —
curl A or rotA or VxA =

— — —
: ;’31 i ]?2 d» ]?3 s

5 e 2

hh,h, % = s
hd  hA4d  hA

35




1. GIAI TICH VECTO

1.4 Cac toan tw co ban

—

h F, = 3
Cho vector: A =xz

_ 2%y Iy
a,—2x"yza,+2yz" .a,

Tim rotA, hay V x 4 , tai diéem P(1,-1,1) ?

= Theo cong th(fc: a, a, a.
~ %, %, %,
v >< -‘4 = L] L —,
OX oy 0z
3 2 4
xz° =2x"yz 2yz

= (22" +2x"y)d, +(3xz")a, + (—4xyz)a,

= Tai P(1,-1,1): VxA=3d +4d



1. GIAI TICH VECTO

1.4 Cac toan tw co ban

* *** Dinh 1v Stokes :

Iror;fl}dg:(ﬁ;l}d?
S

= Ve phai cia dinh Iy 1a lwu so cia trwong vector trén dwong C.
= Pinh Iy chuyén tir tich phan mit sang tich phan dwong.

= Chiéu cia dwong kin C hop véi chiéu cia vector phap tuyén dS
theo qui tac ban tay phai.

= Toan twr rot mo ta tinh chat xoay cua trwong vector.

« Néu rotE = 0 ta néi tru*img_]:: la trweomng khong xoay, hay con goi
la trwong the.

37



1. GIAI TICH VECTO

1.4 Cac toan tw co ban

* d) Toan tw Laplace:

<+ Toan tw Laplace cua trwong vo hwong:

Ap=V’p=div(gradp)
] 0  hh, d¢

[—(

hhh, ou — h du

)+...]

1

< Toan tw Laplace cua trwong vector :

AA=V?A = grad (div ;&}) — rot(rot ;&})

38



1. GIAI TICH VECTO

1.4 Cac toan tw co ban

* e) Cac dinh thwe khac:

V(fg)=grad(f.g)=f.grad(g)+ g.grad(f)

V(£ A)=div(f.A) = £ div(A)+ A grad( /)

V(AxB)=div(AxB) =B.rot(A)— A rot(B)

Vx(fﬁ) =r0t(fzz) =grad(f)><£—|—f.r0t(ﬁ)

V(V x 1_51}) = drv(rot ;1}) =0

V x(Vf)=rot(grad(f)) =0

39



2. KHAI NIEM CO BAN

a) Khai niém treong :

Trwong la mo ta toan hoc, sw phu thuoc vao khong gian va thoi
gian cua mot dai lwong vat ly nao do.

Fields
Scalar Fields Vectorial ficlds
describe a scalar property describe a
¢.g.. lemperature, pressure, property with magnitude and direction
elevation e.g. wind. gravity

e

Conservative Fields
(Source Fields, Irrotalonal Fields) Rotational Flelds
field lines circle around

Field lines have a source
N e.g. hurricanes
and a sink
e.g. electric fields

40



2. KHAI NIEM CO BAN

* b) Trwong dién tir :

X 1 dang vat chat, ton tai trong khong gian
xung quanh ciac vat mang dién ding yén hay chuyen dong.

5 : 2 mat dwoc phan chia cua Truwong
dién tir.

" DPung yén -> trwong dién.

“*Pién tich: - 2 ‘ .
' . Chuyen dong -> trwong tir.

% Trwong tinh : Trwong khong thay doi theo thoi gian.

< Trwong bién thién: Truong thay doi theo thoi gian.

41



3. CAC PAI LUQONG PAC TRUNG CUA

TRUONG PIEN TU

3.1 Trwong dién

“* Vector cwong do treong dién E:

= Mot dién tich diém dit

bén canh vat mang dién,
chiu tac dung mot lwc .

» Ta noi bén canh vat mang dién ton tai

dinh boi :

.-"f

P [

Electric field |ine_~,,-"’ .7 Fe

VatMb |

q>0

, Xac

= Vector cwong do trwong dién = ly'c dién / dvi dién tich .

—3

Fe

E=lm— [V /m]
q—0

q

42



3. CAC PAI LUQONG PAC TRUNG CUA

TRUONG PIEN TU
3.1 Trwong dién

* % Vector cam wng dién D :
_}

= MBbi trwong chian khéng: D=gE [C/n]

| X A gen
g, =—107 [F/m] = hang so dien.
367

=  Moi trwong dién moi: D=¢g E+P [C/mr’]

(Vecto phin cwce dién)

, - ” — —
v'Neéu dién moi dang hwong & tuyen tinh: P=g v E

— —

:>D=gﬂ('l—|—;(£)E=£D£}_]_E} —> |D=¢E

(£ =g,e, = d) tham dién tuyét doi cia méi trwong [F/m).
€, = d0 tham dién twong doi ; y, = do cam dién. Ca 2 co thir nguyén [0].

43



3. CAC PAI LUQONG PAC TRUNG CUA

TRUONG PIEN TU
3.1 Trwong dién

Chat Er Chat Er
Khéng khi 1,0006 bat khé 5

Giay 2-3 Thuy tinh 5-10
Cao su 2-3,5 Mica 6
Polyetylen 2,26 su 6
Thach anh néng chay 3,8 P&t &m 10
Bakelite 4,9 Nudc cat 81




3. CAC PAI LUQONG PAC TRUNG CUA

TRUONG PIEN TU
3.1 Trwong dién

* +* Pien tich:

= La nguon tao ra trweong dién. Co 2 mo hinh co ban:

i. Dién tich tap trung: dwoc dung khi kich thwéc cua vat mang
dién khong dang ké so véi khong gian khao sat. Ky hiéu g
(O).

ii. Dién tich phin bo: dwoc dung khi kich thwéc cia vt mang
dién l1a dang ké so véi khong gian khao sat, dic trung béi
thong so 1a mat do dién tich phan bo.

45



3. CAC PAI LUQONG PAC TRUNG CUA

TRUONG PIEN TU
3.1 Trwong dien

»Mat dé dién tich phan bo:

L 7
i. MAat do dién tich dai:  p, = lim M _4q [C/m]
O AMS0AL dY
. / d ) o]
ii. Mat d¢ dién tichmit: p,=lim M _ [C/m’]
ASS0AS S
. o d
iii. Mat d dién tich khoi: p, = lim M _ 4 [C/m’ ]

AV=0 AT AV

= Dién tich tong: Q = J.L pfd ( or L deS Oor L pId Vo |C]

= Neéu phan bo déu,qm:’jt do dién tich khong phu thuoc toa do.
Khi do dien tich tong xiac dinh :

Q=p,L or pSor p,V [C]



3. CAC PAI LUQONG PAC TRUNG CUA

TRUONG PIEN TU
3.1 Trwong dién

fl:‘jt vudng nam trong mit phging X-y gioi han (-3 <x<3)va

(-3 <y < 3) mang dién voi mat do p, = 2y? (nC/m?) . Tim Q

cua mat ? Gidi
rid

*Taco: Q= J P dS,
S

=) Q= j j (2y*)(dxdy) = jdxj(zy%dy

—3—3 -3 -3

=> Q= 6%[33 L (-3)°]=216 uC

47



3. CAC PAI LUQONG PAC TRUNG CUA

TRUONG PIEN TU
3.1 Trwong dién

Vo6 cau, tam tai goc toa d6, bkinh trong a = 2 cm , bkinh
ngoai b = 3 cm, mang dien voi mat do khei py. = 6r.10# C/m?
. Tim Q ciia vé cau ?
Q Giai ' b

-

»Taco: Q= J Py dV K/ f_\\\
v | |

\
|
-

0o /

727 -/
= Q= f” J (61)(r* sin0drd0d¢).10™ u--_----/

a0 0

6 1P T 2
:Z(-IA)L (—cosOf (P 107 = Q=1,225nC

48



3. CAC PAI LUQONG PAC TRUNG CUA

TRUONG PIEN TU
3.2 Truwong tu

[ ] R i . I
** Vector camung tir B :

k4

= Pién tich diém néu
chuyén dong bén
canh mot nam cham: | N
chiu tic dung cua
mot lwc.

» Ta néi bén ngoai nam cham ton tai mot , dac
trung boi:

— —

¥ - . \ — - X
* Vector cam ung tir : B = Fom(man X am

(Wb /m*]or [T]

q.v

—

Fm = g (::X B)

Voi: < - - —
~ap=vectodonvicua v khi I, —(max)

49



3. CAC PAI LUQONG PAC TRUNG CUA
TRUONG PIEN TU

3.2 Trwong tw .
“* Vector cwong do trwong tvr H :

+  Moi trwomg chin khong: [ _ ' B 4/
Hy

u =47.10" [H /m] =hingsb t.

=  Moi trwong trmdi: [y _ % B-M [4/m]
‘o
g

ecto’ phdn cwece fir)

_>

i . i —
v Néu tir moi dang hwong va tuyen tinh: M=y H

_}.

— | - — —
=B=u(0+y)H=puH | B= yH

L= Mo, = d6 tham tir tuyét doi ciia méi treong [H/m)].
u, = do tham tir twong doi [0].
YLy = 40 cam twr [0].

50



3. CAC PAI LUQONG PAC TRUNG CUA

TRUONG PIEN TU
3.2 Truwong tu

Chat thuan tur ALm Chat nghich tur ALm
Khéng khi 3,6.1077 Nitrogen -0,5.108
Oxygen 2,1.10° Hydrogen -0,21.10%8
Nhém 2,3.10> Thuy ngan -3,2.10>
Tungsten 6,8.10 Bac -2,6.107
Bach kim 2,9.10¢ Péng -0,98.10"°
Oxygen léng 3,5.10°3 Natri -0,24.10°
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3. CAC PAI LUQONG PAC TRUNG CUA

TRUONG PIEN TU
3.2 Truwong tu

* DX Dfmg dien:

= Pinhnghia: [= d_q (A)
dt

= La nguon tao ra trwong tir. Cé 2 mo hinh co ban:
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3. CAC PAI LUQONG PAC TRUNG CUA

TRUONG PIEN TU

3.2 Truwong tuw

* Pac diéem cua vecto mat do dong
khoi:

o+ chiéu trung chiéu dong.
| + d6 1om: J = dI/dS

Y .
* i. Vector mat do dong khoi :

Volume Current density

0

= Dong dién chay qua dién tich S: 1= deg
S

— —

2 Pinh luit Ohm: |J — 5 F

o : Podan dién [S/m][1/Qm]
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3. CAC PAI LUQONG PAC TRUNG CUA

TRUONG PIEN TU
3.2 Truong twr

* ii. Vector mat do dong mat :

*Dac diem cua vecto mat do dong Surtace current density

mat :

[ + chiéu trung chiéu dong.

[ + do lom: J =dI/de

= Dong dién chay qua dwong L : [ = IJSdJ
L



4. CAC PINH LUAT CO BAN CUA TRUONG

PIEN TU

4.1 Pinh luat bao toan dié€n tich

a) Phat biéu va dang tich phan

cua dién tich chira bén trong mat S.

Dong dién thoat ra bén ngoai mat kin S bang toc do giam

Y, 5
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4. CAC PINH LUAT CO BAN CUA TRUONG

PIEN TU
4.1 Pinh luat bao toan dié€n tich

b) Phwong trinh lién tuc = dang vi phan

o f—dq/drz—jﬁf;wV
—dq/dt:z':SBJdS < 7 O_}
5 ._,qSJdS:LdideV

S

S oy
N dz'deV:—j P av vy
y ot

(Phwong trinh lién fuc = Dang vi

_}
|:> dlv J — — 6PV /6[ phin cua ludt bao toan dién tich)
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4. CAC PINH LUAT CO BAN CUA TRUONG

DIEN TU
4 2 Dinh luat GAUSS ve dién

a) Phat biéu va dang tich phan

Thong lwong cua vector cam wng dién thoat ra bén ngoai mat

kin S bang tong dién tich chita trong mién V giéi han béi mat S
do.

<j>5f>d§ —q = jV p,dV o

wll
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4. CAC PINH LUAT CO BAN CUA TRUONG

DIEN TU ‘
4.2 Pinh luat GAUSS vé dién

b) Dang vi phan
Tur: <J‘>5DdS =q=] g.av

=) divD=V.D=p,

Dang vi phan cua ludt
Gauss vé dién.

/
’
) —
§
5
\
%

wl!



4. CAC PINH LUAT CO BAN CUA TRUONG

PIEN TU

4.2 Pinh luat GAUSS vé dién

Ap dun
\p dung

S gi¢i han bai:

Tim thong lwong cua vector cam wng dién thoat ra bén ngoai mat

x =1, y = £1 va z = £1, biet mit d6 dién tich khoi

= + . d -~y 2 2 2
bentrong: , (y y,z)=p, (:a —xt -yt 27

@SB ds = _

), dv
P_}CV

ol 1 1 3 . )
J‘ J‘ /_)0(3—.1.‘- -V —Z')d.l.‘dl?dz
dx=—1d y=—1dz=-1 i }

8, :j:@ J‘;:ﬂ J‘::G (3 —x =y -z ) dx dy dz
1 1

1 1
=8p,| 3—————— ]

=16p,
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4. CAC PINH LUAT CO BAN CUA TRUONG

DIEN TU ‘
4.3 Dinh luat GAUSS ve twr

a) Phat biéu va dang tich phan

Thong lwong cia vector cam wng tir thoat ra bén ngoai mat kin
S luon bang 0.

BdS =0
f, NN~
7~ e
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4. CAC PINH LUAT CO BAN CUA TRUONG

DIEN TU ‘
4.3 Dinh luat GAUSS ve twr

b) Dang vi phan

Tir: <j>s BdS =0

m) divB=V.B=0

Dang vi,phin cua ludt \‘\

Gauss vé tir. S pole—» : > N pole

.

I
i
s
PR - - -
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4. CAC PINH LUAT CO BAN CUA TRUONG

PIEN TU
4.4 Pinh luit AMPERE

a) Phat biéu va dang tich phan

< Luwu s0 cua vector cwong do truwong ti H doc theo dwomng Kin
(C) bat ky bang tong dong chay qua mat S gi¢i han boi dwong kin
(C) do.

L,.=2tL=1L+L-1,

{IJC Hd | =1__| (Dang tich phin )




4. CAC PINH LUAT CO BAN CUA TRUONG

PIEN TU
4.4 Pinh luit AMPERE

b) Dang vi phan

- -
) rot H = J | Pang vi phin)
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4. CAC PINH LUAT CO BAN CUA TRUONG

PIEN TU
4.4 Pinh luat FARADAY

a) Phat biéu va dang tich phan

Increasing B(7)

R;
L A
_|_
E'iml |:> R{ Emf{tj @
>
f T A (b) Equivalent circuit

(a) Loop in a changing B field
- d e -
emf = Edl = ——[BdS
C df g
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4. CAC PINH LUAT CO BAN CUA TRUONG

PIEN TU
4.4 Pinh luat FARADAY

b) Dang vi phan

T ('[)Ed :—i BdS
C dt ¥ B(t) P(C)
IFOTEdB——I OB(J’§_,V5’
S Ot
|:> I‘OtE:VXE:_aB Dang vi phin

ot



4. CAC PINH LUAT CO BAN CUA TRUONG

PIEN TU
4.4 Pinh luat FARADAY

Thi nghiém cua Faraday

Faradays Law of Induction

Kieran Mckenzie
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4. CAC PINH LUAT CO BAN CUA TRUONG

PIEN TU
4.4 Pinh luat FARADAY

I'J'ng dung

Yoltage Time

My phat DC My phat AC




4. CAC PINH LUAT CO BAN CUA TRUONG

PIEN TU
4.4 Pinh luat FARADAY

Xac dinh EMF

—_—

Cho: B =B (sinwfa_—cosata ) ,xacdinh emf?

Ta co: J.BdS = B{} S1N Wt .y
<

X

=) emf = (J.)C Edl = —%(Bo sin ot ) = —@B,, cos ot
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4. CAC PINH LUAT CO BAN CUA TRUONG

PIEN TU
4.4 Pinh luat FARADAY

Xac dinh EMF

‘lf’f.

wl i ek
: n\i/zn 5 3?[\/ -
By | E E gfinc,i

108, E '
r emf>0
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4. CAC PINH LUAT CO BAN CUA TRUONG

PIEN TU
4.4 Pinh luat FARADAY

Xac dinh EMF

Cuon day N vong tron ban kinh a, nam trong mat ph;ing xO},
tam tai O, noi voi dlen tré' R, dit trong trwong tit B = B (2.,1 +
6a )sinot,  la tan so géc, nhw hinh vé bén dwéi. Tim:

a) Tw thong moc vong

b)

d)

qua mot vong day ?
Stwc dién dong cam
tng emf biet N = 10 ,
B, = 0.2T, a =10cm, ®
=10° rad/s ?

Cuc tinh cua emf tai t b4y

=07? (a) Loop in a changing B field
Dong dién 1 trong
mach biet R=1kQ ?
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4. CAC PINH LUAT CO BAN CUA TRUONG

PIEN TU
4.4 Pinh luat FARADAY

Xic dinh EMF
a) Tu' thong méc vong qua mot vong day :
DO = J.Sﬁ.dg = L [BD (25_‘, +6a, ) sin (of].ﬁzdS = 677a” B, sin ot
dd d

b) emft =—N—== ——(@TN&ZBDSinO}’[) = —67Nwa’B,cosot
dt dt '

Khi N=10,a=0.1 m, ®=10° rad/s and B, =0.2 T: emf=-377cos10°t V

¢) Tai t= 0, emf =-377cos10°t =- 377 volts : diém 2 ¢6 thé cao
hon diem 1.

. . — 3
d) Dong I trong machla: 7= E;]f =7 E: cos10°7 = 0.38cos10’7 Amps
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5. DONG PIEN DICH- HE PHUONG TRINH

MAXWELL
5.1 Dong dién dich

— —>

«» Tir luat Ampere: rotH=1J
==>div(rot H)=div] = =C/% %
Do div(rotH)=0 (vector analysis)

op,
cl

o

» Luat Ampere chi dung véi dong dien DC !!!
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5. DONG PIEN DICH- HE PHUONG TRINH

MAXWELL
5.1 Dong dién dich

* Tw phwong trinh lién tuc:

d1V(J)+Cp‘E =0
ot

—’OD

ot

—> J total —

= Vector mat do dong dan :

= Vector mat do dong dich:

= d1V(J+CD):0
ot
I=1 [A/m?]
sza—D [A/m’]
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5. DONG PIEN DICH- HE PHUONG TRINH

MAXWELL
5.2 Dinh luat AMPERE - MAXWELL

J+ d S| (Dang tich phan)

_}
2 0D
ot

g;Cdezl

rot ﬁ = jT}—I— G_D =0 E-|- G_D (Dang vi phin)
Ot ot




5. DONG PIEN DICH- HE PHUONG TRINH

MAXWELL
VD
-

MB&bi truwomg chin khong (6 =0, £ =g, u = 1,) ton tai trwong tir:
H = H, sin (ot — fz)a, (A/m)

(Voi B = const). Xac dinh: (a) Vector mat do dong dich ? (b)
Vector cwong do trweong dién ?

Giai
‘ — () nAn- - a. a. a
a) Doo=0nen: _ oD . X y z
bl — |0 8 :
Ja = 5 =rot H =%, %y o
0 H, sin(@f—Fz) 0

= fH, cos(wt — /JZ)ﬁK(A-’ulz}

—>
== J4 = fH, cos(wt — fz)a_@am’)
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5. DONG PIEN DICH- HE PHUONG TRINH

MAXWELL
VD

MGéi truong chan khong (o =0, € = g, p = p,) ton tai trwong tir:
H =H,sin (ot - fz)a, (A/m)

(Véi B = const). Xac dinh: (a) Vector mat do dong dich ? (b)
Vector cwwong do trwomg dién ?

Giai

—}

b) Tir cau (a) ta co: BE“

Pz)a_ cm’)

:> E ﬁ )a (V/m)
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5. DONG PIEN DICH- HE PHUONG TRINH

MAXWELL

5.3 Hé phwong trinh Maxwell

'™ Dang tich phin Dang vi phin
— — B — %, 5 — - - a B

@CHd].l{J+ Ot d S (1) TOtH=J+?

¢ Edl = —ijﬁdﬁ 2) |rotE = _@

"¢ dt § Ot

q )SDdS = q 3) |(divD=p,

§,BdS =0 @ |divB=0

Luat bao toan dién tich:
Sf”s—‘; &) div] =—-0p, ot




5. DONG PIEN DICH- HE PHUONG TRINH

MAXWELL

5.3 Hé phwong trinh Maxwell
I 8

MGoi truong chan khong (c =0, € = g,, p = 1) ton tai trieong dién:
E(z.t)=5cos(10’t - Bz)a, (V/m)

Dung hé phwong trinh Maxwell xac dinh p va vector cwong do
trwong tw ?

Giai

w > P — ..:E ..:H
< Tw pt(2) cua he pt Maxwell: rotE = —i— = — U, Cﬁ
cr C
a_ a, a
oH = |~ ; :
_ — — |2 0 ;
L, e rotE =%, Ty e
0 Ecos(lﬂg f—pz) 0

= —5Bsin(1077 —Pz)a,

- =50 0 _
—H Tcos(lﬂ f—Pz)a,

-
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5. DONG PIEN DICH- HE PHUONG TRINH

MAXWELL
5.3 Hé phwong trinh Maxwell

-:* Tur pt(1) cia hé pt Maxwell: rotH = D =g, c:_E
ot ot
a*& av ﬁz 7
i — a_ o o | =— s sin(10°7 — f-)a
TOIH — /ﬁ"; A&Y /?‘Z “ﬂ.lﬂg ’ =]y
uc,.log O
Va: . OE_ o o o _ P’
© o gg—=-3g,10"sm(10°7 -Pz)a, — 5.8,.10" =
o u,.10°
10
— f="—
b 3
—H=——cos(10° - #z)a_ (A/m)

1207
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6. PIEU KIEN BIEN

6.1 Khai niém

= PKB = la ciac phwong trinh toin, mo ta sw rang buoc cua cac
dai lwong diac trung cua trwong dién twr trén biéen cua hai moi
treong .

Moi a,
(€45 145 Oy) [ruone |

(€25 Ha3 O2) hvai

trudng 2

= Lwu y la trong cac bai toan dieu kién bien, vector don vi phap
tuyen cua bien luon chon theo qui tic: hwéng tir moi trwong 2
sang moi trweong 1. _

a 2-—-1
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6. PIEU KIEN BIEN

6.2 DPiéu kién bién cho thanh phan phap tuyén

(825 1y; ©3)

D, =D, =p, ||l.D:-D:)=p. ||(Dw-Duw)=p.a,

Blﬂ _B211 - B a_(Bi—B:)=0 (Bin—B2,)=0
Jln _J =—=* T3 I

s
2n ct ﬁ (Jl—Jg):—a& (Jlll_JEII):_%-ﬁ

1
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6. PIEU KIEN BIEN

6.3 Diéu kién bién cho thanh phan tiép tuyén

H.—-H, =] 1><(Hl—H.z) J::'.' (Hu—Hzt) Jsxa
EL“_EEFZO X(El—Ez) 0 (EIT_EET) 0

(82! llz-,- 02)

(€15 Mq5 "31)




6. PIEU KIEN BIEN

6.3 Quy trinh giai bai toan diéu kién bién

A

Gia si biét trwong dién trén bién vé phia méi truwomng 1 (E,), xdc
dinh truong dién trén bién ve phia méi trwong 2 (E,).

1. Xic dinh vector don vi phap tuyen a_.

2. Xic dinh cac thanh phan phap tuyén & tiep tuyén ciia ﬁl.

i —_—

E,=E, +E, & E,_=(Ea)a E, =E -E
3. Ap dung PKB tim E,.

In

+»Ap dung PKB thanh phan phap tuyén xic dinh flu'
+»Ap dung PKB thanh phan tiép tuyén xic dinh EZt'

—_—

:> Ez — Ezn T EZt
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6. PIEU KIEN BIEN

VD

A

Mat phang z = 0 1a bién cua hai moi trwong: moi tr wong 2 chiem
mién z < 0 la chin khong va méi trwong 1 chiém mién z >0 la
dien moi ly twong co g, = 40. Biét trwong dién trén bién ve phia

moi treong chan khong la : E =133 +403 +50a (V/m)
2 VX v Z
Tim trwong dién trén bién vé phia moi trwong dién moi ?

Giai

< Xac dinh a:
Do vector don vi phap tuyén
cua bién hwong tir moi trwomg 2 — a
As . g A . Moi trwong 1 n
sang moi treong 1 nen ta co :

DO 2=0 " Mot trwomg2 |\
a =a, bién
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6. PIEU KIEN BIEN

VD

Mit phang z = 0 1a bién cua hai méi trwong: méi truong 2 chiém
mién z < 0 la chan khong va moi trwong 1 chiem mién z > 0 la
dien moi ly twong co €, = 40. Biet trwomg dién tren bién ve phia
moi trwong chan khong la : E,=133_+ 405}? +50a, (V/m)

Tim trwong dién trén bién vé phia moi trwong dién moi ?

Giai
<* Cac thanh phan cua E, :

—_—

E, =(E,a )a =503,

—_—

E,=E,—-E, =13a_+40a
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6. PIEU KIEN BIEN

VD

Mat phang z =0 la bién cua hai moéi trweong: moi tr wong 2 chiém
mién z < 0 1a chian khong va méi truwong 1 chiém mién z >0 la
dien moi ly twong co €, = 40. Biét trwong dién trén bién ve phia

moi trwong chin khéng la : =133 _+ 405? +50a, (V/m)

Tim trwong dién trén bién vé phia moi trwong dién moi ?

Giai
< Xac dinh cac thanh phz;in cua E; dung phwong trinh DKB:

E,=E, =13a_+40a,

. D,_ D, +pa &E, 150a B,

Eln — 1n — 2n pSan — g.. n __ az — 1-2533
& g & 40

==) E =134, +40a, +1.258,vm
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7. NANG LUONG PIEN TU- PINH LY

POYNTING |
Dinh 1y Poynting thiét 1ap mo1 1ién he gitra su thay do1 nang
luong dién tir trong mot thé tich V véi dong ning luong
dién tir chay qua mit kin S bao quanh thé tich nay.

F = dqE + dqv x B

Khi dq dich chuyén dugc quing duong , cong cta luc dién
tur tac dung 1én dq

dA = Fdl = (dqE + dq? x B)dl

dl = ddt
s dA = dqEdl = dqE vdt
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7. NANG LUONG PIEN TU- PINH LY
POYNTING

Cong suat thue hién béi truong dién tu

dA

= dgE 7

D6 1a cong suat tiéu tan truong do tda nhiét trong thé tich V

P, =f}’€a:if e ,
5 Mat do cs tiéu tan p; =JE  [W/m7]



7. NANG LUONG PIEN TU- PINH LY
POYNTING _

/T'GIH) =f—|—1—f

ciii:-'[:E * H’j = H’J‘"DI{E— ErotH

¥

D _a@B

—div(ExH)=JE+E—+H—

w(ExH) =JE+ES-+HG
Vec to Poynting dugc dinh nghia P=ExH [W /m*]

aD _0dEB

—divP=JE+E—+ H—
wP=]JE+E -+Ho | |
Pinh 1y vector Pontying

_gﬁﬂ=lf§dv+l(§§+ﬁ§)dv



7. NANG LUONG PIEN TU- PINH LY

POYNTING
Vi E (V/m), H (A/m) nén P (W/m?).

— ¢ Pds
;Jg la cong suat truong di€n tu truyén qua
mat S vao trong thé tich V. Do d6 vector Poynting con dugc
go1 la vector mat d0 dong cong suat.

_gﬁﬁﬁs’:fﬁdm”ggm%w

O~

cong suat tiéu cong suat ing voi su thay doi
tan truong trong nang lugng dién tu tap trung trong
thé tich V thé tich V




7. NANG LUONG PIEN TU- PINH LY

POYNTING |
Cong suat irng vo1 su thay doi nang luong dién tur tap trung
trong thé tich V aw f Eraﬂ H)
dt J \" ot *

v6éi W 1a nang lugng truong dién tir tip trung trong thé tich V

W = a—D+ H dvdt
f [ ( ]

2
Ea_n Ea(EE) 10(eE?) 1@(53)

é‘t ot 2 ot 2 ot
708 _ 0(uH) 10(uA?) 10(BE)
at at 2 at 2 ot




7. NANG LUONG PIEN TU- PINH LY
POYNTING

Mat do nang luong truong dien
| R
W, = —ED
2
Mat do nang lugng truong tuo wy, lan luot 1a

wy =~ B



