!'_ Chwong 2:

Truwong dien tinh

EM-Ch2

ooooooooooooooooo


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

* **N0i dung chwong 2:

2.1 Luét Coulomb va nguyén ly xép chong.
2.2 Thé dién vo6 huéng.
2.3 Ap dung luit Gauss cho trwong dién tinh.

2.4 Phwong trinh Poisson Laplace .

2.5 Vat liéu trong truong dién tinh.

2.6 Nang lwong trwong dién (W, ).

2.7 Tu dién va tinh dién dung cua tu dién.
2.8 Phwong phap anh dién .

2.9 Dong dién khong doi .
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* ¢ Gidi thiéu trwong dién tinh:

= Tao ra béi cac vat mang dién dirng yén va khong thay doi theo
thoi gian.

= MG hinh:
[ -
rotE=0
Phwong trinh: J
S

divD=p,

ity Kien bidn: - E,—E, =0
iéu ki€n bién: K-
| D1y =Dy =ps

Va: D=eE=¢¢E
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2.1: Luat Coulomb va

!'_ nguyén 1y xép chong:

CuuDuongT! hanCong .com EM 'Ch 2
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* a) Trwong dién do mot dién tich diém:

L Qq . a
F = Ar o R Ay, (Luat Coulomb) R/_q/"’R
Q ~ o

- A eR? %r :q(E do Q)

EdoQ Q5

T 4zeRZ R <

Trwong dién c6 tinh hwéng tam va khong déi trén mat cau , tam tai
vi tri dién tich diem.

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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:h b) Trwong dién do hé dién tich diém :

3 ' AR,
Xac dinh theo luat xép chong : Q‘I\Rl\ Z,iﬁ:z
R
— 2
n 0] R3

~ - R
E — QJ > aR] Q3 /
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C) Truong dién do dién tich phin bo:

/&@

Viphén dién tich: dqg =+ pSCS
A,aV

pL

. dq
== I LSV 477 &R’

asz

dq

LSV 4R

—_—

R

CuuDuongThanCong.com
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* “* Tim trwong dién dung tich phan vector:

Tich phan chira ham vector:

<

E(t)

QD Cmm— -

— I v
E (t)dt a_ZZL%\ X \Xb

b
I E(t)dt -K&ét quala mdt vector, va ta xac dinh cic thanh phan ciia no.
a

CuuDuongThanCong.com EM-Ch2 https://fb.com/tailieudientucntt 8
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:h:» VD 2.1.1: Luit Coulomb & xép chong

Pia vanh khan, ban kinh trong la a, ban
kinh ngoai la b, tich dién mat véi mat do p.,
trong moi trwong € = g;,. Xac dinh vector
cwong do trwong dién tai diém P trén phan
dwong truc Oz ?

Giai
%+ Chon hé¢ toa d¢ tru, vi phan dién tich dq = p.dS, = p,(rdrd¢).

E _ Ls (rdrd?) Ifé
4re R

< Vi phan truong dién tai Pdo dg: d

Vector khoang cach: R = —I’ﬁr + Zéz

= R = /1% + 72

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 9
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$§0 VD 2.1.1: Luat Coulomb & xép chong (tt)

Pia vanh khan, ban kinh trong la a, ban
kinh ngoai la b, tich dién mat véi mat do p.,
trong moi trwong € = g;,. Xac dinh vector
cwong do trwong dién tai diém P trén phan
dwong truc Oz ?

Giai
< Trwong dién tai P theo xép chong:

E_ Ps J‘bj'zn —r?drd¢d, +rzdrd¢a,
a J0

47[80 2 2 3

+z

27 —
“ Do: I dva =0 == _ PsZ 1 1 =
0 ¢ r = 2gy \ \Ja?+72 Jb2 472 az

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 1 0
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2.2 Thé dién vo hwong:

I .

EM-Ch2

CuuDuongThanCong.com
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* a) Tinh chat thé ciia truwong dién tinh:

% Trong trwong dién tinh, cOng trén ‘i‘ ﬁ_____h
dwong cong kin ludn bang 0. q
—> —> —> —> v E
CJS Fdlij rotEd S=0 T
AaBbA S ]
.‘"}""+
- = - = d
—> Fd I = Fd | B

AaB AbB

¢+ COng thwc hién dgc lap voi dwong di.
=) Truong dién tinh c6 tinh chat thé.

=) Truwong dién tinh c6 thé dic trung béi thé dién vé huwéong.

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 12
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* b) Thé dién v huéng:

% Ky hi€u la : ¢ hay V,don vi volt(V).

“* DPinh nghia:

<

" rot(grade) =0
rotE: 0

-

_|
E=-grade
@ : Thé dién vé huéng (V)

= Nhdnxét: i. ChiéuE la chiéu giam thé.

li. ¢ lién tuc trong khong gian.

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt
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* *Quan hé giira trwong dién E va o:

wco do=22du, +22 du, + 22 qu,

ou, ou, OU,

1 op >
h, ou,

= grad p.d f z—E.d

= (

ai+...)(hdu, a1—|— ..)

%
I

— ¢:—jEdT+C

Qui woc: + hé hiru han ¢, =0

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 14
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* < Hiéu thé dién giita A va B :

» La cong cua lwe dién tinh Khi dich A+—F
chuyén 1 dvi dién tich dwong tir A dén B.

Ug = @n — @5

B—)
:jEd

A

/ BE—

< Néu chon B 1a goc thé, thé dién tai diém A xac dinh theo:

2N

(p=0) ,
Ed

A

—

CuubDuongThanCong.com

Cong thire khac dé tinh
the dién tu truong dien.

EM- Ch 2 https://fb.com/tailieudientucntt
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*» Theé dién do mot dién tich dieém :

> Gée thé chon 6 (9,=0): | = —J

(when gq>0)

;g E

N

Equipotential lines

(when q<0)

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt
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* < Thé dién co tinh xép chong:

= H¢ dién tich diém: = hé dién tich phan bé:
n
p=> o= =] 2
1 4rer, Arer NV drxer
/78\ (P (P
rl \‘\r” r
r \
S
¢
d1 Uhn
®q,

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt
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* < Tim thé dién: tich phan vo huéng

= Thé dién ciing co tinh xép chong. Nhw vay ta cO thé tinh thé
dié€n tai 1 diém dung cong thirc xép chong.

= Thé dién |a dai lwong vO hwéng: tich phan trén Ia tich phan vo

huwong. 3
==) D¢ xac dinh.

5
= Suy ra truong dién bing cong thire tong quat: |E =—-grade

( Thé toa dj twong irng néu ta can tim trwong dién tai mét diém ndo dé)

v Luwu V: Sw khiém khuyét ciia tao do trong biéu thirc ciia ¢ Khi
vat mang dién la bat doi xirng sé keo theo sw thieu sot thanh
phan trong biéu thirc vecto cwong do trueong dién !

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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Day dan hinh tron ban kinh a, tich dién véi
mat d¢ dai p, (C/m). Tim thé dién tai P(0, 0,
Z) ? Suy ra cwong do trwong di€én ?

:h < VD 2.2.1: Xép chong thé dién

Giai

% Chon h¢ toa d¢ try, vi phan dqg = p,dt = py(rdé) = p,(add).

p,(adg)
Arrera® + 72

% Viphan thé dién tai Pdodq: do =

< Thé dién tai P do vong day:

@ = J‘Z” £ (adg) _ £,a
0 AreaZ+72  2ead + 2>

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 1 9
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:h < VD 2.2.1: Xép chong thé dién (tt)

Day dan hinh tron ban kinh a, tich dién véi
mat d¢ dai p, (C/m). Tim thé dién tai P(0, 0,
Z) ? Suy ra vector cwong d¢ treong di€én ?

Giai

“* Vector cwong do trwong dién tai P do
vong day:

E:—gradgo:—a—gﬁéZ
07
_ a Z .

28 \//(az +2° )3

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 20
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:h < VD 2.2.2: Xép chong thé dién

< Tim thé dién va trwong dién tao
ra tir dipole dién ?

Q9 , -9 _d(R,-R)

T 4zeR 4meR, drer’

P

co: R,—R, =dcosé

~gdcos¢ qd cosd

— —
P T ager®  dme 12
- qd - o
=E=——(2cosfa,+sindap)
drer

CuuDuongThanCong.com EM-Ch2

-q;%ﬂ.‘i 6

(1,8, 0)

() Elestre dipole

L
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2.3 Ap dung luat Gauss cho

!'_ truong dién tinh

CuuDuongT! hanCong .com EM 'Ch 2
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* a) Cac dang doi xirng & cam wng dién:

Sy BJ_dS

Doi xirng cau Doi xirng tru Doi xirng phang
El}g s Dy {Ei =
ds, — _ Dy
{I_S} E:_ I 3 ['2 -:i:...I»:,._:... & I_‘l '_J
. - — :-_'- ] - - |_'5}
I 9 _ , 53 % 1 s ) ¥3 _l--_i 3
= r[' - P B AN
: T } } } -
I':'.-‘-.-.l:i:|||'\-.-||:|| 1:I_S}:I_ 1 B :l-:l | [ R
Aurlasy . f ::a: IIIII o . l
[.1 EITTRET=Y {ISE E.:..E
— — — g = g
S: DJIdS Syq: D|ldS,D=const | S;q: D L dS

Sd:B||dS,D:const

D.S,q =0

DS, =q

CuuDuongThanCong.com

EM-Ch2
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* D) Qui trinh bai toan dung luat Gauss:

1.

Néu ra tinh d6i xing cia bai todn va dang ciia vecto dic
trung truwong dién.

Chon miit Gauss (theo tinh d6i xing) di qua diém can tinh
trwong dién va cong thire tinh dé 16m trwong dién.

Xac dinh dién tich chira trong mat Gauss (1a q*) .

Dung cong thie tir luat Gauss dé tinh do 1én cia vecto
trueong dién; viet lai dang vecto.

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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*i’ VD 2.3.1: Ap dung luit Gauss

Qua cau, bkinh a, py = p, = const, Tim cwong d$ trwong dién

trong & ngoai qua cau ?

r 3\ %
= Bai toan doi xung cau:E = E(r).a,

- \ ws A \ 2 *
= Mit Gauss 1a mit cau; va: &.E4zr° =q

= Mién ngoai (r > a) : 50E147zr2 = q; = P %72'8.3

— a
:>E1:p02ar

= Mién trong (r <a) : 50E247zr2 = q; :pogﬂrS

%
Lol
3&g

9
— E, =

CuuDuongThanCong.com

r

_)

EM-Ch2

p i

Iill' .."“'.l:i: |||||| ail
] [

F 5
r Ir' 1
] 1
i i
% ﬂ_.‘
/‘.\-'- -
(b

aaussian surface

https://fb.com/tailieudientucntt 25
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< VD 2.3.2: Ap dung luit Gauss

Truc dai vO han, mang dién mat d¢ dai p, = i
A, tim cwong do trwong dién tai diem cach g
truc khoang cachr ? ’ Jir L
NV > o Lt
= Bai to4an doi ximg tru:  E=E(r).a, .
+
. +
= Mit Gauss lamattruva: ¢, E27zrL=( -
— g,E27rL=AL
— — /’L —
= E=E(r).a, = ar
27E
:>go:—ilnr+C:2%mInA
27T I

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 26
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* = Mo rong cho 2 truc tich dién:

= Thé dién tai diém P xac
dinh theo cOong thire trén va
tinh xépchong:

A —A A I
p=——Inr"———Inr +C=——In—+C
27TE 27E 2w
A r~ A Ko
—> ¢:_|n_ (Chon goc theé 0 mat trung truc )

2re

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 27
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< VD 2.3.3: Ap dung luit Gauss

Tim cam wng dién bén ngoai mat
s oA A A ’ e A A o Infinite sheet of ~
tich dién rong vO han voi mat do mat | o ow s

ps = ¢ = const ? / AT [

/-
/ =¥ 'T/VL A
|
| 1

A Gausstan surface

Ne, » Ko _ » 2 = = K —r
“*Bai toan doi xiwrng phang: D=D.n |5

** Mat Gauss la mat hop va: D.st =q

% Giatri: DA+DA=q*=6A. — D=o/2.

) —> 1 | IR
+ Tong quat: D=— |:(7. nj| n:Vecto phap  tuyén,
2 hwéng vao mién khio
sat.

CuuDuongThanCong.com EM-Ch2
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$ < VD 2.3.4: Ap dung luit Gauss

tich doi xung cau voi mat do khoi : 0 khiR<r

a) Xé&c dinh cuwong d6 trwong dién cac mién (r <R var > R)?
b) Xac dinh thé dién cac mién (Chon goc the & «© ) ? Cho biét gia
tri the dién tair=0 7

MOi truedong € = g, ton tai phan bo dién ) _{af khi0O<r<R
y=

a) Tinh trwong dién: bai toan déi xing cau (E = Ea,). Mat
Gauss la mat cau ban kinh r, tam tai O.

= Mién trong (r <R) : Dién tich chita trong mit Gauss la :

g, = jv o, dV = jrrjom (ar)(r’ sin @drd 6d ¢)

040

: * . r4 4 :: E — qI — r2
ql — aI T I g am®  4e

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 29
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$ < VD 2.3.4: Ap dung luit Gauss (tt)

MOi truedong € = g, ton tai phan bo dién 5 = arkhi0<r<R
tich doi xirng cau véi mat do khoi : V1o khiR <t

a) Xé&c dinh cuwong d6 trwong dién cac mién (r <R var > R)?
b) Xac dinh thé dién cac mién (Chon goc the & «© ) ? Cho biét gia
tri the dién tair=0 7

= Mién ngoai (r>R) : Pién tich chira trong mit Gauss la :

(luu y can tich phan)

q, = jv o, dV = jOR j:jom (ar)(r’ sin 8drd 8d ¢)

0, _ aRr*1

* R* — —
:>q2: — A > Ezr codm? | dey 12

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 30
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$ o VD 2.3.4: Ap dung luat Gauss (tt)

MOi truedong € = g, ton tai phan bo dién 5 = arkhi0<r<R
tich doi xirng cau véi mat do khoi : V1o khiR <t

a) Xé&c dinh cuwong d6 trwong dién cac mién (r <R var > R)?
b) Xac dinh thé dién cac mién (Chon goc the & «© ) ? Cho biét gia
tri the dién tair=0 7

b) Tinh thé dién ta dung cong thirc : 0= _J' E dr+C

Y ‘. R* 1
" Mién ngoai r>R): @, = jig > dr+C 48r+C
0 0
Tir diéu kién goc thé: @,_, = C2 =0
: aR*
(02 4801‘

CuuDuongThanCong.com EM_Ch2 https://fb.com/tailieudientucntt 31
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$ < VD 2.3.4: Ap dung luit Gauss (tt)

tich doi xung cau voi mat do khoi : B 0 khiR<r

a) Xé&c dinh cuwong d6 trwong dién cac mién (r <R var > R)?
b) Xac dinh thé dién cac mién (Chon goc the & «© ) ? Cho biét gia
tri the dién tair=0 7

MOi truedong € = g, ton tai phan bo dién ) _{af khi0O<r<R
v

= Mién trong (r <R) : ¢ =- % r2dr + C Ty -I- C
0 0

Tir didu kién lién tue: @(F =R)=¢,(r =R)

3
> ——-|—C1:— > Clzﬂ

3¢

3

R aR
> — G s — o
@ T gor:O 3¢y
CuuBuengFhanCong-com EM-Ch2 httpsHb-eemftatieadiéntucntt 32
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!'_ 2.4 Phuwong trinh Poisson Laplace :

EM-Ch2

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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* % Gioi thiéu:

= Khi gidi bai toan truwong dién tinh, néu biét phan bé dién tich,
ta cO thé xac dinh trwomng dién va thé dién dung luat Coulomb

hay luat Gauss . / .'

= Trong mét s6 bai toan thue tién, _
phan bd dién tich 14 chwa biét, 4 '1‘
nhung gia tri thé dién tai mot s6 o -
diém la da biét, ta ciing c6 thé xac ~————f

dinh dwgc cac vector dic trung caia | D 5
trueong dién.

= V3 tiép theo @6, phan bé dién tich trong hé sé dwee suy ra nho
cac phwong trinh dieu kié€n bién.

) Phuong trinh Poisson — Laplace sé ho trg qua trinh trén.

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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* 2.4.1 Phuwong trinh Poisson-Laplace :

# T divD=p, == div(sgrade)=—p,

/\

khi € = const khi € = g(X,y,2)

A(D — _ & (Phwong trinh d|V[gg rad ((p)] ==Ly

Poisson
< )

“ Neéu khong c6 phan bo | < Néu khdéng c6 phan bé
dién tich (py = 0): chan dién tich (py = 0): chan
khong, khdng khi, di¢én mo6i | Kkhdng, khong khi, dién moi
ly tuwéng ... . ly twéng ... .

Agp — O (Phwong trinh dlv[ggrad (¢)] — O

Laplace)

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 3 5
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* “* Qui trinh giii dung Pt Poisson-Laplace:

i.  Giai pt Laplace (néu py, = 0) hay pt Poisson (néu p,, = 0) dung:
< Tich phan truec tiép néu ¢ = ham 1 bién.

Tach bién néu @ = ham nhiéu bién.

ii. Dung cac phwong trinh PKB dé c¢6 1 nghiém duy nhat.

lii. Turo:suyra E:—grad(gp) & D=¢E.

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 3 6
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* *» Cac TH dac biét khi giai pt Laplace:

(Phuwong trinh Laplace)

Néu ¢ chi phu thudc bién thir 1 trong cac hé toa dj:

= Pé cac:

" Tru:

= Cau:

Ap=0
0| 0 0
OX| OX |
Egra_qo:()
ror| or_
2% 0 r‘sin
resinf or |

CuubDuongThanCong.com

@ =AX+B

o=Alnr+B

(p:é+B
I

https://fb.com/tailieudientucntt
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VD 2.4.1: Dung pt Laplace & PKB
Tim thé dién giita 2 ban cuc tu phiang,hiéu : AA 3

theU=15V? Giii
. , Aa ] ==

“* Gia st ¢ chi phu thugc vao x : ¢ = @(X).
d2
; -0 >p=Ax+B
X

I

1.5V
/ y
1 3

0)=U % ()
< Co: {gp() wxa ¢=—%X+U

P (volis) U l 3 X (mm)

0 1 2 3 v(mm)

1.5 = + ' + :H
IW i

04
. |

plate

+ plate

thiswv

10V
0.5 1 ERY
r{mm) 0oV
0.0 T T Y > o
0 1 2 3 /{_ ISV oS\ 0.0V

: — plate |

Potential graph Equipotential surfaces Contour map

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 38
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* 2.4.2 Tich phan truc tiép truwong D:

a) Phan lén cac vat mang dién trong ky thuat déu co tinh doi
xirng. Khi do the di¢n chi phu thugc vao mot bién toa d9. Kéo
theo cac vecto D va E ciing chi c6 mét thanh phan.

- ] —>
b) Dua vao phuong trinh: divD =p,, hay |[divD =0

==) Biéu thirc ciia ﬁ(vé cac hang so tich phan).

D
e

c) Vecto c. do truong dién: |E

d) Ap dung : Uab = Edl suy ra cac hing so tich phan.

a—b

(Diing diéu kién bién ciia thé dién: suy ra trwong dién)
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VD 2.4.2: Tich phén truc tiép D

Tim thé dién giira 2 ban cwe tu phang, hiéu : AA 3
the U=15V? e .
Giai = e
% Do @ =¢(X) nén : D= DX.EX . b
. . D 0.y
“ Tur: divD =0 :>5 X =0 / /
ax 0 1 2 3
— D - A—)
=> D,=A=const =» E=—%a, =—ay
€ €
d
] A A cU - -
ot U=[Ao-Rd e a-Y g Ug
" € € d d

d
%* Theo dnghia: gﬂzj%dx' :%X' |i: U—EX
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VD 2.4.3: Méi trwong khong dong nhat

Tu phang, khoang cach giira 2 ban cuc

la d, hiéu thé U. Pién moi ly twong co:

E Y _.l-

|
IFrY T T T T N

g = 4g,d/(x+ d) , tim thé dién va truong N &= T v

dién trong dién moi ? = |
=Cach 1: “*Cach 2:

= Gia sir: ¢ = p(X) = Do - D=D, ax

%2[82;0]20

A 2

divD =0 — D, = const

op A X 0 0
= =[5 +xd|+B
X g_w 4<9od[2+)(]Jr U:IEde:I D, (x+d)dx - D
d d 480d X
p(d)=U,p(0)=0=AB - :
—> a-X J‘

- = X —> X) = E dX

5 E = —grad(p) —~E=— p(x)=| E,
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:h 2.4.3 Piéu kién bién doi véi thé dién o:

< DUng khi moi trwomg can tinh thé dién khong dong nhat. Ta

can thém cac diéu kién bién o. r 5
_ P
— a¢ — 8(0 —> En - %
E=—grad(p)=———an———a.—> | <
on ot c__ 99
L ot
% Cac diéu kién bién co ban ciia ¢ trén bién 2 moi truong:
= Picu kién lién tuc ciia ¢ : », = @,
‘ : 0 0
" Di€u ki¢n bién doi voi D, : | —¢ T + &, P Ds
on on
« Pidu kién bién déi véi E, 9@, 9P, _ 4
or Ot
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:h VD 2.4.4: PKB d6i véi thé dién ¢

r X 1
Tim thé dién trong hai di¢én moi: 1 ‘ —
Y r r O’8d 1 wl 80
< Do moi trueong dong nhat , tuyén tinh : 0, &
¢ =AX+B, | ¢,=AX+B, o7
vy,
<% Piéu kién bién:
¢ (d)=0
?,(0)=U,
¢,(0,8d) = ,(0,8d) (Piéu ki¢n lién tuc ciia thé dién)
do do :
—&——| +&—* =ps=0 (@kisn bién tp phdp tuyén)
dX g gq X o8
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* VD 2.4.4: PKB doi voi thé dién o (tt)

% Giai hé: Z ‘ =
Aid + Bl =0 0.8d O, €0
A(0,8d)+B, = A (0,8d)+B, o7 lv

0
—&,A +eA, =0
A (0. 2d 08d)=-U. ( A= =~ 5y
— Ai( 1 )+A2( J )__ 0 (4+gr)d 2 — >0

A +5 A =0 e

_ Sely g 5
(4+¢.)d (4+¢)

\
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-o¢,U, ‘ot 5¢.U,

A Ure)d (d+z)
— E,=—gradg, = (firz())d a
b= (4_+5L5Jr0)d ¥+
— E,=—grade, = (4?2)(1 a

CuuDuongThanCong.com EM_Ch 2

* VD 2.4.4: PKB doi voi thé dién o (tt)

% Tim thé dién & cwong d trwong dién:

X
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* VD 2.4.4: PKB doi voi thé dién o (tt)

*» Tim mat d¢ dién tich mat trén cot tu: : |
Elz—grad¢1: 5‘9rU0 éx pSl ’
(4+¢,)d Ps; —
—5¢.¢ U
= 5. =0-gF =—97r"0
P TS T g e )d
_ 5U
E,=—grade, = 3
2 = I = e ) ™
5eU
=¢E, —0= s
= P T e )d
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2.5 Vatliéu trong

!'_ truong dién tinh

CuuDuongT! hanCong .com EM 'Ch 2
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L

Vat dan va ban
dan )
> Tinh
I(. ry_e N o | 4 Chﬁ’t
Doi vo1 bai toan iRan Cong A
. -~ | Dién moi di¢n
TDT, vat lieu co y

thé phén loai

_ Tinh chit tir
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* 2.5.1 Vat dan va ban dan :

a) Gioi thiéu:

< Vat dan dic trung béi tinh chat din dién, hién twong Ccac
electron t do chuyén dong dwoéi tac dung cua trwong dién bén
ngoai.

electron ] free electrons Electrons
cloud + bound
elecrons ﬂ
nucleus Dong di¢n

% Poi voi vat liéu ban dian, dong dién hinh thanh khéng chi
do electron ma con do 16 trong.

Electrons va 16 trong ==)> Dong dién
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*b) Vector mat d¢ dong dié€n:

< Poi voi mOi trwong dan (vat din hay ban dan), vector mat do
dong thwong sir dung nhiéu hon dong dién.

J — G.E (Luat Ohm dang vi phan)

o = dd dan dién ciia méi truomg dan (S/m)

{ u.N,|e| = vat dan.
O —
u.N.le| + u,N|e| = ban dan.

1L = d6 linh ddng ciia dién tir hay 16 trong.

N, = mat do cua dién twr hay 16 trong.

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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*C) Tinh chat vat din trong trwong dién tinh:

c,) Tinh chat1l: p,=0;ps=0.

Dién tich cam wng bé mat

E bén ngoai =0 E bén ngoai # )}//

-E-/

Ty

T b T i N T b T
(0 hm b a0 ) L
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* «VD2.5.1: Vit dan trong truong dién tinh

Goi p, la mat do dién tich khéi tw do tai t = 0 trong vat dan co (e

= 801

= 6,17.107 S/m) , tim qui luét thay déi cia p, trong vét

dan khi dit no trong truwong dién tinh tait =0 ?

Glal

= Tir ptrinh lién tuc: divL% 0 == dlva_) (9,0\,20

g ot

—> 8,0V+c7p20 -t

—>
ot ¢ Py = P€ °

= C6 thé thay:

Tait=1=¢e/c=143.10%s = p, =0,368.p,

Tait= 57 => p,=6,7.103.p,

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
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*C) Tinh chat vt dan trong trwong dién tinh:

C,) Tinh chat2: Cwong dé trweong dién bén trong vat dan = 0.

Truong dién do dién tich cam rng <> trudong dién ngoai

E[,_*—‘—‘-E

i
1 2
E, BN L
ok 1 )
= : L a— ( — - 7
Efl L Eﬁ
-
el
I " .
E+E+E=E,
R
E
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*C) Tinh chat vt dan trong trwong dién tinh:

C;) Tinh chat 3: Vat din cé tinh dang thé .

c,) Tinh chit 4: Trwong dién vudng goc véi bé mét vat din.

CuuDuongThanCong.com

—> —> :
E_,OS £ _
= —4dn ds
&)
.
. £ =i k
= - + + +

EM-Ch2

https://fb.com/tailieudientucntt
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* < VD2.5.2: Vit dan trong truong dién tinh

Pién tich phan bo déu bén trong qua cau ban
kinh a véi mat do khai p,, dong tam véi vé cau
ban kinh trong la b, ban kinh ngoai la c. Xac
dinh vector cwong dd trwong dién caC mién
(cho € = g;) va mat do dién tich mt trén 2 bé
miit ciia vé cau dan.

Giai
“*Bai toan doi xirng cau: mat Gauss la mat cau, ban kinh r.

a) MiénI (r < a): Dién tich chira trong miit Gauss :

* 43!' - r —
0= p, —= E= 5—pa,
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Pién tich phan bo déu bén trong qua cau ban
kinh a véi mat do khai p,, dong tam véi vé cau
ban kinh trong la b, ban kinh ngoai la c. Xac
dinh vector cwong dd trwong dién caC mién
(cho € = g;) va mat do dién tich mt trén 2 bé
miit ciia vé cau dan.

* < VD2.5.2: Vit dan trong truong dién tinh

Giai

b) Mién II (a <r <b): Dién tich chira trong miit Gauss :

N 4 3 — 33
Q2=“§“a Pv ep
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Pién tich phan bo déu bén trong qua cau ban
kinh a véi mat do khai p,, dong tam véi vé cau
ban kinh trong la b, ban kinh ngoai la c. Xac
dinh vector cwong dd trwong dién caC mién
(cho € = g;) va mat do dién tich mt trén 2 bé
miit ciia vé cau dan.

* < VD2.5.2: Vit dan trong truong dién tinh

Giai
¢) Mién III (b < r < ¢): Mién vat dan nén theo tinh chat :
%
Ez=0

d) Mién IV (c < r): Pién tich chira trong mit Gauss giong nhw
Khi tinh cho mién 1 nén ta co: 3

!
2
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Pién tich phan bo déu bén trong qua cau ban
kinh a véi mat do khai p,, dong tam véi vé cau
ban kinh trong la b, ban kinh ngoai la c. Xac
dinh vector cwong dd trwong dién caC mién
(cho € = g;) va mat do dién tich mt trén 2 bé
miit ciia vé cau dan.

* < VD2.5.2: Vit dan trong truong dién tinh

Giai
e) Mat d¢ dién tich trén bé mit r =b:

pS(I’Zb):ar(O—EOEZ) = — 32z Pv
r=>b
f) Mat dj dién tich trén bé mit r = c:

p.(r=c)=a, (50E4 _O) T 32 Pv
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* d) Man dién:

% Hoc rong bén trong vat dan: truwong dién trong hoc rong sé
bang O : nguyén ly man dién .

N 7
Vat dan Vat din

hoc rong

< Man dién dwgc ding dé chin nhiéu cia truwong dién ngoai, hay
khong cho nhiéu tir thiet bi Aanh hwéng 1én moi trwong ngoai.

% Trong thue té, & mot so trwong hop man dién co thé 1a lwéi kim
loai.
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< Long Faraday:

Faraday's Cage

Inner Field compensates Applied Field

Don’t Try This at Home!
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2.5.2 Dién moi trong

!'_ truong dién tinh:

EM-Ch2

uuuuuuuuuuuuuuuuu
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* a) Tinh phan cwc cta dién moi:

OO Ot
5000

a) A dielectric in its normal b} A polarized dielectric

< Pé dic trung cho mire dd phan cwe, ta dinh nghia vector phan
cuc. Poi voi dién moOi tuyen tinh:

P=yeE=D—gE=(c—¢,)E [C/m?]
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* b) Pién tich phan cue (lién két) :

= Mat do dién tich phan cuc mat:

Py =—an (Pl— sz =—P_+P, [C/m?]

= Mat do dién tich phan cwc khoi :

Pyy =—dIVP
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* c) Panh thiung dién moi:

= Khi truwong dién ngoai E > E: dién méi tré nén dan dién.

E

F_ =
K

—

" UsdienaptaoraE= E,.

= Néu dién méi khong dong nhat:

Ubrk - min{Ubrkl’ Ubrk2’ o Ubrkn}

——

CuuDuongThanCong.com

EM-Ch2
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* * Thong so E . cua mt so vat li¢u:

Approximate dielectric constant and dielectric strength of some materials

Dielectric material Dielectric constant Dielectric strengtl'J
(kV/m}
Air 1.0 3,000
Bakelite 4.5 21,000
Ebonite 2.6 60,000
Epoxy 4 35,000
Glass (Pyrex) 4.5 90,000
Gutta-percha 4 14,000
Mica 6 60,000
Mineral otl 2.5 20,000
Paraffin 2.2 29,000
Polystyrene 2.6 30,000
Paranol 5 20,000
Porcelain 5 11.000
Quartz (fused) 5 30,000
Rubber 2.5-3 25,000
Transformer oil 2-3 12,000
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* VD 2.5.3: Dién moi trong trwong di€én
~1uC/m?

o

- *———
/

=d

& = 4g, TZ

Khi0<z<d,
(@) D= pd =10°8 C/m’
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* VD 2.5.3: Dién moi trong trwong di€én

_ /m2
— / 1uC
B E=2=1(10%) -4
& 4eg, ; g T
& =4g, .

= 36”_9 x107°4,

4 %10 (+ + + + _+ + +{ 2=0
= 90007 &, V/m oim?

) P=D-¢E
=10°d, - 0.25x107°g,
=0.75x10°a C/m?
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* VD 2.5.4: Dién moi trong truwong dién

Pién tich dwong Q dit tai tm vé cau
dién moi ban kinh trong R;, ngoai R,
c6 hang so6 dién moi g, Xac dinh cac
vector cwong do trwong dién, cam
tng dién, phan cwc dién va thé dién
C4C mién.

Dielectric

Giai shell
“ Khir>R;: D1: Q _>E1: Q2
Ay’ dng,r
== P =0 0, = Q
dre,r
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* VD 2.5.4: Dién moi trong truwong dién

“KhiR<r<Ry: Dz_ Q

Anr?
Q -fEH
[E— E = >
drer

Dielectric

_x'ﬂ'.?f.’.'r.'r

Q

2
Amer

=> P,=(e-¢&)

Q Q
= + ¢ -1
= P 4n5R0( =
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* VD 2.5.4: Dién moi trong truwong dién

* Khir<R, : — Q
. D, =—
Amr
Q Air
> E — > o
dng,r
Dielectric
_x'ﬂ'.?f.’.'r.'r
—— P3 = 0

S S PR | R I PR

) dne,r  4neR, ) 4neR
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* “ VD 2.5.5: Dién moi trong truwong dién

Tu phing, dit dwoi dién ap U = const . Cho |‘ X+

d = 0,5 cm va dién méi ly twéng € = 4g, . id

a) Tim E, D va P trong dién moi khi dit tu »
dudi dién ap U = 200V ? U |

b) Néu E, = 200 kV/cm, tim hiéu thé dién
choc thung cua tu ?

< Dung p-trinh Laplace, tim ¢ . Suy raE,DvaP.

% ChoE,.,=E.,suyraU.
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“ VD 2.5.6: Dién moi trong truwong dién

< Cho tu phang hai 16p dién moi, co
d=05cm;d; =0,01cm.

a) Xdinh trwong dién trong milép? u| L
_______________ -
=—)
ol

E.(kkhi) =30 kV/cm;

E.(dméi) = 200 kV/cm. —I; ;1
Giai -

a) Do: ( o E1 _ é
<dIVD:O _)DlzDzzA —> < &

i ~Dan =0 P
—>U=2d+(d-d) g,

—>1 — gzu gx Ez _ €1U gx

&,0; +¢(d -d,) &,d,+¢&(d—-d,)
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* “ VD 2.5.6: Dién moéi trong truong dién
b) Cho: | E;= Eq(kkhi) > Ug N St R
{ A E].:ED : EE:4ED
E,= E(dmoi) -> U, S : =
X

—— Ug=min{Ug , Ugpo) . : d

= &,0, +&(d ~ dl)Ect (kkhi)

&5

= Uctl

~ (4d, +d —d,)E,, (kkhi)

ct 4 — 3, 975 (kV)
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!'_ 2.6 Niang lwong truong dién (W, )

CuuDuongT! hanCong .com EM 'Ch 2

https://fb.com/tailieudientucntt
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* a) Tinh theo cac vector dac trung :

|
++++++++++++

W,=>[ EDaV=;[ eE2V="[ —av | ()
29V 27V 2Ve g

lee 1 o 1 5 o s
W =—ED=—¢E"=—D (J/m) = Mat do nang lwong

©2 ? 26

ooooooooooooooooooooooo
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:I! b) Tinh theo thé dién & mat d9 dién tich :

1
We = EIL Y gpdﬂ

1
We = E -[S IOS (DdS

1

We = E jv A (de

CuuDuongThanCong .com EM _Ch 2 https://fb.com/tailieudientucntt
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* c) Ning lwong hé N vat dan:

< Cho hé n vat din trong mién p, =0 : chi
ton tai ps trén bé mat cac vat dan.

CuuDuongThanCong .com EM-Ch2
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* “ VD 2.6.1: Nang lwong truong dién

(

Pién tich phan b6 déi xirng ciu Po (0<r<R)
theo qui luat : P =-
0 (r>R)

Xac dinh @ cac mién & W, tich litly trong miénr <R ?

“*Dung luat Gauss:

: — poR® =
>R =
a) Khir>R: E1 3002 a,
. = 17 R’
* Suy ra thé dién : ) =—jE1d€+Cl = g(;o" +C1

= Do @(r=w)=0,C,=0. gglzggor | Cl

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 7 8


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

* “ VD 2.6.1: Nang lwong truwong dién (tt)

(

Pién tich phan bo doi xing cau p, (0O<r<R)
theo qui luat : P =-
0 (r>R)

Xac dinh @ cac mién & W, tich litly trong miénr <R ?

—_—

b) Khir<R: E, =2>a

350 r
2
= Suy ra thé dién mién nay : J‘ E d f + C po(; + C2
* DK lién tuc: ¢(r=R) =@,(r=R) : PoR® _ _ poR” -C
IC: @ ) : 35— 6a 1 2

2 2
_ Pol' | poR
= @, = |

65, 28,
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* “ VD 2.6.1: Nang lwong truwong dién (tt)

(

Pién tich phan bo doi xing cau p, (0O<r<R)
theo qui luat : P =-
0 (r>R)

Xac dinh @ cac mién & W, tich litly trong miénr <R ?

c) Nang lwgng truong dién: We = %j EOEng

W, = %gﬁm(%f) (r?sin 0drd d ¢)
00

0

2p5
=18 [ Fdr(4r) =W, = 2PN (9)

0 e 45¢,
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!'_ 2./ Tu dién va dién dung cua tu dién:

EM-Ch2
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* a) Tu dién:

<+ Tu = Hé 2 vat dan thoa :

> Q,+Q, =0

% Cac loai tu co ban:

\
ch dien
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* b) Pién dung cua tu dién:

** Pién dung C dac trung cho
miwrc do tich lily nang lwong
treong dién cua tu dién.

Surface §

-'|'I+

< Hai phwong phap tim C co ban :

. Géan Q trudc va tim U theo Q (cd ding dén luat
Gauss ).

II. Gan U truée va tim Q theo U (c6 dung dén phwong
trinh Poisson — Laplace).

CuuDuongThanCong.com - https://fb.com/tailieudientucntt
EM
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* ¢ Qui trinh bai toan xac dinh C :

I.  Chon hé toa do.

ii. Cho U,g = hiéu thé dién giira 2 vat din ( Hoic gan cac vat dan
mang dién tich Q va — Q).
iii. Xde dinh: D ( hay E)

v. Xicdih: Q = ¢ DdS (hay U, = EdT)

V. Xacdinh: C = i (F)
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* VD 2.7.1: Tinh dién dung

Tim dién dung cia tu phang, dién

A = A s, X N , # ++-a-"¢
modi g, dién tich cot tu 1a S, cach " 4
nhau mot khoang la d ? "= S 4
0 £ E s
Giai u

< Pat tu dwéi hiéu thé U , ta xac
dinh vecto cwong do truwong dién:

— U-

E=car = D-2Y3

X

< Dién tich cot tu tai x = 0 : Luit Gauss tich phan: Q=D .S

< Pién dung ciia tu phang:

_ |Q|
U

CuubDuongThanCong.com

EM-Ch2

=|C = 22
d

ES
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* VD 2.7.2: Tinh dién dung dwong day

Pwong day song hanh, ban kinh day dan 14 a, hiéu thé U,
cach nhau d .Tim dién dung don vi ctiia dwong day ( gia sw d
>>a) ?

Twong dwong 2 day dan la 2 truc mang dién mat do dai + A
tai tam day dan.

o G2 o Tl e
El-l—. | _I—.
: '-.-'Ij'u | E"ll !
R e T X =
"_?l." I _-';|I._.-'
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* VD 2.7.2: Tinh dién dung dwong day (tt)

“ Thé dién tai 1 diém bén ngai 2 day 922+
d?ln: __i_'_'»l._ﬂ.____:____EI;_;_;_*_
_ “h . -
A Inr !
@ =—IN—-
27TE r+
Al d-a a | 1. d-a
>U=¢0,-py=—|IN—-In—— |=—In——
2re| A d-a| 7 a
A
Do C,=— = Co: TE
d—a
In
a
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* c) Tinh C dung ning lwong trwong dién:

Wezlj E.DAV =
2,

1

2 jvw CELV == jv D—de

2°Ve &

(Pl+ Ql
(PZT Q2

W, =

1

2

CU?

==> (6 thé tinh W, théng qua C hoic nguoc lai.

CuuDuongThanCong.com
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VD 2.7.3: Tinh C dung W,

Tinh C ciia tu ciu gom 2 16p dién moi ly twong ?
Giai
< Pat tu dwéi hiéu thé dién U (p, = U; ¢, = 0),

dung phwong trinh Laplace x&c dinh thé dién va
cwong do trwong dién trong mei lép dién moi:

. au 1 au
TR T )T (b-a)

:>E=E—abu 1.

= a
1 2 (b—a) rz r
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* VD 2.7.3: Tinh C dung W, (tt)

Tinh C ciia tu ciu gom 2 16p dién moi ly twong ?

Giai

% Nang lwong truwong dién cia hé:

1
W, = E[ jvl e EfdV | szEng}

_ Za(;big)zz D j r “1 sin ¢9drd<9d¢+J' J' j —sm «9drd«9d¢}
~ abU? 2W,  2rab
We_Z(b—a)Zﬂ(81+82)I:> - UZ :(b_a)(81+82)
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* VD 2.7.4: Tinh C tu khong dong nhat

Tu phang, dién moi ly twéng . —Ps

khong dong nhit hang so di¢n moi | ] 4 U
g. = ax + b (a,b =const), ndi vao Sl

r
X z 04 +
nguon DC hi¢u the U. A ‘ \
dién tich A

\

Mat d¢ dién tich mat pg

a) Gia sir dién tich miit trén cot tu tai x = 0 14 ps va trén cot tu tai
X = d la — ps. Tinh vector cam wng dién va cwong do trwong
di€én trong di€én moi ?

b) Theo ciu a), xac dinh hiéu thé dién U (theo ps) va dién dung
cua tu ?

¢) Theo cau a), xac dinh mat do dién tich phan cwe khoi trong
dién moi (theo pg) ?
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:h VD 2.7.4: Tinh C tu khong dong nhat (tt)

Giai il ‘

a) Theo xép chong:

—

b) Theo dinh nghia hiéu thé dién:

U= Edx =272 = 2 In(ax + b), =

ax+b goa

< Pién tich trén cot tu: Q(x = 0) = A.p..

—ax +b

&
1 = 1 ~ —
D=>psa, +5(—ps)(—a,)=psa, O /—IT +
dién tich A

\

Mat d¢ dién tich mat pg

=bs In(1+ ad)

psA _ Aegja

< Pién dung cua tu: C = ‘M‘ —
p—Sln
€oa

GEC)
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:h VD 2.7.4: Tinh C tu khong dong nhat (tt)

Giai ; ‘

c) Vector phan cwe dién : E— - U
— — 0O+ +
P=(¢s—¢,)E s ‘ 5

dién tich A \
ax+b-1 — | Matdo dién tich mat pg
80 (aX +b 1) €0 ax+b pS ax+b aX

< Pién tich phan cwe khoi :

_ D 0 [ ax+b-1\ psa
Ppy = —dIVP = —pq ax( ax+b ) - (axib)z
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* VD 2.7.5: Tinh C tu khong dong nhat

ul '
Tu tru, ban kinh trong a = 1cm, ban I
kinh ngoai b = 2,5cm, dién moi ly
twéng khong dong nhat hang sé dién
moi g, = (0,1 + r)/r, n6i vao nguoén DC
hiéu thé U. X4ac dinh:

U

a) Cwong do trwong di€n va cam wng di€én trong di€én moi ?
0) Dién tich trén cot tu trong va dién dung cta tu (bang so) trén
don vi dai ?

a) Do tinh d6i xing ciia bai toan, cim vng dién co dang:
D=Dd (¢try) Va:divD=0 = iai(rDr) —0
r or

= D :é (V6i A = const)
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* VD 2.7.5: Tinh C tu khong dong nhat (tt)
al

I
Ulb

A1l 2
= — d

gy 0,141 T

—> E=

o | O

< Theo dinh nghia hi¢u thé dién:

U=2" = 20,141 = 21n(2:2)

0,1+ 0,1+a

—> A=¢g,U/In(¢72)

Vay:

. eU 1. |= U 1
07 In(%ﬁ:)Far =" |(‘c))i2)01+rar
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* VD 2.7.5: Tinh C tu khong dong nhat (tt)

b) Dién tich trén cot tu trong trén 1m:

L g U 1
Q... =, DdS = zo,ﬁi)F 27T
2rre,U

In 0,1+b Im
0,1+a

= Q. =

<* Dién dung trén don vi dai:
12
Q.| 2mg, 27.8,842.10
0,1+b 0,125
Ul In ( ) In ( 0,11 )
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!'_ 2.8 Phuwong phap anh dién
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# a) Nguyén tic:

= Khi dit vat mang dién gan cac mdi trwong dién moi hay
vat dan: theo tinh chat cia trwong dién tinh s€ cO sw xuat
hién dién tich cam &ng va dién tich lién ket.

= Sw cO mit ciia dién tich cadm &ng va lién két: sé lam thay
doi phan bo trwong dién ban dau.

= Viéc xac dinh cac leai dién tich nay twong déi phirc tap, va
dung luat Gauss dé tinh trwong dién vO0 cung kho khan vi
ching thwong phan bo khong deéu.

= PP anh dién 14 PP tot nhat dé xac dinh trwong dién ma
khong can quan tam deén viéc xac dinh qui luat cac loai di€én
tich phan bo nay.

= PP anh dién &rng dung rong rai trong |y thuyét dwong day
va ly thuyét anten.
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* D) Qui trinh phwong phap anh dién:

Xeét bai toan:

b,) Thay moi truwong 2 biang 1 dé dong nhat hoa moi truong.

b,) Pua dién tich anh (q’) vao moi trudng 2 dé duy tri diéu kién
bién cta bai toan.

% Dinh 1y duy nhit nghiém: nghiém khong thay déi trong 2 mo
hinh vi diéu kién bién va phan bo dién tich khong doi ¢ moi
trwong can tinh trwong dién.

EM -Ch 2 https://fb.com/tailieudientucntt 99
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c) Cac truwong hop co ban cia phwong
phap anh dién:

EM-Ch2 100
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* <»TH1: Phan cach phiang dméi — vdan:

= Bai toan: Pién tich g hay truc mang dién A truéc mat dan
rong vO han noi dat.

R (trwong dién khong doi) R

\) (M)
e e
7 v A S 7 v A S
", VN ", RN
’ TR m, A
e /19 1\ e /19 1
L e el
—_— 8 \\ \‘ d I' /I
y%w \\\\ /’//
-q (-A)

= Anh dién: Dién tich -g hay truc mang dién -A ddi xirng qua
bé mit vat dan.
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* < TH2: Phan cach phiang dméi - dméi
CKM#f
'd

= Pién tich q hay truc A:

AZ

CI(7»)0¢
£, ' d

€

CuuDuongThanCong.com

P ¢ moi truwong 1

I* \

4%
ql T ogte q

_ 25
q2 T ogts q

-

-

P ¢ moi truong 2

EM- Ch 2 https://fb.com/tailieudientucntt
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Z
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' d
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#ﬁ’THC%: Phan cach cau dméi — vat dan

= Pién tich q dat truwée qua cau
dan (bkinh a) noi dat.

= B6 qui cau dan, va thém vao
dién tich g’ théa:

2
a ! a ,/4
b e q p— q q q! /,’/a
D D .' ————————————————— . _______ <
4———b——->o

= Néu qua ciu khdng ndi dat -> thém dién tich anh g, = -q’ tai
tam O théa dieu ki€n bién the dién trén be mat qua cau.
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#ﬁ*TH4: Phin cach tru dméi — vat dan

* Truc mang dién A dat trwde tru
dan (bkinh a) néi dat.

= Bé tru dan, va thém vao truc
mang dién A’ thoa:

———
- -

2 /’ \\
b — a— ﬂ/' p— —ﬂ/ ___________________ 1// S_P-_?/’/é, \\)
D ;\‘ D E\\\\ N ?’////,"E
X .

~a -
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* VD 2.8.1: Dung phuwong phap anh dién

Day dan dai vd6 han, mang dién véi
mat d¢ dai p, = A, cach mit dan
phiang néi dat mot khoang l1a h, tim
mit d§ dién tich mat p. tai diém

P(x,h) ? Giai
** Bai toan anh dién: @
< Thé dién & mién y < h dung cong thirc:
Q= A [In r —In r*]
27t€,

CuuDuongThanCong.com EM -Ch 2

A

®--------------------- >
Oi M
h ! €---"---- » P €o

conductor
vy
X
@ T >
PSS x
Yy e P(X,
. P PY)
h | /
- e . .. 7 ———————
/7 T
/
/
'/
2h@ - A
vy
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* VD 2.8.1 : Dung PP anh dié€n (tt)

A X

po: T~ =(x)a, +(y—2h)a, S
. . R Y oo ¥ P(x.y) y
r=(x)a, +(y)a, [ AN

// :
A i
= ¢ [In S+ (y—2h)? —Inyx2 + y2] 2h§’-/x
vy

% Trwong dién ¢ mién y < h dung cong thirc:
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* VD 2.8.1 : Dung PP anh dié€n (tt)

“ Dién tich mat tai P :

_ = oQ
ps =a,[0-&E],, = _‘(;oEy‘y:h =&
Y (y-n)
L | y-2h y A
— 2 > 9 > 0] Al
2| X“+(y—2h)" x"+y" |, x
h oo Poch) l_sf
[ an n=a,
= Os i 7z(X2—|—y2)_ Zh?;k
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* VD 2.8.2: PP anh dién tim C
2a ),

Day dan dai vO0 han, ban kinh a, N X
mang dién voi mat do dai p, = A, ° h X
cach mat dan phang noi dat mét i X D €
khOé ng Ia h (h >> a), ti m dién d ung ff)%ffffflffffffffff!Iffff
A ° N\ - b A f? i
C, trén don vi dai dwong day ° | conductor
Giai vy
*+ Bai toan anh dién: @ ,
a
A 0 @, >
“ Pién dung don vi ciaa hé 2 day i X
dan da xac dinh 6 VD 2.7.2 la : ) | €
JTE JTE .
C,(F0) = s |
a a "y
https://fb.com/tailieudientucntt 1 0 8
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* VD 2.8.2: PP anh dién tim C (tt)
2a ),

Day dan dai vO han, ban kinh a, N X
mang di€én voi mat do dal Py = A, ° h X
cach mat din phang ndi dat mot X €0
h |+---"---- > P
khoang la h (h >> a), tim dién dung . 3
C, trén don vi dai duwong day ? Conductor
Giii vy
% Ta suy ra dién dung C, : 2a_ o
. O -
Co = 2C, (+1) F x
N .
27z, bp--mm--m--

C, = 1

——— 2h CO
In — 2hII - A
a vy
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2.9 Dong dién khong doi :

I .

EM-Ch2 110
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* a) Trwong dién tinh & modi truong dan:

<+ Phan loai méi trwomg: dwa vao do dan dién o [S/m].

<+ Mo6i treong dan: o #0. —> j — GE [A/mz] +()

% Cac dai lu’()'ng dac trung cia trwong dién tinh trong moi
truong din: E, D, ¢ and J.

— oF [A/m?]

(SR

E =—grade [V/m]

D = ¢E [C/m?]
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* ** Phwong trinh mo ta & PKB:

vl oy . 7 7 0
T hé phwong trinh Mawell: div] = —%, ‘Jln —,J2 —_Ps

===>  Truwong dién tinh: leJ — O,

n
Nhu vay: | ( N :
rotE=0 E,—E, =0
< ClV:):pV ) Dln_DZn:pS
- 1 Jln_‘]Zn =0
- divi=0 :

Va: D=8]:Z; J =oFE

EM -Ch 2 https://fb.com/tailieudientucntt 112
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* b) PKB déi véi vector mat dop dong J

(€2 0,)

R

(€1; ©1)

R

‘Jln _‘J2n =0

=) Dung dé xac dinh thanh phan phap tuyén cia
treong dién trong mol treong dan.

CuuDuongThanCong.com
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:h & VD 2.9.1: DKB dbi véi vector J

M:it z = 0 1 bién 2 moi trueong dan. N

Tim J, biét J, =[58, —10&,] A/m? Gl:z(s;i/\h
—> o,=

< Vector don vi ptuyén:fi = a

y4

<% Cac thanh phan cia J, jln = (jln N)n =-10a,
‘Jlt — ‘Jln o ‘Jln — Sé‘}x

=>j,=J, +J,, =10a, —10d, [A/m?]

CuuDuongThanCong.com EM- Ch 2 https://fb.com/tailieudientucntt 114



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

* ¢) Tinh trwong dién & moéi truong dan:

¢,) Xac dinh thé dién @ trong méi truwong din:

divi=0 == divfo(grade)]=0

Cach giai

< Khi ¢ = const : , ’A(DZO
Khi ¢ # const : - divlo(grad (0)] =0

¢+ Qui trinh:

§0:>E<J oE
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* < VD 2.9.2: Trwong dién & mt dan

<
Tu phing, dién tich cot tu 1a A, }
dat cach nhau £, di€én mOi thuc CO z= ¢ Aimmmm
dé dan dién o = const, ndi vao
hiéu thé U = const. Tim phan b
thé dién trong dién mdi ? Suy ra
vector E& ] ?

Giai
< Hé Pé cac, diit hiéu thé U va ta
nhan thay : ¢ = ¢(2).

< Thé dién ¢ = ¢(2) 12 nghiém = ¢p=Az+B
ptrinh Laplace.

> >

U
< PKB : ¢o(f) = U & ¢(0) = 0. :>go:?z = F & J
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» VD 2.9.3: Trwong dién & mt dan

Tu phang dién moi thue & = (5-3X)g, , G = *:;'
10-1° S/cm d3t dwéi hiéu thé U = 1 KV | 1KV
khoang cach giira 2 cot tu 1a 1 cm. Xé&c o) '_J’
dinh mat @6 dong trong dién moi, vecto O
cam éng dién va phan cyc dién, suy ra 5 Fxfom
mat d9 khoi tw do va lién két ? 0 d=1
Giai
1 oUgz
“* Nghiém phwong trinh Laplace: (J = q d,
Uz N &U ~
¢:——X+U ) E_F =>4 D=7(5—3X)ax
_ §U a
i \ P===(4-3x)a,
*Vaapdung: O, = divD; Pov = —divP
P EM-Ch2 S 117
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* C,) Tich phan trwe tiép trwong J :

I.  Duwa vao phwong trinh divJ = 0 va tinh doixirng:

==) Biéu thic ciia T(Vi‘l cac hang so tich phan).

i (Néu o phu thudc toa d9

Il.  Vecto c.do truong dien: E = > thi thé ngay & buéc nay)

iii. Ap dung :|U b = Edl suy ra cac hang so tich phan .

a—b

¢ Qui trinh: = 7

—_— —>
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* “ Sw twong tw gitrta D va J :

Moi trwong p, =0

Mbi truong dan

E,p,6,D=¢E,... . E,p0,=0E,.
rotE=O ; E:—grad(go) rotE=O ; E:—grad(go)
divD =0 divJ =0

E,-E,=0; D,,—D, =0 E,, —E, =0; Jy, —J5, =0

<% Chi can thay vi tri ciia D bing Ttrong phwong phap trwoc.

CuuDuongThanCong.com
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* * VD 2.9.4: Su twong tw giira DvaJ

Tu phang, dién tich cot tu l1a S, dit
cach nhau d, dién m6i thue c6 do dan
dién o = const, € = const, néi vao hiéu
thé U = const. Tim vector mat d$ dong
trong tu ? Suy ra dong qua tu ?

G, _J

»DoJ= JX.EX va div(j) =0.

Trién khai div trong hé Cartesian :
J,=A = const. ...

UocS
d

CuuDuongThanCong.com EM-Ch2

==) Dong dién qua tu: | =
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* “ VD 2.9.5: Su twong tw gitac va e

Tu thzmg, dién tich cot tu la A, dat /. :_—-— P
cach nhau d, dién m6i thue c6 do dan t

2.0
dién o = const, € = const. Tim dién tré T
cua tu dién phang ? < d —3
Giai
\J A 74 N\ e r ~ (C;S
“*Két qua bai toan TD tinh: C = F
“Swtwongtw: &€ <> O | Ce=GaG
< oA X > GS
< Dién dan cia tu: G =—
d

. ren o 1 d
** Dien tro cua tu: - =

G oS
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* d) Dinh luit Joule:

* Vector mat df dong == (Cgng suét tiéu tan dang nhiét.
Ae IR A K, ¢en . 4 1 2 2 3
% Mat do cong suit titu tan: P=J.E=0E" =J"/0c [W/m~]

<% Cong suat tiéu tan trong thé tich V :

P = jv p.dV = jv cE2.dV [W]
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* e) Dién tré va tinh gia tri dién tré :

T ks
=
o
o
»
]
|
[+
Py

Uab
:

Giatridientro: R =

(€2)

s 1
Gia tri dien dan: G = = conductance[S or O]
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* ¢ Tinh gia tri dién tro :

I.  Chon hé toa do.
ii. Gia sir U,, = hiéu thé dién dit 1én moi trwong dan .

iii. X&c dinh vector mat do dong trong moi truwong dan .

iv. X&c dinh dong qua moi truong dan:
= [ 3.dS (@S hudng theo s
S chiéu giam theé) £lab
v. Tinh: |R === () JTETS
| S N
9 , Us _ P Z
% Co thé tinh qua cong suat: R = D = 12 (©2)
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* “* VD 2.9.6: Tinh gia tri dién tr¢ cua cap
. )

Tim dién tré trén don vi dai cia cap
dong truc, cach dién la dién moi thuc
¢l o, € = const.

Giai
% Pat 16i va vé cap dwdi hidu thé U.

Thé dién ¢ = @(r) 13 nghiém ptrinh Laplace: p=Alnr+B

U — 5(0—> U 1—>
= —Inr+Inb E=——ar= —ar
= = ntbra) I == = o T
= - %Y 10 w2 %Y Lo oL=im
in(b/a) 1 in(b/a) r
~In(b/a)

==) Di¢n tré don vi ciia cap: [R |

2O
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“ VD 2.9.7: Tinh dién tr¢ cua tu phang
Tu phiing, dién moi thwe, tim :

-5 -
a) Vecto J,E trong dién moi thuc ?
D) Dién tré cach dién caa tu R4 ? <
c) Cong suat ton hao nhiét trong dién moi?

Giai

a) Nghiém ptrinh Laplace:

(D:—%X-I-U ) E:%gx
‘ J:%ax
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* VD 2.9.7: Tinh dién tré ciia tu phiang (tt)

b) CO: 1y, _des J, g= oo
U d
- R p— p—
“ 1 oS

-
c) Cong suat ton hao nhigt: P, = JVJ EdV = jv oE*dV

2 2
_— PJ:GLZJ jdVZO-US
da- v d
U2
** Nhan xét P ——_
J Rcd
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< VD 2.9.8: Tinh dién tré thanh dan

Tim dién tré gitra hai diém 1-2 , biét ¥% vanh

: < 2rd
khuyén vat dan c6 o = 3,3.10" (S/m) ; a=5 I B

(cm) ; b =10 (cm) ; bé day h =2 (mm) ; dong

dién | = 200 (A). Tim mat d9 dong (va J..,..) , Y13 @D

R, Va cong suit ton hao ? i -'f :t:l
Gidi )

_)

- -
% Do tinh doi ximg: J=J a, &divJ =0

T
—> — —(J¢) =0 == J, =const
I o
- J¢—>
= E:—a¢
o)
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* < VD 2.9.8: Tinh dién tré thanh dan (tt)

2 7[/2J J .rﬂ_ ZO_U
#Co: U, =[Edl=[Zrdg=2"2L — ] =270
0 j j trdg=—- i
26U, Sdr ' 20U, h b
=> | =|J..dr.dz= Lz dz = "'_
a2
= | | ] |
- —> max)
’ " rh.In(bla) ¥ =5 h.In(bla)
“* Mat khac:
7T 2
Riz = Ui M1 =5 In(b/a) P = Ryl
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* “* VD 2.9.9: Tinh dién tré cach dién

Tu dién tru, dién moi thue c6 do dan
dién o = k,/r? (k, = const), € = const,
noi vao nguon DC co U = const.

a) Xac dinh vector cwong d¢ truwong dién trong di€én moi ?
D) Dién tré cach di€én trén don vi chiéu dai cap ?

Giai

—

a) Do tinh ddi xirng: ] = Jrﬁr (hé tru)

«» Theo ptrinh trwong dién tinh mién cé dong: div] =0

1| 6 ] > J > Ar-
=>—1—(])|=0 = J =2 = E="a,=—a,

r 0 ) r 9 ko
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* * VD 2.9.9: Tinh dién tré cach dié€n (tt)

% Theo dinh nghia hi¢u thé dién: U = j A dr = 2 (b* -a?)
0

_ 2koU = 2Ur 5 T 2kU 1=
oz E=- a, = | =51
b*—a°

b) Dong ro qua tiét dién cach dién trén don vi chiéu dai cap :
e [ 2k0U 1 2k0
= L, JdS = jo jo 28 1 (rdgdz) =

: R . H . b2—a2
I Y
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