Trudng di€n tuw

® Chuong 1 : Khdi niém & phtrinh c¢d ban cia TPT
® Chuong 2 : Trudng di€n tinh (TDt)

© TS. Luong Hitu Tuin

Chuong 2 : Trudng di€n tinh

1. Khdi ni€m chung

2. Tinh chat th€ cla trudng dién tinh

3. Phuong trinh Poisson-Laplace & DKB
4. Vit liéu trong TDt

5. Néng lugng truGng di€n

6. Luc dién

7. Phuong phép tinh TDt
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1. Khdi ni€ém chung

® Pinh nghia TPT tinh : aizo,fzo
t

® MJ hinh todn :

A rotE =0,E, —E, =0
divD=p,D, -D, =0

rotH =0,H,-H, =0
(B) -
divB=0,B, —B, =0

TP tinh (A): E#0,H =0
TT tinh B): E=0,H #0

= P=ExH =0 trong TDT tinh

© TS. Luong Hitu Tuin

Khong c6 sy lan truyén ning lugng dién tir

Chuong 2 : Trudng di€n tinh

1. Khdi ni€m chung

2. Tinh chat th€ cla trudng dién tinh
2.1. Cong ctia luc dién tinh
2.2. Thé v6 huéng
2.3.Vidu

© TS. Lwong Hitu Tun
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2.1. Cong ctia lyc dién tinh

Cong tdung Ién dtich diém trén dudng cong kin ludn bing 0
qSC Fdl = gSC gEdl =...=0
/B

A
Fdl = j Fdl
B AbB

© TS. Luong Hitu Tuin

Aa.

Cong chi phu thudc diém dau & diém cudi ma khong phu
thudc dudng di
K&t luan : TD tinh 12 mot trudng thé

2.2. Th€ v6 huéng

Pinhnghia: .| E=—gradg

dg=---=gradpdl =—Edl
Q= —I Edl +C
Qui uéc :
®h¢ hitu han@_=0
® hé¢ k§ thuat @ =0

© TS. Lwong Hitu Tun

B
Hiéu th dién: | @, — 9, = jEdz
A

Hé hitu han : @, = [ Edl
A
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2.3.Viduy
® mot dién tich diém: C:E=—9 7 -4
. drer® drer
B h¢ dién tich di€m:
g =N %
= v Zk: Arer,
=
o
£ mh¢ dién tich phan b
5 _[ P4V dv
VAeR J _
R 31 = q ,P E
Tong quat: @ j ATER v / R
R: khodng cach tir dq dé€nP
,
Chuong 2 : Trudng di€n tinh
1. Khdi ni€m chung
2. Tinh chat th€ cla trudng dién tinh
_ 3. Phuong trinh Poisson-Laplace & DKB
;: 3.1. Thi€t 1ap phuong trinh
= 3.2.Piéukién bién d6i vdi @
(%
©
8

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


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

3.1. Thi€t 14p phuong trinh

© TS. Luong Hitu Tuin

B modi trudng co € = const :
p=divD (IIl)
p=—div(egradp) (ptlh & dn thé)
p=—Ediv(gradp)=—-€A@p (gtvt)

Ap=—p/e | (Poisson)

® moi truong khong c¢6 dién tich tw do

Ap=0 (Laplace)

© TS. Lwong Hitu Tun

+.k.Zlff.
el
!

& = const

E?2¢(x)?C?

PN
Dung htd D nhu hinh vé
Do d6i xting : D = D(x)i.
Do 0=divD =42 = D = const
mi Us=[ Ed=[2dr=-2d=D=-£4%

0 D
o(x) = L Edx=-%x

£

1= [t -
o =(D,~D,)=i,(0-Di)=-D=C=f=%

2 \\

S

CuuDuongThanCong.com

https://fb.com/tailieudientucntt



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

On tap

B tinh :
i=o,f:0
ot

® th€ v6 huéng:
E=—gradg
rotE=0=1¢, = I:rEdf

© TS. Luong Hitu Tuin

0=
® tinh TDt :

divD=p=Ap=—p/e (ddng nhit)

3.2. Di€u kién bién ddi véi ¢

) )
¢:_En’ ¢:_E

on a7 '

m Diéu kién lién tuc cla @ :

® Diéu kién bién d6i véi 2 :
® Didu kién bién d6i véi 22 :
B Vidu:

od XA
e

RN

44

© TS. Lwong Hitu Tun

O

b =9,
99, 209, _
—E65, 165, =0

_9% 4 99 _
%)r+ a7 =0

¢|(O):U
?,(d)=0

@, (A) = @,(A)
gl%A_EZ d;)’cz A =0
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Chuong 2 : Trudng di€n tinh

1. Khdi ni€m chung
2. Tinh chit th€ cla trudng dién tinh
3. Phuong trinh Poisson-Laplace & DKB
4. Vit li€u trong TDt
4.1. Vatdan
4.1.1. Tinh chat
4.1.2. Man dién
4.1.3. Tu dién
4.2. Pién mo6i
4.3. Hé thdng vat dan

© TS. Luong Hitu Tuin

4.1.1. Tinh chat

® Trudng dién trong vat din

—

E=0 btrong VD  —=

® MAat do dién tich ty do trong vat din
p=--=0 btrong VD
® Th& dién trong vat din

@ =const  btrong VD

© TS. Lwong Hitu Tun

® Trudng dién trén mit vat dan

E=<n  trén mit VD

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


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

4.1.2. Man dién

man dién

© TS. Luong Hitu Tuin

® Man dién dugc ding d€ chin nhiéu clia trudng ngoai
® Trong thuc t&€ man dién dudc thay bing Iu6i kim loai

4.1.3. Ty di€n

® Cim (fng dién toan phan

¢ DdS =4 (Gauss dién)

=
g =q,+q, =0 (1c1&1c2) A&f%ﬂ
%
§ B Tu dién
g ® DPién dung
- _‘ qB’U Dy —Pg
Hé colap: C =4
o
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Chuong 2 : Trudng di€n tinh

1. Khdi ni€m chung
2. Tinh chit th€ cla trudng dién tinh
3. Phuong trinh Poisson-Laplace & DKB
4. Vat liéu trong Tbt
4.1. Vatdan
4.2. Pién mo6i
4.3. Phan bo dién tich va th€ dién cia HTVD

© TS. Luong Hitu Tuin

4.2. Bi€n moi trong Tt

® Dién tich lién két

AAC)
D | t‘O

p=div(e,E+P) | p+p, =div(gE)

© TS. Lwong Hitu Tun
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On tap

® mo hinh thé :

Ap=-p/e
99, 99 _ 99,

_ 99 _ _
D=0, —€ 5 tEGF=0,57 =57
® vitdin:

EzO,sz,(p:const,E:%ﬁ

© TS. Luong Hitu Tuin

C =q/U]|

® dién moi :
P, =—divP
O-lk = _Pln + P2n

4.3. Phan bd d.tich & th€ dién clia htvd (tu doc)

trang thdil: ¢,--4q,.9.- @,

trang thdi2: ¢sen . @sen @,
® Pinh Iy tuong hd :  ¢,@, +...+q,0, = ¢, +...+q,9,
m Hé s6 thé : ¢, =B,q,+..+ B4,

mHé sd diéndung: ¢, =A.@0 +..+A,Q,

© TS. Lwong Hitu Tun

B Dién dung bo phﬁn D q, = Cklukl +...+ Ckkuko +...+ Cknukn

20
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Chuong 2 : Trudng di€n tinh

1. Khdi ni€m chung
2. Tinh chit th€ cla trudng dién tinh
3. Phuong trinh Poisson-Laplace & PKB
4. Vit liéu trong Tbt
5. Néng lugng trudng dién
5.1. theo vtd cdd TP & vtd c.itng dién

© TS. Luong Hitu Tuin

W =1 jvm EDdV = %va eE*dV

5.2. theo thé dién & mat dod dién tich
5.3. clia hé thong vat din

21

5.2. tinh theo th€ dién & mat dd dién tich

W, = %J.VN EDdV = —%J.VN grade.DdV

© TS. Lwong Hitu Tun

W, = _%(ﬁsmw @DdS +%J.Vm @pdV  (Divergence & III)
<.[>S @DdS =0

W. =3[, ppdv +4[ opas

22
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5.3. ciia hé thong vat din

mHeénvatdin:p=0

W, :%J.V pPedV +%J.S opdS = %J‘S opdS

© TS. Luong Hitu Tuin

VVe :%%% +"'+%¢nQn

2

Bn=1:qg=Cop=>W, =1pg=1C¢p’*=5¢q
B n =2 (cdm ¢ng dién toan phan) : tu

W, =4CU = 40"

23

Chuong 2 : Trudng di€n tinh

1. Khdi ni€m chung
2. Tinh chit th€ cla trudng dién tinh
3. Phuong trinh Poisson-Laplace & DKB
4. Vat liéu trong Tbt
5. Néang lugng trudng di€n
6. Luc dién
6.1. Luc Coulomb
6.2. tinh theo bi€u thifc ning luong

© TS. Lwong Hitu Tun

24
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6.1. Lyc Coulomb

® dién tich diém
F=qFE
®m dién tich phan bd

ﬁ:IEdq

© TS. Luong Hitu Tuin

25

6.2. Luc tinh theo bi€u thic ning lugng (1)

®m Hé n vatdan

® Phuong phap dich chuyén 4o

Cong do ngudn cung cap : dA,, = p.dq,
k=1
bl. btoan & ch.héa nlugng : . dA,, =dA,, +dW,

Z(/’kqu = FdX +dW, | (ptcin bing dong)

k=1

© TS. Lwong Hitu Tun

F : Iyc suy rong (Iwc, momen, 4p suit, ...)
X :toa d6 suy rong  (cdai, gbc, thé tich, ...)

26
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On tap

© TS. Luong Hitu Tuin

® ning lugng :
Wt BV =] gt 5] opas =15 i
o k=1
m Jyc:
F=qE

> @.dq, = FdX +dW, (htvd, dich chuyén 4o)
k=1

27

6.2. Luc tinh theo bi€u thic ning lugng (2)

© TS. Lwong Hitu Tun

> @.dq, = FdX +dW,

k=1
B Cic truong hgp dac biét :
® Qud trinh ding th€ .. FdX =dW,=1dA,, (ptcbd)

aw,
F= ( 0X /p=const

Nhan xét :
® Quid trinh ding tich ... FdX =-dW, (ptcbd)

F=—(%

g=const

Nhin xét :

® Nhan xét chung
28
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6.2. Luc tinh theo biéu thitc ndng lugng (3)

© TS. Luong Hitu Tuin

B Vidu (3.54) -
Uy S .d

e

£ \\\\

i = }‘()

1. ding thé€ (gy)

dich chuyéndo: W, =1CU2 =1g 53U}

F = aw, __ &SU;
17 ax | _, 2d>
x=d

2. ddng tich (g)
dich chuyéndo: ¢=CU,=¢,5U,

12 x a28%772
W_ch = 25 €0 dzUo

e
F —_ aw, __ &SU;
2 dx =d 2ed?

29

© TS. Lwong Hitu Tun

Chuong 2 : Trudng di€n tinh

3. Phuong trinh Poisson-Laplace & DKB
4. Vit liéu trong Tbt
5. Nédng lugng truGng di€n
6. Luc dién
7. Phuong phép tinh Tbt
7.1. Tdng quan
7.2. Phuong phap x&p chong
7.3. Phuong phéap dung dinh luat Gauss vé dién
7.4. Phuong phap anh dién
7.5. Phuong phép gidi truc ti€p phuong trinh thé

30
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7.1. T6ng quan

B phuong phap x&p chong

® phuong phép diing dinh luat Gauss vé dién

® phuong phap anh dién

® phuong phép gidi truc ti€p phuong trinh Poisson
® phudng phép bi€n hinh bdo gidc

®m phuong phip ludi dudng stc dién - mit ding the
® phuong phdp s6

© TS. Luong Hitu Tuin

31

7.2. Phuong phdp x&p chong (1)
Byidul
pz
= :-.
r AN P:p?E?
= f‘%féfu : m“
£ Q U L ,>
: [
g
©
Adl A 0
P)= = 204 =——F———=
P) C4neR 4AmeR Amea® + 72
Ao P = d d¢ i d QZ e
Do d6ixing : E=FEi =———i_= I,
SRR
32
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7.2. Phuong phdp x&p chong (2)

B vidu?2
__ 0 -0 _ 00 -r")
p= Azer® + dmer  4zer?
r —r"=MN =scos@
__ Oscosé
¢_ 4rer?
= Qs - . -
E= pp— (2cos @i +sinbiy)

© TS. Lwong Hiru Tuén

33

7.2. Phuong phap x&p chdng (3)

o -

© TS. Luong Hiru Tuin

34
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7.3. Phuong ph4p dung d.luit Gauss vé dién

® Téng quan
® Vi du vé ddi xitng ciu

® Vi du vé ddi xitng tru

© TS. Luong Hitu Tuin

35
2
® TOng quan
4)8 DdS =q
® Pham vi st dung : d6i xdng ciu, tru hodc phiang
S [ 3
s \,}‘(g v /E/ R E‘E’j_,_
£ 0 \./” / o \ as | _E
1] \ // \\\ ’/4 :M; 45 | |
g S:Dlldg,D:const St:5||d§,D:c0nst Sb:DLd§
Sq:DLdS Sq:D|dS,D = const
m K&t qua :
® ddi xitng cau DS=q | S=4m?
® {6i xitng tru DS =q S,=2nr.L
® d6i xing phdng | D.S,=¢"| S;=Sy+S5=2Sy
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© TS. Luong Hitu Tuin

® Vi du vé ddi xitng cau

p, = const,@?
C : do d6i xing E = E(r).Q
D.S =q (d6i xdng ciu)

® mién ngoii (r>a):

eEAnr’ = p,tnad’
— 3
_ a7
El - 32‘;’2 lr
_(Tr=_[ _ o’
() —L Edr —L Edr =5
® mién trong (r<a):
2 _ 4 3
EEAmr” = py 57y
L
EZ _%Zr
00— a oo
¢, = | EdF =["E,dr+| Edr
r r a
2 2
0, =% 37

© TS. Lwong Hitu Tun

® Vi du vé d6i xitng tru

/Jka _. T :do d6i xitng E=E(r).fr
g 7B DS = ¢'(d6i xtng try)
\ eE2xnr.L=AL

L I\ /'
j ) r E=—t i
LA NN 27er
1A .i— :il A
® truc mang di€n : @ =5zIn7
® 2 truc mang dién = A (gdc th€ & mit trung truc) :
g i -
. A
Fr N Sl Ry In—
}\4 i ‘Hf}‘ E r

38
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© TS. Luong Hitu Tuin

7.4. Phuong phap 4nh dién

® Nguyén tic
® Phin c4dch phing dién moi - vat din
® Phan cidch cau dién modi - vat din

® Phin cdch phing dién méi - dién moi

39

© TS. Lwong Hitu Tun

® Nguyén tic

- ) "‘H_.._S
C1 J'F
rd
'
I
.
xf *q

® Loai trit 4nh hudng cla dién tich cdm Gng, dién tich lién k&t
® Nguyén tic :

® Budc 1 : ddng nhat toan by khong gian

® Budc 2 : duy tri diéu kién bién

Pinh Iy duy nha't nghiém : nghiém khong thay ddi

40
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® Phin c4ch phing dién moi - vt din (1)

= e

g \ '

= i1 / C O _f__.-'l-——f—-—_'@_ﬂ
0 ! 1

g (‘\ + I/ \ . |

172} "P * l‘

S Cf:O/ “=0

41

® Phan cdch phing dién mdi - vit din (2)

© TS. Lwong Hitu Tun

4
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® Phin cdch cau dién méi - vat din (1)

© TS. Lwong Hiru Tuén

0=p(B)= 4rer,  Armer,
gziz\/D2+a2+2Dacosﬁ vo
Q' b*+a* +2bacos @
D2+az_bz+a2

Da  ba

a> ., Qa
)

43
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© TS. Luong Hitu Tuin

® Phan c4ch phing dién moi - dién méi (1)

‘\éqi

Elt _E2t =0 \\ \\Eﬂs \x\\

— __4 4 9 3 —__% 3
D, =—_=sina+_5.sina D,, =-5sina
=—_49 — D
El’ 4mert” 4mer® E2f - 47e,r? -cosa
_&4-5 _ 2¢
(1) = . 9, = £+&, 9.9, = £§+& q 45

© TS. Lwong Hitu Tun

® Phin c4ch phing dién méi - dién méi (2)

46
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7.5. Phuong phép gidi truc ti€p phtrinh th€ (1)
® Thé 13 hAm mot bién
® Thé 12 ham da bién : phuong phdp phan ly bi€n s&
£ ® Budc 1 : tach bi€n
=
E ® Budc 2 : tdch phuong trinh
=
éﬁ ® Budc 3 : tinh c4c thong s6 dua vao PKB & t.chit b.todn
=)
2
)
47
7.5. Phuong phép gidi tryc ti€p phtrinh th€ (2)
2z A,
® Té4ch bién : RN Wy
¢ =0(r,¢)=R(r).P(9) EI\L\{‘
® T4ch phuong trinh : f' L1025,
= 1 2% ?l‘} ‘ ) =
0=Ap=15(rP)+13E X YN &
5 Nhan cho r?/R® :
£ 0=F(rgh+542
2 Fard=n’ R=Mr+%
© Lo 2 .
T N ® = Acosng + Bsin ng
® Tinh chit clia bai todn
o(r,9)=@(r,—9) . B =0: @, =(M,r+-)cos ¢
o(r,x%)=0 n=1 @, =(M,r+%)cos ¢
48
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7.5. Phuong phép gidi truc ti€p phtrinh th€ (3)

{¢1:(er+%)cos¢ & 4%

¢2:(M2r+%)cos¢ @\%
D

£1&
E,=E, i +E,i,

2r°r

E =22F,i 2r—(1+€+i2 ”Z)E cos @
= (—1+522)E sing

g+& ;2

=
g
= 9,(a,9)=9,(a,0) M, =-%E,
3 € 29, ¢ 9, = &5
;5 Vo |, ., — 270 |,_ N2=£1+£2Ea
© | |

KqU5 ¢1 ngi E rCOS¢__€2‘Zz E X

p. = (142 5)E, reos

" Dkb 0)=0 N, =0
Ar=0=0 & E
E,(r >o)=FE, M,=-E,

S

49

7.5. Phuong phdp gidi tryc ti€p phtrinh thé (4)

© TS. Lwong Hitu Tun

50
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T6ém tit chudng 2

1. Khdi ni€ém chung

2. Tinh ch4t th€ cla trudng dién tinh

3. Phuong trinh Poisson-Laplace & DKB
4. Vit li€u trong TD tinh

5. Ning lugng trudng di€n

6. Luc dién

7. Phuong phép tinh TD tinh

© TS. Luong Hitu Tuin

51
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