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Chwong 4: Nang lwong - Dién thé

BACH KHOA

l. Dich chuyén dién tich diém trong dién trwéng

> Xét mot dién tich diém Q dich chuyén mét doan dL dwdi tdc dung cua

dién trvong E. Khi do Iwc do dién trwong tac dong 1én dién tich: Fz = QE

> Thanh phan lwc dién trwdng theo hwéng cla dL: F;, = Fe.a, = QE.a,
> Vay lwc can tac dung dé dich chuyén dién tich: F, = -QE.a,

> Vay cong sinh ra dé dich chuyén dién tich diém Q trong dién trwérng mot

doan dL la:

| dW = -QEa, dL = —QEdL |
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

l. Dich chuyén dién tich diém trong dién trwéng

[dw - —QE.dL]

» Cong dich chuyén dién tich Q bij triét tiéu néu:
“*0Q=0,E=0,L=0 hoac

% E vuong goc voi dL
> Xét dién tich diém Q dirng yén trong khéng gian c6 dién trwdng E.
> CoOng dich chuyén dién tich Q trong mét quang dwdng hivu han:
[W = —QCTi E.dL]
dau
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

l. Dich chuyén dién tich diém trong dién trwdng
Vi du 4.1: Xét khong gian co E :i2(8xyzaX +4x°za, —4x°ya, )V /m . Tinh vi
z

phan céng dé dich chuyén mét dién tich 6nC di quang dwéong dai 2um tir

2 6 3 2
diem P(2, -2, 3) theo huong: A=—7aX +7ay +7aZ
Giar

E,= %(8xyza +4x*za, - 4x’ya, )

=-10,67a, +5,33a, +3,56a,V /m
A

P(2,-2,3)

68. 3a 28.
ToA TSy o 10

dL=dLa, =2.10° / 7 =——ax+—ay+ﬁaz(ym)
6\ (3) (2 1T
(7j (7j (7j

Vay vi phan cong dich chuyén dién tich Ia:

=—-QE,.dL =-6.10"°(-10,67a, +5,33a, +3,56a )(—Ea +§a +2a ) =-149,37J
P X Y SO A A A
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LY THUYET TRUONG DIEN TU

BACH KHOA

Chwong 4: Nang lwong - Dién thé

Il. Tich phan dwéong
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Chwong 4: Nang lwong - Dién thé

Il. Tich phan dwong

> Xét cong dich chuyén dién tich diém Q tir diém B

dén diém A trong khong gian c6 dién trwérng déu E.

% Chia B-A thanh 6 doan: AL, AL,, AL,
AL, AL, AL,

< Ung voi moi doan co: E 4, E|,, Ea,

EL4’ EL5’ EL6 B E

< Cong dich chuyén dién tich diém Q tir B dén A:

W =-Q(E_ AL +E_ AL, +...+ E AL,)
W =-Q(E,-AL, +E, -AL, +...+E; -AL,) =—QE- (AL, + AL, +...+ AL;)

W =-QE-L,,
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Chwong 4: Nang lwong - Dién thé

Il. Tich phan dwéong

do E = const

A A
W:—QIE-dL = —QE-Isz—QE.LBA
B B

> Nhan xét: Cong dich chuyén dién tich

diém phu thudc: =
< Gia tri dién tich diém Q =
< DO I6n cua cuong do dién triong E (déu va khéng déu)

< Khoang cach gitra diém dau va diém cudi L, (khéng phu thudc vao

dwdng di gitra 2 diém B, A).
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

Il. Tich phan dwong

Vi du 4.2: Cho khong gian biét E = ya, + xa, + 2a,. X&c dinh cong dich
chuyén dién tich diém Q = 2C t diém B(1, 0, 1) dén diém A(0,8 ; 0,6 ; 1)
theo dwdng cong: x2+y? =1,z = 1.

Giai

E=ya, +xa, +2a,
> Ap dung cong thirc: W = QJ-E dL trong do:

dL =dxa, +dya, +dza,

:—QJE dL_—zj(ya +xa, +2a,)- (dxa, +dya, +dza,)
—2jydx 2J.xdy 4jdz —>W = —2_[\/1 X dX — 2_"«/1 ydy -0
0,6

0,8
—>W :—[x\/l—x2 +sin™ x} —[y 1-y? +sin™ y} =-0,96J
1 0
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

Il. Tich phan dwong

Vi du 4.2: Cho khong gian biét E = ya, + xa, + 2a,. X&c dinh cong dich
chuyén dién tich diém Q = 2C t diém B(1, 0, 1) dén diém A(0,8 ; 0,6 ; 1)
theo dwdng cong: x2+y? =1,z = 1.

Giai- E=ya, +xa, +2a,

> Ap dung cong thire: W = —QJE dL trong do: dL =dxa, +dya, +dza,

B
W :-QjE-sz—zj ydx—zj xdy—4jdz
B 1 0 1

> Pudng thang ndi 2 diém B — A c6 phwong trinh:
Ya—Y
Y=Y = . °

Xa — Xg
0,8
SW = —6j(x 1)dx — Zj(l——jdy_—o 96
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

Il. Tich phan dwong
Cong thurce tinh vi phan dwong

» Hé toa do Descartes:

[dL = dxa, +dya, + dzaz]

» Hé toa do tru tron:

[dl_ —dpa_ +pdga, + dzaz]

> Hé toa do cau:

[dL =dra, +rdfa, +rsin Hdgoagp]
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

Il. Tich phan dwong
Vi du 4.3: Xét dién tich dwdng p, nam trén truc z trong chan khong. Tinh

coéng di chuyén dién tich Q trén dwdng tron ban kinh p, tam nam trén truc z

va trén mat phang song song véi mat Oxy. l Ve
Giai: BPE Lt B -
> A 5ng thire tinh cong: e .- J
p dung c:on%Oi e tinh cong <ol - .
W :_QJ E.dL trong do: Q y)
o dL =dpa, + pdga, +dza, [
E=Epap=2'OL a, dp=0 X
TTE
of? dz=0
2r
—>W = —QI a, -pdea, :—Qj P depa, -a, =0
27z50p ) 2TTE,
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

Il. Tich phan dwong
Vi du 4.4: Xét dién tich dwdng p, nam trén truc z trong chan khong. Tinh

coéng di chuyén dién tich Q tir p = a dén p = b.

Giar. 1 2
> Ap dung cong thire tinh cong: O
cuoi )
W=—Qj E-dL trongdo a \dL
dau * y\
dL=dpa, + pdga, +dza, ~_
PL PL b®,
E:Epap:2 a, dp=0
TTE
oF dz=0 X
b b

W =-Q[-—a,-dpa, =-QL Idp:_QpL in2
. 27T, P 27y s P 2re, A
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LY THUYET TRUONG DIEN TU

BACH KHOA

Chwong 4: Nang lwong - Dién thé

1. Hiéu dién thé - Pién thé
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

lIl. Hiéu dién thé - Pién thé
> Dinh nghia: Hiéu dién thé gitra 2 diém A va B (V,g) la cong dich chuyén

mét dién tich th&r 1C trong dién trwong E tir diém B dén diém A.
f J
Ve =—|E-dL | ==V
d C

> Néu coi 1 diém trong hé thdng c6 dién thé bang 0 (diém tham chiéu,
diém “dat” cia hé théng) thi hiéu dién thé cha diém khac so véi diém
tham chiéu chinh |& dién thé (dién thé tuyét dbi) cia chang.

> Néu biét thé V,, Vg cta 2 diém A, B (chung diém tham chiéu) thi hiéu
dién thé gitra A va B (V,z) duoc tinh theo cong thivc:

VAB :VA _VB
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

lIl. Hiéu dién thé - Pién thé
Vi du 4.5: Tinh hiéu dién thé gitva 2 diém A, B clng nam trén 1 truc xuyén
tam c6 khoang cach r,, ry dat trong dién trwdng cia mét dién tich diém Q.

> Chon hé toa do cau cé tam tring vi tri cta dién tich diém Q

Q

Are,r

» Vector cwong db dién truongdo Qtaora:E=E a =

PP a,

2

> Hiéu dién thé Vg la:
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

lIl. Hiéu dién thé - Pién thé
Vi du 4.6: Trong khong gian c6 E = 6x4a, + 6ya, + 4a, V/m.
a. Tinh V,,, néu M(2, 6, -1), N(-3, -3, 2)

M M
Vi =—| E-dL=—] (6x’a, +6ya, +4a,)- (dxa, +dya, +dza,)
N N
2 6 -1
Vo :—6_‘- xzdx—6j ydy—4_[ dz =-139V
-3 -3 2

b. Tinh Vy néu diém P(1, 2, -4) c6 Vp = 2

N -3 -3 2
Vi =Vyp +Vp =2— [E-dL=2-6 x’dx—6 ydy—4 [ dz =19V
P 1 2 4
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LY THUYET TRUONG DIEN TU

BACH KHOA

Chwong 4: Nang lwong - Dién thé

IV. Trwérng thé cua dién tich diém, hé dién tich diém
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

IV. Trwérng thé cua dién tich diém, hé dién tich diém

1. Trwrdng thé cua dién tich diem

> Vi du 4.5 da chirng minh hiéu dién thé gitra 2 diém A, B nam trén truc
xuyén tam co khoang cach r,, rg; dat trong dién trwdng cua dién tich

diém Q dwoc tinh theo cong thirc: Alla Oa @n)

Q (1 1
Vig = A ~
ey \ My I3

> V6i 2 diém A, B bat ky, hiéu dién < dra, + rdéa, + rsinfdga,,

thé dé di chuyén dién tich diém Q
tlr B dén A la:

Q
AB__,.‘Edr_ j Q dr_ Q El_l) B(rs, 65, ¢5)
dre, I’ Az, \ Iy T
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

IV. Trweérng thé cua dién tich diém, hé dién tich diém
A(Tas Oar @p)

1. Trweong thé cua dién tich diém

M
I

> Vi 2 diém A, B bat ky, hiéu dién thé =E,.a,
dé di chuyén mot dién tich diém Q twv
B dén A la:

VAB:_rA Q dr = Q (1—1j
Q

Are,r A, \ Iy Iy

< dra, + rdfag + rsinBdea,,

> Hiéu dién thé gitra 2 diém bat ky trong trwdng dién cia dién B(rg, 65 ¢p)
tich diém chi phu thuéc khodng cach gitba 2 diém dén dién

tich diém, khéng phu thudc vao quiang dwéng ndi gitra 2 diém.

Q
4re,r | (Truong thé cla dién tich diém)

» Coirg=«vaVg=0: V =
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

IV. Trweérng thé cua dién tich diém, hé dién tich diém
1. Trwwong thé cua dién tich diém
V = Q

Are,r

> Trwdng thé cla dién tich diém cho ta biét cong dé di chuyén dién tich
thlr 1C ttr xa v6 cung (diém tham chiéu, V = 0) vé diém bat ky cach dién
tich diém mét khoang r.

> Trwong thé clha dién tich diém: trworng vé hwéng, khéng cé vector don vi.

> Goi mat dang thé 1a tap hop tat ca cac diém cé cung dién thé > cong
dich chuyén dién tich trén mat dang thé bang khong.

> Mat dang thé cuda dién tich diém la cac mat cau dong tam, co tam
tring v&i vi tri cda dién tich diém do.
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

IV. Trwérng thé cua dién tich diém, hé dién tich diém
1. Trweong thé cua dién tich diém
Vi du 4.7: Cho Q = 15nC & goc toa do. Tinh V, néu P(-2, 3, -1) va:

a. V = 0 tai diém A(6, 5, 4)

Q (1 1) 15107 1 1
V,, = = — = 20,68V
drs \ 1, ) Ame, \NJA+9+1 /36+25+16

b.V =0 tai vd cung

-9
V., = Q _ 15.10 _36 1V
Adre e 4dre, J4+9+1
c.V=5taiB(2, 0, 4)
-9
Vo =V, +V, =5+ 110 ( 1 = j:10,89V
dre, \NA+9+1 A4+0+16
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Chwong 4: Nang lwong - Dién thé

IV. Trwdng thé cha dién tich diém, hé dién tich diém o,
2. Trwdng thé cua hé dién tich diém
> Xét khong gian, gom dién tich diém Q,. Khi dé dién

thé tai diém A bat ky sé dwoc tinh theo céng thirc:

v (r) Q

- Are, |r— r, | Goc toa do

> Néu khong gian cé n dién tich diém Q,, Q,, ..., Q,, dién thé tai A la:

V(r):zn: o

> Coi Q, la mét phan tlr ctia phan b dién tich khoi lién tuc p,Av,,;:

V (r) — \ pv (rk)AVk n:ov (r) — pv (r I)dVl

k:147z-golr_rk| V47TEO|I’—I"|
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

IV. Trwdng thé cua dién tich diém, hé dién tich diém
2. Trwdng thé cua hé dién tich diém
> Vay trwong thé ciia mét vat mang dién:

< CO mat do dién tich khoi py:

_[_A(r)av]
{V(r) —‘[4ﬂ€0 | rr'J

\Y

< CO mat do tich dwdng p, (day dan thang mang dién, dai vo han):
r"dL'
V (r) — /OL( ) '
Are, | r—r1']
% CO mat do dién tich mat pg (mat tich dién, rong vo han)

[V(r): pS (rl)dSl }

2 dre, |[r—r'
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IV. Trwdng thé cua dién tich diém, hé dién tich diém
2. Trwdng thé cua hé dién tich diém

Vi du 4.8: Tinh thé diém trén truc z trong trwdng

/7
/

cla day tron p, ban kinh a, thuéc mat phang z=0 /|

plr)dL

> Taco6 cong thirc: V/ (r) —

Are, | r—r1']
dL'=ade’;r=za, ;r'=aa,
trong do: 2 n do'
: pLade P a
S|r-r'|=va’+7° —>V=I ——= ——
- o drg,Na“+2°  2g,Nat +2
an xeét:

< Dién thé tai 1 diém la coéng sinh ra dé dwa 1 dién tich thd t vo cung vé
diém dé ma khéng phu thudc vao dwdng di gitra ching.
< Trwong thé cia mot hé nhiéu dién tich diém la tdng cla cac trwong thé do

tirng dién tich diém tao nén.
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

IV. Trwdng thé cua dién tich diém, hé dién tich diém
2. Trwdng thé cua hé dién tich diém

> Mat khéac, dién thé cta diém A bat ky dwoc tinh theo cong thirc:

A
V,=—|E-dL

o0

> Hiéu dién thé gitra A va B khéng phu thudc vao dwdng ndi gitra A va B
A
Vie =V, =V =—[E-dL
B

> Do6i voi dién trwdng tinh (vector cwdng dd dién trworng khong thay doi

phwong, hwéng va do Ion theo thoi gian t):

fea-s
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

IV. Trwdng thé cua dién tich diém, hé dién tich diém
2. Trwdng thé cua hé dién tich diém
Vi du 4.9: Trong chan khéng, coi diém vo cuing c6 thé bang 0, tinh dién thé

diém A(0, 0, 2) gay ra b&i vat mang dién:
a. bién tich dwong p, = 12nC/m, taip=2,5m,z=0

-9
V, = 1210 25 5394y

" »\/a 122 25,325 +2°

b. Dién tich diém Q = 18nC tai B(1, 2, -1)
Q B 18.107°

- Are, |r—ry | - 47z50\/1+4+9

= 43,26V
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LY THUYET TRUONG DIEN TU

BACH KHOA

Chwong 4: Nang lwong - Dién thé

V. Gradient thé
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

V. Gradient thé

> CO0 2 cach xac dinh dién thé tai mot diém gay ra béi mot vat mang dién:
% Thong qua vector cwdng do dién trwdng E (tich phan dwong)

< Thong qua ham phan bd mat dé dién tich (tich phan khéi)

> Tuy nhién thwc té, gia tri clia vector cwdng dé dién trworng va ham phan

b6 mat do dién tich déu chwa biét.

> Trong nhiéu trwdng hop, ta da biét dién thé cta hai mat dang thé. Khi
doé can xéac dinh cwéng do dién trwdng E hodc phan bdé mat do dién tich

cla cac mat dang thé.

> Phwong phap gradient thé
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Gradient thé V =+90

Xuat phat tir cong thivre:V = —J- E.-dL \\\-//+80

Xét doan nho AL rat nho sao cho E = const: 160
> AV =—E-AL =—EALc0s® PgaAL
\Z +50
Xét vi phan quang dwong L: ———

dVv dVv

E +40
— =-Ecosf—> E=— (cos&’:—l)/N
dL dL max /\+20

C kT T—10
D06 Ion cua E bang gia tri cwe dai toc do bién thién

cua dién thé theo khoang cach.

Gia tri cwc dai dat dwoc néu hwéng clha vi phan khodng cach nguoc

hwéng véi E (hwédng cla E nguwoc véi hwdng tdng nhanh nhat dién thé).
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V. Gradient thé

» Goi ay la vector phap tuyén don vi cla céc VE)90+80
mat dang thé, va co hwong vé phia cac mat ay +70
dang thé co dién thé cao. Khi do 160

ny ) +50
= N +40
AL [y E

— T30
» Do dV/dL - max khi dL cung hudng voi ay /\+20

dv dv [ dv 1
=— SE=--—a,
_dN dN
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

V. Gradient thé
> Dinh nghia toan t&r gradient (grad) ctia mét trwérng vector T bat ky:

a,, la vector phap tuyén don vi cla cac
mat dang thé, cdé hwdng theo hudng
tang cua trwdng vector T

Gradientof T=grad T = d—-l\rlaN

> Vayta cé:[E =—grad V]

oV
> Mat khactacé: V=V(,Y, z) EX:—&
—>dV=a—de+a—de+a—de oV
OX oy 0z _HEy:_E

dV =-E-dL =-E,dx-E dy—E,dz
T -9V
> Suy ra: L 07

—_ 8_Va +5_Va +8_Va gradV:(’a—\/ax+@—vay+8—vaZ
ox oy ’ oz ¢ OX oy 0z
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Chwong 4: Nang lwong - Dién thé

oV oV oV
grad V=—a, +—a, +—3,
OX oy 0z

0 0 0 oT oT 8T
V=—a +—a,+—a, —>VI=—a +—a ,
OX oy ’ oz OX oy v oz

BACH KHOA

V. Gradient thé

» Mat khac ta co

> Vaytaco:VT =grad T
> Mat khac: E=—grad V

> Suy ra quan hé gilra vector cwdng do dién trudng va trudng thé:

=
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Chwong 4: Nang lwong - Dién thé

=

NN ]
a'Z

V. Gradient thé

> Heé toa do Descartes:

VV=—a +—a
OX oy "’ az

> Hé toa dé tru tron:

[wﬂa AN, LY ]

op yoXoll) %t o7

> Hé toa doé cau:

oV 1oV 1 oV
VW =—a, +———a, +— a
or r 00 rsin@ op *
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

V. Gradient thé
» Chuy phan biét 2 toan to

% Gradient:
graadv =VV :a—vaX +8—Vay +8_Vaz
OX oy 0z

Gradient cua mét dai lwong vo hwdng la mét vector

% Dive:

oD, oD, 4D,
+ +

ox oy 0z

Dive cua mét dai lwong vector cho ta mét gia tri vo hwédng.

divD=V.D =
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

V. Gradient thé
Vi du 4.10: Xét mot trwong thé V = 2x2y - 5z va diém P(-4, 3, 6). Hay tinh
dién thé, cworng dd dién trwdng E, ham mat do dich chuyén dién D, va
ham mat dd phan bo dién tich p,, tai P.
Giai
> Dién thé tai P: V, = 2(-4)2.3 - 5.6 = 66V
» Vector cwong do dién trwong E tai P:
E,=-VV| =—4xya, —2x'a, +5a,|_ .o = 488,323, +5a,V /m

P(-4,3,6)

> Ham mat do dich chuyén:D = &,E = -35,4xya, —17,71x"a, +44,27a, pC /m’
Do use) = EE |prsse =425a, —283,3a, +4,43a, pC/m’
»Ham mat d phan bo dién tich khéi py:
A =(V-D)| pazey =(-35.4Y)|p 425 =-106,2 pC/m?
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Chwong 4: Nang lwong - Dién thé

VI. Lwong cwce
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

VI. Lwong cwce

» Viéc nghién ctru hién twong lvdng cwc cho phép phan tich qua trinh
dién tir trong cac chat dién moi dat trong dién trwong E.

> Lwéng cwe dién (lwdng cwe) 1a khai niém dé chi 2 dién tich diém trai
dau, clng dé I&én, dat canh nhau sao cho khoang cach gitra chiing nho
hon nhiéu khoang cach dén diém can xét (E, hay V,)

< Dién thé cta diém P(r, 6, ¢p=-90°):

Q (1 1 Q R,-R 14
V = — = P
dre,\ R, R, ) 4ng, RR, 6 R,
] +Q

% Xétquytichcacdiéemc6z=0->R;=R, 2V=0 7 /

. , r 2
(diém “dat") . Y

< Néu P cang xa vj tri lwéng cuwc dién: /
R=R, —V,=0 x1Q
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Chwong 4: Nang lwong - Dién thé

VI. Lwong cwce AZ
< O khoang cach du gan, coi R, // R,
—>R,—R, =dcosé -

< Vay thé tai P dwoc tinh theo cong thirc:

d
Qd cos & (diém tham chiéu: )A/‘ / _
Are,r® mat phang z = 0) 2

V =

< Ap dung cdng thirc tinh E trong hé toa do cau:

oV 1oV 1 oV ) [ZQdcose stm0 ]
a a, | =- a,

E=-VV =—| — r + — 0 + . r
or r oo rsiné op Arg,r dre,r®

[E __ ~(2cosfa, —sinda, )}

Are,r
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Chwong 4: Nang lwong - Dién thé

VI. Lwong cwce

Qd
Ch =1
[V =M] [E: Qd ~(2cosGa, —sin Qae)] al Are,

\%

2
Are,r Are,r cosd =\r?
Z/\
0,2 Mat dang thé
0,4 ~_—
Tl
N = Sy,
g NN )

Cuwdng dé
0.2 dién trwdong E
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VI. Lwong cwce

» Momen lwdng cwc dién: p=Qd [C.m]

~Qdcosd da, =dcosd v - P

V 5 2
Are,r Arg,r
NV 1 _p. r—rl r: vector dinh vi P
Are, |[r—r'["" |r—=r'[ | p: vector dinh vi tm lwéng cwc dién
» Nhan xeét:

< Dién thé V tai mét diém do lwéng cuwe dién gay ra ty nghich véi binh
phwong khoang cach.
s Cuwdng do dién trwong E tai mot diém do lwdng cwc dién gay ra ty

nghich v&i khoang cach mi ba.
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VI. Lwong cwce
Vi du 4.11: Mét lwdng cwe dién dat trong chan khong, tai gbc toa do co

momen lwong cwe p = 3a, — 2a, + a,nC.m.

i ' 2a +3a, +4a,
a. Tinh Vital A(2, 3, 4) & = J22 — r=22 132+ 4% =29
» Ap dung cong thirc: 22 +3%+4
pa, _(3,-23,+a)(2a,+%, +43)
= — . _0,
Are,r® Are, (@ )

b. Tinh VtaiB(r=2,5;6=30° ¢ =40° > B(0,96 : 0,8 ; 2,17)
- 0,96a,+0,8a, +2,17a,
/0,967 +0,8% +2,17°

a

r

r=4/0,96% +0,8° +2,17% = 2,5

v P& _ (3a, —2a,+4a,).(0,96a, +0,8a, +2,17a,)
Azt 47g,(2,5)

=1,985V
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BACH KHOA

VI. Lwong cwce

Vi du 4.12: Mét lwdng cwe dién dat trong chan khong, tai géc toa do co

momen lwéng cyc p = 6a,nC.m. Tinh Etai A(r=4;6=20°; ¢ =0)

D/S:E=1584a, +0,288a, V /m
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Chwong 4: Nang lwong - Dién thé

VII. Mat dé nang lwong trong triedong tinh dién
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

VIl. Mat do nang lwong trong trieo'ng tinh dién

> Néu di chuyén Q, t» xa vo cling vao khong gian c6 dién trwéng tao boi
Q, ¢6 dinh, ta can thwc hién mot cong.
< Néu Q, dwoc gilr nguyén: Q, co thé nang
< Néu Q, dwoc dat tw do:
Q Q, dich chuyén ra xa Q,
Q Q, tich Iy ddng nang khi chuyén déng (thé nang giam).

> Can xac dinh thé nang ctia mot hé dién tich diém.
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

VII. Mat dé nang lwong trong trieong tinh dién
> Xét dién tich diém Q, dat trong khong gian co dién trwdng cia Q,
> Goi V,, la dién thé tai vi tri cia Q, do Q, tao ra

Cong di chuyén Q, = Q,V,,
> Khong gian co dién tich diém Q,

Céng di chuyén Q= QV3; + Q3Vs,
> Khong gian c6 dién tich diém Q,
Cong di chuyén Q,= QuVia1+ Qo+ QuVy 5

> Tbng cong di chuyén = Thé nang cua dién trwdng

We=QoVo1+ Q3V3 1 + QaViap + QuVy 1 + QaVy + QuVyst .
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

VIl. Mat do nang lwong trong trieo'ng tinh dién

We=QoV51+ Q3V31 + Q3Viap + QuVy1 + QaVy + QuVyst ..

5 , Q
> Mat khac: Q\V,;, =Q
s 3 47Z‘90 R13 - Q3V3,1 — Ql & = Q1V1,3
Arey\R,,
R13 — R31
2 We=Q;Vi,+QVi3+QVi s+ QuVos+ QoVy, + QsVi, + ..
2 2We=Qy(Vy+Vygt+ Vi +.0)+ VipgtVig+ Vi +..=V,
Q, (V2,1 + V2’3 + V2,4 +..)+ Vo + VotV +..=V,
Qs (V3’1+ V3’2 + V3’4 +...)+ V3’1+ V3’2 + V3’4 +...=V,

WE=EijVd

\Y

n . 1 13
> Vayta co W, ==(QV, +QV, +QV, +..) ==Y QV, [ 1 ]
2 23 —> vV

> Dé tinh nang lwong vat mang dién, coi: Q, = p,dv
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

VIl. Mat do nang lwong trong trieo'ng tinh dién

18 1
\Aé:EZQka WE ZEJ-pVVdV
Vv

» Cong thirc cho phép tinh thé nadng ciia mét hé dién tich diém, hodc mot

vat mang dién c6 ham mat dd phan bo dién tich khdi p,

> Cong the tinh thé nang cda vat mang dién c6 ham mat dé phan bb
dién tich khdi p, co thé coi la cong thire tinh thé nang tdbng quéat cho
cac vat mang dién khac nhau:
< Dién tich diém
% Dién tich duwdng
*» Dién tich mat
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

VIl. Mat do nang lwong trong trieo'ng tinh dién

> Xét cong thire: WL = EJ‘,odeV 1
23 }—)V\/E:—I(V-D)Vdv
> Ap dung phwong trinh Maxwell 1: g, =V-D 2y

> Mat khac:V- (VD) =V (V-D)+D-(VV)

—>WE=%J.[V-(VD)—D-(VV)]dV
\
1 1
W.=—|V-(VD)dv——=| D-(VV)dv
oW ZJ (VD) ZJ (VV)
> Ap dung dinh Iy Dive: qSD.dS — j V- Ddv
S V

» Vay ta c6 cong thirc: WL =%<ﬁ(\/D)-dS—%j‘D-(VV)dV
S Vv
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VII. Mat dé nang lwong trong trieong tinh dién
1 1
WL =— D)-dS—=|D-(VV)dv
=2 qS (VD)-dS -~ j (VV)

> Ta co:

. ook aa 1 \
V = 'Suy giam v@i toc do —
Are,r r
PSR | 1 _
D= < a_:suy giam v@i toc dd — >_>§<JS(VD)'dS—O
Arrr® r s
dS : suy gidm vai toc do r’

N

1
> Vay ta co: W, :—EID-(VV)dV
V

\Y

&—)ENE =%jD-Edv:%jgoE2d\j
> Theo cong thirc gradient thé: E=-VV v

J
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Chwong 4: Nang lwong - Dién thé

VIl. Mat do nang lwong trong trieo'ng tinh dién

Vi du 4.13: Tinh thé nang cda cap déng truc (tu) do
dai L, c6 mat dd phan bd dién mat trong cla cap Ps r
Cach 1: .
| e T Ny
» Ap dung cong thirc: WL = EngE dv
V

trong do: DpzapS (a< p<Db) —)E:a'osap
P &P
== & > pd pdpdz = >In—
e 2'(‘)‘2‘)‘}!:0‘95:02/),0? €0 a
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Chwong 4: Nang lwong - Dién thé

BACH KHOA

VII. Mat dé nang lwong trong trieong tinh dién
Vi du 4.13: Tinh thé nang cda cap déng truc (tu) do
dai L, c6 mat dd phan bd dién mat trong cla cap Ps r

Cach 2: ‘

; 1
> Ap dung cong thirc: WL = EI'OVVdV
\%

> Coi cac diém trén mat ngoai cda cap la diém tham chiéu (V = 0). Thé
cua cac diém trén mat trong cda cap la:

N

V, =—|E-dL p *a a b
i -t[ - —V =—jEpd,0=—_[ o dp =t in=
Vb:O b b

J
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Chwong 4: Nang lwong - Dién thé

BACH KHOA
VII. Mat dé nang lwong trong trieong tinh dién
Vi du 4.13: Tinh thé nang cta cap déng truc (tu) dod

dai L, c6 mat dd phan bd dién mat trong cla cap Ps

1 ap., b
Cach 2: W == > In—dv
- 2-['0V & 4
Ps t t
,a——<p<a+—,t<<a
SR R
z L o= 27 P~ a+— 2 9
La
SW ——j [ j Ps o P Inbpdpdgpdz—ﬂ Ps 2
720 g=0 ___ t &0 &0 a
p=a
> Chay: ;
< Tong dién tich 16i cap: Q = 2zal p, 1  zla’p? b
, ap, , b W =—-QV, = In
% Dién thé I16i cap: V, = —>In— 2 &, a
g a

Nang lwong cua tu
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VIl. Mat do nang lwong trong trieo'ng tinh dién
Vi du 4.14: Tinh nang lwvgng W cia mot vat mang dién 2mm <r < 3mm, 0

<6< 900, 0 < ¢ < 90° trong chan khéng, biét trwéorng thé V:

a. 200,
r

b, 3OOCOS(9V
r.2
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