LY THUYET TRUONG DIEN TU

BACH KHOA

Chwong 3: Dich chuyén dién - Luat Gauss - Dive

|. Dich chuyén dién.

Il. Luat Gauss.

lll. Dive.

V. Phwong trinh Maxwell 1 trong trwwo’ng tinh.

V. Toan twr vector \/ va dinh ly Dive.
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. Dich chuyén dién
» Thinghiém cua M. Faraday (1837):
< Hai mat cau kim loai dat dong tam, méat cau ngoai gom

2 nlra ban cau co thé gan chat vai nhau.

< Lap day khoang khéng gian (2cm) gi!a 2 mat cau
bang dung dich dién méi.

% G& bd mat cau ngoai, nap lwong +Q cho mat cau trong.

% Lap mat cau ngoai va db day chat dién méi gitra 2 mat cau.

% NOi dat mat cau ngoai.

Y=Q

< Do dién tich trén mat cau ngoai dwoc két qua -Q.
> Hién twong: Tong dién tich mat cdu ngoai co tri tuyét dbi bang téng dién tich
nap vao mat cau trong, khéng phu thudc chat dién moi gilra 2 mat cau.
> Két luan: Ton tai mot sw dich chuyén dién () tir mat ciu trong ra ngoai:
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BACH KHOA

. Dich chuyén dién

> Su dich chuyén dién g dién ra trén toan bd dién
tich bé mat clia qua cau: S, = 47ra’(m?)

> Dé dac trwng cho kha nang dich chuyén dién cua
moét bé mat, nguwdi dwa ra khai niém vector mat
dé dich chuyén dién D [C/m?2]:

D| 2 a [ - ar} D|r:b :

=2  Ara? A7rr?

R/

< Huwéng cta D tai mét diém 1a hwong dong dich chuyén dién tai diém do.
< Do I&n clia D tai mot diém cho biét gia tri dich chuyén dién trung binh
qua mat vuéng goc véi dwdng dich chuyén.
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BACH KHOA

. Dich chuyén dién

» Trong chan khong:

< Dién tich diém:

D=4Q2m
I
ﬂQ >—>[D = 5OE]
E=——a
A, |
< Vi dién tich khoi:
V V
E= A 2ar_>D:Ide2ar
v 4rg,R v 4rR
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LY THUYET TRUONG DIEN TU

BACH KHOA

Chwong 3: Dich chuyén dién - Luat Gauss - Dive

Il. Luat Gauss.
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Chwong 3: Dich chuyén dién - Luat Gauss - Dive [/

Il. Luat Gauss

1. Phat biéu: Tong théng lwong chay ra khéi mat kin S bang téng
AS
Ds, phép tuyén

dién tich twdo bao trong mat kin do.
> Xét cac dién tich diém bao boc béi mat

kin bat ky. Dg
> Tai mo6i dién tich S clha mat kin, c6 théng
lwong Dg di qua (Dg thay do6i vé do lon va
hwéng tai mi vi tri bé mat S).
» Goi Ay: thong lvgng qua AS: Ay = Dg pnap tuyén A4S = Dg AS c0s6 = Dg'AS

> Toéng thdng lwong qua mét kin la (cong thire luat Gauss):

[l// = jdl// = Cj) D..dS = Dién tich trong mat kin = Q]

matkin
2015 - Ly thuyét trwong dién tir - Nguyén Viét Son 6




Chwong 3: Dich chuyén dién - Luat Gauss - Dive (.;,

BACH KHOA

Il. Luat Gauss
1. Phéat biéu

[w = jdw = Cj) D..dS = Dién tich trong mét kin = QJ

matkin
Pién tich diém bién tich dwéng:
Q=2 .Q Q= j o dL
Dién tich mat Pién tich khoi:
Q:_‘-psds Q:_‘-pvdv
V

SEDS.dS:ijdV
S \Y
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BACH KHOA

Il. Luat Gauss
1. Phéat biéu
>

Xét dién tich diém Q dat tai tdm cau, ban
kinh a
Khi do6: E =

Q ~a, > D=¢E=
Are,r Arr

Q

drra
Mat cong dS trén cau co dién tich:

dS =r*sin@déd¢ = a”sinddad ¢

Vay tbng thdng lwong qua mat cau:

Trén bé mat cau ban kinh a: D = ~a, N ds

¢27Z¢97r

=g64gsm9ded¢ jj—smededqﬁ

¢000
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BACH KHOA

Il. Luat Gauss
1. Phéat biéu

¢27z07z

<j>D ds= | j L sin0dodg = j—( cosH)| de = j ~d$=Q

¢oeo

> Két luan:
< Tdéng thdng lwong qua mat cau kin bang
tdng dién tich bén trong ciia mat cau do.
% Thi nghiém cua M. Faraday da dwgc

kiém chirng bang luat Gauss.. Dy

% Dbéng gop cua Gauss khong phai phat
biéu luat ma tim ra céng thirc toan hoc

cho luat. )
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BACH KHOA
Il. Luat Gauss
1. Phéat biéu

Vi du 3.1: Tinh tdng thdng lwong qua hinh lap phwong gi¢i han bédi 6 mat

phang x, y, z = = 5, biét sy phan bd dién tich trong hinh lap phwong la:

> Dién tich diém Q, = 0,1uC tai A(1, -2, 3), Q, = 0,14uC tai B(-1, 2, -2).
< Ap dung céng thirc: ¥ = jdl// = 4) D..dS=0Q
S

< Tbng thdng lwong qua hinh 1ap phwong: w = Q = 0,1 + 0,14 = 0,24 uC
» Dién tich duong p, =muC/mtaix=-2vay=3

5
y =Q=[pdz=p 7, =107 =314.C
-5
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BACH KHOA

Il. Luat Gauss
2. 'ng dung luat Gauss  |Q = Cﬁ D..dS
S

> Luat Gauss dwoc st dung dé tinh D (E) khi biét Q
> Viéc tinh D (E) sé& don gidn hon néu chon dwoc mat kin thda man 2 diéu
kién (mat Gauss):

< D. vudng goc hodc tiép tuyén vei mat kin tai moi diém ctia mat kin
D.dS
D,.dS=1 °
0
% D¢ = const tai nhirng vi tri trén mat kin ma D5.dS # 0
—Q = DydS = Dy dS
S S
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Il. Luat Gauss
2. ng dung cua luat Gauss

Vi du 3.2: Xét dién tich diém Q dat tai gbc toa do cua hé toa do cau. Tinh
vector cwong do dién trwong E.
> Mat Gauss bao quanh dién tich diém Q 1a cac mat cau vé&i moi ban kinh
r, cO tdm trang vai vi tri cda dién tich diém
0=27 O=11

Q= c_ﬁD dS = Dc_‘SdS D, j Irsm@d@dgo D 4rr?

cau cau =0 6=0

> V&i moi gia tri cia r, Dg lubn chay qua theo phwong phap tuyén, ta co

Q __Q

Arr? ° 47zgor2

D=

a'I’
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Il. Luat Gauss A

2. ng dung cua luat Gauss B
Vi du 3.3: Xét mot day dan thang, dai vd han dat trén truc AL
Z cla hé toa do tru. Tinh vector cwong dé dién trwdong E. ' v

L - >
A e — \ _ e
» Nhan xet: D =D,a,va D,=f(p) PL
> Mat Gauss dbi voi hé toa do tru sé la mat tru bao kin 1ay dwdng day tich

dén Q= ¢ D;.dS=D; ¢ dS+0dS+0¢ ds

tru tron xungquanh tren duoi

z=L =21 Q L
Q=D; | [ pdedz=Ds27pL — D, = _ AL _n

120 g0 27tpoL - 2oL - 2710
> Vay ta co: D -Ff g -_£
7 2mp 7 2me,p
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Il. Luat Gauss
2. ng dung cua luat Gauss

Vi du 3.4; Xét hai mat tru tron ddng truc dan dién, dai vo tan
(cap dong truc). Ban kinh mat tru trong la a, ban kinh mat tru
ngoai la b. Mat dé dién tich mat cua mat tru trong la ps.
» Mat Gauss: Mat tru tron dé dai L, ban kinha<p<b

Q=D,27pL
> Tbng dién tich vat dan tru tron p = a, do dai z = L la:
z=L =21 ap ap
Q= j I psadpdz =27al p; > Dy =—— D=—a, (a<p<h)
2=0 ¢=0 P P
_ P

» Matkhacp, = Q|,_:1m = /OSS||_:1m = ps27a —> pg =

5 2ra
> Vaytaco: | D=-LEa
y [ 2 ]
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Il. Luat Gauss

2. ng dung cua luat Gauss

> Su dich chuyén dién t& bé mat cta 16i hinh tru tron
bén trong sé hwdng ra ngoai va gap mat tich dién
am cua mat trong cua hinh tru tron ngoai. Do dé

tong dién tich cia bé mat tru tron ngoai 1a:
Qmat trungoai _Qmat tru trong

Mat tru trong Mat tru ngoai

Qmat tru trong — 272- aLp S,mat tru trong Qmat tru ngoai — 272. b L,O S,mat tru ngoai

d
> [ Ps mat tru ngoai :_Bps,mattrutrong
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Il. Luat Gauss
2. ng dung cua luat Gauss
» Chon mat Gauss l1a hinh tru tron dong truc véi cap

dong truc, cé ban kinh p > b (o < a), ta co:

Wb<r<a — DS 272-10L — Qmat tru ngoai + Qmat tru trong — O r
—->D, =0 (b<p<a) ‘

< Céap dong truc: Khong ton tai dién trwdng bén ngoai & bén trong

» Nhan xét:

cap.
< M6t cap ddng truc v&i dd dai L hiru han, hé 2 dau, co L >>b > tu

dodng truc
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Il. Luat Gauss
2. ng dung cua luat Gauss

Vi du 3.5: Xét cap dong truc: L = 0,5m, ban kinh 18i 1mm, ban kinh vé 4mm.
Gilra 16i & vé la khoéng khi. Tdng dién tich cta 16i: 30nC. Tinh mat do dién

; A Nmr 3 s 9
tich trén 16i, vo ; Tinh E, I%S o Qui 30({? ) 554C I m?
| 2ral 27T(10 )(0, 5)
» Mat db dién tich mat: 0 20x10°°
— X
oy =20 = 2,39,C I m?

27bL  27(4x107°)(0,5)
> Tinh vector cwdng dd trwdng E va vector dich chuyén dién D:
aps i 107(9,55x107°) 9,55
p‘10—3 410° Pol _ ( = B nC/m?
P P P P

D -9
D, 955x10° 1079,

E
P‘lo— 3¢ p<s.107 & 8 854 x10~ 12,0 o
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Il. Luat Gauss
2. ng dung cua luat Gauss

Vi du 3.6: Hé toa do cau cé: Pién tich diém Q = 0,25uC tai tm cau; 2 mat
cau tich dién: (r, = 1cm, ps = 2mC/m?) & (r, = 1,8cm, ps = -0,6mC/m?2). Tinh
D tai: r; = 0,5cm ; r, = 1,5cm ; rg = 2,5cm. Tinh mat dd dién tich mat tai vi tri
=3cmdécoD=0 tai vitrir, = 3,50m.
Giar.
> ry = 0,5cm: Mé&t cau Gauss ban kinh r, = 0,5¢cm bao dién tich diém Q
Q 0.25
dza’ " 470,005
> r, = 1,5cm: M&t cau Gauss ban kinh r, = 1,5¢cm bao dién tich diém Q va

D(r, =0,5cm) = a_=796a, uC/m?

mat cau tich dién r; = 1cm, pg = 2mC/m?
-6 2 -3
D(r, =1,5cm) = 2.9 g, = 22010 +4n00V2107, 977 34 uc/m?
2015 - Ly thuyét trwong dién tir - ﬂ’ggen Viét Son 47['01 015 18
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Il. Luat Gauss
2. ng dung cua luat Gauss
Vi du 3.6: Hé toa dd cau cé: bién tich diém Q = 0,25uC tai tam cau; 2 mat

cau tich dién: (r, = 1cm, ps = 2mC/m?) & (r, = 1,8cm, ps = -0,6mC/m?2). Tinh

D tai: r; = 0,5cm ; r, = 1,5cm ; rg = 2,5cm. Tinh mat dd dién tich mat tai vi tri
=3cmdécoD=0 tai vitrir, = 3,50m.

Giai

> s = 2,5cm: Mé&t cau Gauss ban kinh r; = 2,5¢cm bao dién tich diém Q va

ca 2 mat cau tich dién

D(r, =2,5cm) = ZQ

7ra

0,25.10° +47.0,01°.2.10 % + 4.0,018%(-0,6.107%)
47.0,025°

—D= a_=40,79, uC/m?’
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Il. Luat Gauss
2. ng dung cua luat Gauss

Vi du 3.6: Hé toa do cau cé: Pién tich diém Q = 0,25uC tai tm cau; 2 mat
cau tich dién: (r, = 1cm, ps = 2mC/m?) & (r, = 1,8cm, ps = -0,6mC/m?2). Tinh
D tai: r; = 0,5cm ; r, = 1,5cm ; rg = 2,5cm. Tinh mat dd dién tich mat tai vi tri
=3cmdécoD=0 tai vitrir, = 3,50m.
Giai
> DPé c6 D =0 tai r, = 3,5cm thi mat Gauss tai vi tri rg phai cé dién tich
bang tdng dién tich bao bén trong, va trai dau.
—Q= —[O, 25.107° +47.0,01%.2.107° + 4.0,018°.(-0, 6.10‘3)] =-320,37nC

» Vay mat dé dién tich mat cua mat cau ban kinh e = 3cm la

Q  -320,37 :
Ps = aar? ~ 47003 H
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Il. Luat Gauss
2. ng dung cua luat Gauss

BACH KHOA

> Viéc ap dung luat Gauss (tinh D, E) can tim mat Gauss (théa man 2 diéu

kién: Dg vuong goc hoac Dg = const trén mat kin)

> Néu kho tim mat Gauss: Chon mat kin rat nhé sao cho Dg = const trén

mat kin dé.
> Xét P(Xx, Y, 2):
D=D,=D,,a,+D,a, +D,s,

» Chon mat kin hinh lap phwong (Ax, Ay, Az)

c6 tam la diém P: D = const trén tirng mat.

Q=9Dds= [ +]+]+]+]+]

truoc sau trai phai tren duoi

2015 - Ly thuyét trwong dién tiv - Nguyén Viét Son
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Chwong 3: Dich chuyén dién - Luat Gauss - Dive

BACH KHOA

. LUét GaUSS zZA P(X, Y, Z)
2. Ung dung cua luat Gauss D=D, =D,a,+D,a, +D,ga,

Q=9Dds= [ +]+]+]+]+]

truoc sau trai phai tren duoi

» Xét mat truvdc:

j = DtrUOC 'AStruoc :Dtruoc 'AyAzax —

truoc

<V

AYAz

X

X ,truoc

» Do P la tam hinh Iép phwong = khodng céch tir mat trwdc dén P 1a Ax/2

AX 0D,
D
x,truoc — —x0 x0 2 ax
trong do D, la gia tr! cuaD, tai P
AX 0D,
» Vay ta co: J. ( <0 YAz
truoc 2 ax
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BACH KHOA
Il. Luat Gauss

2. ng dung cua luat Gauss

> Twong tw, mat sau co: j =D, -AS,,, =Dg,,.(-AyAza, ) =-D, ., AYAZ

Sau

D, ., =D, —A—x(toc do thay doi cua D, theo x) =D, AX D,
’ 2 2 OX
Ax oD
— | =| =D, +—— AYAZ
S;L ( 2 o jAy
oD
> Khidotaco: [ + [ =—*AXAyAZ
truoc sau ax
» Tuwong tw xét cép mat (phai - trai), (trén - dwdi):
[+ j~ yAxAyAz |+ j~ ZAxAyAz

phai trai tren  duoi
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BACH KHOA

Il. Luat Gauss
2. ng dung cua luat Gauss

» Tom lai:

Q-§os= [ +f [+ [+ ] <[ Ler Do Dy

truoc sau trai phai tren duoi

4 )
oD, 6D, D

= =+ +—= |AV
Qa ox oy oz

\_ J
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BACH KHOA

Il. Luat Gauss
2. ng dung cua luat Gauss

Vi du 3.7: Xac dinh tdng dién tich cta khdi thé tich 10-°m3 dat tai gdc toa
d6 biét vector dich chuyén dién: D=e"sin ya, —e " cos ya, +2za,(C / m?)

> D0 bién thién cta D theo céc truc x, y, z la:

oD, . ob, . oD,
=—e " siny —=e "siny =2
OX oy oz
> Tai goc toa do ta c6
oD
Dy _grsiny=0 —ersiny=0 P,
OX oy oz
> Vay tdng dién tich cta 10°m3 dat tai gbc toa do la:
oD, oD, oD
Q, = x4 — Y 4~ 2 [AV=2Av=2.10"7 =2nC

ox oy 0z
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BACH KHOA
Il. Luat Gauss
2. ng dung cua luat Gauss

, _ A A 4 2_4 2.3 2
Vi du 3.8: Trong chan khong: D =8xyz"a, +4x°z"a, +16x“yz"a,(pC/m?)

a. Tim thdong lvgng qua hép chir nhat: z=2, 0<x<2, 1<y<3 theo hwdng a,.

b. Tinh E tai P(2, -1, 3)

c. Tinh tdng dién tich qua cau co thé tich 10-12m3 dat tai P(2, -1, 3).

Giai:

a. Thong lvgng qua hép chir nhatz=2,0<x< 2, 1 <y < 3 theo hudng a,
O = ﬁ D, dxdy :;[_?16x2y(2)3dxdy - 16% x| % y?| =1365,33pC

1
D [8'2(_1)34ax + 4'22'34ay +16.2° (_1)3332}-10_12

b.EtaiP(2,-1,3) E=—= -
i P( ) &, 8,85.107%

— E=-146,44a, +146,4a,-195,2a,V /m
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BACH KHOA

Il. Luat Gauss
2. ng dung cua luat Gauss

, _ A A 4 2_4 2.3 2
Vi du 3.8: Trong chan khong: D =8xyz"a, +4x°z"a, +16x“yz"a,(pC/m?)

a. Tim thdong lvgng qua hép chir nhat: z=2, 0<x<2, 1<y<3 theo hwdng a,.
b. Tinh E tai P(2, -1, 3)

c. Tinh tdng dién tich cla qua cau co6 thé tich 10-12m3 dat tai P(2, -1, 3).
Giar.

c. Tdng dién tich cla qua cau co6 thé tich 10-12m3 dat tai P(2, -1, 3).

oD
Q. =[an + +5D2j

x10™* =107".(8yz" + 48x2y22)‘

P(2,-1,3)

P(2,-1,3)

oXx oy oz

—>Q,, =-2,376.10%C

2015 - Ly thuyét trwong dién tiv - Nguyén Viét Son 27



LY THUYET TRUONG DIEN TU

BACH KHOA

Chwong 3: Dich chuyén dién - Luat Gauss - Dive

Il. Dive.
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Chwong 3: Dich chuyén dién - Luat Gauss - Dive

BACH KHOA

lIl. Dive oD
> Xuét phat tir cong thirc: CﬁD dS=Q,, = D, +—> 4+ D, AV
ox oy 0z
D.dS
oD, , 9B, oD, 95 Q
—> + = —
oX oy 82 AV AV
D.dS
oD, oD, oD . Sf e,
—> X+ +—= |=lim =lim —=p,
OX @y O7 AV—>0 AV Av—0 AV
A.dS
[ OACLOA OA | Cﬁ
6x 8y 0z A=0 AV
4 )
o o <j>A.dS
» Cong thuc dinh nghia Dive: Dive cua A = divA = [im =
Av—>0 AV
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Chwong 3: Dich chuyén dién - Luat Gauss - Dive

BACH KHOA

l1l. Dive 4 (jSA.dS\

Dive cua A = divA = lim =

AV—0
_ V—> AV)

oD, oD, oD,
+ +

ox oy 0z

Hé toa dd Descartes: divD =

Hé toa do tru tron: diVDzii(pr)q- 1 8D¢ _I_@DZ

0 0p p O0p Oz

0 1 oD

1 0 .
sIn@D,) +
rsiné’a&( 0)

Hé toa do cau: divD = — —
r< or

4

rsin@ oo

(r’D. )+
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Chwong 3: Dich chuyén dién - Luat Gauss - Dive

BACH KHOA

l1l. Dive 4 qSAdS\
Dive cua A = divA = IimO >
_ AV—> AV )

> divA (dive cua ham mat dé théng lrong A) la thong lwgng chay ra
ttr mat kin ciia méi don vj thé tich cé thé tich tién dén zero.

> Div la phép toan c6 doi sé |a vector, nhwng cho két qua la gia
tri vO hwéng.

> Div cho biét sé luiong thong luong (trén méi don vi thé tich) chay
ra khéi mot mat kin (khéng cho thong tin vé hwéng cua théng

lwong).
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lll. Dive

Vi du 3.9: Tim divD tai goc toa dd: D = e”sinya, — e>cosya, + 2za,
Giai
> Ap dung cong thire tinh div:

oD, oD

aD —X ai —X o1
>+ +—~L=—e"sIny+e’siny+2=2
oXx oy oz

divD =

> Gia tri divD = 2 = const ma khéng phu thudc vao vij tri can tinh.

» Néu don vj clia D 1a C/m2, khi do don vi cta divD sé l1a C/m3
(mat dé dién tich khoi).
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BACH KHOA

lll. Dive

Vi du 3.10: Tim divD tai:
a) D=(2xyz—-y*)a, +(x’z—-2xy)a, +x°ya,C/m* tai P,(2,3,-1)
> Ap dung cong thire tinh div trong hé toa Descartes:
oD, oD, oD,
+ +
ox oy 0oz
b) D=2pz°sin® pa, + pz°sin2¢a, +2p°zsin” pa,C/m’

tai P,(p=2,¢=110°,z=-1)
> Ap dung cong thire tinh div trong hé toa do tru tron:

oD
dIVD—ii(pD )+ 1% +6DZ

yoXoJo, yo, 8(0 0z
divD=4z°sin® o +2z° cos2p+2,0°sin’ ¢ = 9

2015 - Ly thuyét trwong dién tiv - Nguyén Viét Son
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BACH KHOA

I. Dive
Vi du 3.10: Tim divD tai:

c) D=2rsindcosga, +rcosdcos pa, —rsinpa,C/m’
tai P.(r=1.568=30"¢=50")

> Ap dung cong thire tinh div trong hé toa do cau:

divD =+ (r’D )

o , . 1 oD
sin@D,) + ?
r2 or ( 0)

rsin@ o6 rsin@ oo

COS ¢ COS 26 N Cose _ 2 57

divD =6sIin&cos o — _ :
sin@ sing
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LY THUYET TRUONG DIEN TU

BACH KHOA

Chwong 3: Dich chuyén dién - Luat Gauss - Dive

V. Phwong trinh Maxwell 1 trong trwwo’ng tinh.

Vv
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Chwong 3: Dich chuyén dién - Luat Gauss - Dive

BACH KHOA

V. Phwong trinh Maxwell 1 trong trwwéng tinh

<j> D.dS

> Tl cong thire dinh nghia div c6: divD = lim 3

Av—0 AV

<j> D.dS
> Mét khéc, theo luat Gauss: CJS D.dS=0Q X\itfhhg’i fA“\f’L S _Q
< AV AV

<_[> D.dS

> Xét vi khéi c6 thé tich tién dén zero: lim = = |im Q_ O,

Av—>0 AV Av—0 AV

[diVD =P, ](Phu’o’ng trinh Maxwell 1)
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Chwong 3: Dich chuyén dién - Luat Gauss - Dive

V. Phwong trinh Maxwell 1 trong trwwéng tinh

[disz pVJ

» CoOng thire Maxwell 1 ap dung cho dién tredng tinh va tr tredng dirng

> Phét biéu: Thong lwong trén mét don vi thé tich chay ra khéi mét vi

khoi rat nhé dung bang gié tri mat dé dién tich khoéi tai dé

» Phuwong trinh Maxwell 1 l1a dang vi phan cua luat Gauss vi.
% Luat Gauss lién hé gia tri thdng lwgng cua mét dién tich (vat mang

dién) di ra khoi mot mat kin bao quanh.
< Phwong trinh Maxwell 1 phat biéu vé théng lwong trén méi don vi

thé tich chay ra khai mét vi khdi rat nhé (coi nhw 1 dién tich diém).

» Luat Gauss la dang tich phan cua phwong trinh Maxwell 1
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V. Phwong trinh Maxwell 1 trong trwwéng tinh

Vi du 3.11: Tinh mat dd dién tich khdi P, trong khdng gian xung quanh cua

mét dién tich diém Q dat tai gbc toa do.

Giai: 0
> Vector thong lwong D cla dién tich diém Q tai goc toa do: D = - a,
7l
> Ap dung cong thirc tinh divD trong hé toa dd cau:
1 0 1 o , . 1 oD
divD=—=—(r’D,) +— (sin@D,) + — 2
r’or rsiné o6 rsiné oop
. 1 d
— divD == —(r~ 55 =0
redr 47z P

Vay mat do dién tich khdi p, ctia dién tich diém Q bang zero tai moi diém

trong khéng gian va khéng xac dinh tai gbc toa do
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LY THUYET TRUONG DIEN TU

BACH KHOA

Chwong 3: Dich chuyén dién - Luat Gauss - Dive

V. Toan twr vector \/ va dinh ly Dive.
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V. Toan twr vector \/ va dinh ly Dive
1. Toan tw vector \/

Binh nghia mét toan twr vector nabla (goi la toan e del)

0 0 0
V=—a+—a, +—4q,
OX oy oz

> Xét: V.D= Ea +£a +£a .(DXaX+Dyay+DZaZ)
OX oy ’ oz

oD
—>V.D= b, 4+ — +8DZ = divD
oXx oy 0z
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V. Toan twr vector \/ va dinh ly Dive.
2. Dinh ly Dive

> Xuét phét tr luat Gauss, co: Cj) D.dS=Q
5

> Mat khac: Q = j 2,4V trong d6 V.D = o}

khoi

Chwong 3: Dich chuyén dién - Luat Gauss - Dive

> Vay ta c6: (Cﬁ D.dS = J- V.Ddv
S

khoi

\_

~N

J

> Phét biéu: Téng thanh phan phap tuyén cta moét trurong vector béat ky co

dao ham riéng trén mdt méat kin dung bang téng dive cua trudng vector

dé trong khdng gian ndm trong mét kin.
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Chwong 3: Dich chuyén dién - Luat Gauss - Dive

BACH KHOA

V. Toan tir vector / va dinh ly Dive. [ 4‘3 DdS = j vV Ddv |

2. Dinh ly Dive

khoi )

Vi du 3.12: Kiém nghiém dinh Iy Dive biét D = 2xya, + x?a, C/m? va hinh
hdép chir nhat gi&i han boi métphéngo<x<l;0<y<2,0<z<3
Giai:

> Vé tréi @Dds—j Jel+]++]

truoc sau trai phai tren duoi

z2=3 y=2 z=3 y=2 7=3 y=2
[ =] [(D).(dydza,)=[ [ D, (dydz)= [ [ 2ydydz
truoc z=0 y=0 z=0 y=0 z=0y=0

j — Zj34dz ~12C

truoc z=0

2015 - Ly thuyét trwong dién tiv - Nguyén Viét Son 42



Chwong 3: Dich chuyén dién - Luat Gauss - Dive

BACH KHOA

V. Toan tir vector / va dinh ly Dive. [ <_[> DdS = j vV Ddv |

2. Dinh ly Dive

khoi )

Vi du 3.12: Kiém nghiém dinh Iy Dive biét D = 2xya, + x?a, C/m? va hinh
hdép chir nhat gi&i han boi métphéngo<x<l;0<y<2,0<z<3
Giai:

Do §oas= [+[ e[+ ]+]

truoc sau trai phai tren duoi

z=3 y=2 z=3 y=2

[ =] ] ® (dydza)= [ [ D], (-dydz)=0

sau z=0 y=0 z=0y=0
z=3 x=1 z=3 x=1 z=3 x=1

| =] ] ®@),.(dxdza)=| [ D ,.(dxdz)= | | x*(dxdz)

phai z=0 x=0 z=0 x=0 z=0 x=0
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Chwong 3: Dich chuyén dién - Luat Gauss - Dive

BACH KHOA

V. Toan tir vector Y/ va dinh ly Dive. [ 4‘3 DdS = j vV Ddv |

2. Dinh ly Dive

khoi )

Vi du 3.12: Kiém nghiém dinh Iy Dive biét D = 2xya, + x?a, C/m? va hinh
hdép chir nhat gi&i han boi métphéngo<x<l;0<y<2,0<z<3
Giai:

> Ve tréi: CJSDdS_J j j J+J+I

truoc sau trai phai tren duoi

7=3 X= Z=3 X=
j = j j 1 (D),.(—dxdza, ) = - j j 1 D, \yzo (dxdz)
trai z=0 x=0 z=0 x=0
> [ = —Zf le x? (dxdz)
trai z=0 x=0
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Chwong 3: Dich chuyén dién - Luat Gauss - Dive

BACH KHOA

V. Toan twr vector \/ va dinh ly Dive. [ CJ‘) D.dS = I V.de\

2. Dinh Iy Dive o
J

Vi du 3.12: Kiém nghiém dinh Iy Dive biét D = 2xya, + x?a, C/m? va hinh
hdép chir nhat gi&i han boi métphéngo<x<l;0<y<2,0<z<3

Giai:

> Ve tréi: CJSDdS_J j j J+J+I

truoc sau trai phai tren duoi

Vi D = 2xya, + x“a, , khdng phu thudc vao z - D song song v&i mat trén va

mét dudi > D.dS = 0
-] =]

tren duoi
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Chwong 3: Dich chuyén dién - Luat Gauss - Dive

BACH KHOA

V. Toan tir vector }/ va dinh ly Dive. [ 4‘3 DdS = j vV Ddv |

2. Dinh ly Dive

khoi )

Vi du 3.12: Kiém nghiém dinh Iy Dive biét D = 2xya, + x?a, C/m? va hinh
hdép chir nhat gi&i han boi métphéngo<x<l;0<y<2,0<z<3
Giai:

> Ve tréi: CJSDdS_J j j J+J+I

truoc sau trai phai tren duoi

<j>Dds 12+0+Zj3xfx (dxdz) — ZIBTX (dxdz) +0+0
z=0 x=0 z=0 x=0
<j>D.dS=12c:
S
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Chwong 3: Dich chuyén dién - Luat Gauss - Dive

BACH KHOA

V. Toan tir vector Y/ va dinh ly Dive. 4‘3 D.dS = j \v4 de
2. Dinh ly Dive khoi

J

Vi du 3.12: Kiém nghiém dinh Iy Dive biét D = 2xya, + x?a, C/m? va hinh
hdép chir nhat gi&i han boi métphéngo<x<l;0<y<2,0<z<3

Giai:

> V& phai: j v.DdV

oD
vD=Px By D 82xy+£x2+£0=2y
OXx oy 07 OX oy 0z

z=3 y=2 x=1 7=3 y=2

jVDdV _[2de jijydxdydz_j _[Zydydz__[4dz_12C
z=0 y=0 x=0 z=0y=0
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Chwong 3: Dich chuyén dién - Luat Gauss - Dive

BACH KHOA

V. Toan twr vector \/ va dinh ly Dive. [ CJ‘) D.dS = j V.de\
S

2. Dinh ly Dive

khoi )

Vi du 3.12: Kiém nghiém dinh Iy Dive biét D = 2xya, + x?a, C/m? va hinh
hdép chir nhat gi&i han boi métphéngo<x<l;0<y<2,0<z<3
Giai:
- VT =¢$DdS=[V.DdV =VP =12C = Q
Nhan xét: S v
> C6 thé dung dinh ly dive dé tinh thdng lwong chay ra khéi mét mat kin
hoac tinh dién tich bén trong (dwoc bao béi) mét mat kin.

» CO0 2 cach tinh:
» Ludat Gauss

» LuatDive
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BACH KHOA
V. Toan twr vector \/ va dinh ly Dive.

2. Binh Iy Dive

Vi du 3.13: Kiém nghiém dinh Iy Dive biét D = 6psin0,5¢a, +

1,5pcos0,5¢a, C/m? va phan mé&t cong gioi han b&i p=2, =0 ; ¢=1T , va
z=0, z=5

Giai:

[ gSSD.dS :Vjv.de ]

D/S: 225
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