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Bai tap



— Tensor va Co hoc moi truong lién tuc

CM lam viéc trén céac dai luong vat Iy doc 1ap véi hé toa do cu thé dung dé
mo ta chung.

Dong thoi, nhitng dai luong vat Iy nay thuong duge cu thé hoa trén mot hé
toa do thich hop.

Vé mit toan hoc, nhitng dai luong nay duoc dai dién boi cac tensor.

Tensor nhu 12 mot d6i tugng todn hoc ton tai doc 1ap vai cac hé toa do bat
ky

Tuy nhién, né c6 thé duoc cu thé hoa trong hé toa do riéng biét boi cac
thanh phan cta nd. Viéc chi r6 cac thanh phan cta tensor trong mot hé toa
do co thé xac dinh cac thanh phan nay trong bat ky hé toa d6 khac.

Cac dinh luat vat Iy cia co hoc méi truong lién tuc duge md ta bang cac
phuong trinh tensor. Cac bién doi tensor, nhu cac phuong trinh tensor, néu
no dang trong mot hé toa do thi nd dang cho bat ky hé toa do khac. - tinh
bat bién.
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~—Tensor tong quat. Tensor Cartesian

Trong phép bién doi toa do tong quat giita hai hé toa d6 cong bat ky thi
tensor la tensor tong quat.

Néu gi6i han phép bién d6i toa do tir hé toa do thuan nhat sang thuan nhat
thi tensor la tensor Cartesian.

Tensor duoc phan loai theo hang hay bac ctia n6. Hang cua tensor cho biét
s0 thanh phan cua né trong khéng gian n chiéu.

Vi du: trong khong gian Euclide 3 chiéu, s thanh phan ctia 1 tensor bac N
la 3N,
Tensor bac 0, vo hudng, duoc xac dinh béng 1 thanh phén trong h¢ toa do bat ky
trong khong gian 3 chicu.
Tensor béc 1, vector, duge xac dinh bang 3 thanh phan trong hé toa d6 bat ky
trong khong gian 3 chicu.
Tensor bac 2, dyadic, dugc xac dinh béng 9 thanh phﬁn trong h¢ toa do bat ky
trong khong gian 3 chicu.



~Vector. V6 hudng. Cac phép toan

Vector: tensor bac 1, biéu dién cac dai luong vat Iy c6 do 16n va hudng nhu:
luc, van toc. Biéu dién bang cac doan thing c6 hudng va tuan theo nguyén
tac cong hinh binh hanh. Ky hiéu: a, b.
V6 hudng: tensor bac 0, bicu dién c4c dai luong vat ly chi ¢6 d6 16n nhu:
khoi luong, nang Iuong. Ky hiéu: a, b.

Cac phép toan:

o Cong vector, nhan vector vai 1 v hudng, tich vo hudng, tich hiru hudng.

(a+b)+g =a+(b+g) = h

a—b = -b+a =
< _

h
{a) b

(e}
o Nhan vector véi 1 vo huong b b b
Vector don vi: b = b/b A

m>1 0<m<1 m < 0




~Vector. VO hudng. Cac phép toan

oTichvohuéng A = a*b = b-a = abcosé

oTichhituhuéng v = aXbh = ~bXa = (absinf)e

=¥



~Dyad va Dyadic

Dyad: tich bat dinh cua 2 vector ab. (Khéng cd tinh giao hoan ab=ba)
Dyadic D twong (g v6i mét tensor bac 2 va lubn dugc dai dign boi tong
hiru han cta cac dyad (khong duy nhat)

D = ajb; + ashs + -+ + axby
Dyadic lién hop

D. = bia; + beaz + - -+ + bnyan
V0 hudng cua dyadic la mot vO hudng

Di: = ai*by + az*b: + -+ + an*by
Vector cua dyadic la mot vector

D, = ayXb;+asXbs+ --- +avXbn



~—Dyad va Dyadic

Cac tinh chat cua tich bat dinh
a(b+c¢) = ab + ac
(a+b)e = ac + be
(a+b)(c+d) = ac+ ad + be + bd
(A + u)ab = Aab + uab

(Aa)b = a(Ab) = xab
Hau t6 D: tich vo hudng ctia 1 vector véi 1 dyadic nhu sau:
v'D = (veai)bi+ (vragbe+ -+ + (vran)by = u

Tién t6 D: tich vO hudng ctia 1 vector véi 1 dyadic nhu sau: :
D-v = ai(by-v)+ ag(be-v)+ --- +an(bv'v) = w

Hai dyadic D va E la bang nhau khi va chi khi véi moi vector v déu thoa
v'D = v-E
Dv = E*v



~—Dyad va Dyadic

Dyadic don vi |
| = ee; + e:8; + ese3

roe 4, ) \ 2 e A N\ 2 A $ e * A
VOl e, ez, €3 1a co sO truc giao bat ky cua khong gian Euclide 3 chiéu

lv = v+l = v

Tich hiru huéng
vXD = (vXaj)b+ (vXaz)bs+ --- + (vXan)by = F
DXv = aj(bi Xv)+ as(baXv)+ -+ +anfbyXv) = G

la cac dyadic.
Tich v0 hudng cua cac dyad
abred = (b-c)ad
la cac dyad.
Tich v0 hudng cua cac dyadic
D'E = (atbyi+asha+ - -+ +anby) * (cads + codz + - - - + endn)

= (bs 'cl)aldl + (by* EE)HIdE + -+ +(bv exv)andy = G
la cac dyadic.



~—Dyad va Dyadic

Céac dyadic D va E dugc goi la nghich dao cia nhau khi
E-D = D‘E = |

hay E=D-'va D=E"!
Tich v hudng va hiru huéng doi cua cac dyad

ab . ed = (a*c)(b:d) = A, ascalar

ab X cd = (axc)(b-d)

h, avector
ab cd = (a‘c)(bxd) = g, avector
abled = (axc¢)(bxd) = uw, adyad

Dyadic tu lién hop, d6i xtng
D = D.

Dyadic phan xtng
D = —D.



~—Dyad va Dyadic

MBoi dyadic c6 thé phan tich thanh tong ctia cac dyadic doi xting Va phan xing
D= 4D+D.)+3D—D) = G +H

v6i G la dyadic d6i xtmg va H 1a dyadic phan xtng
G = #(Dc+(Dc)) = $(D.+D) = G
He = §(Dc—(Dc)) = §(D.—D) = —H

Su phan tich & trén 1a duy nhat.



~—Heé toa do. Vector co s6. Vector don vi.

Trong mot hé toa do cu thé, mét vector duge xac dinh thong qua cac thanh
phan cua nd trong hé toa d6 do6. Hé toa do gilip xac dinh do 16m, chiéu
thong qua cac truc toa do.

Hé toa d6 vudng goc Cartesian Oxyz dugc biéu dién thdng qua ba truc toa
d6 vudng goc. Mot vector v bat ky trong hé toa do nay duoc biéu dién duéi
dang t0 hop tuyén tinh cua 3 vector co so.

v = Aa+ ub + ve

Théng thuong cac vector don vi dugc chon lam co s& cho hé toa dd
Cartesian. Hay con goi la co sé truc giao: o

ixj=k jxk=1% kxi=]

i

e

—k-k =1
3

DR
Il

=3
]

0




~Heé toa do. Vector co so. Vector don vi.

Nhu vay, mot vector v c¢6 thé biéu dién thdng qua hé 3 vector co so nay
nhu sau:

vV = vﬁ—# 'vﬁ%- vzﬂ

trong d6 cac thanh phan Cartesian

Vzx
Vy

Vz

Y

V'l = PV COSa
o

v:) = vcosp

~

v k = vcosy

1a cac hinh hiéu cta v 1én cac truc toa dd.
Vector don vi theo hudéng v cho boi

Kl
€y

v/v
(cos a)? + (cos Bﬁ + (cos y)k




~—Heé toa do. Vector co sé. Vector don vi.

Trong hé toa o Cartesian, tich vb hudng va hitu hudng cua cua Cac vector
lan luot la
a'b = (2.1 +a,5+ak): (b:1+b,7 +bk)
= @.b + ayby + a:b:
axb = (aybs—a:by)} + (@be— azb)] + (azby — ayba)k

Véi tich hitu hudng c6 thé tinh nhu sau:

~ ~, o

i ] k
axXbhb = ar ay 0z

b;l: | bﬂ' bi‘



—Heé toa do. Vector co sd. Vector don vi.

Dyad trong hé toa do Cartesian co dang
ab = (asi+a,] +ak)(bad +byi + bak)
+agh it 4+ abeii +abik
+ ﬂszﬂ? + azbyﬁfj + ﬂzbzkk

V61 chin hé s0, bi€u thirc trén con duoc goi la dang “nonion” cua dyad ab.



~Heé toa d6. Vector co s&. Vector don vi.

» Ngoai hé toa do Cartensian, cac hé toa do cong nhu hé toa do tru va hé toa
do cau ciing duogc sir dung rong rai. Bo ba vector co so ctia cac hé toa do
nay khong co dinh vé hudng, va do do, tong quat, chdng la ham cua vi tri.

(@) Cylindrieal (b) Spherical
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~— Ky hiéu chi s06. Ky hiéu lay tong va khoang.

Cac thanh phan cta mot tensor ¢6 bac bat ky o thé duoc biéu dién ngan
gon va ro rang bang ky hiéu chi so.
Ky hiéu chi so, chi s6 Ky tu, cO thé I chi s6 trén hodc chi s6 dudi cho biét
ve lugng cua tensor.

ai, U, Ty, F,, €y, Rv

Chi s6 tu do: khi chi s6 chi xuat hién 1 1an (khoéng ldp lai) thi né duoc hiéu
la s€ lay cac giatril, 2, ..., N trong d6 N xac dinh pham vi ctia chi so.

Chi s6 cAm hay chi s6 lay tong: khi chi s6 xuat hién 2 1an (lip lai) no sé lay
tat ca cac gia tri trong pham vi (khoang) va lay tong tat ca ching.

Théng thudng, cac chi s6 khong duogc 1ap qué 2 1an. Néu trong trudong hop
can phai l3p qué 2 1an dé biéu dién mot dai lugng thi khi d6 ky hiéu lay tong
s€ khong duoc sur dung.



— Ky hiéu chi s0. Ky hiéu lay tong va khoang.

S6 cé4c chi s6 tu do va vi tri cua ching cho ta biét chinh xac dic tinh cua
tensor vé luong. Vi du:

Tensorbac 1: @i, a* hay aib;, Fux, R%ep, €ixlhiVk

: L ;
Tensorbac2: D#, Dy or D%, Dy

¢¢ 9

Luu v, trong dang hon hop, “.” am chi j 1a chi s6 thi hai.
Tensor bac 2 c6 thé viét dudi dang khac nhu:
Aijip, BY o, 8ijttxvr
Tensor bac 3.

Tensor bac 0: khong c6 chi s6 A.



— Ky hiéu chi s0. Ky hiéu lay tong va khoang.

Trong khéng gian vat ly thdng thuong, ky hiéu a; vira dai dién thanh phan
thr 1 cua vector a vira dai dién cho chinh vector a (c6 3 thanh phan
a,,8,,85). Dang tuong minh cua vector la:

a,
a; — (tli, Az, &3) or a; = ({12)

as
Poi voi tensor hang hai hay dyadic: dugc biéu dién boi A; gom chin thanh
phén. Dang tudong minh cta Ay
Ay A A
A = Asy Az Ay
Az Az Ags



~ Ky hiéu chi s6. Ky hiéu 14y tong va khoéng.

Ky hiéu chi s6 rat hitu ich trong viéc biéu dién cac hé phuong trinh mot

cach c06 dong. Vi du:

X1

Ti = Ci2; h Xo ==

X3

Au —_—

Ap =
Aij — Bipququ h A
21

AEE

Il

= €11%1 + Ci12%2 + €323

C21%1 + Co2222 + Co3Z3

[

C3121 + C3229 + C3323

B1uCuDii + B11Ci2Dys + B12C11Dsy + B12C12Dss
B11Co D1y + B11C22D1s + B12C91Ds1 + B1sCosDas

= B2CuDit + B21C12D1s + B2oC11Dsy + BsoC1oDos

B21Co1Dhy + B2yCosDys + B33C21D2 + B3yCooDss



— Ky hiéu chi s0. Ky hiéu lay tong va khoang.

Ki hiéu lay tong thuong duge ding dé biéu dién tensor va vector. Mot
vector bat ky trong hé toa do vudng goc Cartesian

V = 0,81 + 126 + 1583
duoc viét dudi dang chi so lay tong
vV = i€
Tensor bac 2 ¢ thé dugc dai dién boi tong cac vector co sd theo chi so.
Dang nonion cua 1 dyad ab:
ab = (ae)(be;) = abee;
Dang nonion cua 1 dyadic D:

D = D;ee;
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~—Phép bién doi toa d0. Tensor tong quat

Xét hai hé toa do xi va 0 trong cling khdng gian Euclide 3 chiéu.

Phuong trinh bién di toa do bién 1 diém bat ki (x,x2,x3) trong hé xi thanh
toa d6 mai (01, 62, 03) trong hé toa do 0! :

i = iz, a2, x°)

Ham 0': 1a ham kha vi lién tuc va don tri. Pinh thirc Jacobian

agrt apt  apt
oxt ox2 o9x°
992 06* 860%| 14
= y J
J Jx! o9x2 oxd
06 063 a3
ox! dx* 9x?|

T

a9
o

Néu J khéng suy bién thi ton tai phép bién d6i nguoc

xt = x40, 62, 6°)
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~—Phép bién doi toa do. Tensor tong quat

Tu: ¢ = 6i(xt, 2%, 2?)

i
—) dgt = @' da’
ox’

1a phuong trinh dinh nghia 16p cac tensor duoc goi 1a vector phan bién.

Tap c4c dai lwong b' img véi diém P 1a thanh phan cua mét tensor phan
bién (contravariant) bac 1 néu chung bién doi theo phuong trinh chuyén
hé toa do co dang
; ont . |
't — P 2 _I .??’
b o 0 (2.77)
Véi bl 1a thanh phan trong hé toa do xi va b’i 1a thanh phan trong hé toa do
0.
Tuong tu nhu vy, mot tensor phan bién bac hai c6 cac thanh phan thoa
phép bién doi
= L ﬂg_J rs
B = o B (1.78)
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~—Phép bién doi toa do. Tensor tong quat

Tap cac dai lwong b ing véi diém P 1a thanh phan ciia mot tensor hiép
bién (covariant) bac 1 néu chung bién doi theo dang

‘ oz’
bi = -5 (1.80)

Vi b’, 1a thanh phan trong hé toa do 81 va b; 1a thanh phan trong hé toa do
X;.
Vector hiép bién 1a dao ham riéng ctia mot ham vo hudng. Vi du, tu
phuong trinh «f = (6, 6%, 6°), néu ¢ = ¢(ax?, 2% 2%) thi

dp _ d¢ 07

6 ot 9f (1.79)

Tuong ty nhu vay, mot tensor hiép bién bac hai c6 cac thanh phan thoa
phép bién doi
,  9x’ ox®
Bij = 3G W Brs (131)
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—Tensor metric. Tensor Cartesian.

Cho xi: hé toa d6 vudng goc Cartesian va 0i 1a hé toa d6 bat ky trong ciing
mot khdng gian. Vector x la vector vi tri ctia diém P(x1,x?,x3)

Binh phuong khoang cach ctia mot vi phan phan tir gitta hai diém ké nhau
P(x) va Q(x+dx) la

(dS)E = dztdx (1 83)
\ e,
Ma do’ = 5 a8 (1.85)
= (dsp = S STapder = godsnder (1.86)

trong d6 Gpq = (32%/867)(32'/80%) |a tensor metric hay fundamental tensor
Néu 0/ 1a hé toa do vudbng goc Cartesian thi

oxt dxt
i = smaa = Ow (1.87)

trong d6 o, 1a ky hiéu Kronecker delta.



—Tensor metric. Tensor Cartesian.

Hé toa do bat ky trong d6 phan tir vi phan binh phuong khoang cach ¢
dang (1.83) duoc goi la hé toa dd thuan nhat.

Phép bién doi toa do gitra hai hé thuan nhat goi 1a phép bién doi truc giao
(orthogonal tranformation). Va néu chi gidi han trong phép bién doi nay thi
tensor duoc goi la tensor Cartesian. Cu the, day la treong hop danh cho céac
phép bien doi gitra cac hé toa dd vudng goc Cartesian co chung goc toa do.
Truong hop tensor Cartesian thi khong cd su khac biét giira cac thanh phan
hiép bién va phan bién. Trong truong hop nay, Ki hi€u chi so dudi dugc
dung chung dé mo ta tensor Cartesian.



~Phép bién d6i toa d6 cho tensor Cartesian

» M&bi quan h¢ giira hai hé truc toa d6 vudng goéc Cartesian cho boi cac cosin
chi phuong a;=cos(x’;,X;).

X9 Lo X3
X @y aio a3
x5 Qo Qoo Q93
xy @3y X3 @33

> Tensor bién doi toa d6

a1 a1z ﬁdsl
A = Q1 dgz (23
31 A3z Aas

Fig.1-9



~Phép bién d6i toa d6 cho

> Toa do vector don vi thir i €; trong hé toa do X;:

=)

phép bién ddi cho tensor Cartesian bac nhat.
bay la truong hop diac biét cia (1.80) va

(7D

~F Y
Fal

V = 7Dje;
Far

Vv = ¥ €;
N

V = PVili;e;
o r

Vi = AV

> Phép bién d6i nguoc:
r

=)

Vi = Qv

Vi = QiU

(1.89)

(1.90)
(1.91)
(1.92)
(1.93)

(1.94)
(1.95)

tensor Cartesian

Fig.1-9




~—Phép bién doi toa dd cho tensor Cartesian

Vi = QijQiPrk (1 95)
Vi vector v |2 bat ky, (1.95) phai tré thanh v;=v.
— Qi@ = Sjk (1.97)
0 for 1+7

(1.97) 1 diéu kién truc giao.
Tuong tu, v; = cbs;akjv;,
Tuong g, diéu kién tryc giao:
Aiidk; = Sk (1.98)

Phép bién d6i tuyén tinh (1.93) va (1.94) véi cac hé s thoa cac diéu kién
truc giao (1.97) va (1.98) duoc goi la phép bién doi truc giao.



~—Phép bién doi toa do cho tensor Cartesian

Kronecker delta con duoc goi la phép thé:
8i;0; = 8uby + 8iobs + 8isbz = bi

SiFu = 81;F 1k + 80iF 2 + 83F 3 = Fi

Theo phép bién doi (1.94), dyad u,v; c6 cac thanh phan trong hé toa do mdi
la

wiv; = (Qplp)(@jqVq) = QipiqUpVq

Nhu vy, mot tensor bac hai T; ¢6 quy luat bién d6i nhu sau

T = QipQigTrq (1.102)
Véi phép bién doi truc giao, ta cd phép bién d6i nguoc tir hé sau thanh
hé trudce

Ty = pitle; Toq (1.103)

Doi v6i tensor cap bat ki, quy luét bién doi cho tensor béc thir N 12
Tik... = QipQjqQrm - - « Lpam. .. (1,104)



//Cétc phép toan tensor: phép cong va nhan vo1 vo huodng

Phép cong:  Aix... = Bix... = Tijk. .. (1.105)
Phép nhan vo hudng véi tensor
bi = M or b = Aa (1.106)

Bij — }‘.Aij or B = )M (1107)



~Céc phép toén tensor: nhan tensor

C

Tich ngoai
(@) aib; = T

(b) vilFj = @ik
Tich cudn (contraction)

(¢) DijTkm = ®ijkm

(d) €k Vm = Oijkm

(@) Contractions of T'; and wuw;

Ti{

= T+ To + Taz

UiVy = UV1 + UV2 + UsVs

(b) Contractions of Eax

Eia; — b;
Eja; = ¢
Eiae = dx

(¢) Contractions of EijFrn
EiFm = Gim EiFy = Py
EiFywi = Hy EiFym = Qm
EiFwnm = Kim EiiFy; = Ry



= Chac phép toan tensor: tich htru hudng vector. Ki hi¢u
hoan vi. Vector d61 ngau

Ki hiéu hoan vi: mot tensor bac ba
(1 if the values of 7,7, k are an even permutation of 1,2,3 (i.e. if
they appear in sequence as in the arrangement 1231 2).

_ —1 if the values of ¢,7,k are an odd permutation of 1,2,3 (i.e. if
Gk T they appear in sequence as in the arrangement 321 3 2).

0 if the values of 4,7,k are not a permutation of 1,2,3 (i.e. if
two or more of the indices have the same value).

L

Tich hitu huéng vector: axX b =e¢
ek = ¢

(1.108)

Vector doi ngau (dual vector) caa mdt tensor Cartesian bac hai:

Vi = €ip ik (1.110)



- —

i A - R - X A : ;
Ma tran. Bi1éu dién ma tran cua tensor Cartesian

Tich v0 hudng cua vector

a*bh = bra = A [ﬂ]j][bjl} = [}L]

—

b1
a:ibi = bia; = A (a1, a2, a3]{ b2 | = [aiby + asbs + asbs)
Tich v hudng vector-dyadic

a*E=>» o = B
a:ly = b; lau][Ey] = [by]

(B Ey E | [a:1E11 + a2E21 + asEsy, (1.120)

[ﬂl, as, ﬂa] FEoy FEoy FEis = a1l + aslios + R3E32,
_Esl Ejs  Eiss | 1 E1s + a2E2s + aslias)




>

i A - R - X A : ;
Ma tran. Bi1éu dién ma tran cua tensor Cartesian

Tich v hudng dyadic-vector

E-a =

E{jarj

E12
E22
E32

Fis
FEaz
FElsg

c

—_

I

Ea = ¢

[Ei[an] = [ca]

ﬁalEu + aoll12 + aslys
a1E2 + aeE2 + asles

| a1E3 + a2E + asEss

(1.121)



Gia tr1 chinh va huong chinh cua tensor do1 xirng bac 2

Véi mdi tensor d6i ximg bac hai, déu 6 tuong tng vi mdi hudng (hudng
phap tuyén) tai diém do mdt vector cho béi tich trong
Vi = Tij n; (1 .128)

Néu c6 1 huéng sao cho v; song song véi n;, thi khi do tich trong s& duoc
thay bang tich vo hudng

Tun; = An (1.129)
véi n; duge goi la hudng chinh.
Phuong trinh dac trung: A% — IA?2 + 1A — III; = O
Ir = Ts = tr T{j (1.',1’:‘:1{36 of Tij) (1 134)
Il = Tl —TyTy) (1.135)

III; = ‘T{j] = detTij (1136)



//

Gia tr1 chinh va huong chinh cua tensor do1 xirng bac 2

Giai phuong trinh dac trung ta dugc cac gia tri chinh.
Hudng chinh: duoc x4c dinh bang cé&c cosin chi phuong.

*1 L2 T3
x ayy = n{ arp = niD a3 = 0D
xs Qo = fn.(l?l' Aoy = ﬂéﬂl tyg = niD
‘ 3 ag = ng» agy = N agy = ng®




=

Cac truong tensor. Pao ham tensor

Mot truong tensor duoc Ky hiéu la mot tensor T(x,t), voi X la vector vi tri
thay doi trong khong gian vat lIa thoi gian.

Truong tensor lién tuc (hoic kha vi) néu cac thanh phan caa T(x,t) 1a cac
ham lién tuc hoac kha vi theo x va t.

Néu céc thanh phan cta trudng tensor chi 1a ham theo x thi né duoc goi la
nghi (steady).



Cac truong tensor. Pao ham tensor

Trong hé toa dd Dé-cac: vector vi tri tai diém bat ki 13
X = Zi€ (1 142)

Theo d6, c4c trudng tensor ¢ bac khac nhau c6 thé dugc ki hiéu nhu sau:
Truong vO huéng: ¢ = o¢(xi,t) or ¢ = ¢(x,t)
Truong vector:  vi = vi(x,t) or v = v(x,1)

Truong tensor bac 2: Ty = Ti(x,) or T = T(x,t)



/

s
Cac truong tensor. Pao ham tensor
Mot s6 Ky hiéu trong giai tich tensor

Dao hamriéng: 6/0x, =0,

- a8 oA
Toantadel: V = e i €:0;
0 0%v;
a)y — = i d —
(@) 0x; P, (d) 0x; 0Tk Vi
ovi oTy;
() ox; Vi (¢) or. Tij.k
a'vi azTij
c) — — o
() ox; i () 0%k OLm Tu.km
_ _ 0¢ A .
grad¢ = V¢ = - -& or 94 = ¢,
divy = Y-v or dv, = v,
curlv = v xXv or ‘ﬁkajvk = € Vk,y



Tich phan duong. Pinh ly Stoke

» Tich phan duong trén duong cong C

i

Xp
j‘ F-dx F-dx
C

Xa

Dang chi so:

f Fid.’l:i
C

li

{Ii)a
f Fida
{xi}A

» Dinh ly Stoke
_£F-dx = Lﬁ-(vxF)dS

Dang chi so:

§ Fidx; = f Ni€ijc Fie,; S
c s
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Dinh 1y divergence

» Dang vector cua dinh ly divergence

j; divvdV = fs n-vdsS

Dang chi so:
j. vi.dV = f vini dS
v 8

» Trudng hop tong quéat cho trudng tensor bat ky

f Ti..pdV = f Tije.. 1p dS
v S




