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MATH 332: Vector Analysis

Formulas
Vector Algebra Line parallel to A:
=T, T2=Y, T3=2=2
T — T(0)4
t= 5 Az 0
e.=1i, e =j, e3=k A; 7

Plane orthogonal to N
e; X € = &;jrex Identities:

Ax(BxC)=B(A-C)—C(A-B)

A = Aiei
A-B=AB, Tensors:
A-B=B-A 0ij = 0ji
A=A A= AA %ii =3
i j k 0y A; = A
A xB= sijkAjBkei = A1 A2 A3
By By Bs 6;;AiB; = A;B;= A -B

(A X B)z = gijkAjBk
Cijk = —Ejik = —Eikj = —E€kji
AxA=0
€ijk = €jki = Ekij
[A, B, C] =A. (B X C) = 5ijkAiBjCk

€ijj = E4ij = €jji = 0

[A,B,C| = [B,C,A] = [C, A, B]
€ijklij = €ijk0ik = Eijiljk = 0
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EijeAjAL = eijpAi Ay = e AiAy; =0

= &ijk

eijue™" = 6678 + 6 OR 0, + Sy 010
— OOl — 6T sE — ST

mnk __ ¢cmn msn
mjk __ 26m
Eijk€ = i

Eijkéfljk =6

Vector Functions

Position
R =z =xi+yj+ zk
Velocity
dR
V=
dt
Acceleration
dv  d’R
a=— = ——
dt dt?
Arc Length
ds = |v|dt
t
)= [ Ivlar
to
Speed
Iv] ds
V| = —
dt
Tangent
TV
v

Curvature
1 |dT| |vxa|
Cvlldt | VP
Radius of curvature
1
P=%
Principal Normal
_1.dT
 klv| dt
Binormal
B=TxN
Torsion
1 dN
T = — R
[v| dt

Scalar and Vector Fields

Partial derivatives

0

a1 = axa 82 = aya 83 = 8z
Nabla (Del) Operator

0;

Gradient
grad f =V [ =e0;f
Vz‘f = az'f
Directional derivative
df dR dx;
R e df = Z2p.
ds ds gradf ds 0:f
Flow curves p
i = OF;

ds
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dx;
ds = —-
Bds T
Divergence
divF =V .F = 0,F;
Curl
curl F =V x F = ¢;;;,0; Fye;
i j k
=|0, 0y O,
Fi F I
(curl F); = €;1,0; Fy,
Laplacian
A=V?’=V.-V=00,=0.+08+0.

Vector identities:

V x Ve =0, ‘curlgrad:()‘

0,  [diveurl|=0
(Vg + f(Vg)
(Vf)-F + fVF
(V) xF+ f(VxF)

V- (VxF)=

V(f9)

V(fF)
V x (fF) =

Vi) = jj;
VR =3
VxR=0
(F-VR=F
Cylindrical Coordinates:

ds® = dp® + p*do® + d2*
dV =pdpdf dz

1
Vf= (epap + 691589 + e28z> f

1 1
V -F = ;8p(pr) + ;agFg + OZFZ

1] € res e
19, 9 o,
Pl F, pFy, F.

VxF=

Af =20, (00, ) + 5508 f +2
Spherical Coordinates
ds* = dr? + r*de® + r? sin® pdf*
dV = r*sin p dr dp df

1
Vf= (eﬁ —|—e<p 8 + ey 89>f
7 Sin ¢

1 2
V-F= ﬁ&«(r F.)+ e 900 ,(sinp F,)
1
+———0
7rsin
1 e 1€, rsing, ey
V X F — 2 ar a(p a@
sy F. rF, rsinply
1 2 .
Af = T—Qﬁr(r o f) + = Smw(%(smgoc?@f)
1
5
r2sin? @ o

Line, Surface and Volume Integrals

Line Integrals

[Fein= [ 0,0

dx;
= [ F,—"dt
/a bodt

(z,9,2)
F=Vyp < gp(m,y,z):/ F-dR

(20,40,20)

Potentials
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Q
| Ve dR = 0(Q) - e(P)
P
1
F=VxG & G(z,y,2) = / F(tz,ty,tz) xRt dt
0

Unit Normal:
to a surface R = R(u,v)

n— o,R x O,R
|0.R x 0,R|
to a surface f(z,y,2) =C
n= Y1
IV /]

Surface Element
dS = 9J,R x 0,R dudv
dS =|0,R x O,R| dudv

For a surface given by

2= f(z,y), a <z <b, yi(z) <y < yolz)

45 = 1+ (0.)2 + (0,1)? dy dz =
Flux through S

| [Feis=[ [Fonas

b ry2(x)
[ [ Em i@z @ s
a Jy(x)

Divergence Theorem

1] v ff

Green’s Theorem

C D

Stokes’ Theorem

//D(VXF)-dS:/CF-dR




