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Index Notation:
x‘i‘- é = AiBi 5 A‘ X éi = E,'jkAjBk " €ijk€pgk = (s,'p(qu - (Siq(;jp
det A = €345...5, A1,5, Ay o - A,
Rotation of a Vector:
Al =R;;A;, Orthogonality: R;; R = ;i (R'T=1)

j=1 j=2 j=3

i=1 (cos¢p —singd 0
Rotation about z-axis by ¢: R.(¢);; = i=2 | sing cos¢ 0
i=3 0 0 1
Rotation about axis n by ¢:***
R(n, ¢)ij = dij cos ¢ + ninj(1 — cos @) — €ijrnig sing .
Vector Calculus:

Gradient: (V)i = dip, 0 = 6%
Divergence: V-A=8;A;
Curl: (6 X A‘)l = E,‘jkajAk
- ok v
1 - 2 B . D) =
Laplacian: Vo=V - (V) 5%.0%;

Fundamental Theorems of Vector Calculus:
B — e —
Gradient: / V- dl = ¢(b) — ¢(a)

Divergence: / V- -Ad’z = f A da
Jy s
where S is the boundary of V

Curl: /wx ,z).da=]§ A-af
JS

where P is the boundary of S



Coordinate Systems and Vector Derivatives Formula Sheet

Rectangular (Cartesian) Coordinates (r,y. z)

Line element: df = Edr+ jdy + 3dz

Volume element:  dr = drdydz
B ()f of . d

Gradient: Vf= pd +WW+E;

= v,  Ov,  Ov.

i . KF - P=pardec A Rt B Vst

Divergence: V-@ o + By + 9s
oy gy = dv:  duy v, (')v,) " (é)vy Dv,) i
Curl: ﬁxz—-(ay z)l-’-(a: %)+t =5 )¢

Laplacian: Vif = &f  0F &f

F B

Spherical Coordinates (7.0, d)

Relations to rectangnlar (Cartesian) coordinates and unit vectors:

xr = rsinflcoso Z= Fsinﬂcos¢+éc030cos¢-ésm¢
y = rsinfsing il = rsinfsing + @cosfsing + deoso
z = recosf 2 = reosf — fsind
r= Vi +yt+:2 7 = Fsinfcoso+ ysinfsing + 2 cosf
0 = tan~' (/22 + y2/2) 6 = Fcosfcosd+ jjeosdsing — sin
¢ = tan"'(y/z) ¢ = —Ising+ jeoso

Line element: df = fdr+0rd0+ ¢rsinfde

Volume element: dr = r?sinfldrdfdé

s o - Of 18! 1 0[
Gradient: Vf = Ef + ;% 0+ ——— = Sllloa¢
Z : oo X Qg 1 Oy
Divergence: Vi = ﬁb;(r vr) 089(5111019) + —i 5
= ., 1 . IO Ovgl. 171 v, @
Curl: Wacton: rsinf [Gﬂ(sma%) - ao + sinf ¢ ﬂr(r%)
+1 [g(rl‘ )_
rlars ?
) 1 & 1 _—J 1 9
) 2 > 9 vl —t et 2L
Laplacien: Vit ror? (rf)+ r? sinf 96 (sm9 80) r2 sin® 0 9¢?



Cylindrical Coordinates (r, 0. z)

Relations to rectangular (Cartesian) coordinates and unit vectors:

LU~

[T~ W |

Line element:

Volume element:

Gradient:

Divergence:

Curl:

Laplacian:

recos o T = v"oosa—ésincb
rsing i = Fsing + ¢eoso
VT F = Fcosg+jsing
tan~!(y/x) ¢ = —Tsing + jcoso
z 2 =215

df = idr + drdp+ ids

dr = rdrdodz

S, Of. 10f. Of,
Vf= -é-’—_r+-r-67,¢+5;-

1 dv, i3 dv.
rdo 0Oz

1d
V7 = —o(ro) +

i 100, du,] . v,
V”’[:%“ﬁ'*[

2 _lﬁ(ﬂ) 1&f  &f
Vie= oo tasgtsa

du;1- 1[0
= L PR

v,
do

&
<



Delta Functions:

/ o(@)b(z — 2') de = (), / H(F)BYF - 7) &2 = o)
d d
/go(l)aé(.c —z')dz =— E‘p

o) = ¥ o5 o) =

T
<. (’_’> g b . ot g

[E=F | =7

7 - 1\  &;—3~f; 4m _

= 3d-A)f—d 8T o o s
v 3 =g (d- V)o (7)
V x 3(‘1"'2’" i WL W T
r
Electrostatics:

F= qE where
5 1 F—7")q; [ r—r")
E(F) = Z ( ) = ( p(7) d®z’

47eq |7 — 7 dmeo J |7 —7)?

€0 =permittiv1ty of free space = 8.854 x 10~!2 C2/(N-m?)
1
47eg

= 8.988 x 10 N-m?/C?

T 3 1 =/
V(7) = V(7o) — ] E()-df = PT) 3,0
™o

Ameg J |7 — 7|
V-E=£, VxE=0, E=-Vv
€0
vV =-L£ (Poisson’s Eq.) , p=0 = V2V =0 (Laplace’s Eq.)
€0

Laplacian Mean Value Theorem (no generally accepted name): If V2V = 0, then
the average value of V' on a spherical surface equals its value at the center.

Energy:

4iq; 3, 130 P(7)p(r")
W= == AL WS
24‘1‘602 24reo/d L |7 — 7|

Tij

53

1 1
W=5 / Prp(F)V(F) = €0 / |E|? d*x



