VECTOR DERIVATIVES

Cartesian dl=dxX+dyy+dz2z, dt=dxdydz

- or, dt, 0t
Gradient. Vi= T + + 352
7 . a avy 6vz
Divergence: V-.v= 6_ 5 5
; _(Ov; Ovyy . Qv Oy, vy vey.
Curl: va*(a—y-g)x-r(g-a—x) (a—a—y)z

2 2 2
Laplacian: Vi = % + g_y; + %

Spherical ~ dl=dri+rd0 8 +rsn0dp P, dr=r’sinOdrd6de
ar, 190t , 1

Gradient: Vt= y i ;%9 + WEE‘P
. _ 12 1 1 dvy
Divergence: V-v= 2% (?v,) + 530 (smB vg) + rsin@%
. _ 1 /] . avG
Curl: VXy= Ei—;l—e[%(smew)— ]r

6v,]

+—[m%—a—( ¢)]9+ [a (P'Vg) ¢

Laplacian: V= 19 Q) 1 & ( 6t) 1 82t

7or\ o) Psin0 56 O 9 56) Tt 6 592

Cylindrical ~ dl=ds$+s5dp ¢ +dz2, dt=sdsdpdz
at 1 at - ax

Gradient: Vi=—8§ 559 —¢+ az
Divergence: V-v= li( V) + 1 6‘v¢ 3"2
g i =33 6¢
a
Cur: Vxv= La..”z_j] B, _grg

Bvs]z

Ird
+ ;[ﬁ(sv,;,)

18,0ty 18% 8%
Laplacian: Viz e —(s—=)t ——— 4 2=
iplacian t= sas( Bs) + =) 6¢2 + 322

VECTOR IDENTITIES

Triple Products

(1) A-(BxC)=B-(CxA)=C-(AxB)
(2) Ax (BxC)=B(A-C)-C(A -B)

Product Rules

(3) V() =1 (Vg) + g(V/)

4) V(A-B)=AX(VXxB)+Bx(VxA)+(A-V)B+(B-V)A
G V-FA=f(V-A)+A-(Y)

(6) V-(AxB)=B-(VXA)-A-(VxB)

(7) VX (fA) = f(VXxA)= Ax(Vf)

(8) VX(AxB)=(B-V)A-(A-V)B+A(V-B)-B(V-A)

Second Derivatives

) V- (VxA)=
(10) Vx (Vf) =0
(11) VX (VX A) = V(V-A) -

FUNDAMENTAL THEOREMS

b
Gradient Theorem: f V) -dl=f(b)-f(a)
Divergence Theorem: f (V-A)dt = § A-da

Curl Theorem: f(v X A)-da= §A dl



BASIC EQUATIONS OF ELECTRODYNAMICS

Maxwell’s Equations
In general: In matter:
1
V.E=—p V-D=py
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Auxiliary Fields
Definitions: Linear media:
D=¢E+P P=¢cyx.E, D=cE
1 1
H=—B-M M=x.H, H=-B
Ho Kom M
Potentials
E=—VV—?—I-\-, B=VxA
ot
Lorentz Force Law
F=g(E+vxB)
Energy, Momentum, and Power
Energy: U= L f (e:oE2 + iB:’) dt
2 Ho
Momentum: P=¢ f (ExB)dt

Poynting vector: S = yl(E x B)
0
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La la: P =
rmor formula S0

FUNDAMENTAL CONSTANTS

€0 = 8.85x 10°2C%/Nm®  (permittivity of free space)

po = 47 x 107" N/A?
¢ =3.00x 108 m/s
e=160x10"17C

m=911x103 kg

(permeability of free space)
(speed of light)
(charge of the electron)

(mass of the electron)

SPHERICAL AND CYLINDRICAL COORDINATES

Spherical

x =rsinBcos¢
iy =rsin@sin¢

z=rcos@

¢ f B IRTT
10 = tan"! ({[xZ + y2/z)
¢ = tan™! (y/x)

Cylindrical

X =s5cos¢
{1y = ssing
z=2z

{1 = tan~! (y/x)

zZ=2Z

% = sin 6 cos @F + cos 6 cos P& - sin P
¥ = sin O sin @F + cos Osin ¢B + cos PP
% = cos OF - sin 6O

I = sin 6 cos ¢X + sin B sin Py + cos Oz
6 = cos 0 cos Pk + cos O sin Py ~ sin Oz
¢ = —sin px + cos py

= cos 8 — sin PP
= sin ¢ + cos P
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§ = cos X + sin Py

¢ = —sin P% + cos oF
Z=1



