Rectangular/Cartesian Coordinates (x, v, z) Cylindrical Coordinates (7, ¢, z)

dl = ded, + dyd, + dza, dl = dra, + rda, + dza,
ds, = dydzad,, ds, =dvdzad,, ds, =drdyad, ds, = rd¢dza,, d§® =drdza,, ds,=rdrdgad,
dV =drdydz, 7 =uwmwa, +ya,+za, dV = rdrde¢dz, 7T =ra, + za,
. 94, 94 OA . g alra 94 OA
VeA = +— 4+ V-A:l( ) S
ox oy 0z r or r 0¢ 0z
L dA, 94, 4, 0A . - [104. 04, _[90A, 04
VxA=aq, a | — - — VxA=a,|- — + a,
“| ay 92 v 9z o r ¢ 0z 0z or
(04, 04, 10(r4,) 104
+a, | — +a, | ——— - ——
oz oy r or r 0¢
Spherical Coordinates (r, 6, ¢)
dl = dré, +rdfd, + rsin0dod,
d3, = r*sinfdfdea,, d3, = rsinfdrdod,, di, =rdrdfa,
dV = r’sinfdrdfde, r=rad, Trigonometric Identities
L.oo10074) a(sim04) 4 04,
A =— sin(—A4) = —sin A 5(—A) = s A
v rr Or * rsin a0 * rsinf O0¢p sin(—4) sind, - cos(—A) = cos
o i 4l O(sin04,) 04 La ] 04 10(r4,)
X = . _— - - 7 o i
“1rsino 06 ¢ “ | sing ¢ r Or cos(4A —90°) =sin A
[1]a(ra,) 04 cos(A + 90°) = —sin 4
% \[? or 08 }
Rectangular/Cartesian Coordinates (x, v, z) < Cylindrical Coordinates (7, ¢, z)
Ay*4, = COSQ  Gy*d, = COSQ, d,*d, = —sing a,+a, =0 y*G, = sing a.ea, =0
Rectangular/Cartesian Coordinates (x, v, z) < Spherical Coordinates (r, 6. ¢)
dpsa, = sinfcos¢, a,ea, = sinfsing, d,ea, = cost, d,%a, = cosfcosd, a,ea, = cosfsing, da,%a, = —sinf

Gyea, = —sing, Gyoa, = cos o, G0, = 0

Integral Form Differential Form
Eqn of Continuity / —— d = = op,
) J-ds=—— | p,dV V-J=—7+
Conservation of Charge f}f dt «[ P ot

Lorentz Force Eqn. F=qE +uxB)
Constitutive Relations D=cf=c,E+P B = puH = p,(H+M)
Ohm's Law J, =a&
Electric Magnetic
.. [Tangential- £, =&, or a,,x(€,—&)=0 4, x(H,—H,) =7,
Boundary Conditions . _ _ X R — O
Normal- ayy (D, =D =p, B, =B,, or a,,-(B,—B,)=0

where surface normal 4,,, points from region 1 into region 2, and B,, & D,, point away from boundry

while B,, & D,, point toward from boundry



Time-Varying Fields:

Faraday's Law L(ﬁff-dlizf%fg‘di
Ampere's Law fﬂ-d?:[j-d§+[%-di

Gauss' Law \(fz‘

s

Integral Form

5~d§:fp\,dV
)

SEB-dE

Differential Form

Sinusoidal Steady-State Time-Varying Fields:

Faraday's Law ff E-dT
Ampere's Law f[fﬁdli:fj‘di-&—jwflﬁ)d?

Gauss' Law fDA-dE:fﬁvdV
s v

s

Integral Form

B-ds=0

i

Differential Form

Time-Varying Fields, simple media, & stationary circuits:

Integral Form

Faraday's Law §§~d7:—;L%fﬁ~d§
Ampere's Law %ﬂ-d?zafg»d§+€%f§-d§
+ [ F-ds

Gauss' Law §g»d§:éfp‘,dV

Sinusoidal Sfeady-State Time-Varying Fields &

Integral Form

Faraday's Law 9§1§-d7 =—jwp fﬁ-d?

Ampere's Law 561-71117:(a+_jw5)ff~d§+fj~d§

Gauss' Law fﬁ-d?:é‘[ﬁvdV

fﬁ.ﬁ:o

Differential Form

wn

imple Media:

Differential Form

<l

xl%?:fjwuﬁ

xH =(0+ jwe)E+T
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