EECE 380 Final Formula Sheet

Vector Formulas:

Cross Product Magnitude: ‘5\ x Iﬂ = ‘K“ﬁ‘sin 0

Dot Product; A eB = ‘ATHE?‘COSH

Cartesian Coordinates: X —Yy —Z
Cylindrical Coordinates: r —» ¢ — 2

Spherical Coordinates: I — 6 — ¢

AeB -

Vector Projection of A on B: B

-2

4

Normal Unit Vector to a Plane ax +by +cz =cst :

Gradient Properties: Ve (VxA)=0

Stoke’s Theorem: I (VxA)eds =q.> A o
S C

Divergence Theorem: I (VeA)dv :Sﬁﬂ ods
\Y S

dlp=rde

dig=rdo , dlg=rsinbd¢

ax +by +cz

JaZ+b?+c?

Vx(VV)=0



Electrostatics Formulas:

Electric Field Laws:

A) VOE:p—V
&y
B) VxE =0

Stoke’s Theorem for E : I(V xE)eds :qs E edl =0
5 c

Divergence Theorem for E : I(V oE)dv :CJS E eds = Q
v 5 &
Charge:Q:jpdVZdes:jpm
\Y S |
Field Created by a Point Charge: E = — (), = #S(F\Yl -R)
4re,R 4rey|R, —R|
Force between of one point charge on another: F =qE = 9.9 X
4reR
Electric field created by a:
- _ - ds _ = dv .
e Line Charge: E :J. pdl 5 dg , Sheet: E :JpS—ZaR , Volume: E :'['OV—Z -
| 4 R s dre, v 4reR
E: £ é'r E_>:I0_Sé:n E: hszlhz 3/2 é:n
e Infinite Line; 2me,r , Infinite Sheet: 28, , Ring: 2&,(0"+h7)
_ [2 2
e Disk E = Ah | N +h a (where A is the area)
2, \jl’2 +h? h
Electric field at the center of a semi-circle in the x-y plane situated above the x-axis: E = —2'0—'b§y
ey

GaussLaw: VeE =2 gSE.E;g
o S o

Electric Potential:

v :Viz—jEJ V.-V, =—[Eed

q

p .,

E=-VV



Electric Potential of a Point Charge: V = a__ q

Arme,R  Armey|7 T

Electric Potential for:

L pd A pds L pdv
Line Charge: V :J+ , Sheet: V :I+ , Volume: V :J+
Oo47rgo‘R—R" w47rgo‘R—R" w47rgoR—R"
Electric Potential at a point z above a charged disk: V = éo—s(»\/r2 +2% -z |)
€o
Electric Dipole: V , = i —— q - zqd COS? __P ~a, where p =qd
4re,R™  drngR™  4ngR°  4mg,R
Poisson Equation: V&/ =
&
Dielectrics: E =RJ —J =cE
Density/Intensity Relation: D = ¢E
- + -
. . VeE - AR VeP =—p, & =1+ 4
Electric Susceptibility: &
P=gAE D=¢E+P=g,(1+4)E =5,6,E =¢E

Boundary Conditions: E,, =E; , D,, —D,, = p, or éﬂx(ﬁl - [32> = p,

tan .
Ll ] (for a 0 charge density boundary) ,
tana, &

Capacitance: C = \?—

e Parallel Plate Capacitor: C :Z—S
2rel
e Toroidal Capacitor: C :7[—‘;
0
a
: . Are
e Spherical Capacitor: C =4 1
Ri R,

0

Electric Energy: W, = %QV = %Jlj eEdv = %Js‘lfrdv



Magnetostatics Formulas:

Magnetic Field Laws:
A) VeB =0
B) VxB = 1, J

Stoke’s Theorem for B : I(Vx B)eds =¢ B edl = y7x|
S C

Divergence Theorem for B : I(V *B)dv =<ﬁ B eds =0
\Y S
Magnetic Field for:
L o Ml
e Infinite Line Current: B = a,
27r
; .- : >3 /UOI cond I =
e The Inside of an Infinite Line Current: B = 4
27h
. o NI - . S .
e Toroidal Coil: B = > a, (Thisvalue is 0 inside and outside the core)
r
e Finite Line Current: B = Lé (L is half the length of the line)
2arJL+r? ’
7N |

e Ring Current: B :maz

Poisson Equation: V*A =—J

di
R

. N [
Vector Potential: A = Hol

47zC

q‘)d] xR

Magnetic Field/Flux Density: B =VxA = ﬂ ;
R

(Biot-Savart Law)
4

C

Force: F =1 43d1 xB or F=qv xB
Magnetic Dipole Moment: m = 1S4,
Torque:

T =d xF =FxF, +(-F)xF,

T =mxB

=]



Magnetic Field Intensity of a Sheet: H=

>

N |
<y
X

|

Ampere’s Law: CJSI—T eodl =1
c

Density/Intensity Relation: B = yl—T

. v S|l H=2w =1+,
Magnetic Susceptibility: y7x y7x
M =/1m|__|’ Bq=:uo|_T"':qu =ﬂ0(1+/1m)|_T:ﬂoﬂrH:ﬂH

Boundary Conditions: By, =B, , Hy —H, =J; or &, x(H,—H,)=J,

n .
M _ (for a 0 charge density boundary)
tana, u

Flux Linkage: ¥ =N @

Inductance: L ZIK

2
e Toroid: L :’UN h In(gj
27 a

e Coaxial Transmission Line: L = ﬂln(gj
2 a

LN %S
(

e Solenoid: L =

Magnetic Energy: W :%qv :%JE: e Hdv :%Jy‘l—”zdv



Time Varying Fields:

Faraday’s Law: Vxlf:—% - V :_qu)

pm & Vo= I(Jx B)edl (Latter used for moving circuits)

Note: U xB always points in the direction of the induced current; integral is set up opposite to direction of current.

= D
Maxwell’s Contribution: VxB = z,J + 14, %

B B T
Moving Circuit with Time Varying Field:V =E :—J%Hﬁ(u xB)edl ,U=aR , a=at
S C

. . - oD J
Displacement and Conduction Current: VxH =J. +J, =J. +— and Je .9

Jo ws

2
Poisson Equation: V?A =—uJ + us

atZ
Plane Wave Propagation:
. 27t 27X T: Timelength/Period (s)
Wave Equation: A COS(T_ ) +¢OJ \: Spatial/Wave length (m)
f: Frequency (Hz)

_ 1 20 y) 2 w: Angular Frequency (rad/s)
Relations: f :T_ , @ =27f :T_ Uy :.IT:/” , B :7 B: Wave Number or Phase Constant (rad/m)
Time Harmonic Fields:

VeE =2
£
VxE =—jwB =—jouH
VeH =VeB =0
VxH =J+jwD =J + josE

Complex Permeability: VxH = ja)(g—j gjlf = jwe.E | & :(5—J—Uj s €l =€ 1 Eimaginay =g
@ @

Maxwell’s Equations in a Charge-Free Medium:

@




2 2 = _

\Y E~ +w ,LNIEC E=0 ¥ : Propagation Constant
V’E —y’E =0 k: Wavenumber

V’E +k’E =0

Y =—0’ue. , K* = e,

y=lioJus , k=ous
Solving:

The wave will not have a component in the direction of propagation:
E,(z)=E e +E, e
= N el AP |04 - 4 +jkz
E,(z)=E, e +E e
E~Z (z)=0

Assuming no y component and only positive E, component:

H,=0,H,=0 Intrinsiclmpedance:n:%: £
£
~ 35 . ~ . ~ ES
H, =+ BE@ I g et _ire e where Hy = K B =
wp oz wou ’ Twpu " p
Wave Relations in Electromagnetics:
u -9 @ —L In free space: U_ =
"k oJus Jus P

! =c =3x10°
\ Hho&o

Relation Between E,H, and Direction of Propagation:

H-la xEor E=—pg xH
n
In General:

E=aE (z)¥aE;’ _E*
3 a, X(Z)+#y y(2) “ H ()= E;(z)
H=aH/(z)+aH, (z)

. -E, (2)
and H y (z)=—2+~
Wave Polarization:

. - - E, (2)=E;e ™ =
Let E(z)=a,E, +4 E with

E + e—jkze+j¢x
Xo

= + A —Jkz +
E,(z)=E e’ =\EyO

efjkze+1¢y

With Ey as reference: E,. =A, and E :‘E;O

el?=Ae’
y




E(z,t)=a A, cos(at —kz)+a A, cos(at —kz +0)

E(z.t)= \/(AX cos(at —kz ))2 +(Ay cos(at —kz +5))2

A, cos(at —kz +0)
A, cos(at —kz)

Y(z,t)= tan‘l[ ] (usually z is taken equal to 0)

e For Linear Polarization (z taken equal to 0):

o0=0o0rd=rx

A, cos(at A
Ifo=0: ‘P(O,t)ztanl[—y ( )j——y

= (constant)
A, cos(at) ) A

X

A, cos(at +
fo=rm: ‘P(O,t)ztanl{ y CS( ﬁ)j

A
=——L (constant)
A, cos(at) A

. _ 2 2
In both cases: |E (0,t)| =cost (at),/A, > +A,

o For Circular Polarization (z taken equal to 0 and A,=A,=A):

s=2or 5=-2
2 2
If 5 =2 Left Hand Circular Polarization: ¥(0,t)=tan™" _ Asin(et) =
2 A cos(at)

f5=—= Right Hand Circular Polarization: W¥(0,t) =tan™ Asin(et) =k
2 A cos(at)

In both cases: |E (0,t)| = A\/cosz(cot) +sin’(at + %) = A (constant)

e For Elliptical Polarization:
o is neither of the previous angles, both the magnitude and angle are not constant.
If sind >0 left hand elliptical polarization.

If sind <0 right hand elliptical polarization.



Constants:

; 107
° 367

(F/m)

/UO =472'X10_7(H /m)

n= o _ 1207(Q2) (in free space)

&y

c =3x10°(m/s)



