February 16, 2012

e=16x101 (C). (1.6)

a1 .
Fe, = 1247_[;0%2 (N) (in free space) (1.7)
_p_“ :
E=R Ae0Re (V/m) (in free space) (1.8)

D=¢E (C/mA), (1.12)

1
c= == 3x10°  (m/s) (1.14)
B=pH. (1.16)

dx A
Up = d%‘ =5 (s (129)

1
f== (H). (126)

up = fA (m/s)  (1.27)

w = 27tf (rad/s) (1.29a)
B= 2/\—n (rad/m) (1.29b)
A=S. @34

? .
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el® = cosf + jsinG, (1.38)

X = |z|cosH, y = |Z|siné, (1.40)
12 = V/x@+y2, 6 =tan(y/x). (1.41)

Z = (x+jy)* =x— jy=|ze”1?
=|zj£=8. (1.42)

|z = vzz*. (1.43)

Ri(t)+ = [i(t)dt = vs(t) (time domain. (1.56)

i <R+ _1> =Vs  (phasor domain)(1.66)
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L'C' = ue (all TEM lines), (2.10)

C/:Z (all TEM lines)  (2.11)

- ,0i(z,t)

-5 _R’l(z,t)+LT (2.14)
di(zt) , ,0U(zZ,t)

—— =G u@@)+C'— (2.16)
dzgz) — (R+jol)i(2, (2.18a)
di(2)

= (G'+jwC)V(2). (2.18b)

dj’zgz) V(@) =0, (2.21)

y=+(R+jwl) (G +jwC’). (2.22)

1
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o =Re(y)
= e (V(R+]wL)(G@+]aC’))  (Np/m),
(2.25a)
B =3Jm(y)
- jm(\/(R’+ jl/) (G + jcoC’)) (rad/m)
(2.25h)
R+jol’  [R+jol
=" = e @ @29
a=0 (lossless line)

B=wV/L'C'  (lossless line) (2.45)

Zy= \/g (lossless line) (2.46)

B=wy/pE (rad/m) (2.29)

1
Up = ﬁ (m/s), (2.30)
_Ww_¢1 A
A_f_f\/?r_\/?r’ (2.53)
r:\ﬂzzL_ZO
Voo 4 +Zo
_Z4/Z%-1
Z /Zy+1
z

:z._:ti (dimensionless) (2.59)
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r=re® (262

6+2nm  6A N

dmaX: T = Tn+7’
n=12... if6 <0,
{ n=0,12,... if 6>0, (2.70)
o dmax+)\/4, if dmax<)\/47
Omin = { dmax*/\/4, if dmax > )\/4 (2.72)

S— |\7|max _ 14|
|V|min l_|r|

(dimensionless  (2.73)

- z cosBl + jsingl
Zin = 2o (cosﬁl + jzsinpl )

_ z + jtangl
ZO<1+jz|_tanB|>' (2.79)

VoZi 1
Vi = g=in : ). (2.82
0 (zg+zm o rrem ) (282

Z’ = M = jZotanBl. (2.84)

Ise(1)

Z0¢ = \If“((ll)) — —jZocotBl. (2.93)
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Zo=R/ZXZ0¢, (2.94)

__7sc

tanpl = Zn | (2.95)

oc
Zi n

Ly = 2., forl =nA/2, (2.96)

z3
Zi, = 2 forl =A/44+nA/2. (2.97)
L
) |V+|2
P, = 2020 (W), (2.104)
Pl = —|r|2—|V0+|2 = —|I'?Py. (2.105)
av 220 av

Pav = Pz;v + Pz;v

Vo' I? 2
= o5 [L=ITP] (W) (2.106)

Po=3%e[V-*],  (2.107)

1+T
ZL:7

. (2112
o (¢112)

= il (dimensionless) (2.135)
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ga=1 (real-part condition) (2.141a)
bs=—by (imaginary-part condition) (2.141b)

VoRL
(yap—— . (2.159
Rg+RL ( )
Voo Vi
oy = — = . (2.160
R. Ry+R ( )
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A-B=ABcostrs, (3.14)

, (3.19a)
(3.19Db)

>
>
Il
<>
r;p k&)
I
N N>
N>
Il

x>

<

I

<

Il

>

I

o B

AxB=n ABSINOpg, (3.22)

Ax9=2  gx2=%  2x%X=9. (3.25)

Xy z
Bx By B;

AxB = (3.28)

A-BxC)=B-(CxA)=C-(AxB). (3.29)

Ax (BxC)=B(A-C)—C(A-B), (3.33)

f =Xcosp+ysing. (3.56a)

@= —Ksinp+ycosp. (3.56b)
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% = f cosp — @sing, (3.57a)

§ = F sing+ @coso. (3.57h)
A = Accosp+ Aysing, (3.58a)
Ay = —Aysing+ Aycosp, (3.58b)
Ax = Arcosp — Ay Sing, (3.59a)
Ay = Arsing + Ay Ccosg. (3.59b)

R = Xsin@cosp+ysinfsing+2cosh.  (3.64a)

0 = Xcosfcosp+YycosBsing—2zsinB.  (3.64b)

@= —Xsing+§cosp. (3.64c)

A~

= lisinecosrp+écose cosqo—(i)sin(p, (3.65a)
¥ = Rsin@sing+6cosdsing+@cosp, (3.65b)
2= RcosH —Bsinb. (3.65c)
d = |R1y|

=[x —x)?+ (Y2 — Y1)+ (22— 1) "% (3.66)

d= [(I’z COS(@, — r]_COS(p_L)Z
+ (rasing — rlsin(l)l)z + (22— 21)2} e

= [3+r% - 2nrscod - au)+(z2-2)2] 2
(cylindrical).  (3.67)
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d = {RS + R — 2R R, [cosb, cost;
+smelsinezcos(q>2—(pl)]}1/2
(spherical) (3.68)
oT 0T 0T
aT = gradT_x&— +ya—y+ 37 (3.72)
.0 .0 .0 .
D:x& nLyE/Jrzo,’—Z (Cartesian) (3.74)
d—T:DT-é.. (3.75)
di
.d ~190 _0 o
D_ra— qkrd— 072 (cylindrical). (3.82)
J 10 -~ 1 0 .
O= RﬁJrBﬁ% +(pm% (spherical)
(3.83)
n-E—dve= 25,95 9 (3.96)

ox "oy "oz

/VDE dv = %E-ds (divergence theorem)
S
(3.98)

Ox B=curlB

_AQOS[ 7@5 dl}max. (3.103)
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/(D xB)-ds= 74 B-dl (Stokes's theorem)
s c
(3.107)

AV LYY

2
V=0(V)=55+32 5z 3110

°E=0(0-E)-Ox (OxE). (3.113)
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0-D = py, (4.1a)
0B
DxE_—E, (4.1b)
0-B=0, (4.1c)
oD
DxH_J+E. (4.1d)
0-D=py, (4.2a)
OxE=0. (4.2b)
0-B=0, (4.3a)
OxH=J. (4.3b)

J=pu (A/m? (4.11)
I:/SJ-ds A).  (4.12)

_ 1 Ja(R-R)
471.921 IR—Ri|®

(Vim).  (4.19)

!
E— dE:l/ g P v
\V 411 J\/

(volume distribution)  (4.21a)

1 ~/ Psds o
E= A /s R R (surface distribution)

(4.21b)

. 1 ~/ Py dl’ . . .
= 4n£/|/R R (line distribution)

(4.21c)
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E=d2 zp—s (infinite sheet of charge) (4.25)

€0

O0-D=py (4.26)
(Differential form of Gauss’s law)

jéD-dS: Q (4.29)

(Integral form of Gauss'’s law)

D Dy Pr

E=—=f—=F 4.33
& & 2TTEpr ( )
(infinite line charge)

P
Vor=Vo—Vp = — E-dl, (4.39)

Py

jé E-d =0 (Electrostatics) (4.40)
c

V:—/PE-dI (V). (4.43)

vo Lty G V). (4.47)
~am 2 RR -
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1 v o
V= 47T£// = dV’ (volume distribution)

(4.48a)
_ 1 /b S
T ane /3 = ds (surface distribution)
(4.48b)
_ L [P gine distribi
“aE R dl’ (line distribution)  (4.48c)
E=-_[V. (451
__PR o
T (electric dipole) (4.54)
L .
T 4meR3 (R2cosf +8sinf) (V/m). (4.56)

0%V = —% (Poisson’s equation) (4.60)

0V =0  (Laplace’s equation) (4.62)
J=0E (A/m?) (Ohm'slaw) (4.63)

0 = —Pvelle+ PvhHh
= (NeMe + Nnpin)e (S/m) (semiconductor)
(4.67a)

0 = —PveHe = Nelle® (S/m)
(conductor) (4.67b)
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Perfect dielectric: J =0,
Perfect conductor: E = 0.

v - [E-d ) - [E-d )

! /J'ds /O’E'dS'
S S

p_ /V E-JdV (W) (Joule’slaw) (4.79)

E]_t = EZt (V/m) (490)

Dy D
T2 (4.91)
@il &

fi (D1 —D2)=ps  (CIn?). (4.93)
Din—Don=ps (CImP). (4.94)
N2-(&1E1 — &2E2) = ps,  (4.95a)
&Ein—&Exm=ps. (4.95b)

D; =¢&Ej; =nps (at conductor surfage (4.101)

m ( — > = ps (electrostatics (4.104)
o1 02
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/sE-ds
c=25_ (P, (4.109)
—/IE-dI

RC=—. (4.111)
_Q_0Q A
Cfvf Ed= d° (4.113)
- Q 2l
=V " in/a)’ (4.116)

W,=3Icv? (I (4.121)
We= 1 =5 eE?  (JImP). (4.123)

F=-DW, (N). (4.128)
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0-B=0, (5.1a)
OxH=J, (5.1b)

F=Fe+Fmn=0qE+quxB=q(E+uxB). (5.5)
=1 jédl xB (N). (5.10)
m=ANIA=Am (A-m?), (5.19)
T=mxB (N-m).  (5.20)

| rdixR

=) e @M, 622
1 R

=1 SJSI:Z ds (surface current) (5.24a)
1 [ JIxR

N R dVv (volume current) (5.24b)

B — &% (infinitely long wire)  (5.30)

. |a?
H=_""_(R2cos +Bsin)
ARS8

(for R> a). (5.38)



2

February 16, 2012

0-B=0 <> jéB~dS:O. (5.44)
S

B=0OxA  (Wb/m), (5.53)

°A =—uJd.  (5.60)

_ Ky
A=l g (Wbim).  (5.65)

MU= po(l+Xm)  (H/m). (5.76)

w=t 14 xn. 77
Ho

7£SD .ds=Q =>  Din—Don=ps (5.78)
7£ B.-ds=0 =»> By, =Bon. (5.79)
HiH1n = poHon.  (5.80)
Ayx (Hi—Ha) —Js.  (5.84)

Hit=Hz.  (5.85)

B ~zunl = zuNt (long solenoid with /a>> 1).
(5.90)
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CD:/B-ds (Wb).  (5.91)
S

N
L:T

H). (5.94)

NZ
L=pu TS (solenoid)  (5.95)

Lzlﬁ_i_}

== /SB-ds. (5.96)

_L_®_p (P
U=g=1= In(a>. (5.99)

Liop=—=— B;-ds (H) (5102)
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®— /5 B-ds (Wh). (6.5)

Vi _N/S‘;E’-ds (transformer emf)  (6.8)

oB

Ox E= T (Faraday’s law) (6.13)
Vi N
VN, (6.16)
i N
N (6.18)

2
7 (Nl> z. (6.21)

- 7£(uxB)'dI (motional emf)  (6.26)

dod
Vemf = T 5

d
= __a/SB-ds (total emf)  (6.40)

%H-dl = IC+/aD-ds (Ampere’s law). (6.43)
C s ot
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Ipy

0.J=--2Y
ot

(6.54)

%J-ds:o (Kirchhoff’s current law.  (6.56)
s

E=-0OV-— dd—'? (dynamic case) (6.70)

B=0OxA. (6.71)

1 [ o(Ri, t—R/up)

V(R,t) =
(R0 471 J\1! R

dv’ (),

(6.74)

AR,t) = L/,W dv/  (Wb/m)

(6.75)

v 1 [ AR)e M

— !
=i RV (V). (682

ARR) = “//J(R‘)Rejm av, (6.84)

OxH=jweE or E-_1 oxA. (6.86)
joe

OxE=—jwuH

or H

- ExE (6.87)
jou
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0-E = py/e, (7.2a)
OxE=—jwuH, (7.2b)
0-H=0, (7.2¢)

OxH=J+ jweE. (7.2d)

.0
8028_167 (74)

O-E=0, (7.6a)
OxE=—jwuH, (7.6b)
O-H =0, (7.6¢)
Ox H = joweE. (7.6d)

[PE—yE=0. (7.15)

[°H—y’H=0. (7.16)

k=w/HE. (7.18)

n="F =% =\/E @, (7.31)

kK  w/UE

w o 1 / 7.35

K~ oyiE - vhE (m/s)  (7.35)
21T U

/\:?:Tp (m). (7.36)
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Ivlg/ I 8” 2 1 1/2
a=w 7 1+<8/> —1 (Np/m),

(7.66a)

IJSI i £// 2 1 1/2
B=w o 1+<£’> +1 (rad/m).

(7.66b)

n\ —1/2
Ne=/2 = ’“’(1—18) Q). (7.70)

0= % (m), (7.72)

we" [u g [u
a > \/;_2\/: (Np/m), (7.75a)

B = w\/ue' = wy/pe  (rad/m)y  (7.75b)
~ K &N M 9
I‘Ic—\/;<l+J2€,>— £ (1+12w£>'
Ne =2 \/E, (7.76b)

[

(7.76a)
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1
agw\/f:w,/gg:\/m (Np/m),

(7.77a)
B=a= /nfuc (rad/m) (7.77b)
N u L fmfu N
Ne=\/ig = (1+J)\/7— A+i5 (@
(7.77¢)
_ 14
Z="5 @ (@9

1 1
R=R,+R,= n<a+b> (Q/m).  (7.96)

Sav = L 9Re [E x ﬁ*} (W/m?).  (7.100)

1
Saw=2 5 (B0l + [El?)

B W), (7.105)

e 2%%cosB, (W/m?), (7.109)
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r:%: N2—Mm
By m2+m
By m2+m

(normal incidencg (8.12a)

(normal incidencg  (8.12b)

T=1+T (normal incidence) (8.13)

v & — V€,

r=-——"—=<(nonmagnetic medja (8.14)

B \ 8['1 + vV 8[’2

S— |E1|max _ 1+l
‘El‘min 1_|r|

(8.15)

_Zzlmaxz 2k1 e A 7
n=12..., if6 <0,
{n:0,1,2,..., if 6 >0, (8.16)
| Imax+A1/4, if Imax < A1/4,
min = { |max*)\1/4, if Imax > )\1/4. (8.17)

2 _r2
r_iT (lossless media) (8.1)
N2 N1
== Ny (8.24a)
rlCz + r’Cl
ro14r = 2 (8.24b)

nCz + nC]_ '
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6 =6, (Snell's law of reflection,  (8.28a)

sinf Up,  [Hi&
sinG  up, Uz &

(Snell's law of refraction.  (8.28b)

c [ e
Up Log vV Hré&r ( )

sin6G _ ﬂ B i _ % B
sin@  np, \/:2— m (for pp = pz). (8.31)

: n . n
Sin6, = n—ismet’et:n/z = n—i (8.32a)

- % (for iy = 112). (8.32b)

1
sin@, = r;(nf2 —-nd)Y2.  (8.33)

6 =6 (Snell’'s law of reflection) (8.55)

sinG, ki w\/h& N

sin ko  w &
(Snell’'s law of refraction) (8.56)

E —
=S 12C0SB — 11 COSB; . (8.58a)
E'y 1N2cos8 + nicost

r

B % - 21, cosH
" El, N2C0S8 +n1cosh; |

T, (8.58b)
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T, =1+T,. (8.59)

cosB — 1/ (&2/&1) — Sirf 6
= (for tn = ).
cosB, + 1/ (g2/€1) — Sirf 6

(8.60)
EI'
_ Slo_ M12c0sG—Mmcosh g o
Elp  N20088+nicos ~
Et
I = — 2M2C058 g 66p)
EHO N2c0s6; + Ny cosb;
cosB;
T =(1+T)) coselt . (8.67)
- —(£2/€1)c0SB, + 1/ (£2/€1) — Sir? 6
=
(£2/£1)cOSB + 1/ (€2/€1) — Sir? 6
(for g = o). (8.68)
1
Bg=sinty/— —
Bll 1+ (81/82)

:tan’l,/z—i (for 1 = o). (8.72)

R =13 (8.77)

PI’
I 2
RH = EI" = |FH| 5 (878)
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_PU[EY4® n1 Acosé

T, =Ll T
- P, |E' (%> n2 Acost,
_ - 12 Nacost
= |1.| <n20056.>’ (8.79a)
Pt
"I . 2 ( Nicost
T= P =1 <r720059>' (8.79b)
O
ML+ 2<nlcos >=1, 8.83a
Mo+ |7y N2COS6 ( )
2 2 (N1COSB\
T+ 7] (rlzc039.> =1 (8.83b)
— . _J aﬁz 0ﬁ2
Ex_k§<B W-f—wll 0y), (8.89a)
= _I( g% . 0
Ey_kg< B 3y TOH 6x)’ (8.89h)
0 (e 98 5 0H
Hx—k§<a)€ ay B 0X>, (889C)

il 7;1 aﬁz dﬁz
Hy = i@ <we o TP ay>' (8.89d)

frm = u—z"o (g)2+ (g)z (TE and TM)
(8.106)
w i 2
B=2y/1- <f) . (TEandTM) (8.107)
Po
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_9: Up,
=3 —1—(frm/f)2. (TE and TM)

(8.108)

1 /
UQZWZU% 1—(fnn/f)2, (8114)

Upllg = U5 . (8.115)

=2 O @2
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- —jkR
_ “‘l'“"T”‘) (eR >sin9 (VIm), (9.9a)
_ ';z (A/m), (9.9b)

Sav= 1%e (E x ﬁ*) (W/m2).

Nnok?1212 .
S(R,e):< o2z ) S0

=Ssife  (W/m?). (9.12)

dQ = (:T?:sine dé de (sn).

Qp = /AHF(G,(p) dQ  (sn.

am am
Dziwi

Qo BaPr

= F:;tad (dimensionless)

G=¢&D (dimensionless)

E _ @ _ F)rad _ I:\’rad
Pt I:)rad + I:1055 I:\)rad + RIoss

Rag=80m(1/A)?  (Q).

1

(9.10)

(9.18)

(9.21)

(9.26)

(9.27)

(9.29)

(9.34)

(9.38)
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_ —jkR

B — jeolo{COS{(Z{jgcose]} <eFL ) , (9.44a)

= ';9 : (9.44b)

0
2
F(9) = S(I;G) _ {cos{(z{?gcos@]} . (9.46)
Ae= F;’“ (mP). (9.57)
3A2 2 .
Ac= B (m=) (short dipole) (9.63)
Ac = )\42: (m?) (any antenna) (9.64)
[ec Ir /\ 2

e L _oq ('
R>2d?/A, (9.73)
S(R,8) = Sysiné(mysinG/A) (xzplane, (9.83)
Bz = 26, ~ 2sinB, = O.88IA (rad). (9.88a)

B, =088 |Ay (rad). (9.88D)
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A
sz=er,
X

S(Ro, 8, 9) = S(Ro, 8, ¢) Fa(6).

2

N-1
E (9) — aiejtpiejikdcose
072

2
Faly) = (uniform phasg

N—1
Z;aiejiy
i=

_sir(Ny/2)
Fa(y) = W

(uniform amplitude and phage (9.114)

y' = kd(cos8 — cosfy).

o= 2n0rr<Af> .
fo

2 Af
cosBy = E—Odn <f0>.

(9.89)

(9.102)

(9.104)

(9.107)

(9.120)

(9.127)

(9.128)



February 17, 2012

1

GMcT2\ 73
RO—< 492 ) )
TT

.- Pi  Y(8) qu( A )2.

TP KTysB  \41R

AR = Rz—R1:CT/2.

_ RG*A%q;

P=—c= (radar equation).

(4m)3RA

R1G2A20; } 1/4

Rmax = [(4n)3KTWSSnm

(10.6)

(10.11)

(10.14)

(10.16)

(10.23)

(10.27)



