SPHERICAL AND CYLINDRICAL COORDINATES

name notation SI dimension
- — Spherical
force F N = ki;n MlLlT 2 X = rsin6 cos ¢ i:sinﬁcos¢f+cus9cos¢éf>in ¢¢£
112 5 y =rsinfsing § = sin6 sin ¢ £+ cos 0 sin ¢ 0 + cos p ¢
energy EU J=N-m M LT~ < =rcosh 5 = cosOf —sind 6
power P W= g ].\/[1]-_12"]:‘73 r= \/X2+()‘2+:2 ) I =sin 0 cos¢p X+ sin Osing§ +cosfz
6 =tan~' (Vx2+y2/z { é:: 086 cospX + cos@sing § — sin HZ
charge q C=A-s Tlll ¢ =tan"(y/x) ¢=—sinpX+cosp§
charge density 0,0, A m30~2-1 L=3—2-1ipl Cylindrical
. X =5C0S¢p X = cos¢sf>m¢¢
E field FE % = % M1L1T73171 sin ¢ { j:' im¢§+cos¢¢
=z Z=1
sipsos F _ 2 —17 —3m472
vacuum permittivity €0 e ] M='L=°T%1 e § = cosg +in 09
. . —37— = tan~!(y = —si X cos ¢y
E potentlal s0"/ V = NTm MIL2T 311 f:z (y/x) g:i§1n¢x+um¢3
Capacity C F — % M—lL—2T412 VECTOR DERIVATIVES
E dlpole moment p C - m ]'_11':[‘1:[1 Cartesian. dl=dxX+dyy+dzi; dr =dxdydz
ar . o . o,
E quadrupole moment D C-m? L2T'! Gradiens:  Vi= 134 2yt
. - C —2mi17l o
polarization density P o LTI Diversence: ¥ v — au%\ N daL‘ . ZL
E displacement field D < L—2T! o o o
— ot = (I (g (i,
E Susceptlblhty X 1 1 ay az az ax dx ay
. el s R o B
relative permittivity K, Er 1 1 Lapiacian: Vi1 =g+ 55+ 53
o 17 3p—37-2 . .
resistivity P Q-m ML°T™1 Spherical. dl = dr +rd6f +rsinfdpd; dr =r sinddrdodp
conductivity o s M~IL=3T312 Gradiens:  i= Qg1 1 %4
- - A 210 . o rae Fsinf dp
current density 7,J,1 — 10 L===5%1 N 01
__ N 1m—-27—-1 tergence: V- v= r_iﬁ(' L’)+rs|n9 a0 sind vp) rsinG%
M field B T= e MIT—21
A ] - Vv ! D it P07
M ﬁeld H = L I Curl: X V= Toind {@(sm vp) — g]r
:1: N 17T 1m—27-2 v : p IR
vacuum permeability 140 Az ML'T—~1 N 1[%%7%(”‘ ]9+ P(rw)— aj:}b
r sin 0 ar ir
M vector potential A Yﬁs MILIT—21! Vo (L L o R
A 2 271 Laplacian: V°t = o (,_3;7) + Teind 30 (sinﬂv) + 273(;72
M dlpole moment H A .m L I 2o ar resind @ 00 r2sin® 6 ¢
M flux i) Wb=T- m2 —V-s M1L2T_21_2 Cylindrical. dl =ds§+ sdpd+dz3; dr =sdsdpdz
. Car,  lar . o,
inductance LM H=4b M!L2T—21! Gradient: V1= 58+ 5350 5
impedance Z,R, X Q=73 M'L2T 312 Diergences ¥ v = L ¢ L0 00
_ _ Curl: va*[ldl d{v ]S+VU‘*$] +l|:7(\v,p)f .}A
a-(bxe)=b-(cxa)=c-(axb) ETINE az a5 TS i
o RENE 1% | 9%t
x(bxec)=(a-c)b—(a-b)c ‘ *;K(a;)*ﬁa‘»ﬁ*azz
st, the test charge —q with velocity vg is at distance r from the axis,
(a X b) : (C X d) = (a : C) (b : d) - (a : d) (b : C) s o t s, nogn 1\\t("hufrg(; “move with wrlo('ity o Lt the tine charge dcnslt;' be
, the force be .
. . Frame S’ the test charge is at rest. Let the line charge density be N, and A", the force be F'.
V- (fA) - fv A + A Vf Let the ‘inherent line charge density’ be Aoy and Ag_. Let v
. 1
VX (fA)=fVxA+VfxA "= e
Transformation of line charge density: | = ly/y(v) = A = y(v)Ao.
V(A-B)=Ax(VxB)+Bx(VxA)+A(V-B)+B(V-A) We have: L
= Ao+
= 2(v)ho-
V-(AxB)=B-(VxA)—A-(VxB) e g = ol - A
Ny = (=vo) Aot
x (AxB)=A(V-B)-B(V-A)+(B-V)A—(A-V)B
o q U ,
Vx(Vf)=0 s )
Solve it, we get
, g
V- (VxA)=0 =)o,
2 which is consistent with the transformation of force.
V x (V X A) V A) VZA ZY _ Za2Zas
1 ZAI;ZAZ2+ZA3
— — __ ZniZps
A-ds = /]/ dv ZY2 Za1+Zaz+Zas
oV Ty = VINRAN
Za1+Zaz+2Zas
A-dl://(VxA)-ds o
_ 2Zy3
os s Zpar = Zys + Zys + 2=
_ ZY1ZY3
//A~Vf+///fV-A:#fAds Zpz =Zy1+ Zys+
ZY1ZY2
) Zpa3 = Zy1+ Ly +
= o .. R3cy 3r,r — r’d& N R30y 1 N
_Ez, 3 —F = o3 (6050—5,005051119)

V.(@r"r)=(n+3)r"
P
V"t =n(n 4 1)r"? {E B 3y

1 Pecoer - 1)E ‘ _s Or -

. K &)r

V- 3 = 7v2 — = 471'(;‘3 (7') E 3e0 E B ARG AR SO, TR
r r etz "’ 2n(&, + &,)ab

c

b-a

e, —1
Vx(r'r)=0 P= 3%



P 0B OFE 1 . oD
Maxwell:V-E:g VXE__E V-B=0 VxB= MOJ+€ouoat souozc—z V- D = pgree VXH:Jfree—i-E
2 dF
eotipc” =1  Lorentz force : F = gq(E + v X B) Fie IxB
r—r’ p(r’)dv Q Q p-r L (3p-r)r p
lect E = . = T E-ds==% (==X — E— P
electric : /// 47750 |r —7'3 ¥ /// dmeg|r — 7’| # s €0 v ¢ 4egrs 4meg rd 73

P=N¢gd=xe0E opa=P-n ppoo=—-V-P D=cgyE+P=regE P= (1—>D=(I€—1)60E

o A o4 _ Ko jdo jdv x (r—7') yg o // B
VP:B=VxA V-A=0 V°A=—ugj Af477// 1] /// PE B-dl=ypy || 3-ds=pol

L S B . Op . polr? N
current : j = pv jdv = Jds = Idl V'J__E rmg.B—W reslbtance.R—pg j=0cF
2(r2 +22)
MOJT 5

7. Il w2, <R — ¢ <R

wire : B = MO q_’) A——'uo2 272 solenoid : B = ’ A= JR L = pon*V
™ R
0, r>R Ho ¢, r>R
2r
2 1
dipole: p =18 A:MOHXT B = MO 3(# r)r fﬁ n== rxjdv W==xu-B
dr  r? R 2

1

energy:U:fC’V2 U—f/// pdv——// E?dv U == // A-gdv=— // B?dv = ZMi,inIj
240
do dar diy - dl
inductance : ® = /B ds SffE:fLan— 55515 L2 M =ky/LiL,
OFE 0A 0
displacement:jdzeo—at new potential : E_—quﬁ——at B=VxA V-A+ ueo 8? 0
1 2
new equation : [1? = VQ——a— D%p = — L ?A = —uoj DZE—E—F oaj ’°B = — 1oV x j
28t2 €o ot

0% 1 0%

planarwave:w—c—zﬁzo E,=filx—ct)+gi(x+ct) cB,=fi(x—ct)—gi(z+ct) cBy=—folx—ct)+ ga2(x + ct)
0? 20 102 —ct

spherical Wave:%+;%_§8tg 0 w:Mf Helmbholtz : (V2 + k*)F =

1 [ 22 iwL L w22 . 1 L 1
ACPZQISR Z(): Zt Z+2122 IOWpaSSLC:ZOZT‘F 57 4 hlghpaSSCLizozm+ afm

boundary:n-(El—Eg)zg nX(El—Eg):O ’I’L'(Bl—BQ):O nX(Bl—Bg):,U,()J
0

rect res : B, = Ay coskyrsink,ysink.z E, = A, sink,zcoskyysink,z E, = A,e“"sink,xsinkyycosk,z
2

—iwB=VxE ‘;’7 =k =kl+kl+k2 0= Agk, + Ayky + Ak, min TE1o1, TM110, 10 TEmno, TMonp, TMimop

w o 1 1 1 , _ . ot e
f:% T:U E2=k -5 w=ecr 9—1—1)—2—1—@ Wavegulde:E:(e(%y)—i—zez(x,y))e(t Bz)
—i( OFE, 0B, i OFE, 0B, i OF, i OFE, 0B,
E, = — E, = (- B, = B ooz
2 p Oz T Ay Y k2 Ay tw Ox k2 Ay v= k2 0K 5 + Ay
E, E, B Pow _ fow Ko How kno B Bno 27
7=22__"Y H=_ 7 N =, /=2 = T =~ 0 o= 0 N
H, H, o M B k Hot €0 o are B B ™7 eow k 7B
9] k 0 2
vp:a—j:%:Bc vgzéz%:%c coaxial wg: v = /(R+iwL)(G +iwC) R=G=0=pB=wVLC Z=+/L/C
mm\ 2 nm\2 ck  ck 1 mm\ 2 nm 2
twg:p= k- (B0) - (M) g, = ok c:\/() ()
rect wg : f \/ a b Jemn 27r 27 27 2\ /Eofto a * b
TEp, : E;x = %A cos m;rx sin nby e 182 E, = _lkuéZmASin m;rx cos Y o i8> E,.=0
B, = li;mrAsin mrr cos Y o —ip= B, = li;;TAcos m;m sin —mbry —i82 B, = Acos m;m cos Lzy —iBz
TMpn : Ex = _lﬂmﬂAcos L E, = _1ﬁmTAsin T cos Y o6z E, = Asin T in 1Y o6
k2a a b ‘ k2b a
B, = 1&:O'MO(M”TZLXsin mre cos @e*iﬁz B, = 71€0u0wmﬂAcos mrr sin @e*iﬁz B.=0
k2b a b k2a a

transform : 2’ = y(z —vt) ' =t —vx/P?) j, =7, —vp) P =A(p—vi /) F =4F v =15
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