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Appendix E

SUMMARY OF PARTS I AND II
AND USEFUL THEOREMS

IDENTITIES

AxB-C=A.BxC(,

Ax (BxC)=B(A-C)— C(A-B)
V(¢ + )= V¢ + Vy,

V-(A+B)=V-A+V.B,

Vx(A+B)=VxA+VxB,

Vigy) = ¢ Vy + y Vg,

V-(pAy=A-Vy + ¢V A,

V.- (AxB)=B-VxA—A.V xB,

V- V¢é = Vig,
V. VxA=0,
V x V¢ =0,

Vx(VxA)=V(V.A) — V24,

(VxA)xA=(A-V)A — 1V(A - A),
VIA-B)=(A-V)B+ (B-V)A + A x (V x B) + B x (V x A)
V x (dA) =Vd x A + ¢V x A,

V x (AxB)=A(V-B) —B(V-A) + (B-V)A — (A-V)B.
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THEOREMS
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Divergence theorem fﬁA .nda =fv AdV
5 v

Stokes’s theorem ff;A .dl =J(V x A)-nda
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Table 1.2 Summary of Quasi-Static Electromagnetic Equations

Differential Equations Integral Equations
Magnetic field system VxH=1J, (1.1.1) § H-dl= f J;-nda (1.1.20)
c s
V:-B=0 (1.1.2) §B-nda=0 (1.1.21)
8
V.3,=0 (1.1.3) §J,-nda =0 (1.1.22)
s
B d
= — — 'edl=—— | Bend 1.1.23
VXE % (1.1.5) é}E dl dt_L nda ( )
where EE=E+v X B
Electric field system VXE=0 (1.1.11) § E.-dl=0 (1.1.29)
¢
VD =p, (1.1.12) %D-nda = f prdv (1.1.25)
8 v
v.s,=-2 (L 3 onda=— 2| pav (1.1.26)
T T % o P n dtVP’ o
d
VxH=J+ D (1.1.15) H’-dl=fJ,'.-nda+—fD-nda (1.1.27)
ot c s drJg

where J; = J;— p;v
H=H-vXxD




Table 2.1 Summary of Terminal Variables and Terminal Relations

Magnetic field system Electric field system

Definition of Terminal Variables

Flux Charge
lk=fB'nda qk=f Pde
Sk Vi
Current Voltage

b
ik=f J;on' da vk=fE-dl
S’ a

Terminal Conditions

diy, . _ dgy
Vp = -;17 I = —d—t
Ay = M(iy - - - iy geometry) qr = qx(vy * * * vy; geometry)

iy = iy(Ay - - - Ay; geometry) vy = U(qy * * * qn'; geometry)
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and M Mechanical Terminal Pairs*

Magnetic Field Systems Electric Field Systems

Conservation of Energy

N M N M
dW,, = D ijdi; — > [ d; (a) dW, = vjdg; — > f*dz; (b)
=1 je=1 j=1 j=1
, N M , N M
dw,, =3 didi;+ > f*dx (©) AW, =3 gqidv; + > f;°dx; (d)
i=1 i=1 =1 i=1
Forces of Electric Origin,j =1,..., M
W, gy oo Ay, oo, Zyy) OW, Gy N3 T1s e o5 2hp)
e — _ AL > N> 1 »TM e — . Ay >IN L M
iz o @  f o ®
W, (i v nins Ty e e e s Thp) OW 01y e ey U3 Ty v v e 5 Tgyp)
e _ AU TR\ e » % e _ e\l1s - - -5 Vys 2p, »Fm
Ji ox; ® fi 0x; (h
Relation of Energy to Coenergy
N B
W + W = 2 Ay M Wot+ W/ =2 vq, 6)
i=1 j=1
Energy and Coenergy from Electrical Terminal Relations
N4, , , LA ,
We = Z J‘ iy v A, 25,0, 00, 05y, Ly dRy (K w, = Z 177 (- U/ FEPY /O VR | ST )
i=1J0 i=140
N 25 , , N vy ,
W, = z Jv lj(il,...,l'j_l,ij,o,...,0;%1,...,%‘Dl)dij (m) W, = f qj(vlf"‘r"j—la v, 0,...,0;2,... (n)
i=1J0 i=14J0

* The mechanical variables f; and @; can be regarded as the jth force and displacement or the jth torque 7; and angular displacement 6;.



Table 6.1 Differential Equations, Transformations, and Boundary Conditions for Quasi-static Electromagnetic Systems with
Moving Media

Differential Equations Transformations Boundary Conditions

VxH=1I, (1.1.1) H =H (6.1.35) n x (H* — H®) =K, (6.2.14)

V-B=0 (1.1.2) B' =B 6.1.37) n-B*—BY) =0 6.2.7)
fﬁf‘;““"m V.J,=0 Ly 3=y, (61.36) n-(I° —J}) + Vy-K,=0 (6.2.9)
systems B ’

VXE=— " (1.1.5) E=E+vxB (6138 nx(E*—E?=y,B*—B" (6.2.22)

B = uy(H + M) (1.1.4) M =M (6.1.39)

VXE=0 (1.1.11) E' =E (6.1.54) n x(E* —E») =0 (6.2.31)

V:-D= (1.1.12) D'=D (6.1.55) n-(D*—D¥ =0 (6.2.33)

Pr b4
. Py = ps (6.1.56) 2

Electric V.y=-—2 (1114 T, =J,—pn"  (6.1.58) n-(J* — I + Vy-K; = 1,(p,% — p,®) — 1 (6.2.36)
field ot ot
systems aD

VxH=J+ 5 (1.1.15) H =H-v xD (6157 nx H*—H?) =K, + y,n x [n x (D — D?)] (6.2.38)

D=gE+P (1.1.13) P’ = (6.1.59)






