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Oppgitte formler / Given formulas

VECTOR DERIVATIVES
Cartesian. dl=dx&+dyy+dzz, dv=dxdydz

at at , 0Ot ,
Gradient : Vi = —%+—§+—12
ax ay 0z

duy  Ouy 0y

. V. _
Divergence v i 5y PP
dv, By . Uy 3vz> R duy  dux .
: Vxy = [— ==& - e
Curl .xv (ay az>"+(az P y+ o 5y z
, 5 8%t 8% 8%t
Laplacian - Vit = — A+ S+

+
9x?2 T ay?  9z2

Spherical. dl=drt+rdf6 +rsin6d¢d; dr=r’sin6drdode

" Gradient : vVt = %—f'%—%% A+rsi1n95%$

Divergence: V.v = ;138—8;(7'21),) + ”—;155%(sin9 vg) + ey 88_1;';2

Curl Vxv = rsilnG [%(sine vg) — %—Z—f—]f'

IR !

Laplacian : Vi = ;%;; <r2g—;-> + r—l_s%}?éa% (sin@%) + rz_sjnTGij_;%
Cylindrical. dl=ds§+s5dp@+dzz dr=sdsdpdz

Gradient : Vi = —g—gé—i—%%@—}—%i

Divergence: V.-v = l(738—(sv5) + -Sl—%%b— + aa_vzz

Curl : Vxv = [%%”%]§+[%_%}$+é[%(w¢)_%}i

14 ( 8\ 128% 8%
ian - 2, — 22 (,% Lot vt
Laplacian : Vet = (s 8s> + 7547 + P
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VECTOR IDENTITIES

Triple Products
(1) A-BxC)=B-(CxA)=C-(AxB)
2) Ax®BxC)=BA C)—-CA B
Product Rules
(B) V(fg) = (Vg +&(VS)
@) VA B)=Ax (VxB)+Bx(VxA)+@A V)B+B: VA
5) V-(fA) = f(V-A)+A-(V])
6) V-(AxB)=B-(VxA) —A (VxB)
7 Vx(fA)=fxA—AxV])
8) Vx(AxB)=(B V)A—(A V)B+AV B)—B(V-A)
Second Derivatives
© V. (VxA)=0
(10) Vx(Vf)=0

(11) Vx(VxA):V(V-A)—VzA

FUNDAMENTAL THEOREMS

Gradient Theorem : [ (Vf) -dl= f(b) = f(a)
Divergence Theorem : [(V -A)dt = § A -da

Curl Theorem : [(V xA)-da= $A-dl
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BASIC EQUATIONS OF ELECTRODYNAMICS

Maxwell’s Equations

In general : In matter :
€0

9B

VxE:—E VXE:_B—

) at !

V.B=0 V.-B=0

aD
oE \vJ = —_—
V x B = poJ + toco—- ! xH=Jr+ 5

Auxiliary Fields
Definitions : Linear media :
D=¢E+P P=¢yx.E, D=¢E
1 1
H=—B-M M=yx,H, H=-B
Mo ©
Potentials
A

=—-VV - —, B=VxA
ot

Lorentz force law
F=¢gE+vxB)

Energy, Momentum, and Power

1 1
Energy : U= E,/‘ <€0E2 —+ %82) dt

P=eof(ExB)d-c

Momentum :
) 1
Poynting vector : S = —(E x B)
Ho
Larmor formula: P = —ﬁL—O—qza2

6me
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FUNDAMENTAL CONSTANTS

@ = 885x10712C /Nm? (permittivity of free space)
wo = 4w X 10-7 N/A? (permeability of free space)
¢ = 3.00x 108 m/s (speed of light) |
e = 160x 107 C (charge of the electron)
m = 9.11x 1073 kg (mass of the electron)
SPHERICAL AND CYLINDRICAL COORDINATES
Spherical '
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Cylindrical
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rsinf cos ¢
rsin @ sin ¢
rcos®

N
tan—! (v/x2 + ¥*/2)

tan™! (y/x)

5 COs ¢
s sin ¢

P

L

Vx2+y?
tan™! (y/x)
z

|

N> > >
I

N> Q. W

o

>
Il

N>

S>> O P

sin6 cos¢f‘+cos@cos¢>é _sing ¢
siné sin ¢ £ + cos 6 sin qbé-\—cosgbsz
cosft —sinf b

— sinfcospk+sin@singy+cosfz
— cosfcospR+cosfsingy —sin b2
—singx+cosg§

Il

cos ¢ § — sin Y
sin qbé-!—cosdnf)
z

cospX+sin @ ¥
—sin px+coso ¥
z



