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Useful Formulaefor Electromagnetics

By: Leo Kempel (kempel @egr.msu.edu)

Coordinate Transfor mation

Cylindrical-to-Cartesian and Spherical-to-Cartesian
x =r cos(f ) = rsin(q)cos(f )

y =r sin(f ) =rsin(q)sin(f)

z =rcos(q)

Cartesian-to-Cylindrical and Spherical-to-Cylindrical
r =x?+y? =rsin(q)
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f=t

Cartesian-to-Spherica and Cylindrical-to-Spherica
I’:\/X2+y2+22 =\/r2+22
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Component Transformation

To-Cartesian: A=A X+A y+Az

A, =A, coslf)- A, sin(f)=A, sin(q)cos(f )+ A, cos(g)cos(f )- A, sin(f)
A, =A, sin(f)+A, coslf)=A, sin(g)sin(f )+ A, cos(g)sin(f ) + A, cos(f )
A, =A, cos(g)- A, sin(q)

To-Cylindrical: A=A f +A,f +A 2

A, =A, cosf)+A, sin(f)=A, sin(g)+A, cos(a)
A, :-Axsin(f)+Aycos(f)

A, = A, cos(q)- Aqsin(q)

To-Spherical: A=A F+A g+A,f

A, =A, sin(g)cos(f)+A, sin(a)sin(f )+ A, cos(a) = A, sin(q)+A, cos(q)
A, = A, coslg)oosit) + A, coslg)sin(f)- A, sin(a)= A, cosa)- A, sin(g)
A, =-A,sin(f)+A, cos(f)




Unit Vector Transformation

To-Cartesian:

% =F cos(f)- fsin(f)=

rs
§=Fsin(f)+f coslf ) =tsi
=fc

n(q)cos(f )+ qcos(q)cos(f )- f sin(f)
n(q)sin(f)+asin(g) cos(f )+ sin(f)
os(a)- qsin(q)

To-Cylindrical:

To-Spherical:
= xsin(qg)cos(f )+ §sin(g)sin(f ) + 2cos(q) = f sin(q) + 2cos(q)
= % cos{q) cos(f ) + Y cos(q)sin(f )- 2sin(g) = cos(q)- 2sin(q)

=- xsin(f )+ Jcos(f)
Differentiation

Cartesian: w(x,y,z) and A=A K +A J+A,2
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Spherical: w(r,q,f) and A=A F+A g+A,f
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Vector Identities

AZ=AGA

A+B=B+A

AB=B:A

A" B=-B A
(A+B)>C=AxC+B>C
(A+B) C=A"C+B’C
AB"C=B>C"A=C>A' B
A" (B c)=(AxC)B- (AsB)C

N(v+w)=Rv+Rw
NxA+B)=RxA +N>8
N (A+B)=N"A+N" B
N(vw) = vRiw +wRv

~avd VNw- wNv
Ne—+=——F—

N(A>8)=(AN)B+(BN)A+A" N B+B" N" A
NxwA) = wR %A + A xRw
“(wA)=wN" A- A" Rw

A B) B>N A- A>N B
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Metric Coefficients, Surface Elements, and Volume Elementsfor Different Systems

Relations Cartesian (x,y,z) | Cylindrical (r,f,z) | Spherical (r,q,f)
Base Vectors X r r
5 f d
z i f
Metric Coefficients 1 1 1
1 r r
1 1 rsin(q)
Surface Elements s, = dydz dS, =rdfdz ds, = r2§in(q)dqdf
ds, = dxdz ddSSf _: (fjr(ijzf ds, = rim(q)drdf
ds, = dxdy , =radr dS; =rdrdq
Differential Volume dx dy dz r dr df dz r2 sin(q)dr dg df
Integral Identities
. Odx _2Jatbx
O o+ bx b
L dx ( /—)
=| + 2 + 2
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J cos (x)L,JdX X, sin(2x)
Tsn?(x)p 20 4
cpin®(x)ax =- —[2+sin2(x)]cos(x)
. : cos™(x)
m d -_ = \7
pos™ (x)sin(x)dx ]
(‘)pp cos(mf )sin(nf )df =0
P P . 10 nt'm
Opcos(mf)cos(nf )of —Opsn(mf)sn(nf )df _%p n=m




