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TABLE 5-1 Summary of Vector Operations

’ COORDINATESYSTEM  OPERATOR ~ MATHEMATICAL FORMULA
Cartesian Del operator a( ) = X ) 8( ) a,
dy B 3
s v Vv 14
Gradient A% Wil +§;ay +—a-;a,
. JA. 0A, 0A
Dive VeiA=—t+—2+—%
rgence e &
dA, 0A, A, 94|, . %_?ﬁ-)a
Curl VXA= { a)' » ]ax +[ %z ox 8). ox ay 2
: o, o, v
Laplacian Vi = —_8_2_ a—z— Fry
% oV v
Cylindrical Gradient VW= I o o ay + 5 a,
. 19 104, | 04,
Divergence V-A —;-a—r(rA,) +; 3 ; o R %
(124, _24y), (24 2 +1[3<’A¢>_2&]a
o VXA—(;_BTP_ 0z L R Wt ol
% 2 2
cail o, Ll av ) 1 B B
» placian A" = a_’ [r > 3 a¢2 7
1 dV
Spherica] Gradient Vv = -aa—‘:-a, + % %%ae H ;sx—ng 55 ay
. R ) o 1 dAy
g L 2 or (&) rsin 6 00 (4y3in6) rsin@ 09
1 [0(AssinB) 0Ag 1[ 1 294, 9(rAy)
Curl TR 0 s e B 7 I R T
; v rsine[ 26 8¢} '+r[sm9 d¢ A
rLoor 39
Laplacian vy = —17 Ea{,- _a_V_) o R [sin 8 a_v) e v

or r*sin 6 96 a6 r? sin2@ a¢2



TABLE 1-6 Derivation of the Plane Wave Equation

Faraday's law

Ampere's law
4 u
fi) i
VXE=—u—
“ at
U
for plane waves
E,=E,=0
H, =H,=0
U
| LR
| 0z ot
! 4
differentiation
J with respect
[ 0z
Y
&E, _ _ﬂazH).
az* 9tz
N
o 2
az% az
TABLE 1-7 Classical Wave Equations in Time and Phasor Domai:.ls
Time domain: V2E = /,Lea E ViH=pe"— a’H
at?
Phasor domain: VE + o?ueE =0 VIH + o ueH =0
2 L
where V2 is the Laplacian operator YVE=|—+—=t—I[E
ax? ay” az

These are waves which travel at a speed of u = 1/V1e, which is the speed of light in the given medium. To derive
the wave equations, start with Maxwell’s equations in a medium with permeability 4 and permittivity €, containing
no charges or currents (p = 0 and J = 0). Then proceed as shown in Table 1-8 for the case of the E field.

v

TABLE 1-8 Derivation of the Wave Equation for the Electric Field in Source-Free Media

Step 1. Take the curl of both sides in Faraday’s law VX(VXE)=— y.ait (VXH)

: , __ & E
Step 2. Substitute for V X H from Ampere's law VX(VXE)=~- ﬂﬁ—'-
Step 3. Note that the curl of E is VX XE)=V(V:E) —~ V2E
Step 4. Also note that the divergence of E is zero. V-E=0
Step 5. Therefore, VX(VXE)=-VE

2E

Step 6. Substitute the result of Step 5 into Step 2 to find VE= ue

_
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i
UBC ELEC b |
URSE
211/MATH 264 FORMULA PAGES - FULL CO A
I;HYSICAL CONSTANTS « _7_7.-——-2" g |
ermittivity of free space: ¢ = = 4m x 107" H/m S5
S = 8. -12 W kol a e ace: Ho = o ¥ St
Electron charge: e Permeability of free 5P m = 9.109 X 1073 kg =
Speed of light i S M2x0 ¢ Electron mass: oy
of light in vacuum: € =2.998x10° m/s , ;f:'.,;_
___——‘—;‘;_—- " '
ELECTROSTATIC PRINCIPLES % R : Rjz T2—n
) 2 —_—= "‘"'—-—— iy
Coulomb’s Law: Fa= 41:5 %‘Q aiy | T ape = -I-ﬁi—z"' Riz [rz — —r1| iy
0 M2 , A
Point Charge Q at O: g1 9 (r comes from spherical coords) i3

Line Charge, density pr, on z-axis: B = L% (ﬁ)
b} g p

Sheet Charge, densiy ps, on 2 0; B =25, v = £LL (Both ps and py must be SO
£ - ::‘,vf‘."-.
Electric Flux Density: D =c¢E | (5 E"e"m gSnaraly o= &
Gauss’s Law, I: Qenc = ¥, where % '
:"
Gauss’s Law, II: Qenc = /]/ Py dv, wi'e!e
v 79
Electric field and potential: E=-VV ‘ :
Generalized Poisson Equation: Ve (EVV) = —:\pu
- Energy in Electrostatic Ficld: — i ‘[/] M_Fv’zr

' CONDUCTORS, CURRENT, RESISTANCE
Ideal conductor (“oc — 00”): E=0
“Ideal conductor boundary: E|n

Current and conductivity: J =oE “Ohm
J = pyv

Simple Resistor (length L, constant cross-section S, co;

Fancy Resistor (all current from A to B crosses surface S—°

CAPACITORS AND DIELECTRICS
Permittivity: € = ErEQ
Polarization: P=D-¢E

Simple Capacitor (parallel plates of area S, separation d). \
) Fancy Capacitor (surface S is one plate; points A, Bon

Dielectric interface with normal n: D;en=Djen




MAGNETOSTATICS

Biot-Savart Law:

Current I flowing in filament p = 0, direction a;:
Current sheet with density K [A/m), normal B

Current crossing surface S, from current density J:
Ampere’s Circuital Law (ACL):
Magnetic Flux Density:

Magnetic Flux (Wb):

Energy in Steady Magnetic Field:
Magnetic Force on Moving Charge:

Magnetic Force on Current Filament:

Magnetic Force on Current Sheet or Cloud:
Magnetic Dipole Moment (m = p,,):
Magnetic Torque on Given Dipole:

Review: Force F with moment arm R gives torque:

INDUCTORS AND MAGNETIC MATERIALS

IdL x ap H= /‘ dL x ag
pH = — 2
3 T 4ArR? 4R |
*‘l = La,,s, or, for segment, H = 4—- (sin ag — sin al)a¢
i—l=§Kxﬁ I=/K0dw
..]=//JodS J=VxH
‘ s
= f{ HedL (compare Stokes’s Theorem)

= pirito

;@ //BodS ﬂBodS 0
'ﬂw,,_;// B.Hdv—g/// p[H[? dv

Permeability:

Simple inductor (N filaments, current I in each):

Mutual Inductance:

Material interface with normal n:

MAGNETIC CIRCUITS

'F QvxB J =vp,
" dF = IdL x B F=/1deB=—/CJBde
§ e
dF = (KdS) x B dF = (Jdv) x B
dm=1dS m = NISA
 F=mxB 7= NI|B||S|, B LS
V| 7=RxF
ol
= EIE stores Wy = }LI? Joules
N ®
= el Ny®yo s S
& Il I2
é'n Byen H;xn=H;xn
;g
=
X

Reluctance (cross-section S, length £):

Air-gap force (cross-section S):

Magnetomotive force (simple setup—N turns, current I ):

Magnetomotive force (general—filament from A to B):

MAXWELL’S EQUATIONS (POINT FORM, GENERAL CASE—set 28 = 0 and 92

B
En( B) — Vin(4) = — / HedL (path restrictions apply)
2 A

R = %" = -% (integral defining ® shown above)
% K o
F= 1 BPsa

= 0 in static situations)

. B aD
VeD=p, VeB=0 VXE—"E { VxH= J+3t
P filament): | mdd / OB (ads (units: Volts) .-
Faraday’s Law (case of N =1 current ilament): e & .
e;}'é- Ee dL (loop shape matters!)
% i
b



-
S
Rxe
%

Uyy +U:a;, V=18, + Vyay +v.a,, w= wqa, + wyay + WAz,

gy + v = [u] [V cos(d), 0< O eie
‘ ), <0<~ ; [ul| = Vueu= “3+u§+u§
a;

:z = (UyVz — Usly, Us¥z — Ug0;, UzDy — UyUz) lux v| = |ul |[v|sin@
& NV

»{(wxu)=wo(uxv) ux (vxw)=(uew)v—(uev)w

u,,;o)topla.neAz+By+Cz=D; skswﬂ
3 \/A§+B§+a-2

proju(F) = (i : ::) 4

NTITIES - valid for smooth scalar-valued ¢, ¥ and smooth vector-valued F, G
Ve(FxG)=(VxF)eG-Fe(VxG)

(VeF) Ux(FxG)=F(VeG)~G(VeF)—(FeV)G+(GeV)F
V(FeG) = Fx(VxG)+Gx(VxF)+(FeV )G+ (GeV)F

i
v OJ;;,(:V.X F)=0 (diveurl =0)

n
dzdy = oa)| dz = sl dy dz, dS = |dS|
of S RIOf Of ST

,5;, —1> ndS—:h<az, oy’ 1) dzdy

21 2) (choosesxgntoonent) . K

) dudv (choose sign to orient; n= _@_S_)

L

ATES (z,9,2)

i\

VAT I.L ’.
+an";l.m la‘ﬂ‘sf
S5y 7"""*‘. .

.%

dz + a, dy + 2, dz ¢ Volume Element: dv = dzdydz

a‘

M




POLAR AND CYLINDRICAL COORDINATES (p, ¢, 2)
Transformation: = = pcos@, y=psing, z=2

L8
Local basis: a, = cospa, + singay, a¢=—sin¢a:'?'l‘08d>a,,, a;=a, @ {

Surface element (on p = a): dS = +ea,d¢dz Surface element (on z =const.): dS = £pa, dpd¢
Line Element: dL = a, dp + pag d¢ + a, dz Volume element: dv = pdpd¢dz
Scalar field: f(p, ¢, 2) Vector field: F(p, $,2)=F,a,+ Fsay + Fza;
6f 10f  of 10F,;  OF;
Vf= +-orag+ > VeF=-— =9
f ap a¢ az ® pap( F ) p a¢ +
8 pay a;

118 o8 @ 1 9 8f 1 8%
VxF==-|— _— e v2 =

2|3 3 0z pa( )+pza¢2+az2

SPHERICAL COORDINATES (r, 8, ¢)
Transformation: £ = rsinfcos¢, y=rsinfsing, z=rcosd

Local basis: a, = sinf cos ¢ a, + sinfsin g a, + cosfa;, ag = cosfcospa; + cosfsinga, —sinfa;,
4 a, = —singa, + cospa,

Volume element: dv = r*sin 8 dr df d¢ Surface area element (on r = a): dS = +a’sinfa, df do
Line Element: dL = a,dr + rag df + rsinfay d¢
Scalar field: f(r,8,¢) Vector field: F(r, 0,¢) = Fra, + Fpag + Fgay '.
0 f 10f 1.0 f 1 1 OF '
v b = ==t |
F=orort 250%™ " romd 06 VeE= 55 (PR) + g (Fesind) + i 3 |

a, rag rsinfag |
1 ['an SRR o/ (af) L (ol e P )
r2sinf | or &84 8¢ 3 = r2 or\' or) " r?sinf 88 06 r2sin? § 9¢* |

F,- rFy rsin0F¢ A

VxF=

INTEGRATING DERIVATIVES: THE FUNDAMENTAL ’I‘HEOREM OF CALCULUS (FTC) "
Line-integral form: / VgedL = / % 4 dm = % d + gz dz = Gfinal — Jinitial
Stokes’s Theorem: //(VxG)odS=fGOdL=szdx+Gvdy+szz
s c 5
Divergence Theorem: /[/ VeGdv= ﬂ GendS
R : S
DEFINITE INTEGRALS
/2 /2 /2 /2 2 /2 /2 8
/ sinzdz = coszdr =1 / sin31:d:z:=/ cos® rdr = - / Sin5$d£=/ cos’ zdr = —
0 0 0 3 0 0 15
w/2 x/2 w/2 /2 /2 m/2
/ sinzxdx=/ cos?zdz = = / sin? zdz = / cos® zdr = 37 / sinsxd:r=/ cosexda:=5—7r
0 0 48 o 16 Jo 0 32
INDEFINITE INTEGRALS
£0% dz 1.8 Aqem
/:ce”d:z:——z-(az—l) /tanz:d:r=1nlseca:| a2+1:2=5tan = (@>0) R
inipdee s 1 s =2+ B in—1(Z ol
/sm :1:dz-2 4s1nZz /cos zdz 2+481n2:1: /m (a) (a>0) i
=ag l(z) o = - MR T S s
m 3 a (a2 — z2)3/2 a%a? — 22 (22 + 02)3/2 N Ty
2
S L fa=ag O L 1T /L= V22 + g2
/ a2 —-z?dz = 5 :z:+251n (a) (a>0) B 1n|:c+ :z:ial

Adapted from R. A. Adams, Calculus, A Complete Course, Addison-Wesley, 2003.

{



sinf;  [usey v
sin 6, € vg
emikr

E9=Eo R

_E_é Lot 12 cos 0; — 1, cos 6,
E§ = 1) cos 0; + ny cos 6,

E§ 21 cos 0;
el
Eq 7 cos 0; + 1y cos b,
_6= _ 1pcosty — m cosb;
Ej i 72 cos 0 + 7y cos b;
Ey _ 21s cos b;
B ok
0 ns cos 0, + ny cos b;
03 — ta.n“l 2
€1

1 \ |
Savg = §|Eo|2/770 -1 16

Trs(E) = Tre(H) = -E%fi?—i
ta.n(@, = 0,)

Irpm(E) =Trm(H) =

_pL_ L
Fa = A oA
1
E=—VxH
Jweég

(‘0

VT fpo

E, = E, el (wt=pz)

i tan(0; + 6,)

==

sint = cos(t — 7/2)
sin?t +cos’t =1
sin 2 = 2sint cost
cos 2t = cos?t—sin®t = 2cos? t—1 = 1—2sin’¢
sin(a + b) = sinacosb + cosasinb
cos(a + b) = cosacosb — sinasinb
2cos*(a/2) =1 —cosa
2sin’(a/2) = 1+ cosa

Ho

= ,[— = 12072 .
o € O \\M

n = ‘/u-;—ul45°

12 — jm tan B2

Nw(z) =1 .
) "y — jrp tan B2

tand = i \o57 tﬂd‘k

we
vy = vsin by,
2

’UgUp =0

K = k2 + &2




ELEC 311 - Electromagnetic Fields & Waves

Formula Sheet

o+ -0 . E- : R-d< Faaikg
*é J4 "S AL DA*S E E,..:?)"E
- el Bl = &€
>~ Ll -
L 8ds B = p.pH . éé
J = oE V-85
¢ o* mt + o t e de (B is consh)
VxA=uH ~
K'“h"w‘
- pdv
V—/v"“ff()R V‘l:f,—
Ed o 5T e
B =Be«By !
li’:!.sl‘fu-. : 8.2 Vb =»p
ok z V:B = 0
o VXxE = -0B/ot
VxH = J.+8D/at” % 4. L
{ W zo e =0 S‘t‘:
f Savg = §R6{E % H*}
L;_.}-T';
S ]{F-ds—_-/(v-F)dv
| %l . ;
b > [ rads « (Crsak
| 5 F-d€=/(VxF)-dS
G s
j{D~dS = /pdv
S V]
}{B-dS =450
S
fra - (o) o
¢ ot

Y

aé =

/—— -dS

€ =885 x 107" F/m

po =41 x 1077 H/m

X = P80 cosP

Y= rsiag siag
z=rws®
1
C:
v oo
o = 1/’Ei‘l = 1207 Q
0
V-E = 0
ViH = 0
VXxE = —jwB = —jwuH
VxH = J.+jwD = (0+ jwe)E
BzE'I/(')z2 +k’E, =
_4_- mour cm
c w ¢ 1
el ) N Y
Jt.u‘ V.= ‘B f \/al'
p= 0~'+JB 5 ‘[JW'H(O'JWE)

ke
2

Sk

(V)

JL€

.B=w\ D)

To

Eq
Ey

Hg

Hi

By
E

Ht
Hj

( 1+(§e)2+1)

Ae % 4 Beti* V/m

i (Ae™* + Be***) A/m.

M2 — 1M
T + 12

T2~
m+ 12

212
m + 12

2m
T + 72




THE UNIVERSITY OF BRITISH COLUMBIA
Department of Electrical & Computer Engineering
ELEC 311 - Electromagnetic Fields and Waves
Fall 2022

Chapter 9

Time-Varying Fields and Maxwell's Equations

W. H. Hayt, Jr. and J. A. Buck, Engineering Electromagnetics, Sth ed.,
McGraw-Hill, Chapters 9, 2019.

Annotation of these lecture notes is recommended and encouraged.
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PO 1 - Faraday's Law

Give Faraday's law in customary,
associated with a time

integral, and point form, and determine the EMF
closed path. (§9.1)

-varying magnetic field, a time-constant flux, & a moving

; ®=[B.dS
.Il @ . j,.- J‘z

The relevant directions of
A circulation and the normal

rsrrere

are defined by the right-
NG e B hand rule

ELEC 311 —0>>>
Fall 2022

Recal|

o the Customary form: emf =

. —N dd/q¢

o theintegral form: emf =$E. gL = —d/dt [ B.gs
o the point form: VXE = —0B/ot

o that force Onacharge is given by F — QvxB

o that the Motional e i
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; : : Jete description ;
The remainder of this chapter 15 concerned W1 'rhlel Zg?fendered e dhe - Oliver
field that was first described by James Clerk Maxwe
iside and Josiah Gibbs. :
s i ith the ractical manifestation of pr opagalilé
The remainder of this course is concemed witt p o ' edin
electromagnetic waves along guided structures and in unbound® :
9] Faraday 's Law
The section:
i istori th Jation of F araday’s 1aw
. provides the historical context for the 1eve e
. s 1 0
_ defines emfand magnetic flux and gives F araday’s law 11 customary, point and integra
. considers how emf may result from:
o atime-varying magnetic field
o atime-constant fluX and a moving closed path
o atime-varying magnetic field and a moving closed path
o contrived examples where application of Faraday’s law may be difficult
Commenis
The descriptions are Very complete but much more could be said regarding the apph'catipn of spec?ial
relativity 10 electromagnetics and the consistency of Maxwell’s equations with special relativity.
Indeed, when Finstein was 0nce asked if he stood on the shoulders of Newton, he replied “No, on
the shoulders of Maxwell.”
Suppose 2 fixed observer Se€es only a static electric field. An observer moving with respect to the
charges Or potentials that give rise to the electric field will see both a static electric field and a static
magnetic eld! Similarly, where a fixed observer sees only a static magnetic field, an observer
moving with respect t© the current that gives I15¢ to the magnetic field will also see both a static

electric field and a static magnetic field!
The details of the Lorentz transformation of the electric and magnetic fields between different rest
ence (or predictor?) of special relativity but are generally not considered in
ts should at least be aware of this

frames are 2 consequ
engineering electromagnetic cOUrses. However, engineering studen
phenomenon which can have important engineering consequences beyond the terse comments in

the last paragraph of p. 285.
A case in point is the TRIUMF cyclotron on the UBC south campus, http://www.triumf.ca. The 520
ns to about 75% of the speed of light. In their rest

MeV cyclotron accelerates negative hydrogen 10
erceive the static magnetic field that guides their

frgme, th.e fast-moving negative hydrogen ions p
spiral -uajectory through tl_le cyclotron as having both magnetic and electric field components. If the
electric field component 15 too strong, the negative hydrogen jon will lose its extra electron and

become a neutral atom that would no longer be guided by the magnetic field.

As a result, the designers of the 520 MeV ¢ i
/ ; yclotron were forced to use a fairly weak magnetic field
in order to reduce the strength of the static electric field experienced by negative hydgrggen ions

ec/OS/einstein—mspired—by—james-clerk-maxwell
2

1 https://www.theguardian.com/science/20] 5/d



9.2

9.3

travelling at 0.75c. This results in the ions having a fairly large orbital radius and is the reason why
the TRIUMF 520 MeV cyclotron is so physically large compared to cyclotrons with similar energies
that accelerate protons instead, e.g, the 590 MeV cyclotron at the Paul Scherrer Institut in
Switzerland.

Displacement Current

This section:

considers the limitations of Ampere’s law when fields are time-varying

the manner in which the introduction of displacement current resolves the issue

expressions for the time-variation version of Ampére’s law in both point and integral form
an illustration of displacement current within a parallel-plate capacitor
Comments

The descriptions are very complete.

Maxwell’s Equation in Point Form
This section:

- gives the four Maxwell’s equations in point form
- considers the physical implications of the equations as stated

gives the auxiliary equations, also known as the constitutive relations

gives the relationships between field strength and flux density involving the polarization and
magnetization fields

gives the Lorentz force equation

Comments

The descriptions are very complete. However, the notion that the electric and magnetic fields are
each completely described by their divergence and curl is not peculiar to electromagnetics but is

instead a consequence of Helmholtz’s theorem which states that any vector field 4 can be expressed
as the sum of irrotational and rotational components where:

- the irrotational component is completely described by the divergence of 4, and,
- the rotational component is completely described by the curl of A.

Accordingly, there must be four equations in Maxwell’s set as shown above to completely describe
the electric and magnetic fields.

Having said that, the expressions on the right-hand side of each of the divergence and curl equations
cannot be derived from first principles and are simply experimental observations. For example, there
is no reason that V - B must be equal to zero except that magnetic charges have never been observed.

(The first person to experimentally demonstrate the existence of free magnetic charges will rewrite
electromagnetics textbooks and almost certainly win the Nobel Prize.)




9.4  Maxwell’s Equations in Integral Form
This section:
- gives the four Maxwell’s equations in integral form

- notes that Maxwell’s equations in integral form can be used to derive the boundary conditions
for electromagnetic field quantities at interfaces between material media

- explains why it is practically imperative to know the boundary conditions for electromagnetic
field quantities at interfaces between material media

Comments

The descriptions are fairly complete but the details of the derivation of the boundary condiﬁon._s fgr
flux density and field strength at material boundaries are strangely absent. We will resolve this in
the problem set solutions. :
9.5 The Retarded Potentials
This section:
- gives the scalar electric and magnetic vector potentials for the static/dc case
- shows how they can be used to obtain the fundamental fields

- shows how the expression for E in terms of ¥ in the static case is inadequate in the time-
varying case and shows how it can be resolved by adding a new term, —0A/dt

- introduces the retarded scalar electric and magnetic vector potentials

Comments

The descriptions are very complete and will play a key role in solving the problem of radiation from
a current element in ELEC 411 — Antennas and Propagation.

References

In addition to the seven references given at the end of the chapter, ELEC 311 students may also
wish to consult the following:

[1] R. F. Harrington, Introduction to Electromagnetic Engineering, McGraw-Hill, 1958; Dover,
2003.

[2] R. F. Harrington, Time-Harmonic Electromagnetic Fields, McGraw-Hill, 1961; Wiley —
IEEE Press, 2001.
These two books are written in a similar style with the former aimed at undergraduate
students and the latter aimed at graduate students. Both books are renowned for their clarity
and style. Time-Harmonic Electromagnetic Fields is widely regarded as a classic work in
this field and was re-issued by IEEE Press in 2001. Introduction to Electromagnetic
Engineering was re-issued by Dover in 2003.




[3] R. Feynmann, The Feynman Lectures on Physics, Vol. 1I: Mainly Electromagnetism and
Matter,” Addison Wesley, 1964; Basic Books, 2011.

Told from a physics perspective, Feynmann’s lectures have attracted considerable praise for
their unique combination of style and substance. Originally published in 1964, the three-
volume set was reissued as a Millennium Edition by Basic Books in 2011.

[4] D. Fleisch, 4 Student’s Guide to Maxwell’s Equations, Cambridge University Press, 2008.

This book and its companion website at http://www.danfleisch.com/maxwell/ have attracted
an enormous following and very strong reviews from readers.

On the book’s website, readers will find:

Complete solutions to every problem in the book

You can get a series of hints to help you solve the problem, or you can see the full
solution straight away. Just use the menu on the left to click on one of the Chapters,
select “Problems,” and pick the problem you want to work on.

Audio podcasts

For every module in the chapters covering the four Maxwell's Equations, Fleisch will
walk you through the major concepts contained within that module. These audio files
can be streamed to your computer so you can hear them immediately, or you can use
your favorite podcast-catching software to grab and store them.

Three-dimensional models of electric and magnetic fields

The twelve sketches of electric and magnetic fields shown in Figures 1.1 and 2.1 in the
book are available on this site as VRML files so you can see the fields in three
dimensions. You'll need a VRML plug-in for your browser to view these files — you can

find several free 3D viewers on the Web (Fleisch has been using Cortona® with good
success).

Review of rectangular, cylindrical, and spherical coordinates

To keep the book short (and inexpensive), Fleisch didn’t include a review of coordinate
systems in the text — so it's here on the website. |If you're a bit fuzzy on how to get

from from (x,y,z) to (r, theta, phi), or from (Ax, Ay, Az) to (A, Atneta, Apni), then you should
take a look at this review, which is in .pdf format.
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