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Figure 1-1 Cartesian coordinate system. (@) Intersection of three mutually perpen-
dicular planes defines the Cartesian coordinates (x, v, z). () A point is located in space
by specifying its x-, y- and z-directed distances from the origin. {¢) Differential volume
and surface area elements.
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Figure 1-2 Graphical display of unit vec-
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(x0, Yo, 2p) of a rectangular coordinate
system.
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Ay, = —x’y sin ¢ + y’z cos ¢ . A
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A, =xz v
L)z X,y maia B-2 Jsaa Jodldind L v -V ads ja Y

A, = (r cos® ¢) (r. sin ¢) (cos ¢) + (r! sin® ¢)(z) sin ¢
Ay = —(rl cos® ¢) (r. sin @) (sin ¢) + (r? sin® ¢) (z) cos ¢
A, = (r} cos’ ¢)z
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TABLE B-1 DOT PRODUCTS BETWEEN UNIT VECTORS OF RECTANGULAR,

B-1 Jsaa

CYLINDRICAL, AND SPHERICAL COORDINATE SYSTEM

Rectangular Cylindrical Spherical

' i ; i 2 b : 2 0 ¢
x 1 0 0 c0s ¢ ~sin ¢ 0 sin 6 cos ¢ cos 0 cos ¢ -sin ¢
y 0 1 0 sin ¢ cos ¢ 0 sin 9 sin ¢ cos 6 sin ¢ cos ¢
? 0 0 | 0 0 1 cos 6 ~sin § 0
F.o| cosd sin ¢ 0 i 0 0 sin cos 8 0
¢ —sin ¢ 005 ¢ 0 0 1 0 0 0 1
? 0 0 1 0 0 l cos —sin 8 0
f, sin 8 cos ¢ sin § sin ¢ cos 6 sin 9 0 cos 8 1 0 0
8 cos 8 cos ¢ cos f sin ¢ —sin f cos 6 0 ~sin @ 0 l 0
¢ -sin ¢ c0s ¢ 0 0 i 0 0 0 1




Cylindrical Rectangular

Spherical

B-2 Jsaa

TABLE B-2 RELATIONSHIPS BETWEEN VARIABLES OF RECTANGULAR,

CYLINDRICAL, AND SPHERICAL COORDINATE SYSTEMS

= Cylindrical Spherical Rectangular
X r. cos ¢ r, sin 0 cos ¢ X
¥ r. sin ¢ r, sin 6 sin ¢ y
z z r, cos 8 z
r. r. rs sin 8 (xz + y2)1f2
¢ ¢ ¢ tan”' [1]
X
z z r, cos 8 z
r, r. r (x? + y? + )"
sin 6
6 - 6 2 + 2172
tan”! |:£:| tan”' I:—-———(x y)
z z
b i) ¢ tan”’ [1]
X




B-3 Jsaa

TABLE B-3 RELATIONSHIPS BETWEEN SCALAR PROJECTIONS OF VECTORS
IN THE RECTANGULAR, CYLINDRICAL, AND SPHERICAL COORDINATE SYSTEMS

= Cylindrical Spherical Rectangular

A, A, cos ¢ - Ay sin ¢ A, sin 6 cos ¢ + A cos 6 cos @ — A, sin ¢ A

A, A, sing +Agcos A, sin §sin ¢ + Ay cos 8 sin § + A, cos ¢ A,

A, A, A, cos § - Aysin § A,

A, A, A, sin  + A cos 8 A cosg+Asing

A Ay 44 ~A,sin ¢ + A, cos ¢

A, 4, A, cos f - Agsin 6 A,

A, A, sinf + 4, cos § A, A;sin6oos ¢ + A sin 6 sin ¢ + 4, cos 0
A A, cos § - 4, sin 4 A; 008§ cos ¢ + A, oos 0 sin ¢ - A, sin 6
A, Ay Ay -A,sing + A cos §




TABLE B-4 VECTOR IDENTITIES

A-B=B-A (1)
AXB=-B XA (2)
A-B+C)=A-B+4A-C (3)
AXB+C)=AXB+AXC(C (4)
A - BxC)=B (CxA)=@B xC)-A=C - (@A xB) (5)
AxBxC)=@A CB-@A-B)YC (6)
V(f+ g) =Vf+ Vg )
V-A+B)=V-A+V-B (8)
VXA +B)=VXA+VxB 9)
V(fg) = fVg + gVf (10)
V-(fA)=f(V-A)+A - Vf (11)
V-A XB)=B -(VxA)—A4A -(VxB) (12)
VX (fJA)=VfXA +fVXA (13)
V@ B)=@A VB + (B VA +4 X(VXxB)+B x(VxA) (14)
VX@AXB)=A(V-B)—-B(V-A)+@B -VA - (A -V)B (15)
V-Vf=V¥ (16)
Vx((VfH=0 (17)
V.- (VxA)=0 (18)
VX(VXA)=V(V-4) - VA (19)
V X (fVg) = Vf x Vg (20)
%Z - ds = JV - A du (divergence theorem) 20

Eﬁz - de = jV X A - ds (Stokes’ theorem) (22)
¢

5




James Clerk Maxwell Michael Faraday

Electromagnetism




Maxwell‘s Equations / Maxwellsche Gleichungen

1. André Marie Ampeére (1775-1836) 1827: Ampére presented the first mathematical
theory of electrodynamics and discovered the magnetic effect of electric currents. / Ampere
stellte die erste mathematisch fundierte elektrodynamische Theorie vor und entdeckte die
magnetische Wirkung elektrischer Stréme.

2. Michael Faraday (1791-1867) 1831: Faraday discovers electromagnetic induction. /
Faraday entdeckt die elektromagnetische Induktion.

3. James Clerk Maxwell (1831-1879) 1864: Maxwell presents his theory of
electromagnetism. / Maxwell prasentiert seine Theorie des Elektromagnetismus.

4. Heinrich Rudolf Hertz (1857-1894)  1885: Hertz demonstrates the electromagnetic

wave propagation in a series of experiments in a period through 1887. / Hertz demonstriert in
einer Periode bis 1887 die Ausbreitung von elektromagnetischen Wellen.
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MNo circulation Monzero circulation

Figure 1-20 A fluid with a velocity field that has a curl tends to turn the paddle wheel.
The curl component found is in the same direction as the thumb when the fingers of
the right hand are curled in the direction of rotation.
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