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1. Uber sehr schnelle elektrische Schwingungen

(Wiedemanns Annalen, Band 31, p. 421, 1887)
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*, Dic elektrischen Oszillationen gedfIneter Induktionsapparate
* haben eine Schwingungsdauer, welche nach Zehntausendteilen
der Sekunde gemessen werden kann. Etwa hundertmal schnel-
ler erfolgen die Schwingungen oszillierender Flaschenentladun-
gen. welche Feppersey beobachtete.!) Schnellere Schwingungen
I 2 * noch als diese liBt die Theorie als méglich voraussehen in gut-
*~ leitenden ungeschlossenen Driihten. deren Enden nicht durch
groBe Kapazititen belastet sind, ohne daf freilich die Theoric¢
'? [\ zu entscheiden vermichte, ob solche Schwingungen je in be-

merkbarer Stiirke tatsiichlich erregt werden kénnen. Gewisse
x _ Erscheinungen legten mir die Vermutung nahe, daf Schwingun-

] A2 zen der letztgenannicn Art unter bestimmten Verhiltnissen
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wirklich auftreten, und zwar in solcher Stirke, dafi ihre Fern-
wirkungen der Beobachtung zuginglich werden, Weitere Ver-

a2

= % suche bestitigten meine Vermutung. und es soll deshalb iiber
‘I Q die beobachteten Erscheinungen und die angestellten Versuche
% hier berichtet werden.

|\ Die Schwingungen, um welche es sich dabei handeln wird. sind

wiederum etwa hundertmal schneller, als die von Feppersex

‘-7 beobachteten. _Ihre Schwingungsdaugr, freilich nur mit Hilfe
der Theorie geschitzt, rechnet na illi

) Sekunde. Der Schwingungsdauer nach stellen sich demnach

Heingi diese Schwingungen schon in die Mitte zwischen die akusti-
einrich Hertz - sthen Schwingungen der ponderablen Korper und die Licht-
22.2.1857 - 1.1.1894
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2 Y Fir die Literatur siche Coicey, Wied, Ann. 26, p. 432. 1883,
\' [Auch Anmerkung 1 am Schlufi des Buches.]
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Figure 1-1 Heinrich Hertz’s complete radio system of 1886 with end-loaded dipole transmitting

antenna (CC') and resonant loop receiving antenna (abed) for 1 ~ 8 m. With induction coil (4) turned

on, sparks at gap B induced sparks at M in the loop receiving antenna. (From Heinrich Hertz's book
Electric Waves, Macmillan, 1893 ; redrawn with dimensions added.)
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lingen aufgetragen. Die Punkte bezeichnen die einzelnen Be-

obachtungen. Eine groBe Unsicherheit wohnt diesen wie allen

Messungen iiber Funkenkingen bei; diese Unsicherheit vermag
das Hauptresultat nicht zu verdecken. Bei einer anderen Ver-
suchsreihe wurde nicht allein die Linge der Seiten a b und
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Fig.5a und b

¢ d, sondern auch ihr Abstand, welcher gleich 30 em war, und
ihre Lage konstanl erhalten, die Seiten a ¢ und b d aber wurden
aus Drédhten von allmihlich wachsender Linge, welche zu
lockeren Spiralen gerollt waren, gebildet. Fig.5 b stellt die ge-
wonnenen Resultate dar. Das Maximum fillt hier auf eine
etwas gréfere Drahtlinge als vorher. Man darf vermuten, dal}
dies daher riihre. daBl hier durch die Vermehrung der Linge
nur das Selbstpotential. dort sowohl das Selbstpolential als die
Kapazitiit gesteigert wurde.

Einige Versuche wurden angestellt, um zu erfahren. wie sich
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Figure 1-7 Wavelength versus frequency for v = c.

Example of wavelength for a given frequency. For a frequency of 300 MHz the cor-

responding wavelength is given by

T f 300 x 10°Hz

(3)

In a lossless nonmagnetic dielectric medium with relative permittivity ¢, = 2, the

same wave has a velocity

c 3 x 10®

V=—x== =212 x 108 ms™?
A
v 212 x 10°
_— = 0_7 =
and A 77300 x 10° 07 m = 707 mm
awy [23, £ 11 Lord Kelvin is reported to have said:

When you can measure what you are speaking about and express it in numbers you
know something about it; but when you cannot measure it, when you cannot
express it in numbers your knowledge is of a meagre and unsatisfactory kind; it may

be the beginning of knowledge but you have scarcely progressed in your thoughts to
the stage of science whatever the matter may be.

)
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E lines

——  Transmission line
iz = = —f=
Generator
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transmitter
e ~— J

Guided (TEM) wave
One dimensional wave s »

~

Transition region Free space wave

or antenna radiating in )
three dimensions

2-3 BASIC ANTENNA PARAMETERS 19

Figure 2-1 The antenna is a region of transition between a wave guided by a transmission line and a
free-space wave. The transmission line conductor separation is a small fraction of a wavelength while
the separation at the open end of the transition region or antenna may be many wavelengths. More
generally, an antenna interfaces between electrons on conductors and photons in space. The eye is

another such device.

20 2 BASIC ANTENNA CONCEPTS

Free space wave

Dipole
Generator Hnanne
@ ® «—— Antenna impedance = Z

Transmission line T at terminals

Outgoing and —>
reflected waves
on antenna
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Figure 2-2 The antenna launches a free-space wave but appears as a circuit impedance to the trans-

mission line.
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The antenna resistance may be divided into two parts, a radiation resistance R,
and a nonradiative or loss resistance R, , that is,

R,=R,¥+R; 4)
Let the power delivered by the antenna to the terminating impedance be P. Then
P= IRy (%)
From (1), (2) and (3), the current magnitude
I— V
VR + Ry + Ry)? + (X4 + X1
Substituting (6) into (5) gives

(6)

5 _ V2Ry
TR+ R+ R+ (X, + Xy

(7)

The ratio of the power P in the terminating impedance to the power density of
the incident wave is an area A. Thus,

(®)

[eh
Il
N

where P = power in termination, W
S = power density of incident wave, W m™
A = area, m?

2

—

If S is in watts per square wavelength (W A~ 2) then A is in square wavelengths
(4%), which is often a convenient unit of measurement for areas.
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Incident e
wave 4
- direction
Zr - Zr
m - Figure 2-8 Schematic diagram of
Terminating I e dipole antenna terminated in
impedance -0 1 impedance Z, with plane wave
incident on antenna (a) and equiv-
(a) (b) alent circuit (b).
In general, the terminating and antenna impedances are complex; thus
Zr=Rp+jXg (2)
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If the same dipole is used at a longer wavelength so that it is only 0.14 long,
the current tapers almost linearly from the central feed point to zero at the ends
in a triangular distribution, as in Fig. 2-12b. The average current'is 4 of the
maximum so that the effective height is 0.5 I.
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Figure 2-12 (a) Dipole of length | = 1/2 with sinusoidal current distribution. (b) Dlpole of length
I = 0.14 with triangular current dlstnbutlon
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2-27 SOURCES OF RADIATION: RADIATION RESULTS FROM ACCELERATED CHARGES 51

4
@ (a) Static electric charge o C’Z 7/ < 8
does not radiate.
. P Electric charge moving with
— = (b)  uniform velocity along a
o - straight wire does not
radiate.
However, when charge reaches W
C =+t  (¢) end of wire and reverses
—++ direction it undergoes
/ AN acceleration and radiates. D
The shorter or more compact
the pulse of charge, the
// stronger the radiation.
\'\x 74
AN 4y Electric charge moving at uniform
l’ (d) velocity v along a curved or
bent wire is accelerated and
radiates.
ma cec ot 7
( D (e) ect_rlc chargg oscillating pack _
+ and forth in simple harmonic motion
/ \'\ along a wire undergoes periodic @

acceleration and radiates.

Figure 2-19 A static electric charge or a charge moving with uniform velocity in a straight line does
not radiate. An accelerated charge, however, does radiate.
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2-30 RADIATION FROM PULSED CENTER-FED DIPOLE ANTENNAS 55

lo r=0 (@)
Field line _
=T (b)
b=l fe)
r=0 ()
(=17 (e) Figure 2-22 Oscillating electric dipole consisting

of two electric charges in simple harmonic
motion, showing propagation of an electric field
line and its detachment (radiation) from the

dipole. Arrows next to the dipole indicate current
(I) direction.
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Figure 5-8 Approximate natural-current

)\ _)\ 25 distribution for thin, linear, center-fed

antennas of various lengths.
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Anwendung center-fed dipole antenna

Mechanical length of a horizontal center-fed halfwave dipole antenna

--> 14.175MHz 0.8mm 50e6 3 6 3 ! "Dipol fuer 14.175 MHz", Newcomer-Treff<--

Input data:

f = 14.175 MHz
d = 800.000 um
kappa (20C) = 50.000E+06 S/m
h 1 =3.000m h m = 6.000m h r = 3.000m
Drawing
Results:

free-space wavelength lambda_0 ¢ 0/f = 21.149 m
thickness ratio s = lambda_0/d 26.437E+03
shortening factor v_f = 977.011E-03
conductor cross section area (wire/tube)

A = pi*d~2/4 = 502.655E-09 m"2 = 502.655E-03 mm"2
mechanical length of dipole 1 = lambda_0*v_£f/2 = 10.332 m
R_dc = 411.081 mOhm
R_dc/1 39.789 mOhm/m = 397.887 uOhm/cm = 39.789 uOhm/mm
R_ac = 4,486 Ohm
R_ac/1 434.209 mOhm/m = 4.342 mOhm/cm = 434.209 uOhm/mm
mechanical length of dipole half 1/2 = 5.166 m
R_dc/2 = 205.540 mOhm
R _ac/2 = 2.243 Ohm

1

n

h_1l/lambda_0 = 0.142
h m/lambda_0 = 0.284
h_r/lambda_0 = 0.142
S
o =

A

|

A
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Mathematik in der technischen

Anwendung 'lc:\eemod_ex\4n2\dipolh_4n2.nec| Mo 19-Mar-14,18:19:21/7,

CM
CM
CM
CM
CM
CM
CM
CM
CM
CM
CM
CM
CcM
CM
SY
5Y
SY
SY
SY
S¥
GW
GW
GwW
CM
GE
CM
CM
CM
GN
CM
EX
CM
LD
LD
SY
CM
FR
EN

DIPOLH: Horizontal center-fed half-wave dipole antenna 19-MAY-14 18:19:21
File: "c:\eemod_ex\4n2\dipolh_4n2.nec"
Date: Monday, 19-MAY-14 Time: 18:19:21
created by: EEMOD Version 1.9+196 (19-MAY-14) Ser.No.059
Input data:
--> 14.175MHz 0.8mm 50e6 3 6 3 ! "Dipol fuer 14.175 MHz", Newcomer-Treff<--
£ 14.175 MH=z
d 800.000 um
kappa (20C) = 50.000E+06 S/m
h 1 3.000 m
h_m 6.000 m
h_r 3.000 m
Design data:

1}

1l

free-space wavelength lambda_0 c_ 0/f = 21.149 m
r=400.000E-06

dl=103.316E-03

1=5.166

h=6.000

h_a=3.000

lx=sgr (1*1-(h-h_a)*(h-h_a))

L 10 =dl-1x% 0 h.-a -dl 0 h r

2 1 -dl 0 h +dl1 0 h o

3 10 +dl 0 h +dl+lx 0 h_a r
Explanation for GE !

1
2 = Sommerfeld-Norton ground
poor ground: E_r = 4, kappa = 0.001 S/m

(for good ground, please use: E_r = 10, kappa = 0.01 S/m)

2000 4 0.001
Explanation for EX !
0210110
Explanation for LD !
51 00 50.000E+06
53 00 50.000E+06
freqgq=14.175
Explanation for FR !
01 00 freqg
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Datum / dat
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EEREEDEEET

[E1E T AT &

Filename: [ dipolh_an2 out Frequency 1418  Mhz
Wavelength 21.15 mtr
Voltage | 87.1+i0V Current I 1.15-{054 4
Impedance E23%[287 i Series comp. 386.7 pF
Parallel form 75.8//]163 = Parallel comp. £8.99 pF
Sw.R.50 175 j Input power 100 W
Efficiency | % Structure loss 3678 W
Radiat-zff. 54.47 % Network loss 0 uw’
ROF [dB] 6.61 Radiat-power 96.32 W
Environment [“'loads [ Polar

GROUND PLANE SPECIFIED.

WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE INTERPOLATED T0 IMAGE IN GROUND PLANE.
FINITE GROUND. SOMMERFELD SOLUTION

RELATIVE DIELECTRIC CONST.= 4.000

CONDUCTIVITY=1.000E-03 MHOSAMETER

COMPLEX DIELECTRIC CONSTANT= 4.00000E+00-1.26815E+00

Comment

DIFOLH: Horizontal center-fed half-wave dipole antenna 19-MaY-14 18:15:21
File: "c:\eemod_exddn2idipolh_4n2 nec'

Date: Monday, 19-MAY-14 Time: 18:19:21

created by: EEMOD Yersion 1.9+196 [19-MAY-14) Ser. No.059

Input data:

-» 14.175MHz 0.8mm 5026 3 6 3! "Dipol fuer 14.175 MHz". Newcomer-Treff<-
f=14175MHz

d = 800.000 um

kappa(20C) = 50.000E +06 5/m
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h_1=3.000m

Seg's/patches 21

stait  stop  count

Pattern lines

16471

step:

Freg/Eval steps ; 1
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Pl abine Heaa

A

- Theta] 50 ] 90 [ 91
Phi I 0 [360 [181
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Newcomer-Treff i %«J‘, DL 3 D

Tot-gain [dBi]

1418 MHz

30Y

Horizontal plane

180

dipalb_4n2. out
Thata= 32

Tot-gain [dBi]

14.18 MHz

0
1.77 < dBi¢ 3.97
Max gain Phi:50

Yertical plane

dipolk_4nZ2.out
Pri= 90

150 ;
933 < dBi< 3.97
Max gain The:32
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Anwendung line, complex Z 0: Z 2 -->Z_1 | Mo, 19-Mai-14, 18'37'12@

Complex input impedance for a given complex termination impedance at the end
of a given TEM transmission line type (i.e. CQ554, RG213/U, ...)

-->Twin-lead_240 8.6 14.175MHz 62.3 +29 | "Dipol fuer 14.175 MHz", Newcomer-Tr|.

Input data:

Type = "TWIN-LEAD_240"
1 8.600 m

£ 14.175 MHz

Re{Z_2} = 62.300 Ohm e Lok @ <—
Im{z_2} = 29.000 Ohm
Drawing ~ 22 (2 /2’ _hW)

Results: i o ///
Z_.1 =70.085 Ohm + j 27.944 Ohm (complex input impedance) F:\ 4&
MM

Y1 =12.311 mS - j 4.909 mS (complex input admittance)

h |
“son
complex characteristic impedance of transmission line:
Z_0_c = 240.030 Ohm - j 2.509 Ohm MW°¢+
Z_0_c| = 240.043 Ohm <Z_0_c = -0.599 de / /

complex transmission constant of transmission line:
gamma = alpha + j beta = 35.052E-03 dB/m + j 365.085E-03 rad/m
alpha*l = 0.301 dB (matched-line loss for Z. 2 =7 0 ¢}
beta*l = 3.140 rad = 179.894 deg (electrical length of line)
beta*1/360deg = 0.500 = number of wavelengths on the line
lambda_0 = ¢_0/f = 21.149 m (free-space wavelength)
lambda_g = 2*pi/beta = 17.210 m (wavelength on transmission line)
|rho_1| = 0.555 <rho_1l = 165.152 deg
s_1 = 3.493 rl 1 = 5.116 dB (= a_r_1)
|rho_2| = 0.595 <rho_2 = 164.939 deg
s_2 = 3.935 rl 2 = 4.513 dB (= a_r_2)
Q1 = |[Im{Z_1}|/Re{z_1} = 0.399
(quality factor of input impedance)
Q.2 = |Im{Z_2)}|/Re{Z_2} = 0.465
(quality factor of terminating impedance)

gain values for transmission line as a two-port between
Z_S = 50.000 Ohm + 3 0
and
Z_L = Z_2 = 62.300 Ohm + j 29.000 Ohm

operating power gain

G_p = P_out/P_in = 0.872 (87.175 % of input power transmitted)

1 - G p = (P_in-P_out)/P_in = 0.128 (12.825 % of input power lost)
10*lg(P_out/P_in) = -0.596 dB




