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Obsah

* Trocha teorie
(na co vlastné prisel J. C. Maxwell)

* Prvni pokusy s vinami
(za né muze H. Hertz)

* Jak vyrobit EM viny

(na Zemi a ve vesmiru)

* Jak je zachytit

(o tom se ale zminim jen mezi fadky)



Elektrické a magnetické pole
pred objevem elektromagnetické indukce

Naboje zpusobuiji elektrické jevy (pole)
Proudy zpuUsobuji magnetické jevy (pole)

Néjak navzajem souvisi (Oersted)

Mnoho zdroju — superpozice (poli)




Elektrické a magnetické pole
pred objevem elektromagnetické indukce

* Experimenty (..., Cavendish, Coulomb, Ampere, Faraday)
* Matematicky popis (..., Laplace, Gauss, Ampere, ...)

* pod dojmem uspéchu Newtonovké mechaniky se hleda spravna Teorie

(varovani: moderni pojmy dale pouzivané tou dobou teprve vznikaly)
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Tok a cirkulace vektoru
\
- = Tok vektorového pole
' 4 * D N pocita se pres plochu
— plocha muze obklopovat néjaky objem
— dulezita jen slozka vektort kolma k plose

w * A —soudin plochy a prumerné kolme slozky
< —

‘ — pocita se podél kfivky
« — dulezita je jen slozka vektoru podel krivky
— soucin délky a prumérné podélné slozky

»‘ Cirkulace vektorového pole



t s wta

=

- 4=

Tok a cirkulace vektoru
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Tok a cirkulace vektoru
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Tok a cirkulace vektoru
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Cirkulace — aneb chodime ve vétru

vlevo — co na zacatku usetfime, na konci zase vydame
vpravo — celou dobu pujdeme proti vétru




Tok a cirkulace vektoru
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Rovnice elektrostatickeho pole




Rovnice magnetického pole
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Elektromagneticka indukce
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E — — rychlost zmény <= B -

Plocha a jeji obvod
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Jakou plochu ?
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* Kupodivu na tom nezalezi !



Invariance magnetickeho toku

* Obé plochy sdileji spolecny okraj

* Vymezuji tedy objem mezi nimi

* Magnetické pole ovSem splnuje
%t~
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* Co sedivou plochou vytece
to modrou pritecCe

Na volbe plochy smycCkou nesejde !



Pred Maxwellem:
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Problém !

Proud > 0

Cirkulace magnetického pole by méla byt dana proudy

(ale kterymi ?)



Problém !

Proud < 0




Maxwell:
pridejte k proudu jeste zmenu
toku elektrického pole

...........................

proud >0
zména toku E <0

~ proud >0 Mimochodem:
zmeéna toku E < 0 Zachovani elektrického naboje



Maxwellovy rovnice (schematicky)
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Maxwellovy viny !
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Maxwellovy viny !
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J. C.

Another theory of electricity

— which | prefer

— denies action at a distance

— and attributes electric action to
— tensions and pressures

— in an all-pervading medium

these stresses being the same in
kind with those familiar to
engineers, and the medium being
identical with that in which light is
supposed to be propagated

Shrnuti: elekromagnetické pole si Ize
predstavit jako ,deformace” pruzného
média. Zména v rozlozeni nabojl a
proudd vede ke zméné pole, ktera se
postupné, rychlosti svétla, Sifi dale
do prostoru.

Maxwell




Maxwelluv mechanicky model

-- Rovnice EM pole pfedstavovaly
~1850 ze 3/4 vyplnénou kfizovku

-- zndma policka predstavovala "pomalé" jevy
-- kromé tajenky ale nebylo jasné ani zadani / jazyk

-- mechanicky model
(vzdyt napsal "On the Equilibrium of Elastic Solids")

-- uz delsi dobu se hledalo fe$eni s "vinami"
-- peclivym studiem by na né prisel nékdo dalsi

-- "dimenzionalni analyza" by brzy provalila c"2
(opét Maxwell)
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Equations of Currents.

(62) It is known from experiment that the motion of a magnetic pole in the electro-
magnetic field in a closed circuit cannot generate work unless the circuit which the pole
describes passes round an electric current. Hence, except in the space occupied by the
electric currents, |
wde+PBdy+yde=de . . . . . . . . . . (3])
a complete differential of ¢, the magnetic potential.

The quantity ¢ may be susceptible of an indefinite number of distinct values, according
to the number of times that the exploring point passes round electric currents in its
course, the difference between successive values of ¢ corresponding to a passage com-
pletely round a current of strength ¢ being 4wc.

Hence if there is no electric current,

ffﬁ
dy — =0;
but if there is a current g/,
dy dB ‘
&y~ dz =D
Similarly,
da  dy
dz 5_4‘” [ (©)
.dﬁ du

We may call these the Equations of Currents.
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Hence magnetic disturbances propagated through the electromagnetic ficld agree with
light in this, that the disturbance at any point is transverse to the direction of propaga-
tion, and such waves may have all the properties of polarized light.

(96) The only medium in which experiments have been made to determine the value
of k is air, in which w=1, and therefore, by equation (46),

V=0, + « « o v v .. (T2)
By the electromagnetic experiments of MM. WeBer and KonLrauscH ¥,
»=310,740,000 metres per second

is the number of clectrostatic units in one electromagnetic unit of electricity, and this,
according to our result, should be equal to the velocity of light in air or vacuum.
The velocity of light in air, by M. Frzeav’s§ experiments, is

V=2314,8568,000;
according to the more accurate experiments of M. Fovcauvnr I,
Y =298,000,000.

The velocity of light in the space surrounding the earth, deduced from the coeflicient
of aberration and the received value of the radius of the earth’s orbit, is

V=308,000,000.

(97) Hence the velocity of light deduced from experiment agrees sufficiently well
with the value of v deduced from the only set of experiments we as yet possess. The
value of v was determined by measuring the electromotive force with which a condenser
of known capacity was charged, and then discharging the condenser through a galvano-
meter, so as to measure the quantity of electricity in it in electromagnetic measure.
The only use made of light in the experiment was to see the instruments. The value
of V found by M. FoucavrLr was obtained by determining the angle through which a
revolving mirror turned, while the light reflected from it went and returncd along a
measured course. No use whatever was made of electricity or magnetism.



Viny—noaco?
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Takhle si je tedy mame predstavovat?



Co a kam leti ?

Stokes !
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Takze, co to jsou ty EM viny?

Propagation of an Electromagnetic Wave

Magnetic

Discharging eld |
Dspﬁnl'kt;:r Vectors &
scillatin
I'Iuh:nllal:uliu9 Eﬁg}gﬂ

Dipole Vectors Figure 1

DIRECTION OF WAVE
o) 2:27/14:43

PROPAGATION




Elektromagneticke viny

* ano, jsou to viny
— maji rychlost a smer sireni
— frekvenci odpovida vinova délka
— prenaseji energii a hybnost

* jsou to stupne volnosti elektromagnetickeho pole
(neco, co zbyde, kdyz naboje a proudy zaniknou)

* Maxwellova teorie fika jak
— zdroje vytvareji EM pole
— toto pole se Sifi (na delSi vzdalenosti v podobé vin)
— ovlivnuje ,detektor”
(nékdy se toto pusobeni zda okamzité, jindy to trva)
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Takze, co to jsou ty EM viny?

Propagation of an Electromagnetic Wave

Magnetic

Discharging eld |
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Dipole Vectors Figure 1

DIRECTION OF WAVE
o) 2:27/14:43

PROPAGATION




Mocniny vzdalenosti

_ {

Pole magnetické elektricke elektomagneticke

1T 100 000V/m 40 V/m
1km 1/100 000 000 100 pV/m TmV/m
10km 1/100 000 000 000 0.1 pV/m 0.1mV/m

magn. pole zeme (ve Vakuu)



Mocniny vzdalenosti

¥ B
Pole magnetické elektricke elektomagneticke
1T 100 000V/m 40 V/m
1km 1/100 000 000 TmV/m TmV/m
10km 1/100 000 000 000 0.01mV/m 0.1mV/m

magn. pole zeme (ve Vakuu)



Heinrich Hertz 1887

6 BUNSEN CELLS

oo} ot

Figure 3—The First Oscillator of Hertz. "Two copper wires, each 1 metre in length, supported on rods of
sealing wax. The large spheres are of sheet zinc, and are 30 centimetres in diameter, Base 260 x 7.5 centimetres



Heinrich Hertz 1886-7

as a detector the spark directly observed at
the gap in a resonator,

measured by the spark-micrometer (hot-wire
galvanometer)

determined the positions of nodes,
anti-nodes, wavelength

placed respectively at the principal foci of two
parabolic mirrors

up to a distance of about 16 metres
the waves could penetrate a wooden door
laws of reflection were proved

refraction - prism of pitch (800kilogrammes)




Hertzovy viny
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Guglielmo Marconi

Wireless  telegraphic communication

Nobel Lecture, December 11, 1909

I have also recently been able to confirm the statement made by Prof.
Fleming in his book The Principles of Electric Wave Telegraphy, 1906, page

555, that with a power of 8 watts in the aerial it is possible to communicate
to distances of over 100 miles.

200

Aromic Partides
On many occasions last winter, the S.S. "Caronia" of the Cunard Line, '
carrying a station utilizing about 1/2 kilowatt, when in the Mediterranean, off
the coast of Sicily, failed to obtain communication with the Italian stations,
but had no difficulty whatsoever in transmitting and receiving messages to
and from the coasts of England and Holland, although these latter stations
were considerably more than 1,000 miles away, and a large part of the con-
tinent of Europe and the Alps lay between them and the ship.
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Voyager 1

I have also recently been able to confirm the statement made by Prof.
T=2012 Fleming in his book The Principles of Electric Wave Telegraphy, 1906, page
P-23W 555, that with a power of 8 watts in the aerial it is possible to communicate
L =18 000 000 000 km

to distances of over 100 miles.
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Karl Ferdinand Braun

Wireless  telegraphic communication

Nobel Lecture, December 11, 1909
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Pocatky radiotelegrafie

Jiskrovy vysila¢

Alexandersonuv alternator

Radio Frequency Oscillation
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Anténa ?

V Hetzové anténé jiz nejsou naboje
V rozlozeny podle pravidel elektrostatiky a
O proudy nejsou stacionarni!

Na rozdil od kondenzatoru a civky tak
nad nimi (a jejich energii) ztracime
kontrolu — ta miZe odletét v podobé vin
pryc.

Pozor — to Cervené neni napéti, ale naboj



Pozor — to ¢ervené neni napéti, ale naboj
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Friisova rovnice

PrGTA
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41T ?
2
mple 15.6.1: A geosynchronous satellite is transmitting a signal to an earth-based sta-
P,- )ﬁ. Example 15.6.1: A hr Ilite i itt TV signal h-based
- = Gt Gr - tion at a distance of 40,000 km. Assume that the dish antennas of the satellite and the
P t 4ﬂ-R earth station have diameters of 0.5 m and 5 m, and aperture efficiencies of 60%. If the satel-
lite’s transmitter power is 6 W and the downlink frequency 4 GHz, calculate the antenna
gains in dB and the amount of received power.
Ae ff 4ﬂAphy5 €a Solution: The wavelength at 4 GHz is A = 7.5 cm. The antenna gains are calculated by:
— — -n-d 2
‘),‘2/471- )\2 G = eq (T) =  Ggat = 263.2 =24 dB, Gearth = 26320 = 44 dB

Because the ratio of the earth and satellite antenna diameters is 10, the corresponding
gains will differ by a ratio of 100, or 20 dB. The satellite’s transmitter power is in dB,
Pt = 10log,,(6)= 8 dBW, and the free-space loss and gain:

2
Lr=(4¥) =4%x10"° > L;=196dB, G;=—196dB

It follows that the received power will be in dB:
PR=Pr+Gr—Lf+Gr=8+24—-196+44=—-120dBW = Pr=10"12W

Ukazkovy problém z uCebnice
S.J. Orfanidis: Electromagnetic Waves and Antennas




Vykon !

TUNED CATHODE PLATE
LINE

ELECTRON B-—-
PLATE PATH

Dec. 8, 1936, A L samueL 2,063,342

ELECTRON DISCHARGE DEVICE

wiwaw. explainthatstufl .com
Contite §¥ U8 Patent & Trmademeark |r-"|'|'|l. e

Elektromagnetické viny nejsou jen ony slabé
vinky v éteru ....

.!f_ 4
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Transformer



Fig. 19 The SLAC 11.4 GHz, 75-MW PPM Kklystron
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Vykon !

Radiové rekordy

Hotspot

Radiové galaxie: Labe

10°°* W v pasmu 10 MHz — 100 Ghz

Pulsary

10** W v pasmu 200 — 600 MHz



Transatlantické telefonovani

1928: Bell Labs
vyzkum atmosférickych poruch a vlastnosti ionosféery
kratké viny (15 MHz, anténa rozmér 30 m)

.
(e




* Bourky
* Bourky

* a Neznamy Sum
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Karl Jansky
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NEW RADIO WAVES |
IR E . : ‘waves which appear to come from
’TRAGED TO GEN“RE the centre of the Milky Way galaxy
1) \ was announced yesterday by the
1 : Bell Telephone Laboratories, The
A S
' ‘Jonsky of the radio research de-
‘partment at Holmdel, N. J., and
ous Statio, Reported| ot & e i Sateee
, £ - 8¢ ¢ Redlo Unfon in Wash-
Jansky, Held to | ﬁfﬁ&nﬂ ' '
Lkt B8 | The galactic radio waves M.
ays and also from the phenomenon
of cosmic radiation, dezcribed last
!.“ al

E uF ‘discovery was made during re-
1 2
i
R R artm
5 was described by him in a paper
- d, ditfer from the cosmic
week before the American Fhilo-

. Slipher, director of
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Soclety at Philadeiphia by
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180 MEGACYCLES
GROTE REBER--1543
LATITUDE +42*

0 w0
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480 MEGACYCLES
GROTE REBER .— 1948
LATITUDE +42°

Be

104

FiG. 7—Contours of constant intensity at 160 MHz and 480 MHz, taken at Wheaton, Illinois.

Grote Reber

408MHz
Haslam et al. 1982
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Jaké je dnes pocasi u Venuse?

Congant
Armplitude

atlictel esc e

Earth
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Pulsary

~ magnetic axis
—_— Jrf
>/
Tl f{r

rotation axis

Neutron
star

tlosed !
field lines I

Handbook of Pulsar Astronomy
(Lorimer and Kramer, 2004)




na vic uz nam nezbyl cas ...
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