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SUMMARY

It started almost 17 years ago. After having been working with antennas,
transmission lines and all kinds of radio systems from the 1960°s | accepted
to teach basic telecommunications and cellular systems at the KTH royal
technical university in 1997.

When demonstrating transmission lines using slotted lines with electric and
magnetic probes and directional couplers, and a simple time domain
refectometer (TDR), it suddenly struck methat by increasing the resistor at
the TDR-generator | should get the charging curve of the capacitor.

Of course it was a staircase showing the noise that hifi-entusiasts talk about
when chosing capacitors for their audio projects.

When studying at the Chalmers University of Technology in 1967, at alecture
with professor Olof Rydbeck, founder of the Onsala space observatory, he
said:

"1 have been working with elektromagnetism al my live, but what is an
electric field? What is amagnetic field?’

How do the fields combine into radiation?

Measurements with the slotted line showed points on the line where only a
magnetic field or an electric field was visible, but the directional coupler
indicated that radiation, both electric and magnetic fields, where present in
al points.

Supposewedo it the other way around: What happensif thereare noisolated
electric or magnetic fields but only radiations? That was the beginning of
this journey.

Chapter 3: First | checked with two of Maxwell”s equations and found that
they are unnessary if we use radiationsinstead of fields.

Chapter 4: Then | made more experimentswith the capacitor and discovered
not only the staircase charging curve when theinternal resistor of thevoltage
sourseislarge, but also that thereisarisk of overvoltage inside the capacitor
if theinternal resistor islow and the voltageis applied momentarely, aswhen
mains power is switched on.

Chapter 5: | made experiments with the inductor, using shorted transmission
lines.



Chapter 6: | explained the difference between E, D, H and B.

Chapter 7: Using the capacitor model with radiations to create the electric
field, | expanded one plate to infinity and the other into a point creating a
charged particle. Calculating the energy in the surrounded radiationsand using
numericalsfrom the el ectron, the result showed that all energy associated with
the mass of the electron isin the surrounding radiations.

Chapter 8: The next step was to show the location of the ”kinetic energy” in a
moving electron.

Chapter 9: Now it was easy to calculateAmpere’slaw from the radiation model
of the electron.

Chapters 10 and 11: The next step wasthe potential energy and forces between
particles, the electromagnetic force and the nuclear force. Being able to
recognise the total energy in agroup of particles (mass, kinetic and potential)
gives apossibility to use the true definition of aforce: Changein total energy
with distance.

It started as a test to see what the result would be if al fields came from
radiations, and ended with a physical model not based on particles as particle
physics, but based entirely on radiations.

Alvsjo, August 20th, 2017

ittty
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1 — Maxwell’'s equations and Radiation © Per Wallander 2017-08-20

1.1 Symbols and formulas
(that | am using)

Electrical field strength: E [V/im
Magnetic field strength: H [A/m]
Electric flux density: D=¢[E=¢ & [E HAs/m’g
Permittivity: £,~8,854107% = L 10 [As/Vi
36
Magnetic flux density: B=pM =y, [u,H [Ns/m{
Permeability: o =4rt10"  [Vs/ Am
Maxwell’'s equations: OmD= p
U
E (B 0
Ux BE- a—B
O ot
g
H}( H= H a_D
ot
Elektromagnetic (power) flux density (radiation): S=ExH HV/ mZH
: . . - _E _|H
Relation between E and H in elektromagnetic radiation: Z= i \e

1
I’@I’

1 1
Propagation velosity of electromagneticradiation:  ¢= |— = = BIo° [m/s
% Y . Ve \ kol g, Ju [
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2 — Fields from Radiation

2. Fields from radiation

30.15m
0.15 us

=210°m/s

13.3m
0.05 us

=2.6610°m/s

per@perant.se

The Time Domain Reflectometer (TDR)

A TDR consists of a puls generator, a resistor usually 50 ohm and an
oscilloscope.

With a dual channel oscilloscope we monitor the input signal and the
output signal of a cable. We measure the time it takes for the signal to
reach the end of the cable.

®

' Channdl 1 Channedl 2

For the coaxial cable the speed of the signal is calculated to
200 000 km/swhich is 67% of the speed of electromagnetic radiationin

vacuum, corresponding to radiationin adielectric with &, = 2.25 which
isthe polythyleneisolation between the center conductor and the screen.

For the twin-lead the speed is 266 000 km/s, 87% which corresponds to
radiationinadielectricwith g, =1.27 whichisthemixedisolation of air
and plastic between the two conductors.

The speed of the signal?
The signal on the transmission lineis travelling with hte same speed as
electromagnetic radiation in the space between the two conductors.

The speed depends on the diel ectric properties of theinsulating material .
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2.1 Transmission lines

Radiation?

When abattery is connected to atransmission linetherewill bean electric
field between the conductors, and also electric field componentsin the
direction of the conductors. Thesefield componentswill move chargesin
the conductors. Therewill be current in the conductors.

D

&

[ R )

L et usmeasurethe current.

In our measurementsthe battery is6 V as seen on the oscill oscope.

r7)

With the coaxial cable connected and aresistor of 50 ohm the voltage
riseto 3V acrossthe cable. The cablelooks like a50 ohm resistor. The
characteristicimpedance of the cableis50 ohm.

o 50Q

6V — T 3V coaxial cable
P

3V

With the twin-lead and aresistor of 630 ohm thevoltageriseto 2.2 V.
Thisgivesacharacteristicimpedance of 300 ohm.

., 630Q

6V — T 2.2V twin-lead
&

2.2V
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2 — Fields from Radiation
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The current in the conductors produce magnetic fields encircling the
conductors.

The electric and magnetic fields are perpendicular representing
electromagnetic radiation, which propagatesal ong thetransmission line.

s N
I

&

How large will the current be?

The current will be exactly the value needed to produce the magnetic
field strength H which gives el ectromagnetic radiation with the electric
field strength E. The ratio between E and H is determined by the

characteristicimpedance Z, (actualy Z__; ..) of themedium (isolation)
between the conductors.

Zo[Z vegiom) =E (Z, in free space =377 Q)

Thefield strengths arerelated to the voltageV and current | on thetrans-
mission line, and the ratio between the voltage and current Z, (actually

Z,..) isthecharacteristicimpedance Z, of thetransmissionline.

Zy[Zine] :Y— (Z, inacable, i.e. 50 Q or 300 Q)

11



2 — Fields from Radiation

© Per Wallander 2017-08-20

2.2 Current in an open
transmission line?

Yes. When the forward going signal reachesthe end of the transmission
ling, it is reflected back. What we usually see isthe sum of the forward
and reflected signals.

To avoid multiplereflections| haveterminated thetransmissionlineat the
battery with its characteristic impedance.

L ook how the currents cancel, and al so the magnetic fields. What we see
isthe voltage between the conductors and the electric field.

N f
J Y
I ) | .
2z
J /JT T/ U
i I
Voltageinthe Thereflected Forward and
forward signal signal returns reflected signals

In a shorted line?
Inashorted transmission line, the electric fields cancel, and what isleftis
the current in the conductors and the magnetic field.

N A
J I U
I ) | r
&z
J é/ Y
_ I
Voltageinthe Thereflected Forward and
forward signal signal returns reflected signals

12
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2 — Fields from Radiation

2.3 The capacitor, a short open
transmission line

The short transmission linelookslike acapacitor.

If weincreasetheresistor our circuit should givethe charging curve of the
capacitor.

What we see on the oscilloscope is a staircase produced by the signal
whichisreflected at thefar end, total reflection, but al so being rereflected
at the generator end according to the reflection coefficient.

Look at the picture. The first step is small. Thisis the voltage division
between theresistor and the characteristic impedance of the cable.

Thenext step islarger becausethisisthefirst voltage comeing back plus
thevoltagethat isrereflected back into the cable.

Thecharging curvelooksnoisy. Thereare reports of capacitorswhich are
noisy when used in hi-fi audio applications.

Yes. When the forward going signal reaches the end of the transmission
ling, it is reflected back. What we usually see isthe sum of the forward
andreflected signals.

R =500 Q
5%25509
&
+ Zo
U =u 2o
R +Z,
5 =R=Zs
® R+Z,

Uy +U(1+ p5) +U,(L+p5) ps + D

M+ Uy + pg )08

per@perant.se
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2 — Fields from Radiation © Per Wallander 2017-08-20

If the resistor is much smaller than the
characteristic impedance of the capacitor?
Intheexamplebelow theinternal resistance of the generator ismuch smal-
ler than the characteristicimpedance of the line (capacitor).

R=50Q .
U, =U H—R +OZ
Z,=300Q 0 U, +tU,(1+p;) +U,(1+p;) 0, + D
2 Ps = R-Z, D]]H‘UO(].'*‘DG)[)E_l
R+2Z,

Thefirst signa (voltage) going out on the lineis 0.857 of the generator
voltage. Thissignal isreflected and add to the forward signal which gives
atotal amplitude of 1,714 of the generator voltage between the conductors.

When thisreflected signal reachesthelineterminalsitisrereflected back
with anegative reflection coefficient. Thevoltage seen ontheterminalsis
only 1.102 of the generator voltage, BUT the maximum voltage between
the capacitor platesisa most twicethe generator voltage.

1.714
e
1.364
4 2 e
1.1
90 1.052
— 0963
- X f
0.857 0.927 —
0.740
e
0.489
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T Voltage as seen between the terminals of the
1 capacitor.

L/

| Vol tage between the capacitor plates as measured at
[ theend of theline.

Pulseswith extremely short rise time occur when power is switched on.
They are aso present in all types of switched power supplies, i.e. char-
gersfor cellular phones.

Itisimportant that capacitorsin these applications can withstand voltages
almost twicethe generator voltage.

A switched power supply that rectify the mainsvoltage, in Europe 230V
RMS, 320 V peak, must have a ccapacitor that can withstand 640V to
avoid break down if it is connected to the mains supply exactly at the
peak voltage, or it must have extrainductance in the mainsleadsto avoid
short risetime when connected.

per@perant.se 15
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2.4 Measurements in a slotted
line

Thedotted line hasasdlot in the screen. Thisd ot doesnot affect the func-
tion of the cable but gives possibilitiesto insert asmall probein the space
between the screen and the centre conductor of the cable.

To measure the el ectric or magnetic field, the probe or the fields must be
changing. Both can not be fixed. We choose changing fields by using an
AC signal from a 144 MHz generator.

A probe with a small antenna gives a signal that is proportional to the
electricfield.

If the dotted line is terminated with 50 ohm there is no reflected signal
and thefield isconstant along theline.

If theterminationisremoved thesignal isreflected. We havetwo signals,
one travelling forward, the other reflected. The probe will measure the
sum of the electric fields. Thereflected signal hastravelled longer andin
some points they add in phase, in other points out of phase, giving the
familiar standing wave pattern. The maximum on the oscilloscopeistwice
thevoltage, the sum of the electric fields, and the minimum is zero, when
theelectricfieldsare out of phase.

Detected

electric field strength‘ \/\ 5

f to detector;
Qg
T

A probe with aloop gives asignal that is proportional to the magnetic
fields. In the points with no electric field we have a maximum in the
magnetic fieldsand viseversa.

Detected
magnetic field strength

Here we have only
electric field strength

16
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2 — Fields from Radiation

2.5

Measurements with a

directional coupler

Today, measurements on transmission lines between transmitters and
antennas are performed with "directional couplers’, sensitive to the
direction of the signal. With such directiona couplersit is possible to
independently measure the forward signal (the instrument is calibrated
in forward power) and the reflected signal (the instrument is calibrated
in reflected power). Thereis no need to move the detector (in a”slotted
line") to obtain areading.

f to detector

signal

S
z7j

Forward

5

to detector

L1

to detector

=~

£

to detector

=

N

1) 1) 0

2

per@perant.se

r:]rftodetector
<§ i@ = —
oL |

Reflected
signal

2.6 An experiment for my
students

To convince my students that there are two signals, onein
eachdirection, | usethefollowing experiment:

Withthecaxia lineterminated initscharacteristicimpedance,
50 ohm, we measured the forward signal on the line. The
length of the line from the coupler to the termination was
about 30 cm. Output from the coupler was viewed on an
oscilloscope.

| asked my students: " What happens on the oscilloscopeif |
disconnect thetermination?’

Of course nothing happens. | measured the forward signal
which had not yet been at the end of the line. The signal
does not know what is happening further down theline.

Next | terminated the line with ashort. Now we had a short
circuit 30 cm from the coupler, and still nothing happend.

If we turn the coupler to measure reflected signal there
happensalot.

(This experiment can only be repeated if the internal
impedance of the generator exactly matches the line. If
multiple reflections occur the forward signal is not cons-
tant throughout these experiments.)

17
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2.7 Summary

From the experiments with the slotted line we can
learn:

1. Measuring with the E-field probe and with the H-field probe we find
points on the line where the electric field is maximum and no magnetic
fiddisvisible.

2. Inother pointsonly themagneticfieldisvisible.

3. Butinall pointswe haveradiation of equal amplitudein both directions.
Theinvisiblefieldsarethere but in antiphase.

Studying pulses on transmission lines with the TDR
gives the same indikation:

4. A battery connected to an open transmission line givesonly an electric
field, but in the first moment when the battery is connected, when the
" capacitor” ischarged, we have both electric and magnetic fields. When
we reach "steady state” the magnetic fields are of equal amplitude, in
antiphase, and thereforeinvisible.

5. The same happens with a closed transmission line, a coil. During the
charging of the coil we have both el ectric and magnetic fields. When we
reach ” steady state” the electric fieldsare of equa amplitude, in antiphase,
and thereforeinvisible.

| propose:

There are no such thing as isolated electric or
magnetic fields, only radiation

An isolated electric field is always radiation in two or more directions,
where the sum of the magnetic fields cancel and thereforeareinvisiblefor
instruments detecting magnetic fields, and al so invisiblefor matematicians.

Anisolated magnetic field isalwaysradiation in two or more directions,
wherethe sum of the €l ectric fields cancel and thereforeareinvisible.

In the chapters to follow we will test this hypothesis and arrive at some
very interesting results.

18
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3. Fields from Radiation:
Faraday’s law, and Maxwell’s addition
to Ampere’s lag

A radio engineer is used to working with forward and reflected signals and standing waves on cables, and
concequently forward and reflected radiations and points with only electric or magnetic field strength in
cables. Suppose we create electric and magnetic field strengths from radiation and test them on Faraday’s
law, and Maxwells complement to Ampére’s law.

Create atime varying magnetic field from radiations. We need two radiations in opposit direction for the
electric fields to cancel:

The first radiation
The first radiation is moving in positive z-direction with an amplitude equal to half of the electric field
strength. This radiation consists of the following field strengths:

X E’
E = E(x, zt) —_—
2 z

. _H
Hy _?(y’z’t)

The second radiation

The second radiation is moving in negative z-direction with an amplitude equal to half of the electric field
strength with the E-field in antiphase to the first radiation. This radiation consists of the following field
strengths:

per@perant.se 19
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3.1 Faraday’s law

OE* E O
Wewant to start with: ¥ EX G+ —F
02 2
oB
and the result should be: = —E
Calculate:
X y z
x Ex (B Hf BF MDY | 2 o 9
0X oy 0z
E;+E, H,+H, O
O oH; oH,0 O E’ o0 mMoH, oHU O’ oEH
=[0-F— Y +—AX-[0 o> +—= 0y g O 27 =
g 0z az% 0 090z 0z %OX axﬁ 0oy Oymg
Partial derivatives:
forward radiation
X E; 0 +
[EQzE(x, zt) O ok OE
— 0 2 0z 20z
0 oH !
z |:H+:E(y’z,t) O r a_H
o « o’ 2 0z 20z
y y _
%X‘:E(—x, -zt) O 9E. OE
0 2 0z 20z
z O H oH oH
T=_Y ,—Z,t e
EHV Z(y ) 0z 20z
BaE; _OE; _0H; _oH, o
backward radiation gdy ody  OXx 0X

20
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and use the derivatives:

E} (aH aH) O _(6_E+0_E

20z 262 X HO 20z 20z +[(0 +0) «0 +0)]Z —-—y

Theradiation ismoving. A value in another point on the z-axisisthe
same as staying in the original point but change the time:

V4
O o_ Lo d
~Az=cM O - —= B-—= Jufl—
H zctﬁat
X 0
_ _ |H
=Z M=%
t=At Zo £

Using thiswhich isin the definition of radiation, we finaly get the time
derivative of the magnetic flux density:

=6—Ey=—%£—y= Zﬁ—y—\/_lgfﬁ—y— Hy—ﬁy

0z ot c ot ot
rotation in the E-

field strength ...
X
’/h Rotation in the electric field strength always imply a
: o 7 time varying magnetic flux density.

y t X If wedefineelectricfield strength asasum of radiations
thereisno need for Faraday’slaw. Faraday’slaw follows
automatically.

—— z

... imply amplitude variation in time
for the magnetic field

per@perant.se 21
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3.2 Maxwell’'s addition to Ampere’s law

H* H O
Thistime we start with: x H=x g+ —f
02 20

oD

and the result should be; = 5

Create atime varying electric field from radiations:

The first radiation
The first radiation is moving in positive z-direction with an amplitude equal to half of the electric field
strength. This radiation consists of the following field strengths, exactly as before:

X
E
Er=—(x2zt
=Sk

+ _ H m——
Hy =2 (20 = 2
y
The second radiation

The second radiation is moving in negative z-direction with an amplitude equal to half of the electric field
strength with the E-field in phase with the first radiation. This radiation consists of the following field
strengths:

X
E
E =—(x,-zt
=5 (2 _
_H et
Ay 23(—)/’ = 7 - z
y
Calculate:
X y y4
x H=0x (Bf Hf Ef Hj3 9 9 9
0X oy 0z
E;+E, H,+H, O
O DoH; oH,;00 0O o' oE. 0 [HoH; oH,O DoE' oETH
=[0- Y 4+ y X_lj)_lj X 47X Y o+ y I x+xD2:
g 0z az% 0 09z 0zm ox axﬁgay oy
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X . . .
Partial derivatives: 0 N
E, =E(x zt) O Ok OE
forward radiation E 2 ‘;E . 207
H oH
— r=—(y,zt) O  —
7 EHy Z(y ) 0z 20z
= » L _Eyy p % E
y 0 2 0z 20z
. O - -
backward radiation [H-:i( -y, -zt) O ai_ oH
T o’ 2 0z 20z
D I B s . ) . _
et bo- 7 EaEX _OE, _0HJ oHJ _
/ oy oy  0x X
y

and use the derivatives:
D 0E OE

_ oH oH O _(OE _OE _oH
_é) (262 ZOZ)H —H (262 Zag +[(0 *0) A0 +0)]Z zX

The radiation ismoving. A valuein another point on the z-axis
isthe same as staying in the original point but changethetime:

0 = _ 9 Lo 9
%—Az—cmt 0 : iﬂt */ﬁat
H-E- 2k

B Z \u

Using thiswhich isin the definition of radiation, we finaly get the time
derivative of the magnetic flux density:

rotation in the H- _ _oH _ 1 gE \Fﬁrﬁ—x _. JE, D
. C ez ¢ t

field strength ... 0z C at c[Z ot

Rotation in the magnetic field strength always
imply atime varying electric flux density.

If we define magnetic field strength as a sum
of radiations there is no need for Maxwell’s
complement of Ampére’slaw. Thislaw follows
automatically.

/ Z
y ... implies amplitude varia-

tion in the electric field
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Conclusion
Faraday’s law and Maxwell’s addition to Ampere’'s law implies that all
fieldsarefrom radiationsin different directions.

From this | propose:
There areno such thing asisolated electric or magnetic fields. Thefields

are dways radiation.
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4 — Fields from Radiation: The capacitor

4. Fields from Radiation:
The capacitor

per@perant.se
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4 — Fields from Radiation: The capacitor © Per Wallander 2017-08-20

4.1 Traditional view of the capacitor

The parallel plate capacitor
It is easy to calculate the capacitance of a parallel plate capacitor. We
needthearea a (&, the capacitivity &£ and thedistance between the plates,

b.
C =£§E=£08r Ela—&
b b b %

a .

Charge the capacitor
Connect abattery. We may have aresistor in series. Disconnect the battery
when the capacitor isfully charged. Now there are charges on the plates.

tHF A+

LI, U
A C

Calculate the energy
Now we can calcul ate the energy stored in the capacitor.

0lo

W, =%[<1:£w§ =%B0£r ﬁb—@m@
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4.2 The transmission line as a capacitor

The parallel plate transmission line
The parallel plate transmission linelooks like a parallel plate capacitor.
Connect the parallel plate transmission line to a battery. We get forward

g and reflected radiation between the plates. The electric field strengths

E* and E- add to atotal electric field strength E , but the magnetic
L .% field strengths cancel.
a .
When we have forward and reflected radiation on the line, the battery
can be removed. Now there will be total reflection at the ends of the
transmission line and the radiations will go back and forth in infinity.
F—a — Yo _ E=E'+E" e ;
T b Vi P |
: pt— !
z & i T .
E*=E = U_C
e 2b e

Forward and reflected radiations

We know the electric field strengths and can calculate forward and
reflected power densities. Multiply with the area alb. Now we have
forward power, and reflected power

e xHeE B prE - +2%/5 _ef
S =E'xH " =E"&——=E =(E = =
" Zmedium H ( ) ZbH
Ve

v ot .o [e - — oAb = .o &
pP*=S @bzabBiHD\E P =S [&b abBEHD\/;

Multiply with the time it takes to travel on the line, and we have total
energy in the transmission line.

_1 . ake .
W=P" [At+P [ = ZBbB—H Blﬂ —E_.b (W)

ﬁ

The charged " capacitor” contains exactly the same amount of energy
irrespective of which method is used: The capacitor as a container of
charges, or the capacitor asatransmission line.
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4.3 Charging the parallel plate line

Connect the parallel plate line to avoltage with amplitude U volt. What
will the charging curve look like at the points of connection?

First there is voltage division

The voltage is divided between the resistor and the characteristic
impedance Z, of theline. This voltage U, travels dong theline, and is
reflected totally (reflection coefficient +1 at the end of theline) and returns
back after the time it takes to go forth and back on the line.

R =500 Q
5%20 =50 Q
&
+ ZO
U =uUE-—=0
R+Z,
o =R=Zs
® R+Z,
Uy +U,(1+p5) +U (L +05) ps + (I
(3 Ug(1+ o )05

Reflexion coefficient at the "generator” 123456782910

When U returns it hit the resistor in series with the generator. L et us calculate the reflection coefficient at
the generator side of the line.

Thefirst step on the charging curve is small, only the voltage division U, The next step is almost twice as
high (the signal coming back from the line plus the reflected signal going out). This continues in infinity.

Thiswill converge. Finally the sum of al forward signals are half of the battery voltage, and the reflected
signals are the other half.

Measured with an oscilloscope

We used a pulse generator and studied the rising voltage on the
oscilloscope. The resistance R was 500 ohm, the line was a 50
ohm coaxial cable 25 m long.

You seeinthe picture of the oscilloscopethat thefirst step isabout
half of the next step, according to theory.

There will be some losses in charging the " capacitor”. The front
of the steps are rounded. Thisis due to attenuation in the cable at
higher frequencies. But when the lineisfully charged we have the
same current from the forward signal as from the reflected signal .
Total current iszero, and there are no losses from resistance in the
conductors (capacitor plates).
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4.4 Charging the capacitor

R Calculate the traditional charging curve of the capacitor. To do this we
U c need the " capacitance” of our cable.
It is easy to derive a formula that only contains the characteristic

impedance of the line and the time it takes to travel At,,. (oneway) on
Uc =U(1-e%) theline.

ét ‘ b C=¢ y € :e\/ﬁzggizAt””e
b (i DT
./ € %0_5 € aye

Thisis valid for al cables. A 50 ohm coaxia cable where the signal
travels with 200 000 km/s has a capacitance of 100 pF/m. Now we can
calculate the exponent of the e-funktion:

t_: t :nl:zl]“”ne :2mﬁ
RC R Atline R Atline R
ZO

Usethisfor the e-function and expressthetimet in number
of times (n) the signal has travelled forth and back on the
line (2 (At ).

Sketch thewell known charging curvefor the capacitor. This
isagood approximation of the steps from the capacitor asa
short transmission line.

In an electrolytic capacitor the capacitivity of the dielectric
123 456 789 10 is very high, which means that the speed of the signal is
extremely low, and the stairsin the charging curve arelarge.

Watch out for high voltage between the capacitor
plates

In some caseswith charp steps of thevoltage (at " power on” or in switched
power supplies) the voltage can reach almost twice the voltage of the
source between the capacitor plates, as shown in the experimentswith the
TDR. The capacitor must be able to withstand this voltage without break
down.
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4.5 Two capacitors in parallell

Start with two identical capacitors. Oneis charged to the voltage U and
get the charge Q. The other capacitor is uncharged. Total energy isthe
energy in the charged capacitor.

Q=UIC Q=0
U.=U T +UC =0

w =£C w2 +£C [0? =£C w?
2 2 2

Connect the capacitorsin parallell. Theclassical vieuisthat the charges

are shared between the capacitors. Charges can not disappear. Both

capacitorsget half of the charges, giving half of thevoltage.

Calculatethetotal energy. Half of the energy ismissing. Wheredidit go?

0,5[Q =0,5 [T 0,5 =0,5W [T

cosw L Lu - _1oquif 1opQugt 1o
U, =0,5W _l__‘__‘_uc-o,suu W—ZC%E+ZCEE =4cm

The capacitors as transmission lines
One capacitor is charged with forward and reflected power.

When the powers are equal, the currents in the capacitor plates are also
equal. They pull on the electrons in both directions, and no electron is
moving. Ohmic losses are from colliding electrons and radiation from
accelerated or retarded electrons. If there are no moving electronswe have
no losses and the forward and reflected power can travel in eternity.

Connect the capacitors. The power rush into the next capacitor and the
currentsare no longer equal . We get ohmic lossesin the capacitor plates.
The maximum power one source can deliver in the real chmic world is
half of itsenergy. That holds even here.
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5. Fields from Radiation:
The inductor
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5.1 Traditional view of the inductor

Short the far end of the paralel plane transmission line and we have a
one turn inductor. Calculate the inductance.

b::::g}& Lz“g?

a .

Calculate the energy stored in the inductor.

f w=lanelg By
&

5.2 The transmission line as an inductor

On the shorted transmission line we have forward and reflected signals
as with the capacitor. The difference is that the reflection coefficient is

-1 withtheresult that electric fields cancel and magnetic fieldsadd.
Calculatethe magnetic field strengthsfrom Ampere’slaw:

g H@+0@=1=(H"+H )@ O H= H= L
b % 2a

a .

Forward and reflected radiations

When we know one of the field strengths we can cal culate forward and
reflected power densities on the line, and forward power and reflected
power using the area alb .
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—
|

Total energy inthelineis, aswith the capacitor:

Wep at+p @t =2 LD € oy (HOID
B B Bz_H eHod]

=1m£E[I]2
2 a

The energy in the inductor can be calculated either way,
using thetraditional formulas, or viewing theinductor as
atransmission line.

The inductor is also charged as a
staircase function

From a measurement, using a 50 ohm resistor and a
shorted transmission line with 450 ohm characteristic
impedance | got the photo of anice staircase. Thevoltage
is measured between the conductors at the connection
point between the generator/resistor and the transmission
line.

The speed of the radiations

The traditional way of explaining an iron core in an inductor is that the
iron molecules align themselves along the magnetic field and " store”
energy, equivaent to the dielectric molecules and the electric field in a

capacitor.

In the transmission line model the capacitivity and permeability affect
the speed of light. Radiation moves slower and more energy is stored in
the same volume.
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5.3 Mutual inductance

Start with a coil, looking like a shorted transmission line, but half way
we twist the line a half turn. The forward signal twists its electric field
uppside down, and the same for the reflected signal .

Thiswill not change anything. We have two loops, half in size, but the
total stored energy is unaffected.

Y1 a

r e><¢a b

w=tnaectu o
2 2 a

Now bend the second oop and placeit on top of thefirst loop. Thisgives
atwo turnloop half insize.

e

The new inductance is the sum of each "half coil” plus the mutual
inductance from coil 1 to 2, and the mutual inductance from coil 2 to 1.

bt b b b
_ _ 2 2 2 2 _ g@
L=L+L,+L, +L,, =y 3= +uB=+u 8= +u 8= =2
a a a a a

We can a so use astandard formula saying that the inductanceis propor-
tional to the square of the number of turnsin the coil.

bef brf
L=pB2nt=p022 =222
a a a

Thisgivesthe stored energy:

Winmmzzimmﬁ—@mzzzﬁmﬁ—@mz
2 2 a 2 a
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As a transmission line

Inthe coil we have two radiationsin each direction. With radiationsin the
same direction, we can not add power densities. We have to add field
strengths.

Thefield strength in the sum of thesignalsgoing from lefttoright (LR) is
twice aslarge giving apower density whichisfour timesaslarge. So also
with the signalsgoing fromright to left (RL).

_ _ B oy _, fpD O
SHR=2EWx2HW =7 . RHRRH'R = z(2H ) =4 = Boal]

LR _ olLR _ £D| D2
P"=S"@b=ab@ 8%5
RL _ oRL _ HD| D2
P™=S"@b=ab4 E%H

e )
Ol f olo

— pLR R = H = H
W =PRI, +PY A, ZM%\E%H% 4Bb\EHzT;E

Y

mZ

~fo

:2%@

a

£

=
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The one-turn loop
In the one-turn loop we have the current | calculated from U/R.

R 1 . | \
——F—
UfilH*’ ®H +H"™
T A X

— =

From Ampéreslaw we cal culate the total magnetic field strength, and this
field strength we divide into forward and reflected radiation densities.

H@+0@=1=(H"+H )@ O H= H= L
2a

S =E'xH"=Z . H H" \/7 BZ—H

Next we calculate forward and reflected radiation, and from there the
total (magnetic) energy in the one-turnloop.

R s I s ) . pol of
P"=S"[@b=ab,|— = = =
\/:BZ—aH P =S [@b=ab eBZ_aH

W=P+mt+P‘m=2ﬁb\/gE2|—a§%ﬂa

The two-turn loop

If we make atwo-turn loop of the samewire, we have the samecurrent in
eachwire, giving 20 inAmpéreslaw, and themagnetic field strengthis
twiceaslarge. Thisgivesradiation intensitiesinside theloop that isfour
timesaslarge.

Thisloopisonly half in size, but thetotal energy istwotimesaslarge.

| 2l
— 4 ot
‘E ® ®® ‘ol
T H++H_T 2H* +2H
— e

S =2E"X2H" =7y ZH 2H" = E(2H+)2=4[§}/EDID2
medium < gBZ_aH

P =5 Bo =4 AL 5 P‘=S‘®b=4mb\/ED| d

¢ ah £ Heal]

= 2
W=P M, +P @M, =23 @b K 2 72 =4 MO0 8
£ aH c EHZ c
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The four-turn loop

If thewireisarranged in afour-turnloop we gtill havethe same currentin
eachwire, giving 400 inAmpéreslaw, and themagneticfield strengthis
four timesaslarge. Thisgivesradiation intensitiy inside the loop that is
four timesaslarge.

Thisloopisonly one quarter in size, but thetotal energy isfour timesas
large.

Q| 4H" +4H"

H(an Y z16 fH 2 D
S'=4E*x4H* =7, @H'[@BH" \/:(4H) 16 oar

F _ o+ _ HDI |j2 P_=S_@b=16@b\/glj |j2
P"=S"[@b=ab16 8%5 £EQ_8.

. ] ol oiQ°
W =P AL, +P mte,4=2m6ﬁb\/gaz—a —Bﬁbfa ﬁ
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How can the radiations be 16 times as large inside
the loop?

When the radiation enters the loop, some part is reflected, but radiation
will continue to enter the loop and be reflected back and forth until the
boundary conditions are fulfilled. With 4 turns in the loop, the current
must be4timesaslarge(ideal conditionswithout lossesand 100% coupling
between theturns). Thisresultsin very large electric fields, but that does
not matter. They arein antiphase, asare the electric fieldsin theincident
radiation. Boundary conditionsarefulfilled for the electricfieldsaswell.
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Voltage at the terminals of a one-turn caoil
The area shows energy going into the coil.

1

Voltage at the terminals of a two-turn coil
This picture shows energy going into the coil. The area represents the
total energy stored inthecoil.

i

The next picture shows what happens when the turns in the coil are
arranged in antiphase. Energy goesin, but isimmediately reflected back.

|

Voltage at the terminals of a four-turn coil
Now the areaislarger. More energy is stored in the coil.

Heretheturnsarein antiphase. Energy goesin, but isimmediately reflected
back.

i

H
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6. Fields from Radiation:
E and D, H and B
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6.1 EandD,HandB

A lot of textbook authors have difficulties how to handle E, D, H and B.
Sometimes they put E and B in one group, and D together with H.

E and H is always radiation

E isthe electric field strength and H is the magnetic field strength in a
radiation which has the power density S The ratio between E and H is
always determined by the medium, its characteristic impedance.

If we have an E-field thisis an indication that thereis radiation, and we
must also have the corresponding H-field.

If theratio between E and H differsfrom the characteristic impedance of
the medium, this is an indication of multiple radiations in different
directions.

Total energy in a volume
To calculate thetotal energy inavolumewemust know the power entering
thevolumeand thetimeit takestofill the volume.

w:smbm:smb[-f;

Wzsabﬁ(;:S@beEli—:SﬁbeQ/u@

Jie

S=ExH QN/mZE

Z:EX: ﬁ
Hy &
1
c=
JUE
e
gl
b

W=EMH @be;/u@zEéﬁbe;/uﬁzEE—lE—mbe;/u@ =E [E [@be =E [D [@be

\/E

W =E[H @be/uE =Z H (H @beu & = %DH M @be @ =uH B Bbe =B B Ebe

These simple calculations show that D and B tale care of the correction
factor for the speed of theradiation.

Engineering constants

The congtants ¢ and ¢ arefrom thefirst experimentswith capacitorsand
inductors before and after the year 1800. In 1864 Maxwell linked these
constants to the speed of electromagnetic radiation. Now | link
el ectromagnetic radiation to capacitorsand inductors.

To calculae the total energy in a capacitor we have not one but two
radiations, going back and forth, and arrive at the familiar formula:

WzEBEmbe+EBE@be=£s (E? E\be:EE D @be
2 2 2 2 2 2
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6.2 D at a "surface”

When we calculate the total amount of charge Q on the plates of the
capacitor, it isnot enough to know the electric field strength between the
plates. We must also know the density of the lines, or talking radiation,
we must know the speed of the radiation going back and forth in the
space between the plates.

The charge Q is a description of the energy in the space between the
capacitor plates. We must have a three dimensional description of the
electric field lines, and the electric flux density D is such a three
dimensional description that takes care of the speed of theradiations.

1 _ 1 O 1 _ 1
\//’ll} \/IJO Ij‘0 \/lJr |-_"}‘Lr ° \/er

We get c=

chwczeﬁ‘b—@mc =£UT°a@=eEB=DE=sOE a\e, Bt

With a dielectric the speed of the radiation is slower. Thisis equivalent
to alarger areaof the capacitor plates:

az o5

Observethat bisunaffected. Theradiationisnot movingin that direction.
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6.3 Magnetic flux density B

Exactly the same happenswhen we calculate thetotal number of magnetic
field lines passing through aloop. We use the magnetic flux density B:

r )
L

e
Speed of the radiation with amagnetic medium in theloop:
1 1 1 1
c= = B =c, F—
\/IJ B: \/IJO |]':0 \//Jr |3‘} ’ \V l’lr EI'

The size of theloop hasto be compensated for the changein speed of the
radiation. The loop looks bigger.

®=Beb =yl BD =gy B BB =4, B (&/y) b/y)

Dielectric in an inductor?

If weinsert adielectric medium in aninductor the speed of the radiation
becomes slower. This should result in increased energy in the inductor,
and larger inductance. But the ratio between E and H is changed due to
the dielectric. E will decrease resulting in lower power density for the
same current | in theinductor. The decrease in speed and the decreasein
power density givesasaresult that the stored energy is unchanged.

W=EMH @be;/uﬁzzmm-l@be;/u@:\/gﬂ}lﬂ}lﬁbe;wmzuH (H [@be =B H [@be

But the dielectric will affect theinductor. Therewill belarger " stairs” in
the charging curve. But the stored energy asafunction of thecurrent | in
theinductor isunchanged. And concequently theinductanceisunchanged.
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7. Fields from Radiation: The electron
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7.1 A charged particle

A positiv charge

Itisvery simple. Start with a capacitor and diminish the capacitor plate
with a positive charge into a point. At the same time, let the negative
capacitor plate expand into infinity. Now we have a point charge,

according to Gauss' law.
/@ EFD [ba=0Q

Forward and reflected radiation

Can we use forward and reflected radiation from the capacitor?Yes, we
can. In the capacitor we haveradiation that isreflected at the ends. Here,
when the plates reach infinity the forward radiation will seeits own tail
and connect. The same happenswith thereflected radiation.

Now we have two radiations encircling the point charge. The electric
fieldsare pointing outward and add.

The magnetic fields arein concentric layers around the point charge and
cancel in most areas, but not everywhere. Thisgivesthe spinn properties

of theelectron.
7 // - P+O - S N
®
[ - ) |
\ ¥ 7
~y =P £ 7

e il
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x H= ﬂa—E
ot
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Start with a positive charge
The picture shows a positive charge, radiations encircling the point in
oppositedirections.

Look at an electric field E directed outwardsfrom the” point”.

Suppose the electric field would like to change in
amplitude

If theelectricfield will changein amplitudethen therewill beamagnetic
field H induced, encircling the electric field according to Ampére'slaw.

This will create amplitude changing magnetic
fields

These new magnetic fieldswill be encircled by electric fields according
to Faraday”slaw, fieldswhichwill counteract the original changeinelectric
field strange.

The point charge is a stable construction

A particle consisting of encircled radiations is a stable construction. As
soon asit will changeamplitudesor its chape, counteracting fieldswill be
induced and prevent any change.
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7.2 Energy in the radiation encircling the
electron

Let us calculate the energy dW in the radiations in a small volume dV,
using field strengths and the traditional speed of light:

E

ExH=S db 0O H \/—?EE
J S u
H da

ax

I|lm
I
oN
I
o=

_ _ [E _HDO X Ule EU _F?
W =n(s,, mAmt—nHHxFH@amlbéjc— _ninﬁg inﬁmv e =e= @V

The energy isproportional to the square of thetotal electricfield strength,
but inversely proportional to the number n of radiations, and proportio-
nal to the volume of dV.

Look at a charged particle in the traditional way and calculate the total
electric field strength from the charge Q of the particle.

Use this field strength for the calculation of energy in a shell volume
element encircling the charge:

2 r, ,’/ \ \‘\
E? £ O ? . @/r Vo
sza—mV:—Eﬁ% mﬂrzmr:Q—zmr - b

n n [CArmer E 4ma© h
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Integrate from the surface of the electron to infinity, to calcul ate the total
amount of energy that is encircling the electron:

_ 1
4 elh 4nsm% 4718]1 Ar

Now add some numerical data. We know the charge of the electron and
the permittivity. But what isthe radious of an electron?| usewhat isknown
astheclassical radious of theelectron:

Q=1,602010"
|:| —-12
%, =8,85010

HAr = 2,82110°%

Total amount of energy encircling the electron:

2 1602107
we @ o1 | - ) _=lpsigmo™
4, Th Ar n 48,8510~ [2,82010 n

Compare this with the energy which is” contained” in the mass of the
electron:

W = m[g?

9,110
2,998 10°

Em=

i

& =
W =mie? =9,1100° [f2,99810° )" =0,8188 10"

The energy encircling the electron asan electric field isequivalent to the
mass of the electron, if the electric field isfrom only oneradiation, n=1.
| supposethisishow the classical el ectron radiouswas cal cul ated.
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If n increases

Suppose we start with radiation encircling a sphere, only one radiation.
Thisradiation isequivalent to all energy ” contained” in the electron, the
"mass’ of the electron.

With n =1 the radiation has to fill the space from infinity to the classic
electron radious.

2 00
W, (o0, Ar) = Q =
47TsEL . 4n£EL 4715 Ar

Usen=2
Let n = 2. The electric field is created by two radiations in different
directions (on the shells around the sphere), but thetotal field strengthis

unaltered.
2
W, (o0, Ar) = @ 1R L
4me[2 47'[5[2 2 4me N

This time the energy from infinity to the classic electron radious only
contains half the amount of energy.

Where is the missing energy?
Calculate the energy from the classic electron radiousto half of theclas-
sic electron radious:

2 Ar 2
V\Q(Ar,ﬁ) :Q_DJ' [% - %_i 2201 & gl_
2’ ame2 ) 4ns[2 Hg 4nﬂ At AT 2 4 medr

2
Thereisthe missing energy.

What is an electron?

Suppose the creation of an el ectron started with one radiation encircling
asphere. Gradually theradiation was split into multipple radiationswhich
did not alter the el ectric field strength, but forced the energy closer to the
centre. If this goes on, the energy density close to the centre will be
enormusly high, but there will still be an empty sphere in the middle,
perhapsatiny "black hole”
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7.3 Thunderstorms, the
creation of new electrons?

Radiation in the sky
Isthe earth neutral or isit charged?

M easurements have shown that thereisafield strength of 100V/minthe
direction towardsthe earth. The earth isnegatively charged, or if wetalk
thelanguage of radiation, the earth isencircled by radiationsgiving afield
strength of 100 V/m. From the calculations of energy encircling the
"electron” we have that the total energy in a small volume element is

proportional to ¢, .

db
E:ZO:\/E O H \/—?EE
da H & H
ax
2
aw=eE @v=e @ E v = EgOE mivD@

n

On asunny day the atmosphere has ¢, =1, giving a certain amount of
energy insideavolume.

When it israining, the cloud isamixture of atmosphere and water (water
has g, =80). Boundary conditions are that the electric field must be the
same both inside and outside the cloud.

Whenit startstorain therewill be multiplereflectionsat the bordersof the
cloud, Thetotal amount of energy inside that volumewill grow until the
electricfield isthe same as outside the cloud.

When it stopps raining, the boundary conditions are not fulfilled. With
€, =1 theelectricfieldistoo largewith that amount of energy insidethe
volume.

Thisextraenergy which was part of radiationsencircling the earth when
itwasraining, isreleased. Theendsof theradiations have nowhereto go,
but to connect to each other. Suddenly we have radiations going in a
circle

Dielectric in the sky

Therest ishandled by Faraday”s and Ampére’slaws. Theradiations are
compressed into a " particle”, and nature has created a new electron or
positron.
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7.4 The double slit experiment

The double dlit experiment is famous in showing the dual nature of the
electron. Isthe electron aparticle?or isit awavefunction?

1. When electrons are shot against a screen with one slot, the detector
screen will show astandard propability distribytion.

2. If there are two dots in the screen the detector screen will show an
interference distribution, asin experimentswith light.

3. If we put detectors at the slots and measure the number of electrons
passing through each slot, then the detector screen will show two stan-
dard propability distributions, not an interferencedistribution...

4... but if we switch off the detectors at the dots, they are still there, then
the detector screen shows an interference distribution.

If the electron is an empty space surrounded by
radiations extended to infinity

Supposethe electronreally istheradiationsencirclingit, not aparticlein
thecentre

1. The radiations will squeeze through the slot and combine into an
electron.

2. With two slots some part of the radiations will squeeze through one
dlot, and the remaining radiations will squeeze through the other slot. At
the back of the screen thisis an electron with its radiations distorted in
such away that it can only exist in certain directions, asindicated by the
interferencedistribution.

3. When such adigtorted electronis” detected” wereorganisetheradiations
to form an undistorted standard el ectron. With two detectors, one at each
dot, theresultisasif the electronswhere emitted from the detectors at the
slots, not going through the slots. On the detector screen we seetwo stan-
dard propability distributions, no trace of interference.

4. When the detectors are switched off the detectors will no longer
reorganisethe radiationsto form undistorted el ectrons, and on the detector
screen we havetheinterference distribution.

The electrons can recogniseif the detectorsare” detecting” or not!

50

C
electron
source RTTTTTTTTTTT
1. Onedot
C
2. Two dlots
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R

3. Two slots with detectors

4. Two dots but
detectors are shut off

per@perant.se



© Per Wallander 2017-08-20 8 — Energy of movement, kinetic energy

8. Energy of movement, kinetic energy

per@perant.se 51



8 — Energy of movement, kinetic energy © Per Wallander 2017-08-20

8.1 Electron in motion

Theradiationsencircling aresting electron are running with the speed of
light. If the electron starts moving the radiations will run in an orbit
formed like ahelix. To still complete afull turn with the same speed, the

radious must decrese.

Resting particle

(R, = c[At

i
= 1-v?/c? =2 1-v?/c?
2, = ct1-VZ/c? =27m,\1-v}/c? ® Paticlein

U motion

r, =Ipy/1-V?/c?

\

Increase in energy
If the inner radious in the radiations encircling the centre is decreasing

without dividing the radiations into more radiations, the total energy
associated with the particle will increase:

Q° 1 _ W

_Q (2 %
dr = =
4reh ArJl‘% 4nth Emm 4 én Ar\/l V2 /c? \/1—v2/c2

Comparethe energi in aresting el ectron with an electron in motion. The
differenceis the relativistic energy of movement.

SV S R

E drrelh Ar
2
wy=-—2 gt =™
H Amelh Ar\1-v?/c? \1-V2/c?
2
W(v) = L - EZ=%@2§1+;V/ H—%@2+ m, W

4"531 Ar\/l Ve (J1-VP[c?
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If the particle ismoving at low speed, then we can simplify:

_ @ 1 . m
= E =
Amel Ar1-v2/c2 ([1-V?/c?

W(v)

1 ,,,0 1
@° = mzﬁH—vz ca=m, @ +=m W
m 5 / 0=m M

What we seeisthe energy associated with the particle at rest:
m, [&”

and the energy of movement:
1
= m. V2
> m,

Energy of movement

If we accept that the particle consists of radiations encircling an empty
holeinthe middle, then the energy of movement is” stored” closest tothe
hole. For aparticlein motionthe holeissmaller, andit isin this space that
we have the energy associated with the motion of the particle.
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8.2 Conservation of energy

Collision of two particles with masses m; and m, and velocities v, and
V,. Thetotal energy shall be the same before and after the collision.

rnl |]:2 + rnZ mZ - rnl mZ + rnZ EZ
Ji-v7/c? Ji-vi/c? Ji-vZ/c? Ji-vi/c?

If the speedsarelow compared to the speed of light, thiscan besimplified
using:

n’l) 2 2@ 1 2 2|:|_ 2 1 2
M g am P+ v?/cPh=m, B2 +om,
J1-v?/¢c? 2 / H 2

and we get:

2+1 2 4 2+1 2 2+1 2 4 2+1 2
MC FS MY FME FoMY, =MC +oMY; TMe 5 MY,

or the well known formula for conservation of energy of movement,
which isonly valid at low speeds:

1 .. 1 -, 1 > 1 5
Ernlvl +§mzvz _Emlvs +§ myv,

Conservation of momentum
Not only shall thetotal energy be unaltered, thetotal energy transported
indifferent directions shall be unaltered.

Energy transport in one directionisenergy times speed, where speedisa
Vector.

M e,

J1-V2/c?

Thisgivesthefollowing:

m 2 m, 2Ry — m 2 m, 2
—_— [V F—=_""-D0 N, =—m————00 N, +———[3"
J1-V2/c? ' J1-V2/c? ? J1-V2/c? : J1-VZ/c? !
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At low speeds this gives:

] 1 0.0 1 0 0 1 1
H”mz [+ 2 my; om, @° I, +2 My, Uo A m 0 [, +2my; Eﬁ ﬁ m, & N, +2my; %

per@perant.se

At low speeds the first part of every term is dominating and we get the
well known relation for conservation of momentum:

my; + MV, =myv, +myv,
Two formulas, with approximations:
B} 2,1 o 1 5 1
Ean_LVl +Esz2 _Ern_LV3 +Emzv4
My, +my, =my, +my,

but we only need one formula:
If weusetheorigina /relativistic) formulafor conservation of momentum
of the energies, we only need one formula:

m m M m
v, + o, = o, + N
J1-V2/c? ' J1-VZ/c? ’ N ’ J1-VZ/c?

Another way isto usethe energies:

W (v W, (v W, (v W, (v
lg)wl_l_ 2§)w2= 3§)m3+ 45)@4
C C

pRtPR,=ptR,

By using energies instead of masses, it is much easier to understand
what is happening when energy (radiation) is released at the collision.
This radiation can be transformed into new particles or radiate as
electromagnetic waves, photons.

Momentum of a photon:

W
p=—lc
c
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9. Ampere’s law
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9.1 Magnetic fields from
electrons in motion

When the electron is moving the radiations will rotate in ahelix formed
way and the magnetic fieldswill nolonger cancel. Therewill beamagnetic
component encircling the electron trajectory.

Electronsin motioniscurrent. Thismagnetic field isdescribed by Ampére's
law.

To keep it simple, use apositive shargeinstead of an electron. ﬂ

H/n H/n

When the positive charge is moving with the speed and direction of v,
therewill beamagnetic field component H, . /n fromeach of themagnetic
fieldsencircling the direction of motion.

dg=Q, [ds

ds T dq Tv l =Q, v

Study asmall piece of aconductor dscarrying current. Thetotal chargein
ds is dq, calculated from total charge per meter Q. The current is
calculated when we know the speed v of the charges.
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From thetotal electric field produced by dq, usethe ratio between E and
H, the characteristic impedance, to calculate the total magnetic field. We

have no usefor theindividual magnetic fields becausewe do not calculate
power density.

Jr2+s? =rf1+5*/r?

! r /
5 dH == dq

Z, 4ne’(1+52/r?)

v
V(S) = ——
Vit s*/r? Now cd culatethe small encircling magnetic field asafunction of distance
fromds.
dHfS:iD 2 dq 2 2 (S) =i|:! 2 dq 2/.2 D Y
Z, Ame?(1+sr?) ¢ Z, 4na?(1+s%/r?) J1+s’/r? ¢©
Use earlier definitions:
R dglv _ Q, sy o ds
dH .=, [—3 3 JHE = iy E 3
H Amer®(1+5°/r?)? Am?(1+5°/r?)? (L+5°/r?)2
Integrate along the line from —co t0 +00:
Hr(—s:ZDI ds _ | ED ds
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To solve do the following substitutions:

"1 ds ® 1 1 G’_I.
| = = (ds
‘!r (1+52/r2)g ‘!\/1"‘52/['2 (1+52/r2) r

Oan® =¢/r
Ebzarctans/r
1
O=—"
%ﬂ (1+52/r2)
0

1
——
Ayl+s/r?

E}mis

=c0osO

which makesit easier:

00 %
1 1 N, %
B = = 2 = =
'([\/1+52/r2 (1+52/r2)D}Eﬂs '([coseﬂ]e [sng/?2 =1-0 =1

9.2 Ampere’s law

Now itiseasy to calculate thetotal magnetic field encircling the current in
aconductor:

Dd53|

1+s?/r?)2 2m

'
I *ds EFHEHszHEZm:I

| started with the assumption that a charged particle consists of
electromagnetic radiation, and from that and some trigonometric
calculations | ended up with Ampére's law.

Hrsz | }
2rrJdr
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10. Potential energy

per@perant.se

61



10 — Potential energy © Per Wallander 2017-08-20

10.1 A force between charges

A force can do work

Two positive” particles’ arerepelling. Thereisaforce between them. To
bring the” particles’ closer together meansawork must be done. Work is
energy. When we have brought the " particles’ closer they have potential
energy. Whereisthisenergy stored?

Thekinetic energy inamoving " particle” isstored closeto the centrein
the radiations encircling the "particle” (or hole). Where is the potential
energy stored?

10.2 Energy is stored ...

Around every "particle’ we have the encircling radiations. When two
"particles’ aretogether their radiations occupy the same space. Start with
theradiationsrotating clockwise.

If radiations go in the same direction, we have to add their fields, which
results in much higher energy density if the fields add, or substantially
lower energy density if thefields subtract.

g, Chargel

1

'
v '
v 7 \ /
\ ' \ '
\ ' \ /
\ / \ ,
\ / \ /
\ ’ N /
N ’ N ,

= In these areas 2
2 El energy is stored 3 elz
S-€ S ~E
2
Su~(E+e) =E} +& +2[Eg, S, ~ (6 +E,) =€’ +E? +2BF,
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In the area outside the charges these clockwise radiations travel in the
same direction. Then we have to add the fields and in this case the sum
will be larger, which means that the radiation density is larger than the
sum of thetwo radiation densities. Inthisareapotential energy isstored.

In the area between the charges the clockwise radiations go in opposite
directions and do not interfer. Nothing happens here from these radiations

But there are also radiations going in anticlockwise direction.

Laddning 2

. Laddning 1

Energy is stored
outside the charges

Radiationsencircling anticlockwisewill storeenergy inthe areaoutside
of the” particles’, and between the” particles’ theradiationsgoin
oppositedirections and nothing happensthere.
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10.3 ... and energy is released

Charge 1 Charge 2

R e BN

0

7 \
' \
’

If we study clockwise radiation from ”particle 1", and anticlockwise ra-
diation from "particle 2", nothing happens in the area outside the
"particles’.

Chargel / H \ _ Charge 2

: ' E
1 YoH

'
v
\
N

. S-~-E

In this area energy 5

is released S-E
Su~(E-E) =E +E} 2[EFE,

Thistime, intheareabetweenthe” particles’, we haveradiationstravelling
inthe samedirection, with field strengthsin opposite directions. Thetotal
energy density inthisareawill belessthan the energy fromeach” particle’.
Energy isreleased.

How much energy is stored? How much is
released?

| have not been able to calculate the energies, but smple calculationsin
asolid anglein the directions going through thetwo " particles’ indicate,
that somewhat moreenergy isstored intheoutsideregionsthanisreleased
between the” particles’” when the particlesarefar apart.

If thisisthe case you must add energy to movethe” particles’ closer.
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One single charged "particle”

Onesingle” particle” consists of radiations encircling an empty space, a
hole. Thetotal energy of the” particle”, both its mass and kinetic energy,
isstoredintheencircling radiations.

Two positive or negative charged "particles”
Intheradiationsencircling two " particles’ of the same polarity, energy is
moved from the area between the "particles’ to the space outside the
"particles’.

But thisisnot enough. Further energy must be added when we push the
"particles’ closer. Thisextraenergy being added isthe potential energy,
whichisreleased whenthe” particles’ are allowed to separate.

One positive and one negative "particle”

With two "particles’ of the same polarity we concluded that energy is
stored outside the " particles’, and energy is released between the
"particles’. Moreenergy isstored than released. The” particles’ repel each
other.

With "particles’” of opposite polarity, everything is reversed. Energy is
released intheareaoutsidethe” particles’, but stored between the particles.
More energy is released than stored. Nature strive to reach the state of
least total energy. The” particles’ attract.

A neutral "particle”

Can the "particles” merge into each other? No, the closer they get, the
more energy is stored in the space between the "particles’ and the less
energy is left for the outside world. Finaly they become a "neutral
particle”, with mass symbolized by the energy stored in the space between
the”particles’. Butitisstill two " particles’ and will alwaysbe.

Remember that we always have radiationsencircling each” particle’. What
happens is that the fields from these radiations are in opposite phase,
meaning that the sum of the radiations can not contain energy. But there
aredtill alot of radiations!
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10.4 What if we study the radiations?

Two radiations entering a common space

Suppose we have two radiations of equal strength entering a common
volume. Inside the volume we can not add the radiations but haveto add
thefields.

— T — Ws
P =1W -1\ Pl =~ P2=1W=1?
S E +E, H,+H, N _———
\ P =4W = 4V\—/S
— s 7 —
~ -~ Ws
— — — -— = =1 —
PZ=1W=1V\—/S R=1wW 15
S
A total power of 2 W is entering the volume every second, and the same
power isleaving the volumeevery second. But thetotal energy insidethe
volumeisasif 4 Wsismoving with the speed of light.
Supposethe radiationsaffect each other so that we gtill have 2 Wsmoving,
but moving with half the speed of light. Then the total energy insidethe
volumeisasif 4 Wsismoving with the speed of light, but thetwo radiations
are now travelling unaffected through the volume, only their speed is
changed.
— T — Ws
P =1W LS Pl -~ P, =1W =1—
~
P =1W =1\ = - - R=1w =1?
S
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Suppose the radiations are in antiphase. Then there should be no energy
at al insidethe volume, but still 2 \Ws per second isleaving the volume at
the other end.

How can 2 Ws of energy move through the volume, but the total energy
insidethat volumebe zero?

It canif the energy ismoving very fast. Supposethe speedisinfinity, then
the energy is moving through the volume but the energy density inside
thevolumeiszero.

— Ws
p=1w =1 P -~ P, =1W =1
\S / Ei_EZ Hl_H2 N —
— N 7 s T

Ws =~ o R =1w =11®
P =1W=1— - = P
S

10.5 Big Bang and the speed of expansion

per@perant.se

At Big Bang an enormous amount of energy was produced which
expanded (in all directions?).

- The amount of energy was so high that the energy density must have
been unbelivable high.

- In the first moment the expansion reached so far that the energy must
have travelled much faster than the speed of light.

Suppose this was independent radiations, in all different polarizations.
Then there must have been radiations travelling in ailmost the same
direction, with polarizationsin antiphase.

If my assumption aboveiscorrect, theseradiationsin antiphaseinteract in
such away that the combined energy density is much smaller than the
sum of energy densitiesfrom eachindividual radiation, and the reason for
thisisthat theseradiationsin antiphasetravel at aspeed much faster than
thetraditional speed of light.

Theresult of assumptions based on the radiation model described inthis
paper is,

— that the expansion of energy after the Big Bang was faster than
the traditional speed of light,

— and thishigher speed of propagation givesthat the energy dens-
ity at the point of Big Bang was not infinitely high.
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10.6 When radiation change direction

Radiation from a star meets other stars

When radiation, i.e. light from a distant star, is travelling in the
neighbourhood of aplanet or star surrounded by encircling radiations, we
haveradiationsin the samedirectionin phase on onesideand in antiphase
on the other side of the star.

Suppose radiationsin phase store more energy making the radiations go
slower, and radiationsin antiphase rel ease energy making the radiations

go faster. Thiswill result in the lightwave bending downwards.
Is this what happens in a dielectric?

Could it be something like this that happensin a dielectric or magnetic
medium?Istheradiation slalom-skiing around the molecul es?

Thedistanceislongerer and the speeditself isslower dueto storing energy :@@@@

when bending around the molecules? Stored energy in the medium?

i

\

e
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11. Forces between particles, gravity

True definition of a force!

If energy isneeded or energy isreleased when objectsare moved in
relation to each other, then we have aforce.

Force equalsthederivative of total energy to distance.

Total energy isenergy associated with the masses plustotal kinetic
energy plustotal potential energy inthe objectsand everythinginthe
surroundings (including thewhole universe).
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11.1 Energy is stored — energy is released

We have two fenomenon in the area occupied by the two positive
"particles’, thetwo positive charges: Outsidethe chargesenergy is
stored when we press the charges closer to each other.

Energy stored outside the charges

Distance between the charges

At the same time energy is released from the area between the charges.

Distance between the charges

Energy released between the charges

Imagine that the sum of stored energy and released energy have a
maximum at some distance between the charges, acritica distance.

When the charges are further apart than the critical distance, energy
must be added to bring the charges closer. But as soon as you reach
the critical distance, more energy isreleased than stored. The charges

no longer repel, but attract!
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nuclear force
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11.2 Two positive particles

Changethe positive chargeinto aheavy positive particle, consisting of
acombination of positive and negative charges but with an extra
positive charge. Far away thereisan electric field which comesfrom
the extrapositive charge. Thisfield (radiation) representsonly afraction
of thetotal massof the particle.

The main part of the radiation, the radiation which is needed to
represent the total mass of the particle, is concentrated between and in
close vicinity to the negative and positive charges which looks as the
neutral part of our particle.

Take two heavy positive particles like this:

The electromagnetic force

When the particles are far apart, everything looks like the two positive
charges which we aready have studied. There is aforce which repel
the particles, an el ectromagnetic force. We must add energy to bring the
particles together, because more energy is stored in the radiations
encircling the two particles than is released in the area between the
particles.

But suddenly, at some distance, more energy isreleased from the area
between the particles than is stored outside the particles. We have
reached acritical distance, at which the positive particles no longer
repel, but attract each other.

Nuclear force (residual strong force)
Thisforce, which make positive particles attract, is the force which
make the protons in the nucleus keep together.

electromagnetic force

Total energy

AN

Distance between the charges

Critical distance

71



11 — Forces between particles, gravity © PerWallander 2017-08-20

To split a nucleus

If we manage to add the energy nessesary to separate the two positive
particlesto reach thecritical distance, then they will repel and energy is
released.

If the released energy is enough to split another nucleus, then we have a
slow radioactive disintegration.

If the released energy isenough to split two nuclei we have atomic
power.

o Total energy
if this energy can be added ...

Distance between charges

Total energy

... then this energy can be released

Distance between charges

72 per@perant.se



© Per Wallander 2017-08-20 11 — Forces between particles, gravity

11.3 The atomic nucleus and the
first electron

Start with a heavy positive particle, in this case the atomic nucleus,
and add an electron which is negative. What happens when they come
closer?

One particleis positive and the other is negative. In this case energy is
released outside the particles, but stored between the particles.

First, when they come closer, more energy is released outside the
particles than stored between them. The electron is attracted by the
atomic nucleus.

Suddenly the electron reaches a distance where more energy will be
needed than is released to come closer to the nucleus. The electron

will stop in this”valley”, which isthe radius in the first electron shell.
Total energy

Radius in the first electron shell

/

The electron is attracted to this distance, but not closer

Distance between electron and nucleus

@ o The next electron?

If the nucleusis positive enough to carry two electrons, the second
electronwill look for the” energy valley” created by the nucleusand the
first electron. The point with minimum energy, the point where most
energy is released, is at the same distance but opposite to the first
electron.

Total energy

Radius in the first electron shell

/

The electron is attracted to this distance, but not closer

Distance between electron and nucleus
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Still another electron

When there are two el ectrons close to the nucleus, the combined energy
patternischanged. Thethird electron will find an energy minimumin
the plane of symmetri between thefirst two electrons. Thisenergy
minimum isat alarger distance from the nucleus, and is not that deep.
Thisthird electronisnot tied that hard to the nucleus.

Total energy
‘Aﬁus in the second electron shell

\\L/Distance between electron and nucleus

Atoms according to the radiation hypothesis

Theelectronswill placethemselvesina”valley” wherethetotal energy isminimum. If the electron has
energy of itsown (kinetic energy, i.e. from heat), it does not stay in the bottom of the valley but moves up
and down the valley slopes.

How many electrons can find avalley in shell number two? My gessiseight electrons. With eight electrons
no more valleys are possible at this distance, and the next electron will find avalley at alarger distance, in
shell number three.

Before shell number twoisfull with eight electronsthereisanintermediate state. In directionswhere shell
number two looksfull thereisavalley at shell number three, but in other directionswhereitisnot full, the
valley isat shell number two. An electron can choose between the two shells, shell number two or number
three.

If the el ectron choose shell number three but later jumpsto shell number two, energy isreleased, because
that valley isdeeper. Thisreleased energy isradiated.

The probability for electronsto ”jump” between shellsislargest when the outermost shell ishalf full.

Solids and molecules

When atoms combineinto solids, they search aminimum intotal energy. The atomstogether with their
electrons position themselvesin such away that all individual radiations combineinto minimum total
energy.

Studying the energy givesanswer to all questions about the structure of moleculs, and the forcesthat keep
them together.
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11.4 Particles and radiation

Energy is released when we split an atom nucleus. What happens with that energy?
It can radiate as el ectromagnetic radiation. But there are other possibilities.

A negativeparticle, i.e. an electron e, consistsof el ectromagnetic radiationgoingin
circles. But there are al so antiparticles, identical to the electron, but positive, the positron
€, wherethe electromagnetic radiation isin antiphase.

What happensif we add two of these particles, if we combine them to overlap, so that all
radiation going in circles cancel ? Then the energy should take the form of radiation
travelling not in circlesbut in straight lines. Energy in circleswhich we associate with mass
has been converted into a"packet" of energy which could be a"photon", and thisenergy is
travelling with the speed of light.

A neutral particle must consist of positive and negative particleswith atiny space between
the particles. If thereisno space, if the particles completely overlap, thenthereare no
particles.

11.5 New particles

Now start with energy in the form of radiation travelling straight ahead. This energy can
be converted into particles, but it must always be a pair, the particle and its antiparticle.
One will be positive, the other negative. One will spin in one direction, the other will spin
in the other direction.

If one proton is accelerated into another proton, then another proton can be created, but
also an antiproton.

p+tp-p+rp+p+p
This should be written as
(p+energy of movement) —(p +energy of movement) - p+p +p +p

Itisclear that energy of movement has been converted into mass, anew proton and an
antiproton.
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11.6 Gravity

Itispossiblethat the kinetic energy is stored inside each charge,
"particle’, nearest to the centre of each ” particle”, and that the potential
energy isintheinteractions between the radiations surrounding
individual particles, each group of particles, between objects, planetsor
sars.

When radiations mix the density of energy can be higher or lower than
the sum of theradiations, as explained in chapter 10. If energy can be
released, the bodiestry to organize themselvesto minimizethetotal
energy.

A forceisthederivative of total energy to distance. How much energy
that can be released or is needed and how it change with distance,
depends on the distance (geometry) between the particlesor bodies.
Thishaveresulted in the definition of different forces, the nuclear force,
the electromagnetic force and the gravity force.

They aredll of the same origin, but

Because energy can be stored or released both outside the bodies, and
released or stored between the bodies, the sum of these, outside and
between, hehaves differently depending on the charge polarity and the
distance between the bodies. Therefore experimentshaveresultedin
different formulas, but they areall of the sameorigin.
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