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Abstract: The magnetic force can be described sienply as a result of relative velocities of electr
charges. Transformations in inertial referenceesystare very well described by special relativity.
However, magnetism nevertheless is simply regaedegiven. There isn't an explanation for the
emergence of magnetism yet. | have found a quitglg way to explain the emergence of magnetism,
that is, | have discovered, how the electric fighdnges so that magnetism is created. | wouldidike
introduce this idea here.
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1. Introduction

The magnetic force is really somehow strange: Wiemnan electric charge has a velocity, a magnetic
field arises, which is both perpendicular to thédoeity and perpendicular to the electric fieldtuit
charge. And whenever a charge has a velocity pdipaar to a magnetic field, a magnetic force ajse
which is both perpendicular to this velocity andgsadicular to the magnetic field.

Boththe source of the magnetic field and the chargetinh the magnetic field has an effect must be
moving. And the magnetic force éwaysperpendicular to the velocity.

This law on magnetism had been discovered soahasrsoon as that a problem was discovered: by
changing into a reference system in which the soarahe receiver (that is the charge on which the
magnetic field has an effect) doesn't move the mtgforce disappears, of course. But a force canno
simply disappear. Einstein finally could solve fireblem in a brilliant way by showing that not ot
magnetic force but also the electric force depemdthe reference system [1]. But, of course, hethad
postulate that the speed of light is equal foiradttial observers or reference systems. And tldams that
space and time must be relative.

So, it was understoashena magnetic force arises - that is, whenever etattcharge is moving
(both the one which produces the magnetic fieldthrcbne on which the magnetic field has an effect)
But, howis the magnetic force actually being created? \dhgs a magnetic force arise, when charge is
moving? This is still unknown. Einstein also hagareled the magnetic force simply as given.

Well, | think | can explain, how the magnetic feris being created. And it is astonishingly simple.
| must make two assumptions (in the meaning ofytatgs). These two assumptions can explain in an
astonishingly simple way, how magnetism is beireatzd.
| will introduce this two assumptions now.

I would like to anticipate that only the combinatiof both assumptions yields correct results.
In addition, the constancy of the speed of lighgrisvided.

2. Thevelocity-dependence of the electric force

The electric field moves or propagates with theegpaf light. This electric field exerts an electeati
force on a motionless electric charge which isudated by Coulomb's law [2]. While the electricldie



exerts a force on the electric charge the elefigid passes the electric charge with the spedigiuf In a
certain way the electric field flows along the dewhile the electric force arises.
In a certain way it is possible to imagine thatflbev of the electric field is the cause of theatte force.
If this is so, then it seems logical that, amorteothings, the electric force also depends orvéhecity
with which the electric field flows. Thus, when tblearge, on which the field has an effect, moveh its
own velocity, then the velocity with which the fiellows relatively to the charge changes, and foese
the electric force also changes.
Of course this is only a figurative portrayal whigall help to imagine the relations better. From t
portrayal | derive the first assumption (in the miag of a postulate):

The electric force depends on the velocity betwbercharge and the electric field.
This applies to both the charge on which the fledd an effect, and the charge which produces ¢t fi
This is the first of the two assumptions which Ishmake to explain magnetism.

Let us consider the electrostatic case.
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where g, and g, are the electric charges, is the electric permittivity of free space, ands the
distance between the charges.

Now the electric force shall also dependent onviHecity between the charge and the field. In the
electrostatic case the velocity of the field relaly to the charge, on which the field has an effalsvays
is the speed of light. Thus the electrostatic faae be represented as:
= F
S :2%&913[6 = Fg=F.[E, whereF, =—2.
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This is the electrostatic case.

The electrostatic force between two charges isutatied according to Coulomb's lawg =

TI

Now we consider the case that the charge, whictiymes the field (from now on | will call this charg
source), is motionless, and the charge, on whieHighd has an effect (from now on | will call thikarge
receiver), moves with the velociti . Due to the velocity. of the receiver the electric forc&{)

changes: The electric force declines when the ehargves away from the field, and it increases vthen
charge moves towards the field.

Sowe get:Fy =F. [{c -V.) = Fp=F E-F. W =Fg - Fc Wg.

At the addition of the vectors; Vi has to be used since the force increases wheetbhever moves
towards the field. We can see here that not oynthgnitude of the electric force changes but thiso
direction (when the receiver moves with).

We can quite generally state: Due to theof the receiver an additional electric force resut addition
to the electrostatic force, and this additionat#le force is proportional t&@. and it points in the
direction of — V¢ (that force is— F. g ).

In the portrayal of the field flowing along the c¢ba it is that thev. produces an additional flow of its

own. But, though, this additional force (generaigdhe additional flow) only can arise becausegher
already exists an electric field which has an eftecthe receiver, and to which the receiver carete
relative motion.

Now we consider the source. The postulate justédtsalys: The electric force depends on the velocity
between the charge and the field. This statemesgrdibonly apply to the charge on which the fiedd &n
effect (that is the receiver) but also to the cbhamypich produces the field, that is the sourcen@a it is
all about the velocity of the source.



This means: The force of the electric field on arge depends on the velocity with which the charge,
which produces the field, moves. Or said diffengrtthe strength of the field depends on the vejogith
which the charge, which produces the field, moves.
When a charge doesn't move then its field moves thi2 speed of light away from this charge. In this
case the force of the electric field on a chargeesponds exactly to the electrostatic force.
When the source moves, the relative velocity betwie source and the field changes: in the diredtio
which the source moves the field moves slower dway the source and in the opposite direction the
field moves faster away from the source (comparid amotionless source). This means: in the divact
in which the source moves, the force of the field & charge) is smaller and in the opposite doadtiis
grater (compared to the electrostatic force).
Actually, the velocity of the source is subtractenn the speed of light of its field.
The same is also valid for the direction of thédfilnat moves perpendicular to the velocity of soerce:
the velocity of the source is subtracted from teesl of light of the field. But here the velocitiytioe
source is perpendicular to the speed of the fifis means: not only the magnitude of the eledtrice
of the field (on a charge) changes but also thection of the electric force. It in principle isanple
vector addition. The resultant vector from the sbefight of the field of the source minus theaaty of
the source is proportional to the force of thedfieh a charge. And of course this applies to adlalions
in which the electric field of the source spreads.
When the source moves with the veloaity, then the force=; of this source on a motionless charge
(Ve =0)is: Fe =F¢ e -, ).

To say it clearly: the fieldlwaysmoves with the speed of light, completely indepily of the
velocity of the source. Only the velocity with whithe field moves away from the source dependsien t
velocity of the source, of course (for an obsewlko moves with the same velocity as the sourcéi¢he

moves away from the source just with the speedbf,lof course). From this relative velocity thibe
force (on a charge) or strength of the field arisethe corresponding direction.

Here, there is an important aspect now: The chahgee force of the field on a charge (that is the
strength of the field), which results due to théowity V,, of the sourcedoesn'tchange the direction in

which the field moves.
Let us consider again the part of the field whiabves perpendicular to the velocity of the sourbe: t
velocity of the source changes the direction inchitthe force of field acts butdioesn'tchange the
direction in which the field moves (because th&dfmontinues to move with the speed of light
perpendicular to the velocity of the source, ofreell

This means: the direction, in which the forceld field acts (has an effect), doesn't coincidgs an
more with the direction, in which the field moves.
With a little different words: the effectirection of the field (that is the direction in which thelél has an
effect or acts) arises when the speed of Igtdf the field is added up to the velocitw,, of the source.
The direction in which the fielthovegwith the speed of ligh€) doesn't change by this, of course.
Here perhaps it helps to imagine the effect-dicgctf the field as a kind of tension state. Thédfif a
motionless source has a tension state which isoptiopal to ¢. When the source moves with, then

the tension state changes b)?Q. But, this tension state continues to move withdhof the field, of

course.
In any case, an angke arises between the effect-direction of the fonoé the direction in which the

field propagates (that is the propagation-directibthe field). The direction and strength of toeck

arises, as said already, from the vector additidhevelocity -V, of the source and the speed of light



of the field. To calculate the angig it suffices to use the component\gf which is perpendicular to the

v,
direction of the speed of light of the field, tlBgsv,;. So we get.tar’(qﬁ) =0

c
For the part of the field which moves exactly pewieular tov,, it is V, =V, of course. The

magnitude of the forceR; ) of the field can be calculated very simply heffg:= F JIVQZ +c? . For the
electrostatic force between two charges which doatte ¢, =0) itis, as said alreadyr; = F [€.
So we recognize here that the force of the fietdgaharge) which moves perpendiculavgpis also

greater than the electrostatic force (beca{ﬁsgz +c? >c¢).

| will later describe the case that both move iherse (withV,, ) and the receiver (with ).
From the anglep between the force of the field (or the effect-diren) and thev,, | will derive the
magnetic force.

But seriously: It is completely impossible that #lectric force depends on the velocities of therghs in
the way just described. For that reason the seaesdmption (postulate) which | must make for the
explanation of magnetism is important: the antiefie

3. The anti-field

When the receiver moves with the velociy, then the electric force which is exerted by tleddfof a
motionless chargevf, =0) on this receiver isFg = F¢ [{¢ - V¢ ).
If the receiver moves exactly towards the soutven . = F [{c + v, ). But we know that this is

completely impossible.
For that reason | define the anti-field. The ardlef cancels the effect which thg has on the electric

force, when the source is motionlesg € 0).

What is the anti-field? The anti-field is a fieldhiwh always arises when a field has an effect chaage.
It resembles a reflection. The anti-field actsha same direction as the field, and it has, atontdss
charges, the same strength as the field. The msiriant difference is, that it moves exactly ia th
opposite direction to the field!

In the electrostatic case the field and the aptdfhave exactly the same effect. This means:dtefon a
charge comes exactly half from the field and halfrf the anti-field.

The force due to the field isﬁE :% Fc L€ . The field and the anti-field move in exactly opjte

directions. When the field moves with, then the anti-field moves with' = —C¢ . At the same time the
anti-field acts in the same direction as the fidldus the forceF. due to the anti-field is:
FL = —% Fe {-¢) :% Fc €. And so the overall (resultant) foré&, from the field and the anti-field is:

er = Fe + F¢ =F¢ [€. This is the normal electrostatic force.

TN

When the charges move, it is a little different.



When the receiver moves with while v, =0, then the electric forc&, of the field on the receiver
changes due to this velocit§. :% F e —VE):% Fe (€ —% Fe e,

The forceF,. of the anti-field on the receiver also changesiand

F= 2R ((-€)-ve) = -2 o f-¢) - S (- Fo) e Vo) =S Fe B+ Fe .

We recognize here that the electrostatic partefigid and the anti-field is exactly the samerathe case
when v, =0. Therefore it suffices to look at the additionaltpof the force which arises duevgp. For

the field that is—% F. V. and for the anti-field that is—% Fe e

The sum of these two parts yields ze%oF(C e —% Fe e =0).

So, when the force of the field changes-b% F. /e, then the force of the anti-field changes by

+%FC V. . This cancels each other out exactly mutually.
So we recognize: due to the fact that the field thiedanti-field move in opposite directions/a of the
receiver doesn't cause any force. But, of counsly,as long as/, =0.

So let us now see, what happens when the sourceswath the velocity, (#0).

The field moves away from the source with the spEdijht, therefore it moves away from the plade o
its origin. The anti-field moves exactly in the a@gfie direction. Thus it always moves exactly taygahe
place of the origin of théeld.

The anti-field always appears then when the figld &in effect on a charge. However, taken exaaly th
existence of the field can also be proven only wihénin interaction with a charge. The field ssamed
to always exist principally. | am making the sameumption for the anti-field here now. The antidfie
shall be always existing, too. In this sense, titefeeld cannot be regarded as a reflection (effikld).
Here now the anti-field would rather be a fieldtsfown which always appears together with thelfiel
The anti-field is exactly as the field a charactiéeiof space. Both characteristics, the one ofitid and
the one of the anti-field always appear together.

| am sure that there are connections between tiidield and the anti-particles or the anti-matig}. But

| am still not clear about these connections. Haxev

If the anti-field always exists, then its force @rength) changes due ¥g exactly as the force (or

strength) of the field changes duevg. But, though, the field and the anti-field moveojpposite
directions.

Let us at first consider the force of the field aidhe anti-field on a motionless chargg. (= ). 0

The force of the field on a motionless charge duég is Fe =% Fe IZ(E —\7Q) and the one of the anti-

field is Fg =% Fe IZ((— 6)—\7Q)=%FC Eﬁé + VQ). Just as in the case in which the receiver movts vy ,
while the source is motionless, in this case hgge<0,V, # 0) also only the electrostatic force

(Feg = F. [E) remains.
At next we consider the case that both the receimdrthe source move{ z0, \7Q z0).



4. Theangle ¢ of theelectricfield

When the source moves with the veloaity, then the vector addition @ and -V, yields the anglep

V,
(tan(g) :% ) for the effect-direction of the field. For thsti-field the vector addition of ¢ and -V,

yields the anglep’ . At first this yields the angle’' =180 — ¢ . But although the anti-field moves in the

opposite direction to the field it still acts iretkame direction as the field. Thus the effectetiiva is
turned by18C° so that:¢' = (180° - ¢) +180° =360° — ¢ .

So the field has the angig and the anti-field has the angfe. These angles appear due to Weof the

source.
The question is now: How do the angigsand ¢’ have an effect when the receiver moves wit?

Well, due tov, the additional forceAFg = —% [Fc Vg results for thdield. Due toV, the effect-
direction of the field is turned by . Thus the additionad&lfE = —% [F. W is also turned by the angie.

Due to theanti-field the additional forceAF, = +% [F. e is created which is turned by the angle
¢'=360-¢ .
Now we form the resultant force fromF. and AF..

At first we consider the direction.

We know that electric forces can be either attvaotir repulsive. In the case of repulsion the eleébrce
acts in the same direction in which the field piggtas with the speed of liglgt, and it acts in the
opposite direction to the speed of ligiit=—C of the anti-field. This means that, at repulsiibre
direction of the additional forcef ) of thefield arises directly fromAF, = —% [F. V¢ (the direction
is given due to/z and the sign). This can be realized easily ifepulsive electric force, a receiver is

considered who moves with directly towards the source, whig=0 (V, =0). In this case the

repulsive electric force of the field must incredse tove (and the one of the anti-field decreases

accordingly). In the case of attraction the forpemt exactly in the opposite directions.
At first now we consider the repulsion more exactly

The additional force of thiéeld (AF. ) has a negative sign. This means that is turned byl8C°
relative tovi . And to thel8(® the angleg is added up. So the andtem v to AIEE is18C +¢ . And
the angleéfrom v to Alfé is 360° — ¢ . The magnitudes of both forces are equallyegthtus the angle of

the resultant from\F. and AF, this is AF ., is exactly in the middlé1800 +9) -'2' (360 -¢) _ 27C°.

Therefore, at repulsive forces, the arfgten V. to AF. is 27C°.

At attractive electric forces (between chargespiasite signs) the forces point exactly in the ijgo
direction. Therefore, at attractive electric forcé® angldrom V. to AF., is 27¢° —180° =90°.

This also can be seen at thg. If F. is positive at charges of opposite signs, thgnis negative at like

charges.
Let us check by a small example whether we hawne dtocorrectly: If like charges move in the same

direction, then the magnetic force weakens thetrteepulsion. So thez!&leR must point in the direction



towards the source. This B/(° , exactly as it should. The7(® is measured clockwise. If all angles had
been measured anticlockwise, then it would have be270°.

Now we consider the magnitude AF .. SinceAF, is exactly perpendicular té. , this means, that the

components oﬂleR, which are parallel t&. , cancel each other out exactly mutually. Therefbre

suffices to add up the magnitudes of the comporadtitee field and the anti-field which are perpemnudiar
to Ve . The magnitude of the component of the field whicherpendicular t@ is

AFg, = tan(¢)[—%Fc V¢ , and the one of the anti-field &5F, ; = tan(¢)[—);—FC Ve . The sum is

AFgg = tar(¢)D;—FC e + tar(¢)D;—FC e = tar(¢) OFc Ve . And tar’(¢) =VQTD .Therefore

Voo LV
AFgp=Fo —— .

c

A little remark: the angle betweehF, and AF{ is (360° - ¢) - (180" + ¢)=18C° - 2¢ . Thus the angle
betweenAF. and AF. isn't zero. This means thaF. and AF. cannot cancel each other out mutually.

The AF. corresponds to the magnetic force, so | callarp F,, (F,, =AFgg).
5. The magnetic force

Voo e

So we get a force of magnitudg, = F. which is always perpendicular to the velocity. At

like charges the angle betwegp and IfM is always270°, and at charges of opposite signs 95 .

This meets exactly the conditions of the magnetice.
The angleg of the electric field corresponds to the ideahef inagnetic field here. Now one doesn't have

to speak any more about the magnetic field, wisalegarded as given, but one can speak about ¢he an
@, whose way of emergence is known.

We know that the magnetic force depends on théivelaelocities. This means that the magnitudehef t
magnetic force depends on the reference systemitisdneans that the magnitude of the anglalso

depends on the reference system.

I had described that the angfeyields from the addition of the vecterv,, of the velocity of the source
and the vectoC of the speed of light. We know from special reléyi (SR) that the speed of light is
equally big for all inertial observers. Of courtige velocityV,, of the source depends on the reference

system. So, whil&/, changesg remains constant; this means: the anglehanges (in dependence of
the reference system).

This is actually fascinating: the magnitude of #mgle ¢ depends on the observer. The anglésn't an
abstract construct. The angleis an really existing angle. It is the angle betwéhe propagation-

direction of the field (withc ) and the effect-direction of the field. And stillifferent observers will see
different angles. But such phenomena are known f8&mFor instance the really existing dependence of
space and time on the velocity of the observer.

Of course, the transformations between inertianazice systems are carried out quite normally aaogr

to SR. Not only the angl¢ but also the electric force changes so that the afuboth forces yields the

right acceleration.



In this work here | have described the magneticdas a result of the angje of the electric field. So it
makes sense to express the magnetic force by médms electric force.
The magnitude of the electrostatic forde{ is (as described alreadyffs = F. [€. So the magnitude of
Vop LV

Qo “E

the magnetic forceR,, ) is: F, =Fs——
c

So we can calculate the magnetic force directlguph the electrostatic force. We must neither datela
magnetic field nor the cross product froip and the magnetic field.

For instance thd-,, of a current, flowing through a straight conductor a test charge can be calculated
by calculating theFs and thev,,, for the respective angle and then integrating tvewhole length of
the conductor.

In the case that,, =vg =c we getFy, =Fs. At the speed of light the magnitude of the maigrferce

is equally to the magnitude of the electric folcethe case that the source and the receiver manzlgl,
the magnetic and electric force cancel each otbemuitually. This means: if charges could move with
the speed of light, then they wouldn't exert amgds on each other. So, such charges could moeéhirg
as a group. But, though, their masses could orit @xform of energy, as in the case of photons.

6. Electrodynamics

An electromagnetic wave is created when an eledipicle oscillates. When the distance between the
charges is at its maximum the motion directionthefcharges changes, in this moment the charges are
motionless. And in this moment the angle of thélfie zero @ =0), while the electric field is at its

maximum. When the charges pass by each other i@gtende between them is zero), the electric figld i
(almost) zero for a moment (perpendicular to théiemadirection), whileg is at its maximum, because

the velocityv, of the charges is at its maximum in this momehisTs the way, the alternating electric

and magnetic field arises.

About this there is the very well known stateménthanging electric field produces a magnetic fihai
vice versa. This is in principle the central stadetof electrodynamics [4]. It shall explain whyg.ea
photon can exist so far away from its source.

In this work here | have defined the magnetic figythe anglep . The problem is: | couldn't explain why

a change of the angl¢ should produce an electric field. This questiorstmamain open.

However, | have an idea how it could be, of course.

Let us consider a single oscillating electric cleafue to the oscillation, energy is transferrethto
electric field. The energy amount which is transddrto the field per time is limited. In the consence,
the space area of the electric field which is edtb oscillate also is limited. Said differentilye spatial
limitation of the oscillation of the electric fielrises from the amount of energy per time availabhe
reason for that is simple: a certain frequencyhefdscillation of the electric fielekquires(!) a certain
energy amount, for a certain space area. If offilyided energy amount is available, then this wittite
only a limited space area to oscillate, of course.

If the charge oscillates only for a limited tirperiod, then the oscillation of the field is limited sjadly
also in motion direction (its length in motion dition (C) is limited); this then would be an energy
quantum, that is e.g. a photon.

The magnetic part, that is the angle arises automatically. When a charge oscillatesn it moves, of

course, and due to this motion the anglés created naturally.

So, due to the oscillation of a charge at firsyyanlimited oscillation of its electric field ariseand this
oscillation of the field is stamped with the angie which arises from the motion of the charge.



Usually a charge doesn't oscillates alone. Usutiigles oscillate. But that's the same thing: heog
actually only the electric fields oscillate whife arises automatically due to the motion. The mutual

dependence in the appearance of the electric agdetia fields arises because the angleare always

then at their maximum, when the electric fieldsareach other out mutually. So one could assuite th
the electric field and the magnetic fieldn't produce each other mutually but that they appkamately
due to the way they are created. The stabilithefformation arises from the energy amount which a
space area must contain for an oscillating eleéiid.

So e.g. a photon is the spatially limited oscitiatbf an electric field, which contains the angle

The statement of the electrodynamics that a chgngjectric field produces a magnetic field andevic
versa arises by the fact that changes of the @digld are always accompanied by motions of chayg
and this motions producg. All electrodynamic processes are based in prie@p events which are

similar to these which create the electromagnetices - with similar consequences regarding the
alternating electric and magnetic fields.
In this sense the anglg can be applied to electrodynamic processes, toe.ahgleg is suitable to

explain the emergence of magnetism here, too.
7. Conclusion

I think that | could show that the angje of the electric field suffices completely to deékerthe

emergence of the magnetic force.

| had to make 2 assumptions (postulates): the itgldependence of the electric force and the aelitf
This two assumptions permit to describe the eleetnd magnetic forces completely and consistent.

| think that the success justifies these two assiomp.

The description of the electromagnetic waves ntiplete yet. However, there isn't anything wroriigp w
the angleg . The angleg is in principle not suitable to describe the pggaion behaviour of the electric

field in space. The anglg describes only the emergence of the magnetic fémethe description of the

electromagnetic waves other connections will béoabdy necessary.
However, | think that | could show that the magoditld isn't a field of its own but that it is gn&n
angled electric field.
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