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Relative Nature of Electric Permittivity and
Magnetic Permeability of Electromagnetic Wave

Chandra Bahadur Khadka

Abstract: Thisresearch is about the special theory of relativity on
electric permittivity and magnetic permeability of electromagnetic
wave. For this, Four Maxwell's electromagnetic equations play an
important role. James Clerk Maxwell suggested that the light
travel as electromagnetic wave which require no material medium
for propagation. The speed of light (C) in free space is always
constant and is independent of the speed of source or observer or
the relative motion of theinertial system and hasvelocity 'C' given

by C = ﬁ . So velocity of electromagnetic waves depend on
4 B

obsolute magnetic permeability {p,) and obsolute electric
permittivity (£,) of free space. These two physical quantities rely
on relative motion of inertial system. So pgand e, are not
obsolute quantity but are dependent upon the relative motion
between the observer and the phenomenon observed. Electric and
magnetic field of a charge rely upon the value of obsolute electric
permittivity of medium. Concisely, p, and g5 are variant quantity.
Conseguently electric and magnetic field get relative for
electromagnetic wave. That is electric and magnetic field depend
on relative motion of inertial system for electromagnetic waves.
Keywords. Electric Permittivity, Electromagnetic Waves,
Magnetic Permeability, Relativity

I. INTRODUCTION

A comprehensive summary of the electrodynamic

principle was done by James Clerk Maxwell in four unified
equation of electricity and magnetism in 1865. It shows that
velocity of light in vacuum is constant and depend on two
constant  quantity &, = 885 x 1072CIN"'m™? and
to=4mx 107"NA™? for vacuum. This constancy of
velocity of light and the independence with relative velocity
between source and observer gives rise relativistic
mechanics. It was discovered by Einstein in 1905. It reveals
that space, time and mass depend on motion of inertial
system. Likewise, electric permittivity and magnetic
permeability are relative for electromagnetic waves.

Veocity of electromagneticwave C = =

—
]
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The value of electric permittivity and magnetic permeability
for total electric and magnetic field of electromagnetic wave
isgiven by,

' g ' | v
W = ,C—En,\\ll—;
L

So, electric Field for Chargeis

4mErr? _ [, v
4..E=r‘\f.1—'__-
. _ Eps g
L E= v (.-1.-:E=r‘_ED )
VT

So, magnetic Field for Chargeis

B :Hrqﬂz _ BegC
anr? I
4.-::-‘\{.1—;
. p = - Rl _
B = — [:-4:[; =Epo]
N

Again, the value of electric permittivity and magnetic
permeability for electric and Magnetic field spread in
vicinity for force of attraction and repulsion is given by,

r [ Gl ' Ep
K —."-’ID_\I]-_F D €_D F

=% i _ L

TamSr? 4mfrt 4 c
- E=E. I-]__ﬂ= —2__F
CETTRYT e (rerFoo)

Magnetic field for force of attraction and repulsion

_p'gc _p.gC _%

B_:t.':r‘ amrt 4 7
e e
1B=B |1-5 [:. 525 = Boo]
Il. METHODS

A. Total relative magnetic and electric field
Tota relative magnetic and electric field of charge is given

by
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again, Differentiating partially with respect to x , “ar - Y ®)
£ ,3=E _(e2-vi) i E-Ev L2y We know that , E =BVsin0
2(c? -2 AtV=c E=Bg, sind =1 then Equation (5)
E [c*:p':'l E'f_E,r, |'_:vE'v~. (50 aE
_ ot qcd-rdye - Ex ¢ - = c—
B (c2—pa at B
EfCE-v® BV 2EW d8_ &
1 ) Jr =
z_pz)z .
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& (2-v2)r Which is Maxwell's Equation derived from Faraday's law.
FE_gc?-£v? +EVi +2E07 @) Again, PutV=Cin Equation (5)
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Now, Differentiating partially with Respect to t, A ax
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e {ngED] - arlng{l’: -+ - (logC) . =C 7,
EE 1 (-2 av E__ sy
22 Czlgvmia t 0 =%
135 _ ¥ e owvx aTh 85 _ 18z
Ear (c2-v2) 3t (c2-v?) ar dx ¢ ar
LE = _—VI ? =- “°€DE
Ear  (g2-w2i? * ar
aE VEx S Wx c 2
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Again taking partial derivatives with respect to t, B gt
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Then above equation becomes;

e p—
V.(Vx=) =V (2xV) = -p €

drd =)
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Removing Divergence from

d—
—4X— = - —E
BV HUGOEL‘

d—
-EX—& = - —
Hoeoar

A=
X = —
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which is Maxwell's equation from equation of continuity

Dividing equation 4 by 2, we get ,

FE .
= IERD (£2-12)e?
- = = X

SE (g?-viltt  Ec?ezER?
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For light V=C then,
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Similarly,

o 1_2F
‘B = —x—
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which is the wave equation of electromagnetic wave,

We Know that Maxwell's equation based on Faraday'slaw is,

i
Vo= ———
E at

Taking divergence

V=

_E
V. {? X;) = a
From scalar triple product,
2GR =2 )
s Ere = @)
Above equation becomes,

-2
?.{; = :}—_ " (6)
= (VX7 = Z(w. ;) @)

From equation 6, we get,
B e
?'{; V) =5 (V. 3]

Removing divergence,

A=)
- XV = —&
E at
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A=
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From Maxwell's equations of Faraday's Law's and equations
8|

A=)

¥V Xx— = + —E-
E - at

We have equation's 7
2

;,(":"X":-') = E{? . ;:]

VxV =0 then
I; —_—

(5070
8(V.=)=0

V.= = Constant

B
V.= =0
g
Thisis Maxwell's equations of magnetic induction.

Now Maxwell's equations of Continuity,

d—

Vo ; = uoeo—a? 9

taking divergence on both side,
V.=
V. l:";' x ;:] = uoeo at
From scalar triple product,
2= = 09

7GR =G

Above equations becomes
V.=

—_— —_— - = ——

r,'":a * r,'] T

Removing divergence on both sides,

d=
PRI
d=
-(3 % 2l

(10)
From equation (10) and (9), We get,
2
(Vx =)= €y
Also from triple product,
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—ro- X—r'o- = 0
V.=
or, uUGOT =0
or, 4V .;]: 0

or, V. —~—Constant—

Ir| |ﬁ

which is Maxwell's equation from Guass Law.

Relative € and p give relative magnetic and electric field

Mathematically.
E= .E_l.-=
N
or,B= B—P.
=

taking their partial derivatives with respect to x and t , we get
four Maxwell's equations,

_£

1 ?';_&

2) ?.;:O
v _ A=)
Q) Vxz=— =

v ir-

4) V= 7 €y

Also electromagnetic equations,
A=

FI.‘E =C&E

this shows that total electric and magnetic of a charge is
relative whenever these charge use their electric and
magnetic field to propagate in space as electromagnetic
wave. .

B. Magnetic and electric field spread in vicinity for force
of attraction and repulsion

Relative magnetic and electric field spread in vicinity for
force of attraction and repulsion is

=
B =B, J1—C—z

.\I
-z
Taking log on both sides,
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logE =log Eo + log «,ill -z

or, logE =logE,+ (logy'c* —+* - log ¢?
or, logE =logE, + (log(c? — v*}*- log ?)
or, logE =logE,+ %Iog{u:z —v%)-2logC (loga™ = nloga)

Differentiating partial with respect to x, we get,
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again, Differentiating partially with respect to x ,
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Now, Differentiating partially with Respect to't,
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Again taking partial derivatives with respect to't,
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12 Ex—Exlc? -1} -HVE[[£2 -172}-217Ex]
- (£2-12)24
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Dividing Equation (13) by (11)
dF . .
Bt VEx (C: =Vt
B — — %
SE (c2—wv2)e? VE
6x
a2 _ xiE
At tix
dE SE
~ E = _FE ................................. (15)

We know that , E = BVsin0 sin0

AtV=c E=Bc, sinf =1 then Equation (15)
3(5e) 3E

ar  Cax
3_ 2
2t dx
. aF
i.e VxE=-—
at

Which is Maxwell's Equation derived from Faraday's law.

Again, PutV=Cin Equation (15)
A _ A5
ar " e
A _ alEc)
ar ax
AE 25
A e

at C 2x
a5 _ 12z
Ax ot
35 _ 3E
ax ”°€°.ar

f=
. EX—. = - —
i },Loeoar

Taking divergence on both sides;

a—s
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?_(?XB:] W€ ar
For scalar triple product,
2GR =G

Then above equation becomes;
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drd.—
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8=

-EX; = _“060_3?
a=
EX; = Hoen_a?

which is Maxwell's equation from equation of continuity
Dividing equation (14) by (12) , we get ,

‘:_L_E _ Exflac?-ar?) (£2—pT)e2
_"*;E T (giopies T

oX

a7z _ x:[!C:—:l«":]xE“_E

art t2gl o

e _ ullzz:::—:V:}x.sF_E

a2t g2 e

For light V=C then,

or e _ r2 (30 —2c07) x.s=_E
Tk T el B
I*E . FE
—_— N
o ae = C75Ge
., 1 #E
“E = —x—
VE c: ar
Similarly,
2 1 _#F
“H = —X—
V'E ¢t art
which is the wave equation of electromagnetic wave,

We know that Maxwell's equation based on Faraday'slaw is,

i
Vios= ——
E at
Taking divergence

V=

| = —E

v. ('I:I‘ = E ) at

From scalar triple product,
2= =GR
T Ere =)
Above equation becomes,

A=)
V.(z V)= (16)
3
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From equation 16, we get,
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Removing divergence,
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E at
A=)
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From Maxwell's equation of
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Faraday's Law's and equation (18)
El =7
v x—. =t 5 at
We have equation's 17
— P20
= () =5 (V-2
VxV =0 then
I; -_—
(7500
8(V.=)=0
V.= = Constant
g
V.= =0
g

Thisis Maxwell's equations of magnetic induction.

Now Maxwell's equations of Continuity,

|'—u=
OT.B:BD,\Il—;

taking their partial derivativeswith respect tox and t , we get

four Maxwell's equations,

.yl
DV "F e
)V 2= 0
v _ A=)
3 Vxg=- ar
vxos— 0.2
4) Vx 5 “°€°ar
Also electromagnetic equations,
= .
—£ =CWH'E

ar
this shows that total electric and magnetic field spread in

d=
Vx—= =p6€3m (19 vicinity is relative whenever these charge use their electric
B ar . . .
_ i ) and magnetic field to propagate in space as electromagnetic
taking divergence on both side, wave.
372
V.(V x _.] = W€, z C. Electric and magnetic field for propagation
Let a charge q propagate in space at velocity v using their
From scalar i pleproduct, electric and magnetic field then force associated with the
(= X=) = o (= x=) = o (= x=) systemis
a ]
F=qE
—r(—o- X—t) = —r(—t X—t) = —r(—t X—t) ~ oE.
Above equations becomes =
V.=
_L -_ qE:
{ :I Ho o at \_1—%
Removing divergence on both sides, iE.ct
3= _—.,-'.'-_h
—'><7=Mo€o_a? eyt -xt
S s Linear momentum due to thisforce,
- (_r" _') lJvo o at F= E
' at
(—F" X ;): = uoeo_a? (20) P :_IF F. dt
From equation (20) and (19), We get, =f % dt
d—=
vV =)=t o O_E' = —” £
(7 B:I Th€ at qE“'r,.-.jtr:.‘—fr'dt
Also from triple product, _ Ef ct dict) 21)
N T
(2 *2) = 2(5 x) then .
CoET o0 Put (tc)? —x? =y
dra.—
;(? ) = HOCOT 2C2tdt = dy
7 x50 cdt =—
(V. .
o 1€ .ar::j -0 equations (21) becomes,
§Ep= ¢ _ctdict)
or, 8(V.=)=0 P=Tl =
Ep. 4
or, V 7 =Constant :__E_ el
which is Maxwell's equation from Gauss Law. §Eg= ¥ -5+ ra
Relative electric and magnetic field spread in vicinity for T -7+
force of attraction and repulsionis =
I'—= :qEI:I;"} +a
E=E, |1——=
?
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9Ep: (- T 2

LP= - J{ct) —x"+a

v
:.P:qEL\nt_\Il—F'i'a

Linear momentum associated with total electric field of
chargeis

[ K
P:qEDDt_\Il —F

Let consider a charge q propagate in space at velocity v then
linear momentum associated with electric field spread in
vicinity for force of attraction and repulsion is

P=[f.dt

= [ gEdt

(22)

—
=J’qEH1—r—.:zr

2
JﬂqE'-‘-\ll oot

qEg,) (ct)*—2 dt

ct '
4E; o Let) 22 diet)
T f ret) (23)
Put cf = x secd
dict) = x secHtan 8 46
then,
':.::'ﬂ: —xt = (¢ct) :ttm:E
.‘;':rrf':—x: drct) 1 1I;':rl.‘fl:rr.'r!:ﬁl.r.ss*n?' tand 48
[ct) _; x zech
= fx tan’l df
= xf{sec:E —1)ds
= xfsec:E‘ dl?—xfdl?
=xtand —xf + o
= xyzecif — 1 —xsec? (5) +a
r
( ct = x zecl = sech = CLg 5)
X w
I B
y ()" —x?) (c)? — x2 c
J‘T dlct) =x |x—:—xsec'1 {—) +a
2 c
= _\J{.-_—,-t:]‘ —x? —xsecT? {:) +a
Now equation (23) becomes
q & | . c
— e S _ el -1(=
P=""14 (ct)” — x% — x sec {L) + a] (24)

Total electric field of electromagnetic waveisequal to sum of
electric field spread in vicinity for force of attraction and
repulsion and electric field for propagation of wave. i.e.
Total electric field = electric field spread in space + electric
field for propagation
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Electric field for propagation = total electric field — electric
field spread in space
From equation (21) and (24)
Moment associated with propagation of waveis
s il

N COEE =-,||'icﬂ: —x%—x sec™" (E)]

Ep= X - c
= T2 sec "(—)
€ )

Force associated with this linear momentum is

§Ep-
£

_ gEg av® { r) dr
- o= =\
el gt —pt
. =
qEp xv” ( c ) dl:._-zl
= —_' —_— . — —_—
Coy =1t 1
qEpx v e
a2 3 2.3
e el S
gEg vt

f‘.‘r-:l.—=—:

So electric field associated with propagation of waveis

" Ep

kal

e j1-=

W

Equation of relative electric field is

Total electric field = Electric field spread in space + electric
field for propagation

:E |1_£+ L':Eu
N

o2

|

Ep

[
%

1- f‘.“:l—

']

(]
k)
[

1. EXPERIMENTAL SECTION

Electromagnetic waves propagate in space by its own
oscillating electric and magnetic field without apply of any
external force. As aresult, it's electric and magnetic field is
relative. in an atom, Electric and magnetic field of electron
revolving due to electrostatic force is obsolute it is because
electron in an atom do not revolve by its own electric and
magnetic field as electromagnetic waves. Also charge
particle accelerate due to externaly applied force in
accelerator (LHC,cyclic acceleration and linear accelerator).
Relative effect on Coloumb's Force Let us consider on
electron of charge 'q' is revolving around nucleus of charge
'Q" then electrostatic force of attraction is

F—_%

dmegrt

According to relativistic effect, electric permittivity for force
of attraction or repulsion should be ==

|, vl
Ji-=
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Relative Nature of Electric Permittivity and M agnetic Permeability of Electromagnetic Wave

Experimentally, it isvalid whenever electron propagate by its
own electric and magnetic field as electromagnetic wave.
Relativistic effect on Biot-Savart Law

According to Biot-Savart law the magnetic field dB at a

point in the magnetic field of an element d{ of the current is
i upldlsing

4
According to relativistic effect, magnetic permeability for

J

force of attraction or repulsion should be g ‘\.II 1-=

o2

upldlsin@ | vl

~dB = amr? 4 c?

Experimentally it is valid whenever charges in current
carrying element move by their's own electric and magnetic
field as electromagnetic waves.

IV. RESULT AND DISCUSSION

Total electric and magnetic field of electromagnetic wave is
divided into two parts.

Total electric field = Electric field force of attraction and
repulsion + Electricfield for propagation

E, viE, 2
= +E 1-—
[ 22 | a2 c*
|1 _r ol |1 _ 1’_
B B c*
2 —
Bu.:: D:Bu_:+5|:. |1_lr_:
\r_.l_w:_: r:,r-'l—:'—: 4 '
Case (A): When velocity of charge v = ¢ above equation
becomes
2 —
:Eu,:z r:Eu,:+ED |1_f_:
iS5 N ¢
or,
Ep _ = ..Eu _ + 0
»1_:_; '-f':l_:_;
or,
Bp _ = .Bu _ + 0
»1_:_; '-f.l ’;

Thus at velocity of light whole electric and magnetic field is
equal to electric and magnetic field for propagation of charge
and there is no electric field for force of attraction and
repulsion. So every charge particle including photon moving
at velocity of light is underflected in electric and magnetic
field.

Case (B): When velocity of particle v = 0 above eguation

becomes,
—_—
.Eu’: — I!'.Eu :+ED [1 —=
\‘::1_;_: l.':.‘:l—z—: '\‘I '
or,
E,=0+E,
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Thus, at rest whole electric and magnetic field is equal to the
field for force of attraction and repulsion Spread in vicinity.
Thereisno field for propagation of particle. So particleis at
rest.

V. CONCLUSION

Tota electric and magnetic field of electromagnetic waveis
dependent of the relative motion of frame of reference.

E= .Eu B = By

1

[

1

] I':E
]

I'.'E
(]

Thistotal relative field is for two different purposes:
Field spread in space for force of attraction

2 T

and repulsion:EDﬂll—r—: & By [1-—
Field for propagation of wave = ":E" = & D:B"_:
r:»-'l—z—: r:\f-'i.—%

ACKNOWLEDGMENT

Author express his sincere Thanks to Dr. Bhishma Karki
lecture of Trichandra Multiple Campus, Tribhuvan
University helps to submit on thisjournal.

REFERENCES

1. C.J. Smith, Radha, electricity and magnetism CBS publishers

2. SatyaPrakash, electromagnetic theory and el ectrodynamics, Kedarnath
and Ramnath and Co..., merut

3. Arorav.p. Sexenam.c. Prakash s- Electricity and magnetism: Pragati
Prakashan, meerut

4. Laud B.B. — electromagnetic, Willy eastern Limited

5. K.K. Tiwari (2004), electricity and magnetism S. Chand and Co. Ltd.
Reitz JR. milford F/J Christy R.W- Foundation of electromagnetic
theory. Narosa Publishing House, New Delhi.

7. John R. Reitz, Robert W. Christy, Frederick J. Milford Foundation of
electromagnetic theory, Narosa Publishing House.

8. Aruldhos, G...., Classcal mechanics, New Delhi: PHI Learning
Private Ltd., India

9.  Binoy Bhattacharya, an introduction to classical mechanics, London:
New Central book agency P. Ltd.

10. D.S.Mather, mechanics, New Delhi: S. Chand and Company Ltd. Ram
Nagar

11. Elsevier, L.D. landau and E.M. Lifshiftz mechanics (Course of
theoretical Physics, Moscow: ESSR academy of science.

12. Gupta, Kumar and Sharma, classca mechanics meerut pragati
Prakashan, W .K. road

13. Halliday, Resnick and walker, fundamental of physics, willey India
Pvt. Ltd.

14. Herbert, Goldstein Charles P. Poole, John SaFK O, classical mechanics,
pearson education.

15. Musha (2019) superlumina speed of photons in the electromagnetic
near-field

16. David J. Griffiths, Introduction to electrodynamics, Prentice-hall 1999,
P 556

17. Feynman, R. (2006, 2010), The Feyman Lectures on Physics Val. Il
Ch. 10. Dielectrics

18. Barrett, Terence. (1993). "Electromagnetic phenonmena not explained
by Maxwell's equation Need Revison? A methodological Note".
[CrossRef

19. Behero, Harihar & Barik N. (2018). "A New set of Maxwell-Lorentz
equation and Rediscovery of Heaviside-maxwellian (vector) Gravity
from Quantum field theory.

20. Maxwell J. (1861). "On physica lines of forces' The London.
Edinburgh [CrossRef

Published By:
Lattice Science Publication

www.ijap.latticescipub.com


http://doi.org/10.54105/ijap.C1021.041322
http://www.ijap.latticescipub.com/
https://doi.org/10.1142/9789814360005_0002
https://doi.org/10.1080/14786446108643056

Indian Journal of Advanced Physics (1JAP)
DEE (e 2CLss I SSN: 2582-8983 (Online), Volume-2 Issue-1, April, 2022

21. Shaw, Dun can W, (2014) "Reconsidering Maxwell's agther" Physics
essays, volume 27 Number 4, December 2014. [CrossRef

22. Jackson, John D. (1999). "Special theory of reativity". Classical
electrodynamics.

23. Criffiths, David J. (2013). "Electrodynamics and Relativity".
Introduction to electrodynamics

24. Onoochin, Vladimir (2019). "LONGITUDINAL ELECTRIC AND
THE MAXWELL EQUATION".

25. Chaichain, m. Rojas, H.P., 8 Tureanu. A. (2021) Electromagnetism and
Maxwell's Equations. In Basic concepts in physics (Pp. 101-135).
Springer, Berlin, Heidelberg. [CrossRef

26. Ahmadivand, A, Geridioglu, B., 8 Ramezani, Z. (2021). Classica

27. Electrodynamics in Toroidal Matamaterials (Pp. 7-39). Springer,
cham.

28. Mitolo, M., 8 Araneo, R. (2019). A brief history of Maxwell's equation
(History) |IEEE Industry applications magazine [ CrossRef

29. Fiadova, S, 8 Pochyly, F. (2021). "A New Formulation of Maxwell'
Equations."

AUTHORSPROFILE

Chandra Bahadur Khadka, is from Nepa. He
presently livein Kathmandu, the capital city of Nepal. He
is currently studying bachelor's degree in Physics from
Trichandra Multiple Campus. Tribhuvan University
Nepa. He has been writing various series of articles
related to new theoretical discoveriesin Physics.

Retrieval Number:100.1/ijap.C1021041322 Published By:
DOI:10.54105/ijap.C1021.041322 Lattice Science Publication R
Journal Website: www.ijap.latti cescipub.com o5 © Copyright: Al rights reserved. wiw.jap.latticescipub.com



http://doi.org/10.54105/ijap.C1021.041322
http://www.ijap.latticescipub.com/
https://doi.org/10.4006/0836-1398-27.4.601
https://doi.org/10.1007/978-3-662-62313-8_3
https://doi.org/10.1109/MIAS.2019.2898096

