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THE ELECTRIC AND MAONETIC FIEIDS DUETO A CHARGE MOVING WITH

UNIFORM VELOCITY. ™

The electyic field-E and the mapgnetic field E pt o point
are generally defined in terma of the Ilorenty force octing on &
test charge placed at the polint .
1f E 1s the electric fleld at point R due to the chorge q,
B 18 the magnetic Field at point A due to the chorge LPY
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ns shown in figure I,

1z et the origin in the initiel frame of reference I
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thren the lorentz force on the _chnrge'ql sxpressed 1n terms of

the fields 1s glven by
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. ¥ The calculetions in this chapter nre by W.G.V. Rosger,

Contemporary Physice , Vol.l, p.453 {1560).



Writing the lorentz force in equation (A) in components, we have
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By using the tropaformations of the speclal theory of relotlvity we

may caolculnte

from Coulombrs law the force between charges moving

with uniform velocity essuming the Inveriance of electric charge. In

F ot o glven time t = C ewonsider a charge qE ant the crigin moving

with a uniform veloeity v along the ox aoxis and a chorge g4 ot n

point A (I,F}Z) moving with n velocity'ﬁ'huving comoponents ux’ur*uz

at shown in figure {2z} . Coneider » frame I moving to the right

with o uniform veloolty v relative to I nlong the ox exls o0 shown

in figure (2b) .

Tet the origlns ecolncide nt t = O,

The chnrge Qs

N ¥
remalns at rest nt the origin In T . We want to calculete the foree

on Q. due to q, measured in £ at the time t = 0 when 9, is at the

orlgzin.
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The formules for the tronsformetion of foree are

4 . s
FJF.:F;; +u1!‘_‘r _F;+ e v ..F,
=
(=4 “;-V} (oZ+ u;, v) '
E
2 / v
o l- /2
¥ (e + u;, v} yo.

. ) 02 4'; (]_ - vi-cg) . F; .

% {2+ u;'. v}

f
In ¥, since the charge qE i3 nlways ot rest at the origin,

we aszume thot the force on ql due to qE measured at the point A
’ s
in I at the time t {corresponding to t =0 in Z ) is given by

Coulamb’s low, namely

Wrpiting cut the components of thie force and substituting for

¥ LI
x and © A from the lorentz transformotion squaoticns
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<5ee R,C.Tolman (Helotivity, Thermodynamics and Gosmolcgy;p L5,

Oxford (1934},



we hove
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Substituting for Fx’ F:.Ir ard Fz from equations {(5) omd for

s

s . .
Uy d;_ ond, u: we have {from thelorentez trmmsformation)in equations
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Compering the equetions {1}, (2), {3) with the equations {6),(7),(8)

we conclude that



L] =
E = —: (1_3 }-I ]
X & C-E
q,; 2
E = "E (1":.'*2} I )
¥ s ¢
g o
E = 2 (-Y).az,
z EE- E.E
and Bx = o,
e |
B E S —2 {1-—-3)3.2,
!.F Ba fad o
q =
B = ..E {1_3} E,}r -
-] 5> o= <

These equations are the baslc equabions we mhall use s oxioms

in this theslis for deriving Moxwell’s equatilons.
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