PraVegakl Education

CSIR NET-JRF, GATE, IIT-JAM, JEST, TIFR and GRE for Physics

Chapter Four
Relaftivistic

Electrodynamics

4.2 Transformation of electric and magnetic field

In one inertial frame S the charge density and current density of system measured. If the same
system is measured from another inertial frame S’ the charge and current density of same
system is different. This transformation is according to Lorentz transformation. Hence charge
density and current density are transformed it is very obvious that electric field and magnetic

field will also be transformed.

If component of electric field E’:(E’ £ E')and component of magnetic field E':(B;,B;,BZ')

x>y 7z

are measured from S’ frame then these component of electric field E:(Ex,Ey,EZ)and
component of magnetic field B:(B B B ) are measured from §'.

x> y> 7z
The electric field is transformed as £ = E, E| = 7/[El +(v><B)i]
E =E, E =E,

E| = 7(Ey —vBZ) E, = y(E; +sz')

E =y(E.-vB,)  E.=y(E.+vB))
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' ' 1
B\ =B, and B' = 7[& —C—z(vxE)J

Example: A test charge is rest in frame S outside a long straight stationary wire carrying a
current. . The density of free electrons is n and drift velocity of electrons in wire is u

(a) Find the net current and net charge in the wire from S frame

(b) Find the electric filed and magnetic field measured by observer from the rest frame of § at

distance r perpendicular distance
(c) if another frame S moving with respect to S along length of wire, find electric field and

magnetic field measured from rest frame of S’

Solution: (a) With respect to rest frame of S positive ions are rest but linear charge density of
electron A and linear charge density of positive ions A" are same so there is no any net charge

density. So, total charge density A =0. The current in rest frame of S frameis i=A1 u =-neu
(b) With respect to rest frame of wire or from S frame, the total charge density is =0, so

electric field is zeroie., £, =0,E, =0,E, =0

M p,neu

and magnetic fieldis B, =0, B, =0 B_ = > >
r r

(c) E.=E, E, :y(Ey—vBZ),E; :y(Ez —
Honevu

so E =0, E =—vyB =—
* 7 CI G yos

z

r_ r v r_
B. =B, By—y(Berc—zEsz =

B,=B,=0B,=0B,=y—
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Example: consider two long parallel wires separated by a distance 2a bearing equal and
opposite uniform charge distributions. In frame S at rest with respect to wires there is no

current flowing and the linear charge density is 4

++++ttt++Ft A+

(a) Calculate the electric and magnetic fields in frame S at point P mid away between wires
(b) Frame S moves at velocity parallel to length of wires (x—axis). Find the linear charge
density A and current in the wires as measured in frame S .
(c) Calculate the electric and magnetic fields measured in frame S at mid away between wires.
(d) Verify the result from transformation of electric filed and magnetic field.

-1 A A

Solution: (a) £, =0,E, =—— a(—j)+ Py aﬁ =— aj E =0
0 0 0

2 Ys
2
(b) A = ¢ 4 because j. =0

2 2
C C
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List of Lorentz Invariant Quantity:

Proper time 7,is Lorentz invariant 0272—|17|2 :czrg where 7 is time and 7 position
vector

Rest mass m,is Lorentz invariant czm2—|]3|2 =c’m; where mis relativistic mass and
p is associated relativistic momentum vector

Rest mass energy m,c” is Lorentz invariant £’ —|]3|2 ¢> =mc* where E'is total relativistic
energy and p is associated momentum vector

Rest charge p, is Lorentz invariant ¢’ p’ —|]'|2 = ¢’ p; where pis charge density and ; is
associated current density

‘]::r—c2 ’Z§|and E.B are Lorentz invariant where Eis electric field and Bis magnetic

field

0? . . . . .
D’Alembert operator Dzz—Za—z—Vz is Lorentz invariant where V? is Laplacian
c” ot

operator

Example: A inertial observer 4 at rest measures the electric and magnetic field E:(a,0,0)

and B :(a,O,Za) in a region, where a is a constant. Another inertial observer B, moving with a

constant velocity with respect to 4, measures the fields as E':(E;,a,O)and B’z(a B a).

> HZyo

Then in units ¢=1,find £ and B, are given, respectively.

— —- - = | =2 —12
Solution: for given value of electric field £ and B the quantity £.B |E| —|B| is invariant

For inertial observer A electric fieldis £ =ai and magnetic field is B=ai+2ak

EB=¢a*and ‘Er —’l§|2 =a’—a’+4a’ :‘Er —|l§‘2 =4a’

Now for inertial observer B,

electric field is E’ :E;f+aj and magnetic field is B' = ai+B;2j+al€
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So E'-E':E;aJrB;a and ‘E'2|—|B'2|:(E;2+a2)—(a2+B;2+052>:E;2—B;2—a2

|E‘|2 _|]§|2 :‘E'2|_|B'2|:>4a2 —E? —Bf PN —B;Z _ 3

Solving E;” — B’ =—3a’and E,+ B} =a weget E, =—a, and B, =2
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