
763629S CLASSICAL FIELD THEORY Exercise 7 Spring 2008

1. Use the de�nition of the electromagnetic �eld tensor to show, that

(Fki) =




0 Ex/c Ey/c Ez/c
−Ex/c 0 −Bz By

−Ey/c Bz 0 −Bx

−Ez/c −By Bx 0




and

(F ki) =




0 −Ex/c −Ey/c −Ez/c
Ex/c 0 −Bz By

Ey/c Bz 0 −Bx

Ez/c −By Bx 0


 .

2. Let's consider the equation of motion

mc
duk

ds
= eFkiu

i. (1)

Show that the spatial components of the equation 1 lead to equation of
motion for 3-vectors

dp

dt
= eE + ev ×B

obtained earlier.
Show that the time-component of equation 1 gives the relation

dEkin

dt
= ev · E

also obtained earlier with di�erent kind of derivation.

3. The results obtained in problem 1 show that the electric and magnetic
�eld components are related to the components of the electromagnetic
�eld tensor F ik. So the transformation of these �elds in the Lorentz
transformation is determined by the transformation of the components
of F ik in the Lorentz transformation.
Let's consider a situation, where inertial coordinate frame K ′ is moving
in x direction with velocity V relative to the inertial coordinate frame
K. Show that

By =
B′

y − V
c2

E ′
z√

1− V 2

c2

,



where By is the magnetic �eld component in the coordinate frame K,
and B′

y and E ′
z are magnetic and electric �eld components in coordinate

frame K ′.

4. Show by direct calculation that

F ikFik = − 2

c2
(E2 − c2B2)

and
eiklmFikFlm = −8

c
E ·B.


