5. A plane-polarized electromagnetic wave traveling in vacuum is observed
in the lab frame as

E = Real{EoieW-wt)},

B= Real{Bo j gilthz—wt) } ,

where k& = w/c and

BO = EQ/C, (S[)
By = E. (Gaussian)

A relativistic particle moving in the z-direction (v = vol%, where v >>
1) encounters this wave. For this problem you are to find the form of
the wave in the rest frame of the particle at the instant the wave is
first encountered (before the particle’s velocity is changed because of
an interaction with the wave).
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{2 pts} Start by combining E and B into a single 4-tensor F’ B ().
This includes writing (kz — wt) = +k,z*). The sign &+ depends
on your choice of Lorentz metrics (—1,+, +, +) or (1,—1, -1, —1).
State which you are using.

{2 pts} Give the Lorentz transformation L% that transforms the
lab frame into the particle’s rest frame 2'“ = L% 2B,

{2 pts} Apply your Lorentz transformation to F °f(z) to find
Fref (z'), the electromagnetic 4-tensor in the particles rest frame.
{2 pts} From your results in (c) give the 3-dimensional propaga-
tion direction of the wave in the particle’s frame and the E'(z')
and B'(z') fields.

{2 pts} Compare the amplitudes and frequency of the wave as seen
by the particle in its rest frame with those seen by a lab observer?




o) W= e

) E= LEge
% - :ﬁ; 13 0 @.(:(’MV 1)

)

* Use gavssim on®s so By= £,
U g (}, -1, 4) me Virve.
o
3@ \1\ b 'L«\)"é; - kd\)(
i | S S S R T S
(m | EQ,E}@ 5, e‘)
— 0 SR
o (L ek - Ky - ]47“3 k”%:)

— 242 | ” )
= o et by (423 . %%5%

TWE A+ ki ( L= W= 0, b=

I
~
m
9\
"“E
R
¥y @
» T
",
5
O e
oY
sV T
7 H
A

A
ke

G

Y

=

(4

g
a3
o
3
o
oy
%
i

AL )/.‘ v X

2
o
o

\03 f-@f G &){};};5553 11 i,

boos”

sl



vw)‘j" 47%’%‘9(&(}?\
s well

VT

%

Lo
(o070 -t o ¢ 07 0p a7

+ ke
et ! o X

S
N
=
-
Rt
£
A
S
=
™

/
b= L%k,

V7T o prl| We =7 00 - pT | ct
o1 0 0 O (G I »“ X
o0 t 0 o

| no . 5 (@3@4’- D) 9.~ 7 37l
= E(x)= x E, (%/3’7)6“ ez~ (T2 )

C.

P FaS . £ ey ~ - (‘%\ N /’f W Iy (E? . ?,2\} .
5 ! “,;:'~ {5 f i”i o sé 7”’ /5 / ) @X%J EN L <€\ iy (/}.}i h (’ x

(,«g(,,;,' ST 2’
) A
‘. L7 ;? ¢ ?w / jmé

. & 0 “3 f oy
F\MPH utles, C,,\«\Qn(;) //§ bﬁj 'gct«a.m{ ol | /
§,

w0

e
» ,4? §

ke B Y = e

) o



