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2.3 SOLUTION

The problem may be solved using superposition by splitting the incident
wave into separate components. Problem 1 will be the solution when the input
wave has the x component of the electric field and Problem 2 will be the solution

when the input wave has the y component of the electric field.

Pr 1:

en =3 pEoexplj(@ot—koz)] £<0 (2.5)
ﬁ A
hia =ypH,exp[j(®,t—k,z)] t<0 (2.6)
ﬁ A
By =Y Buosin(kwz + Ow) (2.7)

Att =0, a plasma of frequency w, is switched on. The problem may be

solved along the lines of the solution given in [8]. Expressing the fields in the

form of:

fiz, 1) = f(t)exp(—jkoz) (2.8)

we can write the plasma fields for t > O in differential form:

%(n.,h,) = joex | (2.9a)



. N,
g’;(ex) =]mo(nohy) + ?ogvx
N,
L (e =Fv,

%(V;) = %ex + (l)va

g;(vz) =— %ez —MpVy
where
Op = WpwSin(kwz + Py)
and
Bwo
Opw = q_m—

and n, = 120x is the intrinsic impedance of free space.
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(2.9b)

(2.9¢)

(2.9d)

(2.9¢)

(2.10)

(2.11)

Solving equation (2.9a-e), using the Laplace Transform technique of [8],

shows that four extraordinary waves (X waves) and two wiggler fields are

generated. The two wiggler fields in terms of the four new frequencies are given

by:

ew(z,1) _ . (DoO)bCO,%
E, JPo0:0504

exp(—jkoZ)

hyw(z,t) , _
Ho _p W1MWW304 exp(_.]koz)

where w1, w2, 03, and w4 are the roots of the polynomial [8] :

(2.12)

(2.13)



0% - 0%(03 + 05+ 2003) + [0p + 0302 + 02)] = 0

l

2 =+yqEnexp [[(0ot —ko2)) t<0

3

ﬁ A .
B, = y Bwosm(sz + ¢w)

where
Ep =jE,

— A E,‘z .

hp=%xxq Ecxp (ot — ko2)]
= xq Hpexp[j(®ot — koz)]

where

JEo =+ jH, |

Hrz =+ no T
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(2.14)

(2.15)

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)

At t=0, a plasma of frequency w, is switched on. This problem may be

solved as in Problem 1 and using the technique of [9] we obtain two ordinary

waves (O waves) and a magnetic wiggler field [9],[11],[12]. The frequencies of

the ordinary waves are given by:

0=t ‘/m§+m,2,

Note that there is no electric wiggler field.

The magnetic wiggler field is:

Bz, 2) © Hp, . . w2
= —=exp(—jko,2) = *
H, w2+ Ho P(=Jko2) ]qm?,+co§

€Xp (_J k OZ)

(2.21)

(2.22)
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The total wiggler fields can be found by superposing the results of

Problem 1 and Problem 2. The total magnetic wiggler field is:

hu(2) o - w; (2.23)
HS Re[y P &r@y .05 SXP(—Jkoz) + X qug Tl exp(—jkoz) ]
. w, L @
=yp ————c0s(ko,z) * xq sin(k,z) (2.24)
W1 0203004 ﬁ’% + mg
. 0)4 . (02 .
=yp L4 cos(koz) + Xxg—; +p = sin(k,z) (2.25)
o} + 02 (m,z,wsinz(sz +0w) + 2 ) W+ p
The total electric wiggler field is:
" W, ®p®?2
¢ E(Z) = e sin (koz) (2.26)

22
o} + 02 (coiwsm (kwz +Ow) + @2 )



