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FORMULATION

We start by writing the curl of the electric field.

- —
Vxe=-p2hn (4.2)
ot

A physical magnetic device must also satisfy V- B =0, V x B =0 and
therefore Buox, Bwoy, ku, 0w and ¢., cannot be chosen arbitrarily.

59 2 -

0 0 —jko |=—Ho 3 h (4.3)

ex ey €

The matrix form of the curl equation can be written as three separate equations.

fey(= (—jko)) =4 (— uo%hx) (4.42)

Sext=ito) =5 (-on, (4.4b)

2(0) =2(—uo%hz) (440)
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Substituting k, = w, /i€, andn, = \’t:l_: and rearranging the terms we can write

the equations for the individual components of the magnetic field.

d o
dt(nahx) - ]moey

(4.5a)
i(‘noh ) =jWoex (4.5b)
dr "

4 (n,h)=0 (4.5¢)
dt 't
The curl equation for the magnetic field can also be written in matrix form
- -
Vxh =e,,%?—N,,q7 (4.6)
B
0 0 —jko |=¢ %?—N,,q—v’ (4.7)
he hy h;

Equation (4.8) can be written as three separate equations

xhy(—(—jko)) =X (e,, %e, - N,,qvx) (4.8a)

Yhx(—jko) =y (e,, %ey —N,,qv,) (4.8b)

2(0)=2 (eo %ez ~Nogqv, ) (4.8¢)
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After substituting and rearranging as we did before we can write the equations

for the individual components of the electric field.

. No
g;(ex) = j®o(Nohy) + —s—oﬁvx (4.9a)
. N,
ft'(ey) =—Jj0o(Moh:) +—£-o£vy (4.9b)
N,
%(ez) = "'e'oﬁvz (4.9¢)
Finally the velocity field equation is given as:
_)
2747 (V5. (4.10)

Writing the velocity equation in matrix form we have:

A A

X y 4
v v, v, (4.11)
ByoxCOS(kwZ+ Oux) Buoysin(kuwz+dyy) 0

- -
vV = 4

3|

-4
m

Yl|v

The matrix equation is written as three separate equations to show the individual

velocity components.

Sy, =L~ L (v, Bunysintkz + ouy) (4.122)
%vy =, — Ly, Brprcos(hyz +Ou) (4.12b)



S Vx=—3Cx— %(Vx Broysin(kwz + Quy) = Vy BuoxCOS(kwz + Oux))

Now we make following substitutions as in section 2.3

Wpx = OpuxCOS(kwZ + Px)

Wby = OpuySiN(kwz + Guy)
where

Wpux = %Bwox

which gives

%(Vx) = ’%ex +WpyV,

)= e~ Oy,

d q
E(VZ) = —mez - 0)1,ny + (Dbxv_y
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(4.12¢)

(4.13)

(4.14)

(4.15)

(4.16)

(4.17a)

(4.17b)

(4.17¢c)

Equations (4.5b), (4.9a), (4.9¢c) and (4.15a) are the same as (2.7a) through
(2.7d). Equation (4.15c) differs from (2.7e) only by the w,.v, term. This system

of equations is taken as a perturbation and gives us the extraordinary waves.
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The set of equations (4.5a), (4.9b) and (4.15b) define a system of equations
involving h,, e, v, and v,. These equations give us the ordinary waves and

again there is also the w,, coupling term. Note that if .. is zero we have the
same situation as in chapter two and there is no coupling. The matrix equations

of (4.3), (4.7) and (4.11) can be combined into a single matrix

0 000 —jw, 0 0 O O
- - 0 00jw, 0 0 0 O 0 |r -
th ahx
N 0 000 O 0 0O 0 0 N
Nohy No.g Nohy
Nohs 0 jo,00 0 0 =2 0o o Nk,
dl & |_|-im 000 0 o o 24 o &
i N ey (4.18)
e, 0 000 0 0 o o X2 e,
Vx 0 002 0 0 0 0 -g Vx
Vy m B ~ Wpy vy
v, | 0 000 32 0 0 0 om || v, |
0 000 0 FH-wpy on 0|

The 9 x 9 matrix can be reduced to an 8 x 8 matrix by removing the row
corresponding to equation (4.5¢) since these values are all zero. The matrix can

also be rearranged to obtain better insight into the coupling terms.
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- e e
Nohy Noh,y
[F4 €,

d Vx Vx

E; v, = v, (419)
vy vy
ey €y
Nohx Nohx

In chapter 2, the solution was split into two problems, where one problem
corresponded to x component of the incident wave, and the other problem
corresponded to the y component of the incident wave. The individual solutions
were then combined by using superposition. We can use the same method in
this case, provided that the x component of the magnetic wiggler field is small

compared to the y component. We can state this mathematically by letting

Wsx << Wpy . By setting this limitation, the coupling term w,, in 4.19 can be
neglected and there is an uncoupling of the two systems allowing us to solve the
systems independently however the input to system 2 when system 1 alone is

excited is influenced by the coupling. A similar remark applies when system 2

alone is excited. The solution of this problem will be pursued soon.



