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Optical Fibers
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2 max
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dN = ra’ d k2 2
(27)

N ~ a’k? j@de— (ka\/ﬂ) :—V2

0

fibre parameter V =ka+/2A
A =0.85mm, n, =1.4, a=25 micron
N =335, many modes excited
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Field Equations

n(x)= \/5()'(’)/80
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&
V?H +yog(i)wzﬁ —ioVexE
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Viy +Z)—2n2 (7()!// =0
JWKB (eikonal) approximation
W o ein()?)/C

2
) — — 2 — . 2 .
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Generalized Snell’s Law Wy
, ODU

VS.VS =2 _n?(x)

S(X)=S (% )+ (X=%,)-VS(%Xy)+--

w (X)= exp[ia)S (X’O)/c]exp{i(i— X )
plane wave with
K(%,)=aVS(%)/c=n(%)k(%)olc

(1) 2 = vs %[n(i)j—j ~Jvs-v &

oVS
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E{n(?)j—:}:Vn(F)

g Thomas Jefferson National Accelerator Facili N
.!effer%on Lab o @ @J‘C‘A

Physics 804 Electroma gnetic Theory Il



W

Meridonal Ray Solutions
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C?—S[n (x)sin e(x)} = 3—2 C?—S[n (x)cos@(x)] =y

M=n(X,.) isindex of refraction at turning point

=

n o d (_dxj dn , d°x dn
n— = — —=n(x)—
n(x)dz\ dz dx dz dx

1/2 period distance Z = 2n j

0 \/nz(X —ﬁz
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Physical and Optical Paths
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B B
Loy = jds Lo = jn(x)ds
A A

for a half period

L :Xm.ax n(x)dx ] :XTX n®(x)dx
" 'o\/nz(x)—ﬁ2 " \/nz(x)—ﬁz
Transit time for fiber with z[0 Z
T = Lopt Z
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Radiating Systems; Multipoles
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p(X.t)=p(X)e™

J(X,t)=J(xX)e ™
following our standard practice
quantities are real parts

A()‘(’,t):f—;jdg’x’jdt ‘X(_X ‘) (t'+|x -’

—'[)
|k\x X'|

A(X)= “Ojd3x'a( )‘X_X‘ k=wm/c
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near field:

far field:

Fields

Zo:\/ﬂolgo
dU rl0 A=2nclw
di A0 r
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Near Field
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exponential replaced by 1
1 0 I 1 |

= 9’ Y 0
472-‘)‘(’_)‘(” |omz|2|+lrl+1 Im( ¢) Im( ¢)

- 00 I 1 Y 9, ¢ X . )
kLILT?) A(X — Iuolz(:) 2 2| +1 Im r(|+1 )J-Ylm (9',¢')r,IJ (Xr)dSXr
d<<r =0 m=—1|
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Far Field
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exponential replaced with
X i =X1/|X
|kr
—ikn-X' 4 3 g7
kIrlgwooA( ) = 4;; ; IJ( ")e " d X
zuo ei Ik) " —»r 3o/
= J d
A v nO j ( ) ”

radiation pattern dominated by emission
from first non-vanishing n
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