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Laser: Theory and Modern Applications
ECOLE POLYTECHNIQUE FEDERALE DE LAUSANNE (EPFL)
Solutions to homework No. 8
1 Problem1
Critical angle condition:
1. n
6, + 6, + 90° = 180°
0, + 6, = 90°
Cladding n, 6, =90°— 6,
L From air to fiber
n;Sinf; = n,Sinb,
n;Sinf; = n,Sinf; = n,Sin(90° — 6,)
n;Sinf; = n,Cos0, (D
I1. Inside fiber

n,Sinf, = n,Sin90°

n,Sinf, = n,

. Ny
Sinf, = - 2)

From equation (1):

1
n;Sinf; = n, /1 — Sin6?

. ny\°
n;Sinf; =nq |1 — (n_)
1

Using equation (2):

. ni —nj
nSin; =ny |[—5—
ny

n;Sinf; = [nf —n5; = NA
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N.A = \/nz—nl—\/nz—nl Y(np+mn1) =A-ny-2-nm=vV2M-m

(]
(A==2""1 ny 4+ ny ~2m)
ni
2.
=v2-1072-1.46 =v2-0.1-1.46 = 1.41-0.14 = 0.2
3.

V=272 N.A < 2.405
Ao

2.405A¢
TN.A

=¢=2a< = 5.4um

(N.A = 0-221 Atelecom)

_ 2405A

= ¢ < NA 1.75um

(N.A = 0.22,A = 0.5um)

If air surronds the solid core:

ny =1,N.A=1.06

2,405\
< ~ 0.72A
= ¢= 706~V

very small core
too small to be produced and too brittle, handling.
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4. 8/125 means 8um core and 125um cladding diameter

2 2
Vi = 0L =7 0010

2 -5
o1 _1000.10°. (122107
==L = 100010 (2 0s)

= L' =10°%- (1.25)2-107° ~ 1.45m

The preform measures 1.45m long 10cm in diameter.

_F.Score .1,

;7:1—3 Stot

Effective absorption coefficient:

SCOTE‘

Meff = F - Stor e
n=1- e~ eff L

Power;, )

dj o 1010g10(P0werm
m  lengthm]

light propagates in core



Prof. T.J. Kippenberg

cpe Prof. C. Moser
cPrL Fall Term 2022
= Pout = Py, e vt
= X[if] = 10logypel!
x[4B
= E(ﬂ)’l] logloelx[m]
= X[f] — e“[%]
x[48]
=ua=In(10"10")
(X =55—) = a = 12.6[—]
SCOTE
worr = F-
off Stot
_ 12pm .,
= Weff = 0.8 (400}4771) 12.6
.1
= topy = 09-107%[_]
n(L=1m) =1—e %1 =0.009
(L =5m) =1—e %> =0.044
n(L =10m) =1 — e %1% = 0.0861
n(L=20m) =1—e %2 =0.1647
n(L =50m) =1—e % = 0.3624
2 Problem 2

1. The propagation constant of a fiber is

= (R (04 2mP )
Bem = (n1ky ")z

N|—

(1)
The V-parameter of a fiber is given by
a
V=2n—NA
T " N

and the number of modes supported by the fiber with core radius a, numerical aperture
NA at wavelength Ag is

4 4 a? .
forM>1, M~ —V?>= 47> NA*>=16—NA
2 2 2 2
T T A§ A
2
2
NA~mvV2A = M= 16%n§2A, withAg = kﬂ
0 0
442 s 9
M:?-Z-ko-nl-A (2)
if we now insert eq. 2 into eq. 1
2A A
Bom = (kG — kg (¢ +2m)* 1) = miko(1—2- (¢ +2m)’ =)’
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since Aissmall vV1I+6~1+3, |6 < 1

(£42m)*

Pum = miko(1 — A)
2. Upy = d‘éﬁ, let’s express By, as a function of w
”1k0=n1'%\7§: wfl and M:L:;-ZA-CU;”%
Bon ~ < (1 - (e+2m)2-A:;21Aa;;>
- ‘”C’”—(e+zm)2-A$21Aa;l
%:TH“M)Z'AZ;;AWZ; %
/ 2
:721 <1+( +]51m) -A)
S vy = <1+(E+Aim)2-A> 1

3. Pulse broadening

_Lm A
2 1-A
100 - 10% - 1.46 7
AT=——F——7—=246-10" =24
= AT 2.3.10° 6-10 6148

5
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CLnp (2—(2—M?)
T2 2— A2 )
_Ll’ll A2

T 20 2-A?

= 12ns

5. The gradient index fiber delivers the least temporal pulse broadening.

3 Problem 3

E]/ — A . e_p(‘x‘_d) .e_jﬁz |x| 2 d
E, = B-cos (hx) e /P lx| <d

82

@Eyzpzfy(xrz) x| >d

into wave equation:
p* - Ey(x,2) + (kgni — B)Ey(x,2) = 0= p* = B — kgnj

aZ

ﬁEV = —1* - E,(x,2) x| <d

into wave equation:

—HK?. Ey(x,z) + (k%n% — /Sz)Ey(x,z) =0= ,32 = k%n% —K?





