Q) ng=4 n, =2 refractive indices

¢ = 2.99810°

€= 8.854-10 12 fundamental constants
ho=4ml0”

g1=1n 12'8 0

ey=ny’eg

Choose different wavelengths to get points on the dispersion curve

1=1,2.7 1:=1,2..7 q:-=1,2..7
i=1
Ao=i10%0.1
2'75'1’11
2'7C'C kl =
® = 0 ;“0
7‘0 )
.n.nz
. -6 ky:=
d:=0610 Ao
Plot a figure like (17.8)
For the TE modes
2 2 2\ 2
47 n1“-ns")d £
1 2
F(kxd) = ; - ) St
(h o) lexd® €2

kxd := 0.001,0.002..3-%

1000 ¥

r=1,2.7

Generally pq=ps

666.667

333.333 =

tanCkxd) | T T
— 0

f(kxd)
= 333333

~666.667

-1000

0 1.667 3.333 5 6.667
kxd

Solve Eq.(17.121)
kxd = 1.56 Guess for m=0 mode

8.333

10



Given

f(kxd)=tan (kxd)

a = Find(kxd)

a=1.56779 kxd = a

y=251314-10%1

B =2.51314-10°

2 628319-107

Mo
k| =2.51327-10°

This is a point on the dispersion curve for m=0

© =1.8837-10'°

Points on the light lines
k , =125664-10°

Solutions found for m=0 by changing frequency

0o, o= 1.8837-10kk | = 2.51327-10" kk = 1.25664-10" P, ;= 2.50012-107
El l 1 E

- 107
o, ;= 9.41848 10" ey = 1.25664-107 ke o= 628319105 PPa,o = 12311310

. 106
0oy o = 6279-10" kk | =83775810° Kk, = 4.18879-10° BB o = 8.00589-10
, \ .
00, o= 47092510 Kk = 6.28319-10° Kk, =3.14159-10° PP, = 5.80141-10°
, 4 4 ,

ooy o= 3767410 Kk 2502655105 kk, =2.51327-10° PP; = 4.442:10°
5,0 1 2 5,0
00 o= 3139510 Kk =4.18878.10°  kk, =20944.10° PP o = 3.51087-10°
k4 6 6 3

= * 6 = - 6
00, o = 269110 Ky - 3.50030-106  KK2, = 17952107 BB, , = 283214-10

Solve Eq.(17.121)
kxd = 4.67 Guess for m=2 mode

Given

f(kxd)=tan (kxd)

a = Find(kxd)



a =4.70338 kxd = a

y=2.51205-10%1 ® =1.8837-10'°

B =2.51205-10°

27 628319-107

Ao
k =251327-10°

This is a point on the dispersion curve for m=2

Points on the light lines
k , =1.25664-10°

Solutions found by changng frequency

. 8
(\)0)1 n = 188371016 BBI,Z = 2.51205-10

0w, , = 6.279-10" BB, , = 8.3411-107
00, , = 3.7674 10" BB, , = 4.966- 107
00, , = 1.8837 10** BB, , = 23925 107
owg , = 94184810 BBs , := 1.01066-107

. 1014
00g , = 6.279-10 BBs , = 4.84522:10°

0o, , = 4.70925-10" 6
7,2 BB, , = 3.14599-10

Points on the dispersion curves for other modes are obtained in a similar way.

For the even symmetry P-wave modes Eq.(17.101) must be solved.

Solve Eq.(17.121)

kxd = 6 Guess for m=4 mode
Given

f(kxd)=tan(kxd)

a = Find(kxd)

a=29.78663 kxd - a

y=2.46376-10 i



B =2.46376-10°

27 628319-107

o
k =251327-10°

k 5 =125664-10°
Solve Eq.(17.121)
kxd = 14

Given

f(kxd)=tan(kxd)

a = Find(kxd)

y=2.50225-10%i

B =2.50225-10°
27 6.28319-107
Ao

k| =251327-10°

k 5 =125664-10°

This is a point on the dispersion curve for m=4

Points on the light lines

Guess for m=6 mode

kxd = a

This is a point on the dispersion curve for m=6

Points on the light lines
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DISPERSION CURVES FOR m=0,2
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@)

ny=15 n, = 1.485 refractive indices

_ 8
c (= 2.998-10
gq = 8.854-10"12 fundamental constants
Ho= 471077
g1=n 12‘8 0
gy=n3"¢g
a=210"°

np-ny
A=

I’ll
- 2-mn 1'&'/\’2'A

¢ 2.405

A =11084115- 10 *Cutoff wavelength for second mode to appear

A 0 = 157\:0

2 1

Given
uwJl(uw) w(u)-Kl(w(u))
JO(u) KO(w(u))

uu = Find(n)

un =1.3685721 Solution for u



1:=1,2..100
WW = ,2-k lz-az-A - w?

ww =0.8352772

2
5
JO (uuw)
o\ 8

Icore. =
! JO(uu)

a
mo=a+ (- 1)—
; G-1Drgg

Icladd. =
J

H E11 (LP01) Mode Profile

Icore.
i

Icladd,
i

0 1-10°° 210" 341070 410°°



3) Normalize intensity curves from problem (2)

1=1,2..200
Icorej Icladdj R

I = if|j<100,—2, 100 L= (- D)
3 Icore1 Icore:1 3 199
Gaussian function
o = 0.9833-10°° Best o computed by trial and error
2
(5)
2
- o — _ 2
Ig; = e s=).(5- 1)
]
S =0.0272905
HE11 Mode and Gaussian Fit
1 T T
08 _
0.6 —
I
R
%
0.4 [ \‘ —
02 _
. | R SRkt
0 5410 7 1110°° 2:10°°
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(5)
n = 1465 n, = 1.46 refractive indices

¢ = 2.998-10°
€= 8.854-10° 12 fundamental constants
Bgi=4m 107
€1=n 12's 0
i 2
€ 2 =n 2 -€ 0
a=50-10% Fiber radius

np-nj
A=

ny

~ 2-tn 1-a'J2-A

¢ 2.405
A =15810791- 10° Cutoff wavelength for second mode to appear

- -6
Ao = 1.5510

2mn 1
o k | =5.938623510°

w(u) = /2-k 12~a2-A -l

u=2 Guess

kli:

Given

uJ1(w)  w(u)Kl(w(u)) LP01 mode
JO(w) KOo(w(u))

uu := Find(u) Solution for u for LP01 (HE11mode)

uu =2.3104976

B =5.9384437-10°
For LPO1 10 um fiber, uu=1.9872448, p=5.9352976*10"6
For LPO1 50um fiber, uu=2.3104976, $=5.9384437*10"6



u:i=25
Given

uJo(w) _-w(u)-KO(w(u))
Ji(w) Kl(w(u))

uu := Find(u) Solution for LP11 mode (includes HE21 and TEO1
uu =3,6811143

ua =3.6811143

B =5.9381672-10°
For LP11 10um fiber, uu=3.1405702, p=5.9303135*106
For LP11 50um fiber, uu=3.6811143, =5.9381672*10"6



