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Na 4 (asiel il ) Fiber : GRIN
0.3 N; =148
B A= 0.01353
0.2 4 N,=146 = N, =024
0.1 -
" | | , (r/a)
0 0.5 1
(31-2) Jsa

Modes In Step—Index Fibers‘ﬁ)m Jalall culd bty ‘_,a glaill3-7-2

outall 235l gag (V) lalid S ggi e aladll calll Qi dmia) z3lall ae aasd S
A Al ey (535 (5)lnal

V= _27;.a nS —n;

cegall daga Jola Ay i)l Cral 54 @ Gas
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A
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1

(B Jod JoS0
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125[um] 353 Wae 05 GLIYY G gsill 13g] DI ki )
5 -2 Ji
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© 2405 *
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¢ 2405
AN Sl dilaia 8 Ly gl asall Jshall 13y
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a5 el el of ¢l g = 2 Laxies (11-2) AL sl Jlall 53 Jgual) Calll Caasy
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£.pq N2A
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SEadll b 3l se Caai sa 12y V (e 80 2 s
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R==[b
T Lbps]

ualia JS8 RZ 5yla) Juwpt (T/2 Lol 80a (35S0 daiajll 553l Chiad danall 2o & Slaaall Jads
cenall Z AT L3l 13 s o HLAY) o2 )3 alaee O @lldy (I/T[HZ] U page (63 alla dlaluy:
tallaill (3Uad aje Jal o Swesll 3[dB] 25l aadiuie AL

1 . 0.35
Re, = = f. s (electrical ) = 3

L Jshall DA clbaaall Jane 13 djlas ded 58 3[dB] xe 2 s fo o =0.35/A7 &as
1AMl axy

(L. 035
i A(r/L)

Al 53a 50 70 % shs Zyasa (ot Jaloail (al il 589 daiill o3 e Juan ¢ Leadd WiSay

b )l Da gld LSl )0 Caal s RZ dadi 8aa ) S
Ar=0.7xT/2=0.35T
ol
R=1/T =0.35/Ar

case 38 LS I/T 58 Glbdanall Jane oy T 58 Gla IS0 pacasdl ol ol NRZ 58 Al Ll
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A
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Jama o) Al 5ae pe bue iy Lanll Glas e ol RZ @lias (e O Jshl NRZ cilias
198 msamsall alaeY) Ciliaadl)

1 . 0.7
Ryrz = ? = fgdB (electrical) = A_z-

B alslmif

Ryex L

el Uil paje s f Cas

(2 3[0B] el Gl (e Jlaxily

0.7

T AGIL)

NRZ ass ;U Jaf (30 dall 530 (30 70 % 98 4 zsamsall Ll Lalasl )

(k) S sl ity 5aaaa) Cilegleal) Lo oAbl (6-2) Jsaadl con
JERE S sial
RrzxL fza8xL RnpzxL A(z/L) | AA A
faasxL
Gbpsxkm | Gbpsxkm | GHzxkm ns/km | nm | um
0.16 0.16 0.32 0.23 2.2 20 | 0.82 | LED
0.47 0.47 0.94 0.67 0.75 50 | 1.5 | LED
3.2 3.2 6.4 4.55 0.11 1 |082| LD
233 233 46.7 33.33 0.015 1 15 LD
(6-2) Jsaal
7 -2 Jta

(6-2) Jsaall 3 3,S3l5 LD 5 LED aaliadl Jal (e 10[km] das Jal (e ilidaadly 235l 350 L
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Ladll o gl 01 dadl e (dshll X Jaeall) s (dshll x 23ll) (e S ehan deals dasits agid
.10[km]

:0.82[um] xe LED A Jal e -1
fis = 23IMHz] — Rz, = 32[Mbps]
f,4s(electrical) =16[MHz] — R;, =16[Mbps]
:1.5[um] xie LED AU Jal e =2
fis = 67[MHz] — Rz, =94[Mbps]
f45 (electrical ) =16[MHz] — R, = 47[Mbps]
:0.82[pum] wie LD 2l Jal e -3
f..s = 455[MHz] — R, = 637[Mbps]
f.45 (electrical ) = 320[MHz] — Ry, = 320[Mbps]
:1.5[um] xe LD S daf o -4
fas = 3.3[GHz] > Rz, = 4.7[Gbps]
f.4g (electrical ) = 2.33[GHz] — R,, = 2.33[Gbps]

O vslel Gllaas Jaee dal e speall Ll @A) e (D 5l il Gein ) dalad) 2@l s
Joe 3 LED Al (ye 3885 oy ST (65 Abighall dagall Joha dilaia 3 ) il Jasied 1) Aalaiy)
cslel ol st a1 sy Gus Lad \gllawiadd ()5S Sy (0.8[um]-0.9[um]) »ai) dssall Jsha

:ddglae Jilua
Ny=1 of ot 0< NA <1: ol NA @saa) 50ad) ds (VL a5 a0 Ll o)) -1

Solution:

NA=n,sin a,,n, =1

NA Qo
0.05 2.87
0.10 5.70
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0.30 17.5

0.50 30.0

0.70 444

0.80 53.1

0.90 64.0

0.95 71.8

1.00 90.0
S0 l
&0
g |
201
T

O; -ttt i

Vvnl—-n2 ..
cos B¢ —— 3
n

Solution:

sin@,=n,/n,

Cos6,\[1-sin2 6, = 1—(n,/n,)? = V- ng

n
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Or from Figure,

p g 8 VI I

by
-

cosf, =

n,

50 pm sl s caas 05131 =0.82 um e ny =1.485 3ny =1.5: 1S (o) juel-3
A2 pm Ji el Job a5 15 gewle )57 a5 OF (S @) el s oSS

Solution:

n1=1.5, n2=1.485
V= Zme/nf e %\/1.52 1485 =81

N =V?2/2=81%/2 = 3286 modes

If A=1.2[um], V=55.35, N=\2/2=1531 modes.

. a=50 Hm a=2jA =0.0lj ny = 15, uﬁ._J c(GRIN) C)"’u‘“u‘:“@_z"
.s\,d\wn(r)(wwug@g )=
A0 dla o dm o)) s e Gl 8T

=2, jlzebs 0.00T U1 A 5o dmy o) s e eols S

Solution:

a) n(r)=n+1-2(r/a)* A =1.5\1—2(r /50)?(0.01)
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b) n(r)=1.51—2(r/50)*°(0.01)

¢) n(r)=1.5,1—2(r /50)?(0.01)

r/a (a) (b) (c)

0 15 1.5 15
0.1 | 1.4998 15 1.4999
0.2 | 1.4994 15 1.4999
03 | 1.4986 1.5 1.4999
0.4 | 1.4976 1.5 1.4998

05 1.4962 15 1.4996

0.6 1.4946 1.4999 1.4995

0.7 1.4926 1.4996 1.4993

0.8 1.4904 1.4984 1.4990

0.9 1.4878 1.4948 1.4988

1 1.4849 1.4849 1.4985

1.500 {

1485 T
n (D)
1.490 T

1485

ol 1.6Q§T@yp‘yuﬁt§;\§ﬁéﬁy>@MWp /N I bl i OF a5
s.)}l-w‘y\ ) SI
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Step-index single-mode condition:
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¢ (FN) olow Jlae iaye 4l iV

C

Pe = 107° las Jlaaly HlbY) la alas dal o
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14 + 18 — 101log(25.12 + 63.095) = 12.54 dB
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t5ac Lall dliagll Culss

Lly sl (1) o g ldy) dic dum V) Adasall Jupe de Uil 1

e (3) )38 dua)¥) Aaaall aalp 2382
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= —123.1(dBW) — 4.6(dBk™*) — (—228.6 dBW) = 100.9 dB

<
Eb _ B

No No
Eb C
E (dB) = E (dB) - 1010g (fb)

= 100.9 — 101og(90 * 10°) = 21.36(dB)

Gy B
N No fy
C 30%10°
= (dB) = 21.36(dB) — 101log (3°0) = 26.13 dB

silagll dlagl)
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£
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C

N No fp
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No Te
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Free space path loss (dB)

206

204

202

A i | . .t 3 i .l

7 8 9 10 11 12 13 14 15
Frequency (GHz)

Elevation angle

correction:
Angle +dB

90° 0
45° 0.44
0° 1.33
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E_b[dB] = ﬁ[dB] = g[dB] —10log Fb
No No No

Eb _ 106.2dB ~10l0g(120%10%) = 25.4dB
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Jaca 1 ddaadl Jiiie 2ic C/NO 4w

E:C'*E

e Te Caia
C oGl .
No Te K
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