Problem Solutionsfor Chapter 5

5-3.

(a) cost 30°=0.5

cos 30° = (0.5)L = 0.8660

L =log 0.5/log 0.8660 = 4.82
(b) cosT 15°=05

cos 15° = (0.5)T = 0.9659
T =1og 0.5/log 0.9659 = 20.0

The source radius is less than the fiber radius, so Eq. (5-5) holds:
PLED-step = P2r> Bo(NA)2 = p2(2° 10-3 cm)2(100 W/em?)(.22)2 = 191 mwV

From Eq. (5-9)

PLED-graded = 20%(2° 103 cm)2(100 W/cm?)(L.48)2( 0181 - 5 égz d = 150 mw

Using Eg. (5-10), we have that the reflectivity at the source-to-gel interfaceis

_ &8.600- 1.3054°

=5 =0.219
9 e3600+1.30592

Similarly, the relfectivity at the gel-to-fiber interfaceis

_ ad.465- 1.3055

=< =3.34"10°
€1.465 +1.3059

Rg-f

Thetotal reflectivity thenisR =R_ R, =7.30" 10"
The power lossin decibelsis (see Example 5-3)
L =-10 log (1- R)=-10 log (0.999)=3.17" 10°° dB

Substituting B(q) = Bg cos™ g into Eq. (5-3) for B(q,f ), we have



m

2p
8 é 00-max l:l
P= SEZD 600§q9nqdqudqsrdr
8 oe 0
0
0
Using
o do sndo
§ coslqsinqdg =@ (1-sn2qg) sngdsing) = § (x-x3) dx
we have
'm
P 2p
8 ¢ N2 o-max  SN? go-maxl
P:2p6 Q&5 -~ 4 Hdgsrdr
0o
0
'm
8%
= 0 & 2_1 u
P X 8§\IA 2 qusrdr
8 o
0
'm 2p
= J[2NA2-NA4 g rarg das
0 0

5-7. (@) Leta=25nmmand NA =0.16. For rs® a(NA) =4 mm, Eq. (5-17) holds. For

rsE4mm,h =1
(b) With a=50 nm and NA = 0.20, Eq. (5-17) holds for rs3 10 mm. Otherwise, h
=1.

5-8. Using Eq. (5-10), the relfectivity at the gel-to-fiber interfaceis



5-10.

5-11.

_3.485- 1.3055

=7 =4.16" 103
o €1485+1.3059

The power lossis (see Example 5-3)
L=-10 log (1- R)=-10 log (0.9958) = 0.018 dB
When there is no index-matching gel, the joint loss is

_ ad.485- 1.0005°

=9 =0.038
> €1.485+1.0009

The power lossisL =-10 log (1- R)=-10 log (0.962) =0.17 dB
. . 1 1

Shaded area = (circle segment area) - (area of triangle) = 5 sa-5 oy
s=ag =a[2arccos (y/d)] = 2aarccos ga%

L 01/2
c=2 8&2 - ggzbﬂf

e au
Therefore

a2

-
Acommon = 2(shaded area) = sa—cy = 2a2 arccos ga% -d gaz S

Coupling loss (dB) for
Given axial misalignments (mm)

Core/cladding diameters 1 3 5 10

(mm)

50/125 0.112 0.385 0.590 1.266

62.5/125 0.089 0.274 0.465 0.985

100/140 0.056 0.169 0.286 0.590
_P

arccosx =5 - arcsin X

For small values of X, arcsin x = x 2(3) " 2(4)(5)
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Therefore, for 2a << 1, we have arccos261 »5 -5a

2 d 5do _ 8dp

Thus Eg. (5-30) becomes Pr= 0 Pg "2a 6ag - " 3pay

d/a Pr/P (Eq.5-30) | Pr/P (EQq.5-31)

0.00 1.00 1.00

0.05 0.9576 0.9576

0.10 0.9152 0.9151

0.15 0.8729 0.8727

0.20 0.8309 0.8302

0.25 0.7890 0.7878

0.30 0.7475 0.7454

0.35 0.7063 0.7029

0.40 0.6656 0.6605

5-12. Plotsof mechanical misalignment losses.

5-13. From Eq. (5-20) the coupling efficiency hF isgiven by theratio of the number of

modes in the receiving fiber to the number of modes in the emitting fiber, where
the number of modes M is found from Eg. (5-19). Therefore
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Therefore from Eqg. (5-21) the coupling lossfor ag £ ag is Lg =-101og gz

7]

5-14. For fiberswith different NAs, where NAR < NAE

2, .&ea 0
k2NAR(0) %Eaz

MR
LF—-lologhF = '1O|09ME = -101log 2 ma b
k2NAEg(0) %aaz



5-15.

5-16.

S5-17.

For fibers with different a values, where ag < ag

a2y R 9
k“NA(0) 82aR + 4Ea2 éaR(aE +2)u
Le=-10logh_ = -10log — = -10log &—-Y
F & ag 0 g@ag+ 2y
k2NA2(0) —— a2
Pag*+ 4,

The splice losses are found from the sum of Egs. (5-35) through (5-37). First find
NA(0) from Eq. (2-80b).

For fiber 1: NA (0) = n~/2D =1.46,/2(0.01) = 0.206
For fiber 2 NA,(0) = n,+/2D =1.48,/2(0.015) = 0.256

(a) Theonly lossisthat from index-profile differences. From Eq. (5-37)

1.80(2.00+ 2)
L...(@)=-10 log =—— =0.24 dB
2(2) J 2.00(1.80+2)

(b) The losses result from core-size differences and NA differences.
_ 20 §_
L.,e,(8) =-20 log ey 1.94 dB

62060 _, g9 4B

L. .(NA)=-20 | =
201(NA) g €2560

Plots of connector losses using Eqg. (5-43).

5-18. When there are no losses due to extrinsic factors, Eq. (5-43) reduces to



Lsv:ff =-10log eiu
ea¥V1+W20 U
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For W1 = 0.9W> , wethen have Lgy:ff =-10log %ﬁ =-0.0482 dB
5-19. Plot of Eq. (5-44).

5-20. Plot of the throughput loss.



